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PREFACE.

Tue present work is a complete revision of the ¢ Manual of
Determinative Mineralogy and Blowpipe Analysis’ by Prof. Geo.
J. Brush, which has been very generally used since its first appear-
ance in 1874, as shown by the fact that fourteen editions of it have
appeared. In 1898 a revision of the introductory chapters devotea
to blowpipe analysis and the chemical reactions of the elements
was published, and there are now added a chapter on the physical
properties of minerals, devoted chiefly to crystallography, and a
new set of analytical tables for the identification of minerals.

In preparing the introductory chapters, great pains has been
taken in the selection of the tests for the elements. Many of the
experiments are performed by means of the blowpipe, but chem-
ical tests in the wet way are recommended when it is believed that
they are more decisive. All the tests have been carefully verified,
and many of them have been devised especially for the present
work. To make the book more convenient for reference, conspic-
uous heacdlines and catch-words have been freely used. The tests
for the rare elements, and those for the common ones which are
only occasionally employed, are printed in small type. It is hoped
that the plan adopted of giving full directions concerning the
methods of manipulation and the quantities of materials to be
taken in making many of the tests will be found useful.

Ic must be borne in mind constantly that accuracy is of the
utmost importance in determinative mineralogy, and it is believed
that no methods are so generally to be relied upon for giving deci.
sive results as those based upon the identification of the chemical
constituents of the minerals. Moreover, most minerals can be iden.
tified by means of very simple tests, although some cannot be
determined beyond question without resorting to the more elab-
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1v PREFACE.

orate methods of quantitative chemical analysis, or an exact deter-
mination of their crystalline form.

The chapter on the physical properties of minerals is a new
feature of the book which it is believed will add to its usefulness.
The endeavor has been made to present the important subject of
crystallography as simply as possible. Importance has been
attached to the description of those forms which are most frequent
in their occurrence, and, with few exceptions, the examples chosen
to illustrate the different systems represent the development of the
simple forms which prevail on specimens of common minerals.
Rare and complex forms have been treated very briefly, and theo-
retical considerations have been left largely to the more elaborate
treatises on crystallography. In describing the physical properties
of crystals the idea has constantly been kept in mind that the book
is to be used for the identification of minerals, and, consequently,
only those methods are included which are especially important as
a means for identification. Optical methods have been omitted
because they would increase the size of the volume to too great an
extent, and, except as they are accompanied by accurate descrip-
tions of the crystal forms, their application is limited.

The analytical tables for the identification of minerals are an
outgrowth of the tables of von Kobell as modified by Professor
Brush. The introduction, however, of a large number of new
species since 1874 has necessitated a complete rearrangement of
the minerals. The tables have been so developed that tests for
characteristic chemical constituents furnish the chief means for
identification. Thus, in identifying minerals, students may gain
possession of important information concerning the chemical com-
position of the compounds. The distribution of the minerals in the
tables, and statements concerning their chemical and blowpipe
characters, have been verified in almost all cases by experiments
made upon well-authenticated specimens in the Brush collection at
New Haven. In some cases, however, it has not been possible to
locate rare minerals with certainty in the places where they prop-
erly belong, because the original descriptions have not been suffi-
ciently complete. The author would be pleased to receive any
information concerning the properties of minerals which could be
incorporated in future editions, and thus render the tables more
complete and accurate. The tables are intended to include all of
the well-characterized mineral species known at the present time,
and although nearly eight hundred species have been includ d, it is
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believed that they are adapted to the use of beginners who desire
especially to become acquainted with the common minerals. In
order to accomplish this end the common minerals are printed
conspicuously in capitals, and thus on opening any page of the
tables they may be recognized at once by glancing down the
column ‘“ Name of Species.”

The author takes pleasure in expressing his obligations to his
associates, Professors G. J. Brush, E. 8. Dana, L. V. Pirsson, and
H. L. Wells, for many valuable suggestions, and to the Misses L.
P. and K. J. Bush of New Haven for services rendered in the
preparation of the manuscript and in proof-reading. The wood-
cuts were prepared by the skillful engraver, Mr. W. F. Hopson of
New Haven.

NeEw HAVEN, October 1, 1898.



PREFACES OF THE FORMER
EDITIONS OF THIS WORK,
BY GEORGE J. BRUSH.

PREFACE TO THE FIRST EDITION.

Tur material in this compilation was, for the greater part,
prepared almost twenty years since, by Prof. S. W. Johnson
and myself, as a text-book for the students in our laboratory.
Circumstances prevented its publication at that time, but it has
served as the basis of a course of lectures and practical exercises
annually given in the Sheffield Laboratory.

The plan of instruction has been to have the student work
through a course of Qualitative Blowpipe Analysis as introduc-
tory to Determinative Mineralogy. For the latter subject, we
have employed von KoBeLL's Tafeln zur Bestimmung der Mine-
ralien, many of the students taking the work in the original,
while others made use of either Erni’s or Elderhorst’s transla-
tions. These “Tables ” were translated by Prof. Johnson and my-
self while we were students of Prof. von Kobell in 1853-4, at
Munich, and it was after our suggestion, in 1860, to Prof. Elder-
horst, that he introduced von Kobell’s “ Tables ” into the second
edition of his “ Manual,” although he did not avail himself of our
translation, which was then offered to him for that purpose.

vi



PREFACE TO THE FIRST EDITION, vi1

The “Tables” as now presented are based on the tenth
German edition of von Kobell's book. Additions of new species
have been made, and in many cases, fuller details are given in re-
gard to old species, and the whole material has been thrown into
an entirely new shape, which it is believed will greatly facilitate
the work of the student. The preparation of the tables in this
form, the idea of which was suggested to me by Prof. W. T.
RokppER, has been performed, under my supervision, by my as-
sistant, Mr. Georae W. Hawgs, who has also aided me greatly in
revising the rest of the work, and in the reading of the proof-
sheets.

The main authorities used in the original preparation and
later revision of the chapters on Blowpipe Analysis were the
works of Berzerrus and PrarrNer.  The third and fourth edi-
tions of Plattner, the latter edited by Prof. Ricurer, have been
chiefly consulted. The complete work of Plattner, with still later
additions by Prof. Richter, has been made accessible to English-
reading students through an excellent translation by Prof. H. B.

JorNwALL, and this cannot be too highly commended to those
who desire to become fully acquainted with this important sub-
ject.

In Determinative Mineralogy, besides the works of von
Kobell, free use has been made of the treatises of Navmany and
Dana, especially of the pyrognostic characters contributed by
myself to the latter work. This constitutes, in accordance with
the original plan of Professor Dana and myself, the Determina
tive Part of his System of Mineralogy. Itis proposed at some
future time to add to the volume methods for the determination
of minerals by their physical characters.

In conclusion, I take great pleasure in acknowledging my in-
debtedness to my colleague, Prof. 8. W. Johnson, who has not
only generously given me his share in the original work, but has
constantly aided me by his advice in the revision here presented.

SHEFFIELD LABORATORY OF YALRE COLLEGE,
NEw HaveN. December 15, 1874.



PREFACE TO THE THIRD AND LATER EDITIONS.

Tais edition has been so far revised as to substitute for the
old formulas for minerals, those based upon the atomic weights
of the elements adopted by the so-called new chemistry. The
formulas for the most part have been taken from Rammelsberg's
Mineralchemie (Leipzig, 1875), and are made to correspond as
far as possible with those given in Dr. K. S. Dana’s Tewt-Book
of Mineralogy (John Wiley & Sons, New York, 1877).

It should be stated here that as the main object of this book
is the identification of mineral species by a method largely based
on the blowpipe characters of their elemental constituents, this
point has been kept in view in writing their formulas. Instead
of giving a symbol for a group of elements, as is usual in min.
eralogical treatises, it has been necessary to give the elements
in full, and in some instances, for want of space, a simple list of
the constituents is substituted for the formulas. This has also
been done in the case of minerals where no-satisfactory formulas
have been deduced.

It has not been thought advisable to alter the old common
names used for reagents and compounds, since the book is in-
tended not only for students in colleges and schools, but for all the
different classes of persons who are interested in the study of
minerals.

A few changes and additions in the text of the tables are
made, which, it is trusted, will facilitate the work of the student.
My acknowledgments are again due to Mr. George W. Hawes
for his codperation in making these changes.

New HAvVEN, May 1, 1878.
-iii
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DETERMINATIVE MINERALOGY AND BLOWPIPE
ANALYSIS,

CHAPTER 1.
INTRODUCTION AND CHEMICAL PRINCIPLES.

The Mineral Kingdom. —Natural products are commonly
divided into three kingdoms,—animal, vegetable, and mineral.
The latter includes those substances constituting or found in the
crust of the earth and not those made through the agency of life.
They are, therefore, frequently called inorganic materials.
Among these, two classes are recognized, which are known as
minerals and 70cks.

Minerals.—These are definite chemical compounds occurring
in the mineral kingdom. The following may serve as examples:

Pyrite, sulphide of iron, FeS,,

Quartz, oxide of silicon, SiO,.

Orthoclase, silicate of potassium and aluminium, KAlSi,0,.

Chemical formulae show the invariable composition of the
minerals when pure, that of quartz, for example, indicating that
1 atom of silicon is in combination with 2 atoms of oxygen. It
ought to be possible to express the composition of every mineral
by a chemical formula, but there are some for which this cannot
yet be done, owing to the fact that they have not been sufficiently
investigated.

On examining minerals, it will be observed that they usually
occur in definite geometrical shapes called crystals, when condi
tions favorable for the formation of crystals have prevailed.



2 INTRODUCTION AND CHEMICAL PRINCIPLES.

Every distinct chemical compound occurring in inorganic nature,
having a definite molecular structure or system of crystallization
and well-defined physical properties, constitutes a mineral species.
Up to the present time, between eight and nine hundred minerals,
which deserve to rank as distinct species, have been recognized.
Of these, however, only a few can be considered as common, and
really important either as rock-forming minerals in making up the
crust of the earth, or as ores of the useful metals, or is otherwise
valuable in the arts. Each mineral species has received a name
(usually ending in ife, signifying ‘of' the nature of, ‘like’) by
which it is commonly known. In assigning these names no sys-
tem has been followed, some being derived from chemical, phys-
ical, or fanciful peculiarities, some from localities where the
minerals were first found, while many are named after persons.

Rocks.—With the exception of a few glassy lavas, rocks are
aggregates of mineral particles. The term 7ock is often used in a
general way for designating any portion of the earth’s crust, but
the kinds of rock to which geologists have assigned special names
contain certain minerals in about the same proportion throughout.
Thus, granite is one of the commonest rocks of the globe, and, on
examination, a fragment of it will be found to be made up of
different minerals. The most conspicuous is orthoclase, KA1Si,0,.
together with a corresponding soda mineral, albite, NaAlSi,0,.
and quartz, SiO,, while a number of others may be present in
small amounts. The proportion of these minerals differs in differ-
ent kinds of granite, and it is therefore evident that the composition
of this rock cannot be expressed by a definite chemical formula.

In a rock, the structure may be coarse-grained, so that the
particles can be detected with the naked eye, or fine-grained, ren
dering a microscope necessary to distinguish the different com-
ponents. Usually a rock is composed of different minerals, but
it sometimes consists of only one. Thus, marble is an aggregate
of particles of calcite, CaCO,, and quartzite of quartz, Si0,. 'The
study of rocks, known as lithology or petrography, necessitates a
previous knowledge of mineralogy.



INTRODUCTION AND CHEMICAL PRINCIPLES, 3

Chemistry.—Mineralogy is chiefly a chemical science, and for a
proper understanding of minerals, some knowledge of elementary
chemistry is indispensable. A brief summary. therefore, of some
important chemical principles will be first given. By a careful
study of the experimental part of the following chapters, it is
believed that much useful information concerning general element-
ary chemistry may be gained.

Elements.—A substance which cannot be separated into sim.
pler constituents is regarded as an elemenf. At the present time,
about 70 elements are recognized. Of these, less than half are
of common occurrence, while, from a consideration of a large num-
ber of rock analyses, F. W. Clarke * has calculated that 99 per
cent of the solid crust of the earth, for a depth of ten miles, is
composed of the following eight elements :

Oxygen, 47.3% Calcium, 3.8%
Silicon, 27.2 Magnesium, 2.7
Aluminium, 7.8 Sodium, 2.4
Iron, 5.4 Potassium, 2.4

Chemical Affinity, Atoms, and Molecules.—Elements manifest
tendencies to unite with one another. This property is known as
chemical affinity. It is usually strongest between metallic and
non-metallic elements ; as sodium and chlorine in sodium chloride.
The smallest particle of an element which enters into combination
is called an afom, and the smallest particle of a chemical compound
which is capable of existence is called a molecule.

Symbols.—For convenience, elements are designated by sym-
ools, usually the initial letter of their names, or this withone other
letter. Each symbol stands for one atom of the element ; as S for
sulphur, Pb for lead (Latin plumbum). PDbS is the chemical for-
mula of, and represents a molecule of, lead sulphide.

Law of Definite Proportion.—Atoms unite with one another in
definite, though frequently in two or more different, proportions,

*Phil. Soc. of Washington, Bull. IX., p. 138, 1889.
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For example, carbon, sulphur, and arsenic, each form two distinat
oxides, CO and CO,, SO, and 80,, As,0, and As,0,.

Valence.—This term is used to express the numerical propor-
tion in which elements unite with or replace hydrogen. Chlorine
is univalent and oxygen bivalent, because they unite with hydro-
gen to form the molecules HCl and H,O, respectively. The term
valence is also applied to compounds. Thus, sulphuric acid being
H,S0,, the radical SO, is said to be bivalent.

Acids.—Compounds resulting from the union of non-metallic
elements, with hydrogen or hydrogen and oxygen, in which
the hydrogen atoms may be replaced by metals, are called
acids. These usually possess a sharp, sour taste and have the
property of turning blue litmus-paper red. The common mineral-
forming acids are hydrochloric, HCl ; nitric, HNO, ; hydrofluoric,
HT; hydrogen sulphide, H,S ; sulphurie, H,80, ; carbonic, H,CO,;
borie, H,BO,; phosphoric, H,PO, ; arsenic, H,AsO,; orthosilicic,
H_ Si0, ; metasilicic, H,Si,0,, and polysilicic, H,8i,0,. In the fore-
going formulae, the groups of elements with which the hydrogen
atoms are united are often called acid radicals. Thus, SO, is the
acid radical of sulphuric acid ; PO, of phosphoric; SiO,of ortho-
silicic, etc.

Bases.—Combinations of metals with oxygen and hydrogen
(the hydroxides; for example, NaOH, sodium hydroxide) are
called bases. These have the property of neutralizing acids, and,
if soluble in water, of turning red litmus-paper blue. The
combinations of metals with oxygen are sometimes called dasic
oxides.

Salts.—Compounds formed by the combination of acids and
bases, and resulting in the replacement of partorall of the hydro-
gen atoms of the acid by metals, are called salfs. The great
majority of minerals are salts, and in a natural chemical classifica-
tion they are subdivided into groups according to the acid radi-
cals which they contain ; ie., the sulphides, salts of hydrogen
sulphide, in one group ; the sulphates, salts of sulphuric acid, in
another ; the silicates, salts of silicic acid, in a third, ete.
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With a knowledge of the valence of a given metal, it is a sim-
ple matter to write the normal salt of any known acid, as shown
by the following table :

Hydﬁ)g]l.\loric, Sulphuric, Phosphoric, Orthosilicic,

H,S0,. H,PO,. 11,Si0,.
Sodium, Na, univalent, NaCl Na,S0, Na,PO. Na.Sio,
Calcium, Ca, bivalent, CaCl, CaS0, Cas(PO4)s Ca,Si0,
Ferric iron, Fe, trivalent, FeCls Fea(S04)s FePO, Fe(SiOq).

Chemical Equations.—When chemical substances react upon
or unite with one another, definite transformations take place,
which can be expressed in the form of eyuations. Thus, when
calcite is dissolved in hydrochloric acid, or barite is fused with
sodium carbonate, the results are shown as follows:

CaCO, 4 2HCI = CaCl, 4+ H,0 + CO,
BaS0, + Na,CO, = BaC0, + Nu,S0..

The practice of writing correct equations serves a useful pur-
pose in affording a knowledge of the manner in which chemical
reactions take place.

Atomic Weight.—It has been found that an atom of an
element possesses a definite relative weight, known as its afomic
weight. 'This is based on an atom of hydrogen, the lightest of all
elements, as a standard (the weight of the hydrogen atom being
taken as 1). The atomic weights of the common elements have
been very accurately determined and are generally given with
their descriptions.

Molecular Weight.—The molecular weight of a substance is
equal to the sum of the atomic weights of the elements constituting
the molecule. Thus, calcium, carbon, and oxygen, having the
atomic weights 40, 12, and 16, respectively, CaCO, has a molecular
weight of 40412 - 48 = 100.

Relations between Chemical Formulae and Percentage Com.
position.—With a knowledge of the chemical formula of a com
pound and of the atomic weights, the percentage composition
of the different constituents can be readily calculated. For
example, sphalerite is ZnS. The atomic weights are Zn = 65.4 and
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8 = 32, hence the molecular weight of ZnS is 97.4. In 97.4 parts
by weight of ZnS there are 65.4 parts of zinc, consequently the
zinc in 100 parts may be readily calculated by a simple proportion,
thus: 97.4:65.4 = 100 : 2, which gives 67.1 as the per cent of zinc.

It is often convenient to give the percentages of combinations of
the elements, especially the oxides, instead of the elements them-
selves. This is illustrated by the following examples, where the
percentages are derived from the molecular weights by the propor-
tion, Total Mol. Wt. : Mol. Wt. of constituent =100: z:

Andradite Garnet. Dolomite,
Ca;Fe,Sigou = 30&0.F920|-3Si0:. CaMg(CO:)a = CaCO:.MgCO..
At.Wt. Mol.Wt. At.Wt. Mol.Wt.
Si, 28 o . Ca, 40
0s, 32$ x3=180 8i0, 854z 12% 100 CaCO, 54.3¢
oo 1}13% 160 Fes0s, 815 ﬁ’g' a8
Ca, 40 _ . 12 84 MgCO,, 45.7
o w% x3=168 CaO, 881 @ 48}

608 100.0 184 100.0

Quantitative Chemical Analyses.—The chemical composition
of minerals is determined by means of quantitative analyses, and
many of these will be found recorded in the larger treatises
on mineralogy. Now, since a percentage analysis gives the
weights of the different constituents in one hundred parts, and
each constituent has its definite relative weight (atomic or molec-
ular), therefore the relative number of atoms or molecules may be
found by dividing the percentages by their atomic or molecular
weights. The quotients indicate the 7afio of the constituents,
which is usually a simple one.

The following examples of actual analyses will illustrate this:

Sphalerite. Andradite Garnet,
Found, At.Wt.  Ratlo, Found. Mol.Wt. Ratio.
S, 82.93+382 =1.029 . 8i0,, 85.44 + 60 = .501
Zn, 66.69 + 65.4 = 1.019 FeqOs, 81.85 + 160 = .199
Fe, .42 Ca0, 82.85 + 66 = .587
MgO, .20
100.04

100.84
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The ratios derived from these analyses are as follows:

8:Zn =1.029:1.019 =1.00:0.99, or very nearly 1: 1.
Si0, : Fe,0, : CaO = .591:.199:.587 = 2.95:1.00: 2.97, or nearly
3:1:3.

The formula of sphalerite is, therefore, ZnS, and that of the
garnet, 3Ca0.Fe,0,.88i0,, or Ca,lFe,Si,0,. These analyses may
be compared with the theoretical values calculated in the previous
paragraphs.

Isomorphism (/7os, equal, + uop¢n, form).—Substances which
are analogous in chemical composition frequently show a simi-
larity in crystallization. This is known as isomorphism. Thus,
the alums, KAI(SO,),.12H,0, and (NH,)AL(SO,),.12H,0, are iso-
morphous. They must have similarity in molecular arrangement,
for they not only crystallize in the same shapes, but, from a solu-
tion containing both salts, a crystal may be grown consisting
partly of potash and partly of ammonia alum. This tendency of
two salts to crystallize together constitutes the strongest proof of
their isomorphism.

Isomorphism plays a very important part in mineralogy.
Many species are mixtures of two or more isomorphous chemical
molecules, and, owing to this fact, the physical properties (espe-
cially color, specific gravity, and fusibility) are often found to
vary widely. For example, sphalerite when it has the composi-
tion ZnS is colorless or nearly so. It usually, however, contains
isomorphous FeS, and the color becomes darker as the percentage
of iron sulphide increases. Columbite, FeNb,O,, and the isomor-
phous tantalite, FeTa,O,, have the specific gravities 5.3 and 8.2,
respectively ; while intermediate mixtures of the two molecules
have specific gravities ranging between these values.

Concerning isomorphous mixtures, it is often stated that one
element replaces the other; i.e., sphalerite is ZnS, but part of the
zinc may be replaced by iron. To express the composition of
‘these mixed compounds, two methods are commonly employed ;
either the isomorphous elements are designated by some symbol,
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as R, or they are enclosed in parentheses. For example, sphaler.
ite is said to have the composition RS, where R = Zn and Fe, or
(Zn,Fe)S, giving importance to the prevailing constituent by plac-
ing it first, and often, also, by using larger type. By the latter
formula, it is not meant that sphalerite contains one atom of zinc,
one of iron, and one of sulphur, but that the zinc and iron taken
together are equivalent to one atom of a bivalent metal.

The following examples will illustrate the methods of deriving
formulae from analyses of isomorphous compounds:

1. II. IIL.
Brown Sphalerite. Black Sphalerite, Almandine Garnet.
Roxbury, Conn. Felsobéanya. Fort Wrangel, Alaska.

Found. At.Wt. Ratio. Found. At.We. Ratio. Found. Mol.Wt. Ratio
S, 8336+32 =1.043 S, 33.20+ 32 =1039 8iO,, 39.39 + 60 = .655
Zn, 63.36 + 65.4 = .969 Zn, 50.02 + 65.4 = .756 AlOs, 21.70 + 102 = .213
Fe, 360+56 = .064 Fe, 1544+ 56 = .276 FeO, 30.82 + 72 .= .428
PR Cd, .30+112 = .003 MnO, 1.51+ 71=.021
100.32 Pb, 1.01+207 = .005 MgO, 5.26+ 40 =.131

Ca0, 1.99+ 56 =.036
100.02

100.57

In I, the ratio of S:Zn+ Fe = 1.043:1.033 = 1.00:0.99 or
almost exactly 1:1. The formula is therefore (Zn,Fe)S. The
ratio of Zn:Fe=.969:.064 or approximately 15:1, and the
composition of the mineral may be regarded more exactly as
15ZnS 4 FeS.

In I, the ratio of S:Zn+ Fe + Cd+Pb=1.039:1.040 or 1:1.
The formula is therefore (Zn, ¥e,Cd,Pb)S, or, since 7Zn : Fe = .756 : .276
or nearly 11: 4, the composition is more exactly 11ZnS + 4FeS -
traces of CdS and PbS.

In ITT, FeO, MnO, MgO, and CaO are isomorphous and will be
regarded as RO. The ratio of 8i0,: A1,0,: RO = .655:.213: .616
=3.07:1.00:2.80. The ratio approximates to 3:1:3, and the
formula is 8R0.A1,0,.38i0,, or R,AlSi,0,,, where R = Fe, Mg, Ca,
and Mn.

Dimorphism and Trimorphism.—Minerals which have the
same percentage composition, but occur in two essentially differ.
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ent crystalline forms, are said to be dimorphous. Thus, carbon
crystallizes in the isometric system as diamond, which is hard and
transparent, with specific gravity =3.52; and in the hexagonal
system as graphite, which is soft and opaque, with Sp. Gr. = 2.15.
Calcium carbonate, CaCO,, crystallized in the hexagonal system,
Sp. Gr. =2.71, is calcite ; and in the orthorhombic system, Sp. Gr.
= 2.94, it is aragonite. Iron sulphide, FeS,, crystallized in the
isometric system, Sp. Gr. = 5.02, is pyrite, and in the orthorhom-
bic system, Sp. Gr. = 4.90, it is marcasite. Titanic oxide, TiO,,
crystallizes in two entirely independent modifications in the
tetragonal system, with Sp. Gr. = 4.20, as rutile, and with Sp. Gr.
= 3.90, as octahedrite, and also in the orthorhombic system,
Sp. Gr. = 4.0, as brookite. The last case, where three independ-
ent modifications of TiO, occur, is an example of ¢rimorplhism.
Dimorphism and trimorphism may be due either to variations in
the number of atoms, to variations in the arrangement of the
latter in the chemical molecule, or to variations in the arrange-
ment of the particles in the structure of the crystal. No exact
means for determining the size of the chemical molecule in solid
substances exists at present. TiO,, for example, is the simple
empirical formula for rutile, but its true composition is undoubt-
edly some multiple of TiO,.



CHAPTER II.

APPARATUS AND REAGENTS, AND THE PRINCIPLES INVOLVED IN
THEIR USE.

PART 1. APPARATUS.

Although a great deal of blowpipe apparatus has been devised,
only that will be described in the present work which is necessary
or convenient for making the simple tests for the identification of
the elements and the determination of minerals. In performing
most of the experiments a simple and inexpensive outfit will
suffice, which, if necessary, can be packed in small space, so as to
be portable. Moreover, a little ingenuity will often enable one to
supply the place of much apparatus.

The Mouth-Blowpipe.—This instrument, for centuries em-
ployed only by artisans in soldering and in other operations re-
quiring an intense heat, has been for a period of considerably over
one hundred years an invaluable means of scientific research.*
It is of the greatest service to the mineralogist and chemist for
the identification of minerals and the detection of their ingredients,
and may even be used for the guantitalive separation of several
metals from their ores.t

* For a brief history of the use of the blowpipe, see Berzelius’s work, Die
Anwendung des Lithrohrs; or the translation by J. D. Whitney, Boston, 1845.
A more complete history is found in Kopp’s Geschichte der Chemie, 11, p. ‘1,
Braunschweig, 1844, and also in von Kobell's @eschichte der Mineralogie,
Miinchen, 1864. )

+ Quantitative blowpipe analysis is beyond the scope of the present work. Those
interested in Plattner’s methods of assaying ores of gold, silver, copper, lead, cobalt,
nickel, iron, etc., by means of the blowpipe, are referred to his work, Probirkunst
mit dem Lithrohre; German edition, by Th. Richter; American translation, by
H. B. Cornwall

10



APPARATUS. 11

With no other fuel than that furnished by a common lamp or
candle, the blowpipe renders it possible to produce in a moment a
most intense heat. In the blowpipe tlame, not only are many
refractory bodies melted or volatilized, but entirely opposite
chemical effects, ozidation and 7reduction, may be produced.
Almost all chemical substances may be made to manifest some
characteristic phenomena under its influence, either alone or in the
presence of certain other substances known as reagents, and thus
their nature may be detected.

The blowpipe is represented in its usual form in Fig. 1. The
parts @ and b fit into the chamber ¢ with ground joints. Any
moisture from the breath which condenses in @ collects in ¢, and
may be removed by disjointing the parts. ‘
The instrument is also furnished with a tip
or jet (the most important part), which fits
on b by means of a ground joint, and is
shown at ¢ in correct proportion and twice
the natural size. The hole at the end of
the tip should be slightly tapering and from
0.4 to 0.6 mm. in diameter. It should be
bored in such a manner that its axis is in
line with the axis of the tube b when the
parts are fitted together. Very durable and
inexpensive tips are made of brass. Those
bored and turned out from solid platinum
are expensive and scarcely better than brass,
while light ones spun from platinum foil are
unsatisfactory. Tips are very apt to become
stopped with dust or foreign matter, and ‘
new ones often contain bits of metal turn- Fre. 1.
ings, or need to be reamed out to the proper size and taper.
Cleaning and adjusting can best be accomplished by means of
a four-sided, slightly tapering reamer, which may be made by
filing down the sides of a large steel needle or pin. For the
successful working of the blownipe. it is also important that the
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hole through & should not be eccentric, and that there should be
nothing to disturb the passage of air.

The instrument as shown in Fig. 1, but without the trumpet
mouthpiece, is of the original form proposed in the last century
by Gahn, and employed by Berzelius. Fatigue is apt to result in
using it, as considerable effort is required to keep the lips closed
about the tube for any length of time.

Fig. 1 represents the blowpipe provided with the trumpet
mouthpiece, ¢, recommended by Plattner. This is made of horn
or hard rubber, 35 mm. ip its outer diameter, and should have
such a curvature that, when placed against the lips, it does not
give an unnecessary or unequal pressure.

A very good mouthpiece may be made from a piece of glass
tubing 6 cm. long, and of such diameter as fits the blowpipe tube.
It should first be strongly heated for half its length in the flame
of a lamp, and when quite soft flattened between two smooth me-
tallic surfaces, to give it the form shown in Fig. 2. The other
end should then be cemented into the blowpipe by means
of sealing-wax. This kind of mouthpiece, when inserted
between the lips, displaces them but slightly from their
customary position. and causes very little fatigue.

The blowpipe is usually made of brass, or preferably of
German silver. The length of the instrument should be
measured by the visual distance of the operator, the ordi-
* nary length being from 20 to 22 cm., exclusive of the
mouthpiece.

The common, artisan’s blowpipe, Fig. 3, consists of a tapering
and curved tube of brass, terminating in an orifice as large as a
small needle. When well constructed, this simple instrument
answers most purposes, and is often made without the bulb
near the bend, which is intended to collect the moisture condens-
ing from the breath. .

A great deal of ingenuity has been expended in devising
different forms of blowpipes and mouthpieces, each supposed to
have some special feature either of excellence or of cheapness to
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recommend it. However, if the blowpipe has a good tip, the form
is of little importance, provided the operator is skil-
ful and has become accustomed to the use of his in-
strument.

Blowing.—In blowpipe operations it is often neces-
sary to maintain an uninterrupted stream of air for
several successive minutes. Tobe able to do this easily
requires some practice. It is best learned by fully dis-
tending the cheeks, closing the communication between
the mouth-cavity and windpipe by means of the palate,
and breathing through the nose. When one is accus-
tomed to keeping the cheeks thus inflated, the mouth-
piece of the blowpipe may be pressed against or inseried
between the lips, and the same thing repeated without
attempting to blow or do more than keep the cheeks
distended. To the experienced operator, continuous
blowing is hardly an effort.*

Fuel and Lamps.—The most convenient combustible
isordinary illuminating-gas burned in a Bunsen burner, e, 3.
Fig. 4. The gas issues from a small orifice
near the lower end of the tube, and mixes
with a large proportion of air which enters
through holes at %. Usually the lamp is
provided with a ring at 2, fitting loosely
over d, and by turning this the supply of air
can be varied. The mixture of gas and air
should be so regulated that the burner gives
a non-luminous, blue flame, witha distinctly
outlined inner cone about 5 cm. high.
For use with the blowpipe, an additional

* Various mechanical contrivances have been devised where the air is supplied
from bellows, but they are regarded as unnecessary. The strength of the blast needs
to be often varied in order to bring about different effects, and with the breath this
can be most readily accomplished. Only students showing enterprise and patience
sufficient to master the use of ordinary instruments will be likely to make much
progress in blowpipe analysis.
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tube, ¢, is supplied, which fits loosely inside of &, and goes down
below the holes at %, thus cutting off the supply of air, and
causing the gas to burn with a luminous flame. The tube is flat-
tened at the top, and one side is made a little lower than the
other, so that the blowpipe flame can be directed downward when
necessary. A slightly raised notch at the upper side servesasa
rest for the blowpipe tip.

A burner like the one shown in Fig. § is con-
venient, but as it gives only a luminous flame it
is not suitable for heating glass tubes, etc., and
an additional Bunsen burner is necessary.

When gas is not at hand, olive- or rape-oil,
burned in a lamp with a rectangular wick, 5§ X 10
_ mm. in diameter, may be used. Fig. 6 represents
P% the form of lamp proposed by Berzelius and

improved by Plattner. The openings for the
wick and for the admission of oil are provided with close-fitting
screw-caps, and the apparatus
can be taken apart and packed in
small space for transportation.

Fig. 7 represents a lamp made
by the Buffalo Dental Manu-
facturing Co., which gives satis-
factory results.

A form of lamp adapted for
portable blowpipe apparatus is |§
represented in Fig. 8. Paraffinis
used as fuel, and must be melted ,
before lighting, but, when once
ignited, the heat from the flame
will keep a sufficient quantity of
the paraffin in a liquid condition.
When more convenient material is not at hand, candles of good
quality will answer for most purposes. A large candle with a flat
wick can be easily made, and is some improvement on the ordinary

Ira. ©.
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form. For heating glass tubes, boiling liquids in test-tubes, etc.,
it is desirable to have a flame which does not deposit soot, and if

ria. .

a Bunsen burner cannot be used, an alcohol lamp, Fig. 9, with a
circular wick 10 to 15 mm. in diameter, is
needed. Such a lamp, however, is not adapted
for use with the blowpipe, as the flame is not
rich enough in carbon to give suitable re-
duction effects.

Platinum-pointed Forceps.—These are in-
dispensable for holding fragments of minerals
which are to be heated before the blowpipe. ‘
Fig. 10 represents the usual form. They are Fra. 0.
made of steel, and should be nickel-plated. The platinum points
are opened by pressure, and are rendered self-closing by means of
a spring, which should not be too strong. The platinum needs
occasional cleaning, which is best done by scouring with sea-sand.

Fra. 10.

The steel ends are useful for picking up and handling fragments
of minerals and for detaching pieces from specimens. The only
vrecaution that is needed in the use of the forcepsis never to allow
minerals with metallic luster to fuse against the red-hot platinum,
since the latter may form a fusible alloy with lead, arsenic,
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antimony, or other readily reducible elements. If the platinum
does become alloyed, it is best to cut off the ends of the forceps,
and reshape them with a file.

Platinum Wire.—This is used for supporting beads of fused
borax, salt of phosphorus, or other fluxes, and for introducing
powders into the flame. A kind about 0.4 mm. in diameter
(weighing 0.247 grs. for every 10 cm.) is best.

Loops.—For the support of fluxes, loops, Fig. 11, are used,
which are made by bending the platinum wire over a
conical point. As a rule, these loops should be from 3 to
4 mm. in diameter. The beads may generally be removed
by straightening out the wire, or sometimes by dissolving
them in acid.

The double loop is made by grasping the wire in the

Fre. 11. gteel end of the platinum-pointed forceps, and making a

double turn about the latter. It is only recommended to serve as

an additional support when a considerable quantity of material is
to be fused with some flux.

Holders.—A contrivance like
Fig. 12 is convenient for holding
platinum wire. Short pieces of wire may also be fused into the
end of a glass tube or rod.

Platinum Spoons.—These may be usefully employed in a few
operations where fusions are to be made. Preferably
the spoon, Fig. 13, should have a bowl 18 to 20 mm.
in diameter, and need not weigh over 1.25 grams. It
is held in the platinum forceps, and the fusions may
be soaked out by digestion in a test-tube
with water or acids. Spoons with long han- V
dles, Fig. 14, are often recommended, but Fra. 14.
they are necessarily heavier, and are not very serviceable if the
bowls are small. :

Charcoal.—This is used in many operations as a support for
the assay, and, moreover, the carbon often assists in bringing
about reductions. For most purposes, any piece of well-burned

Fia. 12.

Fia. 13.
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charcoal that does not snap nor become fissured in the flame will
suffice. The kinds made from basswood, pine, or willow are
recommended. Itis a good plan to have the material sawed out
into rectangular blocks of about 10 X 3 X 2 c¢cm. Excellent
charcoal, prepared especially for blowpipe work, can be procured
from dealers.

Usually the assay is best heated on a smooth, flat surface,
although occasionally a slight depression or cavity, which may be
cut with a penknife, is needed.

A good piece of charcoal will last for some time, a clean sur-
face being afforded by filing or cutting away the part that has
been used.

For the uses of charcoal, see p. 39.

Gypsum Tablets.—These are prepared by making plaster of
Paris into a thin paste with water, pouring this upon a sheet of
glass, and spreading it out evenly until it is about 3 or 4 mm.
thick. Before the plaster sets, its surface is ruled off by means of
a knife into rectangular blocks about 4 X 8 cm. across, which are
removed after the plaster hardens.

These tablets are admirably adapted for collecting sublimates, especially
colored ones, and, as recommended by Haanel,* are used as follows:

The finely powdered material to be tested is placed near one end of the
tablet, moistened with a few drops of hydriodic acid, and heated at the tip
of a small oxidizing flame. The iodides, as they volatilize, condense on
the white gypsum as coatings, some of which are very beautiful. White
coatings may be collected on tablets which have been previously blackened
by holding them over a sooty flame. As a substitute for hydriodic acid,
Wheeler and Luedekingt have found that ordinary tincture of iodine
answers in most cases, and an iodide of sulphur, prepared by fusing 4 parts
by weight of iodine and 6 of sulphur, is of still more general application.
Moses § suggests using a flux prepared by mixing 2 parts of sulphur, 1 of
potassinm iodide, and 1 of potassium bisulphate.

Glass Tubing.—A supply of %ard glass tubing, varying from
8 to 6 mm. in internal diameter, is needed for making closed and
open tubes.

* Trans. Roy. Soc. Canada, Section III, p. 65, 1883.
t Trans. St. Louis Acad. of Sci., vol. iv, p. 676, 18886.
1 School of Mines Quarterly, New York, vol x, g. 320, 1889.
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Closed Tubes.—These are tubes closed at one end, Fig. 15,
and should be about 8 cm.
]long, and 3 to 4 mm. in inter-
Fie. 15, nal diameter. They may read-
ily be made by heating a tube of twice the required length, at the
middle, in a Bunsen-burner flame, and turning it slowly so that
the glass will be uniformly heated. When the glass becomes
quite soft, the tube is removed from the flame and pulled in two.
The slender terminations are then removed by holding the end of
the tube nearly through the flame, allowing the glass, where it has
been pulled out and is quite thin, to fuse together, and then pull-
ing away the termination.

These tubes are used for heating substances out of contact
with, or with but limited access of, air. Substances are best intro-
duced in the form of fragments, which drop to the bottom of the
tube, leaving the walls perfectly clean.

The principal effects that may be observed, when substances
are heated in closed tubes, are the distillation or giving off of
volatile products (gases, liquids, or solids), which collect in the
upper, cold part of the tube ; but any change which the material
undergoes should be carefully noted.

For a list of the closed-tube reactions, see Chapter IV, p. 139.

Bulb Tubes.—Tubes with a bulb at one end, Fig. 16, are
employed in a number of
operations. They may be
made by heating the end
of a tube like that shown Fre. 16.
in Fig. 15 over a blast-lamp until the glass becomes quite soft,
and then blowing a bulb of the desired size. With a Bunsen.
burner or alcohol flame, sufficient heat cannot be obtained to make
these tubes from hard glass, but if one is not able to blow them,
they can be procured from dealers. A good size for the bulb is
from 12 to 18 mm. in diameter.

Open Tubes.—These are tubes, open at both ends, which are
employed in heating or roasting substances in a current of air,
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and thus bringing about oxidation. The tubes should be from
5 to 7mm. in internal diameter and 15 to 17 cm. long. The sub-
stance (best in the form of fine powder, so as to expose a
y, maximum surface to the air) is
" placed about 4 cm. from one end.
This may be readily accomplished
by putting the powder upon a slip
of paper, folded into a V-shaped trough,
slipping this to the desired distance into
the tube, and inverting. The tube, held
in a slanting position (from 20° to 30°),
. with the powder in the lower end, is
Fie. 17. then heated for some time, first just
above the substance to insure a draft of air, and finally directly
under it. Straight tubes can be used for almost all experiments,
but sometimes the powder has a tendency to fall out, and then
a bent tube, Fig. 17, may be used. The powder is placed near the
bend, and the flame applied somewhat above it so as to insure a
draft of air.

For a list of the open-tube reactions, see Chapter IV, p. 141.

Diamond Mortar.—The most convenient form is shown in
Fig. 18. It is made from the very best tool-steel, and is almost

indispensable for pulverizing minerals. A small fragment, not
over § mm. in diameter, is placed in the cavitv: the pestle is then
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inserted, and struck several sharp blows with a hammer. If the
pestle, which should not fit too closely, is twisted so as to give
a sort of milling motion, a very fine powder can be obtained.
The mortar can be readily cleaned by grinding up bits of glass
and wiping the cavity and pestle with a dry cloth.

Mortars made in three parts, Fig. 19, which are frequently
recommended and kept in stock by dealers, are not as serviceable
as the kind described in the foregoing paragraph.

Agate Mortar and Pestle.—These, Fig. 20, are used for reduc-
ing mirerals to a very fine powder. The mortar
should be from 6 to 8 cm. in diameter. The
mortar and pestle are used for grinding, necer
for pounding hard bodies.

Fia. 20.

If a diamond or agate mortar is not at hand,
mineral fragments may be pulverized by wrapping in several folds of thick
paper, and hammering on an anvil. A cheap porcelain mortar will also
serve for grinding all but very hard minerals.

Hammer.—A small, artisan’s hammer will answer most pur-
poses. -

Anvil.—A small block of hardened steel, or any convenient flal
steel surface (as the base of a diamond mortar) is suitable.

Pliers.—Cutting-pliers are very serviceable for detaching and
breaking up small fragments of minerals. Those
shaped like Fig. 21 are made especially for this
purpose, but ordinary pliers, such as are used for
cutting wire, are an excellent substitute.

File.—A small three-cornered file is used for
cutting glass tubes. A notch is cut in one side of
the tube, which is then half pulled, half broken
in two.

Magnet.—A common horseshoe magnet, or a
magnetized knife-blade, serves to recognize mag- \
netic bodies. A magnetic needle is sometimes Fia. 21.
useful for delicate determinations. :

Lens.—A good magnifying-glass will be found very useful.
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An achromatic triplet, of about 1 inch focal length, is best, but is
expensive, and a cheaper form of lens will answer.

Watch-glasses.—A number of these, from 3 to 4 cm. in diam-
eter, will be found convenient for holding mineral fragments and
powders. Small butter-plates or white
porcelain India-ink slabs with three or
more depressions serve the same purpose. -l

Metal Scoop.—This, Fig. 22, is well Fre. 22.
adapted for handling powders, and especially for transferring
them to tubes.

Ivory Spoon and Spatula.—An ivory spoon, Fig. 23, with a
bowl 5 X 10 mm. inner diameter, is useful for handling powders
and dry reagents. . The handle, if
thin and flat, serves as a spatula

Fra. 28. for handling and mixing reagents.
A knife-blade also makes an excellent spatula.

Test-tubes.—For making tests in the wet way, test-tubes are
very necessary. They should be
from 15 to 20 mm. in diameter
and about 16 cm. long. A large } !
feather will be found very conven- e (RIR N (. |-
ient for cleaning such tubes. A ,-g [IIII?I
test-tube stand, Fig. 24, and some igu’s szl -l
form of holder, for use when
liquids are to be boiled, should be Fro. 24
obtained. One like Fig. 25 can be cut from a piece of pine.

Fra. 25.

Beakers and Flasks.—A few of these, of various sizes, will
prove of much service. The largest ones need not have a capacity
of over 150 cc.

Funnel and Filter-paper.—A glass funnel abont 5 em. in
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diameter and a supply of filter-papers are needed. It will be well
to buy cut papers, 7 and 9 cm. in diameter, from dealers.

Filtering and Washing.—To make a filtration, a piece of
paper is folded twice upon itself, thus forming a quadrant, and
this is opened so as to form a conical cup, having three thick-
nesses of paper on one side and one on the other. It is snugly
inserted into a dry funnel, and moistened with water. The
material to be filtered is then pcured upon the paper, care being
taken not to have it go above the top. When the liquid has all
run out, water is added till even with the top of the paper, or
dropped around the edge so as to moisten every part. By
repeating this several times, the soluble materials are wholly
washed away from the insoluble
yortions.

Porcelain Dishes.—Those with
iandles, called casseroles, Fig. 26,
re most convenient for boiling

Fra, 26. liquids and making evaporations,
From 7 to 9 em. in diameter is a good size.

Porcelain Crucibles.—These should be about 3 cm. in diameter,
and are useful in a number of ways, especially for obtaining a
small quantity of a precipitate which has been collected upon a

Fic. 27. ' Fia. 28.
filter-paper and needs to be subsequently examined. For this
purpose the paper is put into the crucible, and the latter, sup-
ported on a triangle made of iron wire, Fig. 27, is heated over a
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lamp until the carbon of the paper has completely burned away,
leaving the precipitate together with the trifling ash of the paper.

Lamp-stand.—This may be purchased from dealers, or one
like Fig. 27 may be easily made. By slightly bending the
coil of wire which goes about the upright, the proper degree
of tension may be obtained, so that the ring will move readily
up and down, and yet stay fixed in any position.

Wash-bottle.—This, Fig. 28, can be made from a flask, or
from any bottle having a neck wide enough to receive a doubly
perforated stopper.

Dropping-bottles and bulbs.—A form like that shown in Fig.
29, about 30 mm. in diameter, is convenient ¥ :
for water, when only a small quantity is
needed. If less than two thirds full, by
closing the larger opening and inverting, the
heat of the hand will expand the air and
drive out the water drop by drop. Fig. 30
represents a form with a bulb 30 mm. in Fio. 29.

o diameter, and is convenient for holding reagents which
are to be used a drop at a time. In order to fill it,
the bulb is warmed and the end dipped under the
surface of the liguid, when, on cooling, a few '
drops of the latter will enter.  This is then

# brought quickly under the liquid, when the
condensatxon of the steam will cause the liquid almos
immediately to rush in. The bulb should not be more
than two thirds full. A convenient form of dropping- Fie. 8L
bottle with hollow stopper is shown in Fig. 31.

Pipette.—A glass tube of 5 mm. inner diameter, heated over
a lamp and drawn out to a capil-

" lary, Fig. 32, will serve as a

Fie. 32. pipette, and will be found useful
for taking up small quantities of liquids and introducing them
into tubes.
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Part 2. REAGENTS.

Reagents are substances employed to produce changes in
bodies, in order to test their composition. They are known as
dry, gaseous, or wet, according as they are used in the solid,
gaseous, or liquid form. Most of them can be obtained, suffi-
ciently pure, at drug stores or from dealers in chemicals. The
solids and liquids should be carefully labelled and kept in suitable,
well-stoppered bottles. Ior greater convenience, however, it is
well to have on hand a supply of some of the more common
dry reagents in wooden or glass pill-boxes about 4 cm. in diameter.

DRY REAGENTS,

Sodium Carbonate, Na,CO,.—Dry sodium carbonate may be
purchased, or it may be made by heating the commercial bicar-
bonate in a porcelain dish until it becomes anhydrous. Sodium
carbonate is used for decomposing many substances, and owes its
action to the tendency of sodium to unite with non-metallic or
acid-forming elements. Thus, ZnS 4 Na,CO, = Na,S 4 ZnO 4 CO,.
Fusions with sodium carbonate are frequently made in a loop on
platinum wire, and in order to obtain a bead, it is recommended
to make the material into a thick paste with water, to take this
up in the loop, Fig. 11, and to fuse in an oxidizing flame. The
bead should be clear when hot, but white and opaque when cold.
If heated in the reducing flame, it will be brown, owing to the
presence of carbon.

For a list of some of the reactions with sodium carbonate, se€
Chapter IV, pp. 145 and 151.

Borax, or Sodium Tetraborate, Na,B,0,.10H,0.—The crys-
tallized commercial salt is usually sufficiently pure, and is broken

into coarse powder for use. Borax is generally fused into a bead
on platinnm wire, and to make this, the platinum loop, Fig. 11, is
heatea and touched to the salt, and the adhering material fused
before the blowpipe until a clear glass is obtained. The bead
should be lenticular in shape, and clear and colerless. To
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introduce the material to be tested into the bead, touch the latter
when hot to a small particle of the substance, or to a little of the
powder, and heat before the blowpipe. Borax dissolves various
substances, especialy the oxides of the metals, and with many of
them gives characteristic colors.

For a list of the tests, see Chapter TV, p. 148.

Borax-glass.—7This is needed for only a few experiments. A
little at a time may be made by fusing borax in a rather large
loop on platinum wire, and crushing the glass in a diamond
mortar. It may also be purchased.

Phosphorous Salt, or Hydrogen Sodium Ammonium Phos-
phate, HNaNH,PO,.4H,0 ; sometimes called Microcosmic Salt --
This is generally fused into a bead on platinum wire. The bead s
made in the same way as the borax one, but the material becomes
very liquid, and is apt to drop from the loop when first heated.
This may be avoided, however, by heating gently at first, and
holding the bead just above the flame, so that the escaping steam
and the force of the blast may buoy up the liquid. The salt is
changed by fusion to SopruM Merarunoseiary, NaPO,. The
reactions with sodium metaphosphate beads are mostly similar to
those with borax, and a tabulated list of them will be found
in Chapter IV, p. 149.

Test-papers.—Blue litmus- and yellow turmeric-paper may lie
purchased from the dealers. The former is turned red by acids,
and the latter reddish-brown by alkalies. The turmeric-paper alsa
serves for the recognition of boracic acid and zirconium. TFor use,
these papers are conveniently cut into narrow strips.

Potassium Bisulphate, IIKSO,, and Potassium Pyrosulphate,
K.;8,0, ; sometimes called Acid Sulphate of Potash.—This can be
made by heating crystallized potassium sulphate with half its
weight of concentrated sulphuric acid (10 grams K,SO, and 3 ce.
H,80,) i a porcelain dish until vigorous frothing ceases. The
fusion solidifies to an opaque mass, which should be pulverized
and preserved in a well-stoppered bottle. Heating changes
HKSO, into pyrosulphate, K,S,0,, and finally to normal sulphate,
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K,80,. A variety of minerals are decomposed by fusion with
potassium bisulphate, and such fusions may be made either in
the platinum spoon, porcelain crucible, or often even in a test-
tube.

Potassium Bisulphate and Fluorite.——The finely pulverized
materials, mixed in the proportion of 3 parts of the former to 1 of
the latter, are useful for detecting boron in some of its combina-
tions, and it is well to have a small supply of the mixture on
hand. - The mixture when heated liberates hydrofluoric acid.
2HKSO, + CaF, = K,S0, + CaSO, 4 21IF.

Potassium lodide and Sulphur.—The pulverized materials,
mixed in equal proportions, are used for detecting bismuth and
lead.

Oxide of Copper, CuO.—This is useful for detecting chlorine.
A little of the oxide may be purchased, or made by dissolving
copper in nitric acid, evaporating the solution to dryness, and
igniting to redness in a porcelain dish. A little powdered cuprite
or malachite will answer equally well.

Potassium Nitrate, KNO,.—This is used occasionally for
fusing with minerals when an oxidation is required.

Bone-ash.-—This is needed for the silver assay. It will be best
to purchase a small supply from a dealer.

Granulated Tin, Zinc, and Lead.—These may be purchased
from the dealers. The first two are used, generally with acids, in
making reductions, as they dissolve in acids with evolution of
hydrogen, and change many combinations from a higher to a
lower valence. Thus, 2FeCl, + Zn = 2FeCl, + ZnCl,, or possibly
FeCl, + H = FeCl, + HCl. Lead is used for the silver assay,
and should be free from silver. This is commonly called Zfest
lead.

Magnesium.—This may be useful for detecting phosphoric
acid. It is best to have the magnesium ribbon.
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GASEOUS REAGENTS.

Hydrogen Sulphide, H,S.—When a little of this reagent is
needed it may be generated in the simple appa-
ratus shown in Fig. 33. The bottle contains frag-
ments of ferrous sulphide, FeS, and concentrated
hydrochloric acid diluted with an equal volume,
of water is poured in through the thistle-tube, so.
as to give as nearly constant a flow of gas as pos-
sible. FeS 4 2HCL = 1I,S 4- IFeCl,. By means;
of a glass tube and a rubber connection, the gas,
may be led into any liquid in order to bring about;
a precipitation.

Chlorine, Cl.—This reagent is seldom needed,
but a little of it may be prepared by warming
powdered pyrolusite, MnO,, with concentrated
hyvdrochloric acid (p. 101), and carrying off the
chlorine by means of a bent glass tube running through a per-
forated cork. Chlorine-waler, or water saturated with chlorine
gas, is sometimes used.

WET REAGENTS,

‘Wet reagents, especially acids, should be kept in bottles with
ground-glass stoppers, and should be handled carefully. Acids
when boiled give off disagreeable and corrosive fumes, and it is
quite essential that these should be carried off by a good draft,
which may be accomplished by arranging a Zood or small chamber
connecting with a chimney-flue. If acids are spilled upon fabrics,
the spots should be immediately moistened with ammonia to
neutralize the acid, and then thoroughly washed with water.

Water.—Distilled water is best, but clean rain-water may be
substituted. It is convenient to keep a supply of water in a wash-
bottle, Fig. 28.

Hydrochloric Acid, HCl.—This reagent is a solution of HCI
gas in water. The pure concentrated acid of the dealers contains
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about 40% HCI, and for most operations it is best to nse the acid
diluted with an equal volume of water.

Nitric Acid, HINO,.—This is useful for dissolving many min-
erals, and in the concentrated form it is a strong oxidizing agent.
The acid is exceedingly corrosive and needs to be handled very
carefully.

Nitrohydrochloric Acid, or Aqua Regia.—This is prepared by
mixing 1 part of nitric acid and 3 of hydrochloric. It isa power-
ful solvent and oxidizing agent.

Sulphuric Acid, 1I,80,, or Oil of Vitriol—This needs to be
handled with much care. When added to water, a great deal of
heat is generated, and when hot (boiling-point 333° C.), water
should never be added to it. For many tests it is well to employ
a dilute acid, made by adding 1 volume of acid to 4 of water.

Hydriodic Acid, HI.—This is needed for only a few tests, and
does not keep well, as it decomposes, with separation of free
iodine. It may be prepared by suspending iodine in water, pass-
ing hydrogen sulphide gas into the liquid until the solution
becomes colorless, and then decanting from the separated sulphur.
It is convenient to keep a supply of this in a dropping-bottle,
Fig. 31.

Hydrochlorplatinic Acid, H,PtCl,; often ealled Platinic Chlo-
ride.—This is useful for detecting potassium in presence of
lithium and sodium. Its preparation is explained under platinum
(Chapter III, p. 103).

Ammonium Hydroxide, NH,OH; commonly called Ammonia.—
This reagent is a solution of ammonia-gas, NII,, in water. Tt is
a strong alkali, and should not be added to acids unless the latter
are cold and dilute.

Potassium Hydroxide, KOH.—This is another strong alkali.
Its solution does not keep well in glass, and it will be found more
convenient to have the stick potash broken up and preseyved in a
well-stoppered bottle,

Barium Hydroxide, BaO,H,.—A solution of this may be pre-
pared by dissolving the crystallized salt in 20 parts of warm water,
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cooling and filtering off the insoluble material, which consists
mostly of barium carbonate.  Calcium hydroxide, lime-waler,
CaO,H,, may be substituted, and is prepared by shaking up a
small quantity of quicklime with water, allowing this to stand
for some hours, and then decanting off the clear liquid.

Ammonium Sulphide, (NIL),S.—This may be prepared by
saturating a little ammonia with hydrogen sulphide, and then
adding two thirds the volume of the same ammonia. On long
standing it turns yellow, and then contains an excess of sulphur.

Ammoaium Molybdate, (NII,),MoO,.—This is almost indis-
pensable for the detection of phosphates. It may be prepared by
dissolving molybdic oxide, MoO,, in ammonia, and pouring the
solution into dilute nitric acid, being careful to have an excess of
the latter. The solution is allowed to stand, and anything that
may separate out is filtered off.

Cobalt Nitrate, Co(NO,),.—The crystallized salt is dissolved
in 10 parts of water, and the solution kept most conveniently in a
dropping-bulb, Fig. 30. It is used for moistening infusible
substances, especially those containing aluminium and zine, which
are afterwards intensely ignited before the blowpipe, and assume
characteristic colors. Cobalt nitrate when ignited is decomposed,
yielding a deposit of cobalt oxide upon the assay, (Co(NO,), =
Co0O +2NO0, 4+ 0), and this oxide unites with it, giving colored
compounds of unknown composition. The reagent may be applied
to a fragment of mineral held in the platinum forceps, but the
reaction usually succeeds better if the finely powdered mineral is
made into a thin paste with the cobalt nitrate solution, and a little
of this, placed upon charcoal, is 7nfensely ignited before the
blowpipe. This latter method is especially recommended for hard
and compact minerals.

Aqueous solutions of the following salts may be kept in glass-
stoppered bottles, or, if they are to be used only occasionally, it
is recommended to keep a supply of the pulverized dry salts on
hand, and to dissolve a small quantity in a test-tube when needed.

Ammonium Carbonate, (NH,),CO,.—The commercial, dry salt
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is a mixture of ammonium bicarbonate, HNH,CO,, and ammonium
carbamate, NH,NH CO,. Its solution in water, however, may be
regarded as containing normal ammonium carbonate, (NH,),CO,.

Ammonium Oxalate, (NH,),C,0,.2H,0.

Di-Sodium Hydrogen Phosphate, Na,HPO,12H,0; commonly
called Sodiwm Phosphate.

Barium Chloride, BaCl,.2H,0.

Silver Nitrate, AgNO,.

Potassium Ferrocyanide, K ,Fe(CN),.3H,0.

Potassium Ferricyanide, K,I'e(CN),,.— An aqueous solution
of this salt does not keep well.

Ammonijum Sulphocyanate, NH,CNS.

The list of reagents, both wet and dry, might be considerably
enlarged, but the principal ones have been given, and those not in
the list which are mentioned in subsequent chapters can be easily
procured. Any reagents used in a well-equipped chemical labo-
ratory may at times be found convenient.

Solution.—Of the foregoing reagents, water and the acids are
commonly employed for dissolving substances. The appropriate
solvent for a mineral can be learned only by experience or by a
knowledge of the chemical composition of the material. As most
minerals are insoluble in water, its use as a solvent is limited.
Hydrochloric acid is most generally employed, and is preferred to
other strong acids, as it is safer to handle. Nitric acid is needed
when an oxidation is required, as when sulphides or arsenides are
to be dissolved. It is seldom necessary to use sulphuric acid.

In order to dissolve a mineral it is best to treat some of the
very finely powdered material in a test-tube with from 5 to 10 ce.
of the solvent (it may be necessary to try several solvents before
the appropriate one is found), and, if the material does not
dissolve in the cold liquid, the contents of the tube should be
heated to boiling, which, in the majority of cases, greatly facili-
tates solution.

Precipitation.—When insoluble compounds are formed by
adding reagents to solutions, the process is called precipitation.
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When solutions are mixed, precipitation will take place, provided
an insoluble compound can be formed by the interchange of the
chemical constituents, For example, when aqueous solutions of
sodium chloride and silver nitrate are mixed, a white precipitate
of silver chloride will be formed, because silver chloride is insol-
uble in water. NaCl 4+ AgNO, = AgCl + NaNO, . Precipitation
furnishes a means for detecting many elements, and it is also
useful for separating substances, since the insoluble precipitates
may be collected on filter-papers and thus removed from solutions.

ParT 8. OnN THE NATURE AND Usks oF FLAMES.

Combustion.—This is ordinarily an ozidation process, and
where a Hame is produced, the latter results from the combination
of carbon and hydrogen of different gases and vapors with the
oxygen of the air, the final products of the oxidation being carbon
dioxide, CO,, and water, H,O.

When a lamp or candle is burning, the oil or the melted
material of the candle is carried up into the wick by capillary
attraction, and is there converted by the heat of the flame into
gas or vapor, which burns. Such gases, as well as ordinary
illnminating-gas, are not definite chemical compounds, but
mixtures, usnally of different combinations of carbon and hydro-
gen, and are known as hydrocarbons. Water-gas, with which
many cities are now supplied, is made by blowing steam through
glowing coals, when the following reaction takes place : H,0 +C =
2H + CO. The resulting gas (a mixture of hydrogen and carbon
monoxide), which burns with a non-luminous flame, has to be
mixed with some volatile material rich in carbon, in order to
make it luminous.

The Candle Flame.—This, Fig. 34, has been chosen as repre-
senting a typical luminous flame, and may be regarded as
containing three distinct parts, as follows:

(1) An outer part, a, where the gases are fully exposed
to the oxygen of the air, and where the combustion is com-
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plete ; that is, where carbon is burned to CO,, and hydrogen to
. I1,O. These gases form an invisible envelope about all
:,:'"a""-.,' ordinary flames.
FIN (2) An inner zone, b, the luminous part of the
Jlame, is characterized by an incomplete combustion,
i since only a limited supply of oxygen, which pene-
trates the outer envelope, is available. Hence, carbon
burns to its lower oxide, carbon monoxide, CO, while
[ hydrogen forms H,0. Moreover, the heat of the flame
|| decomposes some of the gas, with separation of finely
i divided carbon. This being heated to incandescence
Fie. 3¢ renders the flame luminous, and will deposit as soot
upon any cold substance held in the tlame. :

(8) Still further within the flame is the zone ¢, which contains
the unburned gases as they are first formed
by the heat and rise up from the wick.

The three zones, @, b, and ¢, naturally ia}
grade into one another, and are not separated
by sharply defined boundaries.

The Bunsen-burner Flame.—This, Fig. 35,
has three zones corresponding to a, b, and
¢, of the candle flame, except that sufficient
air is allowed to mix with the gas to
prevent the separation of carbon in b. The
flame, therefore, is non-luminous and depos-
its no soot. The outer envelope, @, contain-
ing CO, and H,0, is invisible; the zone b,
containing CO, some CO,, and H,0, is pale
violet; and the inner zone, ¢, containing a
mixture of unburned gas and air, is sharply
outlined against b by a pale blue border.

Special precautions should be taken that
the flame does not snap down and burn at
the base.

e
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The Blowpipe Flame.—This is produced by placing the tip
of the blowpipe into the gas or lamp flame, and blowing a mod-
erately strong blast of air. If a gas flame is used, it should bun

from the jet e, Fig. 4, p. 13,
and should be from 3 to 4 cm.
high.

The operator should be com-
fortably seated at the table,
his arm resting upon its edge,
and the blowpipe grasped near
the water-chamber, between the thumb and first and second
fingers of the right hand.  The blast should be so regulated
that the flame will be deflected into a slightly tapering, dis-
tinctly outlined, blue cone, Fig. 86, in which the zones a, b,
and ¢, correspond exactly to those of the Bunsen-burner flame.
The flame should not appear luminous, except, perhaps, a small
portion just above the blowpipe tin, which is not carried along
by the draft. If the hole in the tip is well bored, the flame will
neither flutter nor show irregularities, even when the blast is
strongest.

Heating and Fusion.—The hottest part of the blowpipe flame
is at 7, Fig. 86, just beyond the tip of the inner blue cone. At this
point, minerals are heated to determine their fusibility or other
phenomena which they may exhibit. Even platinum can be readily
melted if in the form of fine wire (not over 0.2 mm. in diameter),
so as not to radiate nor conduct away the heat too rapidly.

In testing minerals, the size and shape of the fragment to be
used is a matter of considerable importance. If too large, it is
difficult, often impossible, to heat it up to the desired tempera-
ture, while, if too small, the reaction may not show with sufficient
distincuness. Beginners almost invariably err in taking too large
pieces. Usually the reaction succeeds best either with a splinter
or a fragment with a thin edge, and a size about as large as a lead-
pencil point (1 mm. in diameter and 4 mm. long) can be recom-
mended. The fragment should be held in the forceps in such a

Fia. 36.
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wanner that the greater part of it projects free beyond the plati

- num tips in order that heat may
= not be wasted in warming up
the metal, and so that a point or
thin edge of the mineral is turned in the
direction of the tflame, Fig. 37. Any change
which the mineral undergoes may be a help
in its identification, and should be care-
fully notel; e.g., whether fusible or infu-
sible, and in the former case the degree of fusibility and the
manner in which the mineral fuses, whether quietly or with
intumescence (swelling); whether to a clear, white, or vesicular
(full of bubbles) glass; whether to a light- or dark-colored mass
or slag, or to a magnetic or non-magnetic mass.

Decrepitation.—It frequently happens that a mineral, when
introduced into the blowpipe flame, snaps or explodes, so that it
is difficult and often impossible to secure a piece which can be
held in the forceps and heated. This phenomenon, known as
decrepitation, may be due to unequal expansion of the material.
More often, however, it results from the presence in the mineral
of minute cavities containing gases or liquids (commonly water,
sometimes liquid carbon dioxide), the expansion of which causes
the explosion.

At times a fragment of a decrepitating mineral may be heated in the
forceps, if at first very carefully introduced into the ordinary gas or lamp
flame, so that it becomes slowly and uniformly heated before being subjected
to the more intense heat of the blowpipe flame. Another way is to heat sev-
eral large pieces in a closed tube until decrepitation ceases, when, on dump-
irg out the fragments, one may be selected of the right size and shape to be
taken in the forceps and heated before the blowpipe. When the above
methods fail, the following, suggested by Berzelius, may be resorted to:
Grind the mineral to a very fine powder, make into a thin paste with water,
then spread out a drop of this upon a clean charcoal surface, and heat
before the blowpipe, at first very gently, finally as intensely as possible. If
fusion has not already been observed, a coherent cake will usually be
obtained, which with care can be lifted in the forceps, and its edge intro
duced into the blowpipe flame.
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Flame Coloration.—The heat of the blowpipe fame is so
intense that many substances are volatilized, and several of the ele-
ments in them may then be recognized by the colors they impart to
the flame (compare table, Chapter IV, p.136). The test may be
made with a fragment held in the clean platinum forceps, as shown
in Fig. 37, but usually it succeeds better when a minute quantity
of the finely powdered material is taken upon a clean platinum
wire and introduced into the Bunsen-burner or blowpipe flame.
For the latter purpose, a wire may be cleaned by heating until it
imparts no coloration to the flame, or, if there is much material
adhering to it, it may be boiled in any strong acid, then washed
with water and heated (compare Sodium, p.115, §1,8). The straight
wire is next moistened with pure water, and its end touched to the
powdered mineral so as to take up a minufe quantily of the
material;, which is then introduced into the flame.  Often the
merest trace that will adhere to a dry wire is sufficient to give a
magnificent flame color. The tests are, as a rule, exceedingly
delicate, and the essential condition to be fulfilled is that the
material shall be heated Lot enough to volatilize the element or
compound which gives the color. Often a sufficient temperature
cannot be obtained when a rather large fragment held in the
forceps, or considerable material supported in a loop on plati-
num wire, is heated before the blowpipe.

The colors are best seen in a dark room, but as this is usually
not convenient a dark screen (book-cover) as a background will be
found advantageous.

Oxidation.—By oxidation is meant the union of a substance
with oxygen (compare Combustion, p. 31). Many substances
when heated before the blowpipe readily take on oxygen from the
air and are oxidized. The flame then imparts nothing to them,
but simply brings about conditions favorable for the taking up of
oxygen. Kor example, pieces of wood or a copper wire under
ordinary conditions may be kept almost indefinitely, but if they
are intensely heated, with access of air, the former burns, or
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ozxidizes, and the latter is gradually converted into copper oxide,
CuO.

Oxidizing Flame.—The flame represented in Fig. 36 is usually
called the ozidizing flame, and the part favorable for ozidation
is at o, beyond the blue and violet cones, ¢ and b, and espedially
where the air can and the carbon monoxide in b cannot have
access to the substance. .

Reduction.—Usually by the term 7reduction is meant the
taking away of oxygen. In a more general sense, it may refer to
the formation of a metal from any of its compounds, or to the
change of some element in chemical combination from a higher to
a lower valence. Thus,the conversion of CuO or Cu,S to metallic
copper, or of FeCl, to FeCl, (ferric to ferrous chloride), would be
spoken of as reductions.

Reducing Flame.—By means of the blowpipe flame, reductions
are made by taking away oxygen, and this is accomplished by
heating substances so that they are exposed to the action of car-
bon monoxide. Carbon monoxide, CO, is a reducing gas, since it
has a tendency to take on oxygen and become carbon dioxide,

Fia. 38.

CO,. Many oxides, therefore, when heated with CO give up their
oxygen, and are reduced either to a metal or to a lower oxide. The
following equations will illustrate this: CuO + CO = Cu+CO,, and
Fe, 0,4 CO = 2FeO + CO,. The part of the flame most favorable
for reduction is at 7, Fig. 36, where the heat is intense and carbon
monoxide predominates. When a substance is large, it is fre-
quently impossible to make a satisfactory reduction in a flame
like that shown in Fig. 36, for, while a portion is exposed to the
action of carbon monoxide in the zone b, another portion must
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project into the air and will there have a tendency to ozidize.
In such cases, a broader flame, Fig. 88, should be used. This is
made by deflecting the gas or lamp flame by a gentle blast, and
regulating the latter so that the flame is slightly luminous, but
still does not deposit soot upon the assay held at 7.

Reductions are frequently made on charcoal, and the reducing
action of the carbon monoxide is then augmented by that of the
glowing carbon.

The following experiments will serve to illustrate the use ana
application of the blowpipe:

a. 'T'o prove that water, I1,0, and carbon dioxide, CO,, are products of
combustion, take a dry bottle and for a few seconds deflect a small blow-
pipe flame down into it, Fig. 39. The water
which condenses on the sides of the glass has
resulted from the oxidation of the hydrogen in
the gas. That the bottle also contains CO, may be
proved by adding a little clear barium hydroxide
water, inserting the stopper, and shaking, when
a white precipitate forms, which is barium cag-
bonate, BaCO,. CO,+Ba0,1I,=BaCO,+11,0.

b. To show the intense heat of the blowpipe
flame, and to acquire skill in the manipulation of F1a. 89.
the instrument and in maintaining a continuous blast, fuse platinum wire
and fragments of minerals used in the scale of fusibility (p. 230). The
platinum wire should not be over 0.2 mm. in diameter, and it is best to bend
it near the end and hold it end on toward the flame (compare Fig. 37).

¢. To show that the inner portion of a flame contains a zone of
unburned gas, make use of a Bunsen-burner flame, Fig. 33, and hold a glass
tube across it at » until it becomes quite soft; then remove from the ﬂzime,
and draw out to a narrow tube. Next, hold the narrow tube across the
flame at s, and observe that it softens in two places where it passes through
the edges of the flame, but the portion within the cone ¢ neither fuses nor
becomes red-hot. By holding one end of a rather narrow glass tube in ¢, a
little of the unburned gas may be drawn off to one side, and burned at the
other end of the tube.

d. To make a flame test, take a fragment of barite, BaSO,, in the
forceps, and heat before the blowpipe, as shown in Fig. 37, until a distinet
color is obtained. Barium imparts a yellowish-green coloration to the
outer part of the flame. Barite also fuses at about 3 in the scale of fusibil-
ity, and is very apt to decrepitate. Also test the flame coloration by taking
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up powdered barite on platinum wire, as directed on p. 35, and heating both
in the blowpipe and the Bunsen-burner flames. In the latter case, introduce
the material into the edge of the flame, at about r, I'ig. 35.

e. To test the reducing character of the blowpipe flame, make some
experiments with hematite, Fe, O, (a splintery variety is best), which should
not be magnetic before heating, but becomes so upon reduction to a lower
oxide, FeO. MTaking a fresh fragment for each experiment, hold it in the
forceps, and heat before the blowpipe for several seconds at the points o, 7,
and s, Fig. 36, and, after cooling, test with a magnet. If the fragments
become at all magnetic, it shows that the reducing gas, carbon monoxide,
was present in that part of the flame where they were heated. Fe,O,+ CO
= 2FeO + CO,. The reduction is strongest at », the tip of the blue cone,
where the heat is most intense, and diminishes toward o, but it is impossible
to make a general statement of just where reduction ceases, as this depends
both upon the size of the flame and strength of the blast.

1. To illustrate reduction and oxidation, select a small splinter of hema-
tite, make sure that it is not magnetic, and then heat for an instant only
in the reducing flame, so as to form FeO suflicient to make the fragment
only slightly magnetic. It should then be heated for a considerable time
at a point o, Fig. 36 (beyond the point where carbon monoxide exists), until
the FeO has taken up oxygen from the air, and become oxidized to Fe,0,,
when the fragment will ccase to be magnetic. Considerable care and skill
are necessary for performing this experiment successfully. If the fragment
becomes very magnetic, it will be best to start with a fresh one, for the
oxidation goes on slowly, and it will require a long time for its completion.
Further, if FeO has been fused on the splinter, it will be almost impossible
to complete the oxidation with the blowpipe, since, although the outer
snrface may be converted into Fe,O, the air will not be able to reach the
interior and make the oxidation complete.

¢. To further illustrate oxidation and reduction, make a borax bead on
platinum wire, as directed on p. 24; touch the bead when hot to a very small
particle of pyrolusite, MnO,, and dissolve the latter in the borax by heating
at about the point o, Fig. 36. If the experiment is successful, the bead
ghould have a fine reddish-violet color, while if it is black or very dark,
too much pyrolusite was added, and a new bead should be made. The color
is due to an oxide of manganese higher than MnQ, and if the bead is heated
in the reducing flame, MnO will be formed, and the bead will become color-
less. Tn order to make a reduction of this kind, the following suggestion
is offered: Heat the bead very hot at », Fig. 36, where reduction goes on,
and then, without interruption, change the position of the blowpipe and
the character of the blast in order to make a more bulky flame, Fig. 38, so
that the bead may be completely protected from the oxidizing action of the
air. If the colorless bead is further heated, so that the air has access to it,
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the reddish-violet color, characteristic for manganese, will again appear
(compare p. 93, § 2). In making both oxidations and reductions, it isa
great advantage to be able to heat the substances very hot.

The Uses of Charcoal.—Both reductions and oxidations are
made on charcoal. For the former, the best results are obtained
by inclining the charcoal, and directing the flame downward, so
as to strike the assay a little beyond the tip of the blue cone, as
shown in Fig. 40. The combined effect of the flame and the burn-

ing charcoal gives an intense heat, and the reducing action may
be made very strong. Further, many elements are volatilized,
and, passing into the air, take on oxygen and deposit character-
istic coatings of oxide on the coal.

For a list of the coatings and the effects of heating on char-
coal, see Chapter IV, p. 143.

Roasting.—This is a term which is often applied to the heat-
ing of substances in contact with air. It generally results in
oxidation, and is most conveniently done on charcoal. In order
to roast a substance, the finely powdered material is spread out
on the surface of the charcoal so as to allow free access of air, and
is then heated with a small oxidizing flame, Fig. 41, at a consider-
able distance beyond the tip of the blue cone.

The heat required for roasting is very moderate—scarcely a red
heat. If possible, the material shonld not be allowed to fuse, as
it then does not expose sufficient surface to the air. When very
fusible minerals are to be roasted, it is often best to mix them
with about an equal volume of powdered charcoal, which prevents
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the material from running together, and subsequently burns
awav. Anocther way is to fuse and continue to heat the material
until the more volatile constituents are driven out, and theun to

pulverize with a little charcoal, and roast carefully by means of a
small oxidizing flame.

Roasting is a very important metallurgical process, especially
in treating ores containing sulphur, arsenic, or antimony, as these
elements are removed as volatile oxides, leaving oxides of the
metals which are subsequently reduced.

The following experiments will serve to illustrate some of the
effects which may be produced by heating on charcoal:

a. To illustrate the formation of a metal, take a very little powdered
malachite (Cu.OH),CO,, and three times as much of a mixture of equal
parts of sodium carbenate and borax as a flux, moisten to a paste with water,
then heat intensely, as shown in Fig. 40, until the copper fuses and collects
to a globule.

5. 'To illustrate the formation of a metal and a coating of oxide, take a
little powdered cerussite, PbCO,, an equal volume of powdered charcoal and
3 volumes of sodium carbonate, moisten to a paste with water, then heat for
some time, as shown in Fig. 40, until the lead unites to a globule and a
considerable coating of yellow lead oxide collects on the charcoal.

¢. To illustrate oxidation or roasting, place some finely powdered pyrite,
FeS,, on a flat charcoal surface, spread the material out into a thin layer,
and heat very gently with a small oxidizing flame, as shown in Fig. 41,
The pyrite is thus oxidized, yielding sulphurous anhydride gas, SO, , detected
by its odor, and a residue of Fe,O,, or a mixture of Fe,O, with FeQ. If
the roasting is continued until the material no longer emits an odor of
burning sulphur, the oxidation will be complete, or nearly so, and the resis
due will have the dark red color of ferric oxide.



CHAPTER IIL
REACTIONS OF THE ELEMENTS,

For convenience of reference, the subject matter of this chapter
has been arranged alphabetically. In studying the reactions of
the common elements, however, it may be recommended to take
them up in the following order, which has been chosen partly
according to Mendeléefl’s periodic system of the elements, and
partly to bring together some of the elements which exhibit simi-
larities in their analytical reactions :*

1. Hydrogen, p. 81. 4. Potassium, p. 205. 7. Strontium, p. 7176. 10. Zine, p. 130.

2. Lithium, 90. 5. Magnesium, 97. 8. Barium, 52. 11. Copper, 71.
3 Sodium, 115, 6. Calcium, 58. 9. Aluminium, 42. 12, 8ilver, 113.

* 1u the descriptions of tests and cxperiments, sizes and distances will be given
in millimeters and centimeters ; quantities of powders and dry reagents in terms of
the ivory spoon; and the volume of iiguids in cubic centimeters.

Inch Scale. @:)

Centimeter Scale.

1 2 3 4 S5 6 7

RERNANA AT
>

Fra. 42.—Inch and centimeter scales, ivory spoon, and end of a test-tube with cubie
centimeters indicated upon it. All natural size.
41
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18. Lead, p.87. 18. Cobalt, p 77. 23. Chlorine, p. 67 28. Bismuth, p. 54

14. Mercury, 93. 19. Nickel, 96.  24. Boron, 56. 29. Carbon, Gl.
15. Chrowium, 69. 20. Oxygen, 100. 25. Phosphorus, 101.  30. Silicon, 107.
16. Manganese, 92,  21. Sulphur, 118, 26. Arsenic, 47, 81, Mitanium, 127.
17. Iron, 83 22. Fluorine, 75. 27. Antimony, 43.  82. Tin, 125.

Aluminium, AL.—Trivalent. Atomic weight, 27.

OccurrENCE.—Next to oxygen and silicon, aluminium is prob-
ably the most abundant element in the crust of the earth (p. 8).
It is a metallic element, occurring most {requently in the group ot
silicates, while it is also found in a number of oxides, fluorides,
phosphates, and sulphates.  Kaolinite, H,AlSi,0,; cyanite,
AlSiO, ; orthoclase, KAISi,O,; almandine garnet, Ie,Al,(SiO,), ;
corundum, ALOQ,; and cryolite, Na,A1F,, may serve as examples of
its compounds. Aluminium also plays the part of a weak acid,
and by some authors, spinel, MgAl,0, = Mg0.Al,0,, and a few
similar compounds are regarded as aluminates. Aluminium is a
constituent of most rocks, almost the only exceptions being the
carbonates, sandstones, and quartzites.

Drrrcrion.—Igniting with cobalt nitrate is the only satisfac-
tory blowpipe test for aluminium. For a test in the wet way,
precipitation with ammonia is recommended.

1. Test with Cobalt NVitrate.—Infusible minerals containing
aluminium, if moistened with cobalt nitrate and intensely ignited
before the blowpipe, assume a fine blue color. Cobalt nitrate on
ignition yields cobalt oxide, CoO, which is black, and this oxide
unites in some inexplicable way with the alumina to give the
characteristic blue color. In applying the test to very hard min-
erals it is best to powder them, then moisten with cobalt nitrate
and heat either on charcoal or on a small loop on platinum wire.
The test is restricted to compounds which are light colored, or
become so on ignition, and is not characteristic if applied to fusible
minerals, as cobalt oxide may impart a blue color to any fused
material or flux. Zine silicates also give a blue color, p. 133,

Apply this test to fragments of cyanite, ALSiO,, held in the forceps,
and to finely powdered corundum, Al,0,.

2. Precipitation with Ammonic.—Ammonia, when added in
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slight excess to an acid solution containing aluminium, precipi-
tates gelatinous aluminiwm hydrozide, AI(OH),. A great many
other substances yield; with ammonia, gelatinous precipitates
resembling aluminium hydroxide, and therefore it is necessary to
make the following additional tests: Collect the precipitate
on a filter-paper, wash with water, transfer some of it to a test-
tube, and add potassium hydroxide, when the precipitate, if it is
aluminium hydroxide, will go easily and completely into solution.
Burn the paper containing the precipitate in a porcelain crucible
(Fig. 27, p. 22), and test the residue with cobalt nitrate.

Dissolve an ivory spoonful of alum, KA1(S0),.1211,0, in a test-tube
in 5 ce. of hot water, add 2 cc. of hydrochloric acid, and then ammonia in
slight excess; that is, until a distinet odor of ammonia is perceptible after
the contents of the tube have heen thoroughly mixed. Filter off the pre-
cipitate, and test as recommended above,

3. For detecting aluminium in insoluble silicates, where the
above methods cannot be directly applied, see p. 110, § 4.

Ammonium, NII,,—Univalent. Molecular weight, 18.

OcoURRENCE. —The radical ammonium, NII,; plays the part of
a metal, and in its chemical relations is very similar to potassium.
Minerals containing ammonium are of rather rare occurrence, and
are generally soluble in water. Sal ammoniac, NH,Cl, and struv-
ite, NII,MgP?0,.611,0, are examples of its compounds.

DerscrroN.—Compounds containing ammonium, when boiled
with a solution of potassium hydroxide, or heated in a closed tube
with lime (ignited calcite), yield the strong and very characteristic
odor of ammonia.

Antimony, Sb.—Trivalent and pentavalent. Atomic weight,
120.

OccURRENCE.—Antimony is found chiefly in combination with
sulphur, either as stibnite, Sb,S,, or as sulphantimonites, which
are salts of sulphantimonious acids, H,Sb,S,; HSb,S,, H,Sb,S,,
H,S8b,S,, etc. The composition of the sulphantimonites is fre.
quently expressed as a combination of Sb,S, with sulphides of
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the metals, examples being, — zinkenite, PbSb,S, = PbS.8b,S,
jamesonite, Pb,Sb,S, = 2PbS.Sb,S,; pyrargyrite, Ag,SbS, =
3Ag,S.8b,8,; and tetrahedrite, Cu,Sb,S, = 4Cu,S.8b,S,. (See alse
the sulpharsenites (p. 47), with which the sulphantimonites are
frequently isomorphous.) Antimony also occurs native, rarely in
combination with metals as anfimonides, breithauptite, NiSb, and
occasionally in different combinations with oxygen, senarmontite,
Sb,0,, and cervantite, Sb,0,.

DxrecrioN.—Antimony may usually be detected by the coat-
ing of oxide formed by roasting on charcoal or in the open tube.
The closed-tube reaction is also recommended for sulphide of
antimony.

1. Roasting on Charcoal: Coating of Oxide.—Most anti-
mony compounds, when heated on charcoal in the oxidizing flame,
yield a dense white sublimate of oxide of antimony, which de-
posits quite near the heated part (compare Arsenic), and appears
bluish if the coating is thin, so that the black of the charcoal
shows through it. The coating is due to volatilization of the
antimony and its oxidation in passing into the air. It is quite
volatile when heated before the blowpipe either in the oxidizing
or reducing flames, and may be driven about and made to change
its place on the charcoal. The fumes have no distinctive odor
(difference from arsenic). In the absence of other elements which
give coatings on charcoal, this test serves as a very simple and
characteristic one for the detection of antimony. Where other
elements (especially lead and bismuth) interfere, the open-tube
reaction will give confirmatory and decisive results.

Some oxides of antimony are not volatile in the oxidizing
flame, and when these are to be tested it is necessary to heat them
in a reducing flame to convert the antimony to the metallic state,
so that it will volatilize and give the coating of oxide described
above.

Test the foregoing with stibnite, Sb,S,. Place about } ivory spoonful of
it on a flat charcoal surface, and heat with a small oxidizing flame (. 40,
Fig. 41) until the material is completely volatilized. Note that the sublimate
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deposits close to the heated part (difference from arsenic), and test its
volatility in both the oxidizing and reducing flames. The odor which may
be observed is due, not to the antimony, but to sulphur (p. 119, § 2).

2. Roasting in the Open Tube: Sublimate of Oxide.—W hen
metallic antimony and its compounds with sulphur are heated in
the open tube, oxides of antimony are formed and deposit as sub-
limates on the walls of the tube, but the products vary somewhat
with the conditions. If sulphur is present, the oxide usually
appears as a dense white smoke, and most of it settles for a
considerable distance along the under side of the tube, while some
of it condenses as a ring rather near the heated part. The ring is
Sb,0,, and when examined with a lens will frequently be found to
consist of two kinds of crystals, octahedrons and prisms, corre-
sponding to senarmontite and valentinite, two forms of S8b,0,
found in nature. When heated, this part of the sublimate is
completely volatile, and may be driven up and out of the tube,
although much more slowly than oxide of arsenic. The white
sublimate which condenses along the bottom of the tube is prob-
ably antimonate of antimony, SbSbO,. It is non-volatile, in-
fusible, and becomes straw-yellow when hot, but white again
when cold. In the absence of sulphui‘ and in some compounds
containing it (apparently those that oxidize slowly), only the vol-
atile Sb,0, forms. Just why the presence of sulphur causes the
formation of the higher oxide is not known, but probably its
oxide acts in some way as a means for transferring oxygen,
changing Sb,0, to Sb,0.,.

Test the above with stibnite, Sb,S, , using about § of an ivory spoonful,
and heating very carefully, as directed on p. 19. Test also the volatility
of the sublimate, and compare the reaction carefully with the correspond-
ing one for arsenic (p. 48, § 2). To obtain the wholly volatile sublimate
of Sb,0,, heat a little metallic antimony in the open tube.

8. Heating in the Closed Tube.—Sulphide of antimony and
many sulphantimonites, when heated in a closed tube, yield a
characteristic looking sublimate of oxysulnhide of antimony,
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$b,8,0. This requires a rather intense heat for its production.
It is volatilized with difficulty, and appears black when hot, but
changes on cooling to a rich reddish-brown.

Metallic antimony cannot be volatilized in a closed glass tube,
except at a very high temperature, where hard glass softens.
Owing to this behavior, arsenic and antimony, which frequently
occur together, especially in sulpharsenites and sulphantimonites,
may sometimes be conveniently separated and identified, since
arsenic and its sulphides volatilize readily. After driving the
sublimate a short way up the tube, cut off the latter a little below
it, and test for the arsenic by the open-tube method (p. 48, § 2).
After removing the residue from the tube, test it for antimony,
either before the blowpipe on charcoal, or in the open tube. To
test for arsenic in presence of antimony, see also p. 49, § 4.

Take a small fragment of stibnite in a closed tube, and heat it at a high
temperature and for a considerable time. 'I'he small quantity of air in the
tube is all that is necessary to bring about the reaction shown by the
following equation: Sb,S, + O = Sb,8,0 + S. A slight ring of sulphur
deposits beyond the antimony sublimate. This is one of the few closed-
tube reactions where the air in the tube plays an important part.

4. Test with Hydriodic Acid on a Gypsum Tublel.—Antimony
compounds, when treated according to directions given on p. 17,
yield a beautiful red coating of iodide of antimony, which disap-
pears when held over strong ammonia.

6. Flame Test.—W hen antimony compounds are heated before
the blowpipe in the reducing flame, antimony volatilizes and im-
parts to the flame a pale greenish color. The precautions against
alloying the forceps, mentioned on p. 15, should be observed.

6. Oxidation with Nitric Acid.—\When antimony or its sul-
phides are treated with concentrated nitric acid, the antimony is
oxidized to metantimonic acid, SbO,0H (?), which is a white sub-
stance, very insoluble in water and in nitric acid. By diluting
with water and filtering, quite a satisfactory separation of anti.
mony may be obtained from other substances with which it is apt
to occur in combination. The material on the filter-paper may be
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examined for antimony by heating before the blowpipe on char-
coal, and the different metals in the filtrate may be precipitated by
appropriate reagents. This treatment will frequently be found
convenient, especially for detecting a small quantity of antimony
in presence of arsenic.

Arsenic, As.—Trivalent and pentavalent. Atomic weight, 75.

OccuRrRENCE.—ATrsenic usually plays the part of a non metallic
element, and forms three important classes of compounds,—the
arsenides, the sulpharsenites, and the arsenates. In arsenides,
the metals are united directly with arsenic ; as nicolite, NiAs, and
smaltite, CoAs,. These compounds are analogous to the sulphides
and are often isomorphous with them. Several compounds are
known which are combinaticns of arsenide and sulphide; as
the commonest of the arsenic minerals, arsenopyrite, FeAsS =
FeAs, + FeS,. The sulpharsenites may be regarded as salts
of sulpharsenious acids, H,As,S,, HAs,S,, H,As,S,, H,As,S,,
ete.  Examples of these compounds are sartorite, PbAs,S, =
PbS.As,S,; dufrenoysite, Pb,As,S,=2PbS.As,S,; proustite, Ag,AsS,
=3Ag,S.As,S,; and tennantite, Cu,As,S,=4Cn,S.As,S,. The num-
ber of Sulpharsenites, is quite large, but they are of rather
rare occurrence (compare sulphantimonites, p. 43). Enargite,
Cu,AsS, = 3Cu,S.As,S,, is a sulpharsenate or salt of sulpharsenic
acid, H,AsS,, but other salts of this acid are exceedingly rare.
The arsenates, salts of arsenic acid, H,AsO,, are analogous to
the phosphates, and although a great many of them are known,
they are of rather rare occurrence. Examples are mimetite,
Pb,(PbCI)(AsO,),; olivenite, Cu(CuOH)AsO,; and scorodite, FeAsO,.
2H,0. In addition to the foregoing classes of compounds, the ele-
ment occurs as native arsenic, as the sulphides, realgar, AsS, and
orpiment, As,S,, and sparingly as the oxide, As,0,.

DrrEctioN.—The method that should be used for the detec-
tion of arsenic depends upon whether or not the mineral contains
oxygen. With those compounds containing no oxygen, it is best
to employ an oxidation process, such as roasting on charcoal or in
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the open tube. Heating in a closed tube is a good method for
some compounds. With arsenates it is necessary to employ a
reduction process.

Tests for Arsenic in Minerals containing No Oxygen.

1. Roasting on Charcoal: Coating of Oxide: Arsenical Odor.—
When arsenie, its sulphide, or an arsenide, is heated before the
blowpipe on charcoal, volatile products are given off, and the
arsenic unites with the oxygen of the air to form As,0,, a white,
volatile substance, which condenses on the charcoal at a consid-
erable distance from the assay. The fumes that are given off
when the assay is heated in the redncing flame have a disagree-
able, garlic-like odor with which one soon becomes familiar, and
which serves as a characteristic test for the identification of the
element. The odor is perhaps due to the formation of a little
arseniuretted hydrogen, AsH,. It does not come from As,0,, for
this, when volatilized without reduction, gives no odor.

The tests mentioned above may be very well observed by heating either
the powder or fragments of arsenopyrite, FeAsS, on a flat charcoal surface.
Note carefully that the sublimate deposits at a considerable distance from
the assay, and test its volatility by heating with a blowpipe flame (com-
pare Antimony, p. 44, §1). In addition to the garlic odor of the arsenie,
the sulphur, especially after the assay has been heated for some time, yields
a strong pungent odor of SO, (p. 119, § 2), which is entirely different from
that of the arsenic, and must not be mistaken for it.

2. Roasting in the Open Tube.—\When arsenic, an arsenide, or
a sulphide of arsenic, is heated in an open tube, a sublimate of
white crystalline arseniouns oxide, As,O,, is formed, and condenses
as a ring on the sides of the glass. The sublimate is further char-
acterized by being volatile, so that it can be readily driven up and
out of the tube by heating. The crystals of As,O, develop best
where the glass is rather warm, and by breaking the tube and
examining them with a microscope it will be found that they are
usually simple, but occasionally twinned, octahedrons.

Heat from % to 4 of an ivory spoonful of powdered arsencpyrite,
FeAsS, in an open tube, and observe the reactions mentioned above.
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2FeAsS + 100 = Fe,0, + 280, + As,0,. If a yellow deposit of sulphide
of arsenic forms, or a black one of arsenic, it indicates that the oxidation
has not been made properly; either the substance was heated too rapidly,
or there was not a sufficient draft of air passing up the tube to bring about
the oxidation (see p. 19).

3. Heating in the Closed Tube: Arsenical Mirror-—When
arsenic and some arsenides are heated in the closed tube, arsenic
volatilizes and condenses on the cold walls of the tube. When
very little deposits, the sublimate appears brilliant black (arseni-
cal mirror) ; but if much of it is driven off, that which is nearest
to the heated end crystallizes and appears gray. If the tube is
broken just below the sublimate and heated so that the arsenic
volatilizes, the characteristic garlic odor may be observed very
distinctly, perhaps better in this way than in any other, and a
very little arsenic is sufficient to give it.

Test the above with arsenopyrite, FeAsS. At first, perhaps, a little
yellow sulphide of arsenic may be driven off, but the arsenical mirror soon
makes its appearance. Owing to the greater affinity of iron for sulphur
than for arsenic, the change which the mineral undergoes is essentially as
follows : FeAsS = FeS + As.

The sulphides of arsenic, realgar, AsS, and orpiment, As,S,, when
heated in the closed tube, are completely volatilized, condensing at first as
a reddish-yellow sublimate, changing to dark red or almost black when hot,
and to reddish-yellow when cold.

4. Special Test for Oxide of Arsenic.—An exceedingly deli-
cate test, proposed by Bearzelius, may be made by placing a little
oxide of arsenic at the bottom of a closed tube drawn out as in
Fig. 43, and above it, a splinter of
charcoal.  Heat is first applied at e e
the upper end of the charcoal, until Fio. 43.
the latter becomes red hot, and then at the lower end, when
the oxide of arsenic volatilizes, becomes reduced in passing the
red hot charcoal, and condenses above as an arsenical mirror.
This method will be found very convenient for testing coatings of
oxides, obtained by heating before the blowpipe on charcoal, when
there is any doubt as to whether they contain arsenious oxide.
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It will also be especially useful when it is desired to detect
arsenic in the presence of antimony, for the two elements
frequently occur together, and both give volatile white coatings on
charcoal, but antimony oxide gives no mirror when treated as
above. It is to be noted, however, that when a considerable
quantity of antimony is taken, a trifling dark deposit of some
antimony compound may form near the charcoal, but this
should not be mistaken for the characteristic arsenical mirror,
which forms a considerable distance up the tube. In order to
make the test, it is only necessary to scrape up a little of the
coating which is farthest away from the assay (a little charcoal
powder with it does no harm), and heat in the tube as directed
above.

5. Test with Hydriodic Acid on a Gypsum Tablet.—Arsenic
compounds, when treated according to directions given on p. 17,
yield a very volatile orange to yellow coating of iodide of arsenic.

6. Flame Test.—If arsenicis volatilized from a mineral by heat-
ing before the blowpipe in the reducing jlame, it imparts to the
latter a violet tinge. The color may also be obtained when either
arsenic or its sublimate of oxide in a tube is volatilized, so that it
passes from the end of the tube into the reducing part of a
Bunsen-burner flame.

7. Ozidation with Nitric Acid.—Compounds of arsenic, when
boiled with concentrated nitric acid, are, with few exceptions,
oxidized and dissolved, with formation of arsenic aeid, M, AsO,.
To detect arsenic in the solution, the methods given beyond under
arsenates (§ 9, b) may be employed.

ARSENATES.

DerrcrioNn.—The reduction of arsenates in the closed tube,

with the formation of an arsenical mirror, furnishes the best

means of detection. The oxidation and roasting processes used

for the detection of arsenic in arsenides and other compounds

containing no oxygen cannot be applied to arsenates, as they are
already oxidized.
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1. Reduction in the Closed Tube : Arsenical Mirror.—a. With
few exceptions the arsenates are readily fusible, and for all such
the following decisive test may be applied: In a narrow closed
tube place a few splinters of charcoal and a fragment of the
arsenate, and heat intensely with a blowpipe flame, so that the
fused mineral comes in contact with the charcoal. Under these
conditions the arsenate is reduced, and the arsenic volatilizes and
forms an arsewical mirror.

b. Provided the arsenate is infusible in the closed tube, and in
the absence of easily reducible metals, such as lead, copper, or
iron, proceed as follows: Mix a little of the finely powdered
mineral with 4 volumes of dry sodium carbonate and 1 little
powdered charcoal, transfer to a closed tube, warm gently at first,
and then heat intensely in a Bunsen-burner or blowpipe flame.
Under these conditions the arsenie, resulting-from the reducing
action of the charcoal, will volatilize and condense on the glass as
an arsenical mirror.

c. When the foregoing tests cannot be applied, mix the pow-
dered mineral with about 6 volumes of sodium carbonate, and fuse
either in a platinum spoon or on a flat charcoal surface, using an
oxidizing flame. 'The fused material is transferred to a test-tube,
boiled for a minute with about 5 cc. of water, in order to dissolve
the sodium arsenate resulting from the fusion, and then filtered.
To the filtrate hydrochloric acid is added in excess, then an excess
of ammonia, which may cause the precipitation of some arsenate,
and lastly a little magnesium sulphate solution, in order to precip-
itate the arsenic as ammonium magnesium arsenate, NH MgAsO,.
Filter off the precipitate, dry it by pressing between blotting-
paper, mix a little of it with sodium carbonate and charcoal
powder, and heat in a closed tube as directed in § 4. Provided
the precipitate is small; place the filter-paper containing it in a
porcelain erucible, char the paper by very gentle ignition, and
test the charred material, mixed with a little sodium carbonate and
charcoal powder, in a closed tube.
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Barium, Ba.—Bivalent. Atomic weight, 137.

OccURrRENCE.—Barium is an alkali-earth metal, which is found
quite abundantly in barite, BaSO,, and in some regions in
witherite, BaCO,, but other combinations containing it are
seldom met with. Tt occurs in only a few silicates (hyalophane,
harmotome, brewsterite), and sparingly in the igneous rocks of
some regions.

DerecrioN.—Usually barium may be readily detected by the
flame coloration, alkaline reaction, and precipitation as barium
sulphate.

1. Flame Test.—Barium gives a yellowish-green coloration to
the flame, which may sometimes be intensified by moistening the
assay with hydrochloric acid. The color cannot be obtained
directly from silicates, and must not be mistaken for that of boron
and phosphorus.

Make the experiment with barite or witherite, holding fragments in the
forceps and heating before the blowpipe. Make the test also by heating
some of the powder on a platinum wire, as directed on p. 35.

2. Alkaline Reaction.—With the exception of the silicates
and phosphates, barium minerals become alkaline upon intense
iznition before the blowpipe. A similar reaction is obtained with
other minerals containing alkalies and alkaline earths.

Heat fragments of barite or witherite, and place them upon moistened
turmeric-paper.  For the canse of the alkaline reaction, see Calcium

fp 58,§ 1).

3. DPrecipitation as Barium Sulphate. — Barium sulphate,
BaSO,, is very insoluble in water and dilute acids, and will be pre-
cipitated, therefore, from solutions containing barium, upon the
addition of a few drops of dilute sulphuric acid. The test is a
very delicate one, and will always serve to distinguish compounds
containing barium from those containing boron and phosphorus,
which may give green flame colorations. It will also serve for the
detection of barium in silicates and other compounds.
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a. Dissolve 4 ivory spoonful of witherite in 3 cc. of dilute hydro-
chloric acid, warm if necessary, dilute with from 10 to 15 cc. of water, and
add dilute sulphuric acid, when a white precipitate will form, which is
barium sulphate. This should be collected on a filter-paper, washed with
water, and tested on platinum wire, as directed under § 1.

b. To apply this test to silicates, dissolve in hydrochloric acid (after
previous fusion with sodium carbonate, if the mineral should happen to be
insoluble, see p. 110, § 4), separate the silica, precipitate barium sulphate
with sulphuric acid, collect on a small filter, and make a flame test on
platinum wire. If both barium aud strontium are present, a mixed flame
will be obtained, and, after moistening with hydrochloric acid, often the
red of strontium will appear strongest at first, while later the green of
barium may be seen. In order to obtain decisive results, it may be necessary
to make use of a spectroscope.

4. Specific Gravity.—On account of the high atomic weight of
barium, minerals containing it are characterized by high specific
gravities, considerably greater than those of the corresponding
strontium or calcium compounds (see p. 118, § 4).

Beryllium, Be.—Bivalent. Atomic weight, 9.

OccURRENCE.—Although usually regarded as a rare element, beryllium.
sometimes called glucinum, Gl, is found in the common mineral beryl,
Be,Al,(Si0,),, and in a number of others which are not very rare; as
chrysoberyl, phenacite, lencophanite, helvite, euclase, gadolinite, beryllonite,
and herderite.

DrrecrioN.—There are no satisfactory blowpipe reactions for beryllium,
and tests must be made, therefore, in the wet way, which requires some
gkill in manipulation.

a. If the mineral is a silicate, treat it according to directions given on
p.110, § 4, for the solution of the mineral and separation of silicic acid;
then heat the filtrate from the silica to boiling, and precipitate the beryllium
with ammonia, which will also cause precipitation of iron, aluminium,
and possibly other elements, if present. Ammonia precipitates beryllium
hydroxide, which resembles aluminiam hydroxide in appearance. This is
filtered and washed well with water, transferred together with the paper
to soine vessel, and warmed with dilute hydrochloric acid in order to dis-
golve it. The paper is filtered off, and the filtrate evaporated carefully
(best in w casserole) until only a drop or two of the acid is left. After cool-
ing, a few drops of water are added to obtain everything in solution, and
then a little potassinm hydroxide solution, a drop at a time, and just snffi-
cient to dissolve the precipitate of beryllium hydroxide which forms at
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first. 'The solution is then diluted with cold water to a volume of at least
50 cc., any precipitate of ferric hydroxide or other material filtered off,
and the filtrate boiled for a short time, when, if beryllium is present, a pre-
cipitate of beryllium hydroxide will appear. The precipitate, if collected
on a filter-paper and ignited, yields beryllium oxide, and this when ignited
with cobalt nitrate assumes a not very decisive lavender color.

b. If the mineral is a phosphate, special treatment is needed. The
powdered mineral is dissolved in hydrochloric acid (after fusion with
sodium carbonate, if necessary); when cold, ammonia is added until a per-
manent precipitate forms, and then hydrochlorie acid, a drop at a time,
until the solution becomes clear. T'o the now nearly neutral, cold, and not
too concentrated solution, sodium acetate is added, and the precipitated
beryllium phosphate, which may also contain ferric and aluminium phos-
phates, is filtered and washed. 'T'he precipitate is next ignited in a crucible
until the carbon of the paper is destroyed, and is then fused in platinum
with sodium carbonate, by which treatment sodium phosphate and beryllium
oxide are formed. The fusion is then treated with hot water to dissolve
the sodium phosphate, the beryllinm oxide is collected on a filter-paper and
washed, and it is afterwards dissolved in hydrochloric acid and tested with
potassium hydroxide, as described under . If it is known that the
alkali-earth metals are absent, the mineral may be fused directly with
godium carbonate, and treated like the above sodium carbonate fusion,

Bismuth, Bi.—Trivalent. Atomic weight, 208.

OccURRENCE.—Bismuth plays the part of a weak basic element
and also that of an acid-forming one, and is of rather rare occur-
rence in minerals. It is found native and as sulphide, selenide,
telluride, oxide, silicate, and carbonate. The combinations of its
sulphide with sulphides of the metals, the sulphobismuthites, are
analogous to the sulphantimonites and sulpharsenites

DrrecrroN.—Usually bismuth may be readily detected by its
reactions on charcoal and by the iodine tests.

1. Reduction on Charcoalto Metallic Bismuth, and Formation
of a Coating of Bismuth Oride.—Usually bismuth can be readily
reduced from its compounds by mixing } ivory spoonful of the
powdered mineral with about 8 volumes of sodium carbonate and
heating on charcoal in the reducing flame. The globules of the
metal thus obtained are readily fusible and are bright when in the
flame, but become covered with a coating of oxide when exposed
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to the air. They are brittle, and, if removed from the charcoal
and hammered on an anvil, they may flatten to some extent at first,
but cannot be beaten into a thin sheet like lead. Heated before
the blowpipe, bismuth is somewhat volatile, and its vapor passing
into the air becomes oxidized, and settles on the coal as a lemon- to
orange-yellow coating of bismuth oxide, which is white at a dis-
tance from the assay. The coating may be volatilized by heating
in both the oxidizing and reducing flames without imparting any
color to them. The reactions are quite similar to those of lead,
but may be distingunished by the iodine tests.

Make the test by heating any simple bismuth mineral, or the commer-
cial oxide of bismuth, as directed above. A somewhat better idea of the
bismuth coating may be obtained by removing a globule of the metal and
heating it alone before the blowpipe on a fresh piece of charcoal.

2. Iodine Tests.—An excellent test proposed by von Kobell
consists in adding to a small portion of the powdered mineral
3 or 4 times its volume of a mixture of potassium iodide and
sulphur (p. 26), and heating before the blowpipe on charcoal
with a small oxidizing flame, when a coating is produced which
is yellow near the assay, and bordered on the outer edges by a
brilliant red.

The test on a gypsum plate, made as directed on p. 17, yields
a chocolate-brown coating of bismuth iodide, which is changed to
a brilliant red by exposing for a short time to the fumes of strong
ammonia.

3. Tests in the Wet Way.—If the mineral is soluble in hydro.
chloric acid, evaporate the solution until only a few drops remain,
and then pour it into a test-tube about one third full of water, when
a white precipitate of bismuth oxychloride, BiOCl, will form, which
may be collected on a filter and tested, as in § 1. If the mineral is
not soluble in hydrochloric acid, dissolve in nitrie, then add excess
of hydrochloric acid, concentrate to a small volume and pour into
water, as directed above. If the presence of lead is suspect, =
dissolve in nitric and 2 or 3 ce. of concentrated sulphuri
evaporate in a casserole until the nitric acid is all ex ,W
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after cooling, digest with water and filter off the insoluble lead
sulphate, which may be tested according to p. 87, § 1. To the
filtrate, add ammonia to precipitate bismuth hydroxide, and this,
when collected on a filter, may be tested according to § 1.

Boron, B.—Trivalent. Atomic weight, 11.

OCCURRENCE.—Boron is the characteristic, non-metallic ele-
ment of boric acid, H,BQ,, and its salts, the borates. The latter
are not very common, borax, Na,B,0,.10H,0, being the most im-
portant. Boron is also found as a constituent of a number of sili-
cates; as tourmaline, axinite, datolite, and danburite. Boron
minerals have usually been formed by the action of vapors given
oft during igneous activity.

Drrrerion.—Boron may be detected by the flame coloration
and the test with turmerie-paper.

1. Flame Test.—Many boron minerals when heated before the
blowpipe impart a green color to the ame. The color is a rather
bright one, inclining somewhat to yellow (siskin-green), anc
must not be confounded with that of barium, from which it may
readily be distinguished by other tests.

Minerals which do not give the boron flame when heated alone
usually show it when their powder is mixed intimately with about
3 volumes of the potassium bisulphate and fluorite mixture
(p. 26), and heated rather gently before the blowpipe or in a Bun-
sen-burner flame, The mixture is most conveniently introduced
into the flame by taking up a little of it on the end of a hot plati-
num wire or in a small loop. The hydrofluoric acid liberated by
the mixture attacks the mineral, forming boron fluoride, BF,, and
this gives a green flame coloration, which is usually of only mo
mentary duration.

Tests may be made with datolite, Ca(BOH)SiO,, or danburite,
CaB,(8i0,),, which give a green flame- color when heated alone, and alse

with tourmaline, in which case it is nccessary to make use of the potassium
bisu]phate and fluorite mixture.

.2 Yest with Turmeric-paper.—If turmeric-paper is moistened
with a dilizfe hydrochloric acid solution of a mineral containing
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boron, and then dried at 100° C. (on the outside of a test-tube con-
taining boiling water), it assumes a reddish-brown color, and this
is changed to inky-black by moistening with ammonia. The test
is very delicate and satisfactory, and may be applied to all boron
minerals, for, if insoluble in acids, they may be dissolved after
fusion with sodium carbonate, as directed on p. 110, §§ 3 and 4.

Bromine, Br.—Univalent. Atomic weight, 80.

OccurreENcE—This non metallic element is found very rarely in min-
erals, the only ones of importance being the silver ores, embolite, AgCl with
AgBr, and bromyrite, AgBr. The bromides, salts of hydrobromic acid,
are mostly soluble in water.

DerEcrioN.—Many of the reactions of bromine are similar to those of
chlorine and iodine. Silver nitrate precipitates silver bromide, AgBr.
When a bromide is heated in a bulb tube with potassinm bisulphate and
pyrolusite, bromine is liberated, and may be distinguished by the red color
of its vapor, and the formation of liquid bromine if the reaction is strong.
(Chlorides and iodides when similarly treated yield chlorine gas and iodine,
respectively.) Silver bromide, when heated in a closed tube with galena,
yields a sublimate of lead bromide, which is sulphur-yellow when hot, and

white when cold.
For the detection of bromine in presence of iodine, see p. 69.

Cadmium, Cd.—Bivalent. Atomic weight, 112.

OccURRENCE.—Cadmium is a rather rare element, and is mostly found
associated with zinc in som.e varieties of sphalerite and smithsonite. Only
one cadminm mineral is known, greenockite, CdS.

DerecrioN.—If minerals containing cadmium are mixed with sodium
carbonate and heated before the blowpipe on a flat charcoal surface in the
reducing flame, metallic cadmium is readily formed and volatilized. 'T'he
element unites with the oxygen of the air, and the resulting oxide collects
on the charcoal as a reddish-brown coating, which is yellow distant from
the assay, and usually iridescent if only a little of it forms.

In the presence of zinc, the foregoing method may sometimes be em-
ployed, since, owing to the case with which cadmium is reduced and vola-
tilized, its coating will appear before that of zinc. It is better, however, to
proceed as follows: Dissolve from 4 to 6 ivory spoonfuls of the mineral in
nitric acid, add 1 or 2 cc. of concentrated sulphuric acid, and evaporate in
a casserole until the nitric acid is removed. On cooling, add about 100 ce.
of water and 10 cc. of hydrochloric acid, filter, and pass hydrogen sulphide
gas through the filtrate for half an hour, then filter off the precipitated



58 REACTIONS OF THE ELEMENTS. Caeslum

cadmium sulphide, and wash with water. - Place the paper containing the
precipitate upon a piece of charcoal, add sodium carbonate, and heat before
the blowpipe, first with a small oxidizing flame until the paper is burned,
and then in a reducing flame to obtain the coating of cadmium oxide.

Caesium, Cs.—Univalent.  Atomic weight, 133.

OccurRRENCE.—T'his very rare alkali metal has been found in pollucite,
I1,Cs,A1,(S10,), , and in small quantities in some varieties of lepidolite and
beryl. Rubidium is often found with caesium.

DErEcTioN.—Caesium is similar to potassium, and may be precipitated
as caesium platinic chloride, Cs,PtCl, (see p. 106, § 3). The precipitate ia
much more insoluble than the corresponding potassinm compound, sepa-
rates in a finer condition, and has a paler color. T'o make sure of its iden-
tity, it is best to heat some of the precipitate on a platinum wire, and
examine the flame with a spectroscope.

Calcium, Ca.—Bivalent. Atomic weight, 40.

OccurreNcE.—This alkali-earth metal is found very abun-
dantly in nature (see p. 3). It is a constituent of many silicates
and of most rocks, while its combinations with hydrofluorie, car-
bonic, sulphuric, phosphorie, and other acids are very common.
Examples of important calcium minerals are calcite, CaCO,;
fluorite, CaF,; gypsum, CaSO,2H,0; pyroxene, CaMg(SiO,),;
and apatitl}, Ca (Cal")(PO,)),.

DEerrcrioNn.—Usually, the best methods to apply are the alka-
line reaction after heating, and the precipitation as calcium sul-
phate, carbonate, or oxalate.

1. Alkaline Reaction. — Calcium minerals become alkaline
upon ignition before the blowpipe, with the exception of the
silicates, phosphates, borates, and the salts of a few rare acids.
A similar reaction is obtained with other minerals containing
alkalies and alkaline earths.

a. Heat a fragment of calcite before the blowpipe, and place it upon a
piece of moistened turmeric-paper. In this experiment, the heat drives out
CO, from the calcite, leaving lime, CaO, which dissolves to some extent in
the water and gives the alkaline reaction.

b. Heat a fragment of fluorite, and place it upon moistened turmeric-
paper. In this experiment, water (one of the products of combustion) reacts
to some extent upon the fluorite, as follows: CaF, 4+ H,0 == Ca0 4 2HF.,
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Fluorite, if heated in a closed tube, would not decompose nor become
alkaline.

¢. Heat a fragment of gypsum and test on turmeric-paper. In this ex-
periment, the intense heat of the blowpipe flame is perhaps sufficient to
drive out SO, from CaSO,, although the water resulting from ~combustion
undoubtedly assists very much in bringing about the decomposition (com-
pare p. 81, § 1, where only nentral water is given off by heating gypsum
in a closed tube).

2. Flame Test.—A few calcium compounds when heated before
the blowpipe volatilize to some extent and give a yellowish-red
coloration to the flame. The color is often weak, and in testing
most calcium minerals it does not appear at all. Since calcium
chloride is volatile, the color may often be observed when the
assay is heated, after moistening with hydrochloric acid. The
flame must not be mistaken for the much redder one of strontium
(see p. 116, § 1).

Heat a fragment of calcite in the platinum forceps, and observe that it
gives only a very little or no color to the flume; then touch it to a drop of
hydrochloric acid and heat again. Better still, mix powdered calcite with
a drop of hydrochloric acid, then touch the end of a clean platinum wire
to the mixture, and introduce it into a Bunsen-burner or blowpipe flame.

3. Precipilation as Caleinm Sulphate (Gypswm).—As gypsumn,
CaS0,.2H,0, is rather insoluble in water, and sparingly so in di-
lute hydrochloric acid, it may be precipitated from a solution
gontaining calcium upon the addition of a few drops of dilute
sulpluric acid, provided the solution is neither too dilute nor too
strongly acid. If the test is carried out according to the details
given below, it will be found a very convenient one for the detec-
tion of calcium.

Dissolve 2 ivory spoonfuls of calcite in a test-tube in 3 ce. of hydro-
chloric acid, divide the solution into 2 parts, dilute one with about 10 times
its volume of water, and then add a few drops of dilute sulphuric acid to
each. The precipitate which forms in the concentrated solution is calcium
sulphate, and this will dissolve readily upon addition of water and warming
(difference from strontium and barium). No precipitate forms in the dilute
solution, owing to the solubility of the calcium sulphate.
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4. Behavior toward Ammonia.—Calcium is not precipitated
from solutions upon addition of ammonia, except when carbonic,
phosphorie, silicic, boric, or other acids are present with which
calcium forms insoluble compounds. This behavior is very im-
portant, for often other elements which are present with calcium
in a solution may be precipitated by means of ammonia, separated
by ftiltration, and the calcium detected in the filtrate by the tests
given beyond.

a. Dissolve an ivory spoonful of calcite in a test-tube in 3 cc. of dilute
hydrochloric acid, boil for a few seconds to expel CO,, dilute with about 10
cc. of water, and add an excess of ammonia; i.e., until the solution smells of
ammonia, or shows a blue color with litmus-paper. If the calcite should
be impure, traces of foreign substances may be precipitated, but no calcium
will be thrown down. Save the solution for experiments under §§ 5 and 6.

b. Dissolve an ivory spoonful of apatite, calcium phosphate, in a test
tube, in 3 cc. of hydrochloric acid, dilute with water, and add ammonia in
excess. In this experiment, the precipitate which formsis calcium phos.
phate, and this, although soluble in acids, is insolubdle in neutral or alkaline
solutions.

5. Precipitation as Calcium Carbonate.—Ammonium carbon-
ate added to a solution made strongly alkaline with ammonia
precipitates calcium carbonate, CaCO,. If made from a boiling
solution, the precipitation is practically complete, and the caleium
can be removed by filtering.

6. Precipitation as Calcium Ozalale.—Ammonium oxalate
added to an alkaline or even slightly acid solution precipitates
calcium oxalate, CaC,0,. The test is very delicate, and the sep-
aration complete, but the precipitate comes down in a very finely
divided condition, and is apt to run through a filter-paper. 1t
may almost always, however, be readily filtered if the precipita-
tion is made in a hot solution, and then allowed to stand for an
hour before filtering.

The following method may sometimes be found convenient for the de-
tection of calcinm in phosphates: Dissolve an ivory spoonful of the pow-
dered mineral in a test-tube in 3 ce. of hydrochloric acid, add ammonia
until a precipitate forms, and then hydrochloric acid, a drop at a time,
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until the solution becomes clear. Dilute now with about 10 cc. of water,
and add ammonium oxalate, when, if calcium is present, it will be precipi-
tated from the slightly acid solution as oxalate. The above may be tested
with apatite.

7. For the detection of calcium in silicates and complex
bodies, see p. 110, § 4.

Carbon, C.—Tetravalent. Atomic weight, 12.

OccurRENCE.—Diamond and graphite are crystallized forms of
carbon, and anthracite coal is also nearly pure carbon. Bitumi-
nous coal, asphalt, paraffin, mineral oils, and many natural
gases are different forms of kydrocarbons; i.e., combinations of
carbon and hydrogen, for which usually no definite chemical
formulae can be given, and which cannot, therefore, be classed as
definite mineral species. The carbonates, salts of carbonic acid,
H,CO,, form a very important class of minerals, including such
common ones as calcite and aragonite, CaCO, ; dolomite,CaMg(CO,),;
siderite, FeCO,, and many others.

Derrcrron.-—The burning of carbon with formation of carbon
dioxide, and the closed-tube reactions serve for the detection of
the different forms of coal, hydrocarbons, and organic substances.
For carbonales, effervescence with acids is usually a sufficient
test.

Carbon, Anthracite and Bituminous Coals, Hydrocarbons, and
Organic Matler.

Closed-tube Reactions.—IHydrocarbons, bituminous coals. and
organic matter, when heated in a closed tube, usually suffer
destructive distillation. Tarlike substances, oils, water, and gas
are given off, and condensc in the tube, while a strong empyreumatic
odor may usually be observed. The residue, if any is left, is gen-
erally nearly pure carbon. Anthracite coal and the different forms
of nearly pure carbon suffer no change when heated in a closed
tube, except that perhaps a little water is driven off.

a. To show the effect of organic matter, heat a small fragment of
wood in a closed tube.
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b. Partly fill a bulb tube or a large closed tube with bituminous coal,
sdraw out the upper end, as in Fig. 44,
J then apply heat to the bulb, and set fire
to the escaping gas. If the residue left
in the tube forms a hard, coherent, vesi-
cular mass it would indicate a coking
coal, while if soft and pulverulent, it would indicate a non-coking coal.

¢. Partly fill a bulb tube or a large closed tube with pyrolusite, MnO, ,
carefully shove a picce of anthracite coal to a position near the pyrolusite,
a, Fig. 45, and apply heat, first to the
coal until it becomes red hot, then to
the pyrolusite.  As oxygen is driven
from the pyrolusite, the coal will burn,
and continue to glow as long as the supply of oxygen lasts or any of the
coal remains (compare p. 100, § 1).

Graphite is a form of carbon which burns with great difficulty, and
cannot be tested as above, while diamond burns quite readily, provided that
part of the glass where the diamond is located is heated intensely so as to
start the combustion.

Fia. 44.

F1a. 45.

Carbonates.

1. Effervescence with Acids.—W hen carbonates are dissolved
in acids, carbon dioxide gas, CO,, is given off with effervescence.
The carbonates are salts of a weak acid, and when treated with a
strong acid they are decomposed, yielding salts of the stronger,
and setting the weaker acid free. Theoretical carbonic acid is
H,CO,, but when liberated it splits up into H,0 and CO,. There-
fore, the reaction between calcium carbonate and hydrochloric
acid may be represented as follows: CaCO, 4 2HCl =
CaCl, + H,0 4 CO,. Any strong acid (hydrochlorie, nitrie, or
sulphuric) may be used to liberate carbon dioxide, by sfrong be-
ing meant one with strong chemical affinity, not a concentrated
acid. The reaction usually succeeds best when dilute hydro-
chloric acid is used, and it may take place in the cold, although
sometimes it is necessary to apply heat. When heat has to be
applied, care must be taken not to mistake boiling and escaping
bubbles of steam for carbon dioxide. Carbon dioxide is charac-
terized by being a heavy, colorless, and odorless gas, which is not
apt to be confounded with other gases. It does not support com
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bustion, and, when brought in contact with clear barium hydrox-
ide solution, it gives a white precipitate of barium carbonate.
CO, + BaO,H, = BaCO, + 0.

a. Take 2 ivory spoonfuls of powdered calcite in a test-tube, add a
little water and an equal quantity of hydrochloric acid, when an cfferves-
cence will be observed, and the air will soon be displaced by the heavier
carbon dioxide, if the tube is held vertically. A burning match, if thrust
into the tube, will be immediately extinguished. Pour a little barium
hydroxide solution into a second test-tube, and, holding the two tubes mouth
to mouth, incline the one containing the carbon dioxide, so that the heavy
gas can pour down into the one containing the barium hydroxide, when, on
shaking the latter, a white precipitate of barium carbonate will appear. It
is evident that the test with barium hydroxide, made as suggested above,
can be used only when carbon dioxide is abundantly given off and the tubs
is filled with the gas.

A more delicate method of testing with barium hydroxide is to make
use of a tube like the one shown in Fig. 46. Fragments of the carbonate

F1a. 46.

to be tested are placed in the lower bulb, and, by means of a pipette, dilute
acid is introduced, care being taken not to allow any of it to get into the
upper bulb, or on the sides of the tube above the latter. The tube being
held nearly horizontal, barium hydroxide is then introduced into the upper
bulb, where a precipitate of barium carbonate will be formed by the escap-
ing carbon dioxide.

Effervescence may be detected in a minute particle of mineral by bring-
ing the latter in contact with a drop of acid on a watch-glass or in a test-
tube.

b. Take some dolomite, CaMg(CO,),, and treat it exactly as described
under @, and it will be observed that only a very slight or no effervescence
takes place in the cold, but, on warming, carbon dioxide is abundantly given
off. In testing carbonates which are soluble only in hot acids, it is best to
have the mineral finely pulverized. Care must always be taken not to
mistake boiling for effervescence.

¢, The mistake is sometimes made of testing carbonates with acids which
are too concentrated, as illustrated by the following experiments: In dry
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test-tubes treat fragments of witherite, BaCO,, with concentrated hydro-

chloric acid, and cerussite, PbCO,, with concentrated nitric acid, and, in

both cases, there will be only a very trifling or no effervescence, owing to
the insolubility of barium chloride and lead nitrate in the respective acids.
On dilution with 2 or 3 volumes of water, however, effervescence will
commence, because the salts which form on the outside of the fragments
dissolve, and thus fresh surfaces of the carbonates are constantly exposed to

the action of the acids.

d. In order to show that there is sometimes danger of overlooking a
small quantity of a carbonate, test as follows: Dissolve from § to } of an
ivory spoonful of sodium carbonate in 5 cc. of cold water, and add.a little
hydrochloric acid, when no or only a slight effervescence will be visible,
owing to the fact that carbon dioxide is soluble to some extent, and remains
dissolved in the liquid. On heating, the gas makesits appearance.

2. Decomposition by Heating: Closed-tube Lcaction.— Car
bonates when heated are usually decomposed, carbon dioxide
going off and oxides of the metals being left. An exceedingly
delicate test may be made by heating a small particle of a carbon-
ate in a closed tube, and testing for the presence of carbon
dioxide, by bringing a little barium hydroxide solution into the
upper end of the tube by means of a capillary pipette.

The ease with which carbonates decompose depends upon the
character of the metals with which the carbonic acid radical is in
combination.  Carbonates of the metals with strong chemical
affinity, such as potassium or sodium, are not decomposed at a red
heat, while those with weak chemical affinity, like iron or zine,
decompose at a moderate temperature. Calcium occupies an inter-
mediate position, and calcite, or limestone, CaCQ,, is not decom-
posed at a low red heat, but is wholly converted by intense
ignition into CaO, as illustrated by the familiar example of burn-
ing lime. CaCO, = CaO + CO,.

Muke the experiment by heating a small fragment of siderite, FeCO,, in
a closed tube, and observe that the brown, non-magnetic mineral is changed

to black magnetic oxide of iron, while the carbon dioxide in the tube may
be detected by means of barium hydroxide.

Cerium, Ce.—Usually trivalent, but tetravalent in ceric com
younds. Atomic weight, 140.
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In connection with cerium it will be well to consider a number of other
elements, known as the Lure Larth Metals. 'The more important of these
are lanthanum, La; didymium, Di; yttrium, Y; erbium, Er; and thorium,
Th. "This group, however, has been further subdivided, so that it now
includes gadolinium, neodymium, praseodymium, samarium, scandium, ter-
bium, thulium, and ytterbium, but the reactions for these rare substances
are so obscure and difficult that no attempt will be made to give them in
the present work.

OCCURRENCE.—The rare earths are usually found associated with one
another, and minerals containing essentially the cerinm group (Ce, La, and
Di) are cerite, allanite, monazite, fergusonite, samarskite, tysonite, parisite,
and bastnaesite. T'he yttrium earths (Y and Er) are found especially in
gadolinite, xenotime, yttrotantalite, euxenite, polycrase, and sipylite. "Tho-
rium is found in thorite, monazite, aeschynite, polymignite, and thoro-
gummite.

DEerecrioN.—The rare earths are all precipitated as hydroxides from
acid solutions by means of ammonium or potassium hydroxides, but this
precipitation may be often omitted when it is known that calcium is
absent. T'he precipitate when filtered and washed is dissolved in hydro-
chloric acid, the excess of acid removed by evaporation, the residue
dissolved in water, and oxalic acid added, when a precipitate of oxalates
of the earths will be thrown down, which is insoluble in oxalic acid.
The precipitate when filtered, washed, and ignited, yields oxides of the
earths.

In order to detect thorinum, the oxides are dissolved by boiling with a few
ce. of dilute sulphuric acid, the solution evaporated, transferred finally to a
crucible, and heated carefully until the excess of sulphuric acid is wholly
driven off, thus converting the earths into normal sulphates. The sulphuric
acid must be driven off in a good draft, for the fumes are very irritating,
and in order to regulate the heat it is best to place the crucible containing
the sulphates inside a porcelain one, thus leaving an air space between, and
to adjust the heat so that the outer erucible is not heated above faint red-
ness. The crucible should be covered toward the end of the operation, and
the heating continuned until no white fumes appear when the cover is
aaised, If the sulphates have been properly heated, they should be wholly
soluble in cold water, and thorium may then be precipitated from the dilute
solution by adding sodium thiosulphate, Na,58,0,, and boiling. The pre-
cipitate, wher: collected on a filter-paper, washed, and ignited, yields tho-
rium oxide, ThO,. Zirconium, if present, will precipitate with thorium,
and, from sclutions which are too concentrated, cerium may also be precipi-
tated. 'T'o make certain, therefore, of the identity of the thorium, it will
be best to convert the ignited material again into sulphate, and to repeat
the precipitation with sodium thiosulphate.
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In order to detect the remaining groups, the earths contained in the
filtrate from the thorinm are precipitated by means of oxalic acid, and
converted into sulphates, as directed above. 'I'he sulphates are then
dissolved in a little cold water, and about 2 volumes of a boiling, saturated
solution of potassium sulphate are added, which precipitates Ce, La,
and Di completely, as double potassinm sulphates, Ce,(SO,), + 3K,SO,,
while Y and Er remain in solution. After standing a few hours in the
cold, the precipitate may be filtered, and washed with a cold saturated
solution of potassium sulphate. FKrom the filtrate, Y and Kr may be
then precipitated by means of ammonium oxalate, while the precipitate
containing Ce, La, and Di, may be dissolved in hot hydrochloric acid,
and the earths precipitated by addition of ammonium oxalate and am-
monia. The detection of the separate elements in the two groups is a
difficult matter, and is usually not very important. Ce, La, and Di almost
invariably occur together, while Y and Kr are usually associated with one
another.

In the cerium group, pure ignited oxide of cerium, CeO,, is nearly
white, as are also the oxides of lanthanum, La,0,, and didymium, Di,0,,
but a mixture of cerium oxide with the latter always has a brown
color. If the solution of the ignited oxides in sulphuric acid is yellow,
it indicates cerium, and is due to ceric sulphate, Ce(SO,),. After ignit-
ing the sulphates, however, cerous sulphate, Ce,(50,),, is formed, which
gives a colorless solution. If the oxides are dissolved in a borax bead
in the oxidizing flame a brownish-red or yellow bead, fading to yellow
on cooling, indicates cerinm. In the reducing flame, the bead becomes
colorless or nearly so. With phosphorus salt, the colors for cerium in the
oxidizing flame are yellow when hot, fading to colorless when cold, and
in the reducing flame, colorless both when hot and cold. When cerium
does not interfere, didymium may be detected by means of the borax
or salt of phosphorus beads, for when a considerable quantity is dis-
solved it imparts to them a pale rose color in both the oxidizing and
reducing flames. Didymium also imparts to solutions a pale rose color,
which may be seen when they are concentrated. If a solution is held
before the slit ‘of a spectroscope directed toward a strong light, or if the
oxalate precipitate is held in a strong light and examined with a spectro-
gcope, dark bands may be seen interrupting the continuous spectrum,
which are known as «bsorplion bands, and indicate the presence of the
didyminm group among the elements precipitated by potassium sulphate.
A prominent band is located in the yellow, and another about the middle
of the green.

Yttrium gives no absorption spectrum, but erbium and the rare earths
related to it give a series of strong absorption bands.
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Chlorine, Cl.—Univalent. Atomic weight, 35.5.

OccurrENcE.—Chlorine is the characteristic non-metallic ele-
ment of hydrochloric acid, HCIl, and the chlorides. With the
exception of silver, lead, and mercurous chlorides, the simple
chlorides of the metals are soluble in water, and their occurrence,
vherefore, as minerals is rather restricted, since they cannot occur
where water is abundant. Of the soluble chlorides, halite, NaCl ;
sylvite, KCl; and carnalite, KMgClL.61,0; and of the insoluble
ones, cerargyrite, AgCl, are the most important minerals. A
number of combinations of chlorides with oxides or hydroxides
of the metals, called ozychlorides, are known, and chlorine is fre-
quently found in combination with other acids, especially silicic
and phosphorie, and is then often isomorphous with fluorine
and hydroxyl. Examples are atacamite, Cu,Cl(OH), or CuCl],
+ 3Cu(OH),; sodalite, Na (AICD)AL(SIO,),; and pyromorphite,
Pb,(PbCL)(PO,),.

DerecrioNn.—The most satisfactory tests for chlorine are pre-
cipitation as silver chloride, or the formation of chlorine gas.

1. Precipitation as Silver Chloride.—Silver chloride, AgCl, is
very insoluble in water and dilute nitric acid. A very delicate
test may therefore be made by dissolving a chloride in water or
dilute nitric acid, and precipitating silver chloride by adding a
few drops of a solution of silver nitrate. Bromine and iodine
give similar reactions. If much chlorine is present, a white,
curdy precipitate forms, or, if a trace is present, there is at first
only a bluish-white opalescence. On exposure to light, the pre-
cipitate soon acquires a violet color.

In order to apply this test to minerals which are insoluble in
acids, first fuse with sodium carbonate, as directed under silicates
{p- 110, §4), soak out the fusion with water and dilute nitric acid,
filter if necessary, and then add silver nitrate,

To illustrate this test, dissolve } ivory spoonful of halite (common salt)
in a few cc. of water, and then add a few drops of nitric acid and of silver
nitrate. NaOl 4 AgNO, = AgCl + NaNO,. Test the solubility of the
precipitate in an excess of ammonia.
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9. Erolution of Chlorine.—A very satisfactory test in the dry
way may be made by mixing the powdered chloride with about
4 times its volume of potassium bisulphate and a little pow-
dered pyrolusite, MnO,, and heating the mixture either in a bulb
tube or a small test-tube, when chlorine gas will be given off, and
may be recognized by its pungent odor or its bleaching action on
a strip of moistened litmus-paper held inside the tube (compare
p. 101, § 2).

Insoluble compounds, such as silver chloride cr a silicate, .
should first be fused with sodium carbonate, the fusion pul-
verized, and then treated as above.

3. Flame Test.—Chloride of copper is volatile before the blow-
pipe, giving an azure-blue and sometimes a green coloration to
the flame (compare Copper, p. 72, §1). 'To use this behavior for
the detection of chlorine, Berzelius recommended the following
treatment: To a small salt of phosphorus bead add copper oxide
until the bead is dark and opaque, then touch it while hot to the
substance to be tested, and heat before the blowpipe in an oxidiz-
ing flame, when chloride of copper will volatilize and impart a
blue color to the flame. The test answers very well for most
chlorides, but is not sufficiently delicate for the detection of small
quantities of chlorine in minerals. Bromine gives a similar reac-
tion.

4, To distinguish silver chloride, silver bromide, and silver
jodide from one another, the following method will be found very
convenient: Heat a fragment of the mineral and a little pure, pul-
verized galena together in a closed tube, and observe the color of
the sublimate formed. Silver chloride yields lead chloride, and
this fuses on the hot glass to colorless globules which become
white when cold. Silver bromide yields lead bromide, which is
sulphur-yellow when hot and white when cold. Silver iodide
yields lead iodide, which is dark orange-red when hot and lemon-
yellow when cold. If iodine is detected by the foregoing test,
bromine and chlorine may also be present, and, if iodine is absent,
the reaction for bromine will obscure that of chlorine.
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5. The detection of chlorine in the presence of bromine and iodine is
not a simple matter. 1f combined with silver, place the material in a test-
tube with some granulated zinc, add dilute sulphuric acid, allow the reduc-
tion to proceed for some minutes, and then filter or decant the solution of
zine salts from the insoluble silver. Take a few drops of the solution in a
test-tube, add some starch paste (a little starch boiled up with considerable
water), and then a little, red, fuming nitric acid, when, if iodine is present,
it will impart a deep blue color to the starch. To the blue solusion add
chlorine water drop by drop, which at first sets iodine free, but, when added
in excess, combines with it to form a colorless compound. Continue, there-
fore, to add the chlorine water until the color of iodine disappears, when, if
bromine is absent, the solution will be colorless, but, if present, it will be
yellowish-red, owing to liberated bromine. This color shows more dis-
tinctly when theliquid is agitated with carbon disulphide, which dissolves
the bromine.

For the detection of chlorine, provided bromine and iodine are present,
take another portion of the solution, add silver nitrate and a little nitric
acid, and then filter off and wash the precipitate, which may contain AgCl,
AgBr, and Agl. Transfer this to a beaker, treat with ammonia to dissolve
AgCl and AgBr, filter from the insoluble Agl, then precipitate the silver
salts from the filtrate by addition of nitric acid, and collect them on a
filter. Mix the moist precipitate on charcoal with a little more than its
volume of sodium carbonate, fuse before the blowpipe, cut away the fnsion,
treat it with hot water, filter the soluble sodium chlo-
ride and bromide from the silver, and evaporate the
filtrate to dryness in a dish or casserole. Grind the
dried residue with an equal volume of potassium di-
chromate, transfer to a tubulated test-tube, Fig. 47,
add a little concentrated sulphuric acid, close with a
stopper, and warm, when, if chlorine is present, it
forms with the chromium a red gas, CrCl,0,, which
condenses to a liquid of the sume color, while bromine
forms red vapors of bromine. If some of the red
vapors are distilled over into a second test-tube, and
are then treated with a little ammonia, the bromine will be converted
wholly into colorless compounds, while the CrCl,0, will yield ammonium
chromate, which is yellow. The yellow color of ammonium chromate in
the second test-tube is, therefore, a proof that chlorine was present.

Fia. 47.

Chromium, Cr.—Trivalent and sexivalent. Atomic weight, 52.5

OccurRENCE.—Chromium is not a very abundant element, and
the mineral from which nearly all its commercial compounds are
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made is chromite, FeCrO, = Fe0.Cr,0,. The element is found, in
small quantities, in some varieties of spinel, garnet, muscovite,
beryl, clinochlore, and other minerals where Cr,0, is isomorphous
with AL,O, or Fe,0,. Of the chromates, crocoite, PbCrO,, is the
commonest,.

DerecrioN.—The colors which chrominm imparts to the fluxes
usually serve for its detection.

1. Test with a Borax Bead.—If a very little oxide of chromium
is dissolved before the blowpipe in a borax bead in the oxidizing
flame, the bead will be decided yellow when hot, changing to yel-
lowish-green when cold. With more of the oxide, the colors are
deeper, red when hot, changing through yellow to a fine yellowish-
green when cold. After heating in the reducing tlame, as soon as
the bead cools below a red heat, it assumes a fine green color, and
shows none of the yellow which is so prominent after heating in
the oxidizing flame. It is probable that the color produced in the
oxidizing flame depends upon the presence of CrO,, the anhydride
of chromic acid, salts of which are yellow or red; while in the
reducing flame the basic oxide Cr,0, is formed, which usually
imparts an intense green color to solutions.

2. Test with Salt of Phosphorus.—The colors which are ob-
tained in the oxidizing flame with this flux are dirty green when hot,
changing to fine green when cold. After reduction, the colors are
about the same as in the-oxidizing flame, but not so decided.

Chromium must not be confounded with vanadium, which gives
in the reducing flame almost identical reactions with the fluxes,
but in the oxidizing flame differs in yielding a yellow bead with
salt of phosphorus, which flux never acquires other than a green
color with chromium.

3. Special Tests for Small Quantities of Chromium when Associated
with other Substances whick Color the Fluzes.—If the mineral is a silicate,
fuse it in a platinum spoon with about 4 volumes of sodium carbonate and
2 of potassium nitrate, by which means an alkali chromate, soluble in
water, will be formed. Soak out the fusion in a test-tube with abont 5 co
of water, filter, and, if chromium is present, the filtrate will have a yellow
color. Make the filtrate slightly acid with acetic acid. filter again if neces-
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sary, and add a little lead acetate, when a yellow precipitate of lead chro-
mate will form, which may be collected on a filter, washed with water, and
tested with the fluxes (compare Vanadium, p. 130, § 2). If the precipitate
is very small, it will be best to burn the paper in a porcelain crucible and
test the residue.

If the mineral is an oxide difficult to decompose, as some kinds of spinel
‘or chromite, dissolve as much as possible of the very finely powdered mineral
before the blowpipe in a borax bead, remove the latter from the wire, crush
it in a diamond mortar, then mix with 2 or 3 volumes of sodium carbonate
and 1 of potassium nitrate, fuse ina platinum spoon, and proceed exactly as
described in the previous paragraph.

Cobalt, Co.—Bivalent. Atomic weight, 59.

OccurreNcE.—Cobalt is a comparatively rare element, found
usually in combination with sulphur or arsenic, and generally
associated with nickel and iron, with which it is isomorphous. A
few of its more important compounds are linnaeite, Co,S,; smaltite,
CoAs, ; cobaltite, CoSAs; and erythrite, Co,(AsO,),.8H,0.

DerecrioNn.—The blue color which cobalt oxide imparts to the
tluxes serves as a very simple and delicate means for its detection.

1. Zest with the Fluxes.-~—Oxide of cobalt is soluble before the
blowpipe both in the borax and salt of phosphorus beads,
imparting to them a fine blue color, which remains the same in both
the oxidizing and reducing flames. The test is so delicate that
cobalt can be detected in the presence of a considerable quantity
of iron and nickel.

When copper or nickel interferes with the test for cobalt,
remove the bead from the wire, and fuse it on charcoal with a
granule of tin in a strong reducing flame, until the copper and
nickel are reduced to the metallic state, when the flux will show
the blue cclor of cobalt.

See also the special method for treating minerals containing
cobalt, nickel, iron, and copper (p. 97, § 4).

Columbium, Cb.—See NViobium.

Copper, Cu.—Bivalent in cupric and univalent in cuprous com-
pounds. Atomic weight, 63.4.
OcourreENorR.—Copper is widely distributed in nature and is
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found in a great many minerals. A few of its most important
compounds are chalcopyrite, CukeS,; chalcocite, Cu,S; bornite,
Cu,FeS,; tetrahedrite, essentially Cu,Sb,S, ; malachite, (CuOH),CO,;
and cuprite, Cu,0. Copper also occurs in the native state abun-
dantly in a few localities.

DEetkcrioNn.—The tlame coloration, the formation of globules
of metallic copper, and the colors imparted to fluxes and to solu-
tions make the detection of copper a very easy matter.

1. Flame Tests.—If finely divided oxide of copper is intro-
duced into a colorless flame, it imparts to it an emerald-green color,
which may sometimes be observed on heating minerals before the
blowpipe, but often no color is obtained because no volatile com-
pound of copper is present. If the assay is moistened with hydro-
chloric acid, however, copper chloride, which is volatile, will be
formed, and this gives a strong azure-blue colov to the lame, tinged
usually on the outer edges with emerald-green, due to the decom-
position of the chloride and formation of copper oxide. The flame
test for copper after moistening with hydrochloric adid is very
delicate, but if the mineral is a sulphide, it should be fused in the
oxidizing flame or roasted before applying the acid.

a. Take a piece of chalcopyrite in the platinum forceps, heat it before
the blowpipe in the oxidizing flame, then touch it to a drop of hydrochloric
acid, and heat again. 'The copper chloride soon volatilizes, but the flame
may be repeatedly obtained by renewed applications of acid.

The test may also be made on platinum wire, according to directions
given on p. 35.

b. Roast alittle powdered chalcopyrite on charcoal, as directed on p. 39,
then moisten the product with a drop of hydrochloric acid, and heat before
the blowpipe in the reducing flame. I[n this experiment, the azure-blue
flame of copper chloride is obtained in great perfection, and the surface of
the charcoal near the assay will show the copper reaction if touched with
the reducing flame. A beautiful emerald-green flame is obtained if the
assay is moistened with hydriodic instead of hydrochloric acid, and heated
before the blowpipe.

¢. In order to show the green flame color given by oxide of copper,
take a little malachite or cuprite in a diamond mortar, and pulverize it by
striking with a hammer in close proximity to a Bunsen-burner flame, so that
the fine dust from the mortar will pass into the flame
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2. Reduction on Charcoal to Metallic Copper.—From copper
oxides and minerals containing oxide of copper, the metal may
be readily reduced and obtained as fused globules by heating
intensely in a reducing flame, with a flux, on charcoal. Copper
globules are bright when covered with the reducing tlame, but
acquire a couting of black oxide on exposure to the air. They are
malleable, can be flattened by hammering on an anvil, and show the
red color characteristic of copper. The best flux to use is a mix-
ture of equal parts of sodium carbonate and borax : This serves to
keep iron and other diflicultly redncible metals in solution, as in a
slag, while copper may easily be reduced and fused to a globule.
Minerals contzining sulphur, arsenic, or antimony should first be
carelully roasted, according to directions given on p. 39, then
mixed with the appropriate flux, and reduced. It is evidert that,
when other readily reducible metals are present, a globule will be
obtained which is not pure copper.

As beginners usually have some difficulty in fusing copper
before the blowpipe on charcoal, it is best to use only a small quan-
tity of the mineral and flux. About % to } ivory spoonful of the
mineral and two or three times as much flux will be found to be a
suitable quantity.

Obtain globules of copper from malachite, nsing a mixture of sodium
carbonate and borax as a flux, and from chalcopyrite, which must first be
roasted and afterwards fluxed with a mixture of sodium carbonate and borax.

3. Leeactions with the Fluzes.— Copper oxide dissolves readily
both in the borax and salt of phosphorus beads on platinum wire.
In the oxidizing flame, the colors are green when hot, but change to
blue when cold. The color is due to the presence of cupric oxide,
CuO, and the test is very delicate. In the reducing flame, the
colors are paler, almost colorless, with little copper; while if much
is present, there is a separation of cuprous oxide, Cu,0, when the
fluxes solidify, which renders the beads opaque and red by reflected
light. A still better way to show this reduction is to remove the
bead from the wire, and, placing it on charcoal with a small grain
of tin, to fuse the two together in a reducing flame. The bead
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will then be clear and nearly colorless when hot, but opaque and
red on solidifying. The action of the tin is to take oxygen from
the cupric oxide, changing it to cuprous oxide. The reaction suc-
ceeds best with the salt of phosphorus bead, and the heating on
charcoal in either case must not be too hot nor continued too long a
time, as the copper may thus be reduced to the metallic state.

4. Color of Solutions : Test with Ammonia.—If a mineral con-
taining copper is dissolved in an acid (usually nitric or hydrochloric
is best), the solution will be colored blue or green. On dilution
with water and addition of ammonia in excess, the color becomes
deep blue, owing to the formation of a complex cuproammonium
salt. The test is a very good one for copper, but the color must
not be confounded with the similar but much fainter blue given
by solutions containing nickel when similarly treated.

a. To make this test, dissolve % ivory spoonful of malachite in a test-

tube, in 3 cc. of hydrochloric acid, dilute with 10 cc. of water, and add
excess of ammonia.

b. Dissolve 4§ ivory spoonful of powdered chalcopyrite in a test-tube, in
3 cc. of nitric acid, boil until red fumes cease to appear, dilute with 10 ce.
of water, and add ammonia in excess. In this experiment, the formation of
a precipitate of ferric hydroxide (p 87, § 5) may at first prevent the blue
color from being seen, but by allowing the precipitate to settle, or better by
filtering it off, the color shows distinctly.

5. Cuprous Compounds.—Besides the sulphides and the closely
related arsenides, tellurides, and selenides, there are very few min-
erals which are cuprous compounds, cuprite, Cu,O, being the only
common one,

A quantitative analysis is the only means available for proving
that, in combinations with sulphur, copper exists in the cuprous
condition. If it is demonstrated, for example, that the atomic
ratio of copper to sulphur is 2:1 (see p. 6), the compound must
be Cu,S, or cuprous sulphide.

To illustrate the reactions of cuprous oxide, dissolve an ivory spoon-
ful of powdered cuprite in 3 cc. of hot hydrochloric acid. Observe that the
solution is nearly colorless or brown, and not blue, as with cupric com-
pounds. Cool the liquid, and then add a large esxcess of cold water, when



Fluorine REACTIONS OF THE ELEMENTS. 75

a white precipitate of cuprous chloride, CuCl, will be thrown down, which is
only sparingly soluble in water and dilute acids. The precipitate is soluble
in excess of ammonia,and, if oxidation has been avoided, the intense blue
color characteristic of cupric compounds (§ 4) will zo¢ be obtained, although
some of the copper may have become changed to the cupric condition,
owing to the oxidizing action of the air.

Didymium, Di.—Trivalent. Atomic weight, 142.

Erbium, Er.—Trivalent. Atomic weight, 166.

The reactions of these rare earth-metals are given under Cerium,

Fluorine, I'.—Univalent. Atomic weight, 19.

OccurreNceE.—Fluorine is the characteristic non-metallic ele-
ment of hydrofluoric acid, HI', and the fluorides. The number
of fluorides that have been identified as minerals is not very
large, fluorite, Cal',; and cryolite, Na,AlF,, being the most
important. Fluorine is found frequently as a constituent of
silicates and phosphates, as in topaz, (AlF),Si0,; chondrodite,
Mg, [Mg(F.OH)](Si0,),; apatite, Ca,(Cal®)(PO,),; and amblygonite,
Li(ALIMPO,, and, in such compounds, hydroxyl and occasionally
chlorine are isomorphous with, and partially replace, the fluorine.

Derecrion.—The etching of glass and the formation of volatile
compounds with silicon furnish the best methods for the detection
of fluorine.

1. Etehing of (lass.—This test is applicable only to com-
pounds, olher than silicates, which are decomposed by sulphuric
acid. 1f without a platinum crucible, prepare some small paste-
board trays or box-covers by placing them in melted paraffin and
allowing them to remain until the paper is thoroughly permeated;
then, leaving several drops of paraffin in the bottom of each, place
them to one side on a sheet of paper to cool. At the same time
some pieces of window glass, larger than the tops of the boxes,
may be coated with paraffin by dipping them in the melted
material and allowiug them to cool. To make a test for fluorine,
in a platinum crucible or one of the prepared trays put an ivory
spoonful of the finely powdered mineral and 3 or 4 drops of concen-
trated sulphuric acid, mix the two together and cover with one of



76 REACTIONS OF THE ELEMENTS. Fluorine

the prepared glass plates on the under side of which lines have
been traced through the paraffin with some pointed instrument.
The action of sulphuric acid on the tluoride liberates hydrofluoric
acid, IIF, which attacks the silica, Si0,, of the glass wherever it
is. not protected by the paraffin; thus, 4HF +- SiO, = SiF,+ 2H,0.
For a successful experiment the etching should be allowed to pro-
ceed for at least one half hour, or longer if the amount of fluorine
is small. The presence of fluorine is revealed by a distinct etch-
ing of the glass, seen best after warming the plate and cleaning off
the paraffin with a bit of paper or cloth.

Make the experiment with fluorite, Cal’,, when the decomposition with
sulphuric acid may be expressed as follows: CaF, + H,S0, = (‘aSO, + 211"

2. Test with Polassium DBisi/phate.—This test is applicable
only to compounds which are decomposed by fusion with the
reagent. Mix some finely powdered fluoride with an equal volume
of powdered glass and 2 or 3 volumes of potassium bisulphate,
then put not over 4 ivory spoonful of this mixture in a closed tube
of 6 mm. internal diameter and heat gently. The hydrofluoric acid
liberated by the reaction attacks the glass, 4HI -4- SiO, = SilF, -
2H,0, and at the place where the water condenses a second decom-
position occurs, as follows: 3SiF, 4 21[,0 = 21I,SiF, (hydrofluo-
silicic acid) -} Si0O,. The separated silica, 810, , forms a white ring
in the tube, which is volatile as long as hydrofluosilicic acid is
present, but on breaking the tube just above the fusion and wash-
ing away the hydrofluosilicic acid from the upper portion with
water, and then drying, the silica will no longer be volatile. The
etching of the tube is not a conspicuous feature of this test, but
the ring of silica is very characteristic, especially its behavior
before and after washing with water.

3. Test with Sodium Metaphosphate—This test will often be
found convenient, since it can be applied to minerals which are not
decomposed by sulphuric acid. 1f the finely powdered mineral is
mixed with from 4 to 6 parts of sodium metaphosphate, transferred
to a bulb tube (which should not be more than one quarter full)
and heated very hot, hydrofluoric acid will be given off, which
etches the glass, and deposits a ring of silica exactly as described
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in § 2. The test is excellent for silicates when the proportion of
fluorine is not too small (less than 5 per cent), but when very small
quantities are to be detected the method given in § 4 is preferable.

Sodium metaphosphate may be prepared by heating phosphorus salt in
a platinum dish until ammonia and water are expelled, or a sufficient
quantity for an experiment may be quickly made by fusing beads of phos-
phorus salt on platinum wire, and crushing them in a diamond mortar. To
make the experiment, test for fluorine in topuz. 'The reaction with topaz
cannot be expressed by a definite cquation, but in order to illustrate the
chemical principle involved, the simpler case of calcium fluoride, CaF,, may
be chosen. CaF, 4+ NaPO, 4+ H,0 = CaNaPO, 4 2HF. It is evident that
water or hydroxyl must be present in order to form HF, and this may come
either from hydroxyl in the mineral or from a trace of water that was no¢
wholly driven out from the sodium metaphosphate.

4. Precipitation as Calcium Fluoride.—This test is especially
applicable for detecting small quantities of tluorine in silicates.
The mineral is first fused with sodium carbonate, exactly as
described under silicates (p. 110, §4). The fusion is then
pulverized, treated in a test-tube with 5 cc. of boiling water, filtered
and washed, by which means sodium fluoride is obtained in solu-
tion. The filtrate is acidified with hydrochloric acid, boiled for a
short time to expel carbon dioxide, a little calcium chloride added
(some calcite dissolved in hydrochloric acid will answer), and then
ammonia in excess. The precipitate will contain calcinum fluoride,
but a precipitate is nof @ proof’ that fluorine is present, for other
compounds may be thrown down at this point. The precipitate must
be collected on a filter-paper, washed well with water, and ignited in
a crucible until the paper is completely destroyed, when the resi-
due is tested according to §2. It is not safe to test according to
§1, for sometimes considerable silica is precipitated with the
caleium fluoride, and in that case the hydrofluoric acid will derive
silica from the precipitate instead of etching the glass.

b. Acid Waler in a Closed Tube.—Most minerals containing
fluorine and hydroxyl yield acid water in the closed tube, which
reddens blue litmus-paper, and when the reaction is strong the
glass is distinctly etched. Unless the glass is etched, however,
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a proof of the presence of fluorine must be obtained by testing
according to some of the foregoing methods. In cases where
fluorine is isomorphous with hydroxyl, hydrofluoric acid will
sometimes be given off instead of water. The acid then etches
the glass, forms a deposit of silica, and gives a strong pungent
smell at the end of the tube. From Brazilian topaz, for example,
which on analysis yields 2.5 per cent of water, the hydrogen is
mostly expelled as hydrofluoric acid, and there is scarcely any
indication of water, but, if freshly ignited lime or magnesia is
mixed with the mineral in the closed tube, the fluorine will be
retained and water driven off,

Gallium, Ga.—Trivalent. Atomic weight, 69.8.

OccurrENCE.—This exceedingly rare metal has been found in traces in
sphalerite from a few localities. It is best detected by means of the spark
spectrum,

Germanium, Ge.—Tetravalent. Atomic weight, 72.3.

OccurrENCE.—This very rare element has been found in argyrodite,
Ag GeS,; canfieldite, Ag,(SnGe)S,, in which tin and germanium are
isomorphous, and in small quantity in the rare mineral euxenite.

DetectioN.—When argyrodite is heated before the blowpipe on char
coal, germanium volatilizes, and gives at first a pure white coating of oxide
near the assay, which on prolonged heating moves farther ont and assumes
a greenish to brownish but mainly lemon-yellow color. When examined
with a lens, the coating presents a glazed or enamel-like surface, while
scattered about on the charcoal near the assay, fused, transparent to milk-
white globules of germanium oxide may be detected.

In the closed tube, heated intensely before the blowpipe, a slight
sublimate of germanium oxide forms, pale yellow when hot, becoming
lighter on cooling, which with a lens may be seen to consist of numerous
colorless to pale yellow globules.

Germanium gives no reaction in the open tube. It also imparts ne
characteristic color to the flame, to the fluxes, or to its solution in acids.

Glucinum, G.—See Beryllium.
Goid, Au.—Univalent and trivalent. Atomic weight, 197.3.

OccurRENCE.—Gold occurs usually in the free state, that is, as nafive
gold, which always contains some silver and sometimes traces of copper and
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iron. Native gold from California generally contains about 88 per cent of
the pure metal. Gold is found disseminated in small quantity in the rocks
of some regions, especially the crystalline schists. It is often concentrated
in veins, where it is usually associated with quartz and pyrite, and it
collects in'the sands and gravels which have resulted from the disintegra.
tion of rocks and mountain masses that have contained gold. Owing to its
weak chemical affinity it docs mnot form very stable compounds, and the
only element vith which it is found in chemical combination in nature is
tellurium. Peczite, sylvanite, krennerite, and calaverite are tellurides of
gold and silver, and nagyagite is a telluride and sulphide of lead and gold.

DEerEctroN.—The color, fusibility, malleability, high specific gravity,
and insolubility in any one acid are characters which serve for the ready
detection of native gold.

As gold is worth $20.67 a troy ounce, only a small percentage of the
metal is needed to make an ore very valuable. One per cent would be
equal to 291.66 troy ounces a ton, worth §6028. An ore containing 14 per
cent of gold would be a rich one, and under favorable conditions, by
hydraulic mining, gravels are washed which do not carry over ten cents
worth of gold a ton, or less than 1, 24y of one per cent of the pure metal.

Washing and Collecting in Mercury.—When gold is present in very
small quantity, even less than ¢, of one per cent, it may be usually
deteeted with great case by washing er panning. This process consists in
washing away with water the lighter rock constituents (for the most part
less than 3 in specific gravity) from the gold, which varies from 15 to 19.3
in specific gravity, according to the proportion of silver it contains. In
order to make the test, sclect a sample of the ore weighing at least a
pound, pulverize it, and sift the material through a fine sieve. At the end
of the operation, care must be taken to look for particles of gold on the
sieve, for, being malleable, the particles are not pulverized. The powder,
and the metal left on the sieve, if there is any, are put in a metal pan, § cc.
of mercury is added, and the pan is immersed in water and agitated for
some time with a rocking and twisting motion, by which means the heavy
gold goes rapidly to the bottom, while the lighter constituents arrange
themselves above according to differences in specific gravity. From time
to time the pan is inclined, and by a little motion a ripple of water is made
to pass over the contents of the pan, and.carry off some of the lighter
material from the top. By continuing this process, the material is finally
concentrated so that the gold is contained in a very small volume, and is
taken up by the mercury at the bottom of the pan. To get rid of the last
of the rock material, the contents of the pan are transferred to a mortar,
and ground in a stieam of water, by which trecatment the fine particles are
rapidly carried away, and finally only the mercury, with which the gold
has amalgamated, is left. In order to obtain the gold, the mercury contain-
ing it is dried with blotting-paper, transferred to a shallow cavity on char-
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coal, and volatilized by heating with a small blowpipe flame The residual
gold may be fused to a globule, using a little borax or sodium carbonate
when necessary. In order that no ill effects may result from the poisonous

Fia. 48.

mercury vapors, a piece of wet blotting-paper should be placed on the char-
coal, care being taken not to wet the cavity, and another piece arched over
it (Fig. 48), thus furnishing a large cooling surface upon which the mer-
cury will condense.

When tellurides are to be tested, the powdered ore should be roasted and
then washed as directed above. The roasting may be accomplished by
putting the ore in an iron pan (a piece of sheet iron with the edges turned
up) and heating it to faint redness in a stove for some time. It is w~ll to
stir the powder occasionally with an iron wire.

Gold may be washed or panned without the use of mercury. After
washing away the lighter material the particles of gold may often be seen
on the bottom of the pan as a “color.” "The metallic particles may be
collected in mercury and treated as directed in the foregoing paragraph,
or the concentrated material may be fused with test lead and borax, and
treated as directed under the silver assay,(p. 114, § 2).

The gold globules obtained by the foregoing processes will always
contain some silver. In order to obtain the pure gold, the metal should be
fused with about 3 times its weight of pure silver, and then treated in a
porcelain dish or capsule with a little warm nitric acid, which dissolves the
silver and leaves the gold as a brownish-black powder or dark coherent
mass. This process of separating gold from silver is called parting. The
finely divided gold may be washed and finally collected and fused into u
globule on charcoal.

In exceptional cases, platinum or some of the metals of the platinum
group may be found with the gold.

Helium, ITle.—Atomic weight, 4.

OccurrENCE.—This element has been recently discovered, and
it seems to be present only in minerals containing uranium, tho-
rium, and yttrium. It is given off as a gas when minerals con.
taining it are heated or are dissolved in sulphuric acid. 1t is
detected by means of the spark spectrum.
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Hydrogen, H.—Univalent. Atomic weight, 1.

OccurrENCE.—Hydrogen is found abundantly in nature in
combination with oxygen as wafer, and in combination with
carbon in Aydrocarbons (p. 61). There are many minerals which
crystallize with a definite quantity of water, known as waler of
crystallization. This water constitutes a part of the chemical
molecule, and is always expressed in the formula. Thus, gypsum
is CuS0,.2H,0, and it contains 21 per cent of H,0; natron is
Na,CO,.10H,0, and it contains 63 per cent of H,0. Such min-
erals are called Aydrous, while those containing no water are
anhydrous. 1t is characteristic of water of crystallization that
it is expelled from a mineral by very gentle ignition, always at a
temperature far below a red heat and frequently below 100° C.
Again, there are minerals containing the univalent radical Ay
drozyl, OM, which are known as ZAydrozides. For example
brucite is magnesium hydroxide, Mg(OII), or MgO,H,, and limon
ite is a ferric hydroxide, Fe,O,(OH),. IIydroxides when heated
yield water. Thus, brucite, Mg(OII), = MgO + H,0O, and limon-
ite, Fe,0,(0H), = 2Fe,0, 4 31,0, but it is characteristic for hy-
droxides that they must be strongly Leated, sometimes to a white
heat, before they are decomposed and water is given off. They
thus differ from compounds containing water of crystallization.

Water of Crystallization and Hydrozyl.

DrrrorioN.—Water is readily detected by means of the closed-
tube reaction.

1. Closed-tube Reaction.—Minerals containing either water
of crystallization or hydroxyl, when heated in the closed tube,
yield water, which collects on the cold walls of the tube. The test
is very delicate, and usually pure distilled water is obtained
which is neuctral to test-papers.

a. To illustrate this reaction, heat gypsum or brucite in a closed tube,
using fragments about 2 to 4 mm. in diameter, and also make one experi-
ment with a minute fragment, in order to show the small quantity of
water which may be detected by this means.
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b. To illustrate the difference between water of crystallization and
hydroxyl, take two closed tubes of equal size, place some gypsum in one
and brucite in the other, and then, holding the tubes side by side, pass
them back and forth through a small flame so as to heat the ends slowly
and equally. In the tube containing gypsum, water is driven off when the
temperature is scarcely above 100° C., while brucite does not yield water
until the temperature is much higher.

2. Acid Waler in the Closed Tube.—Hydrous compounds of
the weak basic elements, such as iron, aluminium, copper, and
zine, with volatile acids, are decomposed on strong ignition, yield-
ing acid water (compare the tests for Fluorine, p. 77, § 5, and for
a sulphate, p. 123, § 3).

An excellent closed-tube experiment may be made with copperas, FeSO..
7H,O0, which it is well to compare with that of gypsum. By heating very
gently, only neutral water is driven off at first, but on stronger ignition the
FeSO, is decomposed into FeO and SO,. A secondary reaction also sets in,
giving SO, , which may be detected by its odor. 2FeO + SO, = ¥e,0, + SO,.
Both SO, and SO,, the anhydrides of sulphuric and sulphurous acids,
render the water in the tube strongly acid. The strong basic elements,
such as sodium, potassium, calcium, strontium, and barium, form stable
sulphates; that is, sulphates which are not decomposed except by intense
ignition, and which do not part with their acid constituents in a closed
tube.

3. Alkaline Water in the Closed Tube.—Minerals which yield
alkaline water are of rare occurrence, but it is sometimes obtained
from those containing ammonia.

Indium, In.—Trivalent. Atomic weight, 113.3.

OccurrENCE.—This exceedingly rare metal has been found in small
quantity in sphalerite from a few localities. Its presence is revealed by the
blue color it imparts to non-lnminous flames, and these when examined
with the spectroscope show an intense indigo-blue and a less intense
violet line.

lodine, I.—Univalent. Atomic weight, 127.

OccurrRENCE.—Iodine is rarely met with, and the only known minerals
wontaining it are iodyrite, Agl; marshite, Cul; and lautarite, Ca(l10,),.

DEeTECTION.—T'he reactions of iodine are similar to those of chlorine
and bromine (see p. 67). Silver nitrate precipitates silver iodide, Agl,
which differs from silver chloride and silver bromide in being almost insol-



fron REACTIONS OF THE ELEMENTS. 83

uble in ammonia. With potassium bisulphate in a bulb tube, either with
or without pyrolusite, iodine is liberated, and may be recognized by its
violet vapors, or, if the reaction is strong, by its crystallization in the tube.
Silver iodide when heated in a closed tube with galena yields a sublimate
of lead iodide, which is dark orange-red when hot, changing to lemon-
yellow when cold.

Iridium, Ir.—Trivalent and tetravalent. Atomic weight, 193.

Iridium is one of the rare metals occurring with platinum (see p. 104).

Iron, Fe.—Bivalent in ferrous and trivalent in ferric com
pounds. Atomic weight, 56.

OccurrRENCE.—Iron is found very abundantly in minerals
(p. 8), and those from which most of the metal of commerce is made
are magnetite, Fe,0, ; hematite, Fe,O,; limonite, Ie,O,(OH),; and
siderite, FeCO,. Iron is found in a great variety of combinations
with sulphur (pyrite, IFeS,; pyrrhotite, Fe, S,;; and chalcopyrite,
CulFe8)), and among the salts of most of the mineral acids, sili-
cates, phosphates, ete. It is important to distinguish between
two classes of compounds, the ferrows containing bivalent, and
the ferric containing trivalent, iron. Examples of ferrous com-
pounds are:

O0_4_0
Fe<0>SI<o>A1
giderite, Fe< 8> C = O; almandine garnet, Fe < 8 >S8i< 8 ;and
Fe<>si<Q /Al
) . Li—0
triphylite, Fe< 871’ =0
and of ferric compounds:
Ca<8> Si<8§Fe
Fe=0
hematite, 9> 0; andradite garnet, Qg < 8 > Si <8 ; and
Fe=0 0_ .0 JFe
Ca< 0 >8i< O/

0]
scorodite, Fe<8>As = 0.2H,0.
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Many minerals contain both ferrous and ferric iron, as magnet-
ite, Fe,0, = FeO + Fe,0,. Ferrous iron is very often isomor-
phous with the bivalent metals, magnesium, manganese, zinc,
cobalt, and nickel; and ferric iron, with the trivalent metal
aluminium.

DerecrioN.—The magnet will usually serve for the detection
of iron, while more delicate tests can be made with the fluxes or
1n the wet way with potassium ferri- and ferrocyanides.

1. Test with a Magnet.—Only a few of the minerals contain-
ing iron (magnetite and pyrrhotite) ave attracted by the ordinary
magnet,* but many of them, especially the sulphides, oxides, and
carbonates, become magnetic after being heated before the biow-
pipe in the reducing flame, either on charcoal or in the forceps.
When thus heated, silicates and phosphates become magnetic
only when they contain a rather large percentage of iron, but the
test is rendered more delicate if the powdered mineral is fused on
charcoal with about twice its volume of sodium carbonate, and
the resulting slag tested with a magnet.

A magnet will not attract a piece of red-hot iron, and frag-
ments of minerals that have been heated will not be attracted
until they have become cold.

a. Illustrate the above by testing fragments of pyrite and hematite with
a magnet, both before and after heating in the reducing flame (compare
experiments ¢ and f on p. 38).

b. Test almandine garnet with a magnet, after fusing before the blow-
pipe, and also test the slag made by fusing the powdered mineral with
sodium carbonate on charcoal.

2. Test with the Borax Bead.—The oxides of iron are soluble
in borax, and give colors which depend upon the amount of
material in solution and the state of oxidation of the iron. In the
oxidizing flame, the bead contains Fe,0,, and with little oxide it
is yellow (amber-colored) when hot, fading to nearly colorless

* An electromagnet, arranged with its poles close together so as to give a con-
centrated field, attracts all minerals containing iron, unless the percentage of the
metal is small.
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when cold, while with more oxide it is brownish-red when hot
and yellow when cold. In the reducing flame, the bead contains
FeO, or FeO with Fe,O,, and the colors are not so intense, with
little oxide, being pale green when hot, colorless when cold; and
~ith more oxide, bottle-green when hot, changing to a paler shade
on cooling.

3. Test with the Salt of Phosphorus Bead.—In the oxidizing
dame with littie oxide, the color is yellow when hot, changing
to colorless when cold, and with more oxide, brownish-red,
chunging through yellow to nearly colorless. In the reducing
flame with little oxide, the color is pale yellow when hot, fading
through pale green to colorless, and with more oxide, brownish-red
when hot, changing on cooling to yellowish-green, and finally to
nearly colorless or, if much oxide was used, to a very pale violet.

4. Special Tests for Ferrous and Ferric Iron.—With the
exception of the sulphides and a few rare combinations, if
minerals are dissolved in hydrochloric or sulphuric acid, the
solution will contain the iron in the same state of oxidation as it
existed in the original substance. For example, siderite, ferrous
carbonate, and hematite, ferric oxide, when dissolved in hydro-
chloric acid, yield ferrous and ferric chlorides, respectively.
FeCO, 4 21Cl = FeCl, 4+ H,0 + CO,, and FeO,+ 6HCl =
2FeCl, -+ 311,0.

Ferrous Iron.—This may be detected by adding polassium
ferricyanide to the cold, dilute, acid solution, when a deep blue
precipitate of ferrous ferricyanide will be formed, which does
not differ in color from Prussian blue. 3FeCl, 4 K, Fe,(CN),, =
Fe,Fe,(CN),, + 6KClL

In solutions containing ferrous salts, potassium ferrocyanide produces
a pale bluish-white precipitate of K,Fe,(CN),, which by absorption of
oxygen from the air speedily acquires a blue color. Ammonium sulpho-
cyanate causes no coloration in solutions of ferrous salts, provided they are
entirely free from ferric compounds.

Ferric Iron.—This may be detected by adding potassium ferre-
cyanide, to the cold, dilute, acid solution, when a deep blue
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precipitate of ferric ferrocyanide, or Prussian blue, will be formed.
4FeCl, + 3K Fe(CN), = Fe,Fe,(CN),, 4 12KCL

Addition of ammonium sulphocyanate, NH,CNS, produces,
even in dilute solutions of ferric salts, an intense blood-red color,
but no precipitate.

Potassium ferricyanide deepens the color of solutions containing ferric
salts, but fails to produce a precipitate. '

Conversion of Lron from One State of Oxidation to the Olher.—
«. Ferrous iron may be converted to ferric by boiling the hydro-
chloric acid solution with a few drops of nitric acid. The reaction
is a rather complicated one, but in principle it is simple. Nitric
acid furnishes oxygen, and the change may be indicated as follows
2FeCl, + 2HC1 4 O = 2FeCl, 4 11,0.

b. Ferric iron may be changed to ferrous by boiling the hydro
chleric acid solution with metallic tin or zinc until the yellow colox
entirely disappears (see p. 26).

Prepare a solution containing ferrous iron by dissolving 4 ivory spoonful
of powdered siderite in & cc. of boiling hydrochloric acid.

a. To illustrate the reaction for ferrous iron, tuke a few drops of the
solution in a clean test-tube, dilute with cold water, and add a little of a
freshly prepared solution of potassium ferricyanide, but avoid using a large
excess of the reagent, for in this case, owing to the yellow color of the
solution, the precipitate, when suspended in it, will appear green instead of
blue.

b. "To show the conversion of ferrous to ferric iron, boil the remainder
of the solution with a few dropsof nitric acid, and note the change in color.

¢. 'To illustrate the reactions for ferric iron, take a few drops of the
solution, oxidized as directed in the foregoing paragraph, dilute with water,
and add a little potassium ferrocyanide, or test a similar dilute solution with
ammonium sulphocyanate. Save the remainder of the solution for the
experiment under § 5.

The tests with pofassium ferricyanide for ferrous iron and with pofas-
situm ferrocyanide for ferric iron are exceedingly delicate, and a very good
way of applying them isto take drops of each reagent on a clean porcelain
plate, and by means of a glass rod or tube to bring in contact with them
drops of the solution to be tested.

Detection of Ferrous and Ferric Iron in Insoluble Minerals,
especially Silicates.—Most minerals which are insoluble in acids
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may be dissolved after they have been decomposed by fusion with
borax. To make the test, take about % ivory spoonful of the finely
powdered mineral and three times its volume of powdered borax-
glass in a rather large closed tube, and fuse in a Bunsen-burner
flame. While hot, crack the glass about the fusion by touching
drops of water to it, break off the end, transfer to a test-tube con-
taining 3 cc. of hydrochloric acid and boil for about a minute,
then dilute with 5 cc. of water. Divide the solution into two
parts and test one for ferrous iron with potassium ferricyanide,
the other for ferric iron either with ammonium sulphocyanate or
potassinm ferrocyanide. The tests are very decisive, and oxida-
tion resulting from contact with the air and reduction during
fusion, which can not be wholly avoided, are so trifling that
practically they may be disregarded.

5. Precipitation of Ferric Iron with Ammonia.—Ammonia
added in excess to a solution containing ferric iron precipi-
tates the latter completely as brownish-red ferric hydroxide.
FeCl, 4+ 3NH,OIl = Fe(OH), 4 3NH,Cl. The precipitate can be
readily filtered, and thus iron can be wholly removed from a
solution. Ferrous iron is partially thrown down by «mmonia as a
dirty green precipitate, which slowly acquires a brown color,
owing to the absorption of oxygen from the air.

Lanthanum, La.—Trivalent. Atomic weight, 138.
The reactions of this rare earth-metal are given under Cerium,
Lead, Pb.—Bivalent and tetravalent. Atomic weight, 207.

OccurRENCE.—Lead is very widely distributed in nature and
is found most abundantly in galena, PbS. Among various other
combinations, the commonest are cerussite, PbCO,; anglesite,
PbSO, ; pyromorphite, Pb,(PbCIl)(PPO,),; and wulfenite, PbMoO,.
It is worthy of note that silicates of lead are exceedingly rare.

DerrcrioN.—The formation of metallic globules and a coating
of the oxide on charcoal are usually sufficient for the detection of
lead.

1. Reduction on Charcoal to Metallic Lead and Formation of
@ Coaling of Lead Oxide.—Lead is readily reduced from its
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compounds, and one of the best methods for its detection is to mix
} ivory spoonful of the powdered mineral with an equal volume of
charcoal-dust and about 3 volumes of sodium carbonate, moisten
to a paste with water, transfer to a flat charcoal surface or a shal-
low cavity, and heat before the blowpipe in a moderately strong
reducing flame. By a little manipulation of the Dblast, the
particles of lead may be made to move about and unite into a
single globule, which appears bright when covered with the
reducing flame, but on cooling becomes dull, owing to a coating of
oxide. ILead is, moreover, somewhat volatile, and that portion
which passes off as vapor unites with the oxygen of the air, and
deposits on the charcoal as a coating of oxide, which is sulphur-
yellow near, and bluish-white distant from the assay. The coating
is volatile when heated in either the oxidizing or reducing flame.
The lead globule is soft and malleable, and may be cut with a
knife or flattened by hammering on an anvil.

The test may be made with cerussite or other fead compound,and it
will be well to make a good-sized lead globule for use in future experiments,
The best idea of the coating of lead oxide may be obtained by removing the
globule to a shallow cavity in a fresh piece of charcoal, and heating for a
short time before the blowpipe at the tip of the blue cone.

From the foregoing reaction on charcoal, the identity of lead
is seldom doubtful, but the test is sometimes modified by the
presence of other elements, while bismuth gives reactions which
in appearance are very similar to those of lead.

When galena is roasted alone on charcoal at a rather high
temperature, an abundant white sublimate is formed, resembling
oxide of antimony, and consisting chiefly of some volatile com-
bination of PbO and SO, If roasted carefully, however (p. 39,
Fig. 41), at a very low temperature, S0, is given off, and a globule
of lead formed, accompanied by the yellow coating of lead oxide,
but without much of the white coating just mentioned.

In he presence of sulphide of antimony, it is recommended to
roast the powdered mineral on charcoal with a very small oxidizing
flame, until the antimony is mostly volatilized, and then to add
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sodium carbonate to the residue, and heat in the reducing flame
so as to form globules of metallic lead, which, however, will still
contain some antimony.

2. lodine Test.—When a coating of lead oxide on charcoal is
moistened with a few drops of hydriodic acid and heated with a
small flame, a volatile and very conspicuous chrome-yellow deposit
of lead iodide is formed, which appears greenish-yellow when there
is only a thin coating of it on the coal. A similar coating may be
obtained by adding to the powdered mineral from 2 to 4 volumes
of a mixture of potassium iodide and sulphur (p. 26), and heat-
ing on charcoal in a small oxidizing flame, or by heating on a
gypsum tablet as described on p. 17.

3. Flame Coloration.—Lead compounds, when heated in a re-
ducing flame before the blowpipe, may impart a pale azure-blue
color to the flame, showing a greenish tinge in the outer parts.
If the experiment is made in the forceps, special care must be
taken not to alloy the platinum.

4. Solution and Precipitation of Lead.—It is best to use dilute
nitric acid (1 part HNO, to 2 of water) for the solution of lead
minerals. Concentrated nitric acid will not answer, owing to the
insolubility of lead nitrate in it. Irom solutions containing lead,
sulphuric and hydrochloric acids throw down lead sulphate, PbSO,,
and lead chloride, PbCl,, respectively, as heavy white precipitates.
The chloride is quite soluble in hot water and sparingly so in cold,
therefore it will not be formed in solutions which are hot or too
dilute. It is frequently convenient to dissolve a lead mineral in
rather dilute boiling hydrochloric acid, when, on cooling, most of
the lead will crystallize out as lead chloride.

Tests may be made by dissolving the lead globule from § 1 in about 3 ce.
of dilute nitric acid, dividing into 2 parts, and adding to one a few drops of
dilute sulphuric and to the other a few drops of hydrochloric acid. 'They
may also be made with the solution obtained by dissolving some lead min-
eral (cerussite or pyromorphite) in dilute nitric acid.

In some minerals, it may be found advantageous to test for
lead as follows: Decompose from 3 to 5 ivory spoonfuls of the fine
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powder in a casserole with nitric acid, add 2 cc. of concentrated
sulphuric acid, and evaporate until the nitric acid is removed, and
white, choking fumes of sulphuric acid commence to come off.
When the dish becomes cold, add water, stir for some time, then
filter ¢ff the insoluble lead sulphate, and test some of it according
to§ 1.

Lithium, Li.—Univalent. Atomic weight, 7.

OccurreNCE.—This alkali metal is found only in the silicates
and phosphates, but is not of very rareoccurrence. The commonest
minerals containing it are lepidolite, LiK[AI(F.OH),JAI(SiO,),;
spodumene, LiAl(Si0,),; triphylite, Lil'ePO,; lithiophilite,
LiMnPO, ; amblygonite, Li{Al(I'.OH)]PO,; and some varieties of
tourmaline and mica.

DerecrioN.—The crimson color which lithium imparts to a
flame will usually serve for its detection. The test may be made
according to directions given on p. 35. The color of a pure
lithium flame is nearly monochromatic, showing, when examined
with the spectroscope, one bright crimson and one very faint
yellowish-red band. In testing minerals, it will be found that the
appearance of the flame is somewhat modified by the presence of
other substances, especially sodium, which is apt to occur in small
quantities with lithium, but usually its disturbing influence may
be overcome by the fact that lithium is more volatile than sodium,
When, therefore, the assay is first introduced into the flame, the
red of lithium will chow before the yellow of sodium, and when
the flame is strongest, if the position of the assay is changed to
where the heat is less intense, the yellow will disappear first, and
finally the red of lithium will be distinctly seen. Where the pro-
portion of sodium is large, however, the spectroscope must be
resorted to. In testing silicates, it will often be found advan-
tageous to mix the assay with powdered gypsum, and to heat as
directed under potassium (p. 105, § 1, ¢). Colored glasses do
not assist very muck in the analysis of mixed flames containing
lithium.
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The crimson flame of lithium must not be mistaken for that of
strontium, which it resembles very closely (p. 116, § 1).

Magnesium, Mg.—Bivalent. Atomic weight, 24.

OccUuRRENCOE.—Magnesium is a very common element (p. 3),
being found in a great many silicates, several of which are
important rock-making minerals; as pyroxene, amphibole, biotite,
enstatite, olivine, and serpentine. It occurs also in a variety
of other combinations, such as brucite, MgO,H,; magnesite,
MgCO,; dolomite, MgCa(CO,),; spinel, MgAlO,, etc. In the
majority of its compounds, some ferrous iron is isomorphous
with the magnesium.

DerrcrioN.—There are no satisfactory blowpipe tests for mag-
nesium, and it is best detected in the wet way by precipitation as
ammonium magnesium phosphate.

1. Precipitation as Ammonium Magnesium Phosphate.—From
a solution made strongly alkaline with ammonia, sodium phos-
phate causes the formation of a white crystalline precipitate of
ammonium magnesium phosphate, NH,MgPO,6H,0. Before
making the test for magnesium, however, it must be ascertained
that substances precipitated by ammonia, ammonium sulphide
and ammoninm carbonate or oxalate, have been removed from
the solution, as otherwise a phosphate of some other element might
be thrown down and mistaken for magnesium; while magnesium
will not be precipitated by the above-mentioned reagents, provided
(@) that the solution is sufficiently dilute, (0) that it contains some
free mineral acid, such as hydrochloric or nitric, and (¢) that it
does not contain an acid with which magnesium formsan insoluble
combination (phosphoric, for example). The manner in which the
test is applied may be illustrated by the following experiments:

a. Dissolve } ivory spoonful of brucite, MgO,H,, in 3 cc. of hydro-
chloric acid, warm if necessary, dilute with from 5 to 10 cc. of water, add
ammonia in excess, and finally a few drops of a solution of sodium
phosphate.

b. Dissolve 4 ivory spoonful of dolomite, CaMg(CO,), (with probably a
trace of FeCO,), in 3 ce. of boiling hydrochloric acid, add a drop of nitric
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acid to oxidize the iron, then 5 cc. of water, heat to boiling, add ammonia
in excess, and filter, provided a precipitate of ferric hydroxide has formed
(p- 87, § 5). To the filtrate containing calcium and magnesium chlorides
add ammonium carbonate or oxalate, which precipitate calcium (p. 60,
§§ 5 and 6), filter, and test the filtrate with sodium phosphate.

For the detection of magnesium in silicates and complex
bodies, see p. 110, § 4.

2. Alkaline Reaction.—A few magnesium minerals become
alkaline after ignition, but the test, which is made by placing the
ignited material upon moistened turmeric-paper, is not very de-
cisive nor satisfactory.

3. Test with Cobalt Nitrate.—Some of the white or colorless
magnesium compounds, when moistened with cobalt nitrate and
ignited before the blowpipe, assume a faint pink color, but the
test is neither very general in its application nor very satisfactory.

Manganese, Mn.—In minerals, usually bivalent, but sometimes
trivalent and tetravalent. Atomic weight, 55.

OccURRENCE.—Manganese is very widely distributed in na-
ture, small quantities of it, usually a fraction of 1 per cent, l)eiﬁg
found in many minerals and in most of the silicate rocks. Some of
the common manganese minerals are pyrolusite, MnO, ; mangan-
ite, MnO(OH); braunite, Mn,O, ; hausmannite, Mn Q,; rhodochro-
site, MnCO, ; rhodonite, MnSiO, ; tephroite, Mn,SiO, ; and lithi-
ophilite, LiMnPO,. It occurs rarely as sulphide (alabandite,
MnS, and hauerite, MnS,).

DerecrioNn.—Manganese can be readily detected by means of
the sodium carbonate and borax beads.

1. Test with a Sodium Carbonate Bead.—Oxide of manganese
dissolves in a sodium carbonate bead, when heated before the
blowpipe in the oxidizing flame, with the formation of sodium
manganate, Na,MnO,. The bead thus formed is green when hot
and bluish-green when cold. The test is a very delicate one, and
other substances are not apt to interfere with it. In the redncing
flame, the manganese is reduced to MnO and the bead loses its
color.
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The experiment can be made by dissolving a very little pyrolusite, or
other mineral containing manganese, in a sodium carbonate bead made
according to directions given on p. 24,

A similar test may be made by fusing some of the finely
powdered mineral on platinum-foil or in a spoon with sodium
carbonate, to which a little potassium nitrate has been added in
order to bring about the oxidation. By this means a very small
quantity of oxide of manganese, 0.10 per cent, may be detected by
the bluish-green color of the fusion.

2. Testwith a Borax Bead.—Oxide of manganese dissolves in
borax, giving in the ozidizing flame a bead which is opaque while
hot, but on cooling becomes transparent and has a fine reddish-
violet or amethystine color, due to the presence of a higher oxide
of manganese. It takes only a very little manganese to give this
test, and if too much is added, the color of the bead is so intense
that it appears black. If the bead is not too strongly colored, it
will speedily become transparent while held in the reducing flame
The manganese is thus reduced to a lower oxide, MnO, and the
bead is colorless. If the bead containing MnO is again heated in
the oxidizing tlame, clouds, which indicate the presence of a
nigher oxide of manganese, soon make their appearance, and, on
cooling, the bead is reddish-violet. Other substances which give
colors to borax may, of course, interfere with this test.

3. The Salt of Phosplhorus Bead.—This assumes an amethys-
tine color with manganese if heated in th» oxidizing flame, but the
test is not so delicate nor satisfactory as with borax.

4. The Higher Oxides of Manganese —There are a number of
these containing more oxygen than MnO. They dissolve in
hydrochloric acid with evolution of chlorine gas, and some of
them, when heated, give oxygen gas (compare Oxygen, p. 100,
§§ 1 and 2).

Mercury, lIg.—Bivalent in mercuric, and univalent in mercu.
rous, compounds. Atomic weight, 200.

OccURRENCE.—Mercury is not widely disseminated in nature
and is found in only a few minerals, the one which furnishes most
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of the metal of commerce being cinnabar, HgS. The following are
all of rather rare occurrence : native mercury ; amalgam, Ag with
Hg; tiemannite, HgSe ; onofrite, HgSe with HgS; calomel, HgCl,
and the varieties of tetrahedrite containing mercury.

DerrcrioN.—The formation of metallic mercury, by heating
with sodium carbonate in a closed tube, is usually the most satis
factory test.

1. Closed-tube Tests.—If the pulverized mineral is intimately
mixed with about 4 volumes of dry sodium carbonate, transferred
to a closed tube, covered with an additional layer of sodium car-
bonate about 4 cm. long, and heated in a Bunsen-burner flame, at
first rather cautiously, the mineral will be decomposed and metal-
lic mercury will distil off and condense as globules on the walls of
the tube. If only alittle mercury is formed, it will appear as a gray
sublimate composed of minute globules which may be made to
unite by rubbing with a platinum wire or slip of paper.

Mercury compounds, when heated alone in a closed tube,
usually volatilize without decomposition.

a. To make the test, take about § ivory spoonful of cinnabar and 2 of
dry sodium carbonate, mix them intimately by trituration in an agate mor-
tar, and procecd as directed above. Dry sodium carbonate may be had by
heating some of the ordinary material below redness either in a porcelain
crucible or on any clean metal surface. The reaction is as follows: 1IgS +
Na,CO, = lIg + O + CO, + Na,S. On breaking the tube and placing some
of the residue containing Na,S on silver along with a drop of water, a test
for the sulphur may be obtained (p. 120, § 5).

b. Heat some cinnabar alone in a closed tube, and observe the black
sublimate of IIgS, which resembles the arsenical mirror. Also observe that

no metallic mercury is formed.

2. Open-tube Reaction.—A convenient way of testing sulphide
of mercury is to roast a little of the mineral in a rather large open
tube, when the products formed are essentially metallic mercury
and 80,. For success in this experiment, the tube is at first
heated very hot just above the substance, and then the latter is
heated wery carefully and gradually so as not to drive off any
biack, unoxidized sublimate of HgS. Often a slight non-metallic
sublimate forms, possibly some combination of oxide of mercury
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and SO,, but if this is driven up the tube by heat, it is for the
most part decomposed, and the resulting gray sublimate will be.
found to consist of minute globules of mercury, which may be:
united by rubbing with a wire or slip of paper.

3. Precipitation upon Copper.—If a bit of clean copper is
placed in a solution containing mercury, the mercury will deposit
in the metallic state upon the copper, and the latter will then
appear as if it had been silver-plated.

Boil a mixture of powdered cinnabar and pyrolusite for a short time
with hydrochloric acid, dilute with water, and introduce into the cold solu-
tion a copper coin or strip previously cleaned by dipping it into strong nitrie
acid and washing with water. The action of the pyrolusite is to liberate
chlorine (p. 101, § 2), which is essential for the solution of the cinnabar.
The deposition of mercury upon the copper is due to a simple interchange of
the metals. HgCl, + Cu = Hg 4 CuCl,,

Molybdenum, Mo. — Tetravalent and sexivalent. Atomic
weight, 96.

OccuRrRENCE.-—Molybdenum is found sparingly in nature, and mostly as
molybdenite, MoS,, and wulfenite, PbMoO.,.

DerecrioN.—'T'he character of the test for molybdenum depends upon
whether the element occurs as sulphide or in an oxidized condition. For
the former, an oxidation, and for the latter, a reduction test is recommended.

1. Roasting on Charcoal—If a fragment of molybdenite is heated on
a flat charcoal surface for a considerable time in the oxidizing flame,
there results, at a short distance from the assay, a coating of molybdic
oxide, MoO,. This is pale yellow when hot, almost white when cold, and
often consists of delicate crystals. Still nearer to the assay, the charcoal
is covered with a very thin, tarnished, copper-colored coating of MoO,,
which is seen best when cold and by reflected light. The MoO, coating is
volatile in the oxidizing flame, and, if touched for an instant with a moder-
ately hot reducing flame, it assumes a beautiful ultramarine-blue color
(very characteristic), due probably to a combination of MoO, and MoO..

2. Roasting in the Open Tube.—If thin shavings of molybdenite are
heated at a high temperature in an open tube, a yellow sublimate of MoO,
deposits a little above the assay, and frequently forms a mass of delicate
crystals,

3. Flame Test.—A fragment of molybdenite, held in the forceps and
heated before the blowpipe at the tip of the blue cone, 1mpart< a pale
yellowish-green color to the flame.
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4. Reduction Test.—In a test-tube take about % ivory spoonful of finely
powdered molybdate (wulfenite, PbMoO,) and a scrap of paper not over
1 mm. square, add from 3 to 6 drops of water and an equal quantity of con-
centrated sulphuric acid and heat until copious fumes of the acid begin te
come off, then, after allowing the tube to become cold, add water a drop at
a time. The addition of the first few drops of water gives rise to a magni-
ficent deep-blue color, which quickly disappears when the quantity of water
added amounts to a few cubic centimeters. The exact nature of this reaction
is not well understood, but it is due presumably to a slight reducing action
caused by the presence of the paper. It generally does not succeed well
when only a very minute quantity of mineral is tested.

5. Reactions with the Fluzes.—The salt of phosphorus bead is best. If
a small quantity of the oxide is dissolved in the bead in the oxidizing flame,
the glass is yellowish-green when hot, changing to almost colorless when
cold. In the reducing flame it becomes dirty green when hot, changing to
a fine green on cooling. 'I'he tests with borax are neither very satisfactory
nor decisive.

Nickel, Ni.—Bivalent. Atomic weight, 59.

OccurreNCE.—Nickel is a comparatively rare element, occur-
ring most often as a sulphide or arsenide, and associated usually
with cobalt and iron. Some of its important compounds are
millerite, NiS; niccolite, NiAs; chloanthite, NiAs,; gersdortite,
NiSAs; penthandite, NiS with FeS; and genthite, a hydrous sili-
cate of nickel and magnesium. Nickel is found with cobalt in
most of the sulphides and arsenides mentioned under the latter
element, and much of the metal of commerce is obtained from
nickeliferous pyrrhotite, essentially FeS, but containing from 1 to
6 per cent of Ni isomorphous with the Fe.

DyrecrioN.—The element is usually detected by the color its
oxide imparts to the borax bead in the oxidizing flame.

1. Test with a Borazx Bead.—Oxide of nickel dissolves in the
borax bead, and in the oxidizing flame yields a violet color when
hot, not unlike the color given by manganese, but changing to
reddish-brown on cooling. By rather long heating in a strong
reducing flame, the bead becomes opaque, owing to the separation
of metallic nickel, and if the bead is removed from the wire and
fused on charcoal in the reducing flame together with a granule of
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metallic tin, an alloy of tin and nickel is formed, and the glass
finally becomes colorless or nearly so. A small percentage of
cobult will completely obscure the color of nickel, while a trace of
cobalt in the presence of much nickel may be detected, as described
onp. 71, § 1.

2. Test with a Salt of Phosplhorus Bead.—This test for nickel
isnot very satisfactory. In the oxidizing flame, with little oxide,
the bead is reddish when hot, and becomes pale yellow on cooling,
while with much oxide it is brownish-red when hot, becoming
reddish-yellow on cooling. In the reducing flame on platinum
wire, the color of the bead is unchanged, but if heated for a long
time on charcoal with a granule of tin, metallic nickel is formed,
which alloys with the tin, and the glass becomes colorless.

3. Test with Ammonia.—This reagent, when added to a solu-
tion containing nickel, may cause a slight precipitate at first, but
the precipitate speedily dissolves and imparts a pale blue color to
the solution, which must not be confounded with the much deeper
color given by copper when its solutions are treated in a similar
way.

4. Special Tests for Nickel and Cobalt when they Occur with Other
Substances. —Treat some of the powdered mineral 1 a casserole with acid
(nitric is best if the mineral is a sulphide or arsenide), and boil until solu-
tion is effected and only about 5 cec. of acid remain. Then dilute with
water, boil, add ammonia in considerable excess, and filter, when the
nickel and cobalt, or at least the greater part of them, will be found in the
filtrate free from iron. Boil the filtrate in a casserole, add caustic potash,
and continue the boiling until the ammonia salts are decomposed, and addi-
tion of more potash does not produce any additional smell of ammonia. By
this treatment, nickel and cobalt are precipitated as hydroxides. These
shonld be collected on a filter and washed once or twice with hot water.
Test some of the preeipitate with a borax bead in. the oxidizing flame, and
if it shows the color of nickel, cobalt is absernt, or present only in very small
quantity (compare p. 71, § 1). If, on the other hand, the bead is blue,
indicating cobalt, nickel is possibly present, and may be tested for as
follows:

Tgnite the paper with the precipitate in a porcelain crucible until the
carbon is burned away, or, if there is a large quantity of the precipitate,
gome of it may be placed on charcoal and dried out with a blowpipe flame.
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The dried material is then ground in a mortar with about twice its volume
of metallic arseni¢ and a very little fused borax, transferred to a closed
tube, and heated gently at first, and finally intensely, before the blowpipe,
until the nickel and cobalt, which have now united with the arsenic to
form arsenides, fuse into a single globule. The glass is then cracked, and
the metallic globule freed as completely as possible from slag. It is next
placed upon charcoul together with a bit of borax glass, and heated at first
in the reducing flame and then continuously in the oxidizing flame, by
which treatment the cobalt is slowly oxidized and imparts to the borax its
characteristic color. Sometimes the color is not seen distinctly until some
of the fused borax is taken up in the forceps and drawn out into a thread.
If the quantity of cobalt is considerable, it may be necessary to remove the
globule from the slag (best done by taking the globule in the forceps and
plunging it while hot into cold water), and fuse it with a fresh portion of
borax. As long as cobalt is present, niclkel will not oxidize, and the surface
of the bead remains bright while hot, but when the cobalt has all been re-
moved, the nickel commences to oxidize, and its oxide forms a crust over the
surface of the bead, which is not as readily dissolved by the borax as the
oxide of cobalt. The appearance of the bead, therefore, indicates that
cobalt is no longer present, and if the bead is removed and fused against
a fresh portion of borax, it imparts to the latter the brown color char-
acteristic for nickel. Considerable experience in the use of the blowpipe is
needed to carry out this operation successfully. Sometimes a mineral may
be fused directly in the reducing flame, to a globule of sulphide or arsenide,
and then treated in the oxidizing flame with borax on charcoal as described
above. If iron is present, it oxidizes before the cobalt. Copper, which does
not interfere with the test, oxidizes only after the nickel has all been re-
moved.

For the detection of small quantities of nickel in pyrrhotite, the test as
given above may be recommended.

Niobium, Nb.—Pentavalent. Atomic weight, 94.

OccURRENCE.—Niobium, called also columbinm, Cb, is almost invari-
ably associated with tantalum, and together they constitute the acid-form-
ing elements of a group of minerals known as the niobates and tantalates,
The two elements are isomorphous with one another, and their compounds
are characterized by being unusually heavy. Some of the more common
minerals containing them are columbite, tantalite, pyrochlore, microlite,
fergusonite, samarskite, euxenite. and polycrase. Niobium is, moreover,
occasionally found in silicates, as wohlerite.

DEeTECTION.—Niobium is best detected by boiling an acid solution con-
taining it with metallic tin, and obtaining a blue color which is due to
reduction.



Nitrogen REACTIONS OF THE ELEMENTS. 99

1. Reduction Test.—As the niobates are usually very insoluble in acids,
they must first be decomposed, which may be accomplished most conven-
iently as follows: Mix the finely powdered mineral with about 5 times its
bulk of borax, moisten to a paste with water, take up some of the mixture
in a loop on platinum wire, and fuse at a high temperature before the blow-
pipe. Make two or three of these beads, remove them from the wire, crush
in a diamond mortar, and boil the powder with 5 cc. of hydrochloric acid,
which should yield a clear or nearly clear solution. Oun adding some gran-
ulated tin, and boiling, the blue color of niobium will appear, which is not
readily chunged to brown by continued boiling, and which rapidly disap-
pears upon addition of water. The blue color is due to reduction, but the
composition of the compound which canses it is not definitely known. If
titanium is present, the violet color due to the reduction of that element
appears before the blue of niobium. An acid solution containing niobinm,
if treated in a similar manner with metallic zine, becomes sometimes mo-
mentarily blue, but the color soon changes to brown, owing to reduction to
NbCl,. Tungsten gives similar reduction tests, but may be readily dis-
tinguished from niobium by a number of reactions mentioned under that
element.

2. Decomposition with Polussium Bisulphate.—A method that is very
generally adopted for the decomposition of niobates and tantalates is to fuse
the finely powdered mineral with from 8 to 10 parts of potassinm bisul-
phate. 'The fusion is ordinarily done in a crucible, but it may also be made
in a test-tube, since the heat which is required need not exceed faint red-
ness and the glass is not attacked. When the decomposition is complete, as
shown by the disappearance of dark particles, the tube may be inclined and
turned while cooling, causing the fusion to solidify as a thin crust on its
sides, so that it may be more readily dissolved on subsequent treatment. It
is digested with cold water, which requires considerable time (the application
of heat is not recommended), and there is left an insoluble white residue
consisting of niobic and tantalic oxides, while the bases are in solution.
The insoluble oxides are collected on a filter and washed, and if a portion of
them is treated in a test-tube with hot concentrated hydrochloric acid, and
boiled with granulated tin, the blue color due to niobium may be obtained.

For the separation of small quantities of tungsten and tin from the in-
soluble niobic and tantalic oxides, see p. 126, § 3.

3. Oxide of niobium gives no satisfactory reactions with the fluxes.

Nitrogen, N.—Trivalent and pentavalent. Atomic weight, 14.

OcourrENCE.—Nitrogen is the characteristic non-metallic ele-
ment of nitric acid, HNO,, and of the nitrates. The simple ni-
trates of the metals are soluble in water, and are not found as
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minerals in regions where there is a considerable rainfall. Inarid
regions, however, they may accumulate and be of great commer-
cial importance, as the sodium nitrate deposits of Chili and Peru.
The ammonium compounds also contain nitrogen, and have already
been mentioned on p. 43.

DerrerioNn or Nitrartes.—When heated in a closed tube, or,
better, in a bulb tube, with potassium bisulphate, nitrates are
decomposed and yield NO, gas, which may be detected by its red
color (seen best by looking into the tube lengthwise), and also by
its odor. Potassium bisulphate may be omitted in testing nitrates
of the heavy metals, for they are so readily decomposed that NO,
gas is given off even on moderate ignition.

Osmium, Os.—See the platinum metals, p. 104.

Oxygen, O.—Bivalent. Atomic weight, 16.

OCCURRENCE.—Oxygen is the most abundant element in the
crust of the earth (p. 3). With the exception of the native ele-
ments, the sulphides, fluorides, and halogen salts, oxygen is
present in all minerals. Many elements unite with oxygen in
varying proportions; those containing the smallest quantity of
oxygen are called lower oxides, or ous compounds (FeO = ferrous
oxide), and those with more oxygen, higher oxides, or i¢ com-
pounds (Fe,0, = ferric oxide).

DerecrioN.—Usually no direct test is made for oxygen, but if
a mineral is determined to be a salt of some oxygen acid, as car-
bonic or silicic, which may be readily done, it musé contain oxygen ;
while, on the other hand, if it is a sulphide or chloride, it probably
will not contain oxygen. However, oxysulphides, oxychlorides,
and oxyfluorides, although rare, are known, as are also chlorides
and fluorides containing water of crystallization. For some of the
higher oxides, the closed-tube test, or the liberation of chlorine
when dissolved in hydrochloric acid, may be applied.

1. Closed-tube Reaction.—Some of the higher cxides, when
heated in a closed tube, yield oxygen gas, which is colorless and
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odorless, but may be detected by burning a piece of charcoal
in the tube.

Place some fragments of pyrolusite, MnO,, in the bottom of a closed
tube, and a little above, a sliver of charcoul (compare Fig. 45, p. 62); then
heat the charcoal alone, and observe that although it gets red hot, it does
not burn, owing to the limited supply of airin the tube. Keeping the
charcoal hot, apply heat to the pyrolusite, and as soon as oxygen com-
mences to be given off, the charcoal will burn brightly, and continue to do
so as long as oxygen is supplied by the mineral. The reaction is 3MnO, =
Mn,0O, -+ 20.

2. Liberation of Chlorine.—When scme of the higher oxides
are dissolved in hydrochloric acid, chlorine gas is liberated, which
may be recognized by its peculiar odor and bleaching action, while
ordinary oxides when similarly treated do not set chlorine free.
These differences are illustrated by the following equations:

MnO, 4 4HCl = MnCl, + 2110 4 2CL
Fe,0, 4+ GHCL = 2FeCl, 4 3I,0.

Whether chlorine is liberated or not depends upon the charac-
ter of the metal. The oxygen of the oxide and hydrogen of the
acid unite to form water, and if the chlorine thusavailable is more
than sufficient to satisfy the valence of the metal, the excess will
be liberated.

Treat one ivory spoonful of finely powdered pyrolusite, MnO,, in a test-
tube with 5 cc. of hot hydrochloric acid.  Observe the odor of the escaping
gas, and also bleach a piece of moistened litmus-paper by holding it for a
short time within the test-tube.

Palladium, Pd.—See the platinum metals, p. 104.

Phosphorus, P.—Pentavalent (usually). Atomic weight, 31.

OccuRrRRENCE.—Phosphorus is the characteristic non-metallic
element of phosphoric acid, H,PO,, and its salts, the phosphates.
Although a great many phosphates are known, the majority of
them are rare minerals, and many of them are isomorphous with
arsenates and vanadates. The following will serve asillustrations:
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apatite, Ca,(CaF)(PO,),; triphylite, Li(}e,Mn)PO,; and vivianite,
Fe,(PO,),.8H,0.

DETECTION.—Ammonium molybdate is the best reagent for the
detection of phosphates, but the lame coloration or the reduction
test with magnesium may be used.

1. Test with Ammonium Molybdate.—When a nitric acid
solution of a phosphate is added to a solution of ammonium mo-
lybdate, according to the directions given beyond, a yellow
precipitate of ammoniwm phosphomolybdate, approximately
Mo, (NH,),PO,,.14H,0, is thrown down, and furnishes an
exceedingly delicate test. Only a little of the phosphate solu-
tion should be added to the ammonium molybdate at first, since
the precipitate may not form if an excess of phosphoric acid is
present. The precipitation should take place in a cold or only
slightly warmed solution, for if heated to boiling, other things,
especially a corresponding arsenic compound might be thrown
down and mistaken for the phosphate precipitate. If the mineral
is insoluble in nitric acid, it may be first fused in a sodium
carbonate bead and then dissolved in this acid. An acid other
than nitric may be used for dissolving the mineral, but in that
case it is best to nearly neutralize the excess of free acid with
ammonia, before adding the solution to the ammoninm molybdate.
When applying this test, it is recommended to follow quite
closely the details of the experiment as given below.

Dissolve 4 ivory spoonful of apatite in about 3 cc. of warm nitric acid,
and pour a few drops of the solution into another test-tube containing
about 5 ce. of ammonium molyhdate, when, after standing a few minutes
in the cold, the yellow precipitate will make its appearance.

2. Flame Test.—Many phosphates when heated before the
blowpipe impart a pale bluish-green color to the flame, while
others often show the reaction if moistened with concentrated
sulphuric acid and then heated. The color, although not very
marked, is often sufficient for the identification of a phosphate
(compare p. 136).
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The experiment may be made with fragments of wavellite, A1,P,O,.
12H,0, or apatite. In case the latter mineral is used, it is necessary to
moisten the fragment with sulphuric acid, and then the color is distinct for
only a short time.

3. Reduction with Metallic Magnesium.—Phosphates of the
alkalies and alkaline earths, when strongly ignited in a closed
tube with magnesium, are reduced, with the formation of a
phosphide. This, when moistened with water, gives the disagree-
able odor of phosphuretted hydrogen, PH,, somewhat like the
garlic odor of arsenic. When phosphates of aluminium and the
heavy metals are to be tested, it is best to fuse the powdered
mineral with 2 parts of sodium carbonate on charcoal, to remove
and grind up the fused mass, and then to ignite the powder with
magnesium,

The experiment may be made with apatite or wavellite. In the latter
case, however, the mineral should first be fused with sodium carbonate.

Take a picce of magnesium ribbon about 25 mm., long, roll or fold it up
into a compact mass, and drop it into a closed glass tube. Next add the
finely powdered phosphate, tap the tube so as to bring the powder as much
as possible in contact with the magnesium, and ignite very strongly with a
blowpipe flame, being carcful to hold the tube in such a manner that, if an
explosion should occur, the contents would not be shot out into the face.
Crack off the end of the tube by dropping water upon it while it is still
hot, moisten the contents with a few drops of water, and observe the odor
of the phosphuretted hydrogen; or, after allowing the tube to become cold,
introduce a drop or two of water, and observe the odor at the end of the
tube.

Platinum, Pt.—Bivalent and tetravalent. Atomic weight, 195.

OccURRENCE.—Platinum is found native; but it then always contains
some iron and traces of other metals belonging to the platinum group.
The only mineral containing platinum in chemical combination is sperrylite,
PtAs,.

DrerrcrioNn.—The color, high specific gravity, infusibility, and insolu-
bility in any single acid, are properties which serve for the identification of
platinum.  When the metal oceurs in sand, it may be concentrated by
washing as described under gold, but without using mercury. For a more
definite test for platinum, it is recommended to fuse the metal in a cavity
on charcoal with some test-lead, using borax, if necessary, to take up
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impurities. The metallic globule, freed from slag by hammering, is then
treated with dilute nitric acid (11INO, : 21,0), which dissolves everything
but the platinum metals and gold, and these are then collected upon a
filter paper, washed, and ignited. The finely divided platinum thus
obtained dissolves readily in aqua regia, giving a reddish-yellow solution
containing hydrochlorplatinic acid, H,PtCl,, which should be evaporated
nearly to dryness, at a moderate heat, treated with hydrochloric acid, and
again evaporated. It should be tinally taken up with a little water, filtered
if necessary, and added to a concentrated solution of ammonium chloride,
when a yellow precipitate of ammonium platinic chloride, (NIL,),PtCl,,
will be thrown down. "The precipitate, if collected upon a filter, washed
with alcohol, and ignited, yields a gray platinum sponge, containing often
some other metals of the platinum group. Gold, if present, will be in the
filtrate.

The Rarer Metals of the Platinum Group.

Ruthenium, Ru.— Atomic weight, 101.5.
Rhodium, Rh.—Atomic weight, 103.
Palladium, Pd.—Atomic weight, 106.5.
Osmium, Os.—Atomic weight, 190.8.
Iridium, Ir.—Atomic weight, 193.1.

OccURRENCE.—AIl the above metals are found in small quantity in
native platinum. Iridium and palladium, containing some platinum and
traces of the other platinum metals, are found native. Iridosmine is a mix-
ture consisting chiefly of iridium and osmium. Laurite is essentially RuS,.

DerectioN.-—The analysis of the platinum metals isone of the diflicult
problems of analytical chemistry for which advanced works on the subject
should be consulted. A few special tests, however, will be given.

Osmium is characterized hy a volatile oxide, 0s0,, which has an
exceedingly penetrating and disagreeable odor, somewhat resembling bro-
mine. The vapors are poisonous and should not be breathed too freely.
The odor may be obtained by heating the powdered mineral in an open
tube, and a very characteristic test may be made by bringing the upper end
of the tube within a Bunsen-burner flame, so that the osmic oxide will pass
into the latter, which will become luminous, owing to the reduction of the
osmic oxide and to the glowing of the finely divided metallic osmium. 'The
odor of osminm is also obtained when the finely divided mineral is oxidized
by fusing in a bulb tube with sodium or potassium nitrate.

Iridinm and iridosmine are characterized by their hardness (6-7) and
insolubility in acids, even aqua regia failing to dissolve them. Iridium is
partially oxidized by fusion with sodium nitrate (this may be done in a
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bulb tube), and the fused mass when boiled with aqua regia yields a deep
red to reddish-black solution.

Native pualladium exhibits a bluish tarnish, which is lost by heating in
the reducing flame, the color becoming like that of platinum, but is
regained by heating moderately in the air (best in an open tube). When a
piece is flattened on an anvil to expose a maximum surface, and fused with
potassiumn bisulphate, the metal is oxidized and dissolved to some extent.
On soaking out the fusion in water, and adding a very swmall crystal of
potassium iodide, a black precipitate of palladous iodide is formed, which
dissolves in a large excess of potassium iodide, giving a deep wine-red color.

Potassium, K.—Univalent. Atomic weight, 39.1.

OccURRENCE.—Potassium is a very abundant element, and,
although its simple salts are soluble in water, it occurs in
insoluble combinations in many silicates. Orthoclase, KAISi,0O,,
is one of the most abundant minerals in the crust of the earth.
The most important minerals for the production of potassium
compounds are certain soluble chlorides (sylvite, carnalite), which
are found in connection with deposits of rock salt.,

DerecrroNn.—IFlame coloration furnishes the most convenient
means of testing for potassinum, and, where this test cannot be
applied, precipitation as potassium platinic chloride may be
resorted to.

1. Flame Test.—Volatile potassium compounds color the flame
pale violet, and the test may be made by introducing the sub-
stance, held in the forceps or in a loop on platinum wire, into the
hottest part of the Bunsen-burner or blowpipe flame. The flame
color is not very strong and is easily obscured by other elements,
especially sodium, but by viewing it through blue glass of suffi-
cient thickness, the disturbing colors may be absorbed, and the
potash flame will be distinetly seen of a violet or purplish-red
color, depending upon the depth of color of the glass.

a. Take up some sylvite, KCI, in a small loop on platinum wire, intro-
duce it into a Bunsen-burner flame, and observe the color. Also examine
the flame through various thicknesses of blue glass.

b. Add alittle sodium chloride to the potassium chloride, and repeat the

foregoing experiment.
c. In testing silicates from which, under ordinary conditions, the potas-
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sium is not readily volatilized, the following method will be found very
useful: Mix the finely powdered mineral with an equal volume of powdered
gypsum, and having heated a platinum wire until it gives no color to the
flame, touch the end of it to adrop of water and then to the mixture, so as
to take up a little of the latter. Introduce this carefully into the hottest
part of a Bunsen-burner flame, and observe the color, making use of blue
glass to absorb the yellow resulting from sodinm, which is almost sure to be
present, in traces at least, with potassium. Gypsum, when fused with the
mineral, forms calcium silicate and potassium sulphate, and the latter, when
it volatilizes, imparts the color to the flame. Instead of a straight wire, a
small loop may be used for taking up the mixture, but it is necessary to
have a heat sufficiently intense to fuse the minerals together and liberate
the potassium sulphate. The test is quite delicate.

2. Alkaline Reaction.—With the exception of the silicates,
phosphates, borates, and salts of a few rare acids, the potassium
compounds become alkaline upon intense ignition before the
blowpipe. The test is not so satisfactory as that made with
minerals containing other alkalies and alkaline earths.

3. DPrecipitation as Potassium Platinic Chloride.—If hydro-
chlorplatinic acid, H,PtCl,, is added to a rather concentrated,
neutral, or slightly acid solution containing potassium, a yellow
crystalline precipitate of potassium platinic chloride, K,PtCl,,
will be formed, which furnishes an excellent means for detecting
potassium. The precipitate is sparingly soluble in water, and
almost absolutely insoluble in alcohol. Ammonium compounds
yield a similar precipitate, (NH,),PtCl,.

a. In order to make the test, dissolve a little sylvite, KCI, in a few drops
of water, and then add a few drops of hydrochlorplatinic acid.

b. To adapt the test to insoluble silicates, proceed as follows: Fuse the
powdered mineral with sodium carbonate, as described in detail under
gilicates (p. 110, § 4). Pulverize the fused mass, treat it in a test-tube with
a little hydrochloric acid, evaporate to dryness, and after cooling add about
2 ce. of water and boil. Next add an equal volume of alcohol, filter through
a small paper, and add a few drops of the hydrochlorplatinic acid solution
to the filtrate in order to precipitate the potassium.

Rhodium, Rh.—See the rare metals of the platinum group, p. 104
Rubidium, Rb.—Univalent. Atomic weight, 85.5.

OccuRRENCE.—This rare alkali metal is found very sparingly together
with caesium in some varieties of lepidolite.
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DEerkctioN.—Rubidium is very similar to potassium, and forms an
insoluble platinic chloride, Rb,PtCl,. Examination with a spectroscope
is needed for its identification. '

Selenium, Se.—Bivalent and sexivalent, Atomic weight, 79.

OccURRENCE.—This rare element is found usually in combination with
the metals, as selenides; clausthalite, PbSe; tiemannite, HgSe, etc., which
are analogous to sulphides.

DetrcrioN.—When a substance containing selenium is heated before
the blowpipe on charcoal, a curious odor may be observed which is de-
scribed by Berzelius as similar to that of radishes and also of decaying
radishes. It is impossible to describe this odor, but only a few trials are
necessary to render it familiar, and it is so pronounced and characteristic
that a very minute quantity of selenium may be detected by means of it.
If the selenium is present in considerable quantity, it volatilizes as a brown-
ish smoke, and some of it deposits at a little distance from the assay as a
silvery coating of oxide, SeO,, which may have an outer border of red,
owing to admixture of finely divided selenium. If the coating is touched
with the reducing flame, the selenium volatilizes, and imparts a magnificent
azure-blue color to the flame. This is an extremely delicate and character-
istic test.

In the open tube, selenium yields a white oxide, SeO,, which usually
crystallizes in radiating prisms on the sides of the glass, and is reddened by
an admixture of finely divided selenium. The sublimate i8 volatile, and,
if driven up the tube, it may be made to give a beautiful blue color if the
tube is held so that the vapors at the end pass into the reducing part of a
Bunsen-burner flame.

In the closed tube, selenium volatilizes from some of its compounds,
and condenses as black globules fused against the glass, but where the
globules are very minute, they transmit some light and cause the thinnest
part of the sublimate to appear red or brown. Owing to the air in the
tube, a little oxide, SeO,, may form, which crystallizes on the glass above
the selenium.

Silicon, Si.—Tetravalent. Atomic weight, 28.

OccurreNcE.—Next to oxygen, silicon is the most abundant
element in the minerals which constitute the crust of the earth
(p. 8). In combination with oxygen, it forms the very common
mineral, quartz, 8i0,, and it is the characteristic non-metallic
element in the silicates, or salts of silicic acid. Silicates are very
numerous, and salts of several kinds or types of silicic acids are
recognized, the most important of which are as follows:
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Orthosilicic acid, H,SiO,.
Metasilicic acid, H,S8i,0, = 2H,8i0,.
Trisilicie acid, H,8i,0,.

Tetrasilicic acid, H,$i,0,, = 2H,8i,0,.

The acids, written as above in a progressive series, differ from
one another by addition of SiO,. 'There are no methods for deter-
mining just what kind of silicic acid is contained in any given
silicate except quantitative chemical analyses from which the
ratio between the silica and the metals may be calculated (p. 6).
For example, in forsterite, Mg:Si =2:1, and, Mg being biva-
lent, the formula must be Mg,Si0,, a salt of orthosilicic acid. In
orthoclase, K: Al: Si=1:1:3, and potassium being univalent
and aluminium trivalent, the formula is KAISi,O,. In the major-
ity of cases, the empirical formulae of the silicates have been
determined with a fair degree of accuracy, and most of them have
been found to correspond to the few types of acids already men-
tioned, the orthosilicates and metasilicates being the comitonest.
the formulae of some silicates, however, and among them a few
of the common ones, are uncertain. The true constitution of the
silicates, that is, their structural formulae or the manner in which
the atoms are united to one another, is uncertain, and largely a
matter of conjecture. It has been found that the metals sodium,
potassium, calcium, magnesium, ferrous and ferric iron, and
aluminium, are of very common occurrence in the silicates, and
that orthosilicates are more soluble in acids than metasilicates
and polysilicates.

DerrerioN.—The surest method for the identification of a
silicate is to get the mineral in solution in an acid, and obtain
gelatinous silica by evaporation. The residue or skeleton of
silica obtained in the salt of phosphorus bead furnishes a simple
but not very delicate test. ‘

1. Formation of a Jelly.—When a silicate is dissolved in
acid the solution may be regarded as containing free silicic acid,
possibly H,8iO,, and, upon evaporation, there comes a point
when the latter can no longer remain in solution, but yields a
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gelatinous mass. If the evaporation is continued until the mass
becomes dry, and the latter is then moistened with strong acid
and digested with water, the bases will go into solution, while
the silica remains insoluble and may be separated by filtering.
Comparative tests have shown that gelatinization is more readily
obtained with nitric than with hydrochloric acid, although in
many cases either will answer. As most silicates are insoluble
in acids, a previous decomposition, by fusion with sodium carbon-
ate, is usually necessary before applying the test (compare § 4).
To illustrate the foregoing, in the case of soluble silicates, take about 2
wory spoonfuls of finely powdered calamine (ZnOLIL),Si0,, or nepheline,
essentially NaAlISiO,, mix in a test-tube with about 1 cc. of water, then
add 3 cc. of nitric or hydrochloric acid, warm, and observe that the minera)
yields a perfectly clear solution.  Boil the solution, and it will soon become
thick from the separation of gelatinous silica. I'he gelatinous silica is
insoluble in water and acids, and, if thoroughly washed with water and
dried over sulphuric acid, has essentially the composition H,SiO,. The
reason for adding the water at the beginning of this experiment is to
thoroughly mix the mineral with the acid. If omitted, the acid when it first
comes in contact with the dry material will often form a layer of gelatinous
silica over the powder and prevent a portion of it from going into solution.

2. Separation of Silica without Gelatinization.—Some sili-
cates are completely decomposed by boiling with acids, the bases
going into solution, while the silica is left in an insoluble condi-
tion, but without any formation of a jelly. Irom the appearance
of the test it is sometimes rather difficult to tell whether a mineral
has been decomposed or not, but the separated silica, having a
low index of refraction, makes the liquid in which it is suspended
appear translucent and almost clear, while the fine, suspended
powder of an insoluble mineral canses the liquid to appear white
and milky. A sure test is to filter, and evaporate a drop of the
solution on a piece of glass or platinum, when, if a considerable
residue is left, it indicates that a decomposition has taken place,
and the bases have gone into solution.

An experiment to illustrate the above may be made by boiling 2 ivory

spoonfuls of finely powdered serpentine or stilbite with 5 cc. of hydrochloric
acid.
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8. Husion with Sodium Carbonate.—When quartz, SiO,, or a
silicate is fused with sodium carbonate, a sodium silicate is formed.
Moreover, the fused mass will be soluble in acids, and, upon evapo-
ration of the solution, gelatinous silica separates, as in § 1.
Fusion with sodium carbonate is indispensable for the solution and
subsequent analysis of insoluble silicates (compare § 4).

To illustrate the foregoing paragraph, take some very finely powdered
quartz, Si0,, and an equal volume of sodium carbonate (rather less sodium
carbonate than more), make into a paste with water, then support some of
the mixture on a small loop on platinum wire and heat with an intense
blowpipe flame. Instead of fusing on a platinum loop, the experiment suc-
ceeds beautifully when a minute quantity of the mixture is heated intensely
on a clean charcoal surface. If successful, a transparent bead should result,
and the experiment illustrates the process of glass-making. The sodium
carbonate brings about a decomposition of the quartz, the anhydride of
silicic acid, with the formation of sodium silicate and evolution of carbon
dioxide gas, the reaction being somewhat as follows: 2Na,CO, + Si0, =
Na Si0,+-2C0,.

4. Special Treatment for the Detection of the Common KEle-
ments in Silicates.—The methods to be described are for the detec-
tion of aluminium, iron, calcium, and magnesium, which are very
commonly present in silicates, but to devise a scheme applicable to
all possible cases would require the elaborate methods of qualita-
tive chemical analysis, which are beyond the scope of the present
work The scheme has been made as simple as possible, and the
tests can be performed upon a small quantity of material and in a
short time, but the beginner will find it necessary to follow the
details quite closely.

If a silicate is insoluble in acids, it may be decomposed readily
by fusion with sodium carbonate and then dissolved. For a test,
mix a scant ivory spoonful of the finely powdered silicate with 3
parts of sodium carbonate, make into a paste with a drop of water
and then take up a portion of the material on a loop on platinum
wire and fuse before the blowpipe. Make two or three beads, if
necessary, rather than attempt to fuse all of the material at once.
In almost all cases there results after fusion an opaque mass, the
presence of various oxides contained in the mineral, mixed with
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the sodium silicate and excess of sodium carbonate, preventing the
formation of a clear glass as in § 3. The several beads, after
removal from the platinum wire, are pulverized in a diamond
. mortar, transferred to a test-tube, treated with about 1 cc. of water
and an equal volume of nitric acid, and evaporated to dryness,
being careful toward the end of the operation not to allow the tube
to become very hot. After cooling, moisten the contents of the
tube with about 8 cc. of hydrochloric acid, boil for a few seconds,
so as to decompose any basic salts formed during the evaporation,
then add & cc. of water, heat to boiling, and remove the insoluble
silica by filtering. The silica separated at this point should be
white, and may be tested as follows: Wash well on the paper with
water, but do not add the washings to the first filtrate, puncture
the paper, and, by means of a jet of water, wash the silica into a
clean test-tube, then add a little potassium hydroxide and boil,
when the silica, if pure, will go wholly into solution.

The filtrate from the silica contains the bases, with the iron in
the ferric condition, owing to the use of nitric acid. The solution
is heated to boiling, and ammonia is added in slight excess to pre-
cipitate aluminium and ferric hydroxides (p. 42, § 2, and p. 87 § b),
which are collected on a filter and washed with water. If the pre-
cipitate is light-colored, iron is absent, or present only in small
quantity ; if it is reddish-brown, indicating iron, aluminium may
be also present, and must be specially tested for, as follows: By
means of a knife-blade or spatula scrape off the precipitate from the
filter, and with the aid of a jet of water transfer it to a clean test-
tube, or fold up the paper with the precipitate, and drop it into
" the test-tube. Have about § cc. of water present, then add some
potassium hydroxide (a piece of stick potash 5§ mm. long), and
boil, by which treatment aluminium hydroxide is dissolved, and
may be separated from the iron by filtering. The solution is made
acid with hydrochloric acid, boiled, and ammonia added in excess,
when aluminium, if present, will be precipitated. Whether fer
rous or ferric iron is contained in the mineral must be determined
by special tests (p. 85, § 4).

The filtrate from the iron and aluminium mav contain calcium



112 REACTIONS OF THE ELEMENTS, Sillcon

and magnesium (if much magnesium is present, some of it may
have been precipitated by ammonia along with the iron and alumin-
ium). It is heated to boiling, and a little ammonium oxalate
added in order to precipitate the calcium (p. 60, § 6). Calcium
oxalate is precipitated in a very tinely divided condition, and is
liable to run through filter-paper. It is best, therefore, to let the
precipitate stand for aboit ten minutes before filtering, and then,
if the filtrate is turbid, to pass it a second or third time through
the same filter until the pores of the paper become stopped, and .
clear filtrate is obtained. To the filtrate, a little ammonium oxalate
is added to make sure of the complete precipitation of the calcium,
and, if no precipitate forms, some sodium phosphate and strong
ammonia are added to precipitate the magnesium (p. 91, § 1). 1If
a precipitate does not form immediately, however, it must not be
considered that magnesium is absent, for, if only a small quantity
is present, and especially if the solution is warm, the precipitate
may not appear until after standing some time in the cold. For
alkalies, the tests given under sodium (p. 116, § 1, ¢) and potassium
(p. 105, § 1, ¢) are recommended.

5. Test with the Salt of Phosphorus Bead.—Oxide of silicon
dissolves with difficulty in a salt of phosphorus bead; therefore,
when some powdered silicate is fused in the bead, the silica, Si0),,
is left as an insoluble skeleton or translucent mass, while the bases
go into solution. The test may be recommended on account of its
simplicity, but it is not delicate.

In order to test the above, tonch the phosphorus bead when hot to any
powdered silicate, so as to take up a quantity which before heating does not
quite cover one half the surface of the bead, and then heat before the
blowpipe, in the hottest part of the flame. As the bases dissolve in the hot
glass, the silica moves about and collects together, and, when examined
with a lens, it appears as a translucent mass, usually occupying a position in
about the center of the bead, and is quite different in appearance from
any undissclved mineral.  Sometimes it is better to heat a fragment of the
mineral in the bead, and after igniting for some time, the translucent silica
skeleton may be seen surrounding a particle of the still undecomposed
mineral.

6. Decomposition with Borazr.— Silicates are quite soluble in
a borax bead. and it mav be sometimes found convenient to snh-
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stitute this treatment for fusion with sodium carbonate in order
to decompose a silicate.

Silver, Ag.—Univalent. Atomic weight, 108.

OccunreNce.—Some silver is found native and as chloride or
bromide, but by far the greater part of the metal of commerce is
obtained from its compounds with sulphur. A few of the most
important silver minerals are argentite, Ag,S; stromeyerite, AgCusS;
pyrargyrite, 8Ag,S.Sb,8,; proustite, 3Ag,S.AsS;; stephanite,
HAE,S.8b,S,; polybasite, essentially 9Ag,S.8b,S,; cerargyrite,
AgCl; and embolite, AgCl with AgBr. Silver is found in sev-
eral combinations with tellurium, and in small quantity in many
sulphides ; as in galena, sphalerite, chalcocite, bornite, and tetra-
hedrite, which are then called argentiferous. Owing to the
value of silver, it is profitable to extract it from ores which con-
tain only a small percentage of the metal. An ore, for example,
having one per cent of silver would yield 291 troy ounces of the
metal per ton, and, under favorable conditions, ores containing
less than one tenth of the above amount may be profitably worked,

DerecrioN.—The metal is usually detected by reduction to
the metallic state or by precipitation as silver chloride.

1. Reduction to Metallic Silver.—From pure silver minerals,
the metal may be readily obtained on charcoal by fusion before
the blowpipe with about 3 volumes of sodium carbonate, The
metal easily fuses to a globule, and this is bright both while in
the flame and after cooling, for the metal does not tend to oxidize.
The silver globule is malleable, can be flattened by hammering on
an anvil, and may be further tested according to §3. When other
readily reducible metals are present, the globule obtained by the
above treatment will not be pure silver, and fusion with test-lead
and cupellation on bone-ash (§ 2) may then be resorted to. Often
fusion on a clean charcoal surface in the oxidizing flame with bo-
rax is sufficient to free the metal from impurities, since the foreign
substances oxidize, dissolve in the borax, and leave finally a globule
of pure silver. When in combination with only volatile elements



114 REACTIONS OF THE ELEMENTS, Siiver

(sulphur, arsenic, antimony), a silver globule may be obtained by
heating some of the mineral alone on charcoal in the oxidizing
flame. Silver is volatile to a slight degree, but alone on charcoal
it gives no characteristic coating. When silver is associated with
lead and antimony, however, the coatings which these latter ele-
ments give on charcoal assume a reddish to deep lilac tint, which
serves as a very certain indication of the presence of silver.

2. Cupellation on Bone-ash and Detection of Small Quantities of
Silver.—A method well adapted for the detection of even very small quanti-
ties of silver in minerals or ores is to mix an ivory spoonful of the finely pow-
dered material with an equal volume each of borax glass and test-lead,
transfer to a rather deep, funnel-shaped cavity in a compact piece of char-
coal, and fuse before the blowpipe for some time in a reducing flame until
the lead, which takes up all the silver, has united into one globule, while
the impurities dissolve in the borax. Later an oxidizing flame may be used
in order to form lead oxide, which dissolves in the borax and assists in taking
up theimpurities. After cooling, the lead is removed from the charcoal, and
freed from adhering slag by hammering on an anvil. A cupel is next pre-
pared by filling a cavity on charcoal with bone-ash, and pressing the latter
down firmly by means of an agate pestle or other smooth rounded surface,
such as the back of the metal scoop (Fig. 22), so as to form a shallow de-
pression about 15 mm. in diameter. ILoose particles of bone-ash are removed
by inverting and gently tapping the charcoal, and the cupel is heated in-
tensely before the blowpipe in order to expel moisture. The lead button is
then placed carefully upon the cupel, so as not to disturb the surface of the
bone-ash, and fused before the blowpipe, first in the reducing flame until
a bright metallic surface is obtained, and then in a small oxidizing flame
(Fig. 41). It is necessary to heat in the oxidizing flame for several minutes
in order to oxidize the lead, during which time the surface of the button
shows a play of rainbow colors, due to a thin film of lead oxide, which con-
stantly flows to the sides, and is absorbed by the bone-ash. Finally, when
the last of the lead is oxidized, the play of color ceases, the globule is said
to “ blick,” and the operation is completed. Frequently the amount of lead
oxide formed is 8o great that it cannot all be absorbed by one cupel. The
button then becomes surrounded by, and seems to float upon, the fused lead
oxide,and when this happens, it is best to interrupt the operation and oxidize
the last of the lead upon a fresh cupel.

Considerable practice is needed in order to make the silver assay easily
and quickly, but when the necessary skill has been acquired, the operation
may be performed in less than fifteen minutes, and by assaying samples of
known value and saving the silver beads for comparison, one can soon learn
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to judge of the relative values of ores. By starting with weighed quantities
of material, and especially by making use of the special apparatus men.
tioned in Plattner’s elaborate treatise,* very good quantitative determina-
tions of silver may be made by meaus of the blowpipe assay.

3. Precipitation as Silver Chloride.—Silver chloride, AgCl, is
very insoluble in water and dilute nitric acid. A white precipitate
of silver chloride will therefore form if silver is dissolved in di-
lute nitric acid (1HNO,: 2H,0) and a few drops of hydrochloric acid
are added to the solution. If the quantity of the precipitiate is
small it appears as a turbidity, while if 1t is considerable it col-
lects as a curdy mass. It darkens on exposure to light and is
readily soluble in ammonia. A globule of silver from one of the
foregoing experiments may be tested in this way. It is also often
convenient to test for silver by dissolving a mineral in hot, concen-
trated, nitric acid, and, after dilution, and filtering if necessary, to
precipitate the silver with hydrochloric acid. The precipitate, if
collected on a filter, may be tested according to § 1.

Sodium, Na.—Univalent. Atomic weight, 23.

OcCCURRENCE. — Sodium is a very abundant element, and al-
though its simple salts are all soluble in water and are not ordi-
narily found as minerals in wet regions, they often accumulate in
desert or dry places, and form deposits of great commercial value.
The most important compound is halite, NaCl, which is found both
as rock salt and in solution in the water of the oceans. Double
salts containing sodium, which are insoluble in water and often
also in acids (for example, albite, NaAlSij,0),), are very common,
especially in the group of silicates.

DrreEcrioN.—Sodium is usually detected by means of the flame
coloration and alkaline reaction.

1. Flame Test.—Volatile sodium compounds color the flame
yellow, and the test is exceedingly delicate. The color is monochro-
matic, and therefore shows only a single band in the spectroscope.
The flame color cannot be seen through moderately dark blue glass,
as the yellow rays are wholly absorbed (see Potassium, p. 105, § 1).

* Probirkunst mit dem Lothrohre. American translation by Cornwall.
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a. To illustrate the above, fuse in the forceps some halite or cryolite
before the blowpipe, or, still better, fuse some of the material into a loop on
platinum wire and introduce it into a Bunsen-burner flame at about the
point r, Fig. 35, p. 32.

b. To illustrate the great delicacy of the reaction, heat a platinum wire
until it gives no color to the flame, then draw it through the fingers, heat
again, and observe the yellow color which results from the minute trace of
sodium derived from contact with the fingers. The flame test is so exceed-
ingly delicate that a great deal of judgment must be exercised in making
use of it. A mineral should be regarded as containing sodium only when it
gives an intense and prolonged yellow coloration, as in the previous test.

c. Silicates from which sodium is not readily volatilized may be fused
with gypsum, as directed under potassium (p. 105, § 1, ¢).

2. Alkaline Reaction.—With the exception of the silicates,
phosphates, borates, and the salts of a few rare acids, sodium com-
pounds become alkaline upon ignition before the blowpipe. A
similar reaction is obtained from other minerals containing the al-
kalies and alkaline earths.

a. Make a loop about 3 mm. in diameter on platinum wire, fuse some
halite in it, and continue to heat for some time, but not long enough to
volatilize all the material. In order to test the alkaline reaction, bring
the fused mass in contact with a piece of moistened turmeric-paper on a
clean glazed surface. In this experiment, water (one of the products of
combustion) acting at a high temperature brings about a partial decomposi-
tion of the material, as follows: NaCl 4+ H,0 = NaOIl + 1CL

b. If a fragment of cryolite, Na,AlF,, is fused in a loop on platinum
wire and heated before the blowpipe, the hydrofluoric acid which is driven
off may be readily detected by its pungent odor, or by the reddening of a
moistened blue litmus-puper held at a little distance beyond the flame, while
the residue will impart an alkaline reaction to moistened turmeric-paper.

Strontium, Sr.—Bivalent. Atomic weight, 87.5.

OccuRrRRENCE.—Strontium is found quite abundantly as celes-
tite, SrSQ,, and strontianite, SrCO,, but other combinations are
rare (brewsterite).

DEerkcTion, —Strontium is usually detected by the flame color-
ation, alkaline reaction after heating, and by precipitation as sul-
phate.

1. Flame Test.—Strontium compounds when heated before the
blowpipe impart a crimson color to the flame, and this may be ob-
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tained by igniting fragments held in the platinum-pointed forceps,
or often still better by taking up some of the powdered mineral on
platinum wire, as directed on p. 35, and heating before the blow-
pipe or in the Bunsen-burner flame. Often the coloration can be
made more intense by moistening the material with hydrochloric
acid. The crimson fliime must not be mistaken for lithium, or, in
case hydrochloric acid is used, for the yellowish-red of calcium
(p. 89, § 2), which, however, is not as persistent on proionged heat-
ing as the crimson of strontium. A spectroscope can be used to
advantage.

2. Alkaline Reaction.—Strontium compounds become alkaline
upon ignition before the blowpipe, with the exception of the sili-
cates and phosphates (compare Calcium, p. 38, § 1). A similar re-
action is obtained from other minerals containing the alkalies and
alkaline earths. There are no lithium minerals known which yield
an alkaline reaction after ignition, and therefore a crimson flame
in connection with alkaline reaction is an almost certain proof of the
presence of strontium.

3. Precipitation as Strontium Sulphate.—Strontium sulphate,
SrS0,, is very insoluble in water and dilute acids, and may be
precipitated by adding a few drops of dilute sulphuric acid to
solutions, provided the latter are not very dilute and do not con-
tain too much acid. The test will be found convenient in distin-
gnishing strontium from lithium and calcium, and for the detec-
tion of strontium in silicates and phosphates which do not yield
a flame coloration or alkaline reaction (compare Barium, p. 53,

§4 0).

Dissolve an ivory spoonful of strontianite in 3 cc. of warm hydrochloric
acud, divide the solution into 2 parts, dilute one with about 5, and the other
with 15 ce. of water, and add a few drops of dilute sulphuric acid to each.
Iti the more concentrated solution, the precipitate forms almost immedi-
ately, but in the other, only after standing for several minutes, while an ex-
periment made in exactly the same manner with calcite, CaCO,, would not
yield a precipitate of CaSO, in either solution (see p. 59, § 3). In order
to precipitate strontium completely as sulphate, it is necessary to add an
equal volume of alcohol to the liquid.
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4. Specific Grarity.—Strontium compounds are heavy, and
their specitic gravities lie between those of the corresponding cal-
cium and barium salts, as the following examples show :

Specific Gravity. Specific Gravity.
Aragonite, CaCO, .95 Anhydrite, CaSO,, 2.98
Strontianite, SrCO,, 3.70 Celestite, SrSO,, 3.96
Witherite, BaCO,, 4.35 Barite, BaSO,, 4.48

Sulphur, S.—Bivalent and sexivalent. Atomic weight, 32.

OccURRENCE.—In addition to being found native, sulphur also
occurs in two very important classes of compounds, the sulphides
and sulphates. The sulphides may be generally regarded as salts of
the weak acid, hydrogen sulphide, H,S, and the common ores of
many of the valuable metals are of this class; as argentite, Ag,S;
galena, PbS; sphalerite, ZnS; cinnabar, HgS, etc. The sulphates are
salts of sulphuric acid, H,SO,, and the metals calcium, strontium,
barium, and lead, form insoluble sulphates, which occur abundantly
in nature. Soluble sulphates, especially those of the alkali metals,
may accumulate in arid regions, and a number of double salts and
basic sulphates are known. Sulphur is found rarely in combina-
tion with a silicate; as in helvite, Mn,(Mn,S)Be,(Si0,), and noseite,
Na,(NaSO,A1)AL(SiO,),.

SULPHIDES.

DerecTioN.—Sulphides may be most conveniently detected by
an oxidizing process, such as roasting in the open tube or on char-
coal.

1. Ozidation or Roasting in the Open Tube.—An exceedingly
delicate test for a sulphide is to heat some of the finely powdered
mineral in an open tube, when sulphnr dioxide, SO,, and usually
an oxide of the metal are formed. Sulphur dioxide, the anhydride
of sulphurous acid, is a colorless gas, which may be readily detected
by its sharp, pungent odor and the acid reaction which it imparts
to a piece of moistened litmus-paper placed at the end of the tube.

According to the directions given on p. 19, heat about #; of an ivory
spoonful of finely powdered galena in an open tube until the odor of sulphar
dioxide (burning sulphur) ceases, and the dark lead sulvhide has changed
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wholly to light-colored lead oxide. The reaction is essentially as follows :
PbS + 30 = PbO + 80,. Lead oxide and sulphur dioxide combine to form a
rather volatile product, and a trace of this will usually be found as a white sub-
limate a little above the lead oxide. The open-tube test is so delicate that
when a minute particle of a sulphide is used, an acid reaction will be imparted
to test-paper and usually even the odor of SO, will not escape detection.

When sulphides of irun, copper, and some other metals are roasted in
the open tube, the oxides of the metals which are formed during the opera-
tion act as oztdizing agents,and convert some SO, to SO,, the anhydride of
sulphuric acid: Fe,O0, + SO, = 2FeO + SO,. The formation of SO, is
indicated by white fumes passing up the tube, and some of the SO, derives
sufficient moisture from the atmosphere to form a little I,SO, which con-
denses as a liquid in the tube,

2. Oxidation or Roasting on Charcoal.—An excellent method
for detecting sulphur, but not so delicate as the one just given, is to
roast the finely powdered sulphide on charcoal according to the di-
rections given on p. 39, and observe the odor of SO,. This test is
especially recommended for sulphides which contain a great deal
of sulphur.

3. Roasting in the Platinum Forceps.—Some sulphides oxidize
so readily that, when held in the forceps and heated before the
blowpipe, they take fire and continue to burn for some time, giving
a strong odor of SO,. Pyrite, FeS,, and chalcopyrite, Cul'eS,,can
be tested in this way.

4. Heating.in a Closed Tube.—Many sulphides suffer no de-
composition when heated in a closed tube, while others part with
a portion of their sulphur, which condenses on the walls of the
tube as a fused sublimate, having a dark amber color when hot,
changing to pale yellow and becoming crystalline when cold. A
sulphide of the metal always remains in the tube, and the test,
although admirable for some sulphides, is not applicable in all
cases. Owing to the air in the tube, there will always be some
oxidation and formation of a little SO,, but necessarily this must
be trifling in amount, since there is no free circulation of the air
and only about one fifth of it is oxygen.

Excellent experiments for illustrating the behavior of different sulphides
may be made by heating fragments of pyrite. FeS,, and galena, PbS, in
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separate tubes. The first gives an abundant sublimate of sulphur, but
sulphide of ivon, FeS, is left in the tube, as may be proved by removing
some of the material and roasting on charcoal or in the open tube. The
galena, on the other hand, gives no sublimate, as there is no excess of
sulphur above the normal sulphide, PbS.

B. Test on Silver after Fusion with Sodium Carbonate.—When
a powdered sulphide is mixed with about 3 parts of sodium carbon-
ate and fused before the blowpipe on charcoal, sodium sulphide will
be formed, owing to the strong chemical aflinity of sodium for sul-
phur. If some of the fused mass or of the charcoal into which it
has been absorbed is placed with a drop of water on a clean silver
surface, a black stain of silver sulphide will be formed. The test
is so delicate that, if sodium carbonate is heated alone on charcoal
before the blowpipe for a long time with a gas tlame, and then
placed upon moistened silver, a slight discoloration may result
from the traces of sulphur contained in the gas and charcoal, but
it is not necessary to mistake this slight discoloration for the strong
reaction given by sulphides. If selenium and tellurium are pres-
ent, the test cannot be relied upon.

6. Oxidation and Solution by Means of Nitric Acid.—Nitric
acid, owing to its sérong oxidizing action, serves as the best solvent
for sulphides. If hot, concentrated acid is used, there aretwo pro-
cesses to be considered, which go on simultaneously ; (1) ozidation,
and (2) solution of the products of oxidation. The final products
may be generally regarded as sulpluric acid and nitrates of the
metals. For example, pyrite, FeS,, is oxidized to sulphuric an.
hydride, SO,, and ferric oxide, Fe,O,, and the first of these com-
bines with water to form sulphuric acid, H,SO,, while the sec-
ond dissolves in the nitric acid to form ferric nitrate, Fe(NO,),.
Since the metals oxidize more readily than sulphur, it frequently
happens that a portion of the latter separates in a free state as
aspongy mass. This separated sulphuroxidizes very slowly, and is
yellow if pure, but is frequently black, owing to some undecom.
posed sulphide, which is held mechanically in the sulphur and is
thus protected from the action of the acid. When a sulphide is
decomposed with concentrated nitric acid, no volatile sulplur com-
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pounds are formed, but all the sulphur remains either oxidized to
sulphuric acid or partly separated in the free siate.

While oxidation is going on, the nitric acid must suffer decom-
position, but this may take place in different ways; for example,
AMNO,= 0 42NO,+ H,0, or 2HNO, = 30 +2NO - H,0. Tneither
case, red vapors of NO, will be visible, for, provided the decomposi-
tion takes place according to the last equations, the colorless gas,
NO, takes on oxygen as soon as it comes in contact with the air, and
changes to NO,. Since in the solution of sulphides in nitric acid
there is no certainty regarding the exact manner in which the acid
will break up in order to bring about the oxidation, it is scarcely
practical to express the reaction by means of equations, but when
red fumes of NO, gas are abundantly given off, it is a sure indica-
cation that ozidation is going on.

a. In order to illustrate this, treat about } ivory spoonful of powdered
pyrite in a dry test-tube with 3 cc. of concentrated nitric acid, and boil
until the evolution of red fumes ceases. The red fumesindicate that an oxi-
dation is going on, and, if the experiment is successful, the mineral should
be completely dissolved. Dilute the solution with 10 cc. of water, mix thor-
oughly, and test the greater part of it in a separate test-tube with a little ba-
rinmn chloride, when a white precipitate of barium sulphate will be thrown
down (p. 122, § 1), indicating that sulphuric acid was formed. Dilute the
remainder of the solution still further with water, divide into 2 portions,
and test for ferric and ferrous iron according to p. 85,§ 4. By this means
it may be proved that the metal, as well as the sulphur, has been converted
into the higher state of oxidation,

b. To illustrate the separation of free sulphur, and how this is dependent
upon the character of the minerals, decompose equal portions of pyrite,
FeS, (53.4% 8), and pyrrhotite, Fe, S, (38.4% S), in separate test-tubes
with nitric acid, and make the conditions of the experiments as nearly alike
as possible.  Observe that the pyrrhotite with the least sulphur is the most
difficult to dissolve completely, and that by its decomposition sulphur is
separated, while the pyrite with the most sulphur dissolves completely.
A possible explanation of this is that pyrrhotite, which is easily solu’le in
non-oxidizing acids (hydrochloric, for example), with evolution of H,S isat
first decomposed by the nitric acid, giving H,S, which is instantly oxir.ized
to H,0 4+ S; while pyrite, which isinsoluble in non-oxidizing acids, 1s oxi-
dized by the concentrated acid without any intermediate formation of H,S.

7. Solution in Hydrochloric Acid.—Most sulphides are either
jnsoluble or difficultly soluble in hydrochloric acid, but those which
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dissolve always give hydrogen sulphide gas, H,S. The reaction is
usually a simple one. FeS 4 2HCl = FeCl, - H;S. Hydrogen sul-
phide is readily recognized by its offensive odor.

Treat some finely powdered pyrrhotite, Fe,,S,, (almost FeS), in a test-
tube with 3 cc. of hydrochloric acid, and observe that a gas is evolved which
has a disagreeable odor.

SULPHATES,

DEerEcTION.—Either the barium chloride test, or the one on silk
ver after a sulphide has been formed by reduction, may be used
for the detection of sulphates. The oxidation and roasting proc-
esses used for the detection of sulphur in sulphides cannot be
applied to sulphates, as they are already oxidized.

1. Zest with Barium Chloride.—If barium chloride is added to
a dilute hydrochloric acid solution of a sulphate, a white precip-
itate of barium sulphate, BaSO,, will form, which is almost abso.
lutely insoluble in water and dilute acids, and serves therefore as
a very delicate test for sulphates.

If the sulphate proves to be an insoluble one, test according to
§ 2, or fuse some of it in a platinum spoon with 6 parts of sodium
carbonate, soak out the fusion with water, filter, make the filtrate
slightly acid with hydrochloric acid, boil, and then test with
barium chloride.

Illustrate the foregoing test by dissolving 4 ivory spoonful of gypsum,
CaS0,.2H,0, in warm, dilute hydrochloric acid, and test the solution with
a little barium chloride.

It is always best to dilute the acids before testing for a sulphate, for if
barium chloride is added to concentrated hydrochloric or nitric acid, barium
chloride or nitrate, both of which are insoluble in concentrated acids,
might be thrown down, and mistaken for barium sulphate. They differ
from the latter, however, in that they dissolve readily upon addition of
water.

2. Test on Silver after Reduction to Sulphide.—If a powdered
sulphate, mixed with an equal volume of charcoal powder and 2 of
sodium carbonate, is made into a paste with water and fused on
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platinum wire before the blowpipe until effervescence ceases, the
sulphate will undergo decomposition and reduction, and sodium
sulphide, Na,S, will be formed. That reduction has taken place
may be told by removing the bead from the wire, crushing it, and
placing the material with a drop of water on a clean silver surface.
Sodium sulphide will thus react with the silver and make a black
stain of silver sulphide, as follows: Na,S 4+ 2Ag+ HO0 40 =
Ag,S + 2NaOH. The test is exceedingly delicate (see p. 120, § b),
and, although it proves the presence of sulphur in a compound, it
is not necessarily a test for a swui/plhate, unless it has been proved
by a previous oxidizing experiment or by other means that the
mineral is not a sulplide.

As an experiment, test barite, BaSO,, as directed above. The reaction
which goes on during fusion is as follows: BaSO, 4+ Na,CO, 4+ 2C = Na,S
+ BaCO, 4 2C0,. Besides testing on silver, take somc of the crushed prod-
uct, resulting from fusion with sodium carbonate and charcoal, and digest
it in a test-tube with a few drops of water, then add a few drops of hydro-
chloric acid, and observe the odor of the escaping hydrogen sulphide gas,
which will serve as a certain proof that the sulphate has been reduced to a
sulphide.

3. Closed-Tube Reactions.—The common sulphates, those of
the alkalies, alkali earths, and lead, suffer no decomposition when
heated in a closed tube, while sulphates of the less basic elements,
such as aluminium, iron, and copper, are more or less decomposed,
yielding sulphuric anhydride, SO, , or sulphurous anhydride, SO,
or both. As water of crystallization is usually present in the
latter compounds, it is also driven off and is made strongly acid
by the oxides of sulphur (compare p. 82, § 2).

Tantalum, Ta.—Pentavalent. Atomic weight, 182.6.

OccurRENCE.—Tantalum is associated with niobium in the group of
minerals known as the tantalates and niobates (see Niobium, p. 98).

DEerecrioN.—There are no simple tests for the detection of tantalum, but
if niobium is found in any compound, it is almost certain that tantalum is
also present. Tantalates are characterized by high specific gravities,
greater than those of the corresponding niobium compounds.

In order to make a definite test for tantalnm, separate the mixed tantalio
and niobic oxides by fusion with potassinm bisulphate, and treatment as
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directed on p. 99, § 2. Treat the oxides in a platinum dish with a little pure
hydroflnoric acid, filter if necessary, and add a little potassium fluoride.
Evaporate the solution in a water-bath nearly, but not quite, to dryness, dis-
solve the residue in the smallest possible quantity of boiling water, and al-
low the solution to become cold, when, if tantalum is present, a very char-
acteristic double salt, K, TaF,, crystullizes out in fine needles. The crystals,
if collected on a filter-paper and dried, have the appearance of wool. It is
necessary that the hydrofluoric acid should be free from hydrofluosilicic acid
(alone it should give no precipitate with potassium fluoride), and platinum
or silver vessels must be used.

Tellurium, Te.—Usually bivalent in minerals. Atomic weight,
125.

OccUrRRENCE.—Tellurium is found as the native element, but more
often it is combined with the metals in tellurides, and it occurs rarely as
tellurous oxide and salts of tellurous and telluric acids. The tellurides are
analogous to the sulphides, and some of the more important ones are tetrad-
ymite, BiT'e,; hessite, Ag,Te; altaite, PbTe; sylvanite, (Au,Ag)Te,; and
calaverite, AuTe,,  Tellurium is the only element with which gold hasg
been found in minerals, in chemical combination.

DerectioN.—A very delicate test for tellurium or tellurides may be
made by heating a little of the finely powdered mineral in a test-tube with
about 5 cc. of concentrated sulphuric acid, when the latter assumes a beauti-
ful reddish-violet color. After cooling, addition of water will cause the
color to disappear, and a grayish-black precipitate of tellurium will be thrown
down.

Another test, applicable to all compounds containing tellurium, is to heat
a mixture of the finely powdered substance with sodium carbonate and a
little charcoal dust, in a rather large closed glass tube, by which means so-
dium telluride is formed, and after cooling and addition of water, the solu-
tion will assume a reddish-violet color. If a few drops of the solution are
transferred to a porcelain plate or watch-glass by means of a pipette, the
color soons disappears, and a gray precipitate of tellurium forms, owing to
the oxidizing action of the air. The color disappears still more quickly if
air is blown through some of the solution.

By heating in the open tube, tellurium and the tellurides are oxidized,
and yield TeO,, which passes up the tube as a white smoke, but mostly con-
denses near the heated part as a white sublimate. On heating the latter, it
volatilizes very slowly, and fuses into globules, which are yellow when hot,
and white or colorless when cold.

Heated in the closed tube, tellurium volatilizes and condenses on the hot
glass as fused globules having a metallic luster. Accompanying the tellu.
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rinm are white or colorless globules of the oxide, TeO.. formed from the
oxidation, due to the air in the tube.

Heated before the blowpipe on charcoal, tellurium is volatilized, and con-
denses near the heated part as a white sublimate of TeO,, somewhat resem-
bling antimony oxide. Some tellurium may escape oxidation, and condense
as a slight brownish coating distant from the assay. The sublimates volatil-
ize when heated before the blowpipe and impart a pate greenish color to
the reducing flame.

Thallium, Tl.—Univalent and trivalent. Atomic weight, 2€3.6,

OccURRENCE.—Thallium is a very rare element, and thus far only two
minerals containing it in considerable quantity have been observed, crookes-
ite, (Cu,T1,Ag),Se, and lorandite, T1AsS,, both of which are exceedingly
rare.

DerectioN.—Thallium and its salts are quite volatile when heated be-
tore the blowpipe, and impart an intense green color to the flame. When
the thallium flame is examined with the spectroscope, it shows only one
bright green band. Heated before the blowpipe on charcoal in the reducing
flame, thallium compounds yield a slight white coating of thallium oxide.
Heated on charcoul in the oxidizing flame, with potassium iodide and
sulphur, a yellowish-green coating, resembling lead iodide, is obtained, but
this may be readily distinguished from the latter by the flame coloration.

Thorium, Th.—Tetravalent. Atomic weight, 233,

The reactions for this rare element are given under Cerium.

Tin, Sn.—Tetravalent in minerals. Atomic weight, 119.

OccurreNcE—Tin is found chiefly as the oxide cassiterite,
8Sn0,. Its combinations with sulphur and sulphides of the
metals, the sulphostannales (stannite, Cu,FeSnS,, and canfieldite,
Ag,SnS,), are rare. Nordenskioldine is, perhaps, a basic stannate,
Ca(BO),Sn0,. Traces of tin are found in many columbates and
tantalates.

Drerrcerron.—Tin is usually detected by the formation of metal-
lic globules by reduction on charcoal.

1. Reduction on Charcoal.—1f } ivory spoonful of finely pow-
dered tin oxide is mixed with an equal volume of powdered char-
coal and 2 of sodium carbonate, mace into a paste with water, and
then heated on charcoal in the reducing flame, the tin wiil be read
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ily reduced, and collect into globules, which are bright when cov-
ered with the reducing flame, but become coated with a film of ox-
ide on exposure to the air. If heated intensely before the blows
pipe, and for a considerable time, sufficient tin may volatilize to
give a rather conspicuous white coating of oxide, Sn0O,, on the
charcoal. Tin globules are readily fusible, malleable, and, if cut,
they show a white metallic color. If treated with a little, moder-
ately concentrated, warm, nitric acid, they do not dissolve, but are
oxidized to a white hydroxide (metastannic acid). Tin must not
be confounded with other elements which give metallic globules
on charcoal. 1 may be distinguished from lead and bismuth by
the absence of a yellow coating of oxide on the charcoal, and from
silver by the coating of oxide which forms both on the charcoal
and over the surface of the globules.

Sodium carbonate and oxide of tin, when heated together with-
out the addition of charcoal powder, usually form an infusible
mass which is very difficult to reduce.

2. Ozidation with Nitric Acid.—The action of nitric acid upon metallio
tin was mentioned in the previous paragraph. Sulphides of tin (the sul-
phostannates), if pulverized and treated with nitric acid, yield the insoluble
metastannic acid, and after evaporating off most of the nitric acid and dilut-
ing with water, this may be collected on a filter, washed with water, and
tested according to § 1.

3. Detection of Small Quantities of Tin.—Mix 1 or 2 ivory spoonfuls of
the finely powdered mineral with 6 volumes each of sodium carbonate and of
sulphur, transfer the mixture to a porcelain crucible, cover, and heat gently
at first, finally for five or ten minutes at a red heat. On cooling, treat the
fused mass with warm water, which dissolves sodium sulphostannate, while
most other substances which are apt to be present will be insoluble.  Filter,
and by adding sulphurc acid to the filtrate, precipitate the tin as sulphide,
which will be accompanied by much free sulphur. Collect the precipitate
on a filter, wash several times with water, ignite in a crucible to get rid of
the free sulphur and the paper, and test the residue before the blowpipe on
charcoal, according to § 1. If a porcelain crucible is not at hand, the fusion
with sodium carbonate and sulphur may be made in a large bulb tube or
even in a test-tube.

When niobates and tantalates are fused with potassium bisulphate and
treated as directed on p. 99, § 2, the oxides of tin and tungsten remain with
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the niobic and tantalic oxides, and these may be separated either by the
sodium carbonate and sulphur fusion, or by digestion of the moist oxides
with ammonium sulphide. ~After filtering, precipitate the tin and tungsten
by addition of sulphuric acid, collect the precipitate on a filter, wash, ignite,
and test for tin, as directed in § 1.

Titanium, Ti.—Tetravalent and trivalent. Atomic weight, 48.

OCCURRENCE.—Although usually classed among the rare ele-
ments, titanium is quite common, and is always found in combina-
tion with oxygen. Rutile, octahedrite, and brookite, which are dif-
ferent crystalline forms of TiO, ; ilmenite, or titanic iron (a com-
bination of the oxides of iron and titanium); and titanite, CaTiSioO,,
are the commonest titanium minerals. Some titanium, either in
the form of ilmenite, titanite, or rutile, is present in most igneous
rocks.

DEreorioN.—Titanium may be detected by the salt of phos-
phorus bead, the reduction with metallic tin, or oxidation with
hydrogen peroxide.

1. Test with Salt of Phosphorus.—Oxide of titanium, if dis-
golved in a salt of phosphorus bead in the oxidizing flame, gives a
glass which is yellow when hot, and colorless when cold, while in
the reducing flame the glass is yellow while hot, but on cooling
assumes a delicate violet color, due to the presence of Ti,0,. Since
the color is never very intense, and the presence of other sub-
stances which color thc bead interferes with it, one of the tests
given beyond will usually be found more satisfactory.

No decisive test can be made with borax.

9. Reduction with Tin.—Most titanium minerals are very in-
soluble in acids, but after fusion with sodium carbonate, they go
readily into solution in hydrochloric acid, and the solution con-
tains TiCl,. If this acid solution is boiled with a little granulated
tin, the titanium is reduced to TiCl,, which causes the solution to
agsume a delicate violet color. Other substances with which tita-
pium is apt to occur do not interfere, and the test is quite delicate,
but if a substance is supposed to contain less than 3 per cent of
TjO.. the test with hydrogen peroxide is to be preferred.
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"o illustrate this test, mix 5 ivory spoonful of the finely powdered min-
eral (rutile or ilmenite) with 6 volumes of sodium carbonate, make into a
paste with water, and fuse before the blowpipe either on platinum wire or
charcoal. Oxide of titanium, which is an acid anhydride, 1s decomposed
readily by sodium carbonate, with formation of sodium titanate, 110, +
2Na,CO, = Na, 110, + 2CO0,. and the latter is easily dissolved by hydro-
chloric acid. Na,TiO,+ 8HCI = TiCl,+ 4NaCl + 41,0. Treut the fusion
in a test-tube with about 5 cc. of strong hydrochloric acid, boil until a
solution is obtained, filter if necessary, then add a little granulated tin, and
boil until the violet color makes its appearance. 1f the quantity of titanium
is small, it is necessary to boil the liquid away until only 1 or 2 cc. are left.
The color is seen best when the acid becomes cold, and the evolution of
hydrogen ceases. If much titanium is present, sometimes on boiling, a
portion of it will precipitate as oxide, but enough will always remain in

solution to give the violet color.
In testing niobates and tantalates for titanium, it is best to fuse the

material with borax, as directed on p. 98, § 1, and on dissolving the fusion
in hydrochloric acid and boiling with tin, the violet color of titanium will
appear before the blue of niobium.

3. Test with Hydrogen Peroxide.—For this exceedingly defi-
cate test, the mineral must be dissolved in sulphuric acid, which
may be accomplished by first fusing with sodium carbonate, as
previously directed, treating the fusion in a test-tube with 1 cc. of
concentrated sulphuric acid and 1 cc. of water, and heating until
the solution becomes clear. When cold. water is added, then some
hydrogen peroxide, and if titanium is present, the solution becomes
reddish-yellow to deep amber, depending upon the quantity of the
titanium in the solution.

Tungsten, W.—Sexivalent. Atomic weight, 185.

OccurreNCE. —Tungsten is the acid-forming element in a group of min-
erals known as the tungstates, the most important of which are wolframite,
(Fe,Mn)WO,; hiibnerite, MnWO,; and scheelite, CaWO,. The element is
found in small quantity in a number of the niobates and tantalates.

DerecTioN.—1. When a tungstate is decomposed by boiling with hydro-
chloric acid, an insoluble, canary-yellow, tungstic oxide, WO, , is obtained,
and if after the addition of a little granulated tin, the boiling is continued.
a blue color is at first obtained (2WO, + WO,), and this by further reduction
finally changes to brown (WO,). Another very good way to test, after
having decomposed the mineral with hydrochloric acid, is to collect the
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WO, on a filter, dissolve some of it in ammonia, acidify with hydrochloric
acid, which usually causes a white or yellowish turbidity, and then boil
with granulated tin. When a blue color has been obtained, dilute with
water, when it will be found that the color does not disappear (compare Nio-
bium), and that it is due to an insoluble compound suspended in the liquid.

2. If the tungstate is insoluble or difficultly soluble in hydrochloric acid
(wolframite), mix the fine powder with 6 volumes of sodium carbonate, make
into a paste with water, fuse in a loop on platinum wire, pulverize, and dis-
golve in a test-tube in a little water. The sodium tungstate formed during
fusion is soluble in water (difference from niobium); it may be separated
from the bases by filtering, and, on acidifying the filtrate with hydrochlorie
acid and boiling with tin, the blue reduction test may be obtained.

3. In the salt of phosphorus bead in the oxidizing flame, oxide of tung-
sten gives no color, but in the reducing flame, the bead becomes fine blue.
The reactions with borax are not satisfactory.

4. In order to detect the small quantity of tungsten in niobates and
tantalates, treat the oxides obtuined by the potassium bisnlphate fusion
(p. 99, § ®) either with ammonium sulphide or a sodium carbonate and
sulphur fusion, separate the tungsten exactly as described for tin (p. 126,
§ 3), and then test by the foregoing methods.

Uranium, U.—Tetravalent and sexivalent. Atcmic weight,
240.

OccurRENCE.—This rare element is found as an essential constituent in
only a few minerals (uranite, gummite, uranosphaerite, torbernite, autun
ite), while it occurs sparingly in a number of others, especially those con
taining the rare elements niobium, tantalom, thorium, zirconium, cerium,
lanthanum, didgmium, yttrium, and erbium; as fergusonite, samarskite,
euxenite, and polycrase.

DErecrioN.—1. The reactions with the salt of phosphorus bead usually
serve for the detection of uranium. In the oxidizing flame, the oxide is sol-
uble to a clear yellow glass, which becomes yellowish-green on cooling, while
after heating in the reducing flame, the bead assumes a fine green color,
With borax, the colors are not so decisive, and are nearly like those of iron
oeing in the oxidizing flame reddish-yellow when hot, fading to yellow
when cold, and in the reducing flame, very pale green, fading to almost color
less.

2. In the presence of other elements which impart color to the fluxes,
and for the detection of small quantities of uranium in minerals, it is besl
to proceed as follows : Make a solution in hydrochloric acid (after fusion
with sodium carbonate, if necessary, as directed under silicates, p. 110, § 4,
or with borax, as directed under niobates, p. 98, § 1), nearly neutralize the
excess of acid with ammonia, add solid smmonium carbonate, shake
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vigorously, and allow the liquid to stand for a few minutes. The uranium
is at first precipitated, but is soluble in an excess of the ammonium carbon-
ate, and by filtering may be separated from a great many elements which
are precipitated by that reagent. Sometimes there is difficulty in obtaining
s clear filtrate, and, if 8o, a few drops of ammonium sulphide may be added
with the ammonium carbonate. Make the filtrate containing the uranium
acid, boil to expel carbon dioxide, add ammonia in excess, collect the precip-
itate containing uranium on a filter, and test it with a salt of phosphorus
bead. In case the precipitate is small, burn the paper containing it in a
crucible, and test the residue.

Vanadium, V.—Usually pentavalent. Atomic weight, 51.4.

OccUurRENCE.—Vanadium is a rare element found in the vanadates, or
salts of vanadic acid, H,VO,, which is closely related chemically to phos-
phoric and arsenic acids. Vanadinite, Pb,(PbCl)(VO,),, and descloizite,
Pb(PbOII)VO,, are the commonest vanadates.

DEerECTION.—1. Vanadium is usually detected by the color it imparts to
the fluxes. With borax, in the oxidizing flame, the bead is yellow when hot,
changing through yellowish-green to almost colorless when cold. In the re-
ducing flame, it becomes dirty green when hot, changing to fine green
when cold. In the salt of phosphorus bead, the color in the oxidizing flame
is yellow to deep amber, fading slightly on cooling; while in the reducing
flame, it becomes an indistinct dirty green when hot, changing to fine green
on cooling. The amber color with salt of phosphorus, in the oxidizing
flame, serves to distinguish vanadium from chromium.

2. To detect small quantities of vanadium, and in cases where other sub-
stances are present which impart color to the fluxes, proceed as follows:
Fuse the powdered mineral in a platinum spoon with about 4 parts of so-
dium carbonate and 2 of potassium nitrate, and digest the fusion with warm
water, in order to dissolve the soluble alkali vanadate. Filter, acidify the
filtrate with a slight excess of acetic acid, and add a little lead acetate,
which will precipitate a pale yellow lead vanadate (lead chromate, p. 70,
§ 3, is much yellower). Some of the precipitate collected on a filter-paper
may then be tested with a salt of phosphorus bead.

Yttrium, Y.—Trivalent. Atomic weight, 89.

For the reactions of this rare element, see Cerium and the rare earth
metals (p. 65).

Zinc, Zn.—Bivalent. Atomic weight, 65.4.

OCCURRENCE.—Zinc occurs most abundantly as sphalerite, ZnS,
and in addition to this, smithsonite, ZnCO, ; willemite, Zn,SiO,:
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calamine (ZnOH),Si0,; and zincite, ZnO with MnO, occur in suffi-
cient quantities to be mined as ores of the metal. Zinc is also
found in a number of other minerals, —franklinite, gahnite, auri-
chalcite, and in small quantity in many sulphides.

DerrcrioN.—Zince volatilizes when heated before the blowpipe,
and is usually detected by the coating of oxide on charcoal, and
also by the test with cobalt nitrate and the flame coloration.

1. Reduction of Zinc to the Metallic State and Formation of a
Coating of Ozide.—The best method for the detection of zinc is as
follows: Mix the finely powdered mineral with about  volume of
sodium carbonate, and make into a paste with water. A little
of this mixture is then taken up in a small loop on fine plat-
inum wire and heated intensely, holding the loop about 10 mm.
from a piece of charcoal, somewhat as represented by Fig. 49. An
intense heat and strong reducing
action are necessary to bring about
reduction to the metallic state and
volatilization of the zine. The
metal thus volatilized takes oxy-
gen from the air and collects as a
coating of ZnO, which is pale
canary-yellow when hot and white
when cold. The coating is near
where the heat strikes the char-
coal, and is not volatile in the
oxidizing flame. If the coating is made to deposit on a piece of
charcoal previously moistened with cobalt nitrate, the zinc oxide
will have a green color which is especially characteristic.

For a proper understanding of this test it must be borne in
mind that the method demands the reduction of zine to the metal-
lic state, but no globules form, for, as fast as reduced, the metal

Fi1a. 49.

7olatilizes.
From many compounds, zinc may be reduced, and the coating
of oxide obtained without the use of a flux, when a fragment of
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the mineral (about 2 mm. in diameter) is heated very hot on char-
coal in a reducing flame, but some skill in manipulating the flame
is needed in order that the fragment shall not be blown away.
A good way to make the test is to take the fragment in the plat-
inum forceps, and holding the latter against a piece of charcoal so
that the assay is about 5 mm. from the surface, heat at the tip of

the blue cone, as shown in Fig. 49.

a. In order to make a zinc oxide coating on charcoal, mix finely pow-
dered calamine, (Zn.011),Si0,, with § volume of sodium carbonate, take
up in a small loop on platinum wire and heat intensely, as directed. In this
experiment the sodium carbonate answers a double purpose: it serves to
hold the material on the platinum wire, and also to decompose the silicate,
forming sodium silicate, thus setting free zinc oxide, which may be readily
reduced. (Zn.OlI),Si0, 4+ Na,CO, = 2Zn0 4+ Na,Si0, + CO, + H,0.

b. In order to produce the coating of zinc oxide without the use of a
flux, experiment with fragments of smithsonite or sphalerite. With the lat-
ter mineral, the oxygen of the air converts ZnS to ZnO, and by the reducing
action of the flame, zinc oxide 1s changed to metallic zine.

NoTte.—In the presence of lead, bismuth, ecadmium, or antimony, which
also give coatings of oxide on charcoal, the test for zinc with cobalt nitrate
should not be made until the coating has been heated for some time in the
oxidizing flame, in order to volatilize the oxides of the metals mentioned.

In the presence of much tin, it is difficult to recognize zinc with cer-
tainty by the reaction on charcoal, as tin also gives a white coating of oxide,
which when ignited with cobalt nitrate gives a bluish-green color. If, how-
ever, the mineral is decomposed by nitric acid (séannite), the test may be
made as follows : Treat with nitric acid, and separate the tin according to p.
126, § 2, then to the filtrate add solid sodium carbonate until the acid is
neutralized, and a permanent precipitate forms, heat to boiling, filter, and
wash once with water. The precipitate will contain all the zine, and prob-
ably basic carbonates of other metals, and a portion of it, mixed with sodium
carbonate, may be tested on charcoal for zine.

2. Flame Test.—From some minerals, metallic zinc is produced
by heating in the platinum forceps in a strong reducing flame, and
the metal, as it volatilizes and passes into the air, burns with a
vivid, pale, bluish-green light, appearing usually as streaks in the
outer part of the flame. The experiment does not succeed well
when too small a fragment is used, and it is best to take one
about 3 mm. in diameter.
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Experiments may be made with smithsonite and sphalerite.  When the
former is used, the zinc carbonate changes readily to oxide, and, by reduc-
tion, metallic zine is slowly formed. With sphalerite, the assay must be first
converted by oxidation to zinc oxide, and then by reduction to metallic zine,
but usually a point can be found a little beyond the bluc cone of the blow-
pipe flame, where oxidation and reduction go on simultaneously, and a con-
tinuous zinc flame can be maintained.

3. Heating with Cobalt Nitrate, Co(NO,),.—Some zinc minerals,
when moistened with cobalt nitrate and heated, assume a green
color, but this simple test can be applied only to infusible, white or
light-colored compounds or those which become so on ignition.
In making the test, a fragment held in the platinum forceps may
be used, but it is usually better to make the finely powdered min-
eral into a paste with cobalt nitrate, and then to heat on charcoal
in an oxidizing flame.

Silicates of zine, when similarly treated, usually show a blue
color, owing to the formation of a fusible cobalt silicate. 1f an
experiment is made with a large fragment of calamine, it will some-
times show blue where the heat was most intense, and green at
other parts.

4. Change of Color wpon Heating.—The presence of zinc is often
indicated by the change of color of the assay when heated ; i.e., to
straw or pale canary-yellow when hot, becoming white when cold.
This test can, of course, be applied only to compounds which are
white or light-colored.

Zirconium, Zr.—Tetravalent. Atomic weight, 90.7.

QccurRRENCE.—Although a rare element, zirconium is found abundantly
in some regions, especially as zircon, ZrS8i0,, which, in small quantities, is
almost an unfailing constituent in granites and rocks rich in alkalies. It is
found in a number of rare minerals, examples of which are baddelyite, ZrO,,
eudialyte, catapleiite, wohlerite, polymignite, etc.

DETECcTION.—Zirconium gives no very characteristic tests which serve for
its quick and sure identification. A solution must first be obtained, which
usually is accomplished by fusing with sodium carbonate, and treatment as
directed under silicates (p. 110, § 4). The decomposition, however, is not
complete, and usually only a portion of the zirconinm will be obtained in
soiution. The simplest test is with turmeric-paper, which, when placed in a
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hydrochloric acid solution containing zirconium, assumes an orange color.
As the color is not very marked, it is best to make a comparisen by taking
two test-tubes, one containing turmeric-paper wet by the solution containing
zirconium, and the other a paper wet by acid of about equal strength.

Ammonium, sodium, and potassium hydroxide throw down zirconium
hydroxide as a bulky, gelatinous precipitate, insoluble in an excess of so-
dium and potassium hydroxides, thus differing from aluminium and beryl-
lium. The precipitate is filtered, washed with water, dissolved in a little
hydrochloric acid, the solution evaporated until only a drop or two of the
acid remains, the residue dissolved in water, and oxalic acid added, when, if
zirconium alone is present, either no precipitate forms, or, if it does form, it
goes almost immediately into solution (difference from the rare carth metals,
cerinm, lanthanum, etc., p. 65). A portion of zirconium hydroxide found
by the previous test to contain no rare carth metals, or separated from them
by means of oxulic acid, may be scraped from the filter-paper, and dissolved
in the least possible amount of dilute sulphuric acid ; to the sclution, pot-
assium hydroxide is then added until a precipitate forms, afterwards dilute
sulphuric acid is added a drop at a time, until the solution clears (if care-
fully done the liquid at this point will be nearly neutral, and the volume
should be small); finally, a little more than an equal volume of a boiling,
saturated solution of potassinm sulphate is added, which on standing pre-
cipitates a double zirconium potassium sulphate as a white powder, and
serves as a characteristic test for zirconium, although the precipitation is not
complete. If the precipitate is filtered, and washed with a cold and satu-
rated solution of potassinm sulphate, then dissolved in warm hydrochlorie
acid, pure zirconium hydroxide may be precipitated by means of ammonia
On ignition, zirconium hydroxide yields the oxide ZrO,, and this, if pulver
ized, mixed with cobalt nitrate, and ignited before the blowpipe on charcoal
assumes a lavender or bluish slate-color.



CHAPTER 1IV.

TABULATED ARRANGEMENT OF THE MORE IMPORTANT BLOWPIPE AND
CHEMICAL REACTIONS.

Tuis chapter is intended to be used especially for the interpre-
tation of unknown reactions which are encountered in blowpipe
analysis. The tests, if made in the order given below, will serve as
a systematic course of qualitative blowpipe analysis in examining
unknown substances.

A. Heating in the platinum forceps: Flame coloration, p. 135.

B. Heating in the closed tube, p. 137.

C. Heating in the open tube, p. 140.

D. Heating on charcoal, both with and without fluxes, p. 142.

E. Treatment with cobalt nitrate, p. 146.

F. Fusion with the fluxes on platinum wire: Borax, p. 148;
phosphorus salt, p. 149 ; and sodium carbonate beads, p. 151.

G. Treatment with acids, and reactions with the common
reagents, p. 151,

A. Hearivg 18 THE Pratinum Forcers: Frame CoLORATION,

Suggestions concerning the use of the platinum forceps and the
methods of heating substances in them have been given in Chapter
II, p. 15. In testing minérals, any change which the material
undergoes should be carefully noted, but for the identification of
the elements, flame colorations are the most important. The colorg
may often be obtained best by heating on platinum wire, as sug-
gested on p. 35.

If a black, magnetic globule or mass is obtained after heating

in the reducing flame, it usunally indicates iron, less often cobalt
135
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or nickel.

IMPORTANT BLOWPIPE AND CHEMICAL REACTIONS.

If the mass left in the forceps after heating before

the blowpipe gives an alkaline reaction when placed on mois-
tened turmeric-paper, it indicates the presence of an alkali or
alkaline earth; as sodium, potassium, calcium, strontium, barium,
and possibly magnesium.

TABLE OF FLAME COLORATIONS.

Shade or

Color. ™ Element. Remarks,
Tone.

Red. Crimson. |Lithium. The lithia minerals, which are either silicates
or phosphates, do not become alkaline after
ignition (difference from strontium).

Red. Crimson. |Strontium. Carbonates and sulphates show (blrl_ei;eacli_o;l,
and become alkaline after ignition.  Sili-
cates and phosphates do not give the stron-
tium flame.

Red. Yellowish |Calcium., Only a few minerals give this color decisively

to orange. when heated alone.  Often, however, the
color shows distinctly after moistening the
assay with hydrochloric acid

Yellow. |Intense. Sodium, This test is so delicate that great care must be
exercised in using it (compare p. 115),

Green, |Yellowish, |Barium, Carbonates and sulphates show the reaction,
and become alkaline after ignition.,  Sili-
cates and phosphates do not give the barium
flame.

Green. |Yellowish, ‘Molybdénnm. If in the form of oxide or sulphide.

Green, | Bright, Boron. The test with turmeric-paper in hydrochloric
somewhat acid solution is decisive. The compounds
yellowish. rarely show an alkaline reaction after igni-

tion.

Green. |Pure. i Thallium.

Green. [Emerald. Copper oxide| After moistening the assay with hydrochloric

and iodiae. acid, the flame appears azure-blue, tingea
with groen.

Green. |Palebluish. Phosphorus. The color is not very decisive, but often aids
in the identification of a phosphate.

Green. |Bluish. Zine. Appears usually as bright streaks in the
flame.

Green. |Pale. Tellurium,

{Antimony.
| Lead.

!
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TABLE OF FLAME COLORATIONS.— Continued.

Color, | Shade or Element. Remarks.
Tone.
Blue. |Azure. Copper culo- | The outer darts of the flame are tinged with
ride. emerald-green.
Blue. [Azure. Selenium, Accompanied by a characteristic odor,
Blue.  |Pale azure. | Lead. Perceptibly tinged with green in the outer
parts.

Blue. Indium.
Blue. |Pale. Arsenic.
Blue. |Greenish. |Phosphorus.

Antimony.
Violet. |Pale. Potassium,

Rubidium.

Caesium.

B. Heating 1IN THE CLOSED TUBE.

Closed tubes and the nature of the reactions which may be ob-
tained in them have been explained on p. 18. The phenomena
which are to be especially observed are as follows :

@. Change in the condition or appearance of the assay.

b. The formation of gases which collect in the tube.

¢. The formation of sublimates, liquid or solid, which condense
on the cold walls of the tube.

a. Change in the Condition or Appearance of the Assay.

1. FustoN.—Only substances which melt very easily, below 13
in the scale of fusibility, fuse in the closed glass tube.

2. DECREPITATION.—Fragments of decrepitating minerals (com-
pare p. 34) snap and explode, and often break up into very fine
powder or dust.

3. PHOSPHORESCENCE AND (LOWING.—Some minerals when
heated to a temperature below redness emit a bright, often beau-
tifully colored light, which may continue for a considerable time,
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and is seen best in a dark room. A very few minerals glow, as if
they had taken fire.

4. CuaNGE or CoLorR.—Materials often change color after
heating, owing to decomposition. Again, without any change in
chemical composition, some substances when hot assume colors
which are different from those they have when cold. The changes
are very numerous, and only a few of the more important are given.,

TABLE GIVING CHANGE OF COLOR IN SUBSTANCES WHEN HEATED
IN THE CLOSED TUBE.

Color after Heating.

Original Color. [—-~-——— Substance. Remarks.
Hot. Cold.
Green or blue. |Black. Black. Copper minerals.
Greenor brown.|Black. Black. Iron minerals.
Pink. Black. Black. Manganese  and| These changes usually
cobalt minerals./|  occur when oxides of
the metals result from
Dark red. Black. Dark red. |Ferric oxide. the decomposition due
to heating.
White or color- Dark yel-|Pale yellow Lead and bis-
less. low to| to white.] muth minerals.
brown.
White or color-{Pale cana-|White. Zinc minerals.
less. ry-yel-
low.

b. The Formation of Qases which Collect in the Closed Tube.

1. CarBoN Diroxipg, CO,—Colorless and odorless. May be
identified by introducing a drop of barium hydroxide into the
tube (p. 64, § 2). Obtained from most carbonates.

2. Surpnur Droxipg, SO, —Colorless, with strong, pungent
odor. Tt is further characterized by the acid reaction it imparts to
moistened blue litmus-paper. Formed from the decomposition of
some sulphates, and in small quantities, also, when sulphides are
heated, owing to the air in the tube.

8. OxvaEN, 0.—Colorless and odorless, but may be detected as
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described on p. 100, § 1. Formed when some higher oxides,
especially those of manganese, are heated.

4. Ammonia, NH,.—Colorless, with characteristic odor.

6. HybrorLuoric Acip, HF.—Colorless, with pungent odor,
etching of the glass, and strong acid rezction. From compounds
containing fluorine with hydroxyl (p. 77, §5).

6. N1rroGEN Droxink, NO,.—Red vapors, with pungent odor.
From nitrates.

7. BroMINE, Br.—Red vapors, with pungent odor.

8. IopiNg, I.—Violet vapors, often accompanied by crystals of
iodine.

9. BrowN SMOKE, accompanied by dark distillation products
and empyreumatic odor. Organic material.

¢. The Formation of Sublimates which Condense on the Walls
of the Tube.

TABLE OF SUBLIMATES PRODUCED IN THE CLOSED TUBE.

Color and Condition. Substance. Remarks.
Hot. Cold.
Colorless liquid;{Co'orless liquid. |Water, H,O. From all minerals containing
easily volatile. water of crystallization and

hydroxyl. Neutral if pure,
but may be acid from hydro-
fluoric, sulphuric, and hy-
drochloric, or other volatile
acid, Rarely alkaline from
ammonia,

Pale yellow to|Colorless to white Tellurous oxide,(From tellurium and a few of its

colorless liquid;| globules. TeOs. compounds,
difficultly vola-
tile.
Red to dark yel-{Yellow and crys- Sulphur, 8, From native sulphur and some
low liquid;| talline  solid; sulphides (p. 119, § 4).

readily volatile.| nearly  white
when in small
quantity,

Qontinued
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TABLE OF SUBLIMATES PRODUCED IN THE CLOSED TUBE.— Continued.’

Color and Condition.

Substance.

Remarks.

Hot.

Cold.
Reddish-yellow,
transparent
solid.

Deep red, almost
black  liquid;
readily volatile.

Sulphides of ar-

senie.

From realgar, AsS, orpiment,
AsaSs, and some compounds
containing sulphur and ar-
senie, the sulpharsenites,

Black; difficultly|Reddish-brown,

volatile, solid.

Oxysulphide
antimony,
8ba08,.

Brilliant black, solid ; often gray
and crystalline near the heated
end.

Arsenic, As.

From sulphide of antimony and
some of its compounds with
metallic sulphides, the sulph-
antimonites.

From native arsenic and some
arsenides. If the tube is
broken off below the deposit
and the arsenic volatilized,
the characteristic garlic odor
may be obtained.

Brilliant black, solid.

Sulphide of mer-
cury, HgS.

If a little of the sublimate is
removed and rubbed very
fine, it yields a red powder.

Black fusible globules. The
smallest ones transmit a reddish
light.

Selenium, Se.

From selenium and some sele-
nides.  Usually accompanied
by crystals of selenious
oxide, ScOs.

Black fusible globules.

Tellurium, Te.

From tellurium and some tel-
lIurides. Usually accompanied
by fused globules of tellurous
oxide, TeQ,.

Gray metallic globules, which may
be united by rubbing with a
strip of paper.

Merveury, Hg.

From mative mercury and
amalgams.

White, solid.

Chlorides of lead
and antimony.
Oxides of arsenic
and antimony.

Ammonia salts,

C. HeaTiNg 1IN THE OPEN TUBE.

Open tubes, the methods of manipulation, and the nature ox
the reactions which may be obtained in them, have been explained
on p. 18. The phenomena which are to be especially observed

are as follows:
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a. Odors.

141

b. The formation of sublimates which condense on the walls of

the tube.

¢. The character of the residues.

a. Odors.

1. Opor orF BURNING SurLrnur.—Very strong and pungent,
due to oxidation and formation of sulphurous anhydride, SO,. A
piece of moistened, blue litmus-paper placed in the upper end of

the tube is reddened, owing to the acid character of SO,.
erly oxidized, no sublimate of sulphur is formed.

If prop-
The test is

exceedingly delicate, and is useful for the identification of sul-

phides.

2. Garrnic Opor.—Observed when arsenic is driven off rapidly
from its compounds, and is not completely oxidized.
3. Opbor or SELENIUM.—A peculiar odor, learned only by ex-

perience.

pounds and not wholly oxidized.

4. Opor oF Osyric OXIpE.—Very pungent.

b. Sublimates.

Obtained when selenium is volatilized from its com-

TABLE OF SUBLIMATES PRODUCED IN TIHIE OPEN TUBE,

Color and Character.

Substance.

Remarks,

Black; volatile.

Arsenicand sulphide
of mercury.

- Brown,

Oxysulphide of an-
timony.

Yellow or orange;
easily volatile.

Rc(l}l volatile.

Sllﬂ)‘il.l}ll' and sul-
phides of arsenic.

These sublimates frequently result from
too rapid heating of minerals contain-
ing arsenic, mercury, antimony, and
sulphur, but they will not form if the
open-tube test is made properly, with
sufficient draft, so that the oxidation

is complete.

Sclenium, Se.

Often accompanies selenious oxide (see

below).

Pale
hot;
cold.

yellow when
white when

l\‘I;bedenum triox-
ide, MoOs.

Forms slowly when molybdenum oxide
or sulphide is heated, and collects near
the assay as a network of delicate crys-

tals.

Continued.
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TABLE OF SUBLIMATES PRODUCED IN THE OPEN TUBE,— Continued.

Color and Character, Substance. Remarks.

White; readily vol- | Arsenious oxide, | The sublimate forms as a ring, and where
atile and crystal-|  As;Os. it deposits on the warm glass it is
line. distinctly crystalline (octahedrons).

White; readily vol-|Selenious oxide, | The sublimate usually appears as radi-
atile and crystal-|  SecOa. ating, prismatic crystals, often ac-
line. companied by a little finely divided

selenium, which is red.

White to pale yellow | Tellurous oxide,
globules ; slowly| TeO,.
volatile.

White; slowly vol-| Antimonious oxide, | Obtained from antimony and its com

atile and crystal-
line.

SbaOs.

Pale straw - yellow
when hot; white
when cold; in-
fusible, mnon-vol-
atile, and amor-
phous.

White ; non-volatile
and infusible,

Antimonate of anti-
mony, ShsO..

Sulphite and sul-
phate of lead.

pounds, which do not contain sulphur
The sublimate consists of two kinds ot
crystals, octahedrons, resembling
As;0s, and prisms.

Obtained from sulphide of antimony and
sulphautimonites, as a dense white
smoke, which passes up the tube and
settles mostly on the under side. This
sublimate is usually accompanied by
the volatile one of SbsOs.

Obtained from én]ﬁﬂi(]é of lead as a
slight deposit, collecting mostly on the
lower side of the tube near the assay.

Gray metallic glob-
ules; volatile.

Mercury, Hg.

By rubbing the minute globules with a
strip of paper, they may be made to
unite.

c. The Character of the Residue.

The residue left after heating in an open tube is usually an
oxide, and if saved, it may often be found very useful, especially
for treatment with the fluxes on platinum wire or reduction

on charcoal.

D. HEATING ON CHARCOAL.

Suggestions concerning the use of charcoal, and the manner in

which tests should be made, have been given on p. 39.

The

phenomena which are to be especially observed are:

a. Odors.
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b. Sublimates.
c. The formation of metallic globules or of a magnetic mass,
ete.

a. Odors.

1. Opor oF BurNING SuLpHUR—Obtained by roasting sul-
phides in the oxidizing flame.

2. OpoRr oF GakrLic.—Obtained by heating native arsenic and
arsenides in the reducing flame.

8 Opor oF SELENIUM. — A peculiar odor, which must be
learned by experience. Obtained when selenium is volatilized
from its compounds in the reducing flame.

b. Sublimates.

TABLE OF SUBLIMATES PRODUCED ON CHARCOAL.

Color and Character.

Substance. Remarks.

Distant from

Near the Assay. the Assay.

White; very vol-|White to gray-/Arsenious ox-Obtained when arsenie, its sul-

atile, and| ish. ide, As,0s. phides, and the arsenides are

mostly distant roasted in the oxidizing flame.

from the assay. Often the garlic odor is pro-
nounced.

Steel-gray ; faint|White, frequent. Selenious oxide,|Obtained by roasting selenides in

metallic luster,| ly tinged; SeOs. The| the oxidizing flame. The sub-
and very vola-| with red. red is Se. limate when touched with the
tile. reducing flame imparts an azure-

blue color to the flame. The
selenium odor is pronounced.

White; very vola-|White and not{Oxide of thal-The sublimate heated in the re-

tile and mostly| very pro-; lium, TLO. ducing flame volatilizes, and
distantfrom the| nounced. imparts a green color to the
assay. flame.
Dense white; vol-‘Gray, some-|The white isThe sublimate heated in the re-
atile. times slightly] tellurous ox-! ducing flame volatilizes, and
brownish. ide,TeOs. The| imparts a green color to the
gray is Te. flame.

Continued.
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TABLE OF SUBLIMATES PRODUCED ON CHARCOAL.— Continued.

Color and Character.

Neur the Assay.

Distunt from

Substance.

Remarks.

Dense white; vol-
atile, and de-
posits quite
near the assay.

! the Assay.
f

‘Bluish,

Oxides of anti-
mony, SbsOs
and SbyO..

Obtained when antimony and its
oxides and sulphides are roasted
in the oxidizing flame.

—_—

White coatings may also result from the volatilization of a variety of compounds,
especially chlorides of copper, lead, mercury, ammonium, and the alkalies.

Canary - yellow
when hot; white
when cold. Not
volatile “in the
oxidizing flame.

Faint white.

Oxide of zinc,
ZnO.

By heating some zinc minerals in
the reducing flame, metallic zine
is produced, which volatilizes,
becomes oxide, and condenses
on the coal. 1f the coating is
moistened with cobalt nitrate
and ignited, it becomes green.

Faint yellow to Faint white. Oxide of tin,|The coating moistened with cobalt
white wheu hot; Sn0,. nitrate dnd ignited assumes a
white when bluish-green color.
cold. Not vol-
atile in the oxi-
dizing flame.

Pale yellow wh(rnlBluish. Oxide  of mo-|The coating if touched for an in-
hot; white when Iybdenum, stant with the reducing flame
cold; sometimes MoOs. . assumes a beautiful azure-blue
distinctly crys- color. A copper-red sublimate
talline.  Vola- of MoO, deposits nearer the
tile in the oxi- assay than the MoO; coating.
dizing flame.

Yellow when hot;|Dense  white,|A  mixture of This sublimate, strongly resem-
straw - yellow| with bluish-| oxide, sul-| bling that of antimony, forms
when cold. Vol-| white border.| phite, and| when galena and other sulphides
atile in both sulphate  of| of lead are heated very hot on
the oxidizing lead. charcoal.
and  reducing
flames.

Dark yellow when

hot;  sulphur-
yellow when
cold. Volatile

in both the oxi-
dizing and re-
ducing flames,

Bluish-white.

Oxide of lead,
PLo.

The coating when moistened with
hydriodic acid and heated is
changed to volatile, yellowish-
green lead iodide.
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TABLE OF SUBLIMATES PRODUCED ON CHARCOAL.—Continued.

Color and

Character.

Near the Assay.

Distant from
the Assay.

Substance.

Remurks,

Dark orange-yel-

Greenish-white,

Oxide of bis-

—

The coating when moistenea with

low when hot; muth, Bi,0..| hydriodic acid and heated is
orange - yellow changed to volatile, chocolate-
when cold. Vol- brown bismuth iodide.

atile in both

the  oxidizing

and  reducing

flames.

Dark, almost!Yellow. Cadmium ox-|When it forms a very thin deposit,

black: changing| ide, CdO. the coating often shows an iri-
in short dis- descence resembling  peacock
tance to red- colors.
dish - brown.
Volatile in both
the oxidizing
and  reducing|
flames.

Reddish to deep

lilac.

lead and anti
mony.

Silver when ac-
companied by

Pure silver when heated alone on
charcoal for a long time gives a

-| slight brownish coating.

¢. The Formation of Metallic Globules or of a Magnetic

Mass, etc.

In order to obtain metallic globules, the powder is usually
mixed with sodium carbonate, and heated in the reducing tlame.

1. Gonp.—Rather easily fusible ; bright when hot and cold ;
no coating on the charcoal ; color, yellow ; malleable.

2. SiLver.—Rather easily fusible ; bright when hot and cold ;
no conspicuous coating on the charcoal ; color, white ; malleable.

3. CorreERrR.—Fusible at a rather high heat ; bright when in the
reducing flame, but oxidizing and becoming black on exposure to
the air ; no coating on the charcoal ; color, red ; malleable.

4. Lrap.—Fasily fusible; bright when in the reducing flame,
but oxidizing on exposure to the air; a yellow coating of oxide of
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lead deposits on the charcoal ; the metal has a lead-gray color,
and is soft and malleable.

5. Bismurit.—Easily fusible; bright when in the reducing
flame, but oxidizing on exposure to the air; a yellow coating of
oxide of bismuth deposits on the charcoal; the metal has a lead-
gray color, and is brittle, although it may at first flatten to some
extent when hammered.

6. Tin.—Easily fusible; bright when in the reducing flame,
but oxidizing on exposure to the air; a white coating of oxide of
tin deposits on the charcoal if the globule is heated intensely ;
the metal has a white color, and is soft and malleable.

7. EasiLy FusieLE GLoBULEs with wetallic luster, bright
when in the reducing flame, but tarnishing on exposure to the air,
are frequently obtained when combinations of the metals with
sulphur, arsenic, or antimony are heated on charcoal.  These
globules of sulphide, arsenide, or antimonide of the metals may
usually be distinguished from pure metals by their brittleness.

8. MAGNETIC GLOBULES or a magnetic mass will be obtained
when substances containing iron, less often cobalt and nickel, are
fused with sodium carbonate on charcoal.

9. ALKALINE REAcrioN.—Provided sodium carbonate has not
been used as a flux, a ‘mass or residue, which, after strong igni-
tion, gives an alkaline reaction when placed upon moistened
turmeric-paper indicates one of the alkalies or alkaline earths;
as sodium, pctassium, calcium, strontiwm, bariwm, and possibly
MAGNESTUM.

10. BLACKENS SILVER.—After fusion with sodium carbonate
in the reducing flame and placing upon a clean, moistened silver
surface, if a black stain is produced, it indicates some compound
of sulphur (p. 119, § 5, and p. 122, § 2).

E. TREATMENT WITH COBALT NITRATE.

The method of testing with ocobalt nitrate has been given on
p. 29. It is applicable only to infusible and light-colored com
pounds, and is especially useful in detecting zinc and aluminium,
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TABLE OF REACTIONS WITH COBALT NITRATE,

Color.

Pale pinkuor ﬂesl;-—
color.

Green; seen best
when cold.

Substance.

Magnesia, MgO, and salts
containing it.

Oxide of zine, ZnO, and
compounds containing
it.

Bluish-green.

Oxide of tin, SnOa.

Remarks.

The color is obtained only when very

pure compounds are tested, and is
not very decisive.

The test may be applied to fragments
of minerals or to the coating of
zine oxide on charcoal,

Observed when a coating on charcoal
is tested.

Ultramarine-blue.

Aluminium oxide, ALOs,
and compounds contain-
ing it.

Ultramarine-blue,

Silicates of zine.

About the best test for aluminium,
but must not be mistaken for
silicate of zine.

Due to a fusible silicate of cobalt.

Dirty green,

|Oxide of antimony.

Yellowish-green.
Violet.

Lavender,

F.

Oxide of titanium.

Oxide of silicon, quartz,

Oxide of beryllium,

and not very satisfactory.

1
|fThese colors are rather indistinct,

——

FustoNn wirit Tiue FLUuXeEs oN PratiNuM WIRE.

These tests may be divided into three heads as follows:
a. Fusion with borax.
b. Fusion with salt of phosphorus.
¢. Fusion with sodium carbonate.
It should be borne in mind that the colors given in the follow-

ing tables are those which the pure oxides of the metals yie!d
when dissolved in the fluxes, but it would be almost impossible to
tabulate all the varieties of color given by mixtures of the oxides.
If a substance which is to be tested is not an oxide, it may be
frequently brought into that condition by roasting on charcoal or
in an open tube.

Too much pains cannot be taken in making the beads of suit-
able size, about 3 mm. in diameter, introducing the proper amount
of material into them, and heating successfully both in the oxidiz
ing and reducing flames. Suggestions about making beads and
fusing substances in them have been given on pp. 16, 24, and 25.
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a. Fusion with Borax on Platinum Wire.

TABLE OF REACTIONS OBTAINED WITH BORAX.

Oxidizing Flame. Reduciag Flame.
Amount .
—— — [ Produced by
Material.
Hot. Cold. Hot. Cold.
i
Colorlcss. Colerless. Little or;Oxides of silicon, al-{Colorless. Colorless.
much., uminium, and tin, I
Colorless Colorless or(Little or{Oxides of calcium,!/Colorless. Colorless or
opaque white,| much. | strontium, barium. jopaque white,
depending up- magnesium, beryl- idepending
on the degree lium, zine, yttrium, upon the de-
of saturation. lanthanum, thori- lgree of satu.
um, zirconium, ration.
tantalum, and co-
lumbium.
Pale yellow. |Colorless or  |Much. [Oxides of lead, an-|Pale .Colorless,
white. timony, and cad- yellow.
mium. )
Pale yellow. |Colorless or Much. [Oxide of bismuth. [Gray. :Gmy.
white. I
Fale yellow. |Colorless or Much. [Oxide of molybde-|Brown.  [Brown.
white. nam. \
Pale yellow. |Colorless or Medium.|Oxide of tungsten. |Ycllow. Yellow to yel-
white. lowish brown.
Pale yellow. |Colorless or Medium.|Oxide of titanium. |Grayish. |[Brownish-
white. violet,
Yellow, Neatly color- |Little. |Oxides of iron and|Pale green.|Nearly color-
less. uranium. less.
Yellow. Pale yellow.  |Little. |Oxide of cerium.  !Colorless. |Colorless.
Yellow. Yellowish Little.  |Oxide of chromium.|Green., Green.
green.
Yellow. Yellowish- Little. |Oxide of vanadium.|Dirty Fine green.
green, almost green.
colorless.
Deep yellow |Yellow. Medium |Oxide of cerium.  |Colorless, [Colorless.
to orange- to much.
red,
Deep yellow |Yellow. Medium |Oxide of uranium. |Pale green.|Pale green to
to orange- to much. nearly col-
red. orless.
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TABLE OF REACTIONS OBTAINED WITH BORAX.—Continued,

Oxidizing Flame. Reducillxg Flame.
Amount
o Produced by
Material.
Hot. Cold. Hot. Cold.
Deep yellow |Yellow. Medium [Oxide of iron. Bottle- Pale bottle
to orange- to much. green.| green.
red.
Deep yellow |Yellowish- Medium |Oxide of chromium.|Green. Green.
to orange- green. |to much.
red.
Green. Blue. Little to |Oxide of copper.  |Colorlessto/Opaque red
medium. green. with much
oxide.
Green. Yellow, green, Medium.|Various mixtures of] [G) ©)
or blue, of va- the oxides of iron,
rious shades. copper,  nickel,
and cobalt.
Blue. Blue. Little to |Oxide of cobalt. Blue. Blue.
medium.
Violet. Reddish-brown.|Little to |Oxide of nickel. Opaque  |Opaque gray.
| medium. gray.
Violet. Reddish -violet. |Little. |Oxide of manganese.|Colorless. |Colorless.
Pale rose. Pale rose. Much. |Oxide of didymium.Pale rose. |Pale rose.

b. Fusion with Puosriiorus SALT on Platinum Wire.

TABLE OF REACTIONS OBTAINED WITH PIHIOSPHORUS SALT.

Oxidizing Flame.

Amount Reducing Flame.
0 g
Material, Produced by
Hot. Cold. Hot. Cold.
Oolorless.  |Colorless, but'Little or |Oxides of calcium |[Colorless. |Colorless, but

when strong-; much.

ly saturated
the beads
may in some
cases appear
opaque white.

strontium, barium,
magnesium, berylli-
um, zine, alumin-
ium, yttrium, lan-
thanum, thorium,
zirconium, tin, ana
silicon, the latter
almost insoluble.

when strong-
ly saturated
the beads
may in some
cases appeai
opaque white,

Continued,
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TABLE OF REACTIONS OBTAINED WITH PHOSPHORUS SALT.—Cont'd

Oxidizing Flame. Amount Reducing Flame.
Mal.?:ria.l. Produced by
Hot, Cold. Hot. Cold.

Very pale |Colorless. Much Oxides of tantalum|Very pale Colorless,

yellow. | and cadmium. yellow.

Very pale |Colorless. Much ‘Oxides of lead, anti-|Gray. Gray.

yellow. mony, and bismuth.

Very pale |Colorless. Much Oxide of niobium. [Brown. |Brown.

yellow.

Pale yellow.|Colorless. Medium. |Oxide of tungsten. |Dirtyblue./Fine blue.

Pale yellow.|Colorless. Little to |Oxide of titanium. |Yellow. |Violet.

medium.

Yellow. Colorless. Medium. {Oxide of cerium. Colorless. i(}olorless.

Yellow. Colorless. Little.  |Oxide of iron. Very paleiColorless.

yellow-
ish-green.

Yellow. Pale greenish-|Medium. |Oxide of uranium. |Pale dirty Fine green.

yellow. green.

Yellowish- Colorless. Medium. |Oxide of molybde-|Dirty Fine green.
green. num. green.

Deep yellow|Yellow to al-/Medium [Oxide of iron. Red, yel-{Almost color-
to brown-| most color-| to much. low, toj less to very
ish-red. less. yellow- | pale violet.

ish-green.

Yellow  to{Yellow. Little to|Oxide of vanadium. Dirty ?Fine green.
deepyellow. medium. green.,

Reddish  to|Yellow to red-|Little to|Oxide of nickel. Reddish to Yellow to red-
brownish- | dish-yellow. | medium. brown- | dish-yellow.
red. ish-red.

Green. Rather  pale|Little.  [Oxide of copper. Pale yel-'Pa]e biue,

blue, lowish- | nearly color-
green, less; at timeg
ruby-red.

Dark green.|Blue. Medium. |Oxide of copper. Brownish-'Opaque red.

green.

Green. Yellow, green, (Medium. |{Various mixtures of| ? ]

or b{ue, of the oxides of iron,
various copper, cobalt, and

shades.

nickel.
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TABLE OF REACTIONS OBTAINED WITH PHOSPHORUS SALT.—Cont'd.

Oxidizing Flame. Amount Reducing Flame.
Ma t:rlal. Produced by
Hot. Cold Hot. Cold.
Dirty green.|Fine green. |Little to|Oxide of chromium. Dirty Fine green.
medium. green.
Blue. Blue. Little to|Oxide of cobalt. Blue. Blue.
medium.
Grayish- Violet. Medium. |Oxide of manganese.|Colorless. |{Colorless.
violet.
Pale rose. |Pale rose. Much. |Oxide of didymium. |Pale rose. [Pale rose.

¢. Fusion with SopiuMm CARBONATE on Platinum Wire.

If heated in the oxidizing flame, an opaque bead, green when
hot, blue when cold, indicates manganese. The color disappears
in the reducing flame.

A yellow bead in the oxidizing flame indicates chromium.

A clear glass can be made by fusing with a sufficient quantity
of silica.

G. TREATMENT WITH Acips, AND REACTIONS WITH THE COMMON
REAGENTS.

As a general rule, it may be recommended to treat 1 or 2 ivory
spoonfuls of the finely powdered mineral in a test-tube with about
b cc. of acid ; heat to boiling, and observe any changes which take
place. For minerals without metallic luster, hydrochloric acid is
usnally the most convenient solvent, while for the sulphides and
arsenides, which usually have metallic luster, nitric acid is best.
The following should be especially observed :

a. Evolution of Gases.

1. CarBoN Dioxipg, CO,.—Colorless and odorless, Obtained
from all carbonates (p. 62, § 1).
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2. HyprogEN SuLpruipg, H,S.—Colorless, with disagreeable
odor. Obtained from sulphides (p. 121, § 7).

3. CuLorINg, ClL.—Nearly colorless, with disagreeable odor.
Obtained from a few higher oxides when dissolved in hydrochlorie
acid (p. 101, § 2).

4. N1troGEN Dioxipg, NO,.—Dark red vapors derived from
nitric acid when oxidation is taking place (p. 120, § 6).

b. Color of the Solution.

A great variety of colors may be obtained, but only the common ones will
be mentioned.

1. AMBER TOo Brownisit REp.—Hydrochloric acid solutions
containing ferric iron.

2. GGREEN.—Irom mixtures ot copper and iron, and also from
nickel. Addition of ammonia in excess gives a blue color with cop-
per and nickel, the former being more intense.

3. BLue.—From copper, and greatly intensified by adding an
excess of ammonia.

4. PINK or PALE RoskE.—From cobalt.

¢. Insoluble Residue after Decomposing a Mineral.

1. A JELLY.—When this is obtained by evaporation of a solu-
tion, and is insoluble upon subsequent addition of water or acid,
it indicates a silicate (p. 108, § 1).

2. A PuLvERULENT REsipbue.—White, but more transparent
in the acid than the original powdered mineral ; it may indicate
a silicate (p. 109, § 2).

8. WiiTE Resipuks.—These may be obtained when minerals
containing tin, antimony, and sulphide of lead are oxidized by
nitric acid.

4. A YeLrow RESIDUE. — This may indicate tungsten. A
spongy mass or fused globule of sulphur is also often obtained
when sulphides are treated with nitric acid (p. 120, § 6).
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@. Precipitation by Adding Appropriate Reagents to the Clear
Solution.

Only those reagents which are most useful in making simple test-tube
experiments will be mentioned.

1. AMMONIA precipitates aluminium, beryllium, bismuth, chro-
mium (trivalent), iron (ferric), lead, and the rare earth metals
(p. 65), as hydroxides.

Under a variety of conditions, especially when phosphorie, arsenic, si-
licic, and hydrofluoric acids are present, many other elements may be precipi-

tated ; e.g., calcium phosphate is precipitated when ammonia is added to
an acid solution of apatite (p. 60, § 4, ).

2. AnMoN1UM CARBONATE is especially convenient for precipi-
tating calcium, strontium, and barium carbonates from solutions
made alkaline by ammonia.

3. AmMoNIUM Oxaratk is useful for the precipitation of cal-
cium oxalate from solutions made alkaline by ammonia. Barium
and strontium are also precipitated.

4. AMMONIUM SULPHIDE precipitates, from solutions which are
nearly neutral or alkaline, iron, zine, manganese, cobalt, and
nickel, as sulphides, and aluminium, chromium, and the rare earth
metals, as hydroxides. It is also useful for dissolving freshly pre-
cipitated sulphides of arsenic, antimony, and tin.

5. Barium CHLORIDE precipitates barium sulphate from acid
solutions, and serves, therefore, as a very delicate test for a sul-
phate.

6. TIyprocuroric Acip precipitates silver, lead, and mercu.
vous chlorides from nitric acid solutions.

7. HyprogeEN SuLpuipk gas, when led into hydrochloric or
sulphuric acid solutions, precipitates silver, lead, mercury, copper,
bismuth, cadmium, arsenic, antimony, and tin, as sulphides. If
the solution is in nitric acid, it is best to evaporate in a casserole
with sulphuric acid, until the nitric acid is expelled, and then,
efter dissolving in water, to run in the hydrogen sulphide gas.
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8. SILVER NITRATE precipitates silver chloride, bromide, or
fodide from solutions of chlorides, bromides, or iodides, in water or
dilute nitric acid.

9. SopiuM CARBONATE precipitates iron, zine, manganese, co-
bait, nickel, copper, magnesium, and many other metals, as basio
or normal carbonates.

10. Sopium HYDROXIDE precipitates iron, manganese, cobalt,
nickel, copper, bismuth, cadmium, magnesium, and the rare earth
metals, as hydroxides, some of these only in the absence of ammo-
nium salts.

11. SopiuM ProsPHATE is useful for detecting magnesium in
solutions which are not precipitated by ammonia and ammonium
carbonate, or have been filtered from the precipitates produced by
these reagents.

12. SuLPHURIO AcID precipitates lead, barium, strontium, and
calcium sulphates, the last, however, only when the solutions are
ooncentrated.



CHAPTER V.
PHYSICAL PROPERTIES OF MINERALS,

In the foregoing chapters, minerals have been regarded from
the standpoint of their chemical composition only, but they pos-
sess in addition certain physical properties which may be very
useful for their identification and recognition. The most im-
portant of these are crystallization, luster, color, hardness, fusi-
bility, and specific gravity.

CRYSTALLOGRAPHY.¥*

@-Crystallization. — When a mineral or chemical compound
assumes a solid form, it does so by separation from a solution, or
from a molten mass, or by condensation from a vapdr; and the
molecules, or smallest particles of the substance, generally assume
a definite arrangement. This process is called crystallization, and
when it takes place under favorable circumstances it gives rise to
crystals, or solids which have not only definite internal struc-
ture or arrangement of the molecules, but also definite slzape.{
bounded by flat surfaces.

Very little is known concerning the molecules which form crys-
tals: they may correspond to the chemical molecules, but are
probably larger, and aggregates of them ; and certainly in all in-
stances they are excessively minute. It isa very important prop-
erty of crystals that, during their growth, the molecules of the
substance tend to arrange or group about themselves only those of

* Owing to limited space, this important subject will have to be treated in a somewhat
elementary manner, but it is hoped that the essential features can be presented with suf-
ficient clearness to e¢nable the student to become familiar with the more important, sim.
ple, crystalline forms and combinations. To obtain a really satisfactory knowledge of the
subject it is quite essential to supplement the text by a collection of crystals or models,

156
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the sume kind. The erystallized condition of a compound is, there-
fore, one of the very best proofs of its homogeneous character and
purity.

That solids with plane surfaces may result from the arrange-
ment of particles of the same kind is shown by Fig. 50, which rep-

Fra. 50.

Cube, octahedron, and dodecahedron made by the regular arrangement of shot. The arrangement
of the shot is identical in the three models, but different layers of shot constitute the outer or limiting
surfaces.

resents geometrical shapes made by a regular arrangement of shot.
If the shot were so exceedingly small that the individual ones
could not be seen, the outer surfaces of the solids would appear
perfectly smooth and flat. Such an arrangement is, however, some-
what misleading, since the shot are in contact with one another,
while in crystals the distances between the molecules are probably
considerably greater than the diameters of the molecules them-
selves. A more correct idea, therefore, of an arrangement of mole-
cules in a crystal may be gained from Fig. 51. In a crystal the
molecules are all of the same kind, and in any given direction they
must be equally distant from one another.

As in an orchard where the trees are evenly spaced one may
look in different directions, abd, ac, af, ete., (Fig. 52), and see the
trees in rows, so through a regular arrangement of particles, as in
Fig. 51, there are certain definite directions in which the particles
lie in planes. The crystal faces correspond to molecular planes,
and have definite inclinations or angles, depending upon the mo-
lecular arrangement.

Provided a crystal has not been hindered in its development it
will be bounded by flat surfaces, which give it a regular external
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form, and this is one of its most striking features. It is only occa-
sionally, however, that a crystal develops without interruption, for
it usually is interfered with by others, or grows against some ob-
stacle so that only a portion or perhaps nothing of its characteris-
tic external form is produced. Hven when the external form is
wholly wanting, the crystalline nature of a substance, due to the
reqular arrangement of the molecules, may be revealed by some
of the physical properties peculiar to crystals. Thus by the aid
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of polarized light it could instantly be told that a transparent frag-
ment of quartz possessed a crystalline structure and was not a bit
of glass.

Most minerals have been observed in a crystallized condition,
and it is important to bear in mind that only definite chemical
compounds possess this peculiar property of cerystallization.
ﬁﬁgﬁﬁy “of the Interfacial Angles of Crystals. — One of
the most important features of crystals is that those of the same
substance, invariably exhibit the same angles between similar
Jaces. It is evident that In an orchard one must look in definite
directions, ad, af, ag, etc. (Fig. 52), to see the trees in rows,
these directions depending upon the way in which the trees are
planted. In Fig. 62 the trees are represented as equally spaced
along the rows ab and ag, with these rows at right angles to one
another. It must also follow that constancy of interfacial angles
is a feature of crystals, provided each substance has its own defi-
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nite molecular structure (Fig. 51), and that the faces correspond to
layers of molecules.

Goniometers.—Instruments for measuring the interfacial an.
gles of crystals are called goniometers.

The reflection goniometer consists of a divided circle turning
upon an axis, and provided with devices
for holding and adjusting crystals so that
the edge between the faces to be measured
can be made to coincide with, and be
paralled to, the axis of the instrument.
Rays of light I (Fig. 63), either coming from
a distant object, or made parallel by pass-
ing through a lens, fall upon the face ac

 Fe. 53. of a crystal, and some of them are reflected
in the direction of the observer ce. It is evident that in order to
obtain a reflection in a similar direction from the face cb, it will be
necessary to turn the crystal through the angle 8, which is the
supplement of the angle acd, the angles being read from a divided
circle. Measurements can thus be made with great accuracy even
on very small crystals. In studying and calculating the mathe-
matical relations of crystal faces, the supplement angles are much
more convenient to use than the actual ones, and are almost in-
variahly employed by crystallographers.

An inexpensive confact goniometer, designed by the author,
consists of a graduated semicircle A A
(Fig. 64) printed on cardboard, and ‘ )
provided with a measuring arm
of transparent celluloid which is
swiveled by means of an eyelet
exactly in the center of the arc.
A fine line, scratched on the under
surface of the celluloid arm and
blackened, and in exact alinement
with the center of the eyelet, serves Fra. 64. (About § natural size).
to indicate the angle. In using the instrument the edges of the
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card and measuring arm are brought as nearly as possible in con-
tact with the crystal faces, care being taken that the plane of the
card is held at right angles to the edge formed by the intersection
of the crystal faces.

¢ Crystallographic Axes.—In order to show the relations of
crystal faces it is convenient to take certain directions within the
crystals as azes. Usually three are chosen (Fig. 56), one a -a,
going from front to back, another b -b, from right to left, and a
third ¢ -c, vertical. Positive and negative directions are assumed
from the center, as indicated in the figure. Crystal faces intersect
these axes, and, by measuring appropriate interfacial angles, the 7e-
lative lengths of the axes, or their rafio to one another, can be de-
termined. For example, sulphur crystals have the form of a pyra-

+6

Fia. 55. Fia. 56. Fia. 57,

mid (Fig. 56), and the angles which are measured over the edges
joining the @ and &, and the b and c axes, respectively, equal 36°
404’ and 94° 52’. From these angles it can be calculated, by simple
mathematical processes, that, if the length 0b is assumed as unity,
the lengths oa and oc are 0.813 and 1.903, respectively. Designat-
ing the lengths of the axes oa, 0b, and oc as a, b, and ¢, the fore-
going mathematical relation can be expressed as follows: @:d:c¢
= 0.818:1:1.903. This is known as the azial ratic of sulphur.

When the axes are not at right angles to one another the an
gles a, B, and y (Fig. 57) must be determined.
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(R Parameters.—Parameters are the distances from the center o
(Fig. 66), at which crystal faces intersect the axes. For example,
oa, ob, and oc are the parameters of the face abe. If oa, 0b, and oc
correspond to the characteristic lengths of the respective axes of
any mineral, the face in question is then said to have the param-
etersa:b:c.

It must be distinctly borne in mind that the parameter dis-
tances oa, ob, and oc, or the axial lengths, are not expressed in
terms of any unit of measure, but have only relative values. For
example, no matter what length is chosen for the & axis, if @ and
¢ have relatively the lengths that have been determined for sul-
phur, ¢ :b:c = 0.813:1:1.903, then the eight plane surfaces which
intersect the extremities of the a, b, and ¢ axes will form a pyra-
mid (Fig. 56) whose interfacial angles will be like those of a sul-
phur crystal,

Law of Definite Mathematical Ratio.—It is a very impor-
tant feature of crystals that their faces, prolonged if necessary,
will intersect the axes only af the ratio distances a, b, and c,
characteristic of each substance, or at simple multiples, or frac-
tions, of these ratio distances. A plane may, however, be parallel to
one or two of the axes, which is indicated by the sign of infinity.
Given the axes a -a, b -b, and ¢ -c (Fig. 68) of the ratio lengths

c characteristic for any substance, then possible
crystal faces might have the parameter relations
a:b:c, 2a:b:¢c, a:b:}c, etc.,, or w a:b:c,
wa:wbdb:c etc. Experience has shown, more-
over, that the multiples at which the cLaracteris-
tic azial lengths are cut, are most often wunity
(not expressed before the letters) and infinity, or
such simple quantities as 2, 3, 4, or . When no
sign is expressed, a positive one is always under-
e stood.

Fre. 58. As a further illustration of this very impor-
tant principle, suppose three wires are fastened together at right
angles to one another, and cut off so that their relative lengths
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shall correspond to the crystallographic axes of sulphur, a:5:¢
= 0,813 :1:1.903 (Fig. §9), then the eight planes joining the ex-
tremities of the a, b, and ¢ axes, and another set of eight planes
going from the extremities of the @ and b axes to § on the ¢ axis,
would have the direction, or make
with one another, the character-
istic angles of the faces p and s
(Fig. 60) which occur on crystals
of sulphur. It will be observed
from a consideration of Figs. 59
and 60 that the faces p, having
their origin at @ and b, do not in-
tersect the vertical axis, but, if
extended, would do so at ¢. Also,
the faces s, having their origin at
a certain distance on the vertical axis, when extended would
intersect the horizontal axes at points beyond @ and 4. The
relative distances, however, at which the three axes are cut by
the s faces are the same as those of the planes indicated by
dotted lines in Fig. 59, going from a: b : §¢, for the s faces are paral-

Fia. 60.

lel to these.

It must be distinctly borne in mind that parameter relations

furnish a means of expressing the directions of crystal faces
when they are referred to axes of known lengths and position,
but they in no way affect the size of the faces. A crystal face
may be regarded as shifted to any extent, provided it is kept
parallel to its original position, without in the least affecting the
relative distances at which the axes are intersected.
(y Indices.—The position and direction of crystal faces with
reference to axes can also be expressed by numbers, known as
indices, which are the reciprocals of the parameters. The recip-
rocal of a number is one divided by the number, £ =0. In-
dices are written as whole numbers, the reciprocal values being
cleared of fractions when necessary, and the minus sign, when
needed, is written over the number.
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The following examples will serve to illustrate the relations of
parameters and indices :

Parameters, Indices. Parameters. Indices.
a:b:c 111 2:b:c 122
a:b:we 110 a:—4$b:3c 321
wa:wb:—c 001 —a:b:}e 113

If one will keep in mind the reciprocal relation existing be-
tween indices and parameters, it soon becomes an easy matter
to use indices, and to conceive of the position and direction of
crystal faces expressed by them. For example, 001 designates a
plane parallel to the @ and b axes, and intersecting the negative
end of ¢. The indices 122 (read one, fwo, fwo) designate a face
intersecting @, 30, and 4c; such a plane is parallel to, and, there-
fore, crystallographically identical with, a plane expressed by the
8¢ parameter relation 2¢:6: ¢
(Fig. 61). The indices 321
designate a face intersect-
ing %@, — 3b, and ¢, which
is parallel to the face hav-
] ing the parameter relation
l a: — 3$b : 3c (Fig. 62).

Fia. 61. Fia. 62. It is important to note
the order in which the indices are written, the first, second, and
third numbers referring invariably to the characteristic a, b, and
c axes.

Since indices furnish a very convenient method of expressing

crystallographic relations, they have been almost universally
adopted by crystallographers.
@’Symmetry.——Upon examining crystals it will be observed that
there is a certain regularity in the recurrence of faces and angles
of the same kind, which is designated as symmefry. The sym.
metry of crystals is expressed in terms of imaginary planes and
axes passing through them.

4
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&Symmetry Plane—~A plane is called a symmetry plane when it
divides a crystal in such a manner that the faces
and angles on one side of the plane are repeated
on the side directly opposite. Thus in Fig. 63 of
orthoclase, the shaded plane divides the figure
symmetrically. A symmetry plane is of such a
nature that, if a crystal is held before a mirror
with the symmetry plane parallel to the reflecting
surface, the crystal and its reflection present the
same appearance.

 Symmetry Axis.—When a crystal, on being revolved, shows a
recurrence of similar faces and. angles, the direction about which
the revolution has taken place is called .an axis of symmetry,
In Fig. 63 the direction at right angles to the face & is an axis
of symmetry ; by a turning of 180° about this axis, the crystal
would occupy the same position in space, and therefore present
the same appearance. The symmetry of crystals as referred to
axes is of four kinds: binary, trigonal, tetragonal, and heza-
gonal, according as the recurrence of similar parts or features
takes place fwo, three, four, or siz times during a revoluiion of
360°, and the four kinds are indicated by the following signs:
oAGS.

Crystallographic axes, (page 169) correspond to axes of sym-

metry whenever it is possible to make them.
& Center of Symmetry.—A crystal is said to have a center of
symmetry when it is so developed that for every face there is a
possible one of exactly similar character, diametrically disposed
with reference to a central point.

The Crystal Form.—All of the faces of the same kind which
are possible on a crystal of given symmetry constitute a crystal
Jorm. For example, take the axes of binary symmetry, a-a,
b -b, and ¢ -c¢ (Fig. 64), which are of unequal lengths and at
right angles to one another, and assume that there are three
planes of symmetry, each passing through two of the axes; the
eight faces intercepting the extremities of the axes would then
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be alike and would produce a form known as a pyramid. In

o giving the symbol of such a form it is custom-
ary to give the parameters a:0:¢, or indices
(111) of only one of the faces, since the number
of possible faces of the same kind can readily
be told, provided the symmetry is known.

In Fig. 63, which represents an orthoclase
crystal with one axis of binary symmetry and
one plane of symmetry, there are three forms,
b, ¢, and 7, each consisting of two faces, and
a fourth form m, having four faces.

Normal or Holohedral Forms.—Fig. 64 rep-
resents the most symmetrical arrangement of the crystal faces
about the axes « —«, b -b, and ¢ -¢. EKight faces of the same
kind are possible, all of which are developed, and the term
normal form will be used for designating crystals of this charac-
ter. It is also customary to designate such a form as kolokedral

(odos, whole, and &€dpa, face).

Hemihedrism.—About a system of three, unequal axes, at right
angles to one another, it is possible to have ;
forms with a lower degree of symmetry than
that of the pyramid (Fig. 64). For example,
provided the axes are symmetry axes, and that
there are no planes of symmetry, the form
a:b:c (111) would then consist of four faces
(Fig. 65). Such a form is often designated as
hemihedral (1, half, and €6pa, face), since it has
only half as many faces as are possible when
the highest degree of symmetry prevails. Fra. 65,

Hemimorphism.—This term is applied to the property, exhib-
ited by some minerals, of having different crystalline forms at
opposite extremities of an axis of symmetry. Thus, a crystal of
calamine (Fig. 66) shows the forms lettered ¢, ¢, and ¢ above, which
are different from v below. Crystals of tourmaline (Figs. 67 and
68) have very different forms at the upper and lower extremities
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of the vertical axis. Hemimorphic crystals show marked pyro-
electricity, see p. 231.

ase

X

¥I1G. 66. Fra. 617. Fia. 68.

Crystal Habit.—It is characteristic of every substance that
its crystals possess a certain kind of symmetry, or belong to a cer-
tain system of crystallization, although their forms or Zadit may
be very different. Thus Figs. 69, 70, and 71 illustrate the forms

3

Fia. 69. Fia. 70. Fia. 71.

X

of the cube, octahedron,and dodecahedron, which may be observed
in fluorite. The shot models (Fig. 50, p. 156) also show these three
forms, and will perhaps serve to explain why it is that there can
be a difference in habit. The forms of the models depend upon
the directions of the layers of shot which represent the outer or
limiting surfaces, while the arrangement of the shot with reference
to one another is the same in all three models. As explained
on p. 166, each chemical substance possesses a definite arrangement
of its crystal molecules, but layers of molecules having different
direction$ may constitute the crystal faces.

Distorted Crystals.—It generally happens that during the
growth of crystals material is supplied more abundantly to some
parts than to others, and consequently they do not attain an ideally
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symmetrical development. For example, although pyrite crystal-
lizes in cubes (F'ig. 72), it is frequenily found in forms having some
faces larger than others (Figs. 73 and 74). These forms, although
departing from the type of a geometrical cube, are considered, crys-

N

Fia. 72. F16.73. Fie. 4.

tallographically, as distorted cubes, since each interfacial angle
equals 90° and all the faces have similar physical properties.
Fig. 76 represents a symmetrical octahedron and Fig. 76, a dis-
torted one ; Fig. 77, a symmetrically developed quartz crystal, and

Fig. 78, a distorted one with the corresponding faces m, 7, and 2z
differently developed.

S0

Fia. 75. Fia. 76. Fia. 17, Fia. 78.

Distorted crystals are the rule rather than the exception, al-
though the distortion is not usually so great as represented by the
foregoing illustrations. Moreover, it should be clearly understood
that the characteristic interfacial angles of crystals are in no way
affected by inequalities in the size of similar faces.

& Crystal Combinations.—The occurrence of two or more dif-
ferent forms, or dissimilar kinds of faces, on a single crystal is
called a combination. Fig. 60 (p. 161) illustrates the way the forms
p and s combine on a crystal of sulphur, and Fig. 63 (p. 163), a com-
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bination of the four forms d, ¢, 7, and m on a crystal of orthoclase.
Farther on, when the systems of crystallization are described, this
important subject of crystal combinations will be more fully illus-
trated and explained.

Truncations.—When an edge which would be formed by the
meeting of two crystal faces is replaced by a plane, that edge is
said to be {runcated. TFig. 79 represents a cube a

whose edges are truncated by the planes d. The d d%
term truncation is generally used in a restricted L“ a4
sense, to denote that truncating planes make equal — <=a—
angles with the adjacent faces. When the angles Fre. 99.

on adjacent faces are unequal the term oblique
truncation is used.

A solid angle is said to be fruncated when it is
replaced by a plane. Fig. 80 represents a cube a
whose solid angles are truncated by the planes o.

& Twin Crystals.—When crystals grow together in other than a
parallel position, so that they have a certain crystallographic
plane, or direction, in common, they are known as twin crystals.
These generally present the appearance of two halves of a crystal
(Fig. 81) united by a plane called the twinning-plane, and are
known as confact twins. Twin crystals of this type are of such a

Fie. 80.

Fie 81. Fia. 82. Fia. 83.

nature that che turm of a simple crystal would result 1f the twing
were cut in two along the twinning.plane, and either one of the
halves should be revolved 180° about an axis which is at right
angles to the twinning-plane. Such an axis is known as the fwin-
ning-axis. For example, if the lower half of the twin crystal rep.
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resented in Fig. 81 was thus revolved, an octahedron (Fig. 82) would
result ; hence such a crystal is called a twinned octakedron.

Two individuals may also appear as penetrating through one
another (Fig. 83) and such are known as penefration twins. In
this type of twins one of the individuals is brought into the same
position as the other by a revolution of 180° about the twinning-
axis. For example, the cube « if thus revolved about the twin-
ning-axis ¢ £ would assume the position of the cube a.

A twinning-plane can never be a symmetry-plane, and is almost
invariably parallel to a face having a simple relation to the crys-
tallographic axes.

Fig. 84 represents a simple crystal cf aragonite; Fig. 85, a
twin in which one of the m faces is the twinning-plane; and
Fig. 86, a repeated twinning, in which the parts I and III are in
a parallel position, and have between them a lamella IT in twin
position. When there are a series of lamella® in twin position the
twinning is said to be polysynthetic. Fig. 87 represents a piece of

Fio. 84. Fia. 85. Fia. 86. Fia. 87.

oligoclase feldspar where the polysynthetic twinning has giver
rise to a surface which appears distinctly striated, and consists
of a series of alternating re-entrant and salient angles. Iig. 88
represents a twin grouping of rutile prisms which cross one an-
other at angles of about 60° and 120°; and Fig. 89, a repeated
twinning of rutile where eight individuals unite to form a rosette.
Twinning often gives rise to very complex forms.
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Although re-entrant angles are a prominent feature of twin crys.
tals, they are not to be taken as a necessary indication of twinning,
Crystals grow together in parallel and all possible accidental posi-

Fia. 88. Fia. 89. Fia. 90.

tions, giving rise occasionally to groupings with re-entrant angles
which may closely resemble twin crystals, but are entirely distinct
from them. Fig. 90 represents a parallel growth of octahedrons of
magnetite.
é’ The Systems of Crystallization.—Although there is an almost
unlimited variety in the forms of crystals, they can all be classified
under the following six divisions, or systems of crystallization :
I. Isometric. II1. Hexagonal. V. Monoclinic.

II. Tetragonal. IV. Orthorhombic. VI. Triclinic.
The character of the different systems, and the prominent forms
which they present, will be described on subsequent pages.

ISOMETRIC SYSTEM. s

The forms in this system can be referred
to three axes, which are at right angles to - =N g,
one another and of equal lengths (Fig. 91). @
Since the axes are alike, they are all desig-
nated by the symbol @, but in referring —as
crystal faces to them a definite order is Fie. 1.
adopted, as a,, @,, and a,.

Forms of the Normal Group.—QGalena Type.

All the forms and combinations of this group are characterized
by having three axes of tetragonal, four of trigonal, and six of
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binary symmetry (Fig. 92); also by having three axial and six
diagonal planes of symmetry (Figs. 93 and 94).

Fia. 92.
® Cube.—The cube a (Fig. 95) has siz square faces, each of
which intersects one axis and is parallel to the other two. The
symbol is (100). The interfacial angles are 90°. The faces are all
alike.)) This is also true of the eight solid angles and twelve edges.
(Compare distorted cubes, p. 166.) Galena, fluorite, and halite
commonly crystallize in cubes.
¢ Octahedron.—The octahedron o (Fig. 96) has eight faces, each
of which intersects the three axes at equal distances from the cen-
ter. The symbol is (111). The faces are equilateral triangles and
the interfacial angles are 70° 32’. The faces are alike, as are also
the six solid angles and the twelve edges. (Compare distorted
octahedrons, p. 166.) - (talena, magnetite, and fluorite often crystal-
lize in octahedrons.

F1a. 95. F1a. 96.

@-Dodecahedron.—The dodecahedron @ (Fig. 97) called often the
rhombic dodecahedron, has fwelve rhombic faces, each of which
intersects two of the axes at the same distance and is parallel to
the third. The symbol is (110). The interfacial angles are 60°,
The faces are alike, and so also are the twenty-four edges, but the
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solid angles are of two kinds, namely : those at the extremities of
the axes, made by the meeting of four faces, and those at the cen-
ters of the octants, made by the meeting of three faces. Garnet
and magnetite occur in dodecahedrons.!

Crystals which show the combination of the cube @, the octa-
hedron o, and the dodecahedron @, as illustrated by Figs. 98 to 104,
will often be found. None of these combined forms receive a spe-
cial name, but can be designated as follows: Fig. 98, a combina-

<@
- a d'
‘ q o |ala
Fie. 98. Fia. 99. F1a. 100. Fia. 101,

tion of cube and octahedron; Fig. 102, a combination of octa-
hedron and dodecahedron ; Fig. 104, a combination of cube, do-

B

‘\\V/ Aol
Fra. 102, Fie. 104,

decahedron, and octahedron, etc. Galena, fluorite, and magnetite
illustrate such combinations.

@- Trapezohedron.—The trapezohedron (Fig. 105) has fwenty-four
similar faces, each of which is a trapezium. Each face intersects
one axis at a certain distance (unity) and the d

other two at equal multiples of unity. This %
form has two kinds of edges and three kinds of gﬂ&
solid angles. A trapezohedron having the

symbol (211) is the common form of garnet, ‘gy
analcite, and leucite. One with the symbol 2
(311) would differ from the one figured in its Fia. 105.

interfacial angles, although the arrangement of the faces would
be similar.
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Fig. 106 (garnet) represents the trapezohedron z (211) in com-
bination with the dodecahedron & ; Fig. 107 (analcite), a combina-

Fia. 107. > Fie 108.

tion of the same trapezohedron n with the cube a; and Fig. 108
(magnetite), the trapezohedron m (311) with the dodecahedron d.
(-Trisoctahedron.—This form has twenty-four triangular faces,
each cutting two of the axes at unity and the third at a multiple
of unity. The one shown in Fig. 109 has the symbol (221). Fig.
110 represents a combination of this form p (221) with the octa-
hedron’o, which occurs in galena

&,Tetrahexahedron.—'l‘his form has twenty.four triangular

2 102-- N1
N >
| RN 01 <7
| o

210 210 (10, a

NI e\
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Fi1a. 109. Fia. 110. Fra. 111, Fia, 112.

faces, each cutting one axis at unity, a second at a multiple of
unity, and a third at infinity. The one shown in Fig. 111 has
the symbol (210). Fig. 112 is a combination of /° (810) with the
cube a, which occurs in fluorite.

"~ Hexoctahedron.—This fo/rm has forty-eight triangular faces.

Fre. 113. Fia. 114. Fia. 115.
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each cutting one axis at unity and the other two at different
multiples of unity. The one shown in Fig. 118 has the symbol (321).
Fig. 114 (garnet) represents a combination of this form ¢ (321) with
the dodecahedron &, and Fig.115 (fluorite), the hexoctahedron ¢ (421)
with the cube @. Such combifiations are only occasionally observed.

There are in all seven kinds of simple forms in the normal
group: the cube, octahedron, dodecahedron, trapezohedron, tris-
octahedron, tetrahexahedron, and hexoctahedron. It is possible
that an isometric mineral may crystallize in any of these forms,
althongh usually there are certain forms and combinations which
are especially common in and characteristic of individual species.
Thus galena and fluorite crystallize usually in cubes and octa-
hedrons, or their combinations; magnetite, in octahedrons and
dodecahedrons, or their combinations; garnet, in dodecahedrons
and trapezohedrons (211), or their combinations ; and leucite and
analcite, in trapezohedrons (211). It is very seldom that galena is
found in dodecahedrons, magnetite in cubes, or garnet in either
cubes or octahedrons.
ISOMETRIC FORMS OF LOWER SYMMETRY THAN THAT PRESENTED

BY THE NORMAL GROUP.
Pyritohedral Group.—Pyrite Type.
Crystals of this group are characterized by having three axes

of binary and four of trigonal symmetry s ———
(Fig. 116) ; also three axial planes of sym- /N i [ W
metry (Fig. 93, p. 170). paNy 4l
@_Pyritohedron.——'l‘his form (Fig. 117), some- “/ ‘\\
times called the pentagonal dodecahedron, has A ) .
twelve pentagonal [faces, corresponding in i O
Fe. 116,

position to the alternating faces of the tetra-
hexahedron. The symbol of the pyritohedron figured is (210), the
same as that of the tetrahexahedron (Fig. 111).

(A Diploid.—This form (Fig. 118) has twenty.four faces which cor-
respond in position to half of the faces of the hexoctahedron. The
symbol of the diploid figured is (321), the same as that of the
hexoctahedron (Fig. 113).
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The cube, octakedron, dodecahedron, trisoctahedron, and trap-
ezohedron occur in this group, but they differ from the forms ot
the normal group in having a lower kind of symmetry. Thus it
may generally be observed that the cubes of pyrite are striated,

Fia. 117. Fia. 118, Fia. 119,

the strize running in one direction on each cubic face, and at right
angles to one another on adjacent faces (Fig. 119). The striations
result from the tendency of the cube to crystallize in combination
with the pyritohedron (Fig. 117). The crystallographic axes of
such striated cubes are axes of binary symmetry, and not of tet-
ragonal symmetry ; therefore the cubes are not normal ones. Turn
a cube of galena about its vertical axis and it will present the
same appearance four times during a complete revolution, but a
striated cube of pyrite similarly turned will present the same
appearance only twice.

*

F1a. 120. Fia. 121, Fra. 122. Fia. 128.

Fra. 124, Fia. 125. Fia. 126.
The combinations of the cube @ (100) and the octahedron o (111)
with the pyritohedron e (210) and the diploid £ (421), represented
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by Figs. 120 to 125, illustrate forms which may be observed in
pyrite and cobaltite, all of which serve to show the characteristic
symmetry of this group. Fig. 126 represents a penetration twin
of two pyritohedrons.

Crystals of this type are characterized by

having three axes of binary and four of trigo-
nal symmetry (Fig. 127), and also six diagonal
planes of symmetry (Fig. 94, p.170). The com-
monest form is the tetrahedron, from which
the group derives its name. Fra. 127,
@ ‘Tetrahedron.—This form o (111) (Fig. 128) has jfour faces,
corresponding in position to the alternating faces of the octahe-
dron (Fig. 96). The faces are equilateral triangles, and the inter-
facial angles are alike, 109° 28’. Two tetrahedrons are possible
which differ in position ; o (111) (Fig. 128) being designated as the
positive tetrahedron and o, (111) (Fig. 129), as the negative. The
crystallographic axes join the centers of opposite edges. The
positive and negative tetrahedrons may occur in combination, as
represented by Fig. 133.

Fia. 128. Fie. 129.

@7 Tristetrahedron.—This form has ftwelve triangular faces,
corresponding in position to half of the faces
of the trapezohedron (Fig. 105). The form
represented by Fig. 130 has the symbol (211).

Possible forms in this group, which are
occasionally seen in combination with other
forms, are the delloid dodecahedron (Fig. 181)
ond the kewakistetrahedron (Fig. 132), whose faces correspond
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to half of those of the trisoctahedron (Fig. 109) and the hexocta-
hedron (Fig. 113), respectively.

Fie. 131.

The cube a (100), the dodecahedron € (110), and the tetrahexa
hedron occur in combination with the foregoing tetrahedral forms.
From Fig. 127 it may be seen that in the cube of this group the
diagonally opposite solid angles are not alike. This is further
shown by the combination of the cube and tetrahedron (Fig. 134).
By comparing Figs. 134 and 137 with Figs. 98 and 103, respectively,
it will be seen that both the cube and dodecahedron of this group
differ from the normal cube and normal dodecahedron of the
galena type.

Tetrahedrite, sphalerite, and boracite occur in tetrahedrons and
tetrahedral combinations, and Figs. 133 to 138 represent some of
the combinations which may be observed, where o is the positive

4
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Fie. 133.

Fia. 136. Fia. 187. F16. 133.

and o, the negative tetrahedron, a the cube, & the dodecahedron,
and 7 the tristetrahedron (211).
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TETRAGONAL SYSTEM.

The forms in this system are referred to three azes, all at right
angles to one another. The two lateral azes a (Fig. 139) are equal
and interchange, while the vertical axis ¢ ¢
differs from these in length andin charac- B -
ter. The length of the vertical axis has to 'ﬁ@.
be determined by the measurement of ap- @
propriate angles for each substance crystal- .
lizing in this system. In zircon, for ex- F1a. 139.
ample, ¢ = 0.640, @ being taken as unity.

Forms of the Normal Group.—Zircon Type.

The crystals of this group are characterized by having a vertical
axis of tetragonal symmetry and four axes of binary symmetry
(Fig. 140) ; also one horizontal and four vertical planes of sym-
metry (Fig. 141).

"
Fia. 140. Fia. 141,

The forms are of three kinds: pyramidal, when the faces
intercept the vertical and one or both of the horizontal axes; pris-
matic, when the faces are parallel to the vertical axis; and pina-
coidal, when the faces are parallel to the horizontal axes.
@ﬂ\’Pyramids.—A form known as the pyramid of the first order
(Fig. 142) has the symbol (111), where the third index refers to the
characteristic length of the vertical axis. This form is character-
ized by having eight similar faces which are isosceles triangles,
two kinds of edges, and two kinds of solid angles. (Compare the
isometric octahedron (111), Fig. 96). Pyramids of this order are
alike in the general arrangement of their faces, but those of differ-
ent minerals will not have the same interfacial angles, since
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the lengths of their vertical axes are not alike. Fig. 142 represents
the pyramid in zircon where ¢ = 0.640; Fig. 143, one of braunite
where ¢ = 0.985 (the interfacial angles in this case are near those of
the isometric octahedron, Fig. 96); and Fig. 144, one of octahedrite
where ¢ = 1.777.

A

Fia. 142, Fia, 143. Fia. 144,

Another form, known as the pyramid of the second order (Fig.
145), has the symbol (101). This form, like that of the pyramid of
the first order, has eight similar faces which are isosceles triangles,
two kinds of edges, and two kinds of solid angles. Fig. 145 repre-
sents the pyramid of the second order of zircon where ¢ = 0.640.

On any mineral there may be steeper or flatter pyramids than
the unit-forms (111) and (101), according as the faces intercept the
vertical axis at a multiple or fraction of its characteristic length.

Fi1a, 145. Fia. 146.

& Fig. 146 represents a form known as the dilefragonal pyramid,
having eight similar faces above and eight below. Its symbol is
(311), and the vertical axis corresponds to that of zircon. ¢ = 0.640.
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# Prisms.—Square prisms are very common and characteristic
forms in this group. The form m (110) (Fig. 147) is called a prism
of the first order and the form a (100) (Fig. 148) a prism of the sec-
ond order. Each consists of four similar faces with interfacial
angles of exactly 90°.

ig. 149 represents a form (210) which has eight similar faces
and is known as a ditetragonal prism.

Fig. 150 is a plan, or horizontal projection of the lateral axes,
together with the trace of the prism of the first order m and
the second order a. The necessity for having prisms and pyra-
mids of two orders will become evident when the tetragonal
combinations are considered.

FW T a 100
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Fie. 147. Fia. 148. Fic. 149. F1a. 150.

There is nothing in the molecular character of a substance
to determine the length of its prismatic forms, as the prisms
which occur on a mineral may be either long or short, wholly inde-
pendent of the characteristic length of the vertical axis ¢. The
pyramidal faces which terminate the prisms have, however, definite
inclinations, and from the angles of these the length of the vertical
axis ¢ is calculated.

# Base or Pinacoid.—The form ¢ (001) is a very common one, and
consists of two similar parallel faces, the top and bottom ones in
Figs. 147 to 149.

Combinations.—The following examples will serve to show the
variations in habit resulting from the combinations of tetragonal
forms in different minerals. The frequent occurrence of the forms
with simple indices is noticeable: a (100), ¢ (001), m (110),

p (111), and e (101).
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The interfacial angles @ A a, m A m, a Ac, and m A ¢ =90°
and a A m = 45°.

Zircon (Figs. 142 and 151 to 155).—Axis ¢ = 0.640. Angles
P Ap=>56°40" and ¢ A p =42°10". These crystals commonly pre-
sent the combination of the prism of the first order m (110) with

TN
e

Fi1a. 151. Fie. 152. Fia. 153. Fia. 154. Fia. 155.

the pyramid of the first order p (111). The steep pyramid of the
first order # (331) and the ditetragonal pyramid z (311) are occa-
sionally observed. The base ¢ (001) is exceeding rare on zircon
crystals.

Vesuvianite (Figs. 166 to 159).—Axis ¢ = 0.537. Angles pAp =
650° 39" and ¢ A p =37° 13". These crystals usually show the prism
of the first order 72 (110) and of the second order a (100), ter-

Fia. 156. Fia. 157. Fia. 153, Fia. 159.

minated either by the basal plane ¢ (001), the pyramid of the first
order p (111), or by a combination of both ¢ and p.

Cassiterite (Figs. 160 to 162).—Axis ¢ =0.672. Anglesp Ap =
58° 19’ and ¢ A p = 43° 33’. On crystals of this mineral the pyra-
mid and prism of the first order, p (111) and m (110), and the prism
of the second order a (100) are the prominent forms. The pyra-
mid of the second order ¢ (101) and the base ¢ (001) occur in eom-
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bination with these. Twin crystals are common with the pyramid

Fie. 160. Fic. 161. Fie. 162.
of the second order ¢ (01I1) as twinning-plane.
Rutile (Figs. 163 to 166).—Axis ¢ = 0.644. Angles p Ap =
56° 52" and ¢ A p = 42° 20". The crystals are usually prismatic and
often capillary. Prisms of the first and second orders, m (110) and

Fra. 163. Fie. 164. Fi1e. 165. Fia. 166.
a (100), occur and are terminated by the pyramids of the first and
second orders, p (111) and e (101). Fig. 164 is a basal projection
of Tig. 163, and shows the symmetrical development of the faces
of a tetragonal erystal about the vertical axis. Twin crystals of

rutile are very common, a pyramid of the second order (101) being
the twinning-plane. Often a network of prisms, crossing at angles
of nearly 60° and 120° (Fig. 165), and zigzag groups (Fig. 166)
result.

Octahedrite (Figs. 167 and(168)—Axisc = 1.777. Angles p Ap =
82°9 and ¢ A p = 68°18. The common form is the pyramid of
the first order p (111) (Fig. 144).
The forms shown in Figs. 167 and
168 are the flat pyramids of the
first and second orders, z (113)
and z (103), the prism of the first
order @ (100), and the base ¢ (001).

Apoplyllite (Figs. 169 to172). —Axis ¢ = 1.251. Anglesp Ap =
76°0'and ¢ A p = 60° 32'. This mineral is characterized by the almost

Fia. 167. Fia. 168.
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constant occurrence of the pyramid of the first order p (111) in

7
NI

Fia. 169. Fia. 170. Fia. 171, Fra. 172
compination with the prism of the second order a (100). The basal
plape ¢ (001) is usually present, and is often prominent (Fig. 172).
The ditetragonal prism y (310) may also occasionally be observed.

TETRAGONAL FORMS OF LOWER SYMMETRY THAN THAT PRESENTED
BY THE NORMAL GROUP.

Tri-Pyramidal Group.—Scheelite Type.
This group is characterized by having a vertical axis of tetrag-
onal symmetry and one horizontal plane of symmetry. (Compare

Figs. 140 and 141, p. 177).

The characteristics of the group may be illustrated by scheelite
and scapolite.

Scheelite (Figs. 173 and 175).—Axis ¢ = 1.636. Anglesp Ap =
79° 565’ and ¢ A p = 656° 16’. Fig. 173 represents a combination of
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Fre. 178. Fra. 174 Fia. 175,
the pyramid of the first order p (111), of the second order ¢ (101),
and a form s having the symbol (131) and known as a pyramid
of the third order. 1f the form s occurred alone it would be a

tetragonal pyramid, with its horizontal edges having the directions
8a: a on the lateral axes. A pyramid of the third order (133), not
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so acute as the form s, is represented by Fig. 174. A common
habit with scheelite is a combination of the pyramids of the first
and second orders, p and e (Fig. 175).

Scapolite (Figs. 176 to 178).—Axis ¢ = 0.438. Angles p Ap =
43° 46’ and ¢ A p = 81° 48’. Taefigures illustrate combinations of

Fia. 176. Fia 177. Fre. 178,

the prisms of the first and second orders, 7 (110) and @ (100), with
the pyramid of the first order p (111); while Fig. 178 shows the
additional pyramid z (311) of the third order.

It should be observed that the forms s (181) of scheelite and
2 (311) of scapolite are tefragonal pyramids, while the form with
corresponding indices in the normal group is a ditetragonal pyra-
mid (Fig. 146).

Sphenoidal Group.—Chalcopyrite Type.

This group is characterized by having a vertical axis of binary
symmetry and two horizontal axes of binary symmetry; also
two vertical planes of symmetry (numbers 4 and 5) (Fig. 141, p. 177).
The forms are illustrated by chalcopyrite.

Chalcopyrite (Figs. 179 to 185).—Axis ¢ = 0.985. AnglespA p,=
70° 73 and ¢ A p = 54° 20". The form p (111) (Fig. 179) is called a

AR RY|

Fia. 179. Fie. 180. Fra. 181. Fie. 182,
sphenoid. It has four similar faces, which correspond in their re
lation to the axes to the alternating faces of the tetragonal pyra.
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mid of the first order (Fig. 143). The form is analogous to the
isometric tetrahedron (Fig. 128), being almost identical with it in
its interfacial angles, since the length of the vertical axis of chal-
copyrite is so nearly equal to that of the lateral axes. The posi-
tive sphenoid p (111) and the negative sphenoid p (1I1) occur in
combination (Fig. 180), also twinned (Fig. 181). The acute sphe-
noid 7 (Fig. 182) having the symbol (332) and the pyramid of the
second order z (Figs. 183 and 184) having the symbol (201) are
occasionally observed. The twinning-plane of Figs. 181 and 184 is
(111). Fig. 185 represents a combination of an acute sphenoid
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Fra. 188, Fic. 184. Fie. 185.

@ (772) with a form y (122), known as a scalenohedron, but the
symbols of these two forms are questionable, because the faces
are striated and the inclinations therefore not accurately de
termined.

HEXAGONAL SYSTEM.

The forms in this system are referred to four axes. The
three lateral azes a, a, and a, (Fig. 186) are equal and inter-
changeable, and cross at angles of 60° and 120°, while the vertical
axis ¢ is of different lergth and at right angles to them. The
length of the vertical axis must be determined by the measurement
of appropriate angles for each substance crystallizing in this sys-
tem. In beryl, for example, ¢ = 0.499, the lateral axes being
taken as unity.

Fig. 187 represents a plan of the lateral axes. In giving the
parameters and indices of the forms, the order in which the axes
are taken, a,, a,, and a,, and also the positive and negative direc-
tions, as indicated in the figure, skould be carefully observed.
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On account of the axial angles of 60° and 120° there are certain
relations of the crystal faces to the horizontal axes, represented by
Fig. 188, which should be carefully considered. A face intersect-
ing the unit lengths of adjacent axes will be parallel to the third
axis ; hence the parameter relation a,: © a,: — a, and indices (10I).
A face going from unity (e¢)on one axis to a multiple of unity

(na) on an adjacent axis will intersect the third axis at P2

Thus when 7 =2, the face may have the parameter relation
2a,:2a,: — a,and indices (112). When 7 is a qnantity greater than
1 and less than 2, for example §, the parameter relation may be
§a,:3a,: —a,, indices (213). In every case the third index will be
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Fra. 186. Fia. 187. Fie. 188.

equal to the sum of the first and second indices, with the opposite
sign. In the complete symbols of hexagonal forms there will be
a fourth index, expressing the relation on the vertical axis.

Forms of the Normal Group.—DBeryl Type.

The crystals of this group are characterized by having a vertical
axis of hexagonal symmetry and six horizontal axes of binary sym-
metry (Iig. 189) ; also one horizontal and six vertical planes of
symmetry (Fig. 190).

The forms are of three kinds: pyramidal, when the faces in-
tersect the vertical and the horizontal axes ; prismatic, when the
faces are parallel to the vertical axis; and pinacoidal, when the
faces are parallel to the three horizontal axes.
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Fie. 190,

Pyramids.—A form known as the pyramid of the first order
(Fig. 191) has the symbol (1011). The twelve faces, six above and
six below, are alike, and are isosceles triangles. The six upper
ones have, respectively, the following indices: (1011), (0111), (1101),
(1011), (0111), (1101). A form known as the pyramid of the second
order - (Fig. 192) has the symbol (1122); in this the twelve faces
are isosceles triangles, the six upper ones having the following
indices: (1132), (1212), (2112), (1122), (1%12), (2112). There may
be steeper or flatter pyramids of either order, according as the

Fre. 191, Fra. 192, Fra. 193,

vertical axes are cut at a multiple or a fraction of the unit
length.

Fig. 193 represents a form with twelve similar faces above and
twelve below, known as the dikexagonal pyramid. It is only
occasionally that a complicated form of this kind is observed in
combinations. One is shown in Fig. 203 (beryl) lettered #. The
form represented by Fig. 193 has the symbol (2131), where
¢ = 0.499, the length of the vertical axis of beryl.
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Prisms.—Corresponding to the pyramids are two Lezagonal
prisms: the prism of the first order, m (Fig. 194), with the
symbol (1010), and the prism of the second order, a (Fig. 195), with
the symbol (1120). Kach kind of prism has siz similar faces, with
interfacial angles of 60°.
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Fig. 196 gives a plan of the horizontal axes, together with
the trace of the prism of the first order m and of the second order
@. The necessity of having pyramids and prisms of the two orders
will become evident when some of the crystal combinations are
considered.
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The rare dikexagonal prism having twelve similar faces is
shown by Fig. 197, which represents the form (2130).

The prisms of a hexagonal mineral may be either long or short,
wholly independent of the characteristic length of the vertical
axis.

Base or Pinacoid.—The form ¢, having the symbol (0001), con-
sists of two similar faces, the top and bottom ones of Figs. 194, 195,
and 197. The basal plane is exactly at right angles to the pris-
matic faces.
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Combinations.—The following representations of crystals of
different minerals illustrate some combinations of hexagonal forms,
In these the prevalence of the forms with simple indices, ¢ (0001),
m (1010),and p (1011) isnoticeable. Theinterfacial anglesm A ¢ and
aAc=290°% m Amand a A @ = 60° and m A @ = 30°.

Beryl (Figs. 198-203).—Axis ¢ = 0.499. Angles p A p = 28° 54
and ¢ A p =29° 66’. The common habit of beryl is a combination
of the prism of the first order, m (1010), with the base ¢ (0001).
Crystals showing pyramidal forms of the first order, p (1011),
and of the second order, s (1121), and the prism of the second
order, a (1120), are rather exceptional. Fig. 202 is a basal

F1a. 201. Fia. 202. F1a. 203.

projection of Fig. 201, illustrating the development of similar
faces in sets of six about the vertical axis. Fig. 203 represents a
highly modified crystal, with the prism m, terminated by a dihex-
agonal pyramid 7 (3141), two pyramids of the second order, s and
d (3364), the pyramid of the first order p, and the base c.
Pyrrhotite (Figs. 204 and 205). — Axis ¢ = 0.870. Angles
pAp=41°30"and ¢ A p = 456°8". The crystals of this mineral are
usually tabular, owing to the prominence of the base ¢ (0001), and



PYRAMIDAL GROUP. 189

show the forms of the prism of the first order m (1010), and two
pyramids of the first order, p (1011) and « (4041).
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F1a. 204. Fia. 205.

Hanksite (Fig. 206).—Axis ¢ =1.014. Angles p A p =44° 41’
and ¢ A p =49° 30". The common combination is
that of the prism and pyramid of the first order,
m (1010) and p (10I1), with the basal plaune
¢ (0001).

Fia. 206.

HEXAGONAL FORMS OF LOWER SYMMETRY THAN THAT PRESENTED
BY THE NORMAL TYPE,
Tri-Pyramidal Group.—Apatite Type.

This group is characterized by having a vertical axis of hex-
agonal symmetry and one horizontal plane of symmetry. (Com-
pare Figs. 189 and 190.)

The characteristics of the group may be illustrated by apatite
and vanadinite.

Apatite (Figs. 207, 209 and 210).—Axis ¢ = 0.735. Anglesp A p
=37°44"and ¢ A p =40°18". TFig. 207 represents a somewhat com-
plex crystal, with the prisms of the first and second orders, m (1010)
and e (1120), terminated by the base ¢ (0001), three pyramids of
the first order, y (2021), p (10I1), and 7 (1012), a pyramid of the

Fia 208.

second order s (1121), and a hexagonal pyramid u (2131), known
as a pyramid of the third order.
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A pyramid of the third order having the symbol (1233), but not
so acute as the form g, is represented by Fig. 208. It will be
observed that the horizontal axes do not join the opposite solid
angles, as in the pyramid of the first order (Fig. 191), nor the
centers of opposite edges, as in the pyramid of the second order
(Fig. 192). The simple crystals of apatite which are ordinarily
observed (Figs. 209 and 210) do not appear to differ from forms of
the normal group, but their peculiar symmetry can be revealed by
etching with acid, as explained beyond under quartz (page 198).
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Vanadinite (Fig. 211).—Axis ¢ = 0.712. The figure illustrates
a rather simple combination of a prism of the first order 7 (1010)
and base ¢ (0001), with a pyramid of the third order u (2131).

It should be observed that the form x (2131) in this group is
a hexagonal pyramid, while in the normal group a form with
corresponding indices is a dihexagonal pyramid (Fig. 193).

Hemimorphic Group.-~Iodyrite Type.

This group is characterized by having a vertical axis of hex-
agonal symmetry and six vertical planes of symmetry. The
peculiarity of the crystals is the development of different forms at
opposite extremities of the vertical axis, as illustrated by Fig. 212
of the rare mineral iodyrite, and Fig. 213 of zincite. The pyramids
of iodyrite are w (4041) and = (4015).
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Fia. 212. Fia. 218.

RuoMBOHEDRAL FoRMS OF THE HEXAGONAL SYSTEM.

In crystals of this class the forms are referred to the hexagonal
system of axes (Fig. 186), but the vertical axis ¢ is one of ¢rigonal
and not of hexagonal symmetry. Many common minerals crystal-
lize in this class, which is often designated as the rkombokedral
system.

Forms of the Normal Rhomboledral Group.—Calcite Type.

The forms of this group are characterized by having a vertical
axis of trigonal symmetry and three horizontal axes of binary sym-

Fia. 214. Fie. 215. Fia. 2186,
metry (Fig. 214) ; also by having three vertical planes of sym-
metry, 4, 5, and 6 (Fig. 190, p. 186).

Rhombohedrons.—A rhombohedron (Fig. 215) is characterized
by having siz similar faces which are rhombs and correspond in
their axial relations to the alternating faces of the hexagonal pyra-
mid of the first order (Fig. 191). Rhombohedrons are designated
as positive (Fig. 215) when a face above is toward the observer, and
negative (Fig. 216) when an edge above is toward the observer.
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When the faces intercept the vertical axis at unity, the symbols
of these forms are, respectively, (1011) and (0171). Furthermore,
rhombohedrons ave called obfuse or flat when the solid angles at
the extremities of the vertical axis are obtuse, and acule or steep
when these solid angles are acute. Fig. 218 represents an obtuse,
and Fig. 221, an acute rhombohedron of calcite. They also have
two kinds of solid angles; those at the extremities of the vertical
axis, where the plane angles of the faces are alike, and six others
in which the plane angles of the faces are of two kinds, either two
acute and one obtuse (Fig. 218), or two obtuse and one acute (Fig.
221). The edges are of two kinds, six (three above and three be-
low) running to the extremities of the vertical axis, and six going
zigzag around the crystal.

Scalenohedron.—This is a form (Iig. 217) having {welve similar
Saces, six above and six below, corresponding in
position to the alternatirg pairs of faces of the
dihexagonal pyramid (IFig. 193). The faces are
scalene triangles, hence the name scalenokedron.
The edges which meet at the extremities of the ver-
tical axis are of two kinds, long and short, alter-
nately disposed ; while the six middle edges are
alike, and run zigzag around the crystal, as in the

Fia. 217, rhombohedron (Fig. 215). TFig. 217 represents the
scalenohedron (2131) which commonly occurs on calcite,

Combinations.—Pyramids of the second orders (Fig. 192),
prisms 7 and « of the first and second orders (Iigs. 194 and 195),
the dihexagonal prism (Fig. 197), and the basal plane ¢ (0001) oc-
cur in combination with rhombohedrons and scalenohedrons. The
basal plane ¢ when it truncates the top of a rhombohedron is an

equilateral triangle (Fig. 223).

Calcite (Figs. 218 to 233).—Axis ¢ = 0.854. Anglesr A7 =74°
65’ and ¢ A 7 = 44° 364’. This mineral presents a greater variety
of habits than almost any other. Of the rhombohedral type the
negative rhombohedrons e (0112) and f (0221) and the positive
rhombohedron 7 (1011) are the commonest. The angles of the neg-
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ative rhombohedron % (0332) are 91° 42’; hence this form, when
it occurs without modifications, closely resembles a cube.

Fic. 218. Fia. 219. F1a. 220. Fi1a. 221.
‘ lm m

Fra. 223. Fia. 224. Fia. 225.
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Fra. 227,

Fia. 229,

Fra. 230. Fia. 231, Fic. 282, Fro. 233
Fig. 222 is a combination of the two rhombohedrons 7 and f.
Figs. 223 and 224 are combinations of the acute rhombohedrons
M (4071) and p (16.0.16.1) with the base ¢. The last tigure bears a
close resemblance to the combination of the prism m of the first
order and base ¢ (Fig 226). A prismatic type is common, the prism
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being either long or short and usually of the first order, m (1010).
The prisms are terminated by the base ¢, by rhombohedrons,
most often e (IFig. 226), and by scalenohedrons (Figs. 232 and 233).
The scalenohedron most often observed is » (2131) (Figs. 229 to
233). The twinning-plane of Fig. 227 is » (0111), and the vertical
axes are inclined nearly 90° to one another. Fig. 230 is a twinned
scalenohedron with the base as the twinning-plane.

Corundum (Figs. 234 to 236).—Axis ¢ = 1.863. Angles7 A 7 =
93° 56" and ¢ A 7 = §7° 34". Crystals of this mineral usually show
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the prism and pyramid of the second order, e (1120) and » (2213),
in combination with the base ¢ (0001) and rhombohedron 7 (1011).
Hematite (Figs. 237 to 241).—Axis ¢ = 1.366. Angles7 A7 =
94° 0’ and ¢ A 7 = 57° 37". The thombohedron 7 (1011) (Fig. 237) oc-
casionally occurs without modification and resembles a cube, since
its angles are near 90°. Crystals usually show combinations of the
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Fig. 287. F1a. 238. Fia. 239.
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rhombohedron » with the base ¢ and a pyramid of the second order,
n (2213). Very flat crystals (scales) are common with the basal
plane ¢ or flat rhombehedrons % (1014) or z (0.1.1.12) prominent.
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Chabazite (Figs. 242 and 243).—Axis ¢ = 1.086. Angles7 A7 =
85°14’. The common form is the rhombohedron 7 (1011), which
closely resembles a cube. Iig. 242 represents this form in com-
bination with the negative rhombohedrons ¢ (0112) and f (0221).

Fra. 242, Fia. 243.

Fig. 243 is a basal projection of Fig. 242 and shows the symmetri-
cal development of the rhombohedral faces 7, ¢, and f about the
vertical axis.

RHOMBOHEDRAL FORMS OF LOWER SYMMETRY THAN TITAT
PRESENTED BY THE NORMAL TYPE.
Hemimorphic Growp.—Tourmaline Type.

The crystals of this group are characterized by having a vertical
axis of trigonal symmetry and three vertical planes of symmetry.

It is characteristic of crystals of this group that the faces at
opposite extremities of the vertical axis are not alike, The forms
occur on fourmaline (Figs. 244 to 247).—Axis ¢ = 0.448. Angles
r AT =46°62 and ¢ A 7 = 27°20’. The crystals of this mineral

Fia. 247.

Fro. 245.
usually present the combination of the triangular prism m (1010)
and the hexagonal prism of the second order e (1120), which are
terminated above by the forms 7 (1011), o (0221), and occasionally
w (3251), and below by 7 (0111), o (20%1), and ¢ (0001).
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Trirkhombohedral Group.— Phenacite Type.

The crystals of this group are characterized by having a verti-
cal axis of trigonal symmetry and a center of symmetry, but
no planes of symmetry.

The forms which are especially characteristic are hexagonal
prisms, usually e (1120), and rhombohedrons of the first, second,
and third orders. The three kinds of rhombohedrons correspond
in their axial relations to one half of the faces of the hexagonal
pyramids of the first and second orders (Figs. 191 and 192), and te
one quarter of the faces of the dihexagonal pyramid (Fig. 193).

Phenacite (Fig. 248).—Axis ¢ = 0.661. The figure represents a
prism of the second order @ (1120), in combination with a rhombo-
hedron of the third order x (2132).
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Fra. 248.

Willemite (Fig. 249).—Axis ¢ = 0.677. Here the prism of the
second order @ is in combination with two rhombohedrons of the
first order, 7 (1011) and e (0112), and a rhombohedron of the second
order u (2113).

Dioptase (Figs. 250 and 261).—Axis ¢ = 0.534. The figures rep-
resent combinations of the prism of the second order a, with a

Fia. 252.

Fia. 250,

rhombohedron of the first order s (0221), and of the third order
@ (1341).
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Ilmenite (Fig. 2562).—Axis ¢ = 1.385. The figure presents a
combination of a rhombohedron of the first order  (1011), and
one of the second order n (2243), with the base ¢ (0001).

Trapezohedral Group—Quartz Type.

The crystals of this group are characterized by having a vertical
axis of trigonal symmetry and three horizontal axes of binary
symmetry (Fig. 214), but no planes of symmetry.

Quartz (Figs. 263 to 264).—Axis ¢ = 1.100. Anglesr A 7 =
85° 46, r A 2z = 46° 16" and 7 A m = 38°13'. The forms which
generally occur are the prism of the first order sz (1010), and the
positive and negative rhombohedrons, 7 (1011) and z (C111), often
with the two last forms about equally developed (IFigs. 2563 and
254). An unequal development of these rhombohedrons (Fig.
265) is also common. Although not indicated by their simple

Fie. 253. Fia. 254.

Fia. 256. Fia. 257.

combinations, quartz crystals have a peculiar right or left
symmetry. This is shown by the development of the form
« (5161), on the right-handed crystal (Fig. 256), and = (6151) on the
left-handed crystal (Fig. 2567). The form which the six z faces of
one of these crystals would produce is known as a {rapezokedron.
Its faces correspond in their axial relation to one quarter of the faces
of the dihexagonal pyramid (Fig. 193). The right- and left-
handed trapezohedrons having the symbols (2131) and (3121) are
shown by Figs. 258 and 2569. These forms, like the right and left
hand, are symmetrical with reference to a plane passed between
them, but cannot by any turning be made to occupy the same
position. In this group the form s (1121) (Fig. 266) develops as
a triangular pyramid (Fig. 260), and has the same symbol as a
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pyramid of the second order of the normal group (Fig. 192). Pos
itive and negative acute rhombohedrons, M (3031) and M, (0331)
(Figs. 261 and 262), often occur.

Twin crystals are very common, and are of a peculiar character.

Fia. 258. Fia. 259. Fra. 260.
The twinning-plane is usually the prism of the first order m, sa
that the positive rhombohedron 7 of the crystal in the normal
position coincides with the negative rhombohedron z of the crystal
in the twinned position. The parts of the individual in the normal
and twin position interpenetrate in a very irregular manner (Fig.
262), and the twin character of the crystal is not usually revealed
by its external form. Often, however, the faces of either the posi-
tive or negative rhombohedrons are somewhat corroded (et~hed)
(Fig. 262), and then the irregular lines of penetration between the
7 and z and the M and M, faces can be distinctly traced.

b

Fia. 261, Fia. 262. Fia. 263. Fia. 264.

Judging from the outward form alone, quartz crystals like Figs
2538 and 2564 would appear to have the same symmetry as crystals
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of the normal hexagonal type. This, however, is not the case, for
if quartz crystals are subjected to the action of hydrofluoric acid
artificial faces (corrosion or etching faces) are developed, which
have a right- or left-handed distribution (Figs. 263 and 264), corre-
sponding to-that of the z faces on Figs. 256 and 257.

ORTHORHOMBIC SYSTEM.

In this system the forms are referred to three axesa, b, and ¢
at right angles to one another and of unequal lengths (Fig. 265).
Any one of these may be chosen for the vertical axes c¢; the
longer of the horizontal ones is then taken as 4 and is called the
macro-azxis; the shorter, as a and is called the bracky-axis.
For each substance crystallizing in the system the ratio lengths of
the axes must be determined from the measurement of appropriate
angles, In sulphur, for example, the axial ratio is a@:d:c¢=
0.813:1: 1.903 (see p. 159).
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Forms of the Normal Qroup.—Barite Type.

The crystals of this group are characterized by having three
axes of binary symmetry (Fig. 266) and three axial planes of sym-
metry (Fig. 267).

The forms are of three kinds, as follows: pyramidal, when
the faces intersect the three axes; prismafic. when the faces
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intersect two axes and are parallel to the third ; and pinacoidal,
when the faces intersect one axis and are parallel to the other
two.

Pyramids.—These consist of eight similar faces, and the form
with the simplest symbol, p (111) (Fig. 268), is called
the wnit pyramid. In sulphur (Fig. 281) the form
p (111) is shown in combination with a flatter
pyramid s (113). Thus it will be noticed that on
the same crystal there may be different pyramids,
but under no condition can there be more than eight
faces of the same kind.

Prisms. — These consist of four similar faces,

Fi6. 268 parallel to an axis; three kinds being possible,
according as the fuces are parallel to the ¢, the 4, or the @ axes.

i

Fia. 269. Fra. 270. Fia. 271,

Vertical Prisms.—A prominent prism on a crystal is commonly
assumed to be the form m (110), wh'ch is known as the wnil
prism (Fig. 269). This form is a right rhombic prism, its four
faces being at right angles to the terminal face ¢, but never at
right angles to one another, since the @ and b axes are not of
equal length.

Besides the unit prism, others may occur whose faces have
such inclinations that they go from @ to a multiple of &, or from &
to a multiple of @, and are parallel to c. One of these isillustrated
by topaz (Figs. 289 to 293), in which Z is the prism (120).

Horizontal Prisms, or Domes.—When the prismatic forms
are parallel to the horizontal axes they are conveniently desig-
nated as domes. Fig. 270 represents the form (101), known as
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the macro-dome, because it is parallel to the macro-axis b and
Fig. 271, the form (011), called the bdrachy-dome, because it is
paraliel to the brachy-axis a. Each of themacro- and brachy-
domes has four similar faces. Domes are common forms which,
on crystals jllustrating combinations in this system, will often
appear at one of the extremities as @ pair of similar faces. For
example, the two triangular faces 7 ai the extremity of Fig. 298
are planes of the macro dome (101). In.many instances the domes
intercept the vertical axis at a multiple, or fraction, of its unit
length, as illustrated by topaz (Figs. 290 to 293), in which the
brachy-domes fand y have the symbols (021) and (041) respectively.

Pinacoids.—Three pinacoids are possible, each
consisting cf {wo, similar, parallel faces. These -
forms, represented in Fig. 272, are the macro-
pinacoid a (100), the bracky-pinacoid b (010), and | «tf-w 3
the dase or bosal pinacoid ¢ (001). The faces of 10 %
these three forms are at right angles to one another.

Combinations.—The following examples will
illustrate the great variety of habits which may
result from the combinations of pinacoids, prisms, domes, and
pyramids. Ttshould be noticed that the forms with simple indices,
a (109), b (010), ¢ (001), m (110), and p (111), are prominent.
The position in which the crystals are placed (the crystallographic
orientation) is to a certain extent arbitrary, since any one of the
axes of symmetry may be taken for the vertical axis ¢.

LDaiite (Figs. 273 to 277).—Axese:b:c=0.815:1:1.814. An.

Fia. 272.

. Fia. 276. Fra. 277.
glesm A m = 78° 22 and ¢ A 0 = 62° 48", The crystals commonly
have the basal plane ¢ prominent and are, therefore, tabular. The
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prism m (110), the macro-dome @& (102), and the brachy-dome o
(011) are generally present.

Celestite (Figs. 278 and 279).—Axesa : b : ¢ =0.779 : 1 : 1.280.
Angles m Am =75° 50’ and ¢cAo = 52°0’. The crystals are often
tabular like Figs. 273 to 275 of barite, and often they are
lengthened out in the direction of brachy-axis, having the
brachy-dome o (011) prominent (Fig. 279). The prism m (110) and

Fia. 278,

the macro-dome & (102) are generally present, while 7 (104) occurs
occasionally (Fig. 278).

77 EE

Sulphur (Figs. 280 to 282).—Axesa:b:¢=0.813:1:1.903.
Angles mAm =78° 14’ and cAn = 62°17". A pyramidal habit,
2 (111), is common, often with the apex truncated by the pyramid
s (113) or the base c¢. The brachy-dome n (011) is also often
present.

Stibnite (Figs. 283 and 284).—Axesa : b :¢=0.992 : 1 : 1.018.
Angles mAm = 89° 34’ and c¢Ap =55°19". The crystals are
prismatic, with the prism m (110)and the brachy-pinacoid & (010)
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prominent. They are often long and slender, and are generally
terminated by the pyramidal forms p (111), s (113), and r (343).

G5

Fia. 283,

Arsenopyrite(Figs.285and 286).—Axesa:b:¢=0.677:1:1.188.
Angles mAm = 68° 13" and cA ¢ =49° 5656’. A short prism m
(110), terminated by the brachy-dome w (014), is the common
habit. The brachy-dome ¢ (011) terminating the prism is occa-
sionally met with.

<

!! . -~
P

Fia. 285. Fra. 286,
Chalcocite (Figs. 287 and 288).—Axesa:b:c=0.582:1:0.970.

Angles m A m = 60° 25" and ¢ A d = 62° 44’. The crystals are com-
monly flat, with a striated basal plane ¢ (001) and the brachy-dome

Fia. 287, Fia. 288.

@ (021) prominent. The prism (110), two pyramids p (111) and
0 (112), and the brachy-pinacoid 4 (010) are common forms. Twin
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crystals are very common, and frequently imitate forms of the
hexagonal system, as will be explained under aragonite (p. 206).
Topaz (Figs. 289 to 293). — Axes a:b:c¢ = 0.528:1:0.477.
Angles m A m = 05° 43" and ¢ A p = 456° 35’. The crystals are gen-
erally prismatic, with two prisms developed, m (110) and 7 (120).

EONN

llm| m| 1

Fia. 289, Fia. 290, Fia, R91.

Fia. 293.

The forms which usually occur at the terminations are the base c,
the brachy-domes f (021) and 7 (041), the macro-dome & (201), and
the pyramids o (221), p (111), and ¢ (223). Doubly terminated
erystals are rather exceptional.

Chrysolite (Figs. 294 to 296).—Axes a:b: ¢ = 0.466:1:0.586.
Angles m A m = 49° 57 and ¢ A p =54° 15'. In the vertical zone

ml a [mlb

d \Y

Fre. 294. Fio. 295, Fia. 296.

the pinacoids « (100) and & (010) and the prism o (110) are usually
present, and occasionally, also, a second prism s (120). The crystals
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are terminated by the brachy-dome & (021), the macro-dome & (101),
the pyramid p (111), and occasionally, the basal plane ¢ (001).
Fig. 296 is a basal projection of Fig. 295, which shows the sym-
metrical development of the orthorhombic forms when viewed in
the direction of the vertical axis.

Staurolite (Figs. 297 to 300).—Axes a:b:¢=0.473:1: 0.683.
Angle m A m = 50° 40’. The crystals are generally prismatic, with
the prism s (110) and the brachy-pinacoid & (010) developed.

Fra. 297, Fra. 298. Fra. 299.

They are terminated either by the base ¢ (001), or a combination
of ¢ and the macro-dome 7 (101). Penetration twins are very com-
mon; the prisms crossing either at nearly 90° when a brachy-dome
(032) is the twinning-plane, or at nearly 60° when a pyramid (232)
is the twinning-plane.

Aragonite (Figs. 301 to 807).—Axes «¢:0:c¢=0.662:1: 0.721.
Angles m A m = 63° 48 and ¢ A k£ = 35° 47. Slender, needle-like

T

.4

Fia. 301. Fia. 302. Fia. 303. Fia. 304.

7

crystals, either tapering to a point or with well-defined faces
(usually the brachy-dome % (011)) at the extremity, are common
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(Fig. 301). Theindices of the steep pyramid ¢ (661) and the brachy-
dome s (0.12.1) are uncertain. Simple crystals (Fig. 302) show-
ing the combination of the prism m, the brachy-pinacoid b, and
the brachy-dome % are exceptional; while twins (Fig. 303),
often polysynthetic (Fig. 304), are more often observed, the prism
m (110) being the twinning-plane. A complex method of twinning
and intergrowth is common, from which a form resembling a hex-
agonal prism results. The character of these apparently hexagonal
crystals may be explained as follows: The cross-section of a sim-
ple crystal like Fig. 302 is represented by Fig. 805. Three indi-

Fie. 807.

F1a. 305.

viduals I, IT, and III (Fig. 306), each striated parallel to the brachy-
axis, and crystallizing with their prismatic faces m as the twin-
ning-planes, would diverge at angles of about 120°. Provided
that each crystal penefrated beyond the center, a six-sided form
would result, with the individuals meeting along the somewhat
irregular lines of interpenetration (Fig. 307). The complex charac-
ter of such twins is generally revealed by striations on the basal
planes, diverging as represented in Fig. 307, and also by small re-
entrant angles.

There is a tendency in a number of minerals having a prismatic
angle of nearly 60°, to occur in complex twin crys-
tals like those of aragonite, which ¢mitate forms of
the hexagonal system.

Cerussite (Fig. 308).—Axes @ : b :¢=0.610:1: 0.723.
Angle m A m = 62° 46. The figure represents
a form with deep re-entrant angles, resulting from

Fic. 808.  the penetration of three individuals in twin posi-
tion. (Compare Figs. 806 and 307 of aragonite.) Each crys
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tal has the brachy-pinacoid & (010) prominent, in combination
with the prism m (110) and the pyramid p (111). Occasion-
ally twin crystals of cerussite occur without the re-
entrant angles, when they may appear like a com- }9
bination of the pyramid and prism of the hexagonal
system.

Childrenite (Fig. 309).—Axes @:b:¢ =0.778:1:0.526.
Angle m A m = 75°46’. This example has been in- \\9
troduced to illustrate the combination of a pyramid Fre. 309.
§ (121) in combination with the pinacoids @ (100) and & (010).

ORTHORHOMBIC FORMS OF LOWER SYMMETRY THAN THAT
PRESENTED BY THHE NORMAL GROUP.

Hemimorphic Group.—Calamine Type.

The crystals of this group are characterized by having one
axis of binary symmetry and two planes of symmetry. The
peculiarity of the erystals is that the forms at oppo-
site extremities of the axis of symmetry are not
alike.

Calamine (Fig.310).—Axesa:0 :¢ =0.783:1:0.478
Angle m A m=176°9". The combination of the
macro-pinacoid @ (100), the brachy-pinacoid b (010),

F16.810.  anq the prism m (110), is terminated above by the
base ¢ (001) and the brachy- and macro-domes ¢ (031) and ¢ (301),
while below the pyramid » (121) occurs.

Sphenoidal Group.—Epsomite Type. ﬁ

Crystals of this group are characterized by hav-
ing three axes of binary symmetry and no planes of
symmetry. 2\
Epsomite (Fig. 811).—Axesa:b:¢=0.990:1:0.571.  Fra. 811
Angle m A m = 89° 26’. The figure represents the prism = (110),
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terminated above and below by two faces of the form 2z, having
the symbol (111). The four z faces alone produce a form known
as a sphenoid, similar to Fig. 65, p. 164. The faces correspond
in their axial relations to the alternating planes of the ortho-
rhombic pyramid (111) of the normal group.

MonNocLINIC SYSTEM.

In this system the forms are referred to three azes, a, b and
¢ of unequal lengths, with o and c intersecting at an acute angle
B bekind, while b is at right angles to a and c (Fig. 312). The
axis & is called the ortho-azxis, because it is at right angles to
the other two; and « is called the clino-azis, because it is in-
clined to the veréical azis c. For each substance crystallizing in
this system the ratio lengths of the axes and the axial inclina-
tion B must be determined from the measurement of appropriate
angles. For gypsum the axial relationisa:6:c=0.690:1: 0.412;
B =80° 42",

Forms of the Normal Group.—GQypsum Type.

The crystals of this group are characterized by having one axis
of binary symmetry (Fig. 313), which is always taken as the crys-
tallographic axis b, and one plane of symmetry. The plane of

Fia. 312. Fia. 813, Fia. 814.
symmetry (Fig. 314) is always supposed to occupy a vertical posi-
tion, and the @ and ¢ axes are located in it.

Monoclinic forms are of two kinds; either prismatic with four
similar faces, or pinacoidal with two parallel faces. It is con-
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venient, however, to designate the forms according to their rela-
tion on the axes: as pyramids, when the faces intersect all three
axes ; prisms or domes, when they intersect two axes and are
parallel to one ; and pinacoids, when they intersect one axis and
are parallel to the other two.

Pyramids.—The form (111) (Fig. 315) consists of four similar
Jaces. These four faces really constitute a prism with its edges
parallel to the direction @:c. The name pyramid is simply one of
convenience for designating the particular kind of form which in-
tersects the three axes. A somewhat similar, but different, and en-
arely independent form is (111) (Fig. 316), also consisting of four

Fia. 315. Fia. 316. Fia. 817,

similar faces. The solid represented by Fig. 317 is a combination
of the two independent forms p (111) and o (111). It should be
distinctly understood that no form in this system is more compli-
cated than the ones justexplained. The symbol may be less simple,
for example (321), but the symmetry demands the existence of only
four faces of the same kind.

Prisms.—A prismatic form, consisting of four similar faces
is commonly taken az the wnit-prism m (110) (Fig. 318). Such a

Fia. 818. Fia. 319. Fro. 320.
form is an inclined prism, the two faces in front making equal
angles with the terminal face ¢, but not angles of 90°. Besides
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the prism (110) others occur, whose faces are so inclined that they
go from a to a multiple of b, or from & to a multiple of a, and
are parallel to ¢. Two prisms, m (110) and z (130), often occur on
orthoclase (Fig. 328).

Domes.—The form (011) (Fig. 319) has four similar faces
which make an inclined prism. It is convenient to designate this
form, however, as a clino-dome, so named because the faces are
parallel to the clino-axis a.

Owing to the symmetry of monoclinic crystals the form (101)
occurs as a pair of similar faces. Fig. 320 represents two inde-
pendent forms (101) and (101), called ortko-domes, in combination
with a terminal face b.

Pinacoids.—There are three forms, each consisting of Zwo
parallel faces (Fig. 321), which are especially
important : the ortho-pinacoid a (100), the clino-
pinacold b (010), and the base or basal pinacoid
¢ (001). The clino-pinacoid &, which is parallel to
the symmetry plane (Fig. 313), is at right angles
to both the base ¢ and the ortho-pinacoid a,

Fia. 821. while the two latter forms make an angle with
yne another which is equal to the axial inclination 8.

Combinations.—The following examples will illustrate some of
the various habits which may result from the combination of mon-
oclinic forms, and it should be noticed that it is possible in almost
all cases, to orientate the crystals so that the symbols of their
forms can be expressed by very simple indices. The prevailing
forms are the pinacoids @ (100), & (010), and ¢ (001), the prism
m (110), and the pyramid p (111).

Gypsum (Figs. 322 to 325).—Axes a:b:c=0.690:1:0.412;
B =80°42. Anglesm Am = 68°30"andp A p = 36°12". Crystals
usually have the clino-pinacoid & (010) prominent, in combination
with the prism m (110) and the pyramid p (111). The ortho-dome
e (108) is often present. Twins are common, with the ortho-pina-
toid (100) as the twinning-plane (Fig. 320).

The arbitrary method of orientating a monoclinic crystal and
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naming the forms is here brought to notice. The four faces of the
so-called pyramid p, if placed vertically, could have been takenas
the prism (110), when the m faces would most naturally be taken
as the clino-dome (011). A crystal of gypsum thus orientated

bra 822 F1a. 323. Fie. 324. Fia. 325.
would, of course, have a different axial ratio than the one given
above. The only form on monoclinic crystals which is actually
determined by the symmetry is the clino-pinacoid & (010).

Orthoclase (Figs. 226 to 329).—Axes @:b:c = 0.658:1:0.6565;
p=63°57. Anglesm Am = 61° 13, ¢ A @ =50°16", andec A y =
80° 18’. The prominent {orms are the prism . (110) and the pina-

1 @ g
&

Fm 326. Fia. 327 Fro. 328. Fic. 329.
coids b (010) and ¢ (001). A second prism z (130), the ortho-domes
z (101) and ¥ (201), and the pyramid o (111), are often present. A
common kind of twinning consists of two individuals united with
their 0 faces in common (Fig. 329). The twinning-axis is the ver-
tical axis ¢. On the crystal in the normal position the base ¢
slopes toward the front, while in the twinned individual it slopes
toward the back.

Pyrozene (Figs. 330 to 336).—Axesa:b:c=1.092:1:0.689;
B="14°10". Anglesm Am=92°60", p Ap =48°29, and s A s =
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59° 11°. Prismatic crystals are common, the prisms m (110) being
stout, nearly rectangular (m A m = 92°50"), and generally truncated
by the ortho-pinacoid @ (100) and the clino-pinacoid & (010). The
crystals are variously terminated; the prevailing forms being the
base ¢ (001), the ortho-domes & (101) and 7 (102), and the pyramids

F1a.'330. Fi6. 331. Fra. 332. Fie. 333.

p (111), » (221), s (111), and o (221). Fig. 334 is a basal projection
of Fig. 333, and shows the symmetrical development of the mono-
clinic forms on either side of the symmetry plane, intersecting the

Fia. 334. Fia. 335. Fie. 336.

crystal parallel to the face b. Figs. 335 and 336 represent the or-
dinary development of crystals of augite, a variety of pyroxene
common in volcanic rocks.

Amphibole (Figs. 337 to 339).—Axes ¢:b:¢=0.5561:1:0.294;
B =13°58. Anglesm A m = 55°49"and r A 7 = 31° 32", The crys-
tals are commonly long and bladed, with the prism 2 (110) promi-
nent, or apparently hexagonal (m A m = nearly 60°), when m and
the clino-pinacoid b are about equally developed. A second prism
e (130) and the ortho-pinacoid a« (100) are often present. The
crystals are generally terminated by the faces of the clino-dome
r (011).
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Fia. 337. Fra. 338. F1a. 339.
Titanite or Sphene (Figs. 340 to 342).— Axes a:b:c=

DT55:1:0.854; B=60°17". Anglesm A m=66°29",p A p =43°49’,

andc A p =38°16". The prism m (110) and the pyramid p (111)

Fia. 340. Fia. 841, Fia. 342,
are generally prominent, and in combination with the base ¢ (001)
and the ortho-pinacoid @ (100). The very obtuse interfacial angles
of Fig. 341 are conspicuous, from which the name spZene, mean-
ing a wedge, is derived.
Epidote (Figs 343 and 344).—Axesa:b:c=1.578:1:1.804;
B =64°37. Anglesm A m = 109°56", n A nn=70°29, andc A7 =

Fia. 343. Fra. 344.

63° 42’. The erystals of epidote genzrally have a somewhat un
usual developinent, being long in the direction of the symmetry
axis, owing to the prominence of the base ¢ (001), the ortho-pina
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coid @ (100), and the ortho-domes 7 (101) and ¢ (102). At the ends,
the pyramid » (111) is generally the most prominent form, while the
other forms shown in Fig. 344 are the clino-pinacoid 2, the clino

domes o (011) and % (012), the prism » (110), and the pyramid p (111).

MONOCLINIC FORMS OF LOWER SYMMETRY THAN THAT PRE-
SENTED BY THE NORMAL GROUP.

Two groups are recognized, but are, however, very rarely
observed. One is Zemimorphic, having an axis of binary symme-
try but no plane of symmetry ; the other has a plane of symmetry,
but no axis of symmetry.

TRICLINIC SYSTEM.

In this system the forms are referred to three azes, a, b, and
¢, of unequal lengths, and intersecting at oblique angles, a, S,
and y (Fig. 345). The directions which are taken to represent the
e axes correspond to prominent crystallographic
, features, but otherwise are arbitrarily chosen.
Any one of the axes may be taken as the
vertical axis ¢, and of the lateral omes, b is
the longer or macro-axis and a the shorter or
Fia. 345. brachy-axis. For each mineral crystallizing
in this system, the ratio lengths of the axes and the inclinations
a, B, and y must be determined from the measurement of appro-
priate angles. In axinite, for example, a:0:¢=0.492:1:0.480;

and a = 82° 54/, B = 91° 62, and y = 131° 32,

b

Forms of the Normal Group.—Azinite Type.

Crystals of this group have a center of symmetry, but neither
planes nor axes of symmetry. Each form consists of fwo sim-
ilar parallel faces, diametrically disposed with reference to a
central point.

Each form, since it consists of only two parallel faces, has the
character of a pinacoid. It is convenient, however, to designate
the forms according to their relations on the axes, as pyramids
when they intersect the three axes, as prisms or domes when
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they intersect two axes and are parallel either to the vertical or
to one of the horizontal axes, and as pinacoids when they inter-
sect one axis and are parallel to the other two.

Pyramids.—The form (111) (Fig. 346) consists of wo similar
Jaces, and. is designated as a pyramid for the sake of convenience.
Four entirely different forms are possible, each of which intersects
the axes at their unit lengths, (111), (111), (111), and (111) (Fig. 347).

< <& [

Fia. 346, Fra. 347. Fia. 348.
No single form can be more complex than the one represented by
Fig. 346. The symbol may be more complicated, for example
(321), but the form can consist of but two faces.
Prisms.—The forms 2 (110) and 2/ (110) (Fig. 348) each consists
of two similar faces, and the four planes constitute a triclinic
prism, whose faces do not make equal angles with the terminal

plane c.

Domes.—If the forms are parallel to the & axis, for example,
(101) or (101) (Fig. 349), they are called macro-domes; and if par-
allel to the @ axis, for example, (011) or (011) (Fig. 850), they are
called drachy-domes.

Pinacoids.—When it is reasonable to do so, it is customary to
select three prominent faces of a crystal to represent the macro-

Fia. 350. Fra. 851,
pinacoid a (100), the brachy-pinacoid b (010), and the dase or
basal pinacoid ¢ (001) (Fig. 351). These three forms are important,
because their intersections determine the axial directions.
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Combinations.—The following illustrations will serve to show
some of the variations in habit which may result from the combi-
nation of triclinic forms. Since the crystals have neither a plane
por an axis of symmetry, any face may be taken as a pyramid, prism,
dome, or pinacoid. In orientating a triclinic crystal the most
important thing to be considered is the adoption of such a position
that the prominent faces will have as simple indices as possible.
It should be noticed, in studying the examples given below, that
the crystals have been so orientated that, in most cases, the promi-
nent forms are the pinacoids @ (100), b (010), and ¢ (001), and the
prisms m (110) and M (110), all having very simple indices.

Axinite (Fig. 352). — Axes @ :0:¢=0492:1: 0.480; a =
82° 64’ f=01° 52, and y =131° 32’. Angles
a Am=15°34,a N M =28° 55, m A p = 30° 33,
and M A 7 = 45°15’. Prominent forms are the two
prisms 7 (110) and A/ (110), terminated by the pyra-
mids p (111) and 7 (111), and the macro-dome s
Fia. 352 (201). The exceptionally acute and obtuse angles

. . . K
of the crystal are conspicuous, whence the name axinite (a&ivy,

an aze).

Albite (Figs. 353 to 356).—Axes a:b:c=0.633:1:0.568; a =
94° 3, 6=116° 29", and y =88°9". Angles b A ¢ =86°24") m A ¢
=65°18, M A ¢ =69° 10, and m A M = 59° 14". The crystals are

g
N
\V, « b
=

Fia. 353. Fia. 354. Fia. 355. Fi1a. 856.

commonly flat (tables) with the brachy-pinacoid & (010) prominent.
Combined with this are the two prisms m (110) and 3 (110), the
base ¢ (001), and the macro-dome z (101). The pyramids o (111)
and ¢ (111) are often present. Twins are common, often polysyn-
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thetic (Fig. 366), the pinacoid & being the twinning-plane. The
basal planes of polysynthetic crystals show a repetition of re-
entrant and salient angles; and when the lamells® are numerous,
as is often the case, the basal plane, or cleavage-surtace, shows a
series of fine striations (Fig. 87, p. 168). The similarity between
albite and the closely related mineral orthoclase of the monoclinic
system (p. 211), may be seen by comparing their axial ratios and
interfacial angles. e )

Cyanite (Fig. 357).—Axes ¢ : b :¢ = 0.899:1:0.709 ;
a=90°0, #=101° 2, and y = 105° 44’. Anglesa A b

1
=T3°00,ane=T830",b Ac=86"4Y,and a A M = @
48° 18’. The crystals are generally long and bladed,
owing to the prominence of the macro-pinacoid a (100),

b1e. 857.

and are seldom terminated by distinct faces.

Rhodonite, variety Fowlerite (Fig. 358). —Axes a:b:c=
1.078: 1:0.626 ; a = 103°39’, f = 108° 48, and y =
81° 55, Angles ¢ A a="172°30", a A m=48°33,
mAM=92°49 c Am =068 2, and c A M=
“ 86° 41'. The crystals are commonly somewhat
t.tbuLu with the base ¢ (001) prominent. The two
prisms m (110) and M (110) are common, while the
pyramids n (221) and % (231) are usually subordinate. Rhodonite
(m A M =92° 49") is closely related to pyroxene (p. 210), in which
m A m = 92° 50’

Chalcanthite (Blue Vitriol) (Fig. 359). — Axes
@:bic=0.566:1:1.000; « =82°2l’, #="7311", and
y = 77°37. Angles a A b=100°41", ¢ Am = 30°51’,
a ANM =209, and m A p=>502° 20". The crystals
commonly have the two pinacoids a (100) and & (010)
and the two prisms = (110) and A/ (110) prominent,
and are terminated by the faces of the pyramid p (111).

Fra 858.

Fia 859.
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TRICLINIC FORMS OF LOWER SYMMETRY THAN THAT PRESENTED
BY THE NORMAL TYPE.

Triclinic crystals have been observed which do not have a center
of symmetry, but no minerals belonging to this class are known.
On the crystals, each form consists of a single plane, but the
occurrence of any crystal face does not necessitate the existence
of one parallel to it.

NoTE CONCERNING THE SYSTEMS OF CRYSTALLIZATION.

Although crystals are classified into six systems, according to
their axial relations, each system is subdivided into groups with
varying degrees or kinds of symmetry. Each of these subdivi-
sions really constitutes a distinct class, characterized by a particu-
lar kind of symmetry, which a substance crystallizing in that class
will invariably show. From pnrely mathematical considerations
it can be shown that there are ¢hirty-two possible classes to which
crystals can be referred, and all but three of them have been ob-
served either among minerals or artificially crystallized salts.

The possible kinds of symmetry are shown in the table oppo-
site. The references will serve to indicate the important classes
which have been described in the foregoing pages.

PseEubpoMorPHOUS CRYSTALS.

Although the occurrence of a mineral in distinct crystals may
generally beregarded as a proof of the homogeneous character and
purity of the material (p. 156), this is not always the case. A sub-
stance may either undergo chemical alteration or be replaced by
material of entirely different character without perceptible change
in the crystalline form, and thus crystals result which have the
form of one mineral dnd the chemical composition of another.
Such crystals are known as pseudomorphs (pevdns, false, and

uopen, form).
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FABLE SHOWING THE SYMMETRY OF THE THIRTY-TWO CLASSES OF
CRYSTALS.

An asterisk denotes the absence of & Center of Symmetry.

E" Axes of Symmetry.
$ s 3 Hexagonal. Greatest Number of Similar
g . Group, £E @ Tetragonal. Faces Possible on a Crystal,
i E H A ‘Trigonal, with Reference.
7] 3] A @ Biuary.
. 1 Normal 9 3@ 4 A @ 48. Hexoctahedron, Fig. 11§
£ | 2 Pyritohedrl 3 8@ 4A 24. Diploid, Fig. 118
2 8 Tetrahedral* 63@® 4A 24. Hexakistetrahedron, F. 132
g 4 *, teeenane 0 3@ 4A t@® 24, Rare, cuprite
= 6 * e 08¢ 4 A 12. Rare, langbeinite
) 6 Normal T1e (e 24. Dihexagonal pyr., F, 198
§ 7 Hemimorphic* 61 @ 12 Rare (p. 190)
&% | 8 Tri-pyramidal 11 @ 12, The u faces, Fig. 207
o O * e 01 (@ 12. Rare, artificial salts
= 10 % i 01 @ 6. Rare, nephelinite
Il iviiiviieneenns) 41 A 3 @ 12. Unknown
; |12 Normal 314 i@ 12. Scalenohedron, Fig. 217
= |13 Hemimorphic* | 3 |1 A 6. The u faces, Fig. 247
SE 14 Tri-thombohedral| 0 |1 A 6. Rhombohedron. The gz
%2 | faces, Fig. 248
% & |15 Trapezohedral* 0l A 8@ 6. Trapezohedron, Figs.
= f‘? ! 268 and 259
16 (*,...... [ 11 A 6. Unknown
17T % i iieeninnns 01 A 3. Rare, artificial salt
18 |Normal 5 [l@ ‘i@ 18. Ditetragonal pyr., F. 146
= 19 * i ] 4 1@ 8. Rare, artificial salts
g |20 |Tri-pyramidal 1 1@ 8. The s faces, Fig. 178
E" 21 |Sphenoidal* 2 1 @ 28 8. The y faces, Fig. 185
5 (%2, Cerens 0le ‘e 8. Rare, artificial salts
Eoles i 0Ol @ 4. Rare, wulfenite
2% e 0l @ 4. Unknown
é;g 25 |Normal 3 3 @ 8. Pyramid, Fig. 268
E € |26 |Hemimorphic* 2 |l @ 4. The v faces, Fig. 810
© 2 |27 Sphenoidal* 03 @ 4. The ¢ faces, Fig. 811
do |28 Normal l le® 4, The p faces, Fig. 823
88 |20 M.iiiiiiienin 0 1l @ 2. Rare, artificial salts
=S [80* et 1 |None 2. Rare, clinohedrite
- -g 81 |[Normal 0 |None 2. The D, faces, Fig. 853
SESINE: ) L P e. .. | 0 |None 1. Rare, artificial salt
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Pseudomorphs by Chemical Alteration of the Original Material.
—Crystals of pyrite, FeS,, by long exposure may become oxidized
and hydrated, and partly or wholly converted into limonite (iron
rust), Fe,O,(OH),. Thus pseudomorphs of limonite after pyrite
are formed. A similar change takes place when iron rusts from
exposure. If a discarded rusty tool is found, the character of the
implement may generally be determined from the shape of the
mass of iron rust, even though the steel has wholly disappeared,
and so, from the shape of a pseudomorphous crystal, the nature
and name of the original mineral may generally be inferred.
Other illustrations are the change by hydration and loss or gain
of magnesium oxide, of the silicates chrysolite, Mg,SiO,, and en-
statite, MgSiO,, to serpentine, H Mg,Si,0,.

9Mg,Si0, 4 2H,0 less MgO = H,Mg,$i,0,.
9MgSi0, + 21,0 plus MgO = H,Mg,8i,0,.

Pseudomorphs by Incrustation and Replacement.—Often crys-
tals of fluorite become coated with quartz, and subsequently the
former is removed by solution or other agency, and the space
thus left vacant is wholly or partly filled by a deposit of
quartz, thus producing pseudomorphs of quartz after fluorite.
Another illustration is furnished by petrified wood. As the wood
decays the silica which is dissolved in the percolating water is de-
posited upon its fibers, often preserving the delicate structure
of the wood in a remarkable manner.

Pseudomorphs Resulting from Molecular Change. — When
molten sulphur is cooled, rather quickly, crystals belonging to
the monoclinic system are formed, which cannot be preserved at
ordinary temperatures, because they undergo a molecular change
to the orthorhombic modification (p. 202). Similar changes in
molecular condition, without the addition or removal of chemical
constituents, take place in nature, giving rise to pseudomorphs
of calcite after aragonite, rutile after brookite, amphibole after
pyroxene, etc. These are also called paramorphs.
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tites form in cavities. The material is deposited generally from
dripping water.

CoHESION RELATIONS OF MINERALS.

Cleavage.—Crystallized substances usually exhibit a tendency
to break more readily in some directions than in others, often
yielding smooth surfaces which resemble crystal faces. This prop-
erty is known as cleavage. The directions of cleavage are always
parallel to possible crystal faces, and usually to faces with simple
indices. Cleavage is a separation parallel to the molecular planes
composing the crystal (Fig. 51, p. 157), and is due to the fact that
the forces which unite the molecules are weaker in certain direc-
tions than in others. Some substances, such as calcite, gypsum, and
mica, can be cleaved with great ease. Such cleavage is designated
as perfect, and if the cleavage-fragment is held in an appropriate
position, close to the eye, a perfect reflection of distant objects will
be obtained from its surface. In some minerals cleavage is poor,
or can only be detected with difficulty. In studying minerals the
ease with which cleavage can be produced and its direction, or its
relation to the crystal form, should be carefully noted. Often the
cracks in a crystal reveal both the presence and the direction of
cleavage. To produce a cleavage, place the edge of a knife-blade
or chisel on a crystal face, parallel to the direction in which the
cleavage is supposed to exist, and strike a sharp, quick blow with
a hammer.

In the isometric system cleavage may be cubic (Fig. 95, p. 170,
and Fig. 365), as in galena and halite ; octakedral (Fig. 96, p. 170),
as in fluorite ; or dodecakedral (Kig. 97, p. 170), as in sphalerite.

In the hexagonal system cleavage is designated as basal or
prismatic when parallel, respectively, to the faces lettered ¢ or m
(Fig. 194, p. 187). 1n the rhombohedral group it is often r2ombo-
hedral (Fig. 219, p. 193, and Fig. 366), as in calcite. This is char-
acterized by being equal in three directions, but not at right angles
to one another.
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In the remaining systems cleavage is called dasal when it is
in one direction, parallel to the terminal face ¢ (001) in the figures

F1a. 365. Fia. 366.
Cubic Cleavage.—Gulena. Rhombohedral Cleavage.—Calcite.

pp- 179 to 217, illustrated by apophyllite in the tetragonal, topaz
in the orthorhombic, and orthoclase in the monoclinic systems.
Cleavage is called pinacoidal when it is in one direction, parallel
to the vertical pinacoids of the orthorhombic, monoclinie, or tri
clinic systems, as in stibnite (Fig. 283, p. 203) and gypsum (Fig.
322, p. 211), where it is parallel to the faces b (010). In orthoclase
(Fig. 326, p. 211) thereis a perfect basal cleavage parallel to ¢ (001),
and a less perfect cleavage at right angles to it, parallel to the clino-
pinacoid b (010). A cleavage is designated as prismatic when
produced with equal ease in two directions, parallel to the faces
m (110) or @ (100) of the tetragonal system (pp. 179 to 183), or paral-
lel to the faces m (110) in the orthorhombic and monoclinic systems
(pp. 200 to 213). Amphibole furnishesa good example of prismatic
cleavage.

Parting.—It is the case in some crystals that when they are
subjected to strain or pressure there is apparently a slipping or
gliding of the particles along certain molecular planes. This is
accompanied at times by an overturning of layers of molecules into
the position which they would occupy in a twin crystal By this
process a weakness along these planes is developed, and the crys-
tal may part or break with smooth surfaces. This phenomenon is
called parting and is distinct, though not always readily distin-
guished, from cleavage, from which it differs in that it takes



FRACTURE. 225

place only where the molecular structure Las been disturbed by
pressure or other agency, while cleavage in a given direction can
be produced as readily in one part of a crystal as another.
Magnetite shows no perceptible cleavage, but specimens from
ecertain localities show a perfect octakedral parting (Fig. 367).

Fie. 868,
Twin Lamell® and
Basal Parting.~—
Fia. 367. Pyroxene.
Octahedral Purting.—Magnetite.

Pyroxene has a rather poor prismatic cleavage, but some crystals
show twin lamellee very distinctly and parfing parallel to the
basal plane (Fig. 368).

Fracture.—If a mineral has a poor cleavage, and separates or
breaks almost as readilyin one direction as in another, smooth.
curved surfaces often result (Fig. 369). 2
This kind of fracture is called conchoi-
dal, from its resemblance to the curved
surface of a shell. It is especially
characteristic of amorphous substances,
such as glass, and of minerals having a
poor cleavage, such as quartz, while it
may occasionally be observed on min-
erals which cleave readily, as calcite.

Fracture is said to be uneven when Fie. 369.
. . Conchoidal Fracture.—Obsidian
rough, irregular surfaces are obtained ; or Volcanic Glass,

hackly when a jagged, irregular surface like that of broken
metal results; and splinfery when the substance breaks in
splinters or needles.
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Tenacity.—A mineral is said to be malleable when it can be
beaten out into plates by hammering; secfile when it can be cut
with a knife, so that a shaving results ; flexible when it bends
readily, but does not resume its shape when the pressure is re-
lieved ; elastic when it bends and springs back to its original
position.

Hardness.—The hardness of a mineral, or the resistance which
it offers to being scratched, is expressed in terms of a scale of
hardness, consisting of crystallized varieties of the following ten
minerals :

Scale of Hardness.

1. Talc. 8. Calcite. 5. Apatite. 7. Quartz. 9. Corundum.
2. Gypsum. 4. Fluorite. 6. Orthoclase. 8. Topaz. 10. Diamond.

The hardness of a mineral is determined by drawing a point, or
a sharp corner of it across smooth surfaces of the different min-
erals in the scale of hardness until one is found which it will jus¢
scraic?, while it will not scratch the next higher member in the
scale. Thus if a mineral will scratch calcite but not fluorite its
‘hardness will be between 3 and 4.

It is generally a simple matter to determine the hardness of a
mineral, but there are some cases where considerable care and
judgment must be exercised. For example, a soft mineral may
crumble when drawn across a harder one, especially when the sur-
face of the latter is rough, and leave a mark, similar to that of
chalk on a blackboard, which readily rubs off and must not be
mistaken for a scratch. Again, it is difficult to obtain the correct
hardness of minerals which crumble readily or crystallize in fine
needles or scales, for when drawn across the surfaces of the minerals
in the scale of hardness they break down and do not offer suflicient
resistance to make a distinct scratch on materials which may be
considerably softer.

In determining the hardness of minerals o knife-blade will be
found very useful. It will scratch apatite with some difficulty,
but not orthoclase, and its hardness, therefore, is a little over 5
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With a little experience an approximation to the hardness of the
softer varieties of minerals may be obtained by noting the ease
with which they are scratched with a knife. The hardness of
window-glass is about 5§, and some pieces of it will be found very
useful.  An ordinary brass pin will scratch calcite but not fluorite,
and its hardness is, therefore, a little over 3. The finger-nail will
scrateh tale easily and gypsum with some difficulty.

- Orystals exhibit varying degrees of hardness in difterent direc-
tions, being softer parallel to a cleavage direction than at right
angles to it. This difference, however, is usually not sufliciently
great to be detected by the ordinary methods of testing hardness.
Cyanite furnishes a striking example, for in the direction of
cleavage (parallel to the longer axis of the splinters) it can be
readily scratched with a knife, while at right angles to the
cleavage the hardness is considerably greater than that of steel.

ProreEnrries DEPENDING UPON LigHT.*

Luster.—The luster of minerals, or their appearance due to
the reflection, absorption, or refraction of light, furnishes an im-
portant means of identification, and is described by the following
terms :

Metallic.—Having the luster and appearance of a metal, like
lead or copper. Under this head those minerals are included
which are opaque, that is, those which are not aé all transparent
when their thin edges are examined in a strong light. The powder
of an opaque substance is dlack or very dark, because the small
particles constituting it do not transmit any light; therefore this
property may be usefully employed in detecting metallic luster.
Pyrite and galena are examples of minerals with metallic luster.

Sub-metallic.—Dark-colored minerals which lack the true luster

* Though fully appreciating the importance of the application of polarized light in
the study of crystals and the identification of minerals, it has seemed best not to include
these methods in the present work  For a description of them the student is referred
to Idding's trunslation of Rosenbusch’s Mikroskopische Physiographie der petrographisch
wichtigen Mineralien or to Dana’s Text-book of Mineralogy.
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of a meta) ars called sub-metallic. Such substances are generally
slightly trausparent in very thin splinters and give dark powders,
although the colors are considerably lighter than those of the com-
waot miverals. Chromite, limonite, and some of the dark varie-
ties ol &g halerite are examples of minerals with sub-metallic
luster

Non-metallic.—Transparent minerals are here included. If col
orless, white, or light-colored they will give whkife powders, and if
of decided colors their powders will be of lighter shades than
those of the compact minerals. For example, a dark-green epidote
yields a very pale green powder.

i'ransparent minerals exhibit the following kinds of luster:

Vitreous, like the luster of glass. Adamantine, like the luster of a
diamond. Minerals possessing this luster have a certain brilliancy,
due to the strong refraction of light, i. e., they have a high index of
refraction. Adamantine luster may be observed on some of the
hard minerals used as gems and on cerussite and other transparent
salts of lead. [ZResinous, or having the appearance of resin, as
shown by transparent varieties of sphalerite. Greasy or oily, as
if the mineral had a thin coating of oil over it, as shown by some
specimens of serpentine and massive quartz. Pearly, like the
luster of mother-of-pearl. This is due to the interference of light
in minute cracks (Newton’s rings). It may usually be observed
on crystal faces parallel to which there is a perfect cleavage, as on
the basal planes of an apophyllite crystal. Silky, like a skein of
silk. This may be observed on minerals which have a fine fibrous
structure.

Streak.—The streak of a mineral is the color of its powder.
Provided the material is not too hard, this may be quickly de-
termined by rubbing it on a piece of white, unglazed porcelain,
and noting the color of the powder, or mark, which is left. Pieces
of unglazed porcelain, called streak-plates, are made especially for
this purpose. ,

Color.—The color of minerals is a property which should be
rarefully considered. A mineral with metallic luster will always
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show the same tone of color provided fresh, unaltered ma-
terial or a freshly broken surface is examined. Thus, the color of
chalcocite is steel-gray and of bornite brownish-bronze. On ex-
posure to the air and light, however, the surfaces of minerals with
metallic luster may become dull or tarnished and present quite a
different appearance from that of the fresh material. Forexample,
chalcocite becomes black, and a fresh surface of bornite tarnishes
to a purplish tint in less than a day. A mineral without metallic
luster has always a definite color provided it contains a constituent,
like copper, iron, or chromium, which has the property of coloring
its compounds. Thus, copper minerals are generally green or blue,
those containing iron and chromium generally green, though of
different shades, while chromates are red or yellow. Often, how-
ever, the color of a mineral with non-metallic luster is variadle, as
illustrated by fluorite, which is colorless, yellow, pink, green, and
violet, or by tourmaline, which ranges from colorless, or white,
through varying shades of pink, green, blue, and brown, to black.
The causes for the variation in color of some minerals cannot be
detected, since it takes such minute quantities of certain materials
to impart color to minerals. In a few cases the color disappears
upon the application of heat, and is supposed to be of the nature
of an organic pigment. In the majority of cases, however, varia-
tion in color is due to the admixture of some isomorphous con-
stituent which has the property of absorbing light. Forexample,
the diopside variety of pyroxene, CaMg(SiO,), is colorless, but
pyroxenes containing the isomorphous iron molecule CaFe(Si0O,)
vary from light to dark green, depending upon the amount of iron
which they contain. As explained on p. 7, the variations in the
color of sphalerite, from colorless, or nearly so, when pure ZnS,
through brown to black, depend upon the amount of the iso-
morphous iron sulphide molecule FeS which the mineral contains.

Frequently a mineral is colored by some foreign constituent
with which it is mechanically mixed. Thus jasper is quartz col-
ored red or brown by an admixture of either hematite or limonite.
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ProPERTIES DEPENDING UPON HEAT.

Fusibility.—The ease with which substances fuse, or their de-
gree of fusibility, admits of approximate determination, and is of
_—_ great assistance in the identification
of minerals. In testing fusibility,
splinters of nearly uniform dimen-
sions should be employed, and pieces about
1.5 mm. in diameter (Fig. 370) may be as-
sumed as the standard size. The splinter
should be held in the platinum forceps so
that its end projects beyond the metal, then
Method oflz;,s““?"g a frg- heated as shown in the figure. Provided its
ment of Standard Size edges do not become rounded, a much finer
when testing for the de- 3 . .
gree of fusibility. splinter or a fragment with a very thin edge
should be tested before deciding that the material is infusible.
The fusibility of a mineral is determined by comparing its fusi-
bility with that of a fragment of the standard size from the fol-

lowing scale :

Scale of Fusibility.*

1. Stibnite, { A rather large fragment fuses easily in

a luminous lamp or gas flame. TFusible in
3b,S,

a closed glass tube below a red heat.

(A fragment of the standard size fuses
2. Chalcopyrite, | pather slowly in a luminous lamp or gas

CuFeS. 7 flame. A small fragment fuses in a closed
|_glass tube at a full red heat.

A fragment of the standard size fuses
8. Almandine | readily to a globule before the blowpipe.

Garnet, < In a luminous lamp or gas flame only the
Fe, Al (810,),. very finest splinters or thinnest edges are
| rounded.

* With the exception of chalcopyrite the scale here adopted is that of Von Kobell,
who made use of natrolite as No. 2. Natrolite, however, seems poorly chosen, for the
range between stibnite and natrolite is considerable, while between natrolite and garnet

¢he difference is slight.
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( The edges of a fragment of the standard

4. Actinolite, size are readily rounded before the blow-
Ca(Mg,Fe),(Si0,),. ) pipe. A much finer splinter is easily
fused to a globule.

[ The edges of a fragment of the standard
size are rounded with difficulty before the
< blowpipe. It isonly when very fine splinters
are employed that the material can be fused
to a globule.

5. Orthoclase,
KAIS8i,0,

6. Bronzite, { Only the finest points and thinnest edges
(Mg, Fe)SiO,. become rounded before the blowpipe.

Glowing.—Some minerals glow, or emit a bright light, when
heated intensely before the blowpipe. This is a property of in-
Jusible substances, and the oxides of calcium, magnesium, zirco-
nium, and thorium possess it in a marked degree. Fragments of
calcite CaCO,, brucite Mg(OH),, and zircon ZrSiO,, glow when in-
tensely ignited. The Auer von Welsbach light is obtained by heat-
ing a mantle of thorium oxide with a Bunsen-burner flame.

Phosphorescence.—Some minerals when gently heated become
luminous and emit light for a longer or shorter period. This
property, known as phosplhorescence, may be tested by heating
fragments of a mineral in a closed tube, and best in a dark room.
Many varieties of tluorite phosphoresce beautifully, with purple or
green light. Some minerals phosphoresce when they are struck or
rubbed ; others after they have been exposed to surlight or to an
electric discharge.

Pyroelectricity.—Some minerals when they undergo a change
of temperature become electric and have the property of attract-
ing light bodies. This property, known as pyroelectricity, is espe-
cially characteristic of hemimorplhic substances, i. e., those which
show an unlike development of crystal forms at opposite extremi.
ties of an axis of symmetry (p. 164). Two kinds of electricity are
always developed, positive at one end and negative at the other.

To detect pyroelectricity a crystal, held in the platinum forceps,
is heated gently (not much above 100° C.), and as it cools it is brought
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near some small bits of tissue-paper, which will be attracted. A
cat’s hair which has been rubbed between the fingers and become
positively electrified is excellent for detecting pyroelectricity, for
it will be attracted to that end of the crystal where negative elec
tricity prevails, and repelled by the other. A hair for this purpose
may be fastened to a cork by means of sealing-wax and kept in
a vial. Another very beautiful method is tried with a mixture ot
about equal volumes of red oxide of lead and flowers of sulphur.
The mixture is kept in a vial, over the mouth of which two or
three thicknesses of fine bolting-cloth are tied, so that the powder
may be sifted out slowly. When agitated, the red oxide of lead
pecomes positively, and the sulphur negatively electritied, so that
when the mixture is dusted upon an electritied body the red
oxide of lead will be attracted to that part where there is negative,
and the sulphur to where there is positive electricity. Experi-
ments in pyroelectricity may be made with the light-colored
varieties of tourmaline or with crystals or fragments of calamine.
Generally the experiment succeeds best when a rather small

fragment is employed.

PRroPERTIES DEPENDING UPON WEIGHT.

Specific Gravity.—The specific gravity of a substance is the
ratio of its weight to the weight of an equal volume of water.
For example, quartz has a specific gravity of 2.65, and is, there.
fore, two and sixty-five hundredths times Leavier than water.

Specific gravity is a definite property of all minerals which
show no variation in chemical composition, and, when carefully
determined, can be used to great advantage as a means of identifi
cation. There are, however, several conditions which must be
carefully considered.

1. It is of the utmost importance that the material should be
pure. If it is not, there is little or no advantage to be gained by
taking its specific gravity.

2. A pure, transparent fragment of a mineral will apparently
have a somewhat higher specific gravity than a piece which is tull
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of cracks, as the cracks contain air which tends to make the min-
eral lighter. Air can generally be expelled from cracks by boiling
the fragment in water for some minutes, when an accurate deter-
mination may be made.

3, It is difficult and often impracticable to obtain the correct
specific gravity of porous, earthy, and fine fibrous, or scaly, min-
erals because of the air which they confine. Moreover, the
chances of their containing impurities are also great and must be
taken into consideration.

4. Minerals which show a variation in chemical composition
may exhibit considerable range in specific gravity. This is espe-
cially true when there is an isomorphous mixture of two molecules
with widely different molecular weights, as in the case of the
niobate and tantalate of iron, explained on p.7. In such cases,
however, the specific gravity determinations may have great value,
as furnishing a means of approximately determining the propor-
tions of the isomorphous constituents.

In the tables for the determination of minerals, pains have been
taken to give, as accurately as possible, the specific gravity of the
pure crystallized varieties of each mineral. Variations from these
figures should be small, provided the material that is tested is
pure and its specitic gravity is taken correctly.

The usual method for taking specitic gravity is to weigh a sub-
stance in air and then when immersed in water. The difference in
these values is the weight of a quantity of water equal fo the
volume of the substance, for a body when immersed in water is
buoyed up by a weight equal to that of the water displaced. It
Wa is the weight of a substance in air and Wuw its weight when
immersed in water, its specific gravity is found by dividing Wea
by Wa — W.

For very accurate determinations the weights should be taken
on a chemical balance. The material is first boiled in water for
some minutes to expel the air, then allowed to cool in the water
to the temperature of the room. It is then conveniently placed
in a wire basket, suspended from the arm of a chemical balance
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by a very fine platinum wire (Fig. 371), and the weight in water
determmed from which the weight of the empty basket in water

‘ should be deducted. The material is then
weighed, after being thoroughly dried.
For practical purposes corrections for
temperature may be neglected, for they
will be trifling if the weighings are made
at the temperature of an ordinary living-
room.

For quick results in the identification
of minerals, the following simple methods
will be found convenient and sufficiently
reliable for all ordinary purposes.

The Spring or Jolly Balance—With
this apparatus (Fig. 372) the 7elative

Fio. 371. weights of a substance are determined
Mi‘&“‘oﬁf J‘;’;‘.}L‘;g &L’; b?;’{ by the stretch of a spiral
weighing  subslunces | 1 spring.  Two pans are
side.) carried at the lower end of
the spring; the upper one ¢ being in the air
and the lower one & in water which is in a
glass resting upon the sliding platform B. The
stretch of the spring is read from a scale which
is engraved upon a mirror fastened to the upright
A. A white porcelain bead at m serves as a mark
for noting the position of the spring with refer-
ence to the scale. It is evident that in order to
make these readings correctly, the eye must be
on the same level as the bead. This is accom-
plished by bringing the eye into a position where
the top of the bead and its reflection in the mirror
coincide. The pans being empty and the lower

Fra. 874,
. X Spring or Jolly Bal.
one @ being suspended in the water near the ance for Specific

bottom of the glass, the position of the bead m Gravity.

is noted on the scale, =2. A fragment of mineral, sufficient
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to stretch the spring somewhat more than one half the length
of the scale, is then placed in the upper pan and the platform
lowered until the spring comes to rest, the pan & occupying
the same relative position in the water as before, when the
position of the bead is again noted, =y. Hencey —z is the
weight in air. The fragment is now transferred to the lower pan,
and the platform raised until & occupies the same position in the
water as before, when the position of the bead is again noted, = z.
Hence y — z is the loss of weight in water, and the weight in air
divided by the loss of weight in water gives the specific gravity.
The Beam Balance—This is a simple piece of apparatus (Fig.
878) which can be easily constructed. The beam of wood is sup-

b od 0
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Fia. 878,
Beam Balance for Specific Gravity, jth Natural Size.

ported on a fine wire, or needle, at & and must swing freely. The
long arm be is divided into inches and tenths, or into any decimal
scale, commencing at the fulcrum b ; the short arm carries a double
arrangement of pans, so suspended that one of them is in the air
and the other in water. A piece of lead on the short arm serves to
almost balance the long arm, and, the pans being empty, the beam
is brought to a horizontal position, marked on the upright, near c,
by means of a rider d. A number of counterpoises are needed,
which do not have to be of any specific denomination as it is their
position on the beam and not their actual weight which is recorded.
Most handy are bits of bent wire which may be used as shown at
A. The beam being adjusted by means of the rider d, a frag-
ment of mineral is placed in the upper pan and a counterpoise
is ghosen, which, when placed near the end of the long arm, will
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bring it into a horizontal position. The weight of the mineral in
air, Wa, is given by the position of the counterpoise on the scale.
The mineral is next transferred to the lower pan, and the same
counlterpoise is brought nearer the fulcrum & until the beam
becomes again horizontal, when its position gives the weight of the
mineral in water, Ww. Wae divided by Wa — Ww gives the spe-
cific gravity.

The balance has been repeatedly tested with pure materials, and
the variation from determinations made on a chemical balance has
never exceeded two in the second place of decimals. It is reliable,
quick, and sufficiently accurate for all ordinary uses.

The Ieavy Solution.—By treating 50 grams of mercuric iodide
and 40 grams of potassium iodide in a porcelain dish, or casserole,
with a little water, and evaporating until a crystalline crust begins
to form, about 30 cubic centimeters of a yellowish-green solution are
obtained, which has a specific gravity of about 3.15. This may be
cleared by filtering, diluted with water to any extent, and the
dilute solution may be brought to its maximum concentration by
evaporation. It will keep indefinitely without decomposition, pro-
vided a few drops of mercury are added to it. It is very poison-
ous. In determining the specific gravity of a mineral by means of
the heavy solution, a fragment is placed in it, and then, by adding
water cautiously, the specific gravity of the solution is lowered
until it becomes ezxactly equal to that of the mineral, when the
fragment will remain suspended in any position, neither sinking
nor floating. The specitic gravity of the solution may then be
taken by some of the methods described beyond.

The Westphal Balance.—This consists of a metal beam (Fig. 374)
with its long arm from Z to Z divided into tenths. A glass sinker r
loaded with mercury, is suspended from % by means of a fine plati-
num wire, and the apparatus isso constructed that, with the sinker
in air, the beam-pointer can be brought to zero on the scale s by
means of the set-screw o.  Four wire riders w are needed, of such
a weight that one of them, when hung at %, will bring the beam-
pointer to zero when the sinker is immersed in water. There are
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also needed two lighter riders, one y; and the other 11y of the unit
weight. When the sinker 7 is immersed in the heavy solution the
riders are applied, as illustrated in the figure, until the beam-
pointer stands opposite zero. The two wunif-riders at the end and

i
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Fia. 374
‘Westphal Balance for Taking the Specific Gravity of quuids

one at 6 on the beam indicate a specific gravity of over 2.6. The
7 and {}y riders, both at 5, furnish the second and third figures
from the decimal point and indicate that the specific gravity
of the solution is 2.655.

The beam-balance (Fig. 373) may also be employed. A sinker
similar to r (Fig. 374) is suspended from a position marked by a
notch near the end of the long arm. By putting shot in the pans
and using the rider d the beam is brought to a horizontal position
with the sinker 7 in air. The sinker is then immersed in the heavy
solution and a weight is selected, which, when placed near the
end of the beam, will bring the latter to a horizontal position.
The position of this weight gives relafively the weight of the
heavy solution displaced by the sinker. After washing, the sinker
is immersed in water, and the same weight is placed nearer the
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fulcrum until the beam becomes horizontal. The position of this
weight gives relatively the weight of the water displaced by the
sinker. The larger weight divided by the smaller gives the desired
specific gravity.

It may often be found convenient, in the identification of a gem,
to use the heavy solution for comparing an unknown with a known
mineral, as follows: A stone supposed to be beryl
and a known crystal of beryl are placed together
in the heavy solution, and water is added to deter-
mine whether they sink and float together, i. e.,
whether they are identical in specific gravity.

The heavy solution may also be used for obtain-
ing a mineral in a state of purity when mixed with
others of different specific gravity. The material is
pulverized and sifted to a uniform grain, then intro-
duced into the heavy solution. The specific gravity
may then be adjusted, first so that everything
heavier than the desired mineral will sink, and then
so that everything lighter will float. The separa-
tion can be most readily accomplished in the appa-
ratus shown in Fig. 375.

Besides the potassium mercuric iodide solution,
which is the cheapest, and also the easiest to pre-

Fie. 875.
Beparatory Funnel. pare and to manipulate, the following have proved

Natural Size. . . . . .
# Natural Sizc very useful : methylen iodide,* CH,I,, with a maxi-

mum specific gravity of 8.32, and acetylen tetrabromide,t CHBr,—
CHBr,, with a specific gravity of 8.01, both of which may be diluted
with benzol; and barium mercuric iodide,} with a maximum
specific gravity of 8.65. The double salt, silver thallium nitrate, §
melts at 75° C., giving a clear liquid with a maximum specific
gravity of over 4.5, which may be diminished to any desired extent
by adding hot water.
* R. pranus, Jahrbuch fitr Mincralogie. 1886, Vol. II, p. 72.
W. Muthman, Zeitschrifi fiur Krystallographie, 1898, Vol. XXX, p. 73.
C. Rohrbach, Jahrbuch fur Mineralogie, 1888, Vol. II, p. 186.

J. W. Retgers, Jabrbuch fur Mineralogie, 1893, Vol L p. 90; Author, Am. Jour.
of Sci., 1895, Vol. L, p. 446.




CHAPTER VI.

TABLES FOR THE DETERMINATION OF MINERAL SPECIES BY MEANS
OF SIMPLE CHEMICAL EXPERIMENTS IN THE WET AND DRY WAY
AND BY THEIR PHYSICAL PROPERTIES.

INTRODUCTION TO THE TABLES.

In the GENERAL CLASSIFICATION of the tables (p. 245) minerals
are divided into two groups: I, WITH METALLIC OR SUB-METALLIC
LUSTER ; II, WITHOUT METALLIO LUSTER. According to the ex-
planations on pp. 227 and 228 this division depends upon the fact
whether the minerals are opaque and give black or dark streaks,
or transparent and give white or light-colored streaks. Since,
whether the luster shall be considered metallic or non-metallic is,
at times, wholly a matter of judgment, pains have been taken to
place many minerals whose luster might be considered doubtful
in both sections. A further subdivision of each group depends
upon whether a mineral is fusible or infusible. The directions
given on pp. 33 and 230 concerning fusion must here be carefully
considered. In making the test, the degree of fusibility and per-
haps some behavior, such as flame coloration, may be recorded,
which will be of service in the identification of the mineral. Kach
section is then further subdivided, the divisions being based upon
some chemical constituent which may be readily detected, or upon
the behavior with acids.

In the tables p. 246 ef seq., the two vertical columns at the left
give, respectively, the GQeneral Characters of groups of minerals
and the Specific Characters of individual species, based, in most
cases, upon simple blowpipe or chemical reactions. In the vertical
columns headed Species the names of the minerals are given ; and,
since the tables are intended to include all of the minerals which
are recognized as distinct species, this number is necessarily large,

amounting to nearly 800 names. To facilitate the identification of
289
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a single species from this large number the names are printed in
three ways. Those in capivas indicate common minerals, that is,
the ones which are found abundantly and are useful in the arts,
or as ores of the metals, or are important geologically as con-
stituents of rocks. Those in Full-faced Type indicate minerals which
are valuable or important, but which do not occur often enough
or in sufficient quantity to be considered as common. Names in
small type indicate rare minerals. It will probably be found that
usually out of one hundred specimens to be identified fully
seventy-five will be the common minerals, printed ir cariTaLs,
with perhaps twenty intermediate and five rare.

In the remaining columns the following important properties
are recorded : Chemical Composition, pp. 3 to 9; Color, p. 228;
Streak, p. 228; Luster, p. 227; Cleavage and Fracture, pp. 223 to
225 ; Hardness, p. 226 ; Specific Gravity, p. 232 ; Fusibility, p. 230 ;
Crystallization, pp. 156 to 219.

METHOD OF USING THE TABLES.

The way in which the tables are used may be illustrated by the
following examples:

Celestite.—Referring to the General Classification on p. 245 and
examining the mineral, it will be seen that it is without metallic
luster, and therefore belongs in Group II. A small fragment heated
in the forceps before the blowpipe fuses rather readily, about 3.5
according to the scale of fusibility (p. 230), thus determining the
mineral to be in Section B. It should be noted that a red coloration
was imparted to the flame, indicating, according to the table of
flame coloration on p. 136, probably either strontium or lithium.
The mineral is not to be found in Parts I and II under B, because
when its powder is fused with sodium carbonate on charcoal it
does not yield a metallic globule, and when fused alone it does not
yield a black, magnetic mass. It must, therefore, be in the
remaining Part IIT. It may readily be proved to be in Division 1
under Part III, for when a fused fragment is placed on moistened
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turmeric-paper, it shows an alkaiine reaction. Further, a test-tube
trial will show that the minera; is insoluble in water, and hence is
in section & on page 273. Referring to that page the first section
under General Characters comprises carhonates, which dissolve in
hydrochloric acid with effervescence. A test-tube trial of some of
the powdered minera) under examination indicates that it is very
insoluble in acids, and therefore not a carbonate. That the mineral
belongs to the next section which comprises sulphates may readily
be proved by fusing a little of it with sodium carbonate and
charcoal-powder, and thus obtaining a mass which gives a dark
stain when placed on moistened silver. The mineral, moreover,
gives no water in the closed tube, and is difficultly soluble in
boiling, dilute hydrochloric acid, as shown by a previous experi-
ment made when testing for a carbonate. Under Specific Charac-
ters, the crimson flame coloration, tried best on platinum wire as
directed on p. 35, determines the mineral to be celestite, strontium
sulphate, Sr8O,. The physical properties given in the horizontal
section should correspond: Color, colorless or white; Luster vit-
reous ; Cleavage of two Kinds, perfect in one direction, dasal, and
less perfect in two directions, prismatic, so that a form like Fig.
278, p. 201, may be produced; Hardness 3 to 3.5, the material
scratches calcite and is readily scratched by fluorite; Specific
gravity 3.97; Fusibility 3.5, which was determined at the outset ;
Crystallization, ortkorhombic, crystals being perhaps like Figs. 278
or 279, p. 202. If the specific gravity had been taken at the begin-
ning it would have served to distinguish celestite from all the
other minerals in Division 1, &, pp. 273 and 274, for there are none
which come at all close to 3.97.

Chromite.—The color of this mineral is black, and the powder,
or streak, is dark brown ; hence the luster may be considered as
sub-metallic, and the mineral classified in Group I, p. 245. At
the beginning, the hardness may be determined as between
5 and 6, and the specitic gravity as 46. When heated before the
blowpipe there is no indication of fusion ; the mineral is therefore
in Section B. Division 1. under B. includes minerals containing
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iron, which become magnetic after heating, but if a trial is made
it will be found that the mineral does not become magnetic. In
Division 2 the minerals containing manganese are included. A
test made with borax in the oxidizing flame, as directed, gives a
vead which is yellow when hot and yellowish green when cold.
This does not indicate manganese, but is a decided reaction for
chromium, as may be seen by referring to the table of reactions
obtained with borax on p. 148. Since the mineral fails to give re-
actions for iron and manganese, it must belong in Division 3—Not
belonging to the foregoing divisions, p. 266. Referring to this page
in the column General Characters, the mineral cannot be in the
first section because of its hardness. It is, however, in the second
section, since the borax-bead test, previously made, has indicated
the presence of ckromium. This reaction, as well as the determi-
nations of hardness and specific gravity, agree with chromite,
FeCr,0, = Fe0O.Cr,0,. A test for iron may be made with the
magnet after fusion with sodium carbonate on charcoal, as directed
under Specific Characters. Had the chromite been considered as
being withowt metallic luster, Group II, p. 245, it would have been
found under C, Division 5, &, p. 298.

Precautions in the Use of the Tables.—The system adopted
in the construction of the tables is that of eliminating one group
of minerals after another until a species is found, whose properties,
as given in the table, correspond to the mineral that is being
tested. The process of elimination and identification is based
largely upon a series of chemical tests which, in almost all cases,
give an insight into the character of the material. There is dan-
ger, however, that one may become so absorbed in following the
tables mechanically, with the sole idea of determining the name of
the species, as to wholly lose sight of the importance of making a
careful study of the chemical reactions and physical properties of
the minerals. It should be distinctly understood that little or
nothing is to be gained by simply determining the name of a
mineral. 7T%e chief aim should be to oblain a thorough knowl-
edge of the chemical composition, physical properties, and gen-
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eral appearances and associations of a mineral, not only that
its uses and relations may be understood, but also that it may be
easily recognized and identified when again encountered.

The general plan and arrangement of the tables must be ad-
hered to rather closely, for if they are applied in the reverse direc-
tion, that is, backwards, they may not lead to the desired result.
For example, if a mineral has metallic luster, is fusible, and gives
a reaction for sulphur, it does not necessarily belong to Division &
under I, A (p. 245), for most of the minerals containing arsenic
(Division 1) and antimony (Division 4) also contain sulphur. It
is, therefore, not correctly determined as belonging to Division 5
until proof has been obtained, not alone of the presence of sul-
phur, but also of the absence of arsenic and antimony, as well as
of the rare elements selenicum and tellurium (Divisions 2 and 3).

The tables are adapted to the determination of pure minerals.
If it is thought that a mineral is not pure the nature of the im-
purity must be taken into careful consideration. Thus, for ex-
ample, many minerals are associated with calcite, CaCO,. If some
of this is inclunded in material that is being tested it will cause a
slight effervescence with acids and an alkaline reaction when the
ignited material is applied to moistened turmeric-paper, although
both reactions are probably entirely foreign to the mineral which
it is desired to determine. The best and almost the only rule to
guide one in such cases is one’s judgment. It would be impossible
to devise blowpipe methods to meet the contingencies arising
from the various mixtures of minerals. The one thing of the
very ubmost importance is the assurance of the purity and homo-
geneous character of a mineral. Since, in most cases, only a very
little material is required for the necessary tests, by careful selec-
tion enough can generally be secured in a pure condition.

RECORD OF MINERAL TESTS.

A careful record should be kept of all tests as they are made,
1t may be found convenient to record them, together with the
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physical properties, upon blanks similar to the accompanying
sample. It is not intended that every test for which a space has
been allotted should be made, but a convenient place has been tur-
nished where the prominent blowpipe reactions may be recorded,
provided tests in the closed or open tubes or with the fluxes, etc.,
have been made.

RECORD OF MINERAL TESNTS.

Btructure.....ccoevvvennnas ettt i ieaas sescsace cecesccsaccssssssereni s
System of crystallization......ovevuuain. ceesennn v seetecsees
Cleavage or fTactire. covveiin it enrareeannennne
Luster...ooovviieinnennaennn. L1075 15 o
Streak............ Cevvereieean Hardness.....eovvuevie.. Sp. Groo.. o
Fusibility........ ....ooooan, Flame color, t.uvvee cor ciiiiinrnienennecnennenns
Effect of acids and reactions with the solution........... secsecses eeees o cesnnes vear
e Lecessaainsassassannes teisssenesecencsarse esscasvesasssassres svesseas
Closed tube...ovvvviiniviiecnnnn, [N seesasseseasstsecetoaassseess sesrocas
Open tube...oveviiiiiiiiiiiein. ciiiienaen ceseennn P R P Y
Aloneoncharcoal........ciiiiiiiniiiiiiiiiennnnnnnnnn [ Ceereanaeieens
With fluxes on charcoal.......cviiieiiiiiiinenan. ceees Ceeeees [P Cereeeeiens
With fluxes on platinum wire..... ......... ool sesevssecnes o eeees et
Miscellaneots. ..o oo vvineiiennanneneenns caesssne esessessss S S vave
NAME. ......oovviivinnnen . COMPOSITION . .. tiviteriinisenissesonarssssnns
Per cent of chicf constituents............ Cereeeaes tesssisoee tecesescesecsesreccatrne
Mode and place of occurrence.....o.ovvvvvenseasn e eieeteiieeeeaiaecaasasetennns
Associations ........ ettt eete ittt eer e eeeaaas eeereaes tetessersnsecess see
Uses..... e P e eieeiies ettt



Amorph... Amorphous, Isom. Tet. Isometric Tetrahedral,
Approx... Approximately. iso. w.... Isomorphous with,

B. B...... Before the blowpipe. Mamm.... Mammillary.
Botryoid.. Botryoidal. Mammill.. Mammillary.

C.ovvv onn Cleavage. Mass...... Massive.

Capill.... Capillary. Monocl... Monoclinic.

Cl........ Class. Na,CO, .. Sodium carbonate.
Colum..,.. Columnar. Oct...... Octahedral.

Cryst..... Crystalline; in crystals. 0. F...... Oxidizing ame.

Direc.. ... Direction. Orthorh .. Orthorhombic.
F........ Fructure. per....... Perfeet; referring to cleavage,
Fig....... Figure. Pinac .... Pinacoidal; in one direction.
Fol...... . Foliated. Prism .... Prismatic.

Fus, . Fusibility. Pseudom.. Pseudomorphous.
Gran. .... Granular. Pyram.... Pyramidal.

H........ Hardness, Radiat.... Rudiated.

HCl....... Hydrochloric acid. R.F...... Reducing flame.
HNO,.... Nitric acid. 8p. Gr.... Specific Gravity.
H,80...... Sulphuric acid. Sph....... Sphenoidal.

Hemimor, Hemimorphic. Tabul.... Tabular.

Hexag. ... Hexagonal. Tar...... Tarnish.

Hex. Rh.. Hexagonal Rhombohedral. Tetrag.... Tetragonal.

Incrust.... Incrusting: incrustation. Tet. Sph.. Tetragonal Sphenoidal.
Isom. ... Isometric. U........ Usually.

Isom. Pyr. Isometric Pyritohedral. Vol...... Volatile.

(Page 245.)

ANALYTICAL TABLE

SHOWING THE

GENERAL CLASSIFICATION

OF

MINERATLS.

ABBREVIATIONS USED IN THE TEXT OF THE TABLES,

N.B.—The chemical symbols of the elements, together with the valences which they
ordinarily exhibit in mineral combinations and their atomic weights, will be found in
Chapter III. “ Reactions of the Elements,” pp. 41 te 134.
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GENERAL CLASSIFICATION,

P71 ]

i~ Success in using the jollowing tables depends wholly upon locating a mineral with certainty in the group to which it belongs; hence it is evid it that the
initial reactions, as given in this GENERAL CLASSIFICATION, should be tried with the utmost care.

& In testing the solubility of mminerals the importance of using very fine powder, ground in an agate mortar, can not be overestimated.

I. MINERALS WITH METALLIC OR SUB-METALLIC LUSTER.

NoTeE.—Minerals having metallic luster are opague; hence the color of their powder, or their
streak, is dark, though not necessarily black (p. 227). The minerals with sub-metallic luster which
are included in this section all give dark-colored streaks. Many dark-colored minerals whose luster
§s doubtful have been placed here, and also in Section II.

A.—FUSIBLE FROM 1—5, OR EASILY VOLATILE.

PAGE

1. Roasted in the open tube, or B. B. on charcoal, give a volatile sublimate of A7rsenious
Oxide (p. 48). Compare Antimony, Section 4...eeeineireeiieniienaniis sevonionnns . 246

2. Roasted in the open tube, or B. B. on charcoal, give the charactenstlc radish-like odor of
Selenium. Impart an azure-blue color to the reducing flame (p. 107)................. 247

8. Treated ina dry test-tube with 8 cc. of concentrated 1,80, and gently heated, the acid
assumes a reddish-violet color characteristic for Tellurium (p. 124)..ccocvvvivveinen. 248

4. Roasted in the open tube, or B. B. on charcoal, give a dense white sublimate of Oxide of
Antimony (p. 44). The sublimate is less volatile than that of arsenic... ........... 249

5. Roasted in the open tube, or B. B. on charcoal, give the odor of Sulphurous Anhydride
(p. 118), but do not give the reactions of the preceding divisions.............ooeiutit. .21
6. Not belonging to the foregoing divisions........ heereee senaeeas Ceeerireiiiiiere. .. 253

B.—INFUSIBLE, OR FUSIBLE ABOVE 5, AND NON-VOLATILE.

1. Become magnetic after heating B. B. in the reducing flame, I7on (p. 84).............. vess 250

2. A minute quantity of material imparts to the borax bead in O. F. a reddish-violet color,
Manganese (p. 93).....ccuvvnn... cevees e 4111
8. Not belonging to the foregoing divisions .......cccvevvnianaiiae evecessenian 111

Il. MINERALS WITHOUT METALLIC LUSTER.

NOTE.—Minerals without metallic luster are transparent, although they may have such a dark
color that they transmit light only through very thin edges. The color of their powdgr, or their streak,
is generally white or light-colored, never black (p. 228).

A.—EASILY VOLATILE, OR COMBUSTIBLE.

1. Rapidly disappear when heated B. B, on charcoal. Only a few minerals behave thus........ 258
B.—FUSIBLE FROM 1—5, AND NON-VOLATILE, OR ONLY SLOWLY OR

PARTIALLY VOLATILE.
Part I.—Give a METALLIC GLOBULE on charcoal.

1. Fused B. B. on charcoal with sodium carbonate give a globule of Silver (p. 113)....... veee
3. Fused B, B. on charcoal with sodium carbonate and charcoal dust give a globule of Lead
and a coating of Lead Oxide (P. 87). ... ... ittt tiiiiiieitiienaieiniennns 259
8. Fused B. B. on charcoal with sodium carbonate and charcoal dust give a globule of Bismuth
and a coating of Bismuth ~wide (p. 54).

259

202

cesevesssssssesecaresens

PAGE

4. Fused B. B. on charcoal with sodium carbonate and charcoal dust give a globule of Anti-
mony and a coating of Antimony Oxide (P. 44)......oiviiiiroestscorestencasanns

6. Fused B. B. on charcoal with a mixture of equal parts of sodium carbonate and borax give a
globule of Copper (p. 73). The powdered mineral on charcoal, after molstening with

263

hydrochloric acid, imparts an azure-blue color to the blowpipe flame........... ceeeeees. 263
Part I1.—~Become Magnetic after Heating before the blowpipe in the
reducing flame, Iron.
1. Soluble in hydrochloric or nitric acid without perceptible residue, and without yielding gela-
tinous silica upon evaporation. Mostly Sulphates, Arsenates and Phosphates. 2066
2. Soluble in hydrochloric or nitric acid and yield gelatinous silica on evaporation, or are decom -
posed with the separation of silica, Stlicates........c.cviiiiisnsiincieciressrenenass 269
3. Insoluble in hydrochloric acid.......vvvue oo P -1 (1

Part III.—Do NOT give a metallic globule, and do NOT become magnetic.

1, Give an alkaline reaction on moistened turmeric-paper after intense ignition before the blowpipe,

held either in the forceps or, if very easily fusible, in a loop on platinum wire. Salts

of the Alkali and Alkali-earth Metals.
a) Kasily and completely soluble in water..... «iiviiiineieneerveoncassnnenaes 271
b) Insoluble in water, or difficultly or only partly soluble... ..... ceveeeerenoee.. 278

W
b

Soluble in hydrochloric acid, but do not yield a jelly or a residue of silica on evaporation,

Mostly Arsenates, Phosphates and Borates ........... trecereneiaaieaans ceees 275
3. Soluble in hydrochloric acid and yield gelatinous silica on evaporation. Soluble Silicates.
a) In the closed tube give water........... P - £
) In the closed tube give little or no water......coocvuiunen. ... cereiens P 14']
4. Decomposed by hydrochloric acid with the separation of silica, but without going wholly into
solution and without giving a jelly on evaporation. Decomposable Silicates,
a) In the closed tube give water................. D - 2 §
) In the closed tube give little or no water....... C ettescteenneinsoneecnenoness 288
5. Insoluble in hydrochloric acid. Mostly Tnsoluble Silic@tes.......cceeeerecesssenseass 283
C.—INFUSIBLE, OR FUSIBLE ABOVE 5.
1. Give an alkaline reaction on moistened turmeric-paper after intense ignition before the blow-
pipe. Salts of the Alkali-earth Metals........... PN 289
2. Soluble in hydrochloric acid, but do not yield a jelly or a residue of silica on evaporation,
Mostly Carbonates, Sulphates, Oxides, Hydroxides and Phosphates..... 290
3. Soluble in hydrochloric acid and yield gelatinous silica on evaporation, Soluble Silicates, 294
4. Decomposed by hydrochloric acid with the separation of silica, but without going wholly into
solution and without giving a jelly on evaporation. Decomposable Silicates...... 295
5. Insoluble in hydrochloric acid. .
a) Hardness less than that of glass or steel. Can be scratched by a knife ........ 206

3

) Hardness equal to or greater than that of glass. Can not be scratched by a knife 2

-






(Page 246.)

I. MINERALS WITH METALLIC OR SUB-METALLIO LUSTER.

A.—Fusible from 1-5, or Easily Volatile.

DivisioN 1.—Arsenic Compounds, in part.
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L MINERALS WITH METALLI¢ OR SUB-METALLIC LUSTER,

A.—Fusible from 1—p, or Easily Volatile.

DrvisioN 1.—Arsenic Compounds.—When heated before the blowpipe on charcoal, & white coating of arsenjous oxide deposits at a considerable distance from the assay, and a garlic-like odoe
of arsenic is often obtained, p. 48. Of other reactions for arsenic, roasting in the open tube is especially recommended, and, in some cases, heating in the closed tube gives decisive results.

N. B.—The mincrals in this division are chiefly the arsenides and suipharsenites of the metals, p. 47.
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ignition.

General Characters. Specific Characters. Name of Species. Composition, Color. Streak. Clﬁi;:g&:f’d t[?e&s:?' g}_’:ﬁ}g". g;‘,’,?;’ C&:{ﬂ}l'

B. B. volatile without fusion, [In the closed tube gives a sublimate of arsenic. |Arsenic. As. :}:;':,:g;ilt{'e’gmy' Gray. C. Basal, per. | 8.5 6.7 Vol. %f?:ﬁf’

B. B. on charcoal fuses, and|r, . ocoq 4iba

gives a sublimate of arsenic, Tin-white. Hex. Rh.

gifv::tiamv;l;l;e coating of oxide/™, . g a fused globule of antimony. Allemontite, As with 8b. Tar. gray. Gray. C. Basal, per. | 8.5 6.20 1 |y, gran.
Dark brown to|C. Basal

Sartorite. PbS. As,8,. Lead-gray. ) 3 5.40 1 |Orthorh.

Contaln %ad.—With NasCOs on 3 & Dbll::ctl):. g F. Couchoidal.

:l';?lrc:a(l: (i‘t}: flg:’“l;iloixlgg Di;:-?vgn‘;;shed by crystallization and specific|pufrenoysite, PbS. As,S,. Blackish-gray. b 2" 1|, Basal, per. | 3 5.56 1 |Monocl.
gﬁ}g‘m v(vlith l: e l(e:;gsga:)r:t?} Sartorite decrept strongly. Guitermanite, E’bS.ASgS.? Bluish-gray, |Black. F. Uneven. 3 5.9 1 |Massive.
lead sulphate. 5
cud suphate Jordanite, 4PDS. AB,Ss. Blackish-gray.|Black. %‘ {}l::fgfal' 3 6.40 1 |Monocl.
Contains silver.—With Na,COs|ppo di
: e dilute HNO, solution assumes a blue color|p ite. .
;?olftlx]lfg(f”ﬂil?;ro' F., gives 8" Gp e treated with ammonia in excess (copper). Z,'Jﬁ,%'éiue.sﬁf’ 250, g{,‘%‘g,ﬁ%’?ﬁ:‘h’s" Black. Black. F. Conchoidal.| 8 6.15 1 |Monocl

- In the HNO, solution, ammonia produces a -

Contain copper and sulphur.—| rather nbun(’lant precipitate of ferric hydrozide. |Epigenite. 4Cu,8.3FeS. As,8,? |Steel-gray. Black. F. Uneven. 3.5 2? |Orthorh.
Roasted on charcoal, then - C. Prism., per Orthorh.
moistened with HCI and again Enargite. 3CuaS, As,ySs. Grayish-black |Gray-black. F Uneven. 3 4.44 1 U. cryst
ignited, ’Igive aNb(l)ue (ir greein oSS : - Tsom Tc:.t.

. Th ti T ite, 1,8, As,Ss. .
‘.':lrm,(liired b?u}el by ’a”;{d‘i‘ﬁ(‘,’,'; 0? Contain little or no fron. Distinguished by %:;:Z%Qrit?ep. ARs,Zn, and Fo fso. w. Blackish-gray. B'Zﬁg,,m_rgﬁep F. Uneven. |34 4.6 15 |Cryst. &
ammonia in excess. When E physilicail pro lertifs. o, th 250. Uy; Sbiso. w. As. y-rec. ass.

t ble, th .
or?i?)?e?)finstﬁ;h?lgend&l;edemi: nargite B easlly clevable, the others are not Binnite, Cu,8.2A5,8,. Iron-black.  |Black. F. Conchoidal.| 2.5-8 | 4.47 1.5? {Isometrie,
evolved. Lautite. CuAsS. Tron-black.  [Black. C. not distinct.| 8 4.9 1.5? [Prismatic,
Domeykite. CusAs. Steel-gray. Gray. F. Uneven. 3-3.6 |75 2 |Massive.
Contain copper, reactions asDistinguished by physical properties, All ex-
above, but no sulphur. hibit agbrownishytarnish on exposed surfaces. | 180donite. Cusds. Steel-gray.  |Gray. F. Uneven. |4 o 2 Maslve.
Whitneyite. CuyAs, Silver-white, [Silver-white. %‘Iullilgzlf{]]; 3.5 8.5 2 [Massive.
) i . Prism., per. Orthorh,
With potassium fodide and sulphur, on char-|Alloclasite. (ﬁg (f}: E')CSO Steel-gray,  |Black, 1(‘2 Urlii';‘eu].nr 4.5 6.6 2 g Collum.
coal, give the reaction for bismuth, p. 55, § 2. e
Distinguisbed by differences in crystallization. |Bismutosmaltite.  |Co(As,Bi)s. Tin-white.  |Black, 6 6.92 2?  |Isometric.
Col;nain bczb(:lu. — Givlt:i to bfhe CoA C. Octahedral
orax bea - . ; Sar R ’ ‘| 5. .3-6.5| 2.6 .Pyr.
color. The co:c::f:-gte(lieHN 3? Giveda Slltb!imltiltel of arsenk; il:: the closed tube,|S™2'tite- Fo and Ni is0. w. Co. Tin-white. Black. F. Uneven, | 056 |6.3-6.5 Teom. Pyr
solution geverally shows a del-| € d contain little or a0 sulphur, Tin-white. C. Pinacoidal.
izate ros% color,y thus distin-|6F~ (z:impﬂ“;ﬂ ({"‘l‘;a"‘l’;“li. p. ?47. glhich loften Safflorite. 93 ﬁ:,"w. Co. Tar. dark-gray Black. F. Uneven. |%35 |6.9-7.3) 25 |Orthorh.
ishing the cobalt f 1 contains sufficient cobalt to give a blue color to P
B ckel oinerals o tll.x‘zmne];g the borax bead. 8 Skutterudite, CoAss. Tlﬂ;ﬁ%‘éﬁ;‘-’ Black. F. Uneven. |6 6.75 2.5 |Isom.Pyr.
page. " - Tt ite,wi C. Cubi
Give reactions for both sulphur and arsenic in . CoAsS. Tin-white,with|p, - yabc. 5.6 6-6.2 | 2-3 |Isom.P,
the open tube. In the closed tube a sublimate m'_!/ Fe iso. w. Co. reddish tone. > ¢ g Uneven.. r
of ursenic is not formed except upon intense Glaucodot. (Co, Fe)AsS. Grayish-white.[Black. P %ﬁén. 5 5.95 2-3 |Orthorh.

Dvmmon 1.—Arsenic Compounds.—Concluded on next page.
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247 47
A.—Fusible from 15, or Easily Volatile.
Division 1.—Arsenic Compounds.—Concluded.
General Characters. Specific Characters. Name of Species, Composition. Color. Streak. c'%’:.‘;zﬁfrfd I.f:{g’ gl’:ﬂ?f bli:lilt?yl' C;ggt&:}l-
. NiAs,. Tin-whi C. Octahedral.
. ) -white. Black. 5.5~ .4-6.8 .Pyr.
Contain nickel,.—Impart to the Give a sublimate of arsenic in the closed tube, Chloanthite ¥e and Co iso. w. Ni. f-white ac F. Uneven. 6 846 2 |lsom.Pyr.
. 1 1 . 1y R Q 2l PN N
borax bead ' reddish-brown and contain little or no sulphur. Rammelsbergite, | NiASs, i e Black. O Prismatic. 556 [6.97.2| 2 |Orthorh.
color.  Give apple - green- — _ . . . -
i dis-|On intense ignition in the closed tube gives a| R g toh.
fg,“v’;ﬁd inm]ﬁl%oons v:vl}filéh bz- slight sublimate of arsenic. Niccolite. * I_‘I‘ASA oy A Pﬂ'ls copper Brownlsll))l k |F- Uneven.  [5-5.5 | 7.5 g |Hexag
come blue when diluted and|l3~ Compare Breithauplite, p. 250. (Ooppes Nickel) |Shand® o w2 | ¢ acx. U. mass.
treated with ammonia in ex-|Gives reaotions for both sulphur »,udi arsenic in 0. Cubi
cess. (This reaction for nickel| the open tube, but contains no antimony 1In NiAsS. N . Cubic.
must not be confounded with| the closed tube & sublimate of arsenic is not|Gersdorfite. Fe and Co {so. w. Ni. Tin-white. Black. F. Uneven. 5.5 5.8-6.2| 2 (Isom.Pyr.
the more intense blue which is| formed except upon intense ignition.
produced when solutions con- ; -
i imi . Ni(As,Sb)S. Tin-white. Black. F. Uneven. 4.5-5 |6.0
::;2:: )copper are similarly Give reactions for sulphur, antimony, and arsenic Corynite ) ac 2 |Isometric.
in the open tube. Wolfachite. Ni(As,Sb)S. Steel-gray.  |Black. C. Erismatle. 1,5 6.6 g ({rthord.
in sron. — B. B. f to/Gives reactions for both arsenic and sulphur in v |FeAsS. . . ‘ : ic. Orthorh.
c?:gnng]mz:mgneﬁc g];l:::]es. thie open tube. Gives an abundant sublimate AWNE. Occasionally Co iso. w.[Silver-white. |Black. g %ﬁ:?:;]c 5.6-6 |6-6.2 2 |U. cryst.
The dilute HNO, solution,| o©f arsenic in the closed tube. Fe. N : Page 203,
:xl(]::lsls,“;?ia:l‘f?s :‘ﬁgﬁ;ﬁ;ﬂ%ﬂ'wﬁ Covmlt‘iiel:?e:o:: ao; ggl{izznt:?ﬁc‘ilog istuhlpcl:al:'{z;.il?g'aﬁix‘l,; Lollingite. FeAs,. Silver-white. |Black. g %’:1?;;11. 65-56.6 |7.2-7.3] 2 |Orthorh,
recipitate of basic ferric ar-| Y* cntite :
fmazf J by means of a quantitative chemical analysis. Leucopyrite. FesAs,. Silver-white. [Black. F. Uneven. [6-5.5 [6.9-7.1 Massive.
Contains platinum.—Roasted in the open tube, at first very gently, a platinum
sponge is left, which is insoluble in any single acid. Fuses readily to a globule/sperrylite. PtAs,. Tin-white. Black. F. Conchoidal | 6-7 10.60 2

when heated rapidly on charco:

al. Test for platinum as directed on p. 103.

Isom.Pyr,

Drvision 2.—Selenium Compounds.—When heated before the blowpipe on charcoal, the characteristic radish-like odor of selenium is obtained, and the reducing flame is tinged a beautiful

azure- blue, p. 107,

N.B.—The minerals in this division are mostly the selenides of the metals.

None of them are of common occurrence.

oty weratiia B P uses to calorless drops. " 1o seton-tellrtum. | Te with Se. Blackish-gray. [Black. T 1 [Monee,
Contain mercury.—Heated in the{Fused with Na,COs on charcoal, gives globules Lead - gray to
closed tube with Na,COs, give| of lad and a coating of lead oxide. Lehrbachite. (Pb,Hg)Se. iron-blu‘zk. Black. 7.85 1 |Massive,
metallic mercury (p. 94). Heat-. ozt
ed alone in] ]th{; %lose% : tube, Gi:l;egefulp hur diozide when heated in the open Onofrite, Hg(8,Se). Blackish-gray. Black. F. Conchoidal.| 2.6 8.0 Vol. |Massive,
give a metallic-gray sublimate : .
"fvfh(')'l‘r; c;:)rllzft “s:leuide. B. B.Contains no, or only a trace of, sulphur. Tiemaunite. HgSe. Blackish-gray.|Black. F. Conchoidal.| 2.5 8.2 Vol. %0!]1‘11.&'!;:&}
o lhed slone, 1. 5. colors e Butie greMpoyeye, (Cu,TL,AgnSe.  |Lead-gray. |Black. F. Uneven. |25-3 |69 1 [Massive,
_ The HNO, solution gives with HCI a white pre- s Isomelric.
Conlgngsl :;evplfirc'h_l‘;lrlf:r %{)&e:‘? ipitate of silver chiorids. Eucairlte. CuAg Se. Lead-gray.  |Shining. 2.5 7.6 2 (U mass.
ing with HCI, color the tume/The HNO; solution gives with H,SO, a precipi-| i Massive.
azure-blue. The HNO; solu-| tate of lead suiphate. U Zorgite. (Pb,Cu,)Se. Lead-gray.  Black. 2.5 1.5 1 |y gran,
tion is rendered deep-blue by a S N .
addition of ammonia in excess. Berzelianite. Az:so‘.e.w cu. Silver-white [Shining. F. Uneven. 27 6.7 1.5 |Massive.
Contain only selenium and copper. 0: S Dark ~cherry-|groon
Umangite, 1Se,. red. ack. 3 5.62 1.6 |Massive.

Dmvistoxn 2.—Selenium Compounds.—Concluded on next page.

|
|
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A.—Fusible from 1—5, or Easily Volatile.
DrvisioN 2.—Selenium Compounds.—Concluded.
General Characters. 8pecific Characters. Name of Species. |Composition, Color. Streak. C'ﬁ.?;:g:r:_“d 13:;:' 3?:3}?;’. &Tﬁl’j G Yat:ll'lfw
— - . {
G o i BB | hete o s mupongves with Hi80ua preciptiNaumannite. (4 g, P)Se. Iron-black. |Black. C. Cuble. |25 |80 g [ometric]
& Gompare Tucanie, . 24T, |C e e, odor of sulphur dioxide when roasted|guarie AgaBe. Ag.S, Iron-black, [Black. F. Hackly. |25 |7.6 1 |Isometric.
Contains lead, but does not give the reactions of the foregoing groups.—Fused Tsometric.
with Na,CO, on charcoal, gives globules of lead, and a cgatingg St lead oxide, _|Clausthalite. PbSe. Lead-gray.  (Black. C. Cubic. 2.5-8 178851 2 g oran.
Contains dismuth.—Heated on charcoal with the potassium iodide and sulphur o C. Pinacoidal, Orthorh.
mixture, gives a red sublimate (p. 55, §2). . Guanajuatite. BiaSes. Bluish-gray. Black. perfect, 2.6-3.5 | 6.3-6.6| 1.5 U. colum.

Drvision 8. —Tellurium Compounds.—If a little of the powdered mineral is treated in a test-tube with about 8 cc. of concentrated sulphuric acid, and gently heated, the acid assumes &

beautiful reddish-violet color, p. 124.

N.B.—The minerals in this division are mostly the tellurides of the metals. They are of rare occurrence.

C. Prismatic,

On charcoal fuses, tinges the reducing flame i .
B.B. h' v volatil green, and gives a white coating near the assay., [ o!lurium. Te. Tin-white. Gray. perfect. 2-25 |6.1-63] 1 |Hex.Rh.
. B. wholly volatile, .
O ith NunCOy in the closed tube (pr 08— -|coorsdotie.  [HgTe, Toublack. (Black. |F. Uneven. |3 863 | 1 [Mussive
isTes, ft : .
With potassiur fodide and sulphur on charcoul Tetradymite. B e ge OMen Tin.white,  [Gray. C.Basal, per. |1.5-2 |[7.6-7.3| 1.5 [Hex. Rh.
a red sublimate is obtained (p. 55, § 2). Griin.
| Bismuth. lingite and some varieties of Tetradymite react|Gruniingite, Bi,SsTe. Puale steel-gray|Gray. C. Basal, per. |1.5-2 |[7.82 1 [Hexag.
for sulphur in the open tube. Tupalpite reacts
for both silver and sulphur, Tapalpite. 3Ag=(S,T§)i; (8, Te),. |Fale steel-gray|Grny. Sectile. 7.8 1 [Massive, '
: Isometric
3 -white, Gray. . ic. . . .
Lead The HNO, solution with H,80, gives a precipi- Altalte. PuTe Tiu-white i c leb ¢ 8 8.16 L5 15 mass.
tute of iead sulphate. Nagyagite. Au,Pb,8bsTe,8,? [Blnckish-gray. [Blnck. O pinacoidal 1 15 |6.9-2] 1.5 [OrRorh:
With Na,CO, on|— . fol.
charcoal in R. I &a%:' Com-|Alone on charcoal in O. F. gives a globule of A
. g{;ll?ules metallic pare Tapal| silver which may contain tome gold. Hessite. . ugi,;l(:?.w. Az, Steel-gray. Gray. F. Uneven. 2.6-3 |8.3-88| 1 [(Isometric.
’ pite above.
Slightly sectile to brittle. Petzite. (Ag,Au),Te. Iron-gray., Gray. F. Uneven. 2.5-8 [8.7-9.0] 1.5 Massive.
Sylvanite. AuAgTe,. Silver-white. |Gray. C. P'l;:’;a;:mdal, 1.5-2 |8-8.2 1 ‘Monocl.
G:f&‘gf‘;:};)’ Distinctly cleavable. Very brittle. AT A Fojes f
. Krennerite. iso v A, & [Silver-white. |Gray. C. Basal, per. | 2.5 8.35 1 'Orthorh,
Uneven to conchoidal fracture. Very brittle.  |Calaverite. A‘ils'l;e";v wAiﬂ' AE |Sjiver-white. |Gray. F. Uneven. |2.5 9.85 1 |Monocl. .
Co;otaim nickel.—The roasted mineral imparts a reddisb-brown color to thc|y - Ni,Te, Reddish-white]Dark-gray. C. Basal, per Hexag
rax bead. . . 2 , per. :
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Division 4 —Antimony Compounds.—When heated before the blowpipe on charcoal the dense white coating of oxide of antiinony deposits near the assay (p. 44). The test for antimony
with the open tube may also be recommended. :

N. B.—Most of the minerals in this division are the sulphantimonites of the metals. The sulphur may be detected by roasting in the open tube.

General Characters, Specific Characters, Name of Species, Composition, Color. Streak. C';?_::f:r:f‘d &‘;’s‘?‘ g}_’:;’;?; é‘:lll’g' Cz';yt!;g:l-“-
In the open tube ylelds a white, slowly volatile,|
crystamne subliilate of 8b,0, (p. 45)? Antimony. {8b. Tin-white. Gray. C. Basal, per. | 3-8.5 |6.6-6.7) 1 %f’z’rﬂh .
Easily and completely volatile{In the open tube yields 8O, and for the most e ~ C. Pinacoidal '
when heated B. B. on charconl.| part a dense, white, non-volatile sublimate Olms“s""e' 8b,8 Lead-gray.  |Gray-black. rfeet. 4 Orthorh.
Do not give reactions for lead.| SbyO, (p. 46). y Glance 77872 Eray Y F.p{]’{“gven. 2 08 1 [Page 202
Reacts f hen heated in the cl
tube with NacCO,. o eated fn the ¢ osed), \iingstontte,  [HgB.28bsS,. Lead-gray.  |Reddish. 2 4.81 1 |prismatic,
Contains copper.—When decomposed by HNO,
and treated with ammonia in excess, the solu-|Bournonite. 2PbS.Cu,8.8b,8,. [Steel-gray. Black. F. Uneven. 2.6-3 |5.80 1 [|Orthorh,
tion assuines a deep blue color. ] U. cryst.
|Contains dismuth. — Fused on charcoal with =
tassium fodide and sulphur gives & red sub-|obellite. 9PbS,(B1,8b),S,. |Blackish-gray. |[Black. 2.5-3 |6.30 1 [Massive,
imate. Prismatic,
Dark steel-
Andorite. 2PbS. A g,8.38h,S,. Black. ., . .
Contain silver.—The HNO, solution, ﬁ]teregl if i & *™ | gray. ac F. Conchoidal.| 3-35 | 5.83 l. Orthorb.
Contaln lead. — After carefully| CrPe" r{;ﬁi‘ﬁ?ﬁﬁ:‘oggl‘e“ig’fgtpév‘:::r"(fd‘;‘é"é‘;_’_' Brongniardite.  |PbS.Ag,8.8b,8,. |Grayish-black.Black. F. Uneven, |[3-35 |5.95 1 |Massive.
703,351“8 °“h°h“°"al( - 89) t{l:; ence from lead chloride, p. 89, §4). P
NaCO. and fusec o L. F.|A slobule of silver is obtained by continued Diaphorite. 5(Pb,Ag,)3.28b,8,. |Steel-gray.  |Black. F. Uneven. |2.5-3 |59-6.0| 1 !Orthorh.
gi::es fogll:les of metallic lead,| D€ating on charcoal iu O. F. 3 ——
The jodine tests for lead (p. 89) Freleslebenitg. I5(Pb,Ag.)S.2Sb,S. Steel-gray. Black. F. Uneven. 2-2.5 6.2-6.4 1 Monocl.
are very decisive. Contain #n.—When heated in O. F. on charcoal COylindrite
When roasted alone on charcoal| " jeave an infusible mass of oxide, which, when| (Kylindrite.) 6PbS.88n8;.8b,S,. |Blackish-gray. [Black. F. Uneven. [2.5-3 |5.42 1.5 |(Rolls.
::‘;l’eﬂeaﬂy or completely vol- mi;efd with RNaF‘CO'i and charcoal] powder,
. sed i . F., b i
Oxidized by concentrated nitric| globule, gives a malleable metallicl, @ oite. J5PbS.2SnS,.Sb.S.. Blackish-gray. |Black. C. Pinacoidal.| 2.5-3 |5.55 1 |Tabular.
acid, virith ithe i3eparsg,ions t;)f
metantimonic acid (p. 46, § 6), IPb . . - .
lead sulphate, and usually of Zinkenite, 8.Sb, S, Steel-gray. Black F. Uneven. |3-8.5 |5.36 1 |Orthorh.
sulphur. Plagionite, JﬁPbS.4Sb,S.. Blackish-gray,|Black. F. Uneven, 2.5 5.40 1 [Monocl.
tF" Compare Galena (p. 251), -
which, when roq;sted E]one on 'Warrenite, EhSﬁquS:. Blackish-gmy. Black. 1 Capillm‘y.
gg:{g o rosombling that . of Jamesonite, PbS.Sb,8 Blackish-gray. |Black C. Busal, per. Ortliorh,
.nt.imgn (©. 88, g Contain neither copper, bsmuth. tin, nor silver.—| (Feather Ore.) +O0sBs. acklsh-gray. Llack. F. Uneven. |¥3 5560 1 |5 capill
Yy (P The minerals are distinguished by differences r -
in crystallization and physical properties. Semseyite. J%S.SSb,S,. Gray. Black. C. Pyramidal. 5.95 1 ilIiotnaolﬁ:.l
Boulangerite.  PPS.SbsSs. Bluish — lead-|g), o) F. Smooth, |2.5-3 |575-60 1 |G &
gray. Compact.
meghiuite, JPLS. SbyS,. Blackish-gray. |Black. C. Pinac., per.| 2.5 6.35 1 %‘g’g;g
' _ . prism.
( Geocronite PbS. 8byS,. Lead-gray.  |Black. C Yrismatle. |95 6.0 1 [Jrihorh.
{ , . . .
ixllbrlckenlte. Pb8.8b,8,? Lead-gray.  |Black. 6.40 1 |Massive.
} lmpibouungeme. PbS.8b,S,. Blackish-gray. |Black. 6.81 1 ggx;‘&:
Prvision 4. —Antimony Compounds.—Continued on next page,
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A.—Fusible from 1—-5, or Easily Volatile.
Drvisior 4.—Antimony Compounds.—Concluded.
General Characters. Bpecific Characters. Name of Species, Composition, Color. Streak. mﬁ:;:f:r:f‘d 1::8'2' g}.’:f}g? bﬁ}':yl Cg&?l:.n-
COontain silver, but do not give|Contai L by HNO 8(Cu,,Ag,,Fe)S.
;::d fofr%::':i %co:ﬁ:)?;?nn;wﬁ); C}} 2 ':re::u’;’&"v; m';::l;f;?u E’;gxn;gozg‘tt esss: . §w5 Stylotypite. AR, g, [Iron-black.  |Black. F. Uneven. |8 4.8 1-1.5 ;)rthorh.
P A ue solution is obtained. Freibergite. ,Ag)$S.8b,S;. som, Tet, -
HNO, and filiering, the solu-|y~ Compare Polybusite, below. (Sitver Totraodrite | o and 52 moc v Gy, [T Bluck. F. Uneven. 13-4 14749 15 ip,0775,
When only the v(i)lutil;e T}lemenls, Miargyrite. Ag,8.8b,8,. Iron-black. D'{;li‘;kwd YIF. Uneven. 2-2.5 |5.1-6.3] 1 [Monocl.
antimony and sulphur, are :
present with silver, a globule Sul P it Deep - red ¢ . C. Rhomboh Hex. Rh.
“|Sulphantimonites of silver, containing no, or|Pyrargyrite. .8b,S,. eep - red  to -red. . fshomboh. 4
of the pure metal may be ob PG 0% 0l of opper.  Gilve. the odor of sul-| (Dark Ruby.siver) 8A8sS.8buSs black. | diared IR Gonchoidal,| 25 586 | 1 |Hemimor
heatin {)n charcoul in O. F phur dioxide when roasted in the open tube.
The cgatiu g of oxide of anti.| The crystals of Stephanite are usually stout, six-|gtephanite. 5A238.8b,8s. Iron-black, |Black. F. Uneven. 2?5 16.2-68| 1 |[Orthorh,
mony in this case assumes a Silde priisrlr:s. i'l‘hoie of P(l)‘liybaslte :slllx-sll)dedl
s s : ates, with triangular markings on the basa :
et to deop i Ut (5] P 1 ST Ak o he Doy, B MARCISOS onbiick, Bk Faewen 29002 | 1 Monoek
constituents have to a large .
:é‘tieiltaitb I:J:;t;na(:il;it\lren I‘?Wé)('; tl(l: Polyargyrite. 12A258.8b,8,. Iron-black. Black. C. Cubic. 2.5 6.95 1 |Isometric,
(] : 31 3
borax, assists in the formation Silver-gray. o
of the silver globule. Reacts only for antimony and silver. Dyscrasite. Ag.8b, Tar, black. Gray. C. Basal. 8.54 |[9.75 1.5 |Orthorh,
Gives globules of hen heated in a/SCipatdie. o e [4(Cus,Hg)S.8byS,. Isom. Tet.
closed tube with dry Na;00, (p. 94, §1). _ |_bedriiey T o and 2o Ino. . Gy, [ D7k-gray. Black. F. Uneven. |84 |48-51) 15 |pygorts,
Contaln bt neither Toad C‘m%‘f?;:)ﬁ%te.) Cu,S.8b,8s. Blackish-gray. |Black. C. Busal, per. | 3-4 4.95-5.00 1 |[Orthorh.
::]1; ts‘i;;erh-i;;ll“]eas (iiéh:l?celsisliro' . Falkenhaynite. 3Cu,S.8b,8,. Grayish-black |Black. 483 1-1.5 |Massive.
gives a deep blue color wi{l; Distinguished by differences in crystallization 1C0.8.5b.8 L Tet
ammonia in excess, and physical properties. At it Fe‘Z:n,l;'lf and Ag, iso.Gray. Black. F. Uneven. |34  [4.7-50] 15 33&';'173'
w. Cug; As iso. w. 8b.
Famatinite. 3Cu,8.8b,8Ss. Gray, With |Black. F. Uneven. |35 457 |1-1.5|Orthorh.
Contains tron, but does not give X .
:,ili:e isrieactions of the foregoing Fuses to a strongly magnetic globule. Berthierite, FeS.8b,Ss. Steel-gray.  [Black. c ng.]?ngitudi 2-3 443 |1.5-2 g{ﬁi’;‘:ﬁf"‘
visions. .
. Light bluish-
React for sulphur in the open tube. With|Kallilite. Ni(Sb, BD)S. gray. Black, Tl Massive.
gotasslum iodide and sulphur give the test for - Tetrag.
Oon%ainslnﬁ;kcl. —i;lt‘xh‘;)o roasuzd ismuth (p. 55, § 2). Hauchecornite. Ni(Bi,Sb,8). Bronze-yellow|Black. ] 6.4 U. mass.
mineral gives w rax in
O. F. a brownish bead. Reacts for gu]phur' but contains no bismuth. Ullmannite. NiSbSs. Silver—gray. Black. C. Cubic. per. 5-5.5 6.6-6.7| 1.5 g]o lsl?;"ii;é
Contains little or no sulphur. Some varieties NiSbh. Copper-red, _
- react for arsenic. b Breithauptite. A oo w. 8b. violet tone. F. Uneven. |65.5 |7.04 |1.5-2|Hexeg.
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DrvisioNn 5.—Sulphides.—When roasted in the open tube sulphur diozide (sulphurous anhydride) is formed, which may be recognized by its odor, and by the acid reaction which it imparts to
a plece of moistened litmus-paper placed in the upper end of the tube. The reactions of the foregoing divisions should not be obtained.

N.B.—The minerals in this division are mostly sulphides of the metals. Sulphides containing arsenic, antimony, selenium, and tellurium will be found in the foregoing divisions. A few sulphides

will be met with later on among

the minerals without metallic luster.

General Characters. 8pecific Characters. Name of Species. Composition. Color. Streak. Clg::g:r:.nd ]::;g.' g}.’:‘:}?’? gill‘isti; czi::ll‘lf'
Contain only silver and suiphur. Argentite. Ag,S. Blackish-gray.|Blackish-gray, |F. Conchoidal.{ 2-2.5 | 7.8 1.5 (Isometric.
——V;’h;an d’s"g, alone]og ]cha;; Sectile, can be cut with a knife like lead. —
g‘:;e ailver is obtaingd ¢ Acanthite. Ag.8. Iron-black.  (Black. F. Uncven. |2-25 [7.2-7.3| 1.5 (Orthorh.
Reacts only for sulphur and bismuth. m('é';;‘,::‘:'t‘,i:a,“c&) Bi,8s. Lead-gray.  |Gray. C‘pfi}‘.;'c‘;”id&” 2 6.4-6.5| 1 g:;::g;g .
. Contain lead and silver.—Decompose with BNOy, |g ;. Ag,,Pb)S.2Bi,S,. |Lead-gray.  |Grayish-black.|F. Uneven. 6.75 |1-1.5?
ot Todide o dilute with water, and fiter. In the fitrate erie. AAgn LS. 2B45, i b e Massive.
> w roduce a precipitate of silver chlo- . y
:nr(tie ({lﬁf& i(:lx:aiga;:c:;: aiil:l e% (ll;. ride whlchpiz insoluble in boiling water. Schapbachite. PbS.Ag.8.BiySs. |Lead-gray. Grayish-black.(C. Basal. 3.5 6.43 1-1.62/Orthorh. 1
56, §2). . 2Pb8.3B1,S,. Lead-gray.  |Grayish-black.|C. Disti 6.92 -1.52 Foliated.
When lead is present, the yellow Chiviatite 0 ead-gray 'raylish-bla nct, 1-1.52{Foliated
O e oo for Rezbanyite. 4PvS.5BiS,. (VDY 1% lGragish-black.|F, Uneven. [2.5-3 | 6.1-6.4 | 1-1.67Massive.
bismmuth. In order to make -
d:é;:tve tests for the two ele- Galenoblsmutite, | PbS.Bi38,. Lead-gray.  |Grayish-black. 34 6.8-7.1 | 1-1,5?/Columnar
ments it is recommended to/Contain lead, and not more than traces of silver.
roceed as follows: Treat an| —Alkenite is characterized by containing cop-\ .. 2PbS. Bi,S,. Lead-gray.  |Grayish-black.|F. Uneven. 2.5-3 |6.4-6.7 | 1-1.5 [Orthorh.
vory-spoonful of the powder- pt:ar, otherv;'ise l; nlmy ):xiot be possiib}f to identify Ags,Cuy & Feiso.w.Pb. U. mass,
N i the rare minerals in this group without a quan- Blackish lead- Orthorh,
g mincrl g e W et iy e U0 Co8 B8, |Tery oy ack | F. Uneren, (226 |07 [1-1.5 Q0000
concentrated H,80,, and boil 8PLS. Bi,S,.
lx’f'tie! ,‘bﬁé’é{{,’& ac:g (iis esx;::ecllegE Lillianite. sz’ 'ﬁ?‘ w. Pb; Bblso.[Steel-gray. Grayish-black. 6.1 1-1,5?Massive.
water, boil for about a minute
in order to dissolve the bismuth Beegerite. ngiS.BlgSl;l.) Gray. Grayish-black.|C. Cubic? 7.27 | 1-1,5%Isometricl
sullphate, a:(;i ﬂltfr off thgr ix; 38’ “;.;l;.i S. Send
ble 1 hate. Th . . . . er
fga; b?a tgsted sll)lypfl?sinf witl: Cuprobismutite. Azlflt:o- w. Cu. Blulsh-black. Black. 6368 1 prisms,
. . C. Pinacoidal,
ﬁxgg’pf;igﬂﬁ?{ﬂe bis[:mtxlt]l(: Contain copper. — When decomposed by nitric|Emplectite. Cu,S.Bi,Ss. Grayish-white.|Black. p,,;:ff & 12 6.3-6.56( 1 [Orthorh,
as hydroxide with ammonia,| 8cld, the dilute solution is rendered blue by
filter, and test some of it by the addition of ammonia in excess. Klaprotholite. 3Cu,S.2B1,8,. Steel-gray. Black. F. Uneven. 2.5 4,67 1 (Orthorh.
fusing on charcoal with the
potassium jodide and sulphur Wittichenite. 8Cu,S.Bi,S,. Grayish-white.|Black. : F. Conchoidal.| 3.5 6.70 1 |Orthorh,
mixture. If copper is present -
the ammoniacal filtrate from|Contains silver, but neither lead nor copper.— Slend
the bismuth will be blue. Gives a dglobule of silver when fused with|matildite. Ag,8.Bi,8,. Gray. Gray. 2-3? 6.92 1-1.68 exi: er
borax and Na,CO, on charcoal. prisma.
Contains lead, but no bismuth. :
_ 4 Oxidized by concentrated nitric acid with the Isometric,
giwyg;tléloltfl?l’gos ¢ °ﬁagh:;°(;ml separation of lead sulphate and usually, also,|QALENA. Pbs, Lead-gray.  |Grayish-black.|C. Cubic, per. | 2.5 .6 2 | U. cryst.
yellow coating of lead oxide. | °f 8ome sulphur. or gran.
{3~ Compare Cylindrite and Franckeite (p. 260), which do not give very distinct
antimony reactions. _

Divisiox 5.—Sulphides.—Continued on next page.
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A.—Fusible from 1—b, or Easily Volatile.
Division 5.—Sulphides.—Continued.
-
General Characters. Specific Characters. Name of Species, Composition. Color, Streak. le-?;:f:r:?d E:;‘;, - Sﬁ’ffl’f'yc. blii;lllts;: C{.{&“ﬁ}f"
e ERE X G ish- Tet. Sph.
£58389% g& Color brass-yellow.—When massive, Cubanite c'&@igfgyﬂ;ﬁ) CuFeB,. Brass.yellow. [~ co0® black [F- Uneven. | 8.5 4243 2 Psge 5)83_
%5 95-3.2 %5 |Contain ¢ron,| can scarcely be told from Chalcopyrite except Bronze to C. Cubic 1o
ER5os " 55| and fuse to| by a quantitative chemical analysis. Cubaaite. CuFe,8.. brass-yell Black. "iraces. 4 445 2 (Isometric.
S 525585E5| magnetic rass-yellow. races.
28035 §-E2| globules. — [Color purplish, and somewhat variegated on ex-
g 39 0 gd rom  the| Pposed surfaces, but brownish-bronze on a fresh Brownish- -
‘6-8'3 & § S S8 HNO, solu fracture BORNITE. bronze Isometric
2q g_'»'§ ) 3_§ tion ammo-|§3~ Compare Chalcocite below, which at times Poacosk S‘r’g')’ppe"' Cu,FeB.. Purplish Grayish-black. [F. Uneven. 8 49-5.4| 26 1y mass,
S ggs Sa @| nia precipi- contains sufficient iron as an impurity to make tarnish,
88 a=H-25| tates forric| it magnetic after heating.
8 B8 a2 ¥52| Aydrozide. |Fused alone on charcoal the coal near the assay ]
o 2HEgS . becomes covered with a white coating of oxide, s'('.l'.‘":l";'yrms ) Cu,8.FeB.8n8;.  Steel-gray.  |Black. F. Uneven. |4 44 1.5 |Massive.
'Sg g_g s 2 & of tin. Only slightly magnetic after heatingB.B. ) Zn iso. w. Fe.
[} 3 n
PEERZE IS O Light steel- Isometric
=2 %%as . g sh- F. . 2 4.85 2 .
E’,S = § 22 E-Contain cobaiz,| The roasted minerals impart a blue color to the Carrollite. CuCo,8. gray. Graylsh-black Uneven 5.8 U. mass.
bt ) .
§ § EE,E P ‘;::E fluxes. Sychnodymite. (Cu,Co).8s. Steel-gray. 4.76 Isometric.
©EE3a_ 88 From the HNO, solution stiver chloride T : - Orthorh
s s o e T e adiion ot 0L PP laameyaite. _[CuAgS. Dark stec y.[Durk-gray. |F. Uneven. |25-3 |6.2-63) 15 'y
::E-I-QE S,g.ﬂ ) 3?..{'-?5%“;",0? The ﬁinely povl:'deredl mil‘;;a);al,i nfteir i:zareful Steel-gray. Orthorh.
A H 230 a'E| ules roasting on charcoal (p. , gives in R. F. a|cHALCOCITE. = ° : y
§gm8.s'g 25 %Sompaggz:- globule of copper. Gives no sulphur in the| (Copper Glance.) Cu,S. Blackish  |Dark-gray. F. Uneven. 2.5-8 |5.7 2-2.56 ‘P}age 208.
aSTsa3s 2| which does not|__closed tube. tarnish. - mass
S5 gE25aS nerie oxcept ot Reacts like the foregolng, except that much sul Hexa,
g'e‘.&’ &5 8B T ter long heatig| phur is obtained %y hg;,m, g i‘; th:c]g;‘;ﬁ t:ll:e: Covellite. Cu8. Indigo-blue. |Grayish-black.|C. Basal, per. | 1.5-2 | 4.6 25 |q. magés
5 e.Log Contai jlver|Fused with bora h 1 in O. F. gi ish-
..é: %Egé (:lnllg :1:01:; o globule of silve: on churcont T gives Sternbergite. AgFe,8,. Bmwmgl:onze. Black. C. Basal; per. |1-1.6 |4.1-42| 1.5 |Orthorh.
- '§ 28 Contalns cobaltGives sulphur in the closed tube when heated fn- Isometric.
© 4@ mineral colors| tensely. Usually reacts for nickel when fused|Linnmite. (Co,Ni),8,. Pale steel- Grayish-black.|F. Uneven. 5.5 4.9 2 |Figs. 96
] 3 y g
§ g2 ,§3 the borax bead|  with borax on charcoal (p. 98). Fe and Cu iso. w. Co. gray. and 100
g g'g a2 Conui;x nickel Black, some- |C. Rhomboh.
g. S ead ZThe roasted|31ve sulphur when heated intensely in the closed Millerite. NiS. Brass-yellow. |} 0 greenish|F. Uneven. 3-3.5 |5.65 1.5-2 |Hex. Rh. !
o M222 mineral colors| tube.  Millerite occurs nsually in capillary i i
g 2g” g the borax bead|  crystals, sometimes in velvety incrustations. ~ |Polydymite. Ni.S,. ‘g’;‘;eg,’_ gray Grayish-black.|F. Uneven. |4.5 4.8 1.5-2 |Isometric.
8 By=EE when hot and|\ 1o N0, solution ammonia roduces a ish- ' Parting, oct
-] g.’g : .5 3":‘.‘33.”3,.‘:3.”““ abundant pr'ecipitate of ferric hydg)x{de. * Pentiandite. (N1, Fe)8. Ye"owt?ronze. Black. F. Ungéen. 8.6-4 14.95-5.0 1.5-2 Tsometric.
© ] Contains zinc.—|After heating B. B d volatilizi f
-] g ., and volatilizing some o the SPHALERITE
; D5 . Test asdirected|  in. “the residue Is slightly fusible and | i Blonde Zn,Fe)8. Dark-brown |Light to dark -|C. Dodecahe- Isom. Tet,
% g agg ®." 18U (FIR| petic. Luster sub—metfl]ic.y ne mee Szwgf)B onde,Black gee Pﬂxls 7and 8. to coal-black.| brown. dral, per. .04 408 5 Page 175.
= -~ ) ) Am———
S =232 PYRRHOTITE. Hexa,
L Sae : Fe,;,8,s,perhapsFeS . P 3 1. g
SRELE Glye lite or wo siphur In the clowd tubo " piserotcye) SLSuREMPEIES Browalth.  lpacy, R bl g 4o 208 g,
-g_sm 23 sometimes scarcely at all so. Troilite is found | — L EuSe—"" — - .
;-93%,,% only in meteorites, Troilite. Fe8. Brownigix(;nze Black. F. Uneven. |4 4.7-4.8 | 2.5-3 |Massive.
L85 Gi : ' I
Y=~ . |Contain only/@ive much sulphur in the closed tube. Are ) : som.Pyr.
3'3'2-: g2 tron and snu .| not magnetic before heating. Pyrite dissolves P‘('l’:",TnEf;y,m.) FeS,. Pale br?ﬁ ow 3{1‘:};;;&2?81‘ F. Uneven. 6-6.5 |4.95-5.1/2.5-3 [Page178.
8’§§ g, 2% phur. completely when 2 ivory-spoonfuls of its very, ) y ) ) U. cryst.
Bt Rad o.ggf Jine powder are treated in a test-tube with 8 cc. le-vel Orthorh
o gg gog g3 of concentrated HNO,, allowed to stand until MARCASITE Pal e-yi lomtto Black, some- ’I‘;bu(;:r
d-':; £S5 ag Zi%ﬂ??ﬂ.ﬁff'gx':n(ff:fxes'zf:,‘feEhe? ]l()ioi]ed. Mur. (White Iron Pyri-|FeS,. Yellowian | what grayish.[F. Uneven. |6-6.5 |4.85-4.9)2.5-8| 0"
y yields some sep-| tes.) tarnish. prismatic.

arated sulphur.*

* The nitric acid for this experiment should be strong enough to act upon powdered pyTite energetically, and decompose it completely, even without the application of heat.
Divisiox 6.—Sulphldes.—-09ncluded on next page.
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53
A.—Fusible from 1—5, or Basily Volatile.
Division 5.—Sulphides.—Concluded.
Clea - - -
General Characters, Specific Characters. Name of Species. Composition. Color. Streak. Fr::f:r:'"d .l:{:“rd g?:f}‘ﬂ;. g?lll:ly Cz:it::ll
. Iron-black.
“&“,L?n';'fa’i”‘i’m;ﬁ?fe ;3?:]:, Gives little or no sulphur in the closed tube. Alabandite. MnS. Browntarnlsh. Olive-green. [C. Cubic, per. | 8.5-4 | 8.95 8 é?y?zqr::e
Brown to :
;ﬂoletr?olot to the borax bead|q;veg ghundant sulphur in the closed tube. Hauerite, MuS,. brownish- |Reddish- F. Uneven. |4 3.46 3 {;?g::'tf o
n 0. F. black. brown. drons
Contains maroury.i—(}iveahglotg In the closed ?Ilbe volatile, and gives a black
ules of the metal when heated| sublimate of HgS. Metacinnabarite,  |HgS. Grayish-black.|Black. F. Uneven. 3 . .
in a closed tube with Na,COs. |g5F~ Compare Cinnabdar (p. 268). eraciunanar & y ac neven 7.8 Vol.1.5/Isom. Tet.
Contains germanium.—When roasted on charcoal, transparent and white globules 4Ag,S. GeS,. Black ith
of germanium oxide collect near the assay, while farther out a lemon-yellow|argyrodite, H& is0. w. Ag & 8n w. '“l: Wit Grayish-black.|F. Uneven. 2.5 6.26 1.5-2 Isometric,
coating collects which has a peculiar glazed (fused) surface. e. bluish tone. U. mass,
Contains t¢n.—W hen fused on charcoal the globule and the coal near it become * |Black with
g;;r:;lsow&h :bct::iantégg of oxide of tin, while a slight reaction for germanium|canfieldite. 4Ag,8.(Sn,Ge)8,. gfuish“; otn e Grayish-black.|F. Uneven. 2.6-3 |6.27 1,6-2 {Isometric.
Divisior 6.—Not belonging to the foregoing divisions.
%9 After fusing on charcoal the metal is bright, and Isometri I
a2 no conspicuous coating of oxide is formed on Ag. Silver-white. - Mg
. B D R O s FIO! preaioh. [SILVER. Octasionally with Au| Tarnish gray(S e-Whle, Ip. Hackly. (263 [105 | 3 |U, mass
;. 5 tates silver chloride. [~ Compare Amalgam. Cu, and He. to black. ) i: g;la:::'
= g The HNO, solution is made deep-blue by addi- COPPER c Copper-red. |Copper-red, Isometric
§ 4 tion of ammonia in excess. |COPPER. u. Tarnish black.| shiny. F. Hackly. . 2.5-3 1885 8 U. mass.
£ Easily fusible, and give yellow coatings of oxide . Lead-gray,
E’: Soluble in boiling, dilute ?ol:i i(clharc(zlal. ]W;l en hea):ed wlltllx gota.ssium Lead. Po. Lead-gray. shiny. F. Hackly. 1.6 11.87 1 |lsometric.
=3 HNO, (1 part HNO, : 2 e and sulphur on charcosl, lead gives a C. Basal and
%% | pans et NOv i 2} reenisheyellow and bismuth & brilliant red|Bismuth, Bi. Silver-white, [SIver-white, |“rompone. |2-2.6 |98 1 |Hex. Rh.
&= sublimate. Bismuth is brittle. shiny. dral, per. U. gran.
=9 . . o ish-
- 8 B. B. on charcoal gives a coating of zine ozide. |Zinc. . Grayish-white. G:ﬁ;ﬂ; white, C. Basal, per. | 2 7.0 1.5 |Hex. Rh,
83 Heated in the closed tube globules of mercuryMercury. Hg. Tin-white. 13.6 Liquid.
- g N are obtained. Mercury is wholly volatile, and Sil ™
lg amalgam leaves a residue of silver. Amalgam. Hg with Ag. Silver-white. s‘,’ﬁ;—yvj ¢, |F, Uneven. 3-3.6 13’71" 4.1 Isometric.
3 ) . 5
S o Characterized by its color and high specific Au, always with Gold-yellow, 19.3 Is tri
:,:_: gravity. GOLD. some Ag. Gold-yellow. shiny. F. Hackly. 2.5-3 ;?,? 2.5-3 60':1‘&8 s.(!.
& 8B |Insoluble in nitric acid. [Paler color tha 1d, and of 1 it i i .
23 n gold, and of lower specitic - .
S8 gravity. g P ELECTRUM. Au with much Ag. Ye“"w‘t‘hue' zﬁlit‘()z,w;illlny. F. Hackly. |[2.6-3 |13-16 |2-2.5 |Isometric.
45 Oxidized by HNO, yielding a white resid f . Tin-
g9 stasiamaic s 1o 120 sidue offy, Sn. Tin-white, [T [F. Hackly. |2 7.2 1
5 Tgg b Strongl tic before heatin I =
5 g gab ngly magnetic 2 MAGNETITE. 0,04 = . .
O'.g S _§ 58 A&ﬁ{dﬁm; i~ Compare Titanic Iron (p. 2§5), | (Magnetic Iron.) ! .FeO + Fe,0,. Iron-black. [Black. gurgﬁg"s&, 6 5.18 5-5.5 Isometric.
%4 288%F | no water in|/Chamcterized by its reddish - brown streak.|HEMATITE. Durk  steel- |Dark reddish- |F. Uneven.
%3 §;§;§ the closed| BSlightly or not at all magnetic before heating. "<specu'11r iron) [FesOa. lg)]r:g'kw fron- ?;gwn.ludlan- Pat:g;:gd:ﬁom- 6.6-6.5 5.20 5-5.5 g:;‘; %;;
S . . e . . edral. -
83 & e tube. Imparts a green color to the Na,CO, bead in O. F =
28 z_u Eg %‘dg'%xsgt(;;e F. (manganese), i Bixbyite. eMﬂO.F-;O.MnO.. Black. Black. F. Uneven. 6-6.56 |4.94 4.5 [Isometric.
d» 298=3 | 268). "|Gives globules of lead when fused with Na,CO :
NI ) ves globule 00 etanoteite,  |(Fe””,04)Pby(810,);| DTk brown to| Yellowlsh - 1 greven, 555 |5.85 |2-2.5 [Qriborl,
& S ';ég';: — TURGITE. Fe,O4(OH); = k Dark reddish- Botryoid.
£ ©.8 gé‘ggg Ig/_droua. — Difficultly fusible. Turgite generally decrepi.| (HYdro-hematite) . 2Fe,0, + H,0.|Reddish black |7y own. F. Splintery. |6.5-6 |4.14 | 5-8.6 |y o 0q
sB 88N F2 ive waterin| tates, and breaks up to a fine powder in the eO(OH) = Dark-brown to|Yellowish -
3 §m8 ?.ci;o the closed closed tube. Gothite generally crystallizes in|GOETHITE. 2Fe,0, 4 2H,0.| black. brown. C. Pinac., per.| 5-5.5 | 4.5 5-5.5 [Orthorh.
g nmhg g g | tube, prismatic forms. LIMONITE. ¥e,0,(OH), = Dark-brown to|Yellowish - F. Splinter 5-5.5 |8.6-4.0 | 5-5 Botryoid.
6) ' ‘,,_@:m.u_ﬁlgmﬂiw-) 2Fe,0, + 3Hs.| black. brown.|" * PPIDEry. . PO -0 Stalactitic

D1vision 6.—Concluded on next page.
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A.—Fusible from 1—b, or Easily Volatile.
Drvision 6.—Concluded.
General Characters. Specific Characters. Name of Species, Composition. Color, Streak. Olg‘a‘.‘mr:.nd E:::' gm:‘; gﬁ:;‘ cgt:f).nl.u.
Silicates. — Ilvaite and Allanite ] ] P
d by HCI, and|/Intumesces slightly when fused B. B. The]livaite. CaFe”s(Fe.OH) R x . Orthorh.
;li‘gl éiecg(;:;(]lg;)::u . 'rilica uggn globule is decidedly magnetic. (Lievrite.) (8i04)a. Iron-black.  |Black. F. Uneven 5.5-6 |4.06 25 |y, prism,
evaporation. Neptunite is in-
soluble in HCl, but may be
tested for a Zilicate as directedI : rongly when fused B. B. The R”,(R".OH)R"s
on p. 110, §4. ntumesces § 1sec > B. Si0y)s.| Brown to F. Uneven to Monocl.
N.B. — These silicates have a [;rlobule is sometimes magnetic. Gives reactions|Allanite. R”’=Ca and ch. o) pitch-black. Gray. conchoidal. 5.6-6 |8.64.2| 2.6 U. mass,
pitchy or resinous luster, and| for the rare-earth metais (p. 65). R'”=Al, Fe, Ce, La,
they, as well as others which and Di.
are black owing to the presence
of iron, are more properly
classified in subsequent sec-
tions under minerals withoutFuses B. B. to a black globule and colors the ’ .
metallic luster. flame yellow. Reacts for titanium when tested|Neptunite. (Na.K)(Fe.liln)O Black. Cinnnmg;xown g g;i.fémig;] 5-6 8.28 8-4 |Monoc).
¥ Compare Melanotekite, Ken-| as directed on p., 127, §2. 4013, QN .
trolste, and Braunite, of this|
division.
Contain tungsten. — Fuse with|1, :
. N parts to the Na,COs bead in O. F. a green ITE.
Na,CO,, pulverize the fusion,| " q1op (m(mganese)’. Fused on charcoal with a w(?olf:;?a’x\-y ‘ll'LE'ibner- (Fe,Mn)WO,. Black. Black. g II;LD:V(:I') P 555 |1.2-7.5]|8-8.5 %{02001;‘
digest with boiling water, and|  [ij1le Na,COs yields a magnetic mass. ite, p. 283, ’ : - CTy®
ﬂlter.H’I‘hc filtrate I;mdehac;d
ith HCI and boiled with tin .
;:!sumes a ﬂbnltle (::olor (p. 129l. Contains little or no mangancse. Fusible B. B Wolframite, in part. |[FeWO,. Black. Black. C. Pinac., per.| 6-6.5 |7.2-7.5| 8-8.6 |Monocl.
S2). s sl 10 & magnetic mass ) o :
Tl:::m?lg&e specific gravity is £ Reinite. FeWO.,. Bluckxs%-mwn. Brown. F. Uneven. 4 6.64 8-8.5 |Tetrag.
. . |Reacts for iron and usually also for manganese Orthorh,
O%Jtﬂiﬂ :zl:bbiuép.—]Fuse(] ‘l‘ggi when tested as directed ngove for wolfragnite. COLUMBITE. (Fe, Mn)(Nb,Ta),O,. Iron-black. Black, ¥. Uneven. 6 5.8-7.0 | 6-56.5 U. cryst,
orax, then dissolved in —
and boiled with _tin, the solu- R"sR"'3(Nb,Ta),0s Dark reddish- Orthorh,
tion assumes a blue color (p.|React for uranium and the rare-earth metals, Samarskite. %,,,::F&Eﬁ;f{,o‘;;nhs Velvet-black. brown, F. Conchoidal.| 5-6 5.6-5.8| 4.5-5 U. mass,
T99, §1). i 1 when tested as directed on p. 129, § 2, and p. Uncertain - Brown 1o
he high specific gravity 1s| 65. Aannerddite. Nb, U, Y. Th, Ce, Pb, |Black blackish  [F. Unev [ 5.7 4.5 |Orthorh
noticeable. (Onnerddite.) , U, X, Th Ce, Pb, Black. - vneven. - g .
Fe,Ca, H, O brown.
opper.—B. B. alone, or|Characterized by its sub-metallic luster and red i Brownish-red, |F. Conchoidal Isometric.
covl:;ai)nNi,CO’;, on charcs:)a(\)ll,,egigz streak (see p. 263). CUPRITE. Cu,O.‘_ - Deep-red. Indian-red. } or uneven. 8.6-4 160 2.6-8 Cl.4.p.219
a globule of copper. After ite. Steel- to iron- C. Basal, per. 3 Monocl.
moistening w‘iithp%m impATt Tonorite crystallizes in scales; paramelaconite fn T ofeiaconite)  |CuO. pro Grayish-black. [ D%, P7 |34 |58-63| 8 [yoroc:
azure-blue and green colors to isms. Purplish. to
the blowpipe flame (p. 72, §1). prisma Paramelaconite. CuO? “;;ﬁci.b] ack. F. Uneven, 5 5.83 8 |[Tetrag.
When heated in the closed tube yields fusible Chestnut- Tetrag
Co:;lmins lfadi.—-Wi]tI})Nl’a,C(g. ?n lealdof(;xiéhia and oxygen gas. Test as directed on|plattnerite. PbO,. Iron-black. brown. F. Uneven. 5-56.6 |8.6 1.5 U. mat;s.
charcoal gives globules of the| p. 100, §1.
metal and a coating of lead . R Mo
Imparts a reddish-violet color to the borax bead| : (Mn'40s)Pb, |
oxide. in O. F. (manganese). Compare Melanotekite, [Kentrolite. Folno. . 3n (Si0y)s. Black. Brown. F. Uneven. 5-6.6 |(6.19 2-2.5 |Orthorh,
The fine powder is slowly soluble in HCI. MoMnO ith B ish C. P idal Tetrag
Contain_manganese, but do not\ Yields a small amount of gelatinous silica on|Braunite. nitlnOs With — aip)ack, rownish- c oyramidal.lg g5 148 4.5-5 |Fig. 143,
giv‘e the renctionls of the fo!if- evaporation. £ e little MnSiO,. black.\F. Uneven. pnie 178
oing sections.—Impart to the TUnoertain
rax bead in O. F. a reddish-|Gives a slight coating of oxide of antimony when|Laangbanite. : Dark reddish-
o8 heated vogith Na.CO, on charcoal, y e banite.) Mn, Fe, 8i, and Sb|Iron-black. brown. F. Uneven. |6.5 4.92 4.5 |Hex. Rh,

wiolet color.

oxides.
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N.B.—The minerals in this division are chiefly the ozides and hydrozides of tron.

1. MINERALS WITH METALLIC OR SUB-METALLIC LUSTER.

B.—Infusible, or Fusible above 5, and Non-volatile.
Drvisior 1.—Iron Compounds.—Strongly attracted by a magnet after being heated before the blowpipe in the reducing flame (the test must not be made while the fragment is hot, p. 84, §1).

Several of them are important as ores of the metal.

slowly. The solutions, after dilution with water, may be tested for ferrous and ferric sron with potassium ferri- and ferrocyanides, as directed on p. 85, §4.
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Generally they dissolve in hydrochloric acid, though often

General Characters. Specific Characters, Name of Species. Composition. Color. Streak. C'ﬁ?;‘;{‘f,gf‘d I,f::f, - gffff?f Cgtsi::}?-
\
When treated as directed on p. 97, §4, meteoric R
Strongly magnetic without heat-| iron has always, and terrestrial irons have often,|'"(Nteoric Iron,)  |F'€ 8180 Fe with Ni. Steel-gray.  Bteel-gray. g‘ gf'b}fl‘ 4-5 7.3-1.5 {tliometric.
ing.g yMal]%able. reacted for nickel. ) - Huekly- - ass.
& Compare platinum (p. 267).|ygqcterized by containing much nickel. Awaruite. FeNi,. Steel-gray.  |Steel-gray. F. Hackly. 5 8.1 Massive.
Very slowly attacked by HCIL ILMENITE (Titanic|F'eTiOs with Fe O, in _r 1 |Hex. Rh.
Reacts for titanium (p. )1'27, §2). Iron, in pan_; varying proportions. Iron-black. |Black. F. Uneven. 5.5-6 |4.7-56.1 U. mass.
The fine powder is slowly, but completely, solu- Parting octa- Isometric.
Btrongly magnetic without heat-|" pje jy HCL The solution reacts for boih fer-MAGNETITE.  |FesOu=FeO.Fe,0;. Iron-black.  |Black. hedral. | 6 5.18 |Figs. 96,
g * rous and ferric iron. Fus. = 5-5.5. EEE— F. Uneven. 97 & 102,
Rel:c;sl f(érlmg.g nesium when tested as directed on Magnesioferrite. MgFe,0,=MgO0.Fe;0,. |Iron-black. Black. F. Uneven. 6-6.5 |[4.6 Isometric.
Contaius titanium.—After fusion| e Mo a0s on e of antimony when fused iy iy, 5FeTiOs. FeSb,O. Pitch-black. |Brown. F. Conchoidal.| 5 453  |Orthorh.
with Na,CO, the material can - — - Hex Rb
be dissolved by HCI, and the L X L "'%.EN'TEI‘ FeTiOy=Fe0.TiO,. Iron-black. Black. F. Uneven. 5.5-6 | 4.7 . 107
solution when boiled with tin|Distinguished by differences in crystallization (Titanic Iron.) Mg iso. w. Fe. i Page 197.
becomes violet (p. 127, § 2). and physical properties. Pseudobrookite.  |Feq(TiO,)s. Browuistll)-lack. }e‘:‘,l(lﬁ:{:_sgr'o;; F. Uneven. |6 4.98  |Orthorh.
Gives a coating of oxide of 2inc when the very Isometric.
fine powder, mixed with a little Na,CO,, is|FRANKLINITE,  |{(Fe,Zn,Mn)O.(F¢,Mn),0s. |[ron-black. |Dark-brown. |F. Uneven. |6 5.15 |Figs. 96
Contain manganese.—Impart to| heated intensely on charcoal. ——————— |Fe40 with Zo and Mn iso.w.Fe and 102,
' : s ; ; BT :
‘:,;fg;‘if,";is‘,’l‘_’gfee’g O F. aGives a coating of ozide of antimony when treated\y .\ oyipian,  [6(Fe,Mn)0.8bs0s. Black. Cherry-red. |, wo direc Orthorh.?
Does not give the foregoing reactions, Jacobsite. (Mn,Mg)O.(Fe,Mn),0s. |Black. Browuils){; k. F. Uneven. 6 4.75 Isometric.
Water about 5%. Generally decrepitates violent- _ Black to red-/Brownish-red, . Massive.
ly when heated in the closed tube. T“(;r;’d.ro-hematlbe.) Fe,04(OH),=2Fea0s. HyO| ™ jigp plack. Indian-red. F. Splintery. | 5.5-6 |4.14 Mammill.
Water about 10¢.  Generally crystallized in _ Dark-brown to Yellowislf- C. Pinacoidal, Orthorh,
O Bewrary tosle, Fus. | prisms. GOETHITE. FeO(OH)=2Fe;0,.2H,0. |4 Kb stonre Cpergice | 505 435 [Pl
5-6.5. Water about 154, Mammillar d i
. y and stalactitic Yellowish-
i isti . LIMONITE. Fe,05(0OH)s= Dark-brown to : Orthorh.
ggmg‘si) Often impure.  Distinct crystals un-|“\Eo0 Hematite)| )e 2Fe,0,.3H,0.| nearly black. yellow%);gl::;;" F. Splintery. | 5-6.5 | 8.6-4.0 7 grous,
Give little or no water in the[Streak brownish-red (Indian-red, red-ocher). .
. HEMATITE. Steel-gray  to|Brownish-red. [F. Uneven, Hex. Rh.
D ﬂmﬁfebefeacts for sulphur %‘(:::e;in‘l:; gfightly magnetic before heating.|" &b 2 rTron.) [Fes0s. iron-black. (Indian-red. scaly, fibrous. 5.5-6.5 | 5.20 Page 194,
when roasted in an open tube.|Imparts a green color to the salt-of-phosphorus : Massive.
gFCompare Tripuhyste (p. 263).] bead (chromsum). Compare Ohrom?te (pp 256). D?ﬁgigg]rlf: only.) FeS.CraS,. Black. Black. C. One direc. 5.01 Scaly.
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Divisiox 3.—Manganese Compounds.—A trifling quantity of the material will impart to the borax bead in the oxidizing flame a reddish-violet or amethystine color.

I. MINERALS WITH METALLIC OR SUB-METALLIC LUSTER.

B.—Infusible, or Fusible above 5, and Non-volatile.

which manganese compounds impart to the sodium-carbonate bead in the oxidizing flame is also a very delicate and decisive test.
N.B.—The minerals in this division are chiefly ozides of manganese. They dissolve in hydrochloric acid with evolution of chlorine gas (p. 101, § 2), and many of them yield oxygen gas when
heated in a closed tube (p. 100, § 1).

256

The green color

General Characters. Specific Characters. Name of Species. Composition. Color. Streak. Cl;:xgtg:r:fxd Iz::g_‘ gf:f}fyc_ Cz:i‘:ll‘l."
Contains copper, and imparts to the blowpipe R
gv:}{rlx]e E?Cll)lue or green color after moistening|Crednerite. Cu,Mn,O,. Iron-black Browmﬁ};lack. C. Basal, per. | 4.5 4.98 fl‘l&][l:gé.
Reacts for tstansum when tested as directed on p. . C. Rhombohe- Hex. Rh.
129, §2. Pyrophanite. MnTiO, = MnO.TiO,.  [Deep-red. Ocher-yellow. dral, per. 5 454 |05 4 p.21,
Give oxygen gas when heated in the closed tube MnO,. Steel-gray.  |Black. C. Prismatic,
Give little or ,no water when| (p. 100, §1). Pyrolusite is perhaps always aPOlmm’ i eel-gray ac perfect. 6-6.5 5.0 Tetrag.
heated in the closed tube. pseudomorph after other minerals (often after Massl
manganite). It is soft, and contains about 2|PYROLUSITE. MnO, with about 2% H,0.|Iron-black. Black. F. 8plintery. |2-2.5 |4.76 assive,
plintery Pseud
per cent of water. 4 seudom.
Do not give oxygen gas when heated in the closed . MoMnO, with a little Brownish- C. Pyramidal. Tetrag.
I Compare Pnakiolite (p.| tube (gp. 100,"'5g 1). Finely pulverized braunitelo "t Mun8iO, Black. black.|F. Uneven. | #65 |48  Ipyg 135
277). is slowly decomposed by HCI, and the solution H . Mn,0 Black Chestnut- C. Basal. 555 |48 T
yields gelatinous silica upon evaporation. ausmannite. e ack. brown.|F. Uneven. 9=9. . etrag.
The prismatic crystallization and dark-brown _ Steel-gray to C. Pinacoidal, Orthorh,
Give much water when heated in streak are characteristic. Compare Pyrolusite. MANGANITE. MnO(OH) = Mn,0,.H,O0. iron-black. Dark-brown. perfect. 4 4.31 Prismatic.
the closed tube. B. B.on charcoal gives a costing of oaide of |\ |\ pnauite.  |(Mn,Zn)Mn,OuH,O.  [Bluish-black, [P37K | ebocola pioy ver |25 |40  [Hex. Rh.
" (é%g’p‘“ Asbolste and Wad |y e 0t crystaliize. The HCI solution generally Uncertain. B sl b
(p. 292). gives a white precipiltate of barium sulphate|PSiLOMELANE. [MnO, with MnO, H;O, |[Iron-black. rown sll)'l Kk F. Uneven. 5-6 0Ut | Massive.
upon addition of H,S0.. and often BaO and K;O. acK. 4.3
DivisioNn 3.—Not belonging to the foregoing divisions.
Heated B. B. in the forceps colors the tlame
yellowish-green.  Roasted in the open tube . Hexag.?
Very soft. Readily mark paper gives the reactions for a sulphide and for MOLYBDENITE.  |MoS,. Lead-gray. Grayish-black.|C. Basal, per. |1-1.5 4.75 Foliatged.
and soil the fingers. molybdenum (P-f 95). v _
Does not give the foregoing reactions. Very re-|GRAPHITE.
Teactors golng Y Te ORAPITE o |C. Iron black.  |Black. C.Basal, per. [1-1.5 |2.20 [Rex Bb.
Finely powdered chromite mixed with NayCOs, N . \ _ |Iron-black to .
Contains chromium.—Imparts a| in equal proportions, and intensely heated on c'("cﬁ,?rn!;rcsfron_) Essentially Fe(i‘tg‘c'r" 0 brownish- |[Dark-brown. |(F. Uneven. 5.5 4.6 {;omemc.
green color to the borax and charcoal, gives a mass which is atiracted by a| ————— ) sV black. . mass.
ds. magnet (tron). Magnesian-chromite may con- ish-
salt of phosphorus beads talngtoo littleiron to glve the foregoing rea)::tlon. Magnesian-chromite.|FeCr,O, with MgAl,0,. Browmslll)lack. Brown. F. Uneven. 5.6 4.2 {}3?2‘;::0'

Pivisron 8.—Concluded on next page.
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1. MINERALS WITH METALLIC OR SUB-METALLIC LUSTER
B.—Infusible, or Fusible above 5, and Non-volatile.

Division 8, —Concluded.

257

General Characters. Specific Characters. Name of Bpecies. Composition. Color, Streak, Olg‘:;:tg:r:}:d fe::.i' gl?:f}?; cm
[After the violet color of titanium has been ob-| :
tained, b{ continued boiling with tin the solu- Ca{gi?é;;ﬁg:g‘:’;‘:d rare- . Cuble {@?etggc.
;lgnsl}x)ml y assumes & blue color (niobsum, p.,nyundyte. earth metals, Formula/B12cK: 18y. F. Uneven, 5-6 418 Ogtaet?e. .
. i dompare Polymignite, below. uncertain. drons,
Oo:ot:“i: ?l:::“(‘i"l;;;ge‘:lwg: ‘gg{ Fused with the acid sulphate of potash and . C. One direc-
and boiled with tin. the solu- Huorspar mixture, momentarily colors the flame{Warwickite. (Mg, Fe)B,TiO,? Dull-black., |Black. tion, per. 84 8.85 g:itshorh.
“tion becomes violet (i).127, §2). green (boron). Fus. = 5.5. . Uneven. matic.
A little of the fine powder mixed with an equal|lL.MENITE. (Mg, Fe)TiOy = . . Hex. Rh,
§3 Compare Rutile, Oclaheiriito. volume of Na,CO, and fused intensely in char- (MaguesianVariety.) (Mg, Fe)0. TiO,. Lron bl'ack Black. F. Uneven. 5.6-6 |4.80 Page 197,
e e S el T YOS g N o o T TR ey
@ sub-me! C us(.el" N P kite. B
Al faeng mllh NxCOs g Gioolrng, TPy _[ONTION OV e [OrTh [ Tneven, |55 [095 |tsomorr.
monia. In the filtrate calcsum may be detect- MeTiO
ggd })gmag;;l:;gzg oxalate, and magnesium by|Geikielite. Feg‘;ro . w'_'Mg. Blue-black. C. Perfect. 6.5 3.98 |Hex. Rh.?
Contaln ntobium. — Fused with
borax, then dissolved in HCl/Generally imparts to the Na,;CO, bead in O. F. a|/COLUMBITE. Esi"}?ﬁ‘?i«li (ﬁ%%:)gbaob Black. D‘gll:;kfed YIR, Uneven. |6 5.8-6.5 |Qrthorh.
and boiled with tin, the solu-| green color (manganess). Fused on charcoal ’ T . U. prism.
tion assumes a blue color (p.| with a.little Na,CO, yields a magnetic mass.
:?_;v t;)is n(')];a:eea g;gh specificl For variations in specific gravity see p. 7. Mossite, Fe(Nb, Ta)sOs. Black, Black. F. Uneven. |6 6.45  |Tetrag.
Compare the difficultly
~ fusible niobium minerals on p.\Tn making the reduction test with zinc the Uncertain.
254, and those m{;rfggm;‘;s violet color c(>f tgtgné‘uzf)n appears before the blue[Polymignite, Nb, Zr, T, Ca, Th, Ce, ¥, Black. Dark-brown. [F. Conchoidal.|6.5 |48  |Orthorh,
298 and 300. P- =% 9= T
. . Tantalite. (Fe,Mn)Ta,0,. s
Contain tuntalum (p. 128), but R?;itef;)vl;l é;ortle;t;g i"'(i‘i?i’c"t’fi'a’ﬁi?;f?& T:ﬂlg;- an Nb 150. w. Ta. Black. Black. F. Uneven. 6 6.5-7.3 |Orthorh.
give no, or only slight, reac- bit FeTa,0,. a
tions for niobfum. Character-| = ¢ Tapiolite. Nb iso. w. Ta. Black. Black. F. Uneven. |6 7.3-7.8 |Tetrag.
ized by exceptionally high| ~ N 3 Uncertain
specific gravity. G‘:se(ﬁ‘;‘ggt‘;g“;:‘gpf"lgg"% ;’:;‘5“1”2‘9‘;";‘;{‘ tested)ieimite. Ta, b, Sn U, Y, Ce, Fe”, Mn, [Black. Grayish black. |F. Uneven. |5 58  |Orthorh.
Contains urantum.—Imparts to S :
oluble in dilute H,8O, with the slight evolution Uncertain. i
the sl o phosehorts besd o g (. The bigh speciie graniy Wi, (U5 v, o, ek POV e ieven, |55 [gu0 [somen
in R: F. a green color. noticeable. (Pitch Blende.) He. . U. mass.
00;6123;% Baddeleyite, ZrO, (p. Baddeleyite. 7r0,.
Gives sulphur dioxide when roasted in the open ]
tube. R@‘ Compare Sperrylite, p. 247, Pen Laurtte. &us;: w. Ru. Iron-black. Dark-gray. %‘ 83:121!:‘:)(;5211 7.5 7.0 Isometric.
Malleable. B. B. unaltered. Sometimes mag-|_ .. Pt, with Fe and the rare|Whitish steel-| .
0(2}“3;; gllgtt:'::x ;;0 ;l;e(ptgftlsgg e etie, €| platinum. platinum metals, gray. Gray, shiny. |F. Hackly. 4-4.5 |14-19 |Isometric.
and 104).—These minerals are|Mallecble. Loses its tarnish when heated B. B. ﬁti sh steel-
g!il;ﬂascptzcniﬁd l:ayvei:iggpgx?dmu; itrl)l l}:' F., but regains it by heating in the open|Palladium, Pd, with Pt and Ir. gray. Gray, shiny. |F. Hackly. 4-4.5 11-3—1 18 Isometric.
their insolubility in sny single|STightly malleable to brittle. Heated in the open
acid. t%be}é fres the odor of osmmium wetder Penl idosmine, Ir, with Os, Rh, and Pt. |Tin-white. Gray. C. Basal, per. | 6-7 19-23 |Hex. Rh.
Does not react for osmium. Iridium, AJIr, with Pt. Tin-white. Gray. F. Hackly. 6-7 22.7 |Isometre.
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II. MINERALS WITHOUT METALLIC LUSTER.

A.—Easily Volatile, or Combustible.

268

N.B.—The few minerals which are included in this section entirely disappear when heated B. B., provided they are pure. It may be recommended to heat a small fragment B. B. alone on

charcoal, or still better in most cases in a closed tube, when the material should volatilize completely and condense as a sublimate.

falls to a fine powder when heated, and therefore cannot be retained in the platinum forceps nor on charcoal,

[

It is not an indication that a mineral is volatile if it decrepitates, or

General Characters. Specific Characters. Name of Species. Composition. Color. Luster. Cll‘?_::m?r E:l::g' g;’:f}a‘,’ gl‘lll:iy- C;ayt.im“.on.
Burns with a blue flame and|The sublimate in the closed tube is a red to dark
gives the strong odor of sul-| yellow lilquid when hot, a pale yellow solid{SULPHUR. 8. Pale yellow. |Resinous. F.ogzz’:(él;gi:al 1.5-2.5 | 2.07 1 g;g;oggé
phur dioxide. when cold, - . 5
Contain arsenic.—Yield the vol-Imparts a decided green color to the blowpipe T1AsS; = . C. One direc-
atile, crystalline sublimate of| flame (thallium). Lorandite. T1,8. AssSs. Carmine-red. Adama.‘ntine. tion, perfect. 2-2.5 |5.58 1 |Monocl.
arsentous oxide when heated in C. Pi idal. M .
the open tube (sulphides must|The sublimate in the closed tube is a deep-red,[REALGAR. AsS, Aurora-red.  (Resinous. F Col:::(l‘l(:;ld‘:xl. 1.5-2 | 8.55 1 U.ogl?;:t.
be roasted very slowly and| almostblack liquid when hot, a reddish-yellow, Pearly. resin.|C. Pinacoidal Monocl
carefully). Anarsenical mirror| transparent solid when cold. ORPIMENT. A8;5s. Lemon-yellow. ¥ . '|1.65-2 | 8.48 1 .
may be obtained by mixing e ous, perfect. - U. foli.
zl;e (?:;nell?; g(l)th :1‘)}((1 v:hl'i'g‘]’: Yield the white crystalline sublimate of arsenious|Arsenolite. As,0;. olor esswgite. Adamantine. |F. Uneven. 1.6 3.70 i’ * |Isometric.
2COs P A .
charcoal powder and heating gvxi'tgeovl:}’el; gﬁmﬁl t::] d:slosfg ft‘\]xsl;e. Volatile Claudetit As,0 Colorless to Pearl C. Pinacoidal,| ¢ 5 3.9-4.1 Vol. |Monocl.
in a closed tube (p. 51, §1, b). y g Y i audetite. 2 white. Y- perfect. " IR 1 [Tabular.
. . B ish- X .
Contain antimony. — B. B. on|In the open tube gives sulphur dioxide. Kermesite. 8b,8,0. r:l));v::)l(sm.red, Adamantine. |C p£2§£°ida1' 1-1.5 |4.60 1 %((:)i'::g‘l:tltr.
charcoal fuse and coat the . ] . Colorless or . Isometric.
coal with a dense white subli-|Puse easily when heated in the closed tube, and|Senarmontite. 8b,0,. hi Adamantine. |F. Uneven. 2-2.6 |5.25 1.5 Fi
mate of the oxides of anti-| give a slight white sublimate consisting often 6] :lv orllt:s:s or \Pearlyada= |G Pinnc— e Orfi)(?f];
mony. of prisms and octahedrons of Sb,;0s. Valentinite. 8b30,. white. m az}; tine, and prisﬁ; a’:‘i’z 2.5-3 |5.56 1.5 Prismati o
Contain ammonium —Give the|Volatile without fusion. The aqueous solution Colorless or |y Vol. |Isometric.
odor of ammonis when hea(tied gives a precipitate with silver nitrate, Sal-ammoniac.  [NH.CL white. Vitreous. |F. Conchoidal.| 1.6-2 |1.53 1 |CL4,p.219
D a closed tube w me (ig-
nited calcite), or boiled in aly . . . .
{]es:.i - t;ldbe with  potassium F l::ltz]:{,imTll)l:rﬁ?[ﬁegﬁ]i) li?}g“on gives a precipi- Mascagnite. (NH.,).SO.. Covlvol:'il::s or |YVitreous. F. Uneven. 2-2.6 | 1.7 1 |Orthorh,
ydroxide. ) *
Streak red. Gives sulphur dioxide and mercur Red C. Prismatic, Vol Hex. Rh.
.| 1in the open tube (p. 94, §2). Gives a black|CINNABAR. HgS. Vermili Adamantine, perfect. 2-2.5 |[8.10 5 |Class 15,
OODt*:iﬂ ?GNW.'/-—Gil‘l’e ahsmt)h(i sublimate (HgS) in the closed tube. e ermiion, F. Uneven. L p. 219,
mate of mercury when heated| x5 = = iih Ne.CO th
:zdi?mflc(:ﬁ?on:l:ge v;i;hg ldry csgtccl?t;uogf t(l)lle t:bg,levl:l:::e? ;;solve?l"{n \'N"atei HeCl Colorless or |, 4 " F. Conchoidal.| 1-2 6.48 Vol. |Tetrago-
(P- 94, §1). | gnd HNO,, will give a precipitate with silver|Calomel. gl white. amantine. |X. Concholdal.| 1~ : 1 nal,
nitrate.
Contains lead.—Gives a globule
of th tal and ti ¢ Quite soluble in hot water. On cooling, the Colorless or :
oxide when fu::d :itﬁo&a': ‘83 solution deposits lead chloride. Cotunnite, PbCl,. white, Adamantine. |, Uneven. |1-2 6.80 1 (Orthorh.
on charcoal. :
Contain sodsum or potassium.— A number of the minerals containing the alkali metals are wholly volatile if heated for a considerable time. They
After ignition B. B. the residue imparts an alka- Y
Color the blowpipe flame yel- ligl;, rge';ctf:n to turmerig pager. Parts an alke will be found, however, among the fusible minerals on p. 271, .

Jow or violet, respectively.
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II. MINERALS WITHOUT METALLIC LUSTER.
B.—Fusible from 1—8, and Non-volatile, or only Slowly or Partially Volatile.

PaRT I.—Give a metallic globule when fused with sodium carbonate on charcoal.

259

Division 1.—Silver Compounds.—A globule of silver is obtained by fusing on charcoal with sodium carbonate. When antimony is present, some of it will alloy with the silver and the

globule will be brittle.

General Characters. Specific Characters, Name of Species. Composition, Color. Luster. Clg\:::gfr:_"d Hn:;;l.. g}}:g:?; bli';?ts;: Cz&ﬁf“
i — ‘When heated in the closed tube readily yield an|Proustite. S, . _red. ine. |F. Conchoidal.| 2-2.6 ) Hex. Rh.

C?l:::,n {ﬁfﬁ"’ﬁgldﬂﬁfgﬂ’: t(ljli? abundant sublimate of sulphide of Sgsiexlﬁc, (]l‘eep (Ruby Silver.) 8Ag:S.As,8, Ruby-red Adamantine onchoida 5.55 1 |Hemimo I
oxide and the oxides of either| red, almost black when hot, reddish-ye OW | anthoconite, . Orange-yellow Monocl

Ifatrlt:e ni(i ‘g !lmmll)]to{lyéd by heat :&ﬁ?mi?idoigghllx;il?&'r aud beyoud this a slight\piringerite) ~ (3A8S. AsiSh. to clogve-’l’)rown Adamantine, |C. Basal. 2 5.54 1 (Tabular.

e globule obtain \eat- .
ing on charcoal with Na&,;COs|{Upon intense and prolonged heating in the closed|p ite.
is gbrit.t.le, it may be conv;rte& tube a slight sublimate of oxysulphide of anti- {B&“I&E Silver |3Ag,8.8b,8,. Dz:)rlk-rﬁd © |Adamantine, |F. Conchoidal.| 2.5 5.85 1 gex.iRh.
to pure silver by heating in| mony deposits where the glass is very hot.| ———— Ore) ack. emimor.
0. E‘ with borax. This is black when hot, re idixsh-broiwn vlvhtla]n orostilonite » "
Compare Miargyrite and| cold (p. 45, § 8), and beyond it there is a slight|Pyrostilpnite. . b ) onocl,
%lyba“:gar(p‘ 250).9"/“ deposil: of sm?lp)hur. Y gAY Fireblende.) 8Ag,8.8b,8, Hyacinth-red. [Adamantine. [C. Pinacoidal. | 2 4.3? 1 |Tabular.
'l‘lln]eo :‘;lx)]l(liué?)tlfl .(lead chloride) is white, both when c‘z;l.;?l{giil.v'er.) AgCl. Pccaorll(-ﬁlr:s);. 10| A damantine. F.hgﬂf;en orf 5 o 5.8-6.0 1 |[Isometric.
The sublimate (lead bromide) is sulphur-yellow . Green or yel-
C (:g(t;in 0’5‘“3;“' t ’m’;"jg" Mor o et but(white omid )c o e l{l © rine|Embolite. Ag(Cl,Br). low. Adamantine. |F. Uneven. 2-3 5.80 1 |Isometric,
,— e chlo-| - N
raz::wbromzie, ?rn,-ofz?dc o;' lead a%’eél%t‘)olite may be detected as directed on p. Bromyrite. AgBr. Gllf;ilvl. or yel Adamantine. |F. Uneven, 2-3 5.8-6.0( 1 (Isometric.
are obtained by heating with
gﬂleﬂél in a %lgs%d‘itube as di- Miersite. &gé;)_ w. Ag. Yellow. Adamantine. 2 1 |Isom. Tet,
rected on p. 68, § 4. -

The chloride and bromide are|/The sublimate (lead fodide) is dark orange-red Agl. Lemon-yellow|Resi . C. Busal. 1.5 5.70 1 |Hexag.
sectile and can be cut with a| when hot, lemon-yellow when cold. Cupro- Todyrite. g moa-ye esinous F. Uneven. Page 190.
knife like horn. }gga::r.gpypré: may be identified by its reactions fodobromite. Ag(Cl,Br,I). Slllégvhut;-g:el;u. Resinous. F.m}ixl:cl:;fm orl o g 5.70 1 |Isometric,

1 3
Cuproiodargyrite. AgI.CUI. Su phu;e“ow. 2 Massive.

Division 2.—Lead Compounds.—Globules of lead and a yellow watir;g of lead ozide are easily obtained by fusion on charcoal with sodium carbonate and & little charcoal powder. Bismuth

gives a very similar reaction, but

the globules of bismuth are brittle.

The pale azure-blue flame coloration, and the conspicuous iodine tests for lead (p. 89), can be recommended. For the solution of

lead minerals dilute nitric acid (1 part HNO; to 2 of water) should be used, and in the solutions hydrochloric and sulphuric acids will give precipitates of lead chlorsde and lead sulphate, respectively.

N.B.—The various salts of lead will be found in this division, with the exception of those compounds (mostly sulphides) which have a metallic luster.

Carbonates.—Soluble in warm
dilute acids with evolution
of carbon dioxide (efferves-

Heated in the closed tube a sublimate of lead

cence).

Generally it is best to emplo
dilute HNO,, but for Lead-
hillite use dilute HCI.

. (PbC1),COs = Colorless or C. Basal and Tetrag.
;I]z(l)obr\zltll:&is obtained, which fuses to colorless|phosgenite. bCO,.PbCl,.| white. Adamantine, prismatic. 3 6.2 1 U. crygst.
The dilute HCI solution gives with barium chlo- Pb,(Pb.OH),(COs)s Colorl Pearl d
ride a precipitate of barium sulphate. Gives a|Leadhillite, 86 = 9PbCO,. |Colorless or [Pearly, ada- |C. Basal, per. |4 5 6.54 1.5 [Monocl.
little water in the closed tube, (PI;.OH).SO.. ' white. mantine. F. Uneven. U. cryst.
Gives water in the closed tube, but does not re- Colorless or Hexag.
act for a sulphate. Hydrocerussite. Pb(Pb.OH\(COus. |7 ) jte. Pearly. 1-2 8.14 L5 [ybular.
QGives none of the above reactions. In the closed
tube, usually decrepitates and is changed to|CERUSSITE. PbCO;,. Colorless or Adamantine, |F. Conchoidal.| 3-8.6 | 6.56 16 Orthorh,
b4 s LLL L - . white. Page 206,

lead oxide, which is dark yellow when hot.

Drvision 2.—Lead Compounds.—Continued on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Part I.—Give a metallic globule when fused with sodium carbonate on
charcoal.

Drvision 2.—Lead Compounds, continued



260 II. MINERALS WITHOUT METALLIC LUSTER. 260
B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile.
ParT 1.—G@ive a metallic globule when fused with sodium carbonate on charcoal,
DivisioN 2.—Lead Compounds.—Continued.
Ceneral Characters, Specific Characters. Name of Species, Composition. Color. Luster, O rnekmend | Tard- | Specific | Fusl- | Crystalli-
Sulphaics. — When mixed with|@ive water in the closed tube. The HCI solu-|Linarite. [(Pb,Cu)OH],80,. |Azure-blue. |Vitreous, g g;?xz%éiﬁ:? 2.6 .|545 1.6 |Monocl.
a,C0, and a little charcoal| tion gives a blue color when ammonia is added -
powder, and fused in R. F. on| in excess. Caledonite. [(Pb,Cu)OH].80,? |Bluish-green. |Resinous. C. Basal, per. |2.5-3 |6.40 1.5 |Orthorh,
charcoal, a mass containin Colorl
sodium sulphide is obtained|B. B. gives a strong soda flame. Caracolite. Pb(OH)CLNa,80, |Z 18 O \Vitreous. F. Uneven. |4.5 1.5-2 |Orthorh.
which blackens a moistened white.
silver surface (p. 122, § 2). Gives much water in the closed tube. Reacts Uncertain, Olive-green
The fine powder is rather soluble| _for ferric iron, and a phosphate or arsenate.  [Beudantite. Fe'”’, Pb, Cu, 80,, brov;g black, [Resinous. C. Basal, 8.5-4.5 [ 4-4.30 | 3.5 |Hex. Rh.
in bosling dilute HCl. The so-|{3~ Compare Lossenite, beyond. (P,As)0,. ’ :
ti ling d olorle 3
i i s A TN G e e LR L N R
gives with barium chloride a|@ive none of the above reactions. Palevellow or|Pearl - - - Crysh.
precipitate of barium sulphate. Lanarkite. (Pb,0)S0,. wh)ille. ada).,l.nantin e |C- Basal, per. |2-2.56 |6.40 2  |Monocl.
B} Fusible B. B. alone on charcoal to a globule Hexa
Phosphates.—A few drops of the| which, on slow cooling, generally become Pb.(PbCIYPO,), —|Creen, brown, : E-
dilute HNO; solution, when| distinctly crystalline. Bg. Bg inn a cylosed tub: PYROMORPHITE. 31‘)(1),(1:0)() p‘gbl, yellow, gray, Resinous. F. Uneven. 3.5-4 |65-T1( 2 %1%33219
gd;led ve amulllonium “.‘°~'3;?' gives a slighi sublimate of lead chloride. YRV white. " ‘matic.
ate, give a yellow precipitale finparts a green color to the salt of phosphorusjv linite. Pb,Cu)s(POs)e.  |Gree 1
é& égn'xsag the Arsenates, be- b‘;ﬂd in Og F. (chromium). e (Ldxannite.) r ' 2(1)’3l().0u‘))(23r0.. ll‘;::wnr?.( Resinous. F. Upeven. |[25-3 |5.8-6.1| 27 |Monocl.
low. Gives much water in the closed tube, Plumbogummite, W&ng)r‘ u;;g: Al H,0. Y';?.‘::,Z;g;:“ Gum-like. F. Uneven. 4-5 4-4.9 27 gﬁ)ﬁtx ar
__|Colorless, yel- Hexag.
The dilute HNOs solution gives with silver nitrate[Mimetite. PLAPLCD(AsONs= "1 5y, orange,|Resinous. F. Uneven. |3.5 7-7.2 | 1.6 [CL8, g.219
3Pbs(As0,),. PbCl |4
a precipitate of silver chloride, [3PDs(AsO.),. ] __brown. ) U. prism,
Arssnates—A fragment of the 6&"Compare Hndlichite, below. Ecdemite. PbyAs,0,.2PbCly? Y‘g:ge“;f° Greasy. C. Basal. 2.5-3 |6.9-7.1| 1.57 [Orthorh,
mineral when placed in a| : PbsFe”14(As0,),5? [Carmi i i
f‘l;:ss%(} égﬁc;;ilthanad li;aevztgglgg: Ft;se B. B‘ ti? a magnetic mass. Lossenite reacts Carminite. sFe'1o( a? |Carmine-red. |Vitreous. C. Prismatic. | 2.5 4.10 2-3 ? |Orthorh,
tensely B. B., givesadeposit of| [°F & Sulphate (p- 122, §1). Lossenite. (Fe lgg();(Al;%‘)(‘) Y;)e“"wi“l)] 4.|Resinous. F. Uneven. |34 8-2.5 |Orthorh.,
arsenic (p. 81,5 1, a). The HNO, solution Is rendered blue b i BD.Culu(As00,  [Grase: o biaok.
n - .
(copper). ¢ by ammonia),  /donite. §Pb:0:3(’£)ﬁ)"‘%’l"0. Griﬁf.%gtfeléi,'fck Resinous. F. Uneven. |4.5 535 [ 2-3? Mammill.
Imparts a bluish-green color to the NayCO, bead . i i
izl;) O.F. (mang,,gn“e). ! Caryinite, g‘fﬁ"?&l' Mg & Pb. Brown. Resinous. g %': :::;fial. 8-8.5 |4.30 2.5 [Massive,
The dilute HNO, solution gives with silver Ph,(PbCl)(VO,)s =|Ruby-red Hexa,
nitrate a precipitate of silver chloride. Vanadinite, : 1 bl 4 g
Endlichite is a variety containing a little arsenic. (Endlichite.) Agl;g.gg. h-POCly. ;;ﬁ:)vvl;.and Restnous. F+ Uneven. 3 8.6-7.1) 18 %?g;ﬁlsﬂl):
Uncertain, Mammill.
Vonada I the sal fTho.} HNO, s&i)lution is rendered blue by addition|Feiftacinite. (VO,). Pb, Cu, H,0{Grcen. 27 [T en rthy.
tes.—Jmpart to the saltof| of ammonia ( ). Cuprodescloizite is a Brown to
hosphorus bead in O. F. a| variety of the foglowin mineral. R(R.OH)VO.. ich.  |Resinous, ~ Orthor.
geﬁ.sogv % deep amber color y g Cuprodescloizite.  |p"_ by 75 Cu. greemslgnck. greasy. F. Uneven. 8.5 6.20 1.5 Radiated.
which in R. F. is changed to Brownish- " -
green. Gives water in the closed tube. Reacts for zinc. ; Ph(Pb.OH)VO,. Resinous, Orthorh.,
or zinc. |peseloizite. 7 tso . Bb. | 2:183%2(‘1).'.0‘” greasy. F. Uneven. 8.5 6-6.10 | 1.5 |y cryst.
Gives ter in the cl ., Uncertain.
ves water | ';)pe:. closed tube. Containsneither|p oy chuschite. Wl(l)%' Pb, Fe, Mn,|Dark brown. 1.5 ¥ |Monocl.
V.

Dmistox 2.—Lead Compounds.—Continued on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Part I.—Give a metallic globule when fused with sodium carbonate on
charcoal.

Division 2.—Lead Compounds, continued.
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B.—Fusible from 1—5, and Non-volatile, or only 8lowly or Partially Volatile.
PArT I.—@Give a metallic globule when fused with sodium carbonate on charcoal.
DirvisioN 2.—Lead Compounds.—Continued.
General Characters. Specific Characters. Name of Species. Composition, Color. Luster, Cleavageand | Hard. g;’:f,‘fyf st | Crystalli
ORromates.—Impart to the salt of Streak orange-yellow. Crocoite. PbCrO.. Bright.-red. Adamantine. |F. Uneven. 2.6-8 15961 1.5 %02;’0:"
phosphorus bead in O. F. a C Pinacoidal Oi-tl Y h'
green color. Streak brick-red. Phaenicochroite. 2PbCrO,.PbO. Red. Resinous. .p erfect. '] 8-8.6 |5.757 1.6 Ut 1;:’:”‘.
Molybdate.—Gives the test for|With saltof phosphorus the bead in R. F'. is green Yellow, .
molybdenum when treated as| but in O. F. it is yellowish-green when hot,' Waulfenite. PbMoO.. orange, red, Vm‘eous t;’i F. Uneven. |4.5-5 |6.06 2 g.'.’gf'ﬁ'm.
directed on p. 96, § 4. almost colorless when cold. gray, white. adamantine. U. tabular
Light green,
If the tungstic oxide (after decanting off the HCI) ) bWO,. 1 i . Tetrag.
Iﬁgggavt;zit:l;—n%tic?Kg;)nsedabye})l%i:; is treated first with ammonia, then with HCI Stolzite, P ‘. g;e :g(viv., brown{Resinous F. Uneven. 3 7.9-8.112.6-3 ey %"2”.
. efi Jue of tungstic -l in excess, and boiled with tin, a fine blue color G Pinscoidal
g g is obtained (p. 128, § 1). Raspite. PbWO,. Wax-brown. [Resinous. : perfect ' 12.5-8 2.5-3 |Mondecl.
Contain antimony. —Alone on Smoky- to .
charcoal in R. F. give a malle- Nadorite. PbC18bO,. ish- |Resinous. C. Pinacoidal,
able lead globule and coatings orite 2 yellovg:;an. esinous ‘perfect. 3.6-4 (7.0 1.5 [Ortharh.
of both lead and antimony/In the closed tube give a sublimate of lead
oxides. M};edc Owitho1 fthre((ia chlorsde, which fuses to colorless globules. Sulphur. ¢
volumes of Na, and fuse Ochrolite. ulpaur- o i
in charcoal in R. F., give & e oS00 POOL? e yish-yellow| Adamantine. 1.62 |Orthorh,
somewhat brittle globule (alloy
of llé.ead ang"antimo?y) wdhicl; Uncertain. G 1 Resi .
yields a sublimate of oxide of | . . 8b,0., PbO and ray, yellow, [Resinous to
antimony when roasted in a n the closed tube gives water Bindheiméte. g 96. " brown. dull. F. Uneven. |4 4.6-5.0| 8-4 |Amorph.
bent open tube (Fig. 17, p. 19).
B. B. give a blue or green flame. P‘i%"(f]gf&.) PbCuCly(OH)s. Indigo-blue. |Brilliant. C. Cubic, per. | 8 5.08 1 g“;{ﬁg'ric‘
The HNO, solution is rendered blue by addition :
of ammonia (copper). Cumengite. PbCuCl,y(OH),. Indigo-blue. |Brilliant. C. Pyramidal. | 8 4m 1 |Tetrag.
Contaln chlorine, but do not give Cotunnite, PbCl,. Colorlessor | 4 4y mantine. |F. Uneven. |1-2 5.80 1 |Orthorh.
the reactions of the foregoing Give no water in the closed tube, but yleld a white, _ ror
sections,—Soluble in warm,| sublimate of lead chioride which fuses t0 color-|penqeidite 2PLCl,. PbO. Colorlessto  |Vitreous to  (C. Basal, per. | 4 1 |Hexag.
dilute HNO,. The solution lealals gt)bulgs. Col:uunlite dis wholly volatile - white. greasy. F. Uneven. i Prismatiq.
gives with silver nitrate a pre-{ when heated in the closed tube, while the y Pale yellow to|Adamantine, |C. Basal. T .
cipitate of silver chloride. gtxlllgx: leave a residue of easily fusible lead|Matlockite. PbC1,. PbO. th’te. pearly. F Uz:nsgveu. 2.5-3 |[7.20 1 T:g&‘ﬁn
. y Pale yellow to|Pearly to C. Prismatic, Orthorh.
Mendipite. PbCl,.2PbO. white. adamantine. . and basal. 2.6-8 17.10 1 Columunar
Gives sublimates of both wat d1 i
li; th: clol:edetube. oth water and lead chloride|; 4yrionite. PbCI(OH). Co‘lvoﬂ;a:; oT  |Adamantine. |F. Uneven. [38-3.5 1 |Orthorh.
Contains fodine. — The dilute L
o T Gives a sublimate of lead sodide (dark-red when
HNO, solution gives with silver bot, yellow when cold) and iodine vapors in the[Schwartzenbergite. |Pb(I,Cl),.2PbO. Honey- to Adamantine. $-26 |62-63| 1 |Hex. M.

nitrate a precipitate of silver

closed tube.

straw-yellow.

Drvisior 3.—Lead Compounds.—Concluded on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Part I.—Give a metallic globule when fused with sodium carbonate on
charcoal.

Division 2.—Lead Compot{nds, concluded.

DrvisioN 3.—Bismuth Compounds.
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- B.—~Fusible from 1-6, and Non-volatile, or only Slowly or Partially Volatile.
ParT I.—Give a metallic globule when fused with sodium carborate on charcoal.
DivisioN 2.—Lead Compounds.—Concluded.
General Characters. Specific Characters, Name of Species, Composition. Color. Luster. ml?‘:xc.t‘,‘:r:.nd %"eg‘ gmg‘;’ mn“"‘;’ w
Slscates.— t first min-|Gives the reaction for sulphur (p. 122, § 2). 5H,Ca8iO0,.

&f::l‘:‘are'rggadlll] 'eedecf,‘:,,pg's:d The only mineral containing the sulphite radical, [Roeblingite. * 2(PbbCa)BOc. White. Dull-white, 2.5-3 18.48 8 |Granulas

: HNO,; and yield gelati . -

:,i{’icalgpo’na:;a{)omligx:’.a {Mugll;f Distinguished by differences in physica] gmper. Barysilite. Pb,8i,0. White. Pearly. C. Basal. 8 6.50 2.6 g::l: i.'
notekite and Kentrolite are ties and by the presence of calcium (Ca = %) Pb,8i,04.(Ca, M Colorl Resi -
best decomposed by HCI, but| in Ganomalite. Ganomalite. 351201.(Ca, Sl%. Og(r); oss to :iggg;;o F. Uneven. 8 6.74 8? |[Tetrag,
contain too little silica to give : Da k)l'). -
8 %‘;"d gel.lly - ;I;) heyv;:‘"v:fl a|B B. in R. F. fuses to a magnetic bead. Melanotekite. (Fe”’403)Pbs(8i04)s %rla;:krown Ylgub-metallic. |F. Uneven. |5-55 |5.85 |2-2.5 |Orthorh.
residue of silica, howe s en .
the HCI solution is evaporatedImparts a reddish-violet color to the borax bead .
to dryness and then treated| in O. F.(manganese). Soluble in HCI with|Kentrolite. (Mg:)o-)l;})-(sloa)-- Black. Sub-metallic. |F. Uneven. |5-5.5 |6.19 |2-2.5 |Orthorh,
with acid.  Hysalotekite is _evolution of chlorine. Fe iso, w. Mn.,
2::?;31;1:(’2?': :lirélzubg.t l!ﬁ;i.y;;e Ress:sct% é';n barium (p. 58, § 8, ) and boron (p. Hyalotekite. 1{3‘_(-5;) l?ilg}z%io,)c_ White to gray. Vlél;ﬁ:; to C.ti'(l";;o dinee- 555 |8.80 37 |Massive.,
» . - 'y . - .

The colors of the different minerals are very|Plattnerite. PbO,. Brown-black. |Sub-metallic. |F. Uneven. 6-5.6 |8.50 1.5 'll}et;‘f!"_

Ozides.—Do ot give the renc characteristic. hPlatlt]neritg timthhiliuxg gilv)c o P(llveru

oy . UHCT oxygen gas when heated in the closed tube|Minium, Pb,Oy. Red. Dull or greasy. 2-8 46°? 1.5 y
tions of the foregoing minerals. (p.ylgOO. §g 1) and leave readily fusible lead e o gronsy lent.
oxide (PbO). Massicot. PLO. S e |Dull. 2 892 | 15 |goseive
DivisioN 3. —Bismuth Compounds.—Globules of bismuth which are brittle and a yellow coaling of bismuth ozide are easily obtained by fusion B. B. on charcoal with sodium carbonate. The
red sublimate obtained by Leating on charcoal with a mixture of potassium jodide and sulphur (p. 55, § 2) may be recommended as a very characteristic test for bismuth,
aLs

Carbonates. — Dissolve in HCI|In the closed tube giveslittle or no water. Bismutospherite. [(B0)sCO. White or gray [Dull. F. Uneven. |3-85 |74 | 1.5 |botryold
with evolution of carbon di- Whic .
ozide (effervescence). In the closed tube gives water. Bismutite. (BiO)(B1.20H)CO,. | " oo BFEE |Dull, 445 |6.9-7.7| 1.5 ﬁg{’l{g“-

Contains chlorine. — The dilute i
HNO, solution gives with silver . . Yellowish- to Amorph.
nitrau'a a preci%iitute of sslver In the closed tube gives water. Daubréeite. 2Bi,0,.BiCl,.3H,0. grayish-white. Dull. 2-2.6 |6.46 1.5¢ Eartlg)'.
chiloride.

Hair-brown,

Siticates —Soluble 1o HCI, and Ealytite, B1,(8104)s. yellow, = (Resinousto Ip yoeven 145 |61 3 [fom. Tet
yicld gelatinous silica upon|Distinguished by differences in crystallization. colorless. . - cry
evaporation. Yellow, hair- Monocl.

Agricolite. Biy(8i04)s. brown. Adamantine. 8? 6? 2 |Globular.

Vanadats. —~Imparts t(: tohc I:alt Reddi
of phosphorus bead in O. F. a eddish- Vitreous to C. Basal, per. Orthorh.
ye}ﬁ)w and in R. F.a green Soluble in HCL. Pucherite. BIVO.. brown.| adamantine.|F. Uuevenp.e 4 6.25 2 UT cx?;n.
color.

Imparts to the salt of phosphorus bead in R. F. Bi i

A:‘i::rt:‘l'_veh efl:'agg]l:g:dofi nths np;:een color (uram’}:m).p 8 Dead in Walpurgite. '”(Uoi)'(&lg();:)‘. Wax-yellow. A%t;x:az;ny%me tolC. Pinacoidal.| 8.5 5.76 1.5 |Triclinic.
::mdf“::ﬁe r‘:"“".‘] ‘ﬁ:lw h‘g:e“d Atelestite, (Bi.2OH)(B10).8 Sulplxu;ellow Adamantine. (F. Uneven. |8-4 6.40 1.5 |Monocl.
lnrt:u‘:ely B,.1 I;.) g’ivesa deposit React only for ?rsenic, bismuth and water. : Yellowish- '

ot anenle (p 61,61, o). Atelesite decrepitates. Rhsgite. SBI(OH). 2B1ASO, 1| green to was- Resinous t0 |} Uneven. |5 6.80 | 1.57 [Mammill

13 ;mpare Mizite (p. X yellow. .

Teilurate.—When mixed with Na,CO, and charcoal powder and heated in a closed ) Yell
tube, sodium telluride is formed, which, when trested with water, yields a |Montanite. (Bi.20H),TeO.. in%wv'vm::en Dull. 1.5 [Massive.

reddish-violet solution (p. 124).

E““"l’.,
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B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Part L.—Give a metallic globule when fused with sodium carbonate on
charcoal.

DivisioN 4. —Antimony Compounds.

DivisioN 5.—Copper Compounds, in part.
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B.—Fusible from 1—5, and Non-volatile, or only 8lowly or Partially Volatile.
ParT I.—QGive a metallic globule when fused with sodium carbonate on charcoal.
Drvision 4.—Antimony Compounds.—Qlobules of anismony which are brittle, and a white coating of antimony ozide, are obtained by fusing B. B. on charcoal with sodium carbonate.
General Characters. Specific Characters. Name of Species. Composition. Color. Luster. C‘;?‘;:f:r:.“d f&f‘ 3,‘.’:3}?;’ gﬂ:‘y C';{:mlf'
Fused with Na,COs, then treated Mauzeliite. (Ca'Pb‘N“’%\‘- Brown. 6-6.5 |5.10 Tsometric,
with HCI and boiled with tin,[Mauzeliite gives a reaction for lead. 1504L1s.
B o e oy [ Compare Derbylie (p. 255). Lewisite. (Ca,Fo) TiyBb,0y,. [HODOY-YEIOW Ipogipoug IC. Octabedral.| 5.5  |4.95 | 3-4? [Isometric.
B. B. fuses to a magnetic mass, Tripuhyite. Fe”s8b,0,. G'eenis;tno w |Resinous. 5.82 4-5? ?
Gives no reaction for titanium.
B. B. fuses to a dark non-magnetic slag. Romeite. CaSb,O,. Honey-yellow. F. Uneven. 5.5 Tetrag.

4.70

DivisioN 5.—Copper Compounds.—A globule of copper may be obtained by mixing a small quantity of the mineral with sodium carbounate and fusing on charcoal in & reducing flame. In

some cases (when iron is present) it is advisable to use a little borax with the sodium carbonate in order to make the copper unite to a globule (p. 73, §2).

a somewhat brittle globule containing arsenide of copper will result. Moistened with hydrochloric acid and heated B. B. the minerals color the flame azure-blue or green (p. 72, §1). When dissolved

in acids the solutions are rendered deep-blue by addition of ammonia in excess.

N.B.—Nearly all of the minerals containing copper which have non-metallic luster will be found in this division.

Most of them have either a green or a blue color.

When arsenic is present it may happen that

Charlacterized by a deep-red/An ilvo -ispolonful off tll)xe" owilie(rjd mineral di.z I b F. Conchoidal éslometric.
color. solved in 1 c.c. of boiling HCI, then treated|CUPRITE. ntense ruby- . . Conchoida .4,p.219
Note the reaction for cuprous| with cold water, will give a white precipitate| (Ruby Copper.) Cu,0. red. Adamantine, or uneven. |5-0-4 |6.00 8 Figs. 95
ozide. of cuprous chloride (p. 14, § 5). ) ” to 104.
J(Cu.OH),CO, = . C. Basal, per. Mouocl.
Carbonates. — Soluble fn HClg.oo =00 o o ced tube. Rea dily distin- MALACHITE.  &J" (4C0O,.Cu(OH),. Bright-green. |Vitreous. F. Uneven. 864 13940 3 |y amm.
;23; églr“vtel:: n°f )carbon di- guished by their color. c (Cu.OH),Cu(COy), |Intense azure- |yjyo0ue F. Conchoidal | g 5 4 | g n g [Monocl.
ence). A.iu_@l_, =2CuCO,.Cu(OH);| blue. ) or uneven. . . U. cryst.
AIC)SO,. .
l . . Tlifag‘?;, sgll]l]];{;i)geg(:;el; ;::, (z:l)ight precipitate with|Spangolite. ( GCC|)1(0i{),. 3H,O. Dark-green. |Vitreous. C. Basal, per. | 2-8 3.14 3 g_"l’;‘.‘g-’m'
taln chlorine.— -
C(mow!;,fpe ﬂ:r:xe ‘:ln E:;‘r:?bﬁuﬁ Spangolite exhibits pyro-electricity (p. 231). Conneliite. Cu“(Cl’OH)l‘gg’B Beautiful-blue|Vitreous. F. Uneven. 3. 3.36 2.5 {’I:i;:xga'tlc
color without previous moist- e Colorless or
ening with HCl. Silver nitrate|Gives no water in the closed tube. Nantokite. CuCl. 0‘;;11}&5 Adamantine. [F. Conchoidal.|2-2.5 |8.93 1.5 |Isometric.
gives a precipitate of stiver, - -
chioride when added to the ] Cu,COH)s = Deep emerald-| Adsmantine, |C. Pinac., per. | g g5 |gns 34 Orthorh,
dilute HNOj, solution Atacamite. CuCl,.8Cu(OH),.| green. vitreous. F. Conchoidal. . i U. cryst.
* Give acid water in the closed tube. SCGa(OM)..CuCl
Footeite. (OH)s. 4H:' 9| Deep-blue. Monocl.
Contuins fodine. — Colors the|Heated with potassium bisulphate in & closed Reddish- :
blowpipe flame intense green. | tube gives vapors of iodine. P 08¢ |Marshite. Cul. brown. Resinous. F. Uneven. 1.5? |Isom. Tet.

Desion 56.—Copper Compounds.—Continued on next page.
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B.—Fusible from 1—5, and Non-volatile, or only 8lowly or Partially Volatile.
Part I.—Give a metallic globule when fused with sodium carbonate on charcoal.
DrvisionN 5.—Copper Compounds.—Continued.
General Characters. Specific Characters. Name of Species. Composition. Color. Luster. C';ggg;gnd ‘,'.::2 gg:g}g;g gﬂg;- rys
. o . . on,
Gives much water in the closed tube. Character-|Chaleanthite. Azure-blue
ized by its color. (Blue Vitriol) CuB0..6H,0. (rather deep). Vitreous. F. Conchoidal.| 2.5 2.2 8 gzgiglc'}.
Pale green,
Gives little or no water in the closed tube, Hydrocyanite. CuSO0,. browui;slh- 38 |Orthorh,
Wholly sol- yellow.
;xel:l.e ﬂl wa- Yflllg:c:alx.n sguetic mass after heating B. B. on Pisanite. (Fe,Cu)80,.7H,0. |Bright-blue. |Vitreous. C. Basal. 2.5 8-4 |Monocl.
tes. —The di- Impart 1 lor to the blowpipe flame
Iue HCLsluton R e T e el A R R
ve! - :
(:“l:lt(;ridef a g)regip- Reacts for potassium (p. 106, § 3). Cyanochrolte. Cu80..K,80,. ,0.|Blue. Vitreous. 1? |Monocl
of barium — : .
:gé?;“‘;l‘;hur g:‘c" Gives little or no water in the closed tube. Dolerophanite. (Cu,0)80,. Brown, 8 [Monocl
tion on moisteneid The HCI solution gives with z:.lmmouia nlprecigil- Cyanotrichite
silver after previ- tate of aluminium hydroxide (seen with diffi.|Cyanotrichite. Cu,Al;80,,.8H,0. [Clear- . , Orthorh.
%\}s ngsim:l v{lith culty unless filtered). (Lettsomite.) 4150108540, (Clear-blue Pearly 27 8 |u capill,
8,CO, and char- - -
coal powder (p. Igfx(lﬂyu?)]: rt(l); Gives the reaction for an arsenate (p. 51, § ¢).  |Lindackerite, Eg&ggg}g‘;"?{i{”o V‘;r‘;g (:_i;;etgn. Vitreous, 2-2.6 |2-2.6 | 2-8? |Orthorh.
’ * soluble in .
water. Brochantite. Cu80..8Cu(OH),. |DeeP ememld-fyyreons, O Pimac, perlg 5y |59 | g5 o
) . o . . Cr .
Distinguished by differences in crystallization CuS0..3C - e to N
stinguished by ry Langite. 1804300k, | |Blue o green- Iyjiroous, |G, Pinacoidal. |2.5-8 |8.50 | 8.6 |Orthorh,
Herrengrundite reacts for calcium. ACu.0 :
Herrengrundite, ( "cu‘g’igf) éi‘I,O. Emera]d-green Vitreous. C.Basal, per. |2.6 3.1 8.5 [Monocl.
Ca iso. w. Cu, :
Nitrate.—Heated in the closed P
u(NO,),. Deep emerald-
n;]:d o;?(slex,‘egl 5:;)01-9 of nitro-|Gives strongly acid water in the closed tube. Gerhardtite. ! ’SCu(() H), gr‘een. Vitreous. C. Baaal, per. |2 8.42 8 |Orthorh,
Fuses B. B. on charcoal to a magnetic mass. Cu,y(FeO) Dark-green to
_Reacts for ferric iron (p. 85, §4). Chenevixite. (A30,),.3H,0.| _olive-green. [PuIl F. Uncven. |3.8-45(3.93 | 2.5 |foaslve
Arsenates. — When heated in-|A drop of (ilute H,80, produces in the concen-|Conichalcite. (Cu,Co)Cu.OF) Emerald-green| Vitreous. F. Splintery. |4.5 413 |2.5-g [Mussive.
P . ] (As,P)0,.}H,0. Ty Mammill
tensely B. B. in a closed tube| trated HCI solution a precipitate of ealcsum (Cu,ca)(Cu.OH), _|Pale apple Pearly and  [C. Basal — [
. 2 » . 4 - P! .
:ol:{l amfoi? ;Flia'l'g: ;’lfin(:al:':;s sulphate (p. 59, 8 3) Tyrolite. (As0,),.7TH,0. green. vitr)t;ous. fo??&é(faru 1-1.5 18.05 |2-2.5 |Orthorh.
all of the easily fusible ones)/Gives a coating of oxide of zinc when fused on 7(Cu,Zn)0. X
(nre reduced and an arsenical]  chinrcoal in R. F. with a little Nu,CO,. Vesselylte. (As, P),0,.9H,07/@reenish-blue. Vitreous ? 3.64 |3.53 Triclinic?
mirror {8 formed (p. 51, § @) |Heated on charcoal with potassfum iodide and Cu,y(Cu.OH
then the fmi‘:lg"i“g t!i'e;_nmeut s?xlphnr gives a red sublimate p. 55, §2).e Mixite. gl(Asoc))-.JH.O? Pale-green. |Vitreous. 84 8.19 3  [Capillary.
oes not yield a satisfactory im - C -
parts to the salt of phosphorus bead in R. F. u(UO4)s(As0,)s. (Emerald- Pearly and  [C. Basal, per.
:’gl"" s‘gem';‘;tgngen on g green color (uranium). Zeunerite, e SiI:O green. Vl(PCO}l'lS. F. U:s:'eg.er 225 |33 8 ’I]J‘?tt‘.‘: ul,
ran ’ Barium chloride produces in the dilute HCI solu-| (Cu.OH),Cu,Ni, |Verdigris- to |y .
tion a precipitate of darium sulphate. Lindackerite, (SO.)(AQO.)'..GE’I,O sppﬁe-green. Vitreous. 2-2.6 |2-2.5 | 2-87 |Orthorh.
Cu.OH)
B. B. cracks and then fuses. Reacts for alumin- ( AlL(OH Sky-blue, at
fum (p. 42, § 2). Liroconite. E Ass.)..%z) ,0 3|times greenish. Vitreous, F. Uneven. |2-2.56 |29 8-3.5 |Monocl.
Arsenates concluded on next|/Has a tendency to exfoliate and fall to pleces Dark-,
B ‘When heated B. B. PIECE clinootasite (Ou.0H).As0,. [ o rnegued  [C. Basal, por. |3.5-8 [4.36 | 2-8.6 [Monocl

‘Bvision 5§ —Covper Compounds.—Concluded on next page.
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. [
B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile.
PART 1.—Give a metallic globule when fuse? with sodium carbonate on charcoal.
DrvisioN 5.—Copper Co*pounds.—(!oncluded.
General Characters. Specific Characters. Name of Species. Composition. Color. Luster. Clle“arm‘nd E:::‘ g},’:f}?; bli‘;?ts;: ngf;‘f“
Decrepitates violently when heated in the closed (@u.OH)s AsO,. . Pearly and Hex. Rh.
b, Y Chalcophyliite. Cu(OH),.84H,0. Grass-green. vitreous. C. Basal, per. |2 2.4-2.6 | 2-2.6 U. tabul,
luded. — When|After fusing B. B. in the forceps the globule} Blackish- and
A’L'éa"{'eﬁ' 'inf::s%ll; B. B. in a| appears d;sstinctly crystalline. Euchroite con-|Olivenite. (Cu.OH)AsO,. | olive - green vﬁg‘g‘:n'gn o |F- Uneven. |3 44 2-2.5 %“ll‘)‘:i’:;
closed tube with a few splin-| tains water of crystallization, and loses it to brown, . 8
ters of charcoal, most of these| readily in a closed tube like gypsum (p. 82, d(Cu OH)AsO..
minerals (all of the easily fusi-| §1, 3). Olivinite gives a little water at a faint/Euchroite. G A 3H,0.|Emerald-green|Vitreous. F. Uneven. 8.5-4 |3.89 2-2.5 |Orthorh,
ble ones) are reduced and an red beat. j
g{”g‘:;“ ’%’Zgz :i’l efg:):a;%i(npé Erlulte, (§(Cu.OH)((As0,)s| Emerald-green Dgll:sw TesiD- Ip Uneven. |4.5-5 |4.04 |2-2.5 Mammill,
treatment does not yield a satis- Asithese minell'als have niot beet:1 observed in dis; dcuom d
tinct crystals, a quantitative determination o . . . i F. ] .
g:g;lryonre;ulg.l . tgtz. :::;h%% sgme %t)t' hieir co%stiil;xen ts ma{ be5necessary fo; Cornwallite ( AS(E)I‘))X 3(?,0 Emerald-green Uneven 4.5 4.16 2-2.5 |Massive.
ed . identification. rinite contains 5 per cent o (Cu. 80,. |White to pale-|q:
. water.]Cornwallite 8, Leucochalcite 10, and|Leucochalcite. ! H.0 green. P Bilky. 2-2.5 |Capillary.
Trichalcite 16. Verdigris- Column
Trichalcite. 1(As0,),.6H,0. green, |SIIEY- 2.5 2-2.6 |Radiated.
F"ﬁz:cg',g fg:r?chz'l;;o‘(‘:). t§5'a§ 3agnetic T0838. | chalcosiderite. (Fe'(‘;)l())’gigﬁﬂo L'g?;é;f) dark- Vitreous. C. Pinac., per.| 4.5 3.1 4-4.5 |Triclinic,
Imparts to the salt of phosphorus bead in R. F.[Torbernite. (UOs)2(PO4)s. [Emerald-to [Pearly and  |C. Basal, per., Tetrag.
a green color (uranium). (Uran-mica.) 8H,0.| apple-green.| vitreous. foliated. 225 13.4-36| 3 U. tabgul.
P m’:‘;&‘;ﬁg‘:}f&g‘kgﬂ% Libethenite. %(CU-OH)PO« D':)'ili:egfgef:e;? Resinous. F. Uneven. |4 8.6-3.8 | 2-2.5 |Orthorh,
nium molybdate gives a yellow % Dark emerald- Monocl.?
precipitate (p. 103, § 1). Distinguished by differences n crystallization Dihydrite, $(Cu.OH)(PO,)s. green, Vitreous, F. Uneven. 45-5 444 225 | poiiy
and physical properties. Pseudomalachite. |l (?H())a;(l);o %jg;ﬂg}ég'l; Vitreous. F. Uneven. 4.5-5 (4144|225 %}f’iﬁt';;o.
Tagilite. 1(Cu.OH) 11,0, [Emerald-green| Vitreous. F.Uneven. (34 |4.07 |[2-2.5Mopoc.
- (qu,Ca)(Cu.OH) 3.5~ Tabular.
Vanadates.—Give the reaction for vanadium when treated as directed on p. 180, Calelovolborthite. li VO.. Greento gray. C. Pinacoidal. | 3.5 3.86 1.5-3 Granular.
§2. Calciovolborthite contains 6 and Volborthite 84 per cent of water. Volborthite. ,1 .OCE).CYOﬁ.g(i}[Iﬁg. C. Pinac., per.| 8-3.5 |8.55 1.5? [Tabular.
T“M."lw(t;"_m%"’cé’;l)‘_posed by boiling HCI, leaving a yellow residue of tungstic Cuprotungstite. ZZO‘:C" Pigﬁfg igr'ete% Vitreous. C. Pinacoidal. | 4.5-5 8? |Granular.
Belenste.—When heated in a closed tube, a little water and a less volatile, liquid -
sublimate of selensous acid are obtained. Break off the end of the tube and test|Chalcomenite. $8e0,.2H,0. Beautiful-blue |Vitreous F. Uneven. 2.56-3 |3.76 1.5 [Monoel.
the volatile sublimate for the flame coloration as directed on p. 107. ; .







(Page 266.)

II. MINERALS WITHOUT METALLIC LUSTER.
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Division 1.—8oluble in hydrochloric or nitric acid without a perceptible residue and without yiglding gelatinous silica upon evaporation. For details concerning the method of making this test,

see Part III, Division 2, p. 275.

General Characters. Specinc Characters, Name of Species, Composition. Color, Luster. Cll?.:;:f:r:“d l:&f" g‘?:"’{{l; Ei.ri:; CrytstallL
. d . ., f . zation.
Streak brownish-red (Indian-red, red-ocher). HEMATITE (Earthy, | & Earthy
Ozidon and hydrozides of fron— S~ Compure Turgite and Homatite (p. 258y, | nov-oryetaine) g%OT;H) :)“d*l’:“;“’d'l AD:"' i g ;P““‘efy - |5-55 1425015655 [penied
cult usible. come e = ark- to yel- amantine to[C. Pinac., per. Orthorh,
strongl )l’nn netic after heat- . GOETHITE. | Fe304.H,0. |lowish-brown. | dull. F. s limerp? 5-65 |487 5655 Uf (;F
ing B? YB. iug R.F. Hematite|Streak yellowish-brown (yellow-ocher). LIMONITE 6.05(0H), = Dark- to yel- P Y P
is ‘anhydrous, the others give|Q0WLILS i# generally found in distinct crystals, " Grown Hemsite,| | 2Fey0s.3H10. lowish-brogn, [SIKY or dull. (F. Splintery. |6-6.5 |8.6-4.0|5-5.5 [Aemmill.
water in the closed tube. Be,O(OH), = -
- Xanthosiderite. ea0( Fei‘O..2H,0. Ocher-yellow. (8ilky or dull. 2.5 65-6.6 E:ﬂiﬂ]y”"'y .
. Oarbonate.—8oluble in hot HCI . |SIDERITE. CO;. Light- todark-|Vitreous to  |C. Rhombo- H
with effervescence. In the closed tube becomes black and magnetic. | “apeimeiron.) o, M, & Ca’lso.w.Fe. grown. pearly. hedx?anll. per, | 354 |38 4.5-5 U?)::.r)lr?tl..
~ a.- . -
g. g ?ﬁ [React for ft;"' Whollv soluble § M et e80,.7H,0. Apple-green. |Vitreous. C. Basal, per. |2 1.9 4 é‘_5 Monocl.
- rous sron, but/Wholly soluble in cold water. Yellowiah -
35S £ 5 not for ferric. Halotrichite. eAls(80,)..24H,0 | T CTOWEE ISilky. 4.5-5 %:;zﬁzcx‘i}:??’
W22 93 Wholly soluble in cold water Romerit HEA800, | |Light- to dark- |y, C. Pina 3- i
.§ ¥ 5 g . nerite. 12H,0.| brown. itreous, . c., per.| 8-8.6 |2.156 4.5-5 |Triclinic.
a= q-: M ')
2af o Gives with the salt of phosphorus bead & chro- e Greenish-
S g 8 :o: g mium reaction. phosp Knoxvillite, [(FG.CT,AI)OH]" reen s;'lellow. C. Basal, per. 4.5-5 ?|Orthorh.
8.3 g <= (804)s.6H,O :
L] 2
HEg . %8  Fe)(Fe.OH : Monocl.
2S5895 [React for bo Botryogen. 05 TH, 0, |Hyacinth-red. |Vitreous.  (C. Prismatic. |2-2.5 |2-2.15 | 4.6-5 [U. Dotry-
= D= eTTous G oldal.
%é £ Eg '}m #ron, ”'(f e'oﬂ)éo )
o232 artly soluble in water, leavin erally a yel- (Fe,41)4(80.)10.|Ofl-green to
gh £ "5?23 o I e jeaving gen rally & yel-lvoiaite, . 14H.g Hgreanish-black|Besinous.  |F. Uneven. |3 2.79 1? |Isometric?
."'"c'~§ . Ky. Na, is0. w. Fe. .
333 BES Metavoltal I;éy’a(')'gf)('ége;l' Yell Hexag
Lol g etavoltaite. . .{Yellow, 2.5 3 .
A 082S T
E;. 2 3 E enct for Inw:i?:m';. yellow color to the blowpipe flame| Ferronatrite, JFe(SO,)s.8H,0. Pavlvehig::enisb- Vitreous, Cﬁ;:;:auc, 2 2.55 1.5 gexr.mfltih.t
an-L-] or ferric : . . at.
Few2ie trom. bur mot " i SO0.9H White, green, Hex. Rh.
Eég gz.;‘ for ferrous. Coquimbite. 1(804):-9H,0, amethystine. Vitreous. F. Uneven, 25 |21 456y cryst.
£3° &§§ ;"{,%‘:“i; Jﬁ:i Contain no other base than from, Queustedtite. }iso.),.loﬂ,o. Reddish-violet|Vitreous. C'pfr"f‘:;f°“‘°" 2.5 2.11 | 4.5-5 |Monocl.
§8235 water. . )
gg =388 " Ihleite. 1(30,),.12H,0. [Orange-yellow 1.8 4.5-5 [Botry Yal
a3 a
S .’;‘,'25 . | Imparts an intense yellow color to the blowpi 1(Fe. OH)(80,),. {Orange to :
§i3§€§ 5 [Renct tor forric) L e y PiPegideronatrite. B0 e e low. |SIIKY. C. Pinacoidal. [2-2.5 |2.35 3 |priborh.
T ’ Does not giv ter in the closed tube at low Ocher-
285a for  ferrous. give wal ec ube a cher-yellow
§a "2383 | Insoluble, orf temperature. Reacts for potsssium (p. 105,|Jarosite. Fe20H),(SO. | “to clove-  (Vitreous.  |C. Basal. 2.5-8.5 | 3.2 4.5 (Hex Rh.
& 3'5;; g¥ | only partially W§ 1). & b brown. U. cryst.
soluble,in cold| With ammouium molybdate gives the reaction e.OH)80.,. Yellow o 1-
F & water,—Cont'd| for a phosphate (p. 102, §1). Diadochite. 2F2PO...H.O. lowlsh~br;v’v'§. Resinous. F. Conchoidal.| 8 2.0 8? |Monocl.
Division 1.—Continued on next page. s I :
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General Characters. Specific Characters. Name of Species. h 'Composition. Color. Luster. Cl;:;:tg:r:.nd }E:sr:- gf:fi’gc bl;l‘llcs)i; 03:&2!-
Yield an arsenical mirror when placed in a|Pitticite. Qkﬁ ‘ai‘l;:(so‘)' Yilelg‘w:':l'. wVitreou;,reuy' 2-3 2.2-25 27 ?{{::?g:;n
B ienocly betore e owplpe . S1c o FeOHA0 . Yolowdo- . |
"%/ Lossenite. PbSO,.12H,0.| brownish-red. Resinous. F. Uueven. 34 2-2.6 [Orthorh.
B orian when waded to ihe Castazite, (e 0RO 1,0, ™ Drown, Vitreous 3 |21 |48 patn
O aimitate of Jurium i Copiapite. Fea(Ee, O [ P 1o, [Pearly. C. Pinacoidal. |25 |21 | 4.5-5 Movocl
W‘l?énliiktgezl).in the closed tul;e Utahite. . |HyFe¢83043. Omnge.ye]low. Silky. 4.5-5 'Il‘ifgix ]l::J
£, tho odor of sulphar di P e R s o R E I e
cxlde I percepible ai the end Exoept It e of OB e e GEINO o | R —— — [t
R Lo i o Bkt ) e, e e O oy e FrE
on p. 85, § 4. crushed, gives a red mark (red-ocher). Raimondite. . L 0. o%[llxzi-yellt:w. Pearly. C. Basal, per. |3-8.56 |3.2 4.5-5 ?:{,‘3&,
In:(l)),ll;?l& 3515) l;:{ter;?rtlally sol- Carphosiderite, Fe'(OH)“(BOﬁ,‘I" [Straw-yellow. Resinous. C. Basal. 44.5 |2.5-2.7(4.6-5 gg{fﬁ?ﬁ?
rownish-
D T -5 s
Cyprusite, Al(FeO)’(SO‘%" ,0.| Yellow. 2 176 455 51.‘33 ar.
Give @ blue color 1o the borax bead (cobalf).Exyihite-y .\ [Coi(As00.8H,0. (Orimeon to \Pestly, o lc. Pinac., per.| 1.6-0.52.95 | 25 Monoel.
Arsenates. — When heated in- ‘?é;ﬁnmﬁgfg gt;?:: l:ﬁ:tegl]:)?tgo&:;l: 40 rorbesite. H(Ni’CO)Asg‘. ,0.|Grayish-white. Silky. 25 81 L Fibrous.
B e e RO e P |
g;-'.,},i?z mérror is formed (p, igiltecgozl;;xini:gr;xl;giesi:mYm ety of 8008 cabrerite. (Ni, Mg (As S‘I)i;o. Apple-green. [Pearly. C. Pinac., per.| 2 2.95-3.1) 45 Px(x);l:»ﬁt
Pr'%vlrlic l?dcaltti:lifx ;1}:1;3;&& sgf;gt;ie:;: Pharmacosiderite. FC(F‘(’JS‘ gZ)‘..(iH.O. G'&‘fg‘;vg ?lrlgx, Adamantive. |F. Uneven. |2.5 2.9-3.0 [ 1.6-2 ﬁozlry'i: .
S S A AT T L a0 e e
brown precipitate of basic ferric-arsenate, Mazapilite. ( As(;.)..éH.O brownish-red, [SuP-metallic. |F. Uneven. | 4.5 8.57 2-8? |prismat.
T Ll i o T ey [ LX) I e

vaxsmn 1.—Concluded on next

page.
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General Characters, Specific Characters. Name of Species. Composition, Color. Luster, Cl;ar::gfr:.nd Hn::g' g}.’:f}“;’. ll:'u“l:; c;{&t&ll"‘
Colors the blowpipe flame red (Isthsum). Gives|Triphylite. See . Light blue, C. Basal, per., Orthorh,
k] %'g Cﬁag:n ":z"{’:mr; little or no water in the closed tube. lithophiliie, p. ’m; Li(Fe, Mn)PO.. green, or gray Resinous. & Pinacoidal, | %56 | 8.5 25 |U. mass.
2 32| bead in O. F. a red- RF)PO Chestnut- to C. Two direc-
8 878 - viclet Reacts for fluorine (p. 76, §2). Gives little or)_ .. R(=F Mn, with blackish-  |Resinous. tions. 455 |3.6-88| 2.5 [Monocl
% §§ il%i::ct fz:'?}::rou‘;(:‘]:grﬁ no water in the closed tube (OH iso. w. F). nee B'ume‘3 c&; &‘1‘\&5;v e brown. F. Uneven. ) U. mass.
£ 85| when thedilute HOl g0\ ooter in the closed tube. B. B. fuses Yell i
. B. B, R.OH)PO.. ellowish- to [Vitreous, C. Pinac., per. Monocl.
: E 5 wl&g‘;ﬁﬁ tf:::gc;;gf easily. Triploidite. ;I§(= Fe an)d Mo, reddish-brown greasy. |F. Uneven. 4.5-6 |18.70 8 |Prismat.
= S| ide(p. 85 §4) Yellowish- Orthorh
» B3 1~ Compare the phos-\Gives water in the closed tube. B. B. exfoliates|Childrenite. See |(Fe,Mn)(Al.20H) brown to  |Vitreous, C. Piuacoidal. | , » | 509 4 |Fie. 809
® § ° ?nl;s;'tge: n:g Os:o: zggd and afterwards fuses on the edges. eosphorite, p. 276, PO,.H,O. brown{;«xh- y resinous.|F. Uneven. ’ Pfg'e 207
g @3 . 410, lack. *
] n
< 23 . Blue, bluish-
£ hgi. React for ferrous sron\wypep gently heated in a closed tube, Vivianite|Vivianite. Fes(PO,),.8H,0. green to Pe“lyv:?reou& C. Pinac., per.| 1.5-2 [2.6-2.7| 2-2.6 %Ol;)or‘i:;ﬁ
3 -’gm ﬂ)‘t ]25,°§ 42;0 ?::;g‘ whitens, while Ludlaimit.e darkens. Both colorless. ) :
= 24 "I darken on intense ignition. Fey(Fe.OH), ; Monocl.
= 22| nese. Ludlamite, (PO.)..8H,0 Pale-green.  |Vitreous. C. Basal, per. |3-4 3.12 2-2.5 [ tabular
ER — - - : .
z @ After precipitation of the iron with ammmonia and Cu(Fe,Al);(FeO), |Light to dark .
E F’E filtering, the solution has a blue color (copper).|Chalcosiderite. (P(;4)..8H‘.O. green. Vitreoua. C. Pinac., per.| 4.5 8.1 4-4.5 | Triclinic,
z 382 " Ca(Fe.20H), Reddish- Massive.
) E’ é Ifa dr(ép of dc‘lut«ls PgaSO. s ad(ge(l] to thcfa co?cen- Borickite. (PO.),.8H,0? brown, | W ax-like. 8.5 d 3-4 Reniform
=t r-) trated HCI, solution, a precipitate of calesum Cas(Fe.OH) Sulphur- to .
Fes & 8 sulphate will be formed. Calcioferrite N PO..8H,0.| greenish-  |Pearly. C. One direc- |, » 2.52 Massive.
r2a9 . (PO.),.8H,0. tion, per. . . Foliated.
27 Al fso.w.Fo & Mg.w.Ca| _Yyellow.
é’é’ f . Revav‘l:ltenﬁ:'llleflo’]n:fe ’H"‘g; Reacts for aluminium, after separating the iron Barrandito (ALFe)PO,.2H,0 P“glfeglu“g; yel Vitrcous, F. Splinter 5 057 Sl;l;erold.
Q a1 .. . . » 4 : ) - . . . . . .
éégg solution io tested With with potassium hydroxide as directed on p, 111. low. greasy. ¥ Radiated.
XY otassium ferrocyan-, Dull olive- to |q. . Orthorh,
S%’E:g e (p- 85, 84). Dutrenite. Fes(OH\POw.  [plackish. green [SIKY- F. Splintery. |8.56-4 |3.2-8.4 2.5 [HTRiot
3 ol lhe minerals in Beraunite, (Fe.OH)s(PO,);.  |Reddish- . - Monocl.
é % a -§ :,l,l::er siffti%l; Clgzg (Eleonorite.) s 2‘ 2 0. brown. | ¥itreous. C. Pinacoidal. 2.95 3 U. foliat.
-] "
é%g g tube. ot ot o ae Phosphosiderite.  [2FePOLSH,0.  [LASTAOr  Iyiveous [, Pinac., per 875 |2.78  |2.6-8%0rthorh.
= ontain only iron as the base, Pale-red or . C. Pinacoidal. Orthorh.
5';'-553 Strengite. FePO,.2H,0. reddish-violet, | Vitreous. F. Uneven. |34 287|288 g o
-]
% g% _§ Koninckite, FePO,.8H,0. Yellow. Vitreous. F. Splintery. |8.6 2.8 2.5-3 |Radiated.
Hok Fe,(OH),PO
S424 Cacoxenite (OH)POs. 1Golden-yellow|Silky 84 |8.88 |2.5-3 |Radiated.
AN B 3 4}H,0. :
Borate.—When heated with the potassium bisulphate and fluorite mixture, momen- 8MgB,0.. Blackish-green Orthorh.
_tarily colors the fiame green (p. 56, §1). Reacts for both ferric and ferrous iron, |Ludvigite. Fe”’Fe’’,0,.| nearly black. Dull, silky. [F. Splintery. |5 8.94.01 45. Fibrous.
Tcmu.—(}lva a fusible sublimate of TeO, in the open tube. Reacts for ferric Durdenite. Fes(Te04)s.4H,O. Greenis;:now. Vitreous. 295 ﬁmil;?ﬁ.
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II. MINERALS WITIIOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Part II.—Become magnetic after heating before the blowpipe in the
reducing flame.

DivisioN 2.—S8oluble in hydrochloric or nitric acid, and give gelatinons silica upon
evaporation, or decomposed with the separation of silica.
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II. MINERALS WITHOUT METALLIC LUSTER.
..B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially Volatile.

ParT II.—Become magnetic after heating before the blowpipe in the reducing flame.—Iron, Cobalt and Nickel Compounds.

this test see Part III, Division 8, p. 278, and Division 4, p. 281.

269

Divisior 2.—Soluble in hydrochloric or nitric acid and give gelatinous silica upon evaporation, or decomposed with the separation of silica.—For details concerning the method of making

General Characters. 8pecific Characters. Name of Species, i Composition. Color. Luster. Cl;:':::f:r:'“d H,,:;g: g},’:ﬁ?y" bli?llll:)i’- Czrgat::!l-
[ .
4 |Gelatinize with hydro- N . Black to
s chloric acid. Cronstedtite occurs usually in crystals with tri-Cronstedtite. g;lfs‘i"f eI"‘Z‘.Sx,O”? brownish-  |Vitreous, C. Basal, per. | 8.5 3.35 4 Il-}:rxﬂigg;
Pl s A gt B e e AT PO, |OTe T 7 o .
” ow, whic en ns| tion nute scales, o 10Fe” (AL, Fe)s ive- to pis . Tough, ompact.
% | considerable water. Thuringite. 8is0,, 7 tachio-green, [PUI uneven. 2.5 8.18 4 Scal)‘v).
g . Greenish- to . . ire
1 |Decomposed by ydroRadisted or folatd. Sty [HEMECEEN yellowish. |Paybrovie0. Dhediree: 5 g | g5 Tolisted.
éﬂ: chloric acid with the sep- . : TP bronze.| ¢ on Velvety.
2| aration of silica, but|y, . . Pistachio-
09 4 Gives a reaction for chlorine when tested as H,(FeCl)(Fe,Mn) _ Pearly to Hexag.
é S| without forming a jelly. |50 o p. 68, $ 3. Pyrosmalite. ! i0:)4. green btx")own Vitreous, |©- Busal, per. | 4-45 18.1-8.2| 38 Prismgatic.
Soluble in HCl with slight K X - -
The fine powder when fused with a little NayCOs|Danalite. Ra(R.8)(8i0,)s. Flesh-red Vitreous, \
x%z&gﬂ of lydrogen| >J 0 PO gives a conting of zine oxide, {Helvite). Rs=( 2 ’) o Zl:)& Mo to gray. vesinous. |F- Uneven. 1556 343 | 4.5-5 [Isom. Tet.
. (K,H) Fe”3(Fe, Al)q|Black, Adamantine to
Gelatinizes with HCI, LEPIDOMELANE. (5104)s7) greenish-black| pearly. C.Basal, per. 13 8-3.2 | 4.5-5 |Monocl.
Slightly attacked by HCl with separation of|BIOTITE. See (K,H).(Mg,Fe), Green to Splendent,
s |y foliated silica. the micas, p. 284. (Al Fe)y(8i0,)s. | greenish-black : pearly. C. Basul, per. | 2.5-3 |2.8-3.1 5  |Monocl.
g caceous or foliated. Roadi - ; (K, Nu, 1),
2 eqﬂlly delcl?mp(l)seq by lI:Iubw’llml sep&m:_wnbof (Fe,Mn,Mg,Ca).|Bronze- to Poarl C. Pi
pet silica. The solution when boiled with tin be-|Astrophyllite. &0, L early. . Pinac., per. | 3 3.8-3.4 | 2.5-3 |Orthorh,
% comes violet (titansum, p. 121, §2). e B0 golden-yellow. ¥
3 - N S T
© |Gelatinize with hydro -[Fuses quietly. lvaite. CaFe”s(Fe". OM) pon black.  |Black. F. Uneven. |5.5-6 |4.05 2.5 |Qrthorh.
2 | chloricacid. Give decid- (Lievrite.) (8i0,),. U. prism.
* " " "
g ed reactions folr bioth fer-|Swells and froths during fusion. 'I‘l(xle pres:eluce R"(R .OHzgiO’) Brown- to F. uneven to Monoc]
9 rous and ferric iron (p.[ of the rare-earth metals may be detected as|Ailanite. . )3 ) Gray. . N 5.5-6 |8.5-4.2| 2.5 .
% 8, & 4). Qirected on p. 65, anite gmzﬁ?&‘%%‘ LagDi pitch-black. o conchoidal. U. mass,
B Gelatinizes imperfectl i) o oreoni
y. ic ANDRADITE. CasFey(Si0,)s. Wine, greenish |y Isometric.
° Reacts mostly for ferric, although it may also ) <83t Ca 4)3 Vitreous 3.75-
Characterized by iis iso- A ) 4 (Calcium-iron Fe, Mn & Mg iso. w. Ca;| yellow, green, s F. Uneven. 7 .
g metric crysmllizition. contain some ferrous, iron. Garnet| Aligo. w. For ybmw":g adamantine. 3.85 39 E)ig’s']gg:
® . . Yellow to dark . .
= Sometimes magnetic before heating, owing to|Fayalite. s . C. Pinacoidal. Orthorh.
:,-_,-‘3 the presence of included particles of magnetite. {(Iron Chrysolite.) Fe,8i0.. y ellowgrlé-e" Resinous. F. Uneven. 8.5 4.32 4 Ul: marss.
° .
> Yellow to dark s
B . . C. Pi .
° G?:;il:}::'s foﬂg;ou:t;lgglg Closely related to Fayalite, but differing in con-|Hortonolite. (Fe, Mg, Mn),8i0. | yellowish- |Resinous. F. Ulllzlvc:rlx(.la] 8.5 4.03 4.5 %“g‘f;;'
and little or nonme for| taining some Ttlzynesium, manganese or zine, 3 green. * .
: isomorphous with the iron. Test for manga- . ray, brown, C. Pinacoidal. Orthorh,
ferric. nese with the Na,CO, bead, for zinc by fusing|Knevelite. (Fe, Mo, Mg),Si0.. green. Greasy. F. Uneven, | 9 3941) 3 Iy m(:xl;l;
wit;: NaﬁO. on %liaréx;all.’ and for magnesium (Fe, M, Mg, Zn) Yellow to dark C Pi - - o .
a8 directed on p. 91, 3 » 00,018,401 ), - . Pinacoidal. rthorh.
p ’ Raepperite. 8io..| ¥ ellow!i;gen. Greasy. F. Uneven. 5.6-6 |3.95 458 g, mass,
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Parr II.—Become magnetic after heating before the blowpipe in the
reducing flame.

DrvisroN 3.—Insoluble in, or only slightly acted upon by, acids.



II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1—6, and Non-volatile, or only S8lowly or Partially Volatile.

Parr II.—Become magnetic after heating before the blowpipe in the reducing flame.—JIron, Cobalt and Nickel Compounds.

Drvisiox 3.—Insoluble in, or only slightly acted upon by, acids.

General Characters, Specific Characters, Name of Species. Composition. Color, Luster, Cleavage and | Hard- | Specific | Fusl- | Crystalli-
Fracture. ness. Gravity. | bility. | zation.
Contains tungsten.—Character-|Test for tungsten as directed on p. 129, §2. Wolfeamite C. Pinac., per Monocl
::‘:(‘:ilti’g ;; ‘;:if;:faptionally high ;:rl::::).the a,C0s bead in O. F. green (man- (Manganese variety.) (Mn,Fe)WO,. Black. Sub-metallic. F. Unac., per. 555 |79-7.5! 4 s crys;,.
Easily fusible. (K.Li)sFe”(A10 ‘
'E:-t;:iu;f)l}ﬂe Tinges the blowpipe flame red Zinnwaldite. f AIF,)’AI(S(iO, ),). Grv’?(;’l el:rown, Pearly. C. Basal, per. | 2.5-3 |[2.8-3.2 | 2.5-3 [Monocl.
Micaceous. OH iso. w. F. )
: s BIOTITE. See the|(K,H)a(Mg,Fe) Green to Splendent, ]
Difficultly fusible. micus, p. “ ( AI.Fe),(Si’O‘),. greenish-black pearly. C. Basal, per. | 2.6-8 128-8.1| 5 (Monocl.
i o i 3 ALMANDITE, Fe”’s Ala(8i0,)s. seD-Te Isometric,
Digxt-;';ﬂllﬁgstdio;)y its isometric Fl:)s:(l 5:;3;5;&1 zoluble in HC, and yields a jelly I;?ﬂgl;lmmmm M'l:‘ﬁig Q(Cagxle‘o)..w. Fe: ]?;‘il:v‘;ight-ge d Vitreous. F. Uneven. 7-1.5 |4-4.15 8 |Figs. 97,
. . ‘net. ‘e i80. w. Al . 105, 106.
Often has a peculiar metal-like schiller. Greenish- C. Pi ]
Quietly and difficultly fusible. (0™~ Compare Authophyllite (p. 287), which may|Hypersthene. (Mg, Fe)SiO,. black, bronze-Brouze-like. |g Umnc.‘, perl5 g 34-35| 5 |Orthorh
become magnetic after heating B.B. brown, - bneven. U. mass.
- Uncertain
Fusible B. B. with intumescence, P : : : ;
Contains titanium (p. 127, § 2). The iron ischiefly (F¢”’,Mn,Ca), C. Prismatic. :
221(3) rizl)ptz:]r: gﬂ l(lilzc(i:lo(ﬁuy,;f)llow ferrous (test as directed on p. 86). Znigmatite. (v, A1), Na, Black, Vitreous. F. Uneven, 6 3.7-8.8 8 |Triclinic.
The perfect iprlst?atic clea(rage (Fe,N. (’1(‘}1‘\?1()'8(')(.) ) C. Pri M 1
f these minersa t 1 f . . Na,,Ct i >, Prism., per. onocl.
:bou :8125° :nd g5 a i:n(g] ::a?:- The iron is chiefly ferrous. Arfvedsonite. % Fesl Al.qu),éi,O.;.‘ Black. Vitreous. F. chven.”" 6 3.45 2.5 Pl‘i:mntic.
teristic. Usually has a fibrous structure, The iron is both| ] NaFe'”'(8i04)s.  |Intense - . ‘
e mepare these members of| ferrous and ferric. Crocidolite. g(F e".Mg.Ca)’S¥O,. lavender-blue.[SHEY- F. Fibrous. |4 8.2-3.3| 3.5 |Fibrous.
the Amphibole Group of min/ 2NuFe™”(Si
erals wlrt’h those on p_pggg. "™ Contains both ferrous and ferric iron. Riebeckite. %(FI:L?&:)SE?)],(.).)" Black. Vitreous, C. Prism., per.| 62 8.43 3? [Monocl.
Fuses quietly B. B., coloring the|p, .
Y tic faces make nearly a right angle Greenish- to .
flame yellow (sodéum). The| o prisma N Acmite. Qi A . C. Prismatic. Monocl.
fu:;ed globule is not very mag- (vge:i } ;2’:&0‘:_“" another. The cleavage is not|"(Gggilice,) NaFe"(8i0s)s. browms]l;-ck Vitreous. F. Uneven. |0-6.5 |850 8.5 | prismatic.
netig. :
Fuses quietly, and without|{Contains both ferrous and ferric iron and much {(Ca,Fe.Mn)SiO,. Greenish-black| . C. One direc- 3.85- Triclinic
marked flame coloration. calcium, Babingtouite. Fe,y(8i03)s. to black, |V itreous. F “{}ﬂ%fg;f ect.| 5.5-6 8.40| 335 U cryst.

& Compare the dark-green and black varieties of Pyrozene, Amphibole, Tourmaline and other Stilicates in Division 5, p. 283, which may contain sufficient iron to cause them to become somewhat
magnetic when heated before the blowpipe. .
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J1. MINERALS WITHOUT METALLIC LUSTER.

B.- -Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Part ITI.—With sodium carbonate on charcoal do not give a metallic glob-
ule, and when fused alone in the reducing flame do not become magnetic.
DrvisioN 1.—After intense ignition before the blowpipe, either in the forceps or on

charcoal, the ignited material gives an alkaline reaction when placed

on turmeric-paper.

Bection a.— Easily and Completely Soluble in Water.—In part.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only S8lowly or Partially Volatile.

Part III.—With sodium carbonate on charcoal do nof give a metallic globule, and when fused alone in the reducing flame do not become magnetic.

Section a.— Eastly and completely soluble in water,

an

DrvisioN 1.—After intense ignition before the blowpipe, either in the forceps or on charcoal, the ignited material gives an alkaline reaction when placed on moistened turmeric-paper.

N.B.—The minerals in this section are chiefly salts of the alkali metals, sodium and potassium, with volatile acids (kydrochlorie, earbonie, sulphuric, and nitric). Most of them have a decided saline

taste.

Flame tests will generally serve to identify the metals, and it is recommended to make the tests on platinum wire as directed on p. 85. Most minerals will impart some yellow color to the flame

(p. 115, § 1), but only those containing sodium as an essentiul constitusnt give an intense and persistent yellow. The violet flame of potassium, which may not be very evident, has a decided purplish-red
color when viewed through rather dark blue glass (p. 105, § 1).

Name of Species.

Composition.

Color.

Luster,

Cleavage and

Hard-

Specific

Fusi-

Crystalli.

General Characters. Speclfic Characters. Fracture. ness. | Gravity. | bility. | zation.

. Combinations of 8 Gives a slight effervescence when a fragment is 9Na,80,.2N2,CO,. |Colorless or C. Basal, Hexag.
gg § cl;‘l:gde T":’li‘:hn te:::]l; dropped into acid. Hanksite, KCL| white. Vitreous. F. Uneven. 3.5 |2.56 L5 Page%89.
:;" :E fo}mi'on madg acid Does not effervesce. Gives a yellow flame 2Na,80,.NaCl Colorless or Isometric.
S L : 3 ¢ . ' . 3
25 with a little HC]. (sodium). Reacts for fluorine (p. 75, § 1). Sulphohalite. NaF.| white. Vitreous. F. Uneven. 3.5 2.50 1 Fig. 97.
2o giives a precipitate
g .3 with barium chlo- ; T
252 | ride(p. 122, §1). D mob e e Gives a violet flamelp,; MgS0,.KCL3H,0. [C0l9rless of lyiireous  |c. Pinacoidal. | 2.5-3 (2.05-2.2| 1.5-2 [Monocl.
SZ3 Colorless,
éi g. Gives an intense yellow flame (sodium). H?C.'Z'J,,E.fon Salt) |NaCl Evlhiete, red, ;Vitreous. C. Cubic, per. | 2.5 2.13 1.5 {??"éﬁﬁg‘
l g P ue. - *

i 2 KCL Colorless or Vitreous. ' Cubi D g . Isometric.
:§.¢ E  [Do not give the fore-/Gives a violet flame (potassium). Sylvite is an- SYLVITE. white. C. Cubic, per 1920 15 | igs.98,98
3 g.ag El:)li;l%“r:action for a| hydrous, Carnallite contains much water. Carnallite. MgCl,.KCL.6H,0. cogv(;;‘ilf:s'red Vitreous. F. Conchoidal.| 1 1.6 1-1.5 |Orthorh.
CERE - -

- ) Y N
E'S_g 5 Give a Yellowish-red flame (calcium). Deliquesce|Hydrophilite. CaCl,. (,ovlvol:il::.s °F | Vitreous, 2.2 1.5 |Isometric.
g8a readily. Tachydrite melts in its water of M0l CaCl Wax-toLoney-
[ &) crystallizatlon. Tachydrite. glls. ],2'}120' ye]-]r)w. ey Vitreous, 2.5 1 Hex. Rh.
Oarbonates. — Effervesce when|Melts in its water of crystallization when gently|Natron. Colorless, ; C. Basal.
e Tih e a1l weiar| _heated in a closed tube. Water 63 per cont, - | (Salsoda.) - Na,C0,.10H,0. gray, white,|V llTeous. F. Conchoidal.| 1"1:0 | 1.4-1.45 1 Monocl.
erals in this section give a Gives water and carbon dioxide (p. 64, § 2) when Na,COs. HNaCO,. |Colorless, . C. Pinac., per.
yellow flame (sodium). Their| gently heated (not to fusion) in a close?i tube, |Troma. e 2H,6. gray, white. Vitreous. F. Uneven.p 2.5-3 |2.1-2.15 1.5 Monocl.
Bqucous SOl Ve T o | Gives water (14 ¥) but bon dloxid Whit Somewhat
ne reaction with turmeric-|Gives water per cent) but no carbon dioxide iite, gray, omewha
when gently heated in a closed tube. Thermonatrite. Na,C0,.H,0. yellow. Vitreous. sectile. 1-1.6 |1.5-1.6} 1.5 |Orthorh,

paper.

D1vigIoX 1, Section a.—Continued on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-6, and Non-volatile, or only Slowly or Partially
Volatile.

Part IIL—With sodium carbonate on charcoal do nof give a mefallic globs
ule, and when fused alone in the reducing flame do no¢ become magnetic.

DuvisioN 1.—After intense ignition before the blowpipe, either in the forceps or on
charcoal, the ignited material gives an alkaline reaction when placed
on turmeric-paper.

Section a.— Easily and Completely Soludle sn Water —Coutinued.



" II. MINERALS WITHOUT METALLIC LUSTER. g7e
B.—¥usible from 1-5, and Non-volatile, or only Slowly or Partially Volatile.
Parr IIL.—With sodium carbonate on charcoal do not give a metallic globule, and when fused alone in the reducing flame do not become magnetic.
Drviarox 1.—After intense ignition before the blowpipe, either in the forceps or on charcoal, the ignited material gives an alkaline reaction when placed on moistened turmeric-paper.
Section a.—Easily and completely soluble sn water.—Continued.
General Characters. Specific Characters. Name of Species. Composition. Color. Luster, Olgmr:nd HD:E' gf:s;?" Fugi- | Crystalil-
; . . y. | bility. zation,
Gives a yellow flame (sodium), which appears
purplish-red when viewed through blue glass|Aphthitalite, (K, Na),SO,. Colorless or Vitreous, C. Prismatic. |3-8.5 |[2.65 1.6 [Hex. Rh.
LW [Give no water in the| (potassium) White.
.- = i hd
a8 closed tube, and are 3
" g’g thus dirtinguished|Giyes a yellow flame. Contains no potassium. |Thenardite Na,S0.. (/ovlv(;lril'ﬁas > Vitreous, C. Basal. 2-3 2.69 1.5-2 |Orthorh
¢ £ tlrlon; ltlhe i;ulphatcias in : ) brownish ) F. Uneven. ) : '
a the following sections. - i
2 Gi fol X - : -
e e oy o (potassfurm). - Reacts for 8 gyyiori, K«(NH,)80,),.  [Yellowish I¥itreous. 2 1.62 [Massive.
2%ZE |Contain aluminium.— .
; E_‘g. In : sgluuon made|B. B. swells and gives a yellow flame (sodium). |Mendozite. NaAl(80,),.12H,0. | White, Silky-vitreous.|F. Fibrous, 3 1.88 1? EM&?;;:.
363 acid with HCI, am- )
o monia gives a precip- ..
E g2 }:-;3: of (aplugz'né'ugr)n B. B. swells and gives a violet flame (potassium). K‘;{:g;‘;,;h Alum) |KALS80,),.12H,0. COvlvOl:‘i]t(;S.S of  |Vitreous. F. Conchoidal.| 2-2.5 |1.76 1 {?m&;}z{é
3 ozide (p. 42, § 2). , )
- O
a8 Gi the od f i b MgS0,..(NH,),80,.|Col
;;_’_.g. Ctintaln sofrluzﬁr(;;n'um.d— éﬁed fuge";i{’,, ﬁ:g:‘&:lzi;iv hen Leated in a Boussingaultite. g50«(N ‘3;’11, ‘. Cowohrilte;s of  |Vitreous. 1.7 1.6-2 ?)Monocl.
ﬁ.?‘ 3 n madae Gi R E . Colorl )
acid with HCl, am.|Give no pronounced flame coloration. The alka- Epsomite. MeSO,.7H,O. olorless or . C. Pinac., per. Orthorh,
5‘;—;% monia produces 8:?0 lir:)e reaction may not be very strong. Have| (psom Salt) g80. ™, white. Vitreous. F. Conchoidal,| #%8 |17 ! Page 207,
ecipitat ided| & bitter taste. - White, gray, . Y Do
Ex .§§ 5;‘80 g(;l:‘n?o '(IP";)SVKDM g~ Compare Sulphates, Division 2, p.275. Kieserite. MgS0,.H,0. yell 0‘5' Yr | Vitreous. C. Prismatic. |3-8.5 |2.56 2-3 ? |Monocl,
] too concentrated), but, . MgS0,.NagSO,. White, yellow, |,. C. Basal
Fas Loweite. 8804 Nu S0, YOV, iireous. |0 Busel 2, 5
E'g g :?i?lié:;nto tlll): (;?)rl)‘lllat(;; Give a yellow flame colaration (sodtum)., e — S%H,O. red. freous K. Conchoidal | 2-6-8 88 1.5 |Tetrag.
St-’gg made ;\lkal.ine with Bludite. £504. Nt 41,0. Covlvohril:e:s °f  IVitreous. F. Uneven. (2.5 2.2-2.8| 1.6 |Monocl.
0Py ammonia, gives a pre S . -
| cipitate of ammonr m . . Colorless or . y Isometric,
'gg = m‘:: ateof a hgs- Give a violet flame coloration (potassium). Langbeinite. 2MgS0,.K,80, white. Vitreous. F. Conchoidal.| 3-4 2.81 1.5-2 C1.5.p.219
8 it 1 Langbeinite s anhiydrous MgS0,.K,50
g&& | Pphate(p. 91,§1). g ydrous. Picromerite, 85 e, 0. | White. Vitreous, 2.1-2.2 | 1.5-2 |Monool.
£ . R
B35 |Contain sodium.—Im [Heated in a bulb tube with potassium bisulphate Na,80,NaNO,. |Colorless or . .
E?‘% :vrvtc&?)rit[:::ﬂ:eb]zf\}. yields red vapors of NO, (nttrate test), p.p100. Darapskite. U 1,0.|” white, Vitreous. C. Pinac., per.| 2-8 2.20 1? ’1}"{:1?;:)12{:,
Be8 pipe or Bunsen-burn-
882 | P es but do mot|@ives the odor of ammonia when heated fna - (Na,NH,,K),804. (Colorlessor |y o 2-9.5 o
SEES| o Dames, but Qo noll ™ closed tube with lime (ignited calcite). - 2H,0.| white. itreous, - 1 [Orthorh.
gs Scn| give the reactions o
;| the foregoing divi- — - -
53 g § sions. going Gives much water (55 per cent) in the closed tube, Mza‘,:ﬂ',::;. Salt)  |N2480..10H,0. Covlvobril:: S0 yitreous. C. Pinac., per.| 1.6-3 | 1.48 1.5 |Monocl.
| 2 ; E{Contain tassium.— .
;3 §'8 Tnpart a”,‘,’io,et color|Has a sour taste, Misente, HKSO,. Coéolfilf ssor [Vitreous or 1 |Fibrous.
"§' 2= to the flame, butl do ¢ silky.
2 g not give the reactions|g
paringly soluble in water. Reacts for calcium Colorless or C. prism., per.
E AT & of the foregoing divi- ®. 65,y§ 6). Syngenite. CaK,(80,),.H,O. white. Vitreous F r)::;wig;’l‘. 2.5 2.6 1.5-2 |Monocl.

sions,

Division 1. Section a.—Concluded on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Parr III.—With sodium carbonate on charcoal do not give a metallic glod-
ule, and when fused alone in the reducing flame do not become magnetic.
DivisioN 1.—After intense ignition before the blowpipe, either in the forceps or on

charcoal, the ignited material gives an alkaline reaction when placed

on moistened turmeric-paper.

Section a.— Easily and completely soluble in water.—~Concluded.

Bection b.—Insoluble sn waler, or difficultly or only partially soluble.—In part.



* Nitrates of calcium and magnesium, containing water of crystallization, have been identifled.

Section b.—Insoluble in water, or ?ﬁmlﬂy or only partially soluble.

——

278 II. MINERALS WITHOUT METALLIO LUSTER. 7S
B.~Fusible from 1-6, and Non-volatile, or only Slowly or Partially Volatile,
PART ITL.—With sodium carbonate on charcoal do not give a melallic globule, and when fused alone in the reducing flame do no# becomes magnetie
DivistoN 1.—After intense ignition before the blowpipe, either in the forceps or on charcoal, the ignited material gives an alkaline reaction when placed on moistened turmeric-paper.
Bection a.—Easily and complstely soluble tn water,
General Characters, Specific Characters, Name of Species. Composition, Color, Luster, Cll‘}ar;:f:r:.“d g:s‘:’" gl?:g}‘ﬁ;. b!i‘l?tsy'. Cg&.um-
Hitrates, — When hented fn s Gives an intense yellow flame (sodium). [s0DA NITER. NaNO,. Co‘}v%;-ilte;s OF  Witreous. C‘hle‘g&';:b;ér. 1.5-2 |2.29 1 |Hex. Rh,
R e T S S S il L - O O 57
on platiaum wire (p. 85). - Nitrobarite. Ba(NO,),. whlite:.s o |Vitreous. F. Uneven. 2.5 1-1.5 {;"’g";fg%
B?ez?t:ialeivvv‘iaththiu:);g;(i:(ifp:;ieg Wx:n:a vl::gxi:nugrsi:l l:g:;elioogngnfugl:t}inn:lﬂyvzgr: BORAX Na,B,0,.10H,0. Colorless or Vitreous, C. Pinac., per. 2-2.5 |17 1-1.5 [M |
(p. 56, § 2). clear glass, ’ . white. . F. Conchoidal. . . S onocl,
" Give iodine vapors when heated|[F~ Compare the difficultly soluble iodates, Lau-| -
in a closed tube,. tarite and Dietzeite, in the next section. s

— S ————

N.B.—The minerals in this section are chiefly salts of the alkali-earth metals, calcium, strontiumiand darium, with volatile acids (carbonic, sulphurie, and hydrofiuoric). Flame tests may be used
advantageously in identifying the metals, and it is recommended to make the tests on platinum wip as directed on p.35. After the mineral has been fused on the wire, touching it to a drop of
hydrochloric acid, and then introduciog it into the flame, serves in many cases to bring out the coloj more decidedly.

Silicates and other compounds which do not properly belong to this section at times give an alkdine reaction after ignition.
with the common mineral Caleste (p. 289), and that the alkaline reaction is due to traces of the calcit

will be decomposed and a misleading alkaline reaction will not be obtained.

It will generally be found, however, that such minerals are associated
hich permeate minute cracks in the crystals, If such minerals are thoroughly fused the calcite

0 When treated with boiling water, calcium carbo-|gay.pussi 8,C0,.CaCOs.  |Colorless C. Prismatic. Monocl.

< § Give water in the cloged| D[2!€ separates, and th.egsolub]e sodium carbo- Gay-Lussite. 5H,0.| white, gray. Vitreous. F. Conchoidal. 2-8 1.99 1.5 U. cryst.

S99 wbe. B. B. give au| hoterenders iho solution alkeine. - Plrssonttelp sonie. [{C0»CaC0,. | |Colotless,  Vitreous, |F. Concholdal.|3-8.5 |2.85 | 1.6 [OrtRorh.

3 5~| intense yellow flame Aex '0 1S pyroelectr CI'yitp.t e iy 20.(_Walle, gray. ' ) *® Hemimor,

o deum). mmonia gives a precipitate of aluminfum hy- -

257 (eodivm) droxide when added to the dilute HCI solution/Dawsonite. a(AL20H)CO,. |White. Vitreous, — |F. Longitu- |g 240 | 4.5-5 [Honocl.

pEL (. 42, §2). silky. dinal. ' " |Radiated.

g # F&|Gives water in the closed|The dilute HCI solution gives a precipitate with taco . ‘

8 ; ! : A aC0,.Ca8i0s.  |White . Hexag,

238!l tube, but does not con-| barium chloride (p. 122), and a residue of silica|Thaumasite. | Bl : 4 Vitreous. F. Spli 5

QI 3'3 tain sodium. when evaporated to dryness (p. 109). Cu80..15H,0. colorless. e plintery. | 3.5 1.87 5 Ctgg:l)g;

.8~ Gives a yellowish-green color to the flame Colorless, X

3 E @ (barium). Test on platinum wire (p. 85). WITHERITE. | aCO;. white, gray. Vitreous. F. Uneven. 3.5 43 2.5-3 ggﬂ?gg&.

ggs Gl&%sel&om;v::ter ln the Gives an intense yellow flame (sodsum). Reacts 2C0,.Na,COs.  |Colorless

é Egl O {Srgfhéo;')ine (p. 67, § 1) and magnesium|Northupite. ’ NaCl.| white, brown. Vitreous, F. Conchoidal.| 3.6-4 |2.88 [1-1.5 ‘{Tsiogmztorlc.
. 91, . e T

DrvisioN 1.—Concluded on next page.






(Page 274.)

II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Parr IIL.—With sodium carbonate on charcoal do not give a metallic glob
ule, and when fused alone in the reducing flame do no¢ become magnetic.

DrvisioN 1.—After intense ignition before the blowpipe, either in the forceps or on
charcoal, the ignited material gives an alkaline reaction when placed
on moistened turmeric-paper.

Bectson b.— Insoluble in water, or difficultly or only partially soluble.—Concluded.



274 II. MINERALS WITHOUT METALLIC LUSTER. 274
.B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile.
ParT III.—With sodium carbonate on charcoal do not give a metallic globule, and when fused alone in the reducing flame do not become magnetic.
DrvisioN 1.—After intense ignition before the blowpipe, either in the forceps or on charcoal, the ignited material gives an alkaline reaction when placed on moistened turmeric-paper,
Section b.—Insoluble sn water, or difficultly or only partially soluble.—Concluded.
General Characters, Specific Characters. Name of Species. Composition, Color. Luster. c‘;ﬁ:g{‘:}:_"d E:;‘si.‘ 3?:3:?; I)F;}}:;: C;Z&gﬂ!l.
Ammonia gives a precipitate of aluminium hy- (Ca.OH)q(SOy)s. Colorless or . Hexag.

% 3.§£’§ droxide when added to the HCI solution,  [Euringlte. 2A1(OH),.24H,07  white. Vitreous. |F. Splintery. | 2-25 | 1.75 8 |Needles.
TR o I : — T

=32 Gives no decided flame coloration when heated|ayPSUM. Colorless, . C. 8 directions. Monocl.
".;:: 5'§§-« Giiv:le Tﬁx:h Cvlvat:(xl' alone B. B. (Alabaster.) CuS0..2H,0. white, gray. Vitreous. Pinac., per. p 2.32 |8-85 Page 210,
o— - (o}:] o Q
'EZ§3g tube. The fine|y. . Ca50..NaaS0.. Silky,

«2S .3 owder is readil Gives a yellow flame (sodium). Wattevillite. 4H,0.|White. vitreous 1.81 1.5-2 |Acicular.
as853 pl blein boili y ¢ is0.w.Ca, &K w. Na. -

2 ze A solublein boiling, M iso.w. Ca, & i :

£83548 dilute HCL. . . ] . 2CaS0,.M¢80,. |Brick-red to |Vitreousto |C. Pinacoidal. 9.5-3 9 Monocl.
Sa8d Give a violet flame ( potassium), seen best through|Polyhalite. K,S0,.2H,0.| yellow. resinous, F. Splintery. o .7 Column

_g.:,'::_'-; S blue glass. Polyhalite reacts for magnesium — Colorless or C Pinac - -

ER= - : (p- 91, §1). Syngenite. CaK,(80,),.H,0. white Vitreous. F' Conch.z)iﬁfxl. 2.5 2.60 1.5-2 |Monocl.
o M3 G . . .

E5s52E . . . lorless, . C. Basul, per. .
g%e’g‘g Give little or no Gives a yellow flame (sodium). Glauberite. CaS80,.Na,80,. owﬁite;s gray. Vitreous. F. Cg:thgii;.al 2.5-3 |2.75 1.5-2 %{?E:flln_
%&z% ; ;‘{g;ﬁﬁ tuil':e. the Gives no decided flume coloration when heated ANHYDRITE CaSO Co\]volfi'f:s'blue Vitreous, C'(gigi?(figggs 335 |2.95 335 Orthorh,
= 25 3.2~ |Glauberite is read-| alone B. B. ’ v gray, red. pearly.| 4:'90°, per ’ : 7| U. mass.
<8 l:'ggcm ily, and Anbhy- Col ]' —

B 29| driteslowly, sol-| . olorless, : .

g‘g,; . §§ ub]g in b)(’)iling Gives a crimson flame (strontium). CELESTITE. Sr80.. white, blue, threous,ear] C'g?:z}égz"& 8-3.56 |397 |[8.06+4 g;tioggé
I IRE & dilute HCI, while red. pearly. : g :

| $Bmpy gelestiw and Ba- Coloviess -

FO 2qgy3| ritearealmostin-| . BARITE o Llge. | Vitreous C. Basal, per. &

X 7 Gives a yellowish-green flame (barium). . BaSO0,. white, blue, ’ - basal, per. Orthorh,
§ 2 ,,g .; g § soluble. y g ( ) (Heavy Spar.) * yellow, red. pearly.| prismatic. 885 |45 4 Page 201.
& TR =~ Compare the magnesium sulphates on page 272, some of which

may be difficultly solutle in water.

95223 N Colorless, . .
2°5 = . asAlF, = v |Vitreous to  |C. Pinacoidal. Monocl
22 a2s4d Easily fusible. Color the flame yellow (sodium).|CRYOLITE, 3NaF.AIF,.| Spow-white, . 2.5 2.97 1.5 .
=2 '50:'2. ive Tittl Powdered cryolite is scarcely visible in water 8 *'| _brownish. greasy. F. Uneven. U. mass.
%3 2Z3 G ve liule or mo) because of its low index of refraction. Chiolite. 5NaF.3AIF,. Snow-white. |Vitreous. F. Uneven. |85-4 [2.9-3.0| 1.5 ?}e*;;gs

£ 7] . o
'g% g5 o closed tube. Gives a reddish flame (calesum). Often phos- FLUORITE Colorless, C. Octahedral, Isometric
24 2 a5 phoresces (p. 231) and decrepitates when heated (Fluor Spar.) CaF,. violet, green,|Vitreous. perfect. 4 3.18 8 |Figs. 95, 96,
g = 5 8.; in the closed tube. - yellow, pink. F. Uneven. 98, 112, 115.
20°28  |Give acid water in Colorl Monocl.
£232%5 .| the closed tube,|Generally decrepitate to a fine powder when|Thomsenolite. NaCaAlF,..H,0. v?h(i)tre?slg;-own, P eaﬂyw"itreous g %?:Jéfer' 2 2,03 15 [Cryst. &
= 28 22 R often accom-| hcated in a closed tube. Thomsenolite occurs N : massive

[RE] g 'ﬂ?s'“? panied by etch-| in 'l'ather stout, and Pachnolite in very slender, Colorless or . ]

s 5~ 3 22| ing of the glass,| prisms. Pachnolite. NaCaAlF,.H,O0. white Vitreous. F. Uneven 3 2.98 1.5 |Monocl.
§ 5 gég sl and a deposit of . Prismatic

388, 4| silica(p. 77, § 5). Pulveru-
§ Xl o Compare Pro- Occt(]lﬁ;l mas an earthy powder. Contains no Gearksutite, CaF,.Al(F,OHI)i.O White. Dull. 29 1.5-2 lent,

sopite p. 290). 80 . . e Earthy.
. . . Ca(10,) Sulp hur]-] to|Vi C. Prismatic. Monocl.
Iodates.—Fuse and give iodine|Dietzeite is readily distinguished by its reaction|Lautarite. s yellow to|Vitreous. F. Conchoidal.| 3-0-4 |4.59 L5 |prismatic
vapors when heated in a closed| for chromium with the salt of phosphorus colorless. : .
tube. bead. Dietaeite. 7Ca(10,),.8CaCr0..|Golden-yellow | Vitreous. F. Uneven. 3-4 3.70 1.5 Monocl.

———

Tabulgr
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-6, and Non-volatile, or only Slowly or Part-ally
Volatile.

Part III.—With sodium carbonate on charcoal do not give a metallic glod.
ule, and when fused alone in the reducing flame do nof become magn-tic.

DivisioN 2.—Soluble in hydrochloric acid, but do not yield a jelly or a residue of vlica
upon evaporation.—In part,
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile.
Parr III.—With sodium carbonate on charcoal do nof gtve a metallic globule, and when fused alone in the reducing flame do not become magnetic.

Division 2.—Soluble in hydrochloric acid, but do not yield a jelly or a residue of silica upon evaporation.

275

In order to determine whether a mineral belongs to this division treat one or two ivory-spoonfuls of the finely pulverized material in a test-tube with from 8 to 5 cc. of hydrocloric acid, and boil
until not over 1 cc. remains. The concentrated solution thus obtained should be a clear liquid (not thick and gelatinous, indicating a silicate), or, in case any solid material separates from the solution
or deposits on the sides of the tube, it should go wkolly into solution upon addition of water and warming.

ive the arsenic

Na,CO, and charcoal powder, and heated

Those whﬁ:h are fusible below 2.5

reenates.—Give an arsenical mirror when mixed with dr

intensely B. B. in & closed tube (p. 51, § 3).

reaction when heated intensely B. B. in a closed tube with fragments of charcoal (p. 51, § ).

General Characters. Specific Characters. Name of Species. Composition. Color, Luster. Clg‘:;::r:r:?d “,,23’,’ Si’fﬂf}’ fd’{i‘, 0{35?3'
Suiphates.—The dilute HCI solution gives with barium chloride a precipitate of darium sulphate (p. 122, §1). The magnesium sulphates (p. 272) might possibly be referred to this division, because
they give a faint and not very decided alkaline reaction. A number of the sulphates of alumsnium, einc, manganese and nickel may swell and show signs of fusion when first heated, but after
ignition they yield an infusible mass of oxide and will be found, therefore, on subsequent pages devoted to infusible minerals.
Contain fluorine.—When|| t intense yellow color to the blowpipe Light to dark C. Prismatic.
heated in a bulb tube| —fame (':3 di!:z.ml)]. y PP purangite. ﬁ"‘&%}ﬂﬁfe_‘-‘“. o ge-red, |V itreous. F Uneven. — | © 4.0 2  |Monocl.
with potassium bisul- Vitreous
gl:gu:; t(l;: £:ﬁs :?fet:illliig Give no de ?ided flame coloration. The cona Tilasite. Ca(MgF)AsO,. Gray to violet. g'r easy. C. Pinac., per. 4-5? |Foliated.
forms on the walls of| trated HCI solution gives with dilute H,80.a Ca,(CaF)(As0,) Vitreous,
the tube (p. 76, §2). precipitate of calesum sulphate (p. 59, § 8). Svabite. O tao s v Colorless, greasy. C. Prismatic. 3.6-8.8 | 4.5-5 |Hexag.
. Pale green,
When heated in R. F. on|Gives 3 per cent of water in the closed tube (Ay-|, .. Zn(Zn.OH)AsO,. |yellow, violet,|Vitreous, C. Prismatic. | g 5 4.36 8 |Orthorh.
charcoal with a little] drozyl, p. 81, §1, d) amite. ( JA0.. ly colorless, F. Uneven.
Na,CO,, give a coating Gives 2 -
. : ves 23 per cent of water in the closed tube (water . = Mounocl.
of ginc oxivde. of erysiallization, p. 81, §1, b). K5ttigite. Zns(AsO,):.8H,0. [Pale-red, pink.|Silky. C. Pinac., per.| 2.5-3 |3.1 3? Fibrous,
2(Mn, A1)AsO,. . .
Synadelphite. 5Mn(OH),. g&?ﬂ?‘ﬁ} ok V‘“e"“s'rm F. Uneven. |45  |8.45-8.5(2-3? [Monocl.
Soluble in HC1 with evolution of chlorine. Mg & Ca iso.w. Mn. - ack. i greasy.
Flinkite. MnAsO,. Mo(OH),. ““‘e““’g; Wi V""’"“gm asy. 4-45 |3.87 |2-87 |Orthorh.
(Ca,Mg,Mu), Sulphur- to
Contain manganese.—Im- Berzeliite. (AsO.),.|orange-yellow. Resinous. F. Uneven. 5 4.08 3 |Isometric,
art & reddish - violet
golor to the borax bead|Soluble in HCI without evolution of chlorine. |pranatite. C8:Mn(As04),. Colorless or |y34 oo, F. Uneven. 5-5.5 |8.67 2.5-3 |Triclin.c.
in O. F. Berzeliite is anhydrous; the rest give water in 2H,0.| white.
the closed tube. The calcium in Berzeliite Flesh C Prismati _—
and Brandtite may be detected by adding a|Larkinite. Mo(Mn.OH)AsO,. e‘ifl;o;rinl)fe-:gr Greasy. ' Uneven. . |45 4.18 2 |Monocl.
drop of dilute H,SO, to the concentrated FoThs0 y #a-red. : :
solution (p. 59, §3). Hemaflbrite. ns(As él)s’f.ll(OH),. 2? |Orthorh.
Mn,(As0,),. Vitreous, C. One direc.
Allactite, ? 4ﬁn(0H),. Brownish-red. greasy. [F. Uneven. 4.5 3.84 2 ? |Monocl.
Contains cobalt.—Imparts|Reacts for calcium when a drop of dilute H,80, Ca. Co.Mg)s( AsO
a blue color to the borax| is added to the concentrated HCI solution (p.|Roselite. (Ca, Co,Mg)s( ;H‘)(’)‘ Rose-red. Vitreous. C. Pinacoidal. | 8.5 3.5-3.6 8 |[Triclinic.
bead. 59, § 8). 2
U03)s(A80y)s. .
Contain uransum.—Give a green color to the salt of phosphorus bead in|Trogerite. (UOa)s(4s ‘1)51:1,0_ Lemon-yellow. C. Pinac., per. 8.3 2.5 ][5110:1:[::‘11.1
R. F. Uranospinite contains calcium, but the test with H,80, (p. 59, Ca(U0,):,(As0,) 0.. h.
§ 3) must be made very carefully, as the amount is small. Uranospinite. 8l 0. |Bright-green. C. Basal, per. |2-3 8.45 Uf t&%’ ol
Adelite. Ca(Mg.OH)AsO, |Gray. 5 l's.76 Monocl.
Contain calctum, but do not give the reactions of the foregoing divisions.— “ " | Pean]
The concentrated HCI solution ﬂves a precipitate of calevum suiphate/Haidingerite. HCaAs0,.H,0. White. eur y-'t X C. Pinac., per.| 1.5-2.6 | 2.85 2.5 |Orthorh.
upon addition of & drop of dsluts H,SO, (p. 59, § 8). Win vitreous. 5P P
ite or . Pinac., per. onocl,
' Pharmacolite. HCaAs0,.2H,0. grayish. F. Uneven. 2-25 |26-27| 25 7 gbrous.
t - .
A%}g]i(:;i: J}’L‘iﬂ,ﬁfﬁf,fmt',’,,f,';’;,,,f",-',‘},‘,f ali(ei"lms:.lu lon gives a crystalline pre Hoernesite. {Mgs(A80,),.8H,0. |Snow-white. |Pearly. C. Pinac., per.|1 2.47 2-8? |Monock.

§A

810X 3.—Continued on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5,and Non-volatile, or only Slowly or Partially
Volatile.

Part IIL.—With sodium carbonate on charcoal do not give a metallic glob-
ule, and when fused alone in the reducing flame do not become magnetic.

DivisioN 2.—Soluble in hydrochloric acid, but do not yield a jeily or a residue of silica
upon evaporation.—Continued.



276 II. MINERALS WITHOUT METALLIC LUSTER. 276
B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile,
Pamr IIL.—With sodium carbonate on charcoal do not give @ metallic glodule, and when fused alone in the reducing flame do not become magnetic.
DrvisioN 2.—Soluble in hydrochloric acid, but do not yield a jelly or a residue of silica upon evaporation.—Continued.
General Ch ters. Cl - .
) aracters. 8pecific Characters. Name of Species. Composition. Color. - Luster. %:::geur:?d E:srg. gl?:fiitﬂyc. t@’“:;, Czra’.’:l?nlfl.
03 by
R . Ca(UO04):(PO4)s.  |Lemon- to sul-|Pearly to sub- or
";3 g g COnta:n umm‘um.]—-IT~ At;)tuxlﬁte and Uraino?ircite react for calcium and|™*™"**" 8H,0.| phur-yellow. a(iu'¥nantine. C. Busal, per. | 2-25 18.05-8.2 3 ‘i):lg::;;?
oo | partagreen color tol barium, respectively, when their HCI solutions Ba(UO,)s(PO,)s. ish- - - y
§-g£§ tli‘e sall: gfi ﬁhopg- are&regtgd with dilute H,SO, (p. 59, §8, and|Uranocireite. (U0 24)1’1,0. Yellowxs:re en Pe:égn t:n:il:)t:a C.Basal, per. | 2-2.5 |8.58 817 "(l)‘:‘{)l:ﬁ;l:.
2 H g | phorus bead in R. F.| p. 52, §3). . : - -
';’g .§_§ L Phosphuranylite.  [(UOs)s(POy),.6H,0 Dt;t;;;l(l)e‘:mn- Pearly. 347 Plig]etru-
&' %3 __|Gives a red flame ({ithtum), tried best on platinum|Lithiophilit : - : -
:gé% Coutain  manganese—|" 325 g5 hiophilite- 855, [LiMn,FPO,.  (SUNOVCOO |Resinous, | Desalper 1455 (848 | 2-2.5 |Orthorh,
o i 5,
.§ 45 g ;::;l:; b‘é‘;l&";n t(;), Ft,].le Natrophilite, Na(Mn,Fe)PO,.  |D¢eP w;'[;?fow Resinous, C. Basal, per. |4.5-5 |8.41 |2-2.5 |Orthorh.
O = . . . .
8a #= |Ferrous iron (isomor-|Give an intense yellow flame (sodium), and no -, oil-
§3 %g‘ ptous with the ma;l- water or only a};mle in the closed tuge. Dickinsonite, (Mu’F(el"(())‘:’)f:ﬁ:O. Olg:s;xg:e’egr Vmeoui')early C. Basal, per. | 3.5-4 | 3.34 2.6-8 ?’l(ﬁ?&%l&
S . 2a | gnaese) is present in > o Fe Ca N W y - -
K= aliost all cases. Test Fillowite (Mo, Fe, Ca, Nus)s ax-yellow to g C. Busal. 4
g g t . (PO.),.4H,0.|  brown. reasy. ) ) .6 8.43 2.5-8 (Monocl.
§Zf 5& gj;.ﬁuli) g m::m:l?rgg:zid B. B. cracks open, swells;and whitens, then fuses|gosphorite. See (Mn,ye)(A;.;OH; Delicate rose- |Vitreous g g?:::(gda]
g'?‘ § $| onp. €5 g4 to a dark brown or black mass, childrenite, p. 268, PO,.H,0.| pink. resinous.|F. Uneven 15 3.12 4 |Orthorh.
:% 2 )When calcium is pres- B H,y(Mn, Fe)s(PO,),. |Pale- -1V - -
: %g % gnt i&g}ay e (zletecte (} Fuses to an orange or reddish-yellow globule.  |gureaulite. o _ e)s( 414‘1)"0. :"‘;;_Osiﬁ’.ovx' Vitr eou:,"_ casy. C. Pinacoidal.| 5 3.18 8 |[Monocl.
SE85 y adding & drop ofln ... h cal Ca,Mn(PO Colorless to  |Pearly to sub-
S222| dilute H,50, to theContains much calcium. Fairfleldite. G M(P O s 20 | iehwhite| adumantine, |C- Pinac., per.( 8.5 |8.15 | 4-4.5 Triclinic.
§ =32 ;:oncentmted HCI so- p : ) Mou(P Pal i Vi =
S = : \ : ale-rose [
3 s 8% ution (p. 59, §3). Aor;ta lns only ;raccs of]calclum. Reddingite. B O L0 o |reOus 10 IF. Uneven. |8-8.56 |8.10 |2.5-3 |Orthorh.
g8 nhydrous. Gives a slight reaction for fluorine e i
E%éé ('§pi)76’ §2), and often also for chlorine (p. 67,|APATITE. on(CalrXPO)s. %ff)f:lt ll))lrl:)ev'vn, Vitreous, B Do 5 8.15 | 5-5.5 [Llexag,
2ELE _§1). Rarely Mn iso. w. Ca.| colorless. greasy.|F. Uneven. . " |Page 189,
SESS . Gives 1 little water when ¢ntensely heated in ti
£.g 5T |Contain muck calctum.| ™ (loged tube 4 o White 10 pale- |y
8a23| —Inthe osed tube, and also vapors of hydrofluoric|Herderite. Cu[Be(OH,F)]PO,. | green or  |Vitreousto g
g 3,§§ I{(I)ll] tsl:)LI dcgzgelifr;tg acid which etch the glass (p. 77, § 5). L 1P, ge‘lefonw,l resinous, |- Uneven. d 300 4 |Monocl.
pgS2| cipitate of calcium) - Hydro. White, pale-| Vitreous to
%’E’g g ;ﬁldpl’:;'otg (f?";“én‘)‘g‘:; Gi';'e a little ;vat::is in the closed tube (not over vdro-herderits, | On(Be. OTHFO. green, yellow. resinous, 1 Uneven. i >% 4 |Monocl.
25| ad drop per cent). That the quantity of water is| White to pale |y
:’§ 2% c(i;lugge s;;;)hunc acid s'lna"dinaby the deit(l:lrmined (ll)y czmparing thz Cirrolite. (Ca.OH); Al;(PO,)a. yell ow.p Vitreous. F. Uneven. 5-6 8.08 4 |Massive,
095 e . 99, §3). . .| closed-tube test with one made upon an equally Yellowish- i i
P 8 |13~ Compare Bobierrite| large fragmeut of hich 7 [Monetite. HCaPO.. »| Lellowls Vitreous. C. Pinacoidal. 3.5 2.16 8
?'ggg (p- ?}7). wllxiicllx muly ceugt of wgater. of gypsum which hos 21 per G lor]esswmte. F. Uneven. : i TriCIinic.‘
353 %_ 2?:1‘111 .m a little cal- Collophanite, Cas(PO).. Hy0.- [0 e, yellow. Dull. F. Conchoidal.| 2-2.5 [2.70  (4.5-6 ?]Amorph.
i1 Give much water in the closed tube (20 Ca(Ca.OH)PO,. |Coloriess i ¥
SS3 ater in the closed tube (20 per cent )PO, o or |Vitreous, : .
é :f; fﬁa(:v:g{; i C((lmflpate the quanti g gff“‘ezrl“'“h Isoclasite. 2H,0.| white. pearly. C. Pinac., per.| 1.5 2.92 4? |Monocl.
2 ned from gypsum which has per
Brushite. HCaPO,.2H,0. Colorless to | Vitreous, :
5 cent. rus| «.2H, pale-yellow. pearly. C. Pinac., per.| 2-2.5 | 2.20 8 |Monocl.

Drorei1or 3.—Concluded on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-6, and Non-volatile, or only Slowly or Partially
Volatile.

Part III.—With sodium carbonate on charcoal do 7ot give a metailic glob.
wle, and when fused alone in the reducing flame do not become magnetic.

Dr1visioN 2.—Soluble in hydrochloric acid, but do not yield a jelly or a residus of silica
upon evaporation.—Concluded.
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II. MINERALS WITHOUT METALLIO LUSTER.

B.—Fusible from 1—6, and Non-volatile, or only Slowly or Partially Volatile.

PArT III.—With sodium carbonate on charcoal do not give @ metallic globule, and when fused alone in the reducing flame do no# become magnetse.

DivisioN 2.—Soluble in hydrochloric acid, but do not yicl.d a jelly or a residus of silica upon evaporation.—Concluded.

2%

Composition.

Color.

Luster,

Cleavage and

Hard-

Specific

Fusi-

Crystalli-

General Characters. 8pecific Characters. Name of Species. Fracture. ness. | Gravity. | bility. | zation.
GQives an intense yellow tlame (sodium). Anhy- Colorless or |Vitreous, C. Basal, per.
drous. Beryllonite. NaBePO,. white. pearly.[F. Conchoidal. 5.6-6 |2.84 3-3.5 |Orthorh,
Q@ives a reaction for fluorine (p. 76, §2). Contains Pale-yellow, :

Conetnded little or 0o Water. Wagnerite. Mg(MgF)PO.. gray or red. Vitreous. F. Uneven. 5-6.5 |3.08 8.6-4 {Monocl.
Phosphates.— uded. : White, yellow, |y Orthorh.
D(:lnot ive theiforegoing Te8C-111 the closed tube give water and the odor of Struvite. I?IH.MgPO..GH,O. brown. Vitreous. F. Uneven. 2 1.8 3 |Hemimor.

a::imcal(z:liu‘llnmu i, IMANEINEEE  ammonia. Stercorite. H(NH,)NaPO,. |White, yellow, yr;; e0ug 2 1.61 1 [Monocl
e . (Salt of Phosphorus.) 4H, brown. . . onocl.
Adif{{w 1 {)hos;;h:la)tles i wggi Gives a coating of ozide of zinc when heated with , C. Pinac., per
are cultly soluble in . . Pinac., per. ¥
will be foug'd in Division 5' a little NS’COQ on charcoal in R. F. Hopeite. ZDS(PO¢)1.4H10. Grayish-white. Vltreous. F. Uneven. 2.50-3 2.75-2.8/ 8-4 7 Orthol’h.
o
p. 283. Reacts for boron (p. 56, § 2). Liineburgite. Mg;(PO.),.B,SOﬁ;O White. 2.05 g;‘;:g;"
Ammonia, when added to the dilute HCI solu-|Bobierrite. 3
tion, gives a crystalline precipitate of ammo.| (iautefeulliite, l(g.(PO.g;.SH,O. CO‘}VOJ}::S or C. Pinacoidal. | 2.5 2.43 Monocl,
ntum magnesium phosphate. ) Ca iso. w. Mg.) Ja iso. w. Mg. .
-0 ® Colors the lame green, Reacts for chlorine when Colorless, I T
gega fused with Na,COs, dissolved in dilute HNOs|Boracite. g1C13B, 03,0 white, gray, |Vitreous. F. Conchoidal.| 7 29-30| 8 I§‘°"‘-l g‘-
a : ° Giive lil(tle ;)r né) walt)ir and tested with silver nitrate (p. 67, §1). green, age175.
] - n the closed tube.|B B, 3 ; Color .
£ S s The remaining bo. B (113 1%15‘te§ ?. gc;.een flame. Reacts for potassium Rhodisite, K(A10)s(BO,)s. Co:volrilfg:&s OF  |YVitreous. 8 3.41 4.5-5 |Isom. Tet.
e § ] rates contaln water. Imparts a reddish-violet color to the borax bead| gB.,0,. Sub " . Orthorh.
@, ﬁ a in 0. F. (manganese). Pinakiolite. Mn”Mn"',0.,. Black. ub-metallic. [C. Pinacoidal. | 6 3.88 5 |Tabular.
23 18 B. B. fuses with much swelling and imparts a Colorless or C. Pinac., per.
'E"'g % Readily soluble in|_yellow color to the flame (sodium). BORAX. ¥2,B,0,.10H,0. white. Vitreous. F. Conchoidal. 225 |1.75 1-1.5 [Monocl.
e3a water. Sassolite. Colorless o icli
E @ E;E Slowly volatilizes B. B., tinging the flame green.[>{8000: , 14 B(OH),. white. T |Pearly. C. Basal, per. |1 1.48 0.5 ’II‘]n:’alg:li&r
%:?;'_e. E‘ Implartst anrm{)dish-v!l)gle; Col the fl K Mo M B Orthorh.?
=52 olor to r . i . : ilky. .
358~ golor o the borax bead|Colors the flame green Sussexite. ¥(Mn,Mg,zn)BOs. |Gray. Silky F. Splintery. |3 8.12 25 |Rbrous.
Y w3  [Containcalcium —Thedi- : N
E g'g g ?&é Elcé:'n %;"gz“’;;;{:f;;; B.g?éeg%foliutes, crumbles and colors the flame Colemanite. 8,8,0,,.5H,0. CO‘LOI; ilte:S O |Vitreous. % Ir}lt?::é,n per| 4 45 |2.49 1.5 |[Monocl.
¥ I with ammonia, gives a|B. B, fuses to & clear glass, and colors the flame : Vitreous C. One dir. i
- % . B, y s 5 . ec- Fibrous,
G258 | Dol cuaduo grthgreen Hydroboracite, _{aMgB,0,1.6H,0. |White. silky.|  tion. B |L8-R0] L5 ftoliated.
= 6). N.B.—If the HCl . .
g g é %;,ﬁtng,,,‘ )1: t:dodfi:g?,:.‘.?‘. B. B. colors the flame yellow (sodium). Ulexite. aCaB,0,.8H,0. |White. Silky. 1 1.65 1.5 |Fibrous.
0 . e on o 1
£ 858 .| ammonia may cause a i
5= 85¢ precipitate of calcium B. B. colors the flame reddish-yellow (?). Bechilite. aB,0,.4H,0. 1.5? |Massive.
Y e L2 T
5o aqg ; ium. —|B- B. cracks open, glows and fuses to a pale, White to Nodular.
BB 5 30%'églﬂlu$§"&i‘éﬁ}ﬁo;., horn-like, brownish-gray mass. PR \szaivelyite. &B.0 1HL0. | T D 34 |80 Acioala
S 5= when made strongyB. B. f -
3-—532 g- ;:tg;lzoi’:vgz?p?zm?‘i:ﬁ g‘reen.uses quietly at 3, coloring the flame Pinnoite. £B,0,.3H,0. Sslil'gevli;'e?l:) w Vitreous. 84 8.3 8 g;eg)ag'm’
870 3.22| sodium phosphate (p..§. B. f : . 20, p.219,
é 2353 o). .gre'enfmes very easily and colors the flame Helnteite, Mg,B,,0,,.7H,O0. Co‘llol:ﬂilg;s OF  [Vitreous. C.blzégrcbg 45 2.18 1 |Monocl.
The dilute HCI solution, made alkaline with Colorless, i Tetrag.
}!olybdézm.ﬁ(':gve the 9;edgu;:tion amn';onia, gilves a preci itatlg either with am- Powellite. Iso. w. Mo green, yellow. Resinous. F. Uneven, 8.6 4.62 4 CI?BB. f.m
test described on p. 96, § 4. monium oxalate (p. 60, § 6, Powellite) or with Colorless,
sodium phosphate (p. 91, §1, Belonesite). Belonesite. gMoO, white, 4-5 |Tetrag.
Bulphides.—Give the odor of sul- Sphaleri bt
phalerite Zn8, which becomes rounded B. B. owing to the volatilizftion of the zinc, but does not fuse, is classed on p. 292. The dark.colored manganese sulphides

phurous anhydride, 80,, when

roasted in the open tube.

Alabandite Mn8, and Hauerite MnS,, are classed on p. 263.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Part III.—With sodium carbonate on charcoal do nof give a metallic glob
ule, and when fused alone in the reducing flame do nof become magnetic.

DrvisioN 8.—Soluble in hydrochloric acid, and yield gelatinous silica upon evaporation

Section a.— In the closed tube give water.
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II. MINERALS WITHOUT METALLIC LUSTER.
. B.—Fusible from 15, and Non-volatile, or only S8lowly or Partially Volatile.

ParT III.—With sodium carbonate on charcoal do nof give a metallic globzlle, and when fused alone in the reducing flame do not become magnetic.

DivisioN 8.—Soluble in hydrochloric acid, and yield gelatinous silica upon evaporation.

278

In order to determine that a mineral belongs to this division treat one or two ivory-spoonfuls of the finely powdered material in a test-tube with from 8-5 c.c. of hydrochloric acid, and boil until not
over 1 c.c. remains. The mineral should go wholly into solution, unless difficultly soluble, and when the volume becomes small the contents of the tube should thicken, owing to the separation of

gelatinous silicic acid (p. 108, §1). The silicic acid thus separated will not go into solution when treated with additional water or acid.
: “Section a.—In the closed tube give water.—Silicates containing water of crystallization or the hydrozyl radical.

General Characters. Specific Characters. Name of Species, Composition. Color. Luster. Cleavage and %‘;"‘g' 3;’:3}:“ JFusl- | Crystalli-
. . y. Y- zation,
B.c{?gs :gs:‘x: btg.a clear gluss, coloring the lame green. Gives a little water in the DATOLITE. Ca(B.OH)SO.. (é(r)::%l;]le;séﬁgl:-ivmeou& F. Uneven. 5-55 |2.9-8.0|2-2.5 %Inuocl.t
. . . cryst.
. . . . . Al ) i
The dilute HCI solution gives with H,SO, a precipitate of barium sulphate. Edingtonite. BuAl((SiO23.P'I2)H’O. (“Oxgilf:?'piuk.!Vitreous. g %ﬁ:g’i’e;]w ‘| 4-4.6 | 2.77 2.5 g'g‘orgig
Imdpﬂl;lds 31 reddish-violet color to the borax bead in O. F. (manganese). Has a Ganophyllite Mu,(A10)5(8i0s)s. Brown )Viueous C. Basal 445 |2.84 3 M;)l;(f’(;] '
_ decidedly micaceous structure. . ¢H,0. : " - [~ usal, per. . . Foliute(i
Gi‘vve:e: tf:gatiingonofcﬁmtd; 9 m:;lc B. B. whitens and fuses with difficulty. CALAMINE. (Zn.0H),8i0,. 'V::h(i:]e:or {:{:};- Vitreous, g %rism..per. 455 |3.45 5 |Orthorh.
] sed arcoul with green, . . Uneven. ' : Puge 207.
a little Na, (O, B. B. fuses to a yellow globule. Clinohedrite. H,CaZn8iO,. Amelhyst.i}ne Vitreous C. Pinac., per. 5-6 3.33 4 M‘f")( 1
to white. i F. . . o
Contaln the carbonate radical B. Iui) z;»en.is, troihs a:id tuses to a vesicular Hs(Nag,Ca)e Yellow. pink, Vit ; ;Jneveu C1.30, 1. 219,
' ¢ -—| globule. In the closed tube whitens and gives|Cancrinite. (ALNaCO;),Al R Wy reous, . Prismatic. Hexa,
A fragment dissolves with{ wurer 2158 gray, white. reasy.|F Une 5-6 2.4-25| 2.6-3 g-
offervescence i dilut . (SiOu)s. greasy. neven. U. mass,
HCll.V%(’tu e G Gives the reactions of the rare-earth metals (p. 63).|CRojee Uncertain, Yellowish- ) Pi ; 5
- 09). 7 (Kainosite.) 81, Y,C,0,C0,, H,0 brown, |GTeasy. C. Pinacoidul, | 5-5.56 | 3.41 6?7 |Orthorh.
Contain little or no calcium.— : . Na,AI(A10)(Si0,)s. |Colorless or . Y. Pri -
After separation of the silica Fuses quietly to a clear, transparent glass. NATROLITE. 2H;g. white. | Vitreous. % %ﬂ:%bp" 555 1 2.25 2.5 g:-itsl;g;?i'c
and. alumina (p. 110, § 4), am-lp, L white enamel . HNa,Al4(SiO4)s.  |White to dark-| .
monium ox?lgte prqduc;als little caslly el Hydronephelite. 8H,0.| gray. Vitreous. 4.5-6 |2.3-2.5| 2-3 |Hexag.
or no precipitate in the am-|3 T T T<H
moniacal filtrate (p. 60, § 6). l‘l:}tsg:ﬁ.suﬂu?gy gln “é“le)l' Gives a reaction for Spadaite. H’Ms“(SlO’)‘él L0 Flesh-red. Pearly, greasy F. Splintery. | 2.6 4? |Massive
. 3 . . SY. M * .
. . |Fuses to a voluminous, frothy slag. Exhibits . CaAl(AT20H) Colorless or
Co_lltlngn&lgm&gftzzoz]xggoﬁdcx::; pyroelectricity (p. 231). Scolecite. (Si0s)s.2H,0. white, | Yitreous. C. Prismatic. |5-5.5 |2.16-2.4| 2.6 gg:;ﬁlﬁc
separation of the silica (p. 108, : 4pprox. Nu,Ca,Als |White, gray,|Vitreous, :
§ 1), ammonia produces a pre-|Fuse with intumescence to white vesicular Mesalite. {__Bis010.8H,0] yellow. silky. C. Prism., per.| 5 2.2-24 | 2-2.5 fl)d(:)l?x‘:r?:;
cipitate of aluminium hy| globules, Do not exhibit pyroelectricity. Thomsonite. 8, Nay)Ala(8i04)a. [Colorless, Vitreous, C. Pinac., per -
droxzide (p. 42, §2), and in the|Mesolite contains both the natrolite and scolecite| (Comptonite.) . 24H,0.| white, gray. pearly. |F Uneven, |0°8-5 |2.8-2.412-2.5 Orthorh.
filtrate ammonium oxalate pro-| molecules. aAl(Al.20H) White ra . | -
duc:‘sua( prgglpét%;e of calctum Levynite. ~ (8i04)s.4H,0.| red. €Y Vitreous. F. Uneven. 4-4.5 |2.0-2.16 2-2.5 |Hex. Rh
oza p. 90, R V). Usually found in simple prismatic crystals with a(A1.20H) — i ol —
qhﬁ%mlgle Allan:zu (p. 280) oblique terminations. y Laumontite. (Si,O.):.2HaO. White, gray. Vitreous, ] C.'_Pmuc'o:du]& 3.5-4 |22~ 2.5 |Monocl.
ay contain water if h . . \TTE g pearly, iprismatic, per. 2.35 Prismatic
impure. Occurs in complex, twin crystals, resembling| 8,Kq)Ala(810s)s.  [Colorless
P * tetragonal pyramids. €lgismondite. 4H,0? w(;lrite Vitreous. F. Uneven. 4.5 2.26 38 ,1;.10 ?Od‘
. ' ) winned.
Contain little or no aluminium.—|Gves a poor jelly with HCL.  B. B. fuses to a . Na( Colorless, Vitreous, C. Pina, '
After dissolving in HCl and|_clear glass. Pectolite. |JRa08a(BiON. white, gray. pearly. [F. Splintery. | 5 27-2.8 | 2.5-8 (L")
separating the silica (p. 108, . Whi oA, .
§ 1) the solution gives no, or . Okenite. 1Cu(8i0,)s. H,0. bll]lllt'l:'hcv:‘i:?;’ Dull, pearly. |F. Splintery. [4.5-5 2.98 2.5 Fibrous.
only a slight, precipitate with/Fusible to a blebby glass. o | Compact.
ammonia. Gyrolite. 1C24(8i04)s. H,0. |White. Vmeou:)'ear]y. 3-4 3 |Radiated
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Part III.—With sodium carbonate on charcoal do not give a metallic glod
ule, and when fused alone in the reducing flame do not become magnetic.

DrvisioN 8. —Soluble in hydrochloric acid, and yield gelatinous silica upon evaporation

Section b.—1In the closed tube give little or no water.—In part.
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B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially Volatile,
Parr II1.—With sodium carbonate on charcoal do not give a metallic globule, and when fused alone in the reducing flame do no¢ become magnetio.
g g
DrvisioN 3.—Soluble in hydrochloric acid, and yield gelatinous silica upon evaporation.
Bection b.—In the closed tube give little or no water.— Anhydrous silicates, or those containing only a little hydroxyl.
General Characters, Specific Characters. Name of Species. Composition. Color, Luster. Cl;%::g:rzlnd :2:";'{1' g}’:ﬂ?}’ ll:;mly cgﬂfﬂfl'
. Imparts to the borax bead in O. F. a reddish- . Yellow, R
Contain the sulphide radical— ;jglet col2%1!') (maing&m:e). g Compare Dana |Helvite. Esﬁf%f)&snlgog: bro(vjvu, green, Vmeoliiinous F. Uneven. |6-6.5 !8.2-8.85| 4-4.5 [Tsom. Tet
Dissolve in HCl with slight|_ ‘%, PP. an¢ : e " red, "
evolution of hydrogen sulphide, (Nas,Ca)s(AL NaSs) Deep azure-
which may be detected by its|B. B. gives an intense yellow flame (sodsum).|Lazurite. Aly(S104)s. eep azure- | Isometric.
disagreeable odor. Reacts for a sulphate (p. 122, §1). (Lapis-Lazull) |4} NaSO,) i%{x.wﬁa‘s:). ?s]ll:_el’)]ﬁ;?en Vitreous. F. Uneven. 5-55 |2.4-2.45 3.5 U. mass.
Fuses to an opaque, greenish bead. The HCI Eudialyt Uncertain, Rose- to C. Basal
Contain chlorine.—The HNO,| solution gives with turmeric-paper the zir-|“(muchifte.) 8i,Zr,Na,Ca,Fe”, | brownish- |Vitreous. F Solnicoer. 15-5.5 |2.9-3.0| 3 [Hex. Rh.
solution gives with silver| conium reaction (p. 133). Ce,Mn,Cl,(OH).| red, brown. - Splintery.
nitrate a precipitate of silveriny, gj1ute HOI solution gi ipitate wi Uncertain : i
) gives a precipitate with| yncertain, Colorless, . C. Prism., per. Hexag,.
Bdlf’.lngl‘&r he blowpipe flame barium chloride (sulphate, p. 122, § 1). Microsommite. Sl.Al.(Ja,Na(,sKO?):((();b,) white. Vitreous. F. Uneven. 6 2.45-2.5| 3.5 Prismatic.
intensely yellow (sodsum). Does not give the foregoing reaction for a sul- . NaJ(AICI) Wihite, gray, |Vitreous, C. Dodecahed.
phate. %uses to a colorless glass, Sodalite. ‘ Al,(8i04)s.| blue, green. greasy.|F. Conchoidal. 5.5-6 12.15-2.3) 3.5-4 Isometric.
. | Hatynite. (Cu,Nug)y Bl , ]
C%‘:‘”%.}hf ‘ﬁ‘l ]hatc] aadw;ilve_s Haynite is distinguished from Noselite by con-|  (Hatyne.) (AL NaSO,)Al, ycillf)'wg,uv:':ll]];te Vitreous, g %ﬁ(‘l;;le\]hed. 5.5-6 | 2.4-2.5 | 4-4.5 (Isometric,
€ il lilt:t mf%;m‘;; chlo.| taining considerable calcium. Test asdirected (8i0)s. : ) )
8 precipliale w on p. 110, § 4. Nogelite. Na (AL NaSO,)Al, |Gray, green, |y, .
ride (p. 122, §1). (Nosenn.) SiOown. bﬁ'w, brown | Vitreous. F. Uneven. |5.5 2.25-2.4| 3.5-4 |Isometric.
Contain boron.—Give the boron szzl’l‘:;‘e?nd fuses with difficulty to a white Cappelenite. BAY (B,SisOas. Greemsix};own‘ vmeou;reasy. F. Conchoidal.| 6-6.5 | 4.41 45 |Hexag.
reaction with turmeric-paper Ca FeruB owiah :
(p- 56, §2). Intumesces and fuses to a bla_cikwglass. Homilite. (Cu, Fe)s( 0()éi0 )i E@:’c‘ﬁlnf ll))]uck. Resm(",‘;f;eous. F. Uneven. |5 3.38 2 |[Monocl.
) ) Apj')lu-grréen o C. Basal &
The fine powder when fused on charconl with|TROOSTITE. See |y, Si0 feshred. Vi ’ p Hex. Rh.
Contain manganese.—Impart to| ® little Na,CO, gives a couting of oxide of zinc.| willemite, p. 204. (Zn,M0),8i0.. b;T:nlv:)(:d' Vitreous. F‘){Jlﬁ[:l\itrlxc 5.5 418 | 4.5-5 Page 196.
the borax bead in O. F. a Mu,Si0
reddish-violet color. . . M "F Y iso.|Smoky-gray, |Vitreous, C. Pinacoidal. Orthorh,
Contains little or no zinc. Tephroite. & Mo O & Znison  whish.red. greasy.|F. Uneven. 5.5-6 |4-4.12 18-85 ;" oo

DivisioN 8, Section b.—Concluded on next page
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Parr III.—With sodium carbonate on charcoal do not give a metallic glob
ule, and when fused alone in the reducing flame do no¢ become magnetic.

DivisioN 8.—Soluble in hydrochloric acid, and yleld gelatinous silica upon evaporation,

Section d.—1In the closed tube give little or no water.—Concluded
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B.—Fusible from 1—5, and Non-volatile, or only S8lowly or Partially Volatile.
PaRrT III.—W:ith sodium carbonate on charcoal do not give a metallic globule, and when fused alone in the reducing flame do not become magnetic.
Drvisior 8.—Soluble in hydrochloric acid, and yleld gelaténous silica upon evaporation,
Section b.—In the closed tube give lsttle or no water.—Concluded.
General Characters. Specific Characters. Name of Species. Composition. Color. Luster, c';.:::f:r:f’d Ig::i‘ gm&c g;ﬁ:;,’ cga?nl.l“
Fuses quietly. §3~ Compare Andradite (p. 269). s‘i’ﬁ’;,':,’,’}{:)' Ca.(Fe,EI(‘é,iz}ll%.)o‘]" Black. Vitreous. F. Uneven. |[7-7.5 |3.88 4 (Isometric.
Contain titansum.—The HCI so- Uncertain, }
lution when bolled With Un|Fuge with Intumescence. After separation of Tscheffkinite, Sl,Ti.Th.Ce,Fé;O Velvet-black. |Vitreous. F. Uneven. 5-5.5 |4.55 4 |Massive.
assumes a violet color. the silica, the reactions for the rare-earth metals — Yellowish
' be obtai . 65). .
may be obtained (p. 65) Rinkite, NaoCanCe.((;]I;ioF‘.))l.’ ' brovi\in, straw- Vitreou;,r casy C. Pinacoidal. | 5 3.46 Monocl.,
yellow. !
Contains m'i)lbiuml;—“T(lile IiI(lJll sio-
lution when boiled with tin]The HCl solution imparts an orange color to Uncertain. Light yellow (Vitreous, C. Pi idal
gsi;;nnes a blue color (p. 99, turmeric-paper (zirconium, p. 133). Whohlerite. 8i,Zr,Nb,Ca,Na,O. tgo brS;wu. re:inous. F. Col;?:%(:)li(zlil'. 5.5-6 |3.44 8-8.5 [Monocl.
Contains zirconium.—Gives the Straw-yellow : '
zirconium reaction with tur.|Fuses to a yellowish-white enamel. Hiortdabli Nay, Ca)(Si.Zr yel > Vitreous,
meric-paper (p. 133). g%~ Compare Eudialyte (p. 279). ortdahlite, (Naj, Ca)(Si,Zr)0,? ie“ovlv)::::n . greasy. F. Uneven. 5.5-6 |3.26 8? |Triclinic.
Contains the rare-earth metul QGreenish- to .
| B. B. swells, cracks apart, and often glows. Gadolinit FeBe, Y $81,0,,. -ownish. | Vitreous, F. Conchoidal,
yitrium (p. 65). part, a g adolinite, Be, Y 81,0,4 {;;:?c“l?.ns'] greasy.| splintery. 6.5-7 [4.2-4.5| 5 |Monocl.
Very easily soluble in HCl. B. B. gives a strong|NEPHELITE. (Na,,K,,Ca), Colorless, i " ; Hexa
yeyilow t{uuxe (sodsum). g g gibi:p)theline. Eleeo- : +Si,04,.|8TAY, greenish, Vltreous,r eas g {)J'l:z;nf‘“c' 5.5-¢ |25%- 4 Classgll
Contain aluminium and in some - - - Approx. NaAlSiO,. reddish. Brensy- 1= - 2.65 Page 219,
cas.s also caleium, but do not R‘:‘;‘l‘;‘; {gﬁ&f:mz WS(’i‘:Lbhea;:; HCL  Gives little ANORTHITE CaAl,(Si0,) Colorless v N C. Basal, per. &

o » . ~ . ,‘ . "2y 3 : : - A .
give the rencions o (he fore) L1 0 e UL B e . 289, (neH ey NS00 T gy, Viteows, | pumcoldal”| 005 {25 | 40 [Tricine.
solution, after separation of the ; Flesh- to rose- |y7; . T
sil;cda (p 108, gil);af‘m'}“",’i“ Fuses to a white enamel. Sarcolite, (Ca, Na), Al1,(8i0,)s. ;:d, v:')hli‘t);,e Vitreous. F. Concboidal | 6 2.5-2.9 [2.5-8 7 éﬁ%t}g.em
y,;m:fnesh;dfm l(p e4g’ g 2’; Fuses with slight intumescence to a greenish or| ginz(;rifiné M Green, yellow,|Vitreous, C. Basal
When calcium is present it| Yellowish gluss. Melilite. ALreLn, & 0| brown, white. resinous.|F. Uneven. |° 29-3.11 4 |Tetrag.
may bfe preciéntatled inithe fil- R OR) ,O.
trate from the aluminium byip ith i dark sl Gi 3

¢ late| Fuses wit ntumescence to a dark slag. ives ) R"4(8i0,),.|Brown to Resinous, F. Uneven to M .
&?a&s’ g 6).ammou|um 0Xalale|  reactions for the rare-earth metals (p. 65). Allanite. %55,;,27 & c;(La &‘l);l pitch-black. vitreous.| conchoidal, |9-0-6 |3.5-4.2| 2.5 U.0 tlan:sla
Ca,Mg,Fe) i
Fuses with difficulty to a grayish mass, Gehlenite. ( & eA’l.Si,O.., Grtz(z)yll)srl;v%!r]een Vme‘:,z:;n ous. F. Uneven. 5.5-6 |2.9-8.0 ) 4.5-5 |Tetrag.
{3ives a reaction for magnesium Colorless, t. .
CaM . , VO .
after the separation of silica|Difficultly fusible. Monticellite. e iﬁgi?_‘ng pale yellow |Vitreous. g %i:::glil(.lal. 5-5.6 |8.1 5 |Orthorh,

and calcium (p. 91, §1, d).

or green.
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II. MINERALS WITHOUT METALLIC LUSTER.
B.—Fusible from 1-6, and Non-volatile, or only S8lowly or Partially
Volatile.

ParT III.—With sodium carbouate on charcoal do not give a metallic glol
ule, and when fused alone in the reducing flame do nof beocome magnetic.

Or1visioN 4, —Decomposed by hydrochloric acid with the separation of sslica, but withour
the formation of & jelly.

Sectior a.—1In the closed tube give water.—In part.
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II. MINERALS WITHOUT METALLIC LUSTER.
-B.—Fusible from 1—5, and Non-volatile, or only S8lowly or Partially Volatile.

Part IIL.—With sodium carbonate on charcoal do not give @ metallic globule, and when fused alone in the reducing flame do not become magnetic.

DivisioN 4.—Decomposed by hydrochloric acid with the separation of silica, but without the formation of a jelly.

281

In order to determine that a mineral belongs in this division treat one or two ivory-spoonfuls of the finely powdered material in a test-tube with from 8 to 5 cc. of hydrochloric acid, and boil until
less than 1 cc. of acid remains. The bebavior during this treatment should be carefully observed. When the powder is first shaken up with the cold acid the liquid will generally appear milky, owing
to the fine, suspended material; when boiled, however, the liquid becomes translucent, although the separated silica prevents it from becoming perfectly clear. After a little experience one can usually
decide from appeurances whether the insoluble material is separated siisca or the undecomposed mineral ;s in order to decide definitely, however, proceed as follows : Add a drop of nitric acid in order

to oxidize any iron that may be present, dilute with 5 cc. of water, boil, and filter, when, if decomposition has taken place, the bases will be in the filtrate,

Ammonia, added in excess to the solution,

will precipitate aluminium and iron which may be filtered off. In the strongly ammoniacal filtrate ammonium carbonate and sodium phosphate will precipitate calcium and magnesium, respectively,
while if other bases are present (sodium, potassium and lithium excepted) one or the other of the reagents previously mentioned will be very sure to produce a precipitate.

for testing for the bases see p. 110, § 4. There are some minerals which are slowly attacked by acids and give, consequently, slight precipitates of the bases when tests are made with ammonia, ammonium

carbonate and sodium phospate; the minerals in this division, however, are readily decomposed by acids.

Section a.—In the closed tube give water.—Silicates containing water of erystallization or the hydrozyl radical.

For more complete details

General Characters. Specific Characters, Name of Species. Composition. Color. Luster. Clg:;:tg:r:ud ?l:;g' gl?:s,“ﬂ; b‘;“l:; Czlztt;g:lll-
Structure micaceous. Exfoliates prodigiously when heated B. B. Under the name
Vermiculite 8 number of silicates of aluminsum and magnessum are included Vermioulit Uncertain. Yellow, Monocl. ?
which have resulted generally from the decomposition or alteration of different ?jg‘&g‘l'.i'd;_) 8i,Al,Mg,O,(H,0). | brown, light|Pearly. C. Basal, per. | 1-1.5 | 2.2-2.3 | 4-4.5 Mica-
kinds of mica. Their composition cannot be expressed by simple formulas. Fe iso. w. Al & Mg. |to dark green. ceous,
Bee The Micas (p. 284). foliated.
Fuses quietly to a white enamel. The HCI solution colors turmeric-paper orange- Yellow,brown, C. prism., per.
yellow (z‘rmium, p. 133). Catapleiite. Hq(NI,.C&)Zl‘Si)Ou gray, violet. Vitreous. F. Conchoidal. 6 268 2.5 Hexag'
Fuses with slight intumescence to a brown glass. The water in the closed tube H,sNa,Ca,,Ce, Reddish- to G C. One di .
gives an acid reaction with test-paper (fluorine). Gives reactions for the rare-|Mosandrite. [(Ti,Zr)(OH,F)s]s| greenish- reu¥ésin ous.| ti oge Tec- |4 2.9-8.0 | 2.5-3 [Monocl. ?
earth metals (p. 65). SiO)s. brown. . .
gi‘;ie&t::vi(:{l (::I]Xn zni“ %23‘;‘;2’ Somewhat resembles a gum. ng;,’,:ifi’t;,.) %&g‘;(s;’gd)l-‘iﬂ!o Ye:;)(;)vlvé_b;: ev;:' Resinous. F. 23?:1?&1131 3-4 2.40 4-5 |Amorph.
monium carbonate, but gives - - — Olive-to black. - : Mowet
an abundant precipitate with/Commonly in compact, greenish masses. Some-[8ERPENTINE. ish Ila F assive.
i ; times fibrous (Chrysotile, Fig. 860, p. 221) or| (Chrysotile, ~Berg g\, p. o0, |180-green, yel-Greasy, . Uneven, 255 |g5 6 Pseudo-
;Odi)lil,"é ;;l'xgt);.phate (magnestum, folinted (Maru(lolité};. g p ) :rtn::“;e t.\)sbestus.‘ «(Mg, Fe)sS51,0, ](:vv;rliﬂl:green, wax-like, splintery.| U. 4 -5-2.65/ 5-5.5 (l}l)og‘))l())())us
Gives a reaction for chlorine when tested as H,(MnCl)Mn . ———
directed on p. 68, § 3. Friedelite. (éiO.).. Rose-rea. Vitreous. C. Basal, per. | 4-5 3.07 4 |Hexag.
Contain manganese.—Impart to - Pal b
the borax head in O. F. a red-|Fuses quietly to a black glass. Bementite, 1?;1;11“5‘% ?i - 4 gngor :'y 98- |Pearly. C. Basal, per. [ 2.5-3 |2.98 3.6 |Foliated.
dish-violet color. Sriits = T ofte B " 3 3 vuk-& ;SO-W- n R)’ ﬂ
crum ,C . - - ). .
B eatedrp pn¢ often crumbles when Arst, ceite. G310 0. R0, to flesh- [yjipeous, (G- Hlnuc., per. g 8.08 | 8 |Triclinic.

Drvision 4. Section a.—Concluded on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only S8lowly or Partially
Volatile.

Part III.—With sodium carbonate on charcoal do not yive a metallic glob
ule, and when fused alone in the reducing flame do not become magnetic.

DivisioN 4.—Decomposed by hydrochloric acid with the separation of silica, but without
the formation of a jelly.

Section a.—In the closed tube give water.—Concluded.
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B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially Volatile.
£ART IIL—With sodium carbonate on charcoal do nof give a metallic globule, and when fused alone in the reducing flame do no¢ decome magnetse.
DivisioN 4.—Decomposed by hydrochloric acid with the segaration of silica, but without the formation of a jelly.
Bection a.—In the closed tube give water.—Concluded.
General Characters. Specific Characters. Name of Species. Composition, Color. Luster. Hn:::‘ gp:gi‘gg b”‘;ml- ' C,'ﬁf,‘,‘.’,“‘
Contain calcium, but no alu-|Fuges quietly to a glass coloring the flame yellow . Colorless Vitreous C. Pinac Monocl.
minsum.—After decomposing| (sodium). - 8% Ha0. Peotolite, HNaCas(810s)s. white, gray pearly. |F. o Per| 2.7-2.8 Fig. 361
v;']ith HCland sepan:ition of the ’ : ) page 222,
silica, ammonia produces litile Fuses with swellin .
Y - g to a white, vesicular enamel. H,KCa (SiO,),. White, pale-
:;u:;) %f:gg::::’ l;;:-l:cil;)';;.::gs Colors the flame pale violet (potassium).APOPHYLLITE. KCa(Bi .ﬁa}{’ green,pyel- Pearly it C. Basal, per. 45-6 |2.8-2.4 Tetrag.
Salotum sarbonate (. 60,8 5). | 16% HaO. (NH,) & F in traces. | low, rose. vitreous. Page 181.
B. ]fi ﬁt f;_rst hecuu;es opa;lue Usually crystallizes in trapezohedrons (Fig. 105, sio Colorless or
and then fuses quietly to a clear 171), sometimes in-combination with thelANALCITE. NaAl( )s. HyO. A Vitreous, 5-5.5
glass. Colors the flame yellow | cube (Fig. 107). T white. N b Tsometric.
Gives litlt“le water in the closed H,Cas ALL(SiO.) Apple-green o
tube. Fuses with intumescence Decomposed slowly and with difficulty by HCl. |PREHNITE. H,Ca3 A12(5104)s. - D, 1Vitr ) rthorh.
to a swollen, blebby enamel. : v vy Fe iso. w. Al gray, white. eous 6-6.5 12.90 Reniform,
) H(Sr,Ba,ca)A i itr i
Give much water in the closed|Contain darium.—The dilute HCI solution gives Brewsterite. « r(s‘i‘ob:;z.glﬁqo‘ Wéx:;;,yellow, Vltleou:),earl C. Liuac., per| 5 2.45 8 |Monocl.
tube. Generally fuse with| withdilute H,80,4a precipitate of bartum sul oK. B Whi . g
swelling and intumescence.—| phate. B. B. Brewsterite exfoliates prodigiously|Wellsite. ( a}&I Y ’3 SH.O le or Vitreous. 445 [2.3985 g [Monocl
After decomposing with HCl| before fusing; Wellsite and Harmotome whiteu 2511910.872,0. cqlorless. ’ e Twinned,
and separation of the silica,| aud then fuse. Harmotome. (Bu,Ky)ALSisO. | White or Vitreous. 0. Pinucoidal. 4.5 2425 8 Monocl.
ammonia produces a procti‘;)i- z 5 ;? colorless. i e Twinned.
tate of aluminium hydroxide, CHABAZITE. Approx, (Ca,Nag)Al, (White, yellow, | C.Rhombohed. 2.05-
and in the filtrate ammonium H?xagonéﬂ, rlhorirtxbohfegml. B.E. fu:;le wl]tih swell-|  (Phacolite.) (8i0,1,.6H,0 | flesh'red, |V itreous. F. -5 2.5/ 8 E:;‘;, gl%'
carbonate gives a precipitate| (ng. Gmelenite often cracks and splits apart : Approx, (Nay,Ca)Al,| Wite, yellow C 2.05- )
;).f m’-ugz' Itmrmm or stron. ore fusion. Gmelenite. (8104)0.6H,0.| flesh.red. \Vitreous. P 4.5 % 15| 8 [Hex. Rh.
ium carbonates
ilic Fus: with swelling and intumescence. STILBITE. Hi(Ca,Na,)Al, White, yellow,[Pearly, C. M
anyof s o honly 1, L O e sgeguon o) | TS 4100, e, e | irous sot |ni2a| s ool
. \ . | of crystals, or radiated; isolated crystals, «(Ca,Na,)Al White, yellow, |Pearly, , -
;’{g::t'igzdgﬂg‘:“&ce:e']?eﬁr{f&]n owing to twinning, have an orthorhombic HEULANDITE. (Sid,),.éH,O. red. y ! yvitreom;. g 3.5-4 |2.15-2.2 Monocl.
for their identification. Har-| 8spect. On Heulandite the pinacoid faces with H,(Ca,Nay)Al, X Pearl c
motome, Wellsite, and Phil- pearly luster are usually lozenge-shaped. Epistilbite, (8i04)e.3H,0. White. yv;]tre()us F 445 [2.2-2.25 %ogocl.d
sipsite generally occur in com- BB, Whitens and fuses without swelling toa (Ca, K, Nag)Al : b Lt
plex, twin crystals, often re-| vesicular enamel. Reacts for potassium (p. 105,|pPhillipsite, K, Nas)Al, White Vitreous C. 4.5- Monocl.
sembling tetragonal prisms,| &1, ¢). 8i,0,,.4H,0. . g F. b5 123 Twinned.
terminated by pyramids of the|— — e H.(Ca, Nay)AT, White 1o )
opposite order. Crystallizes in octahedrons. Faujasite. (8i04)s.9H,0.| brown. Vitreous. F 5 J [ 1.92 Isometrie.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Parr MII.—With sodium carbonate on charcoal do nof give a metallic glob
ule, and when fused alone in the reducing flame do nof become magnetic.

DivisioN 4.—Decomposed by hydrochloric acid, with the separation of silica, but withouA
the formation of a jelly.

Section b.—1In the closed tude give little or no water.

DrvisioN 5.—Insoluble ¢n hydrochloric acid, or only slightly acted upon.—In part.
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II. MINERALS WITHOUT METALLIC LUSTER.
B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile.

Part III.—With sodinm carbonate on charcoal do not give a melallic globule, and when fused alone in the reducing flame do not become magnetic.
DivisioN 4.—Decomposed by hydrochloric acid, wsth the separation of silica, but without the formation of a jelly.
Section b.—1In the closed tube give little or no water.— Anhydrous silicates.

283

General Characters. Specific Characters, Name of Species. Composition, ' Color, Luster, c’;::::f:r:f'd l::;g: g",’:ﬁ?;" lﬁﬂg nggg{"

Tosoluble in HCI, and yet sufficiently decomposed to give a violet color (4tanium) TITANITE, . Gray, brown, |[Resinous, C. Prismatic. . Mouocl.
when the partial solution is boiled with tin (p. 127, §2). (Sphene.) CaTi8i0.. green, yellow.| adamantive. F Uneveun. 5-5.5 [3.4-3.55 4 Page 213,

With borax in O. F. gives a|Fuses with difticulty to a black slag. Crystals < . Salmon-pink C Basal. . .. .
reddish-violet bead (Mn). nre apparently hexagonal. Trimerite. Be(Mu,Ca, Fe)SiO,. to colorless. Vitreous. F. Uneven. 6-7 3.47 4-57 |Triclinic,

Fuses quietly to a white, almost|After decomposition with HCI and separation of ] . . .
glassy globule. Rather easily| the silica, ammonia produces little or no pre- WOLLASTONITE. |CaBiOs. ngltg'r ﬁ;:y. Vitreous, i g %"’:c" P 555 |2829| 4 Monocl

ecomposed by HCL cipitate. To detect calcium, see p. 60, §6. . pearly. I, Uneven.

Fuses quietly to a glassy globule. Usually shows striations on the best cleavage X : C. Busal,per., & s
Slowly acted upon by HCL| surface. Often exhibits a brilliant play of L?ﬁgg%’ﬂ]’spem. {?I:I(iuAA]]S’iSBOO' Yf:'l(‘)i;el; Er‘gén Vitreous. pinacoidal | 5-6 2.78 445 grlchmc.
See The Feldspars (p. 285). colors. spar.) Ve » green. F. Uneven.. . mass.

. Wernerite gives during fusion a strong yellow|/WERNERITE. { Ca,Ale8is0,s . |White, gray, C. Prismatic. Tetrag.
Fuvs:smv;{;l: ,;if’é‘;f"e?e':‘{}iriig iz 2;“(’,“’1§,“’d"""‘ ']’;fﬁ"dgl)]'l Mieionl’i‘e ‘iom?li{ns fe%' (8capolite.) Na,Al,81,0,,CL . lllgl;t-gr:aen, Vitreous. g };n even:. 5-6 2.68 3 Page 183,
nly a very e, chlorine. Test as direc Jolorless to : . Prismatic.
slowly acted upon by HCI. on p. 67, § 1. Meionite. Ca(AlSi.0,;,. white. Vitreous. F. Uneven, 5.5-6 |2.74 4 g}?g)?gfma.

N.B.—The mineruls in this division, with the exception of a few placed at the beginning, are silicates.

DivisioN 5.—Not belonging to the foregoing divisions.—Insoluble ¢n hydrochloric acid, or only slightly scted upon.

This may be proved by fusing with sodium carbonate, and then obtaining gelatinous silica

by treating the fused material with nitric acid and evaporating, as directed on p. 110, §4. There are also given on pp. 111 and 112 some simple metheds for the detection of the bases which most
often occur, namely, aluminium, ferric and ferrous iron, calesum and magnessum. The flame tests B. B., or made as directed on p. 105, § 1, ¢, serve for the detection of sodium and potassium.— A
number of the silicates in this division, after fusion, dissolve in HCI and yield gelatinous silica on evaporation. To try the experiment pulverize some particles which have been thoroughly fused B. B.,
and treat the powder as directed on p. 278, Division 8.—A careful determination of the erystaliization, cleavage, specific gravity and hardness will be found most useful for the identification and recognition

of these silicates, which, as a rule, do not give very pronounced blowpipe reactions.

B. B. generally give a red flame (lithium), but ; Li(AIF)PO,. White to pale- |Vitreous o |C. Ba-al, per. Triclinic.

Phosphates.—After fusion with| the color mag be obscured by sodium. Give a Amblygonite. Na iso. w. Li. green or blue, greasy.|F. Uncven. 6 3.08 2 |U. mass,

Na,CO; and dissolving in| reaction for fluorine (p. 76, §2). Montebrasite Li[Al(OH ,F)]PO,. |White to pale. [Vitreous to  |C. Basal, per. Triclinic.

HNO,. a little of the solution gives acid water in the closed tube (p. 77, §5). [Montebrasite. ua[;so_(w_ Li. )P0« green or 'l,)lue greasy. |F. Unevmzn’.e 6 3.00 2 Ul. fn:;isc

will give a yellow precipitate|After fusion with Na,CO, and dissolving in . ;

when added to ammonium| HCl the solution g’ives’ a precipi(t.ate %vith Hamlinite (8r.OH)(AL.20H): |White to yel- (Pearly, C. Busal, per. | 4.5 8.15- 4 |Hex. Rh

molybdate (p. 102, §1). H.80, (p. 53, §3, b). : Ba iso.w.Sr:F fso.n. O | J0Wish-white, greasy.| " , per. | 4. 3.25 ex. Rh.
The pale bluish-green flame color- - * White 1o oule- |Vitreous

ation, often seen best after/Puse to a white enamel. Herderite gives strongly|Herderite. Ca[Be(F,OH)]PO.. | o0 r pnoev; resinous |- Uneven. |5 3.00 4 |Monocl.

in{nés(t)euing {)he assuy dwfim acid water in the cloai;ed tube (p. 77, ﬁﬁ)' : %Me J)imle Vitreom S

. may be employed for| Hydro-herderit lite gi . . (Be. . - \ ]

th:e id‘entiﬂj{:mion of a phos- o,,’{y'g;;ﬁf{,;'iaiﬁ"gag{") "1‘3 %rzienfﬁé';,e‘ﬁ Hydro-herderite. Ca Be.OH)PO, greenor yellow_z resinous, F. Uneven. 5 2.95 4 |Monocl.

phate. ence of beryllium, see p. 54, §5. ~ Cirrolite. (Ca.OH); Al3(POy)s. W}l,x':]lfotg'pule- Vitreous. F. Uneven. 5-6 3.08 4 |Muassive,
Tungstates. — Decomposed by|y

A parts to the borax bead in O. F. a reddish-{Hyb- orite. S MaWO,. Brown to . C. Pinac., per.

;b:slnl(lil:li I:fC l";f.;‘;i'.‘wg :zg;"?r?: violet color (manganese). :‘"4'1;':;':“& ;e 254. [Fe iso. w, M. brown-black. Resinoua. F. Uneven.pe 5-8.5 17.2 4 Mouocl.

128, §1). It is best to treat/In the dilute HCI solution, made alkaline with ) Whi How |vi ]

Hubnerite as directed on p.| ammonia, test for calcium with ammonium|scheelite. CaWO,. iite, yellow.|Vitreous, C. Pyramidal. 4.5-5 16.05 5 |Letrag.

129, §2. Note the highi Sp. Gr.| oxalate (p. 60, §6). green, brown.| adamantine./F. Uneven. Page 182,
Fluoride.—Heated in a bulb tube with potassium bisulphate give a deposit of - Colorless to . C. Basal 3

silica and vapors which corrode the glass (p. 76, §2). P Sellnite, MgF,. white. Vitreous. F Conchoidal| 8 2'%gi]() 4-57 |Tetrag.

Drvisior 5.—Continued on next

page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Parr III.—With sodium carbonate on charcoal do not give a metallic glob-
ule, and when fused alone in the reducing flame do not beccme magnetic.

D1visION 5.—Insoluble sn hydrochlorsc acid, or only slightly acted upon.—Ccutinued.
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* B.—~Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile.
Part II1.—With sodium carbonate on charcoal do not give a metallic globule, and when fused alone in the reducing flame do not decome magnetic.
DivisioN 5.—Insoluble sn hydrochloric acid, or only slightly acted upon.—Continued.
General Characters. Specific Characters. Name of Species. Composition. Color. Luster. Ol;:;m.nd Hn:‘;g' gl?:f}?yc g;ﬂ:’; Cz&ﬁm
B3de Easily fusible to a white or gray globule. Gives
h ] mterhen Tinany vt i s cowd SCRRATE,  (UKIAOR, (e gy, 0 B, o 204 |2ga| 2 [Nomel
22 . 17, §5).
5—3 23 Giveared flame w]gen K, Li),Fe”(A10
o9ag | hested B. B. (4t Basily fusible to a dark-colored globule. Bee, 5, ( (hu)«",)ANSio.)).. Gray, browh, |pearly, C. Basal, por. |2.5-8 |2.8-8.2|2.5-3 |[Monocl.
2328 | sum). p. =10 OH iso. w. F. viotet.
b .S — -
2 LD B. B. exfoliates prodigiously, and fuses with dif- . . . Monocl.
%% ég = ficulty. Gives mucgh water in the closed tube. Cookeite. Li(A1.20H)y(8i04)s.| White. Pearly. C. Basal, per. | 2.5 267 14557 ragiat.
o » @ 8% |8carcely acted upon by . MUSCOVITE Pale-brown, —
5 oo O T g concentrated Light-colored mica. Found usually with quartz o * Potash|HsKAL(8i0,)s. .green, -yel- Vitreous, C. Basal, per. | 2-2.5 |2.86 4.5-5
55228 H.S0,_This tesy 80d feldspar. Micay "t Fe iso. w. AL o white. pearly. pe Monocl.
EEF 55| should be made as) o ourts lor to the borax bead in R. F Vit
= g9m3| follows: cleave out{Imparts a green color to the borax bead in R. F.|pychsite. reous,
Sy %ﬂi Bl o dieng]y (chromium). Chrome Mica.) H,K(Al,Cr)s(8i0.)s. [Emerald-green pearly. C. Basal, per. | 2-2.5 |2.86 5 |Monocl.
®3x3 § thin sclales é)f l:hei
Szas mineral an oil Imparts a yellow color to the blowpipe flame . Yellowish- to . Monocl.
cE En: them In a test-tube| " Coadiam. y p th&%gnﬁﬁ: ) H,NaAly(SiO,)s. grayish-white, P€8TL C. Basal, per. [ 2.5-3 |2.89 5 I ;ran.
2 ;’3;";% ;vith 3 c.c. og acid
P3.22] for about a minute. ; H(K,Mg.OH) g
3,382 The mica scales > oy 1 Gives @ fulut violet flamel, i, (ALOH)AIS10,).| ered 10 [Pearly. C. Basal, per. |3 284 | 3 [Monocl.
825X should  preserve Mn iso. w. Al .
’§ SEES thelr lusier and Soft, and h feel.  Folim flexible, but|{TALC App! Pear] Foliated
7] transparency when , 8D as a greasy feel. olie flexible, but| " (seatite, : pple-green, early, oliated,
8 8 ”g § thus treat.g:l, and| Dot elastic. gg?ﬂat) Soap-  [H:Mgs(8i0s)s. gray, white. greasy. C. Basal, per. | 1 2.80 5 compact.
g E’% BS| theacid should not
R become turbid nor
2 %3% _|Harder than the true micas. Foli® rather|Margarite. Pink, gray,
é gé :’3 ;Icl:lil;){.to u]‘\i’;vf;'a ;::. e, o Micay  [HiCaAlShOus. hie > [Pearly. C. Basal, per. | 8.5-4.58.05 | 4-4.5 |Monocl.
|'§ B ol o to clean out t;w
® 528 8| test- tube until thel c Biotite, Clinochlore and Ki
SSBZ &l 40id (boiling point {3~ Compare Biotite, Oli ¢ and Kammerer-
%a‘:g : g 332; C.) has bocome| ﬁc’ sb(gl‘ow, which are slowly decomposed by
3 ,'a0|_cold. :
T8 — — : —
R Y 9 oYy [Decomposed by boiling, Ususlly a dark-colored mica. Found in veius|gioTITE. (Commonj g H),(Mg, Fe) Green, yellow
RS concentrated H,S0,,| with quartz and feldspar, and very common in| dark-green or black\ ™™ /&= 627 08 » 3 '|Splendent. C. Basal, per. |2.6-3 [2.95-30 5 |Monocl.
.§ 2 §:Sb when treated as di- eruptive rocks. v Mica.) (Al, Fe)y(8i04)s | brown, black. P d
‘Ee a gg n:)gg:él u;) the forg- Usually alingt-.&h(;ugh somvi*timesla dark-colored, (H,K)s(Mg, Fo) Yellowish
mo'g B 8O aragraph,) mica. Found in crystalline limestone. Al-|PHLOGOPITE. VRNNE, E O " . |Vitreous, Monocl.
= %of_'; E% that is, the thin| most always contains ‘about 3 per cent of fluo-| (Magnesia Mica.) (Al, Fe)(8iO4)s. bmm"' green, pearly. C. Basal, per. | 2.6-3 | 2.86 | 4.5-6 |qjoinie,
B:S S J| scaleslose theirlus-| rine (p. 77, § 4). iso. w. OH. white.
rg §.£ ° S I‘;J;ym;g d t{l?:sg;is F(;liae ﬂea:;'b]le. l()lut not elastic. Give much water CLINGCHLORE
M- ’ n the closed tube, but only when intensely . Green of
8 :EE" £ m%ﬁmes turbid or ignited B. B. Penninite has apparently a hex- P(Elg:i'd'ﬂ{{g' Chlo- g.mg.Al.Si.Ou. variousshades. |V 11F€0US, 1y.|C- Basal, per. '2-3.5 2'65575 5-5.5 [Monocl.
g§28.:8 Y- agonal-rhombobedral crystallization which re-| rite) eiso. w. Mg & Al [Rarely white. pearly. .
-g'a E §2 ta;;ug;m;g%ggi::adi]i; sults from twinning.
= o @ 3
€=, 9 decomposed  than|Color reddish. Imparts to the borax bead in|gy erite. Garnet- to
35‘;_2.@. biomefm Margarite] R. F. a green color (chromsum). Otherwise| (Chrom Clino- HiMgi(AlLor)s peach- Vitreous, ly.|C- Basal, per. | 2-2.5 2‘652-75 5-5.5 |Monocl.
¥ g.ae of theforegoing sec-|__like Clinochlore. chlore.) *¥1%|  blossom-red. pearly. )
X, 3853 tion isslowly acted Gi Clove-brown
=9 p ves with salt of phosphorus in O, F. a yellow, H.K,(Mg,Fe ’
gg 883l u ’%16 . by boiling and in R. F. a green, bead (vanadsum). Roscoelite. ( Al.%).( i04)14? g:gzvnnish- Pearly. C. Basal, per. | 2? 2.93 8? |[Scales.

e ttl. It J: l.n d‘ilmcult matter to pulverize mica, The material, however, may be obtained in suficiently fine condition for the foregoiug tests by scraping with a knife-blade, or cleaving into exceedingly thin sheets, and breaking or
utting them up. .

Drvisiox 5.—Continued on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Parr III.—With sodium carbonate on charcoal do nof give a metallic glob.
ule, and when fused alone in the reducing flame do no¢ decome magnetic.

DrvisioN 5 —Insoluble ¥n hydrochloric acid, or only slightly acted upon.—Continued.



285 II. MINERALS WITHOUT METALLIC LUSTER,. [T
B.—Fusible from 1—6, and Non-volatile, or only Slowly or Partially Volatile.
Paxt IIL—With sodium carbonate on charcoal do nof give a metallic globule, and when fused alone in the reducing flame do no¢ become magnetic.
DivisioR 5.—Insoluble sn hydrochlorie acid, or only slighly acted upon.—Continued.
’ General Characters, Specific Characters. Name of Species, Co;poeltion. Color. Luster. Clﬁ;:tg:r:nd 13:;1' g;’:ﬂ:’; l}:‘ll‘l:;- Cry:ltalll-
3 . . . zation,
g-u . ! Hyalophane. { KAI1SisOs. Colorless, . C.
.8 % !Contains barium, which may be detected as described on p. 53, § 8, b. (Barlum Feldspar.) ) Ba Al,éi,z). White, Vitreous. pilzsx:f:?,l' f%o 6-6.5 |2.80 5 [Monocl
© Colorless,
:g 0?1;'; mg%:ﬁfsba ry [KAI81:06. ﬂWllllite,dcreﬂm. Vitreous, C. Basal, per., | o 2.57 5 [Monocl
. . W. esh- s A ° . :
a" Give the reaction for potassium when mixed with gypsum, and heated on Na so. w. K. ;re::x. gray pearly.| pinac., £ 90°. Page 211,
§ E platinuml vaire (p. 105, § lf%) Microcliueiz nlluy exhibit onlits cleavage Wh C. Basal, per
a2 or crystal faces a system of fine striations, indicating a complex twinnin K Al1Si;O6. ite, cream,|Vitreous, . », per.,
°E struc’t'ure, but generally it is impossible to distinguish between Microcling MICROCLINE. Na iso.l:v. K. red, green. reou;ear]y. PiDBQOidal, 6 2.57 6 |Triclinic.
'g,g :llild Ortéonclase ;xcept by thelig dilferfent %ctiou on polarized light. Sani- Golorl 7 G £B89 il
- . ne and Anorthoclase are feldspars found in eruptive rocks, which give|sanidine. K,Na)AlSi;0,. olorless, itreous, . Basal, per.,
og ®| decided reactions for both sodium and potassium. givejSantdin (K. Na)AIBLO. white, gray. pearly.| pinac., £%°. 6 257 | 4-4.5 Monocl.
z-gc; Anorthoclas Na,K)A Colorless Vit C. Basal, per.,
Q= . , 181,0 1ess, reous, . A
s,és e, (Na,K)A181,04. white, gray. pearly. xzuéz;g%%g!, 6 2.69 |4-4.5 |Triclinic.
155 ASoda Feldspar) [NaAIS10s. RS L O pinaeoi (6 262 |sas [Tricline,
tgé Give amnh g n{;’ll(ziw ﬂiame (80dsum), gnltli bu:l ]itt]e]or no reaction t'ori potas. » BTy pearly. . AB 86° 24', - |[Page 216.
> to| sium when mixed with gypsum, and heated on platinum wire as directed|Y%! : . 3NaAlSi,O,. Colorless, s . Basal, per., A
% ‘o‘-a on p. 105, § 1, c.—Generally on the basal or best cleavage surface a sys- g?;ﬁ'j')'“m" Feld- { 10: Al,ssi‘,o:, white, gray, Vitreous, ) pinacoiczi);l, 6 2.66 4-4.5 Triclinic,
S tem of fine parallel striations may be detected which reveal the presence ' greenish, pearly.| 86" s U. mass.
?3 E of a complex twinning structure (Fig. 87, p. 168). These minerals, often|ANDESITE, 1NaAlSi,0 bluish,reddish.|,. C. Basal, per.
oS >| called the Plagioclase Feldspars, form chemically a continuous series (Lime-soda  Feld- {ICa ALSLO. Often exhibit |Vitreous, pinacoidal, | 6 2690 |4-4.5 [Triclinic.
€=% éronix Al?heedN;aAlSi.Og to Atl:onll;he }(IJaAll,)?i,O.i. They ican scarcely be| SP2r) a=a e a beautiful pearly.| 7 ggo 140 ’ *“ |U. mass,
o~ & istinguish rom one-another by their biowpipe reactions, but a test lay of colors|™ 3
§8 &%| for calcium, made as directed on p. 110, §4, may help in the identitica- Hodatine | Cireld. {1N&A18i305. on th}c’epina%oirs Vitreous, C. lii“sal'. F Triclinic
S>.3| tion. Labradorite is very slowly acted upon by acids. Anorthite dis-| spar.) 8CaAl,81,0e. face (010). pearly.| D'gac% ™" 6 278 14455 nass.
ﬂ’g 'g solves slowly and yields gelatinous silica (p. 280). T : :
ws ANORTHITE. : Colorless, Vitreous, | Dasa, per.,
£ (Lime Feldipar) (0aA1SiaOe. white, gray. pearly.| Blgacqieh |6 216 | 46 [Triclinie.
O(;lor "‘f bég’;?}g’m‘;:';e oe:: Gives no water in the closed tube. Danburite. CaB,(S10,)s. White ;‘:_u%‘:f]e Vitreous. F. Uneven. 7 8.0 8.5-4 [Orthorh.
cits (p. 277) which is slowly sol- . ' :
uble(fn HC)l,alsc? A zinsitg,be)lr::v. Gives abundant water in the closed tube. Howlite. H,Ca,B,8i0,,. White. Vitreous. Splintery. 8.5 2.59 3 No&lgh&
ro
B. B. fuses with swelling and bubbling. May|, .. R:ALB,(Si0s.  |Clove-brown, ;
w:ﬁ;lf:ged:;gh %?:mieumagk impart a faint green co%or to the ﬁumef Y | Axinite. (igt x?fﬁfﬁ‘““’ Zn §z?¥;wgrcen, Vitreous. g (E)i:::lﬁgilg:}' 6.5-7 8'27585 2.5-8 g:i:(lahgf&
3 . . .
heated on platinum wire, mo-|B. B. fuses with swelling and bubbling, some- R’,Al,(B.OH),8i,0,,. |Black, brown
mentarily color the flame green| times to a globule, sometimes to a slaggy mass.[TOURMALINE.  |R’; roplaced by’ ' | green, blue, | . F. Conchoidal Hex. Rh.
(boron, p. 56, §1). Exhibits pyroelectricity (p. 231), which suc-| 8ee p. 300. Al, Fo”’, Mg, Mn,Ca, Na,| Ted, pink * |Vitreous, Uo 1 7-1.5 8.0—&1& 85 Pemimm.
ceeds best with light colored varieties. ———— |K.U&IL Fiso.w.OH | white, even. vs. Page 196.
mlor the blow ipe flame MB. B. usually throws out fi branch he SPODUMENE. . . Whlte) gray,
@idhium), which 1s st Hmesl “grst heated, and then fuscs 1o a clear giass, | (when greeis HUY(LiNa)AISIO,),. piok, emeraid- Vitreous. C. Prism., per- 667 [3.18 | 8.5 %‘0';“" '
obscured by sodium (p. 90). - ] reen. . . . prism,
u- comp‘" the phMphltes . Li White, gray, 'Vitreous, C. Basal
and micas, this division. Fuses quietly to a white enamel. Petalite. (Li, Na)A1(8isO4)s. pink. y pearly. |F Ua::v.e .)161;'.. 6-6.5 |%40 4 M?:;).tﬂ‘.

Drvvarnw 2 —Oantinned on naxt
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially
Volatile.

Part III.—With sodinm carbonate on charcoal do not give a metallic glob-
ule, and when fused aloune in the reducing flame do not become magnetic.

D1visioN §.—Insoluble in hydrochloric acid, or only slightly acted upon.—Continued.



286 II. MINERALS WITHOUT METALLIC LUSTER. 286
B.—FPusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile.
Part III.—With sodium carbonate on charcoal do not give a metallic globule, and when fused alone in the reducing flame do not decome magnetic.
D1visioN 5.—Insolubls sn hydrochlorse acid, or only slightly acted upon.—Continued.
Qeneral Characters. Specific Characters. Name of Species. Composition. Color. Luster. le«':;ggfrg.“d E::g' gl?:“fnmyc lﬁﬂ:'y' cza':;l.l'
Gives much water in the closed tube. Carpholite. Mn(AL 2OH%’SiO.),. St;::;’;s,])?;: Silky. F. Splintery. |5-5.5 |2.93 3 i}fi.ogg%us
Characterized by its isometric crystallization. SPESSARTITE. (Mn,Fe,Ca)s(Al,Fe)s {Brownish- to . F. Uneven to | . I
Gelatinizes with HCI after fusion. (Manganese Garnet.) ’(SiO.)..’ garnet-red. Vitreous. Conchoidal. -15 4.2 8 UBOZ‘;;};:C
Lllzt:‘it(l)ll(:.foregoing, but with monoclinic crystalli- Partschinite. (Mn,Fe)sAly(Si0,)s Yilel(?é‘;ilf’ Greasy. F. Uneven. 6.6-7 | 4.0 8 |Monocl,
MuSiO,. Rose-red, it ] C. Prism., per. : Triclinic.,
Distinctly cleavable in two directions at 92°-93°. RHODONITE. Fe and Ca iso. w. Mn. |_pink, brown. Vitreous F. Uneven. 6-6.5 |3.63 3-3.5 Page 217.
Do not gelatinize with HCl after fusion.|fowierite. Mp,Zn,Fe,Ca,Mg ] C. Prism., per. =
Rhodonilegfuses to an almost black, and Schef- o(gix:::“I:hodouite.) ( Si)O . Rose red. Vitreous. F. Uneven.pe 6-6.5 |3.67 3-3.5 Triclinic.
Contain manganese.—Impart to| ot b ish gl Fowlerite and Jef ! Page 217,
the borax bead in O. F. a red- fer. te to a brownish glass. h owlenichuu it el- Schefferite.  (Man.|(Ca,Mn)(Mg,Fe) —(Yellowish- 10 |y reous C. Prismatic. —
dish - violet color, which be- 1\?;5%’6“" iv;hﬁnbfusgei(‘i’eoiin S?igagf‘é?)agntg o5 ittle/ ™ ganese Pyroxene.) (8iO4)s. [reddish-brown . F. Uneven, |56 3.5 4 |Monocl.
] 3 . .
comes colorless in R. F. of 2ine. J"gfif:;’e" e e (Mi;;: (Ca,Mu)(Mg, Fe,Zn)|Greenish-black |yt eous C. Prismatic. |5 ¢ ,
roxene.) (8iOs)s.| to brown. " F. Uneven. 3.8 4 |Monocl.
Characterized by a perfect prismatic cleavage, at|Richterite. Man-{(Mg,Mn,Ca,Na,), |Brown,yellow, |y, . C. Prism., per. Monocl.
angles of 55° and 125°. ganese Amphibole.) (Si0,)..| rose-red. | Viureous. F. Uneven, | 0:5-6 |3.09 4 |primati.
. . . Yellow to .
Give a reaction for vanadium (p. 130, §2) and i : : C. Pinac., per.
sometimes for arsenic (p. 51, § Il), 0. § Ardennite. E;g{fﬁl‘;y.ShOn? {(:,.H:)vvglsh- Resinous. F. Uneven. 6-7 3.65 2-2.5 |Orthorh,
' Reddish-
. i i «(Al . C. Basul., per.
Fuses with much effervescence to a black glass. {’;I;‘{;;;g*e‘;gkpmote.) &‘l‘:ﬁ:l,%gz (SiOWs. bril;;;léi{l‘eddwh' Vitreous. F. Ul;s:venz.wr 6.6 3.5 3 [Monocl.
Gray, brown : . .
TITANITE. . » |Resinous, C. Prismatic. Monocl.
(Spheney) CaTiSiOs. grgtlsu,kyellow, adamantine, |F. Uneven. 5-6.5 [3.4-3.55 4 Page 213.
Contain #itanium.—Fused with|Fuse with slight intumescence to a dark mass. 8 :;c : - o e
Y L : cus ulphur- to >. Pinacoidal. Orthorh.
A beried mith i e ol Guarinite. CaTiSiOs. houey-yellow. (Adamantine. |g yypeven, |6 3.49 4 abular.
tion becomes violet (p. 127,[Very similar to Titanite. Gives reactions for . CaTiSiO, Brownish- Vitreous, C. Prismatic.
g 2). yt’t'rt'um (p. 65)- Keilhauite., i(Y.Al,Fe),SiO.. black. resinous.|F. Uneven. 6.5. 3.5-3.7 | 4-4.5 |Monocl.
Ersily fusible to a black globule. Neptunite. T“'K)(Fe’hgé’il(h Black. Vitreous. %‘ gg:%::‘m. 5-6 3.23 3.5 {Momnocl.
Contain water of crystailization.|After boiling with HCI and filtering, the solution . . ) . )

* —In the olosei{ tug{)e, at a low| gives a precipitate with H,80, (barium). See|Harmotome. (Ba’K’)AI’Sl"gﬁ‘O Wi‘;}ﬁ;less. Vitreous. g IP}?:;::;dal. 4.5 2.4-25| 3 ¥£?§§1d
Atemperatufre, givitla much water(i p. 282. % : ) ) .
number of the silicates beyon . . . . . (K3,Ca)3A168i,4010. | White, . . Hexag.
contain Aydrozyl, and on in-|Fuses quietly. Crystallizes in six-sided prisms. |offretite. 25 117‘H,.(°) colorless, | Vitreous. C. Prismatic, 2.13 3 ,I\:h“ﬁm

tense ignition in the closed (Ca,K;,Nag)ALSi o . R

tube, yield water (p. 81, § 1, 5).|Occurs in very fine capillury crystals. Ptilolite. T 0ve 5H,0 White. Vitreous. 4-5 |[Capillary.
= Comp;:; P"hgf“' Law. Occurs in tabular crystals resembling heulandite (Ka,Nas,Ca)Al1,Si . Whit llow, | Vit C.P

sontle, lase, d b s Na,,Ca)Al,8i ite, yellow, |Vitreous, . Pinac., per

others. ale, an and in radiated groups. Mordenite. Ai ,O,..6§’H,8. s pinkiz’h. pearly.|F. Uneven.pﬂ 84 2.1-2.15| 4-6 |Monocl.

Drvisio® 6.—Continued on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-6, and Non-volatile, or only Slowly or Partially
Volatile.

Parr IIL—With sodium carbonate on charcoal do not give a metallic glod
ule, and when fused alone in the reducing flame do no? become magnetic.

DivisioN b.—Insoluble in hydrochloric acid, or only slightly acted upon.~Continued.



II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1—5, and Non-volatile, or only S8lowly or Partially Volatile.

PaRr™ III.—With sodium carbonate on charcoal do not give a metallic globule, and when fused alone in the reducing flame do nof become magnetic.

DivisioN 5.—Insoluble sn hydrochloric acid, or only slightly acted upon.—Continued.

The remaining silicates in this division are arranged according to their crystallization, because there are no sufficiently pronounced blowpipe characters which may be used for subdividing them into
groups. When crystals are not at hand the species in almost all cases may be identified readily by their blowpipe and physical properties, as given in the table.

General Characters. Specific Characters. Name of Species. Composition. Color. Luster. Cloavagoand | Hard- gg;vciigg bl;'lt‘x:; Cryetalli.
Fuse quietly. Gelatinize with|Generally crystallize in dodecahedrons and tra-\GROSSULARITE. CasAly(8i0,)s. Pale-red, yel- | . :
HClqaftex?, fusion. — To dis- pezoheydro)r:s or their combination, Figs. 97,/ (Calcium-alumin- ‘i, Mg, Mn I80.w.Ca. low, green, |Vitreous. Fcunerth% 6.5-7.53.5-3.6| 8 [|Isometric.
tinguish with certainty be-| 105, and 106 (pp. 170-172). lum Garnet.) Fe iso. w. Al white. onchoidal.
tween Grossularite and Pyrope,|§g3~ Compare the different varieties of GARNET, py poPpE. (Mg, Fe,Ca)sAl, Deep-red, F. Uneven to
tests in the wet way for calcium| Almandite (p. 270), Andradsite (p. 269), Spes-| (Magnesium-alu- (8i0,)s.| rarely ame- [Vitreous. ‘C he. dal, | 6:0-7.0 | 8.6-3.7 | 8.5-4 |Isometric.
and magnesium must be made.| sartste (p. 286), and Uvarovite (p. 299). minium Garnet.) |pe and Cr iso. w. Al thystine, oncholdal.
Green, brown,|y.
Fuses with intumescence to a I ; vesuvianiTE,  [Cas[AIOH,.F)) o ’|Vitreous, 3.85- Tetrag.
greenish or brownish glass. Gelatinizes with HCI after fusion. (Idocrase.) e, Fgf;,gi);s;o'gx )'rz(llf)w. blue, resinous. F. Uneven. 6.5 3.45 3 Page 180
Minerals of the §CAPOLITE GROUP. Compare|weRNERITE. Ca,Al168i,0,.. White, gray, |y C. Prismatic. Tetrag.
Fmit:iglas:?m&?zﬁe?g: égm: lllet'on;')te 301%3')1.‘ V‘;erne;;ilte is slofwlyfacted (Scapolite.) % Nt;. Al:Si‘,()’:.Cl. light-green. Vitreous. F. Unoven 5-6 2.68 3 P:gre %83
3 upon . Test for chlorine, after fusion ' 7 -
hineely  yollow  (sedsum With N2,COs, sa directed on p. 67, § 1. Marialite, Na(ALSI0yCl (000188 Witreous. 556 |258 | 84 [Tetmg
Fuses with intumescence to a|B. B in the closed tube whitens, and gives a Colorless to . ) —
white blebby glass. litfle water at a high temperature. Milarite. HECa:AL(8120s)e. | pale-green, |Vitreous. F. Conchoidal.| 5.5-6 | 2.55 8 |Hexag.
B. B. whitens, and fuses at 5 to/The varieties of beryl containing alkalies %:(:,l;marine when|Approximately Green, blue, F. Conchoidal
54 to an enamel. Yieldsalittle] (Na,Li,Cs)are more fusible than those without.| )pale-green ; Emer-|Be; Aly(8i0,)e.1H,0| yellow,pink,|Vitreous. - Loncholdal,l n v o |95 08l 5-5.5 Hexag.
water on tntense ignition. See p. 300, “‘ienjf"“ deep-|Na,, Liy & Csy iso.w.Be.| colorless, Uneven. Page 188
Fuses quietly. Colors the flame|Generally phosphoresces when heated (p. 231). S Pale-green, C. Basal, per. )
intex:lsely gellow (sodium). Gives Z slight reaction for fluorine (p. 76, § 3). [eucophanite. Na(BeF)Ca(8iO4)s. yellow, white, |V itreous. F. Concholi)da)_ 4 296 |2.5-3 gfg"oggi .
. . Yields 1§ per cent of water on tntense ignition ofIOLITE, Ha(Mg,Fe)(Als Blue, rarely . C. Pinacoidal. | -
Fuses quietly and with ditficulty. the powdered mineral in the closed tube. (Cordierite.) i10011.] colorless. Vitreous. F. Conchoidal.| *-7-0 |2.60 5-5.5 |Orthorh.
Fuses with swelling and in-|Loses 4.5% of water on ignition. Slowly acted H,Ca,AL(8i04)s.  [Apple-green, |y Ortborh.
tumescence to an engamel. upon by HC), but gelaugnizes after fusion. PREHNITE. Feiso. w. Ag- gray, white. Vitreous. F.Uneven. 6-6.5 |29 2.5 R:gt;i(f);ll-lm.
i ignition i ish-¥ . :
B.mlzésctr:t;k?r &Il));n;n:.::“s’ and Yltel:gsc llol sé)(frt Ste)g.t of water on intense ignition in Lawsonite. Ca(AL20H)(BI0,)s. Gl;?)yivs;;itz.ue Vitreous. g Six?e?éﬁ .pez. 8 3.00 4 |Orthorh,
ith int ce, color-|Gives 8} per cent of water on intense ignition in|Epididymite. 8 it X
Fl;:?::e ﬂa"':e“;;ﬁf:““ﬁdmm)f the cl}og:l be ot wa g e " 508, [HNaBeS1, 0. Colorless. Vi ’“’“;emy' C. Basal, per. |6 2.55 | 2.5-3 [Orthorh.
Very diflicultly fusible. Fus. = Characterized by its perfec} prismatic cleavage, at Anthoshyllite. Me.Fe)SiO Gray, clove- |Vitreous, ) Orthorh
H’I‘h erals are the or ?n le?{f:fm‘;ﬂ and 126°. Sometimes fibrous/ATihophyiite: (H, BF ‘;)'. My brown, green. pearly, |C- Prism., per.| 5.5-6 |8.10 5-6 Uf pg;.sn'l.
thorhombic representatives of]| Has a ] X -
prismatic cleavage (less perfect than the/eNSTATITE. : Gray brown, |Pearly, C. Prismatic. Orthorh.
g}gu%.'?ﬁg‘;lgv:;‘yd geirgxzesge foregoing) at angles of 88° and 92°. (Bronzite), (Mg, Fe)8i0s. green, brouze-like. F. Splintery. 5.5-6.6/3.2-33| 5-6 UT msrss.
—= _ Ca,(A1.OH)Al, Grayish-white, | Vitreous, C. Pinuc., per. 8.25- thor
Tuse win evellog nd inFusios Ughtcolord dhe, Xied sbou s porzorere 00| o | ety Unevei | 00| Py vt G
tumescence to a slaggy mass, Cag(Al.OH)AI White to pale-|y,. C. " ]
:hlch, ton ea%‘;?;‘:,‘?;? ,:ﬁ“g]ﬂﬁ; powdered mineral in a closed tube. Clinozoisite. * ) (Si’O.),. pink. PaC-lyiireous. F. %‘;?vlélfe e 67 3.37 3-4 |Monocl
oes not r :
) Yellowish- to
ule. Gelatinize with HCI after/Generally fuses to a blac' . slag. Yields water Caa(Al.OH) . C. Basal, per. 8.37- Monocl.
fusion. like the foregoing. EPIDOTE. (AL, Fe)a(8i0y)s. gi:zl;fsgl:ay. Vitreous. F. Uneven. 6-7 g45| 34 Page 318.

Dvisiox 5.—Concluded on next

page.
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II. MINERALS WITHOUT METALLIC LUSTER.

B.—Fusible from 1-5,and Non-volatile, or only S8lowly or Partially
Volatile.

Parr IIL.—With sodium carbonate on charcoal do nof give a metallic glob
ule, and when fused alone in the reducing flame do nof become magnetic.

DivisIoN 5.—Insoluble in hydrochloric acid, or only slightly acted upon.—Concluded.
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B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile.
PART III.—With sodium carbonate on charcoal do not give a metallic globule, and when fused alone in the reducing flame do not¢ become magnetic.
DivisioN 5.—Insoluble tn hydrochloric acid, or only slightly acted upon.—Concluded.
General Characters. Specific Characters. Name of Species. Composition, Color, Cleavage and Hard- | Speci . | -
position olor Luster. Fracture. n:ss. fo?nf;. 153?; Czray&::l.u-
. In the closed tube at a red heat unchanged, but
B. B. cracks, whitens, and fuses . e : ged, - pal \ ; .
A 5 on sniense tion B. B. whit ields 6|Euclase. (AL iO.. ale-green or (Vitreous, C. Pinac., per.
at 5-54 to a white enamel. per cent of"":;tg:? Whitens and yields 6|Euciase Be(AL.OH)SiO. blug to white. pearly.|F. Uneven.pe 7.5 3.05-3.1} 5-5.5 |Monocl.
Fuse quietly or with but little/p )
. uses to & colorless or nearly colorless glass,[TREMOLITE. v ‘White, gray, |Vitreous C. Pri
{bn;‘;mp%ﬁzgf;risn?z?t?gac(;teir\::g Sometimes fibrous (asbestiform). (asbestus ii part.) CaMgs81Ora. violet..g d pearly. |F. U::Z?éﬁ.p" 156 8.00 4 Monocl.
at angles of 53° and 125°,
which serves to distinguish\p ‘nish i oea| ACTINOLITE .
these minerals from those of uses to & greenish or brownish globule. Gives (Nephrite or Jade, (Ca(Mg,Fe)sSi,0a. Grqen of Vitreous, C. Prism., per.| »_ M
. ;ge neét sectiotn.. . o but little yellow coloration to the flame. Chp comg;ct') e, g,Fe)sSi4014 various shades, pearly.|F. Uneven, 5-6 3-3.05 4 Pxfi):g;]t'ic.
section contains minera
the AMPHIBOLE GROUP,r ';‘l?e Fuses to u (!I{Al‘ll{.lslninlg globule. genemlly in- CaMgsS8i,0,,.
crystals usually have a pris-| tumesces slivhtly and colors the flame yellow|AMPHIBOLE. %NazAl,Si.Ou. Green to . . Prism. Monocl.
mitic habgt, an):i m(.le oftel? di. g;:d;?n”gﬁm'{;lfl%:&]oi: grfe;l;: mineral deepens as|HORNBLENDE. gﬁg‘géﬂéshgg.“ black. Vitreous. g‘ U‘;zl‘l,le[’]_p T 5-6 3.2-3.3| 84 g cr)ésst:.a
vergentor inradiated-columnar ) ) S. . W, . age 212.
aggregates. Isolated crystals
are usgt;zlly bladed o six.oided [Imparts a strong yellow color to the Hame|Glaucophane. See {NaﬂA_]‘lSicon- Lavender- to |Vitreous C. Prism.. per
vertically striated, and termi: (sodium). riebeckite, p. 270, | | Mg.81,0,,. azure.blue ’earI F. n 5 PeT 665 |3.1 3-3.5 Monocl.
nated by two planes (p. 212). ICa & Fe iso. w. Mg. . pearly. I, Uneven. U. mass,
Fuse quietly or with little in- Colorless
tumesceuce. The prismatic|Fuses to a colorless or nearly colorless glass. DIOPSIDE. CaMgSi,0,. whites, ' pale-|Vitreous. C. Prismatic. |5 ¢ 3.29 4 (Monocl
g}}eav;xge, at angles of 87° and green. F. Uneven. ) U. cryst.
°, is not very pronounced,
thus distinguishing these min- i
erals from those of the fore-|Fuse to a greenish or brownish glass. ShowPYROXENE. Ca(Mg, 1e)Si; 0. nght‘to dark-|yi eous. C. Prismatic. |5 o 3.1-85] , %ODOCI‘
going group. variations in composition from Diopside to green. F. Uneven. U.3.3 - cryst.
This section contains minerals of Hedenberfg!tc, the color deepening as the Page 211.
the PYROXENE GROUP. The| amount of iron increases. Hedenbergite. O, 3 Greenish-black C. Pri ti
crystals usually exhibit the AFeSi0s. to black. Vitreous. F. Uﬁmﬁl.’c’ 5-6 8.55 4 |Monocl.
combination of a nearly rect-|Fusestoa shiny, black glass. Reacts for alumin- Y ;
angular prism, with truncated| gum and ferric iron, p 110, §4. Often gives ASITE. CaMg8i;O.. Monocl
edges (p. 211). Th £t W P. » 3% gives| (Common pyrox- MgAlLSiO,. Greenish-black Q. Pri tic. = . N
chow a Diistinds basal ‘parting o "21%‘5;’ Hume (sodium). [~ Compare Acmile) oot iwsar” | I;IaAlSiw}O:' to black. | Yitreous. F Uneven o |56 | 2% 4| 445|750 5300
(p. 225). The pyroxenes have - . o lso. w. Mg & Al Page 21
:hhigher speciﬂc gravity thar; F\;is:s to a transparent blebby glass, coloring the Jadeit W ge 212,
e corresponding members o me yellow (sodium). sually in compact,|"G5ae; NaAlSi;O,. hite.grayish,| . C. Prismatic. Monocl
the amphibole group. exceedingly tough masses. Wade.) ) greenish, |Vireous. F. Splintery. 7 8.33 25 \u. 111110:8&
Fuses with intumescence. Colors|Gives 3} per cent of water on intense ignition in . T
the flame yellow (sodium). the closed tube. & Eudidymite. HNaBeSi,0s. White. Vltreous‘;early C. Basal, per. | 6 2.565 |2.5-8 %‘0"01‘)31'
Soft, and has a greasy feel.|Gives 4-5 per cent of water on intense igunition|/TALC. , - . i - tabul.
Difficultly fusible. in the closed tube. & (Steatite, Soapstone.] H:Mg,(&p,).. Agll,);;'g;ﬁ?ﬁé P‘early * areasy. |C- Basal, per. |1 ' 2.80 5-5.5 | Foliated.
Fusesk u&etly, and  without{Contains both ferrous and ferric iron, and much Babingtonite %( Ca,Fe,Mn)SiO, Greeni‘sh bluci( greasy. T e - Compact.
onite. Qi . . g S ec., . .34~
_mgrked flame coloration. calcium. gt Fe,(SiOs),. 1o black. | Vitreous. F UneyenZe"| 5.5-6 43. 40| 335 '{‘Ix:iglhi:g.
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II. MINERALS WITHOUT METALLIC LUSTER.

C.—Infusible or Very Difficultly Fusible.

Drvisior 1.—After intense ignition before the blowpipe, either in the forceps or on
charcoal, the ignited material gives an alkaline reaction when placed an
moistened turmeric-paper.—In part.
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C.—Infusible or Very Difficultly Fusible.
Drvision 1.—After intense ignition before the blowpipe, either in the forceps or on charcog], the ignited material gives an alkaline reaction when placed on moistened turmeric-paper.
N.B.—The minerals in this division are chiefly the salts of the alkqis earth metals, calcium, strontium, and barvum, with volatile acids.
. ! y Cl d Hard- |
General Characters. Specific Characters. Name of Speciee, Composition. Color. Luster. 3?:3533." n::g. gl?ﬁ‘?yc Cz:l?ﬂlfl.
2% |On intense ignition B. B.lny 0y o dilute HCI solution gi it
te .
2= throws out fiue branch- u° ran a?irdtitli:ueof a t?:wudx‘-’: g gfesdt:l}t)‘;ec -]Sl:) \ Wihite, gray, . C. Prismatic. Orthorh
§s g:xgiagg:;utn‘;nmson (p?0117. §$3). ope ¢ FaBOSTRONTIANITE.  [5rCO.. yellow, green, |V itreous. F. Uneven. |04 [370 IGolump,
- o M A
ot The dilute HCI solution gi i ‘ White, gr 3. Pri
. s gives a precipitate upon . e, gray, |y, C. Prism., per. Monocl.
£ |On intense jgnition B. B\ "y gition of a few drops of diluts H,SO, (p. 52, 27 =t CaBa(COs) yellow, green. VIO |F Uneven. | ¢ 365 |Prismat.
g.ﬁ ga bz . L] §8). Crystals of Bromlite generally have a Ba)CO White, gray, . - Orthorh
53 me (barium). Rexagona] aspect. Bromlite. (Ca,Ba)COs. cream.color, | Vitreous. F. Uneven. |4-4.5 |37 Pyrami(i
3 L .
< g |B. B. swells and colorsA .
K] : ssumes a blue color when moistened with cobalt : Vitreou F. Longitudi-
E =] gggegﬁgu;z)tensely Yel| " Litrate and intensely ignited (aluminium). Dawsonite. Na(Al.20H) COs. White. s,zzilky. nal(fngl nd- 1 2.40 g:;i?:g.d
BQ : : ' .
. . |Imparts to the salt of phosphorus bead in R. F.[Uranothaliite. Yellowish- it . N
83 Cos'(’)'i';i" 9 if'((l)lrc;usmbg;]f)]?. a green color (uranium). (Licbigite. CasU(COs)..10H,0. green. Vi reou:;e arly. ¢ ﬁ((:gf direc- |95 3 g;g:ﬁ;l:
- e SPOORIUIS (i os much water in the closed tube. The -
} g of the powdered mineral dilute HCI solution o CaCOs.CaSi0,.CaB80,. White .
. gives a precipitate with|Thaumasite. : 3 o ’ t X ; Hexag.
-§ g | I iggés‘;gg‘)3‘<wggg;g§ barium chloride (p. 122, §1). See p. 273. 15H,0.|  colorless, |Vitreous F. Splintery. |3.5  [1.87 [pito€
o . . 2]
§ < 2::2 tv:vi?h psir{;;s, cgllu:)f- Fragments effervesce freely in cold dilute HCI.|CALCITE. CaCOs. L:ll](i){éeis,;d va-|Vitreous C. Rhombo- 3 m Hex. Rh.
S B ‘ Crystals of aragouite fall to a powder (change (Marble, Limestone.); iously tinte ) hedral, per. 2 Page 192,
water, and add a few N riously tinted. g
S 3 drops of dilute H,80, to caéctte) when heated beh()lw dredness in ia Colorless
3 wn.| closed tube. Show marke ifferences in : ' . C. Pi
E § :?a&:;: hs'olu'tl;gﬁ cg(;l:z;na cleavage and specific gravity. IARAGONITE. paCO,. :g:lt;}ﬂtlilgtzg- Vitreous. P %g:«;.énp.m ‘18.64 [2.95 g::;‘zoégé
a . A ‘ . .
=3 precipitate of culcium Frugments effervesce freely in Aof, but not Colorless, .
oy l’]‘(‘)ll;)""é‘:i:)li’;a?g' f?nd&wb:ll: in cold, dilute HCIL.  Test for magnesium as D?}g:‘,‘gpﬁr) C:?:og(soﬁ)" white, and va- V“reou;’earl C.hRéxol:lnbo- 354 |285 |Hex. Rh.
& ec torms directed on p 91, §1, . —_— - w. Mg. riously tinted. y.| hedral, per. | ™ ) Cl. 14, p.219.
°2 the dilute solution, thus . . s
3= showing the absence of B. B. becomes black and slightly magnetic.|apkerite. Br '.
; : Gives a considerable reaction for iron when| (Ferrif Dolo-|Ca(Mg, Fe,Mn)(COj),. own, gray, |Vitreous, C. Rhombo-
§: . strontium and barium. | 2 d(irected lon p. 91, §1, . hiveyorous Dol (Mg, Fe,}n)(CO,), seldom white. pearly.| hedral, per. 3.64 |2.95-3.1 gelx" :{ga
o Y .
) - g |Contain  magnesium. — C Wihite, yellow,|Vitreous, C. Rhombo- Hex. Rh
'Eg §| Give a precipitate oflgearcely acted upon by cold, dilute HCI. Breun-w MECOs. gray, brown. pearly.| hedral, per 3.5-4.513.0-3.1 U?Eran.'
S A9 ammonium mMmagnesium perite gives a considerable reaction for iron
2= 8| phosphate when tested| wpe tgt d as directed on p. 91, §1, b Breunnerite ‘ B
= n teste ecte .91, §1, 0. erite. .
5%% gal d;rected on p. 91, p (ni;g.i-gf;erous Mag-(Mg,Fe)CO,. 5;?(;:)’:)-‘ %vrﬁft’e Vitreous. C.hlgé):;;]b:e-r 35.4.5|3.0-3.2 |Hex. R
£ &|With the exception of TN
[ o : r i- i
EEE ﬁ&:“zem:ﬁe:endmli;ur:;?; Frlt:]gi?g]éinre scarcely acted upon by cold, di Hydromagnesite. |Mg.(Mg.OH).(CO,).é ] ‘White. Vltreous'si]ky 3.5 2.15 %0:%?‘];
&'éi ive abundant water : i -
PR %vlhen heated in aclosed| Whitens, and alters to Nesquehonite on expos- P’Igu(Mg.OH).(CO:).. Colorless, .
E2E| tube. ure to dry air. Lansfordite. 21H,0.; white. Paraffin-like. |C. Basal. 2.5 1.6-1.7 | Triclinic.
| @ 2|The magnesium minerals,
23 :e):'eyn g:cl;%eﬂo l;ﬁiﬁ;:f Occurs in spherical aggregations. Hydrogioberite.  [(Mg.0H),C0,.2H,0. Light-gray. 2.16  |Compact
B = : .
= %| reactions with turmeric-(g : ; Colorless .
S oluble in cold, dilute HCI. N ite. MgCO0,.3H,0. » C. Prism., per. Orthorh.
£ g paper. esquehon £L0,.3H, white. Vitreous. F. Splinter 2.6 1.84 Prismat.

Some varieties of Siderite, FeCOs, Rhodochrosite, MnCOs, and Smithsonite, ZnCOs (Division 2) contain sufficient calctum to cause them to give an alkaline reaction after ignition.

3
§
S
D

1isioN 1.—Concluded on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

C.—Infusible or Very Difficultly Fusible.

DrvisioN 1.—After intense ignition before the blowpipe, either in the forceps or on
charcoal, the ignited material gives an alkaline reaction when placed on
moistened turmeric-paper.—Concluded.

DrvisioN 2.—Soluble in nydrochloric acid, but do not yield a jelly or a residue of silica
upon evaporation.—In part.
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Drvision 1.—After intense ignition before the blowpipe, either in the forceps or on charcoal, the jgnited material gives an alkaline reaction when placed on moistened turmeric-paper.—Concluded.

)

General Characters. Specific Characters. Name of Species. Composition, Color. Luster. Cl%:::g:r:?d Hn:;g: gmli{lyc czr.yt.i?nlfi.
Fasily and quietly soluble in|B. B, glows. Gives water in the closed tube, :
wa{:m HCl.q Give); the reaction| Yields only a slight alkaline reaction. Some-|BRUCITE. Mg(OH),. Wh:(tez‘n gray, Pearly\;itreous C. Basal, per. | 2.5 2.39 gea gu]l:
for magnesium (p. 91, §1). times fibrous, g3~ Compare Periclase (p. 291).[> Fe & Mn iso. w. Mg. g . . . tabu
Sulphates.—Giveacid water in the|Ignited, then moistened with ccbalt nitrate and|Kalinite. 0.)s.12H,0. Colorless, it . F. Conchoidal.| 2-2.25 |1.75 |1som.Pyr.
uc os'sed tube, accompanied, after guzain iguited, assume a blue color (aluminium). (Potash Alum). |KAI(SO0s ? white. Vitreous onchoida g.ﬁbrﬁus.
intense ignition, by the odor of| Kalinite is readily soluble in water, while alu- ite. . s C. Basal. ex. Rh.
sulphur dioxide (g' 128, § 8). | nite is scarcely aftacked by acids. Alunite (K,Na)(AL20H):(804);. |White, gray. |Vitreous. F. Uneven. |>%% |28 Iy tabul
Sulphide.—Soluble in HCl with evolution of hydrogen sulphide !(p. 121, § 7). Pale chestnut- .
uFsznd only in meteorites. y Oldhamite. Ca8. brown. C. Cubic. 4 2.68 |Isometric.
Fluoride.—When intensely heated in the closed tube gives acid water and vapors . X
which corrode the glass (p. 77, § 5). B. B. shows slight indication of fusion.|Prosopite. CaF;.2A1(F,0H),. Co]«ilri]ess, . |Vitreous. g %nsmatlc. 4.5 2.89  |Monocl.
Gives only a slight alkaline reaction. white, gray. . Uneven.
Ozalate.—Quietly soiuble in warm HCl. When heated below redness in a closed . .
tube crl?mbleg yields water and carbon monoxide gas, and changes to CaCOs,|Whewellite. CaC,0,.H,O, Colorless, Vitreous. C. Pmacm_da]. 2.5 238 |[Monocl.
which will effervesce with acids. white. F. Conchoidal.

DivisioN 2.—Soluble in hydrochloric acid, but do not yield a jelly or a residue of silica upon evaporation.

In order to determine that a mineral belongs to this division, treat one or two ivory-spoonfuls of the finely powdered material in a test-tube with from 8 to 5 cc. of hydrochloric acid, and boil

until not over 1 cc. remains.

the solution or deposits on sides of the tube it should dissolve completely upon addition of water and warming.

The concentrated solution thus obtained should be a clear liguid (not thick and gelatinous, indicating a silicate, division 3), or in case any solid material separates from

Contains nickel.—Imparts to the borax bead in O. F. a violet color when|Zaratite. (Ni.OH),CO5.Ni(OH),.  |[Emerald- Massive.
328 hot, changing to brown when cold. Gives water in the closed tube. | (Emerald Nickel.) 4H,0. green. Vitreous. F. Smooth. 3-8.2% 2.62.7 Compact.
§§ 2  |Contains manganese.—Imparts to the borax bead in O. F. a reddish-violet CHROSITE Rose-red, Vitreous C. Rbhomb 3.45-
S8 8T color. Some varicties contain sufficient iron to cause them to become R'&%ﬂﬁ)gge.? . y“goi Zni M dark-red, early.|  hedral oe- p. | 8.5-4.5| 7% o|Hex. Rh.
35~ o| magnetic after heating B. B, s P& Fe, Mg & Zn iso. w. Mn. brown. pearly. » per. -

BT T - Brown, green, C. Rhombo- Hex. Rh.
3 B |Contain zinc.—Gives alGives little or no water in the closed tube. SMITHSONITE.  ZnCO,. blue, pink, |Vitreous. hedral, per. | b 4.30- v, botry.
8253| sineflame, and a coat- _(Dry-bone Ore.)  Ca, Mg, Fe, Mn & Co 180.w.Zn.| <y ite. F. Uneven. 4.35 Fig. 363.
L=k f i ide on|— : : : e :
w8 O 8| s e hon heat.|/@ive water in the closed tube, Aurichalcite gives Aurichaloite %Zn,Cu)CO;. Pule green 10 1po, 1y 2 3.6 Monocl
56=5| ed as directed on p.| 80 szure-blue flime (copper) when moistened : 8(Zn,Cu)(OH)s.| Dblue. U. acic.

=% . . i D 3 N "
2 g §§ 131, §1 (Fig. 49). évllt)l'l HCl and heated on charcoal B. B. (p. 72, - - 2ZnCO0;.8Zu(OH),? Wy“;]‘ﬁ;v;‘f”’y > |Dull. 2-2.5 |3.6-3.8 g;g‘r’&éh

&0 \ .

§§§ ?}; Contain cobalt.—Impart|Gives little or no water in the closed tube. Sphaerocobaltite,  |COCOs. Rose-red. Vitreous. 4 4.0-4.13|Hex. Rh.
SPCE! to the borax bead a ‘ _ .
..éé ;:E, blue color. Gives water in the closed tube. Remingtonite. lé;ﬁ‘;g‘:’ég CoCO,. Rose-red. Soft. Earthy.
@2 o 5|Contain tron.—Become|Give reactions for both magnestum and tron(g ite. , .
"g§ § e olﬂack and magnetici When tested as directed on p. 91, § 1, . I;%‘:’:"l"i’lgrgus Mag-{Mg,Fe)COs. E;ﬁm‘:ﬁ %:ﬁfl’e Vitreous. C.hféénl?;})boe-r 3.5-4.5 13.0-3.2 |Hex. Rh,
g «8%| when heated B. B.(tH" Compare Ankerite (p. 289). nesite.) ] ' » per

g'@2| React for ferrous ¢ron|Give slight or no reactions for magnesium and | Brown ot ; :

oo’ wi i i i i SIDERITE. FeCO,. iffe Vitreous, C. Rhombo-

,4?;.8 5 :8 Zv;;l:ﬁggt?gsxslgngfz)rr gallcglmF\lvlv:xe; {t’egt_%d as directed on p. 91, (SpathicTron,)  [Ca, .Mg % Ma Iso, w. Fe. ;illlgégscnt pearly.| hedral, per. 3.5-4 |3.85 |Hex. Rh.

- . R . 3 4y Ve . . . —————— .
8.§ £|Give reactions for thejGive the reaction for fluorine (p. 76, § 3) ; ;

& . g i coh 3B Ca(CeF)s(CO Yellowish- Vitreous C. Basal, per. Hexag.
é 55.;2 .gtg;'e earth metals (p. ﬂ?&‘l Sg(ﬁr:e%a?ylﬁaétraazw (p. 297), which is slowly|parisite. bi Migto(- hy 'C);- brown, brown. resinous.|F. Uneven, 45 4.36 Pyram,

Qo . .

| B od.g|Gives ouly a slight ef-|Gives reactions for caletum (p. 59, §8) and for Pale yellow- . :
3 3:% fervescence with HCL.| phosphate (p. 102, §1). ® 59 Dahliite. C2:(C0O,)(PO4)( 4H10. izh-white. Resinous. F. Splintery. |5 8.05  [Fibrous.

SE2 D Give the test for mag- .

] , &~ Compare magnesite and other magnesium

SE| nestum, when treated A 9 ‘White, yellow, |Vitreous, C. Rhombo- Hex. Rh.

'g 3;5 as directed on p. 91, %{::b:g:ctet:ozna g)‘éf?g;mwig'i]ch give a faint alka-lMAGN ﬁ@O.. . gray, brown. pearly.| hedral, per. 3.6-46|3.0-8.1 U. gran.
S .

DrvisioN 2.—Continued on next page.
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C.—Infusible or Very Difficultly Fusible.

DrvisioN 2.—8oluble in hydrochloric acid, but do not yield a jelly or a residue of sslica
upon evaporation.—Continued.
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C.—Infusibly or Very Difficultly Fusible.
Drvisiox 3.—8oluhle in hydrochloric acid, but do not yield a felly or a residue of sslica upon evaporation.—Continued.
General Characters. Specific Characters. Name of Species. Composition. Color, Luster. a;;:xggfr:.“d E:;i_' gm:’;’ Cg;g“'
< 'g Iiparts to the borax bead a blue color (cobalt). Bieberite. C080,.7H,0. Flf:g: 1o rose-|yitreous, 1.92 ﬁ%’;::ti‘
SE -
=R : Apple-green to
=5 |Imparts to the borax bead in O. F. a violet color when hot, changing to : : h. : . Orthorh,
; s bpr?)wn when cold (nickel). Morenosite, NiS0..7H,0. arﬁ;;;l'sh Vitreous. C. Pinacoidal. | 2 200 (oo
£2a Szmikite, MuS0,.H,O0. White to pink. 15 |315 ﬁgggy’vh'
2 3 .
< Eg Mallardite. MnSO0,.7H,0. Pink to white. Mouocl.
25?‘3 Impart to the Embax beti]d in O.F. a lt‘)edddish-violet color (ﬂ}anzganue).—- aTar v ﬁ-ﬁbwﬂ&
28 4| Apjohnite an ietrichite give an abundant precipitate of alumsnium . onocl. ?
S og Ilz;/droziltlie when ammonia flgs addeddc tohtbeiHCI s}xolution.d llesige an(i Tlesite. (Mn, Zn,Fe)S0,.4H,0. Green towhite. Prismatic.
=2 ietrichite gi (h ¥ Y t ignited on charcoa. ; -
E hgo;:‘ inl%gll‘g' ite give a coaling of 2inc oxide when intensely ignited on char Apjohnite. MnAlL(S0.)..24H,0. W::::g' to pale Silky. 15 1.78 %1%.;321‘,‘:
2EQ Dirty-white to
2% 2 Zn,Fe,Mn)Al1,(SO.). rty-wi . Monocl. ?
09 Dietrichite, (Zn, Fe, R brownish-  [Silky. onoct.
2.53 22H,0 yellow. U.fibrous.
Sag Uncertain. Emerald- Monocl
.e‘ Q . Q Al it o o . °
g”g-gflmpurts to the salt of phosphorus bead in O. F. a pale yellowish-green Jobannite (504),U,Cu,H,0. green. Vitreous 225 |8.19 Tabular,
5 g § color, which is changed to a fine green in R. F. (uranium). Uranopilite, CaUe8:05,.25H,07 Yellow. 3.75:;95 ler;i:y
< - .
= Hex. R}
E :.g' Gives little or no water in the closed tube. Alumian. (A1,0)(S0,)s. White. Vitreous. 2-3 2.75 i}i’:giﬁh‘
NJ: =] ) - -
P — Torless, . . . .
8E2 . . . B. B. givesa violet flame (potassium). Kalinite is| (botash Alum) |[KAI(SO.),.12H,0. LO“:;;if:s Vitreous. F. Conchoidal.| 2-2.5 | 1.75 gogl])rltgs.
= “5'; Conpmn aluminfum, — readily soluble in water., LoOwigite is insoluble .
SE e First ignited, then| j; water and ditlicultly soluble in HCL Lowigite. K(A1.20H)s(80,4),:.13H,0.[Straw-yellow. |Vitreous, F. Conchoidal.| 34 2.58  |Massive.
G2 | it and again o-|GTves the odor of ia_when heated Colorl
o2 nitrate, and again in-[Gives the odor of ammonia when heated in &|Tschermigite. olorless, Isom.Pyr.
::.,';§ ;)elnsly ilguit(ed,&smr;w a| closed tube with lime (ignited calcite). s&r‘!‘ll;;f:,oﬂgmeAl""l-) NH.Al(804),.12H,O0. white, Vitreous. F. Conchoidal.| 1-2 1.50 U.ﬁbrotyls.
S| ue color (p. 42, ) - e
EEEdc o Compare. zineatumi-Soluble in water. Alunogen. Aly(80,)s.18H,0. White. V“‘e"“s-snky 152 |1.6-18 |y omock
=S o | nite below. - .
215 Aluminite, AL,(OH),80,.7H,0. White. Dull, F. Uneven. |[1-2 |1.66 [Monocl
S, Insoluble in water. .

S Al,(OH),S0,.2A1(OH)s. : h.
&[z .; ! banyite. 2(OH)B504. 24K 5 )I’,O. White. Pearly. C. Perfect. 1.6 2.33 8?‘;‘0":1 es.
< ﬁ 5 Zincaluminite. ZugAl48,0,,.18H,0. Wvl:;:ﬁ,e bluish- 2.5-3 [2.26 gﬁ:zg“'hr
$£73 |Gives a coating of zinc ozide when intensely heated on charcoal in R. F. - - ) O.

@ Goslarite. Zn80,.7H,0. White. Vitreous. C. Pinac., per.| 2-2.5 . 5504 A(r:'iggﬁlr

DivisioNn 2.—Continued on next page.

—_—
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II. MINERALS WITHOyT METALLIC LUSTER.

C.—Infusible or Vg
DrvisroN 2.—Soluble in hydrochloric acid, but do not yield s jelly or @ residus of silica upon evaporation.—Continued.
|

pifiicultly Fusible.

292

b
i
General Characters. Specific Characters, Name of Species, Composition. Color. Luster. Cll?.::c‘,f:r:_“d E:;;l' g;’:‘v’:?; rystalli-
SPHALERITE. . White, green, |p .
(Zinc Blende.) Fg and often a small amount|yellow, brown, Ris&uous,ﬁ C.dDoldecahe- 8.564 |4.10 Isom. Tet.
D i b Give a coating of zinc ozide on charcoal (yellow| -S| of Cdjso. w. Zn. black. amantine. | - dral, per. Page 176..

Sulphides. — Decompose y| when hot, white when cold) when heated as . ; Brown to . P H
w,;hrm HC! with evolutioniol:' directed on p. 181, § 1 (Fig. 49). Wurtzite. ZuS. brown-black. | Fresinous. C. Prismatic. |3.5-4 |3.98 H:;ﬁﬁ;o,
Aydrogen sulphide gas, whic ; Vi . 3
may be detected by its odor. Volite. 4228.Zn0. o b | reasy. +45 | %% 4/ Globular.

Gives a reddish-brown coating of cadmium oxide| : Honey-,citron- Ad 4 C. Prismati
when heated on charcoal in R. F. with a little|Greenockite. CdS. or orange- amantive, |C. Prismatic. | g 55 |49 50 Hexag.
Na,COs. | yellow. resinous.|F. Uneven. Hemimor,
Streak brownish-red (Indian-red, red-ocher).!HEMATITE. 0,. Red toreddish-Dull to sub- : _ _~ o |Compact.
Hematite is anhydrous or nearly so, Turgite| 18,282 _Seep. 5. Fe’ P black. metallic. _|F- Splintery. |5.5-6 49-5.2 Earthy.

Contain tron.—When heated in| gives water (5 per cent) in the closed tube and|Turgite Fe,0s(OH),= Red toreddish-|Dull to sub- . Incrust.
R.F. become strongly mag-| generally decrepitates. (Hydro-hematite.) 2Fe;0,.H,0.| black. metallic.  |F- Splintery. | 5-6 414 i
netic.  With the excgeytion gf — Mammill
Pyro'aurile become blacpk when GOETHITE. FeO(OH) = 2Fe0,.2H,0 Yellow, brownipy ) 45 C. Pinac., per. Orthorh,
beated B.B. and fuse when in (Gothite.) | ¢cO(OH) = 2Xe0s.21L0. iﬁ:gfwnmh' adamantine.|F. Splintery. 5-0.6 1437 |pjsmatic
fine splinl.ers (Fus. = 5-6). Streak llowish-b: 11 h Gi N : -

Completely, though somewhatS're3k Yellowish-brown (gellow-ocher).  GivelLiMoNITE, Fe,04(OH)s = Yellow, brown/giiky, dull, Radiated.
sl (l’wtl- v, s‘;]“bhﬁ o HC(li. T-hh water 1n the closed tube. Borovivrz:) Hematite, [ * ) 2Fes04.8H,0. t&:crlgwmsh- en}r’ thy. F. Splintery. |5-0.5 |8.6-4.0 Sta]a‘::ﬁe?ic
solution is yellow, and, wit - T - : _ ' _
the exception of Symplusitere Tanthosidertte, | L 3Re,00AHH0.| 10 bromar | NS, acthy. 25 Eardy.
sium ferrocyanide (p. 83, § 4). |Gives a decided reaction for magnesium after Golden-yellow ] Hexag.

¥~ Compare Bunsenite below,| separation of the iron (p. 91, § 1, b). Pyroaurite. Fe(OH),.3Mg(OH),.3H,0 to silver-{vhite. Pearly. -3 2.07 Tu;uﬁzr.
which also becomes magnetic. [Gives the reaction for an arsenate when intensely Blue to moun-|Pearly C. Pi e Monocl

d ] 1 . . e e y . Inac., 7. .
lcll?::;oall?p.aﬁlc, %ssg tube with splinters of|Symplesite. Fes(AsO,),.8H,0 tain- green. vitreous.[F. Uneven: 2.5 2.95  |prismatic

Contains _ nickel.—Colors the| Pistachi
ll:orax 3ead in O.F. violei:i when|Magnetic after heating in R. F Bunsenite. INiO. 1stac “‘é‘reen Vitreous. 5.5 6.40 |Isometric.

ot and brown when cold. .
Gives a coating of zinc oxide when the finely! Hexa
; ZINCITE, Deep-red to 8-
m;i:g;{lwniz:ﬁo;w]zilt t}: iﬁirgglg heated B. B. on|™ (R4 zilc Ore.) (Zn.Mn—)E).‘ N orange-yellow. Adamantine. |C. Basal, per. | 4-4.6 |5.6-5.55 ]E)I:;laulng%r
Gives a coating of oxide of antimony when heat-
od with a litsle NasCO, on charcosl in R. .~ [Meoganostibite.  [{0c8D0s Black. Compact.
Anhydrous. The color of the unaltered mineral srald-| Vi
o‘:gu?ommgge:’dw;‘.b—lgp:n :10 ve¥y characteristic. Darkens on exposure. we Manganosite, (MnO. Dl;grrkee(:fmam Vl;i;!:rllllz'ntine. C. Cubic, per. | 5-6 5.18 Isometric.
e x n O. F. a red-|&: - . — - -
dish;?g}ﬁgﬂimr I'{.hli"‘:h be- Gl{,:;ﬁf 8}23‘; glaiﬂznc; (:;f (Lil:)l;:hrgolor while When Pyrochroite. Mn(OH),. wll)';:)?] Ztg Pearly. C. Basal, per. | 2.5 3.26 'I]‘i,::[fl]]gh'
com n s : -
Structtur;a efl:th)i. pl(xil:e{)ulent and frothy. Gives wa;i N ) Impure hydrated oxide of Gx;;ty. brown, |y Massive.
water in the closed tube. og Manganese. manganese. ull-black. . Earthy
Give an arsentcal mirror when { heated|Allactite. Mny(As0,)s. 4Mn(OH)s.  |[Brownish-red, |Vitre0us. g 8"? direc. | 4 5 3.84 |Monocl
in a closed tube with NasCO, and charcoai 5 = _ greasy.|x. Lneven
powder (p. 51, § d). Hematolite, (A1, Mn)AsO,.4Mn(OH),. f;“;;;g_;egf V‘“““;;,easy. % %“::é;g’"- 8.5 3.85 |Hex. Rh.
Gives a green color to the Na,CO, bead in O. F.

Contains cobalt.—Imparts to the g ’ Hydrated cobalt and man- Massive.
borax bead a blue color. Gi(v,?a:,;g:t’;?:x,i a closed tube. Asbolite, ganese oxides. Brown, black. (Dull. Earthy.

Drvisiox 2.—Concluded on next page. i .






(Page 293.)

II. MINERALS WITHOUT METALLIC LUSTER.

C.—Infusible or Very Difficultly Fusible.

DrvisIoN 2,—Soluble in hydrochloric acid, but do not yield a jelly or a residue of siltea
upon evaporation.~~Concluded.,



II. MINERALS WITHOUT METALLIC LUSTER.

293 0
C.—Infusible or Very Difficultly Fusible.
DivisioN 2.—Soluble in hydrochloric acid, but do not yield a jeily or a residue of stlsca upon evaporation.—Concluded.
General Characters. Specific Characters. Name of Species, Composition. Color. Luster. c’g‘:;:g:r:f‘d l:l[;::' g'l?:si‘:‘; Cgtl‘::nlfl-
1 . h . ’ t] 2
83 3 3 Contaln calcium.  He\Gives a slight reaction for fluorine (p. 75, §1) and|, o\ r\re Cn(CaF)(POL)s. (ili.gf:t ll))]r‘(l)‘:vn Vitreous, C. Basul. 5 315 [Hexag.
F.3%g| suion”elyes = prer| generally also for cblorine (p. 67, § 1) ' G o w. B colorless, | grensy. [ Uncven. 19 |Page 180,
g§e 542 Iphat additiot g .
'§§ gjg g‘ 31;;5 gﬁ\{ﬁgpgsog)dﬂuté Gives water in the closed tube. Martinite, H,Ca:(PO,),. 1 H,0. White, yellow. 2.9 Hex. Rh.
a§3.'§-g_ N - Apple-
a allainite. 0..24H,0. pple- to Mussive,
8 g E% E : Contain mini an g 26.9 per cent of water. Callainite. 7AET R4H, camerald-green. 3.4 |2.51 Wax-like.
-1 2 water. — The ignite: . . ish- - N
—g"i As-“:?:: minerals, when inoist 30.7 per cent of water. Zepharovichite,  {A1PO..8H,0. grx;le;il;l:-wltm(;te. F. Conchoidal.| 6.5 2.37 (ﬁ%l::aptl‘i(l:{te
"D . d i ly ig-
C 3,3 2| Wited B, Bm assume 8 34.0 per ceat of water. Minervite. A1PO,.3}H,0. ‘White. Massive.
£hals2 t();liu S Covater in" ﬁt;:)é '
DO~ wal B - .
P §"‘ g% cl(:s%d tube. 37.1 per cent of water. Gibbsite. AlPO,.4H,O0. White. Massive.
2888 W availablo, nanticative Colorl Vi C. Pri Follated.
=B ~ available, . olorless, . 1Lreous, . P’rism., per.
2‘2_ g% % g::;u{):{?hgn:o nsmt;)l{ 13.5 per cent of water. Augelite Al,(OH)sPO.. Dk white. pearly.|F. Upeven, 4.5-p |2.70 |Monocl.
o'w ents will be needed in ark- to light-|Greas
£ o ’ : Peganite. AL(OH),PO,.1}H,0. g 4 Orthorh.
.; > ” 3?. ?52::1 {& al‘l’:'::‘;%: s gure 28.8 per cent of water i +(OH)sPO,.1}H,0 green. vitreous.|F- Uneven. 335 [250 |picmatie.
IBE—a . - ive-|yr:
&322 2 8 |- Compare the in-[20.4 per cent of water. Fischerite. AL(OH)PO,.24H,0.  [OT388 L00live:\yipreoug, 5 2.46  |Orthorh
@2 a5 so{ug{e (;lr dﬁﬂltcultly green. .
\g sphates on n
E%-‘—"‘g% %:‘2:%? 1 ol%p l:gb,?.“’,lf 26.5 per cent of water. - Spheerite. Al(OH)y(PO,),.12H,0. Lig}n:egray ” Greas{;itreous. C'ti(())ze diree 1 4 2.8 |Globular,
EEsSH en-:lssl?nTﬁigwctiou are ‘White .
, pale- |Vitreous, Massive,
é §:§ E g insoluble in HCL. 42.0 per cent of water. Evansite. iAl.(OH).PO..GHaO. yellow or blue. wax.like. F. UPeven. 3.54 |[1.94 B(?ts:yr)? d.
a8k : _ Rbabdophanite. Brown, pink Massi
Contain the rare-earth metals (p. 65). The HCI solution, made nearly ) lLa,Di,Y Er)PO,.H,0. » pink, o . ; assive.
%é % $ %‘ onneut.ral with ammonia, gives an abundant white precipitate upon (Scovillite.) EnPO..H, gCHOW, white, [ o287 F. Uneven. | 3.5 3.9 | Mummill,
SERE addition of ammonium oxalate. moke-gray, [Vitreous, C. One direc. Monocl. ?
é s8S &~ Compare Monazite (p. 296), which is difficultly soluble in HC),  |Churchite. 81Ce1o(P0)a1n. 24H,07 pinkish tone. pearly.|F. Conchoidal. 885 1315 IR, diated.
P [The dilute HCI solution gives with ammonia a R Hexag.
Coczig;itgtrenag? “;z,‘n",;ongi,;e a,,‘:,:;_ precipitate of alumintum hydrozide. Has a|Hydrotalcite. £1A1(OH),.3H,0. White. Pearly. C. Basal, per. | 2 2'052' 09 U. foli-
nesium phosphate when treated| Ereasy feel. j— . ated
Gl‘:;vd”"s?:ﬁd a"“ b;;"lligtz't §Q},;l5é Give little or no water in the closed tube. Periclase. odg'rlf_sg;%;?" '|Vitreous. C. Cubic, per. | 5.5-6 | 3.7-3.9 [Isometric.
light when intensely ignited|Gives abundant water i the closed tube. Some- White, gray, |Pearly, Hex. Rh.
B. B. times fibrous. BRUCITE. 8(OH), green, Y Yitreous.|C- Basal, per. | 2.5 239y tabular
Contain the rare-earth metals.— Ce,La, Di);OF,. Reddish- . Hexag.
Test as directed on p. 65. In the clos;ed tube at a high iI,iemperr'xtur?ﬂgive Fluocerite. H)iso. w F. yellow. Resinous. F. Uneven. 4 5.7-5.9 7. mfss.
g~ Compare Bastndsite (p. 297),| water which has a strong acid reaction ( fluor- - : - -
. .77, §6). -ocerite. Y,E v Violet, gray, |Vitreous, C. Two direc. 3.35—
wléifh is slowly attacked by| tne, p. 77, §0) Yttroceri r,Ce)Fs.5CaFa. H,0. |} - own, white. pearly.|F. Uneven. 4-5 3 45| Massive.
Contains uranium.—Imparts to the salt of phosphorus bead in O. F. a pale yel- Gummite Pb,Ca, Ba)U,8i0,,.5H,0? Y::;ﬁwé red tolG F.U 2.6-8 (3.94 Massive.
lowish-green color, which is changed to emerald-green in R. F. ummite. ’ 10 brovgvn. reasy. - Uneven. g -9-4.2 | Gum-like.

~
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II. MINERALS WITHOUT METALLIC LUSTER.

C.—Infusible or Very Difficultly Fusible.
Drvision 8.—8oluble in hydrochloric acid, and yield gelatinous silica upon evaporation.

294

In order to determine that a mineral belongs in this division, treat one or two ivory-spoonfuls of the finely powdered material in a test-tube with from 3 to 5 cc. of hydrochloric acid and boil until
not over 1 cc. remains. The mineral should go wholly into solution, unless difficultly soluble, and when the volume becomes small the contents of the tube should thicken, owing to the separation of
gelatinous silicic acid (p. 108, §1). The silicic acid thus separated will not go into solution when heated with additional water or acid.

General Characters. Specific Characters, Name of Species. Composition. Coler, Luster. cl;:;gf;’£Fd f,{]z;g: gl‘.’ﬁfgﬁ Cgﬁgﬂ""
Colorless, C. Basal, &
Gives little or no water in the closed tube. WILLEMITE. Bee |7, g0, hite, green,|Vitreous. rismatic. |55  |4.0-4.1 |l1ex. Rh.
O e ? wins when hoased ith S froositep. 8. |7 Jellow blae| - 7. Uneven. Puge 196.
Q Gives water in the closed tube. Exhibits pyro-|CALAMINE . White, pale- |y C. Prism., per. Orthorh.
:s li%?wlﬁhcgfg or;gc?gr(i%:il), orl” g cctricity (p. 281). py (Homimorphite.) (Zn.0H),Si0,. green orr’ blue. Vitreous. F. Uneven. 45-6 |3.45 Puge 207.
: ’ *  [Gives a slight odor of hydrogen sulphide when i Pale rose-red [Vitreous,
dissolved in HCL g Danalite. See p. 269. g ;.(-IZBS)I(SQ%‘); to brownish. resinous. [F+ Uneven 3.64  |Isom.Tet.
Contains copper.—Gives a globule| - . -
ofi ﬁobl}peé (;vhen t;lused lB B.iGives water in the closed tube, Dioptase. H,CuSiO,. Emerald-green|Vitreous. ([:‘ lél(;(l)]l(l:l})(;,ig;r]-. 5 3.35 g; ge };{36
with Na,COs on charcoal. . . .
i zum. — Rath White, gray, . .
0(;111:;:;!‘} (;::gm’;z:i by HCT.. Anhydrous. Contains little or no iron. Forsterite, Mg,SiO.. %,vellli?;vim- Vitreous. I*q II;:)Z:%(:,G&L 6.5-7 1824 lOrthorh.
Treat § ivory-spoonful of the _ Wwhite.
JSinely t:owdzal;edpomaterial in a|Anhydrous. Contains«a little fron (5 to 15 per CHRYSOLITE Olive- to . C. Pinacoidal 3.27- |Orthorh
:?:s('i-mebvip;vrgthe 3;0.(;;[]1;081 ?:,?:“Ee(g: ;g;;ly more). 3~ Compare Hor- (Olivine, Peridot.) (Mg, Fe)SiO. gr{;gol::][;grcen, Vitreous. F. Uneven. 6.5-7 3.37|Page 204,
Then add 8 cc. of HC], a dro
of HNO,, 5 cc. of water, boil Norbergite Mg[Mg(F,0H)],8i0,. Brownish-gray F. Uneven. Monocl.
and fliter. To the filtrate add|Give a little water when intensely ignited in a ——
ammonia to precipitate the| clogsed tube. Generall g?ve y,eﬁ(f'ﬁons l}or Chondrodite. Mg [Mg(F,0H)]x(8i04)a. B‘;{;:xm‘f‘;{st‘é Vitreous, g Iéasal. 6-6.5 3’155 o5|Monocl.
gﬁn,tﬁltf{ﬁ and then test ]tl:e ﬂl;orine (p. 76, §2) andy iron. These closely| %rowu'ish red' C. B::;en. 3 18' -
rate with ammonium oxalate ted mineral t bLe disti ) : -red, |yrs . . 18-
to prove the absence of calcium (ri(iaée:encg;u;? ‘::rsys?;lll?izatign,d lglt'"l]gugl:eﬁs %yf Humite. Mg [Mg(F, OH)J,(8i0)s. yellow, white. Vitreous. F. Uneven. 6-6.5 8.25 Orthorh.
(p. 60, §6) and with sodium| g quantitative chemical analysis. Brownish-red. |-.. C. Basal 318
gxosph:‘oe.to p(rgvg ltheé 117reg)mca Clinohumite. Mg:[Mg(F,OH)xi(8i0u). |yellow, white Vitreous, F. Uneven 6-6.5 |5 o5|Monocl.
of magnesium (p. 91, §1, b). ) . . . .
Coutaln __ aluminium. - When Crumbles when heated B. B. Yields much Colorless, Vi
treated as directed in the fore: water when heated in & closed tube. Allophane. A1,8i0,.5H,0. yellow, green, :vr:g-l;?l’(e. F. Conchoidal.| 3 1.88  |Amorph,
going paragria;;h amr}lonia pro blue.
duces a precipitate of alumy
sum hydro:tiida. li)ﬁjstinguisih- ai it in the o
ed by their specific gravity|Gives little or no water in the closed tube. Grayish-green |Vitreous,
from the heav er mioerals jn| Fus. =5. Gehlenite, (Ca, Mg,Fe)s Al,81,0,0. t broon. resinous. |F- Uneven. | 5.5-6 |2.9-3.0 |Tetrag.
the following section.
Essentially a thorium silicate. The water i8 sup-|Thorite. Orange-yell’w,|Resinous, C. Pri tic.
Contain the rare.earth metals.—| Posed to be the result of alteration. P Grangite) ThS10,, containing water. 3[R0 1 greasy [F. Uneven. | 455 |4.8-5.2 Tetrag.
After separation of the silica/Contains the metals of the cerium group. On in- :0)(Ce,s.30H .
the solution gives the reactions| tense ignition in the closed tube givpizs a little[Cerite. (Ca, Fe)(CeO)(Ces 8%10)) Clove-brown, Dull, F. Splintery, |5 5 4.85-4.9|Orthorh.
described on pp. 65 and 66.—| water (hydrozyi). La & Di fso.w. Co. V" gray, red. resinous.| uneven. : -C9-%-41U. mass,
The high specific gravity ofiContains the metals of the yiirium group Black, :
these minerals is noticeable. B. B. swells, cracks apart, and often glows.|Gadolinit. FeBe,Y,81,040. reenish- | Vitreous, F. Concholdal,| g & o Monocl
Gives little or no water in the closed tube. reoninte. PoamAe bﬁ:ck, brown. greasy.| splintery. 6. 4.2-4.5 |Monocl.
Contaius urantum.—Gives with
Honey-,lemon-|,.
the salt of phosphorus bead in . A Vitreous, Triclinic.
8‘ {'F‘ yellowilh]-gr cen and lleea water in the closed tube. Uranophase. CaU,8i,0,,.5H,0. ;zﬁgr‘::w- silky. 2-3 8.8-8.9 | “acic.
. a green color. .
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II. MINERALS WITHOUT METALLIC LUSTER.

C.—Infusible or Very Difficultly Fusible.

DrvisioN 4.—Decomposed by hydrochloric acid with the separation of silica, but without the formation of a jelly.

205

In order to determine that a mineral belongs in this division treat one or two ivory-spoonfuls of the finely powdercd material in a test-tube with from 3 to 5 cc. of hyaurochloric acid and boil until
less than 1 cc. of acid remains, The behavior during this treatment should be carefully observed. When the powder is first shaken up with the cold acid the liquid will generally appear milky, owing

to the fine, suspended material; when boiled, however, the liquid becomes translucent, although the separated silica prevents it from becoming perfectly clear.

After a little experience one can usually

decide from appearances whether the insoluble material is separated silica or the undecomposed mineral ; in order to decide definitely, however, proceed as follows : Add a drop of nitric acid in order
Ammonia, added in excess to the solution,

to oxidize any iron that may be present, dilute with 5 cc. of water, boil, and filter, when, if decomposition has taken place, the bases will be in the filtrate.
will precipitate aluminium and iron, which may be filtered off. In the strongly ammoniacal filtrate ammonium carbonate and sodium phosphate will precipitate calcium and magnesium, respectively,

while if other bases are present (sodium, potassium, and lithium excepted) one or the other of the reagents previously mentioned will be very sure to produce a precipitate.

For more complete details
for testing for the bases see p. 110, § 4. There are some minerals which are slowly attacked by acids and give, consequently, slight precipitates of the bases when tests are made with ammonia, ammonium
carbonate, and sodium phosphate ; the minerals in this division, however, are readsly decomposed by acids.

General Characters. 8pecific Characters. Name of Species. Compositfon. Color. Luster. C’;ﬁ;ﬁf:,: ‘nd ]?,2:.‘1' gf:ff?ﬁ C;g:g:nll‘
Contains copper.—Gives a glob- M .
ule of copper when a little . ountain- - \yireqyg, Massive.
of the mineral is heated with In the closed tube darkens and gives water. Chrysocolla. CuB8i0,.2H,0? green to earthy. F. Uneven. 2-4 2.0-2.4 o arthy.
Na,CO; on charcoal, turquois-blue.
Contains ntekel.—Colors the bo-
§ i Genthite. ; Pale- to deep-|Dull to Amorph,
lrlt:)t Bg(aidb?:) w% fﬁeg(::lgfd?vhen In the closed tube blackens and gives water. (Garnierite.) H,Ni,Mg,(8i0,):.4H,0? green. resinous, [F- Uneven. 34 2.2-2.8 | otryoid.
Uncertain. Black to Pitch-like .
Hisingerite. NI i PR F. Conchoidal.| 3 2.5-3.0 |[Amorph.
Contains iron.—B. B. becomes|Give water in the closed tube. The iron is 81,0, Fe™, Fo Mg H,0. G?:Z;:hl_’;?f' vitreous.
black and magnetic. mostly ferric (p. 65, §4). Chloropal. H.Fey($i00s.2H:0?  llow, pistachio|Waxlike, (I Concholdalp 5451 1,719 Qompact.
green. ' *
Contain magnesium.—The HCllOommonly in ¢ t, ish . Some-|SERPENTINE. Olive to Massive,
solution, if sufficiently dilute, ﬁme:nﬂ{,r:uso(%ﬁ:;soﬁfgf nﬁ\?g.%ﬁe;. 22?;113, (Chrysotile,  8er- (Mg pe),Si,0,. blackish-green,|Greasy, F. Uneven, 2.5-5. |4 5 o g5{Pseudo-
gives no or only a slight pre-| foliated (Marmolite). :I}l::m:;'be““’ yellowish- wax-like. splintery.| U.4 morphous
cipitate with ammonia and ) green, white. (p. 220).
ammonium carbonate, but Deweylite. H. Mg (Si0,)s.4H,0. Yellow to F. Uneven,
giives ag ‘abunganthpl;ec(ipitgtie Somewbat rescmbles a gum. o((viv;l’ll'ni.te.) Ni‘iso.gé. h‘dz.‘ hAth apple-green. Resinous. couchoidal. -4 240 |Amorph.
with sodium phosphate (p. 91,
hon- _ Sepiolite. : White to Compact,
‘§1 :éde (pag" 294gompare [4 Compact, with fine earthy texture. Fus, = 5. &gergchaum.) HMgaSi;0,,. grayish-white. Dull. F. Uneven. 2-2.6 |20 Eartl?y.
Contain alumintum.—The HCI|Generally found in trapezohedrons (Fig. 105,| . -
solution gives an abundant| P- 171) in lava. Reacts for potassium (p. 105,|LEUCITE. gaAi;gS:voig" W:’gfﬁ;é;:y ' |Vitreous. F. E::glfgi'dal 5.5-6 2'452—50 {;otg:t::c.
%reclpitate with ammonia.| §1, ¢). s ’ ) ’ ) - eryst.
istinguished by their physi |The HCl solution, filtered from the silica, gives Color] I tri
cal properties from the miner-| with hydrochlorplatinic acid a cream-colored|Pollucite. H,Cs,AlL(8i0s),. vlorless, hite, | Vitreous. F. Conchoidal.| 6.5 2.98 Usome Tic.
als in the following section. precipitate (casium, p. 58). whlte. - Inass.
Contain th h metals Melanocerit gi““q‘fi‘"i;“'o,e La, Di, Y, |Déep-brown toGreasy, F. Conchoidal.| 5-6  |4.13 |Hex. Rh
ntalo the rare carih metals. —\o 1,0 the flame green when fused with the rocertte. P YCa Na, H, 1| black. vitreous.|™ " ’ ' s
After separation of the silica . - a, Na, H, F.
p . potassium bisulphate and fluorite mixture
the solution gives the reactions (boron 56, §1) Uncertain. Greas
described on pp. 65 and 66. » P 00, ) Caryocerite, 81, Tu, B, Th, Ce, La, Nut-brown. reasy, F. Conchoidal.| 5-6 4.29 Hex. Rh.
Di, Y, CB, NB, H, F. vitreous.
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II. MINERALS WITHOUT METALLIOC LUSTER.

C.—Infusible or Very Difficultly Fusible.

DrvisioN 5.—Not belonging to the foregoing divisions, —Insoluble in hydrochloric acid,
or only slightly acted upon.

8ection a.— Hardness less than that of glass or a good quality of steel.—Can be scratched
by a knife.—In part.
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IL MINERALS WITHQuT METALLIC LUSTER.
C.—Infusible or Very Difficultly Fusible.

DrvisioN 5.—Not belonging to the foregoing divisions.— Insoludle sn hydrochiloric acid, or only slightly acted upon.

Section a.—Hardness less than that of glass or a good quality of steel.—Can be scratched by a knife.
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General Characters. Specific Characters, Name of Species. Composition, Color. Luster. Cloragoand | Hard | Gbevine | Govsealt
{ron Ores.—B.B. in R.F. become|Compare the difficultly soluble oxides and hy-|IRON ORES. Oxides and hydroxides of
strongly magnetic. droxides of iron on p. 292. (8ee p. 202.) iron.
. . . hite, yellow
- Structure foliated or micaceous.— . ICAS. Silicates of White, y '| Vitreous, C. Basal,
Folis tough and elastic. THE MICAS.—Difficultly fusible. (pl:‘%& Xarieties see H, K, Mg, Fe & Al blt‘:;:clk. green, | ' NS o ry. | eminent. 2-3 2.8-3.0 |Monoel.
Green of va-
On intense ignition B. B. in the closed tube give|CLINOCHLORE.® |0 ¢ A} o5 0., " Vitreous, 2.65-
Structure foliated or m _| considerable water. See p. 284. ﬁig.l)o”w' Ripido- Fe‘isogsv. ﬁg& Al ;;‘i‘;f’ysl,fv“,ﬂii pearly. C. Basal, per. | 2-2.6 2.7 Monocl.
Foliw fough and flezible, but/Color reddish.—Reacts like the foregolng, but Garuet to ;
not elastic. §F~ Compare Tale,| imparts to the borax besd in R. F. a green éﬁ?ﬁf&?g&hmm)HaMgo(AI.Cl‘)aSiaOu- peach-blossom- Vltreous,eaﬂ C. Basal, per. | 2-2.5 2’652_.75 Monocl
beyond. color (chromium). ) red. pearly. '
B. B. becomes black and magnetic. Prochlorite. Huo(Fe, Mg)as Al (81130002 g;zeﬁs‘bo_ green Vureou;,eaﬂy. C. Basal, per, | 1-2 2’782-_95 Monocl.
Reddish-
Seybertite. H,(Mg,Ca)Al8i,0 brown, copper-|Pearl C. Basal, per. | 4 g 3.0-3.1 |Monoci
. s (Clintonite.) 3(Mg, C8)s LSl Ose. »COpP . F.U . o
s@%&gﬁ?g&g{“ﬁm;‘ Distinguished by differences in color. red. meven
Xanthophyllite. Hs(Mg,Ca),4A)1481,04s. |Light-green. Vitreou:),eaﬂy' C. Basal, per. | 4-5 8.0-8.1 |Monocl
. and have Ignited, then moistened with cobalt nitrate and -~ White, apple-
V;:gl'ﬁ.givgﬂ a 1;3712 :mgg"?g again ignited assumes a blue color (aluminsum). P‘{:&m‘:&{i‘g § HaAly(8103)e. green, gray, Pearly. C. Basal, per. |1-2 2.8-2.9 gggm
Per cent) on intense ignition| Often exfoliate prodigiously when heated B. B. ) brown.
n a closed tube. Does not give the foregoing reaction for alumin-|TALC, Apple-green, |Pearly, Foliated. -
- Compare Kaolinite, beyond.| ium. Lome (Steatite,Soapstone.) 1 MEHSI0n).. gray, white. greasy.(C- Basal, per. |1 280 |Compact
. Ignited, then moistened with cobalt nitrate and|a1,nite. K,Na)(AL20H)s(8O04)s. |White, . {Vitreous. C. Basal. 354 |283 Hex. Rh
%ﬁ’:z?:ﬁc&‘;e ods;:ogfgls{] 1 aﬁ:‘iﬂ again ignited, assume a blue color (aluminium). Alunite. ( X (B0 ery F. Uneven, U. tabul.
dioxide, when intensel he%ted Alunite must be heated nearly to redness be-
in & closed glass tube Y fore it gives water. Lowigite parts with some/Lowigite. K(A1.20H)s(S04)s. 14H,0. Straw-yellow. |Vitreous. F. Conchoidal.| 3-4 2.68 |Massive.
g * of its water at a low temperature.
“neS D
SO ZAE  |Contain the rare-carth metals.—Decompose an ivory-spoonful of the ; (Ce,La, D)PO,, often with Yellowish- to |pecinoyg, Parting basal. 5.2-5.3 |Monoc!
(2.?: SB 3 | “finely powdered mineral by heating in a test-tube {mpﬁ) from 4 to 6" " Th8i0,. reddish-brown, = O F. Uneven. | >0 nock
5 a ?/A&’ drops olii’]coml:?ntmted H,SO.(.j (A;Ldfter cooling, dilute with 10 cc. of Yell Resl
Il water, filter if necessary, and add ammonium oxalate, when a pre- . YPO,. ellowish- to |Resinous, C. Prism., per.
%g E“‘f ] cipitate of the rare-earth metals will be formed (pp. 65 and 66).p Xenotime. Co & Er iso. w. Y. reddish-brown vitreous.|F. Uneven. |40 |%85-0.1Tetrag:
3gg .
g2 s~ &  |Contain calcium.—Decompose by fusion with Na,COs, as directed Cas Al (OH)((PO,)s. ly. Acicular.
ég gds& 0}? p. lllii), 84, aillld dissolvie in fHCl or lHN(I)I,(.3 | :\dd’ammonia to Tavistocklte. *ALOI(PO), ?l::te'i Pearly . i
@5 == the solution until a precipitate forms, then , adrop at atime, ellowish- exag. or
E'fr'g 2Eg ué:(tiil the liqiuid bec;)mes c'llea;‘l, diill;xte miai volume ofplo cc. and|@ovazite. CasALioP,04y.9H,0. white. C. Basal, 5 3.26 tetrag.
=3 @— | add ammonium oxalate, which will precipitate calesum ozalate (p. U tain, ,
g:’}gﬁg &| 60, §6). Svanbergite reacts for a sulphate (p. 122, §1). ® Svanbergite, (s!(l)(iﬁ,r(Pl(!)J‘), Al,Ca,H,O0. Yi]ol::r':(;f)wn Vitreous, C. Basal, per. |0 8.8-3.6 Hex. Rh.
gm2S.8 _ (A1LOH)y(PO,)y.6H,0. | White, yellow, Vitreous, C. Pinacoidal. . Orthorh
g a.—g : §.§_ Cont;.in ailurininiiuan.—lgnited. tt’l]‘eu m{)lsteuve{ri witll; cobalt nitrate! " ~*o!"te- Piwo w0k " gr;’e“);ss"’w“' v pearly. |F. Uneven, | *% |28 i
g %%'| and again ignited, assume a blue color. Wavellite is usually in Colorless, itreous, C. Prism., per.
| ’;3 "S 43| radiated, hemispherical or globular agéregates. Y augelite, Aly(OH),PO.. white, pearly.|F, Uneven.pe 45-5 |2.70 Monocl.
s 25 S5 :- 3 Compare the phosphates on p. 293, some of which are un- Colorless,
3 8§52 2| doubtedly difficultly soluble or insoluble fn HOL. Variscite. AIPO,.2H,0. apple- to  |Vitreous. 4 2.4  |Orthorh.
Bg 5.2 3 emerald-green, - mass.
2.2
g 48355 0olor blue. B. B. swells, loses its color and falls to pieces. Lazulite. (Mg, Fe)(AL.OH)y(PO,);. |Azure-blue.  (Vitreous. g %2:?;:"0’ 5-5.5 |8.05-3.1Monocl.

e

* A

, Penninite, Cor

D1visioN b, Section a.—Continued on next page.

dophtlite and other foliated minerals of the chlorite group are here included.
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II. MINERALS WITHOUT METALLIC LUSTER.

C.—Infusible or Very Difficultly Fusible.
DivisioN 5.—Insoluble tn hydrochloric acid, or only slightly acted upon.

8ection a.— Hardness less than that of glass or a good quality of steel.—Can be scratched
by a knife.—Continued.
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II. MINERALS WITHQUT METALLIO LUS1ER.

C.—Infusible or Very Difficultly Fusible.

DrvisioN 5.—Insoluble én Aydrochloris acid, or only slightly acted upon.—Continued.
Section a. —Hardness less than that of glass or a& good quality of steel.—Can be scratched by a nife.—Continuea.

General Characters. Specific Characters. Neme of Specice. Composition., Color. Luster. | Opiieferd | Denr | Oreviey:| Sion®
8, Mg)F's.8AI(F,OH)s. \White tostraw-lyy 0000 F. Uneven 4 268 [I
Contain ﬂuon’ml and %ate{._ Crystallizes in octahedrons. Ralstonite. 2H,0. C’;eulow. Vitre even, .5 . sometric.
When intensely heated in a olorless,
closed glass tu}l')e yiel dh aciq|Crystallizes in pyramids. Fluellite, AlF,.H,0. white, | Vitreous. F. Uneven. 8 2.17  [Orthorh.
water, and vapors which cor-|B "B whitens and shows slight indication o
rode the glass (p. 77, §5). fusion. G@ives with turmeric-paper a faint|Prosopite. Ca(F,OH),.2AYF,0OH)s. (Colorless, Vitreous. C. Prismatic. |, g 289 [Monocl.
alkaline reaction. white, gray. F. Uneven.
Contain fluorine and but little or|Heat the finely powdered mineral in a test-tube . Wax-yellow to|Vitreous, C. Basal, ,
no water.—Give a deposit of| with from 4-6 drops of concentrated H,80,.|Tysonite. (Ce,La,Di)Fs. reddis);x-browu. resinous. (F. Unevez{" 4.5-6 613 |Hexag.
s;'lica x;hez]] 1fused with ?om(si- After cooling, add 10 cc. of water and test for|
sium bisulphate in a close the rare-earth metals with ammonium oxalate \ .
;l:é)re(;f %mgg)interual diam- (Igbl&’)). Bastnasite effervesces slightly with|Bastnsite. QS&?& & DL X{?jis’l'ﬁg?;vt: Vitreousg,re“y. F. Conchoidal.| 4-4.5 | 4.9-5.2 [Massive.
Gives little or no water in the closed tube, while{CYANITE. ALSIO Blue, green, (Vitreous, C. Pinacoidal, | 8-7 8.66 |Triclinic.
the others give water. (Disthane.) W gray or white, pearly.| perfect. (p. 802.)] -3.68 [Page 217,
Contain aluminium.—Assume a)Generally clay-llke, compact or mealy. Gives
blue color when moistened| a skeleton of silica in the salt of phosphorus "?&EL’;H,EG,&,,) H,Al81,0,. White. Pearly, dull. g g::l]l' per- 1225 |2.6-2.63Monocl.
witll; cobult(;lilrute and ignited| bead (p. 112, §5). . y.
B B., but do not give the re-fyery 1y 70 ey N
: y soluble in the salt of phospkorus bead i ly,
actions of the preceding divi-l "' (0. Y " 0w b G willite oeours gon-|Iarargitite- Al(OH),. White. ﬁ‘;f;e{us, dull.|C- Basal. 2.5-3.5 | 2.8-2.4 |Monocl.
sions. emllylas a&l i}t;crustatiou or stalactitic, rarely WE
crystallized; Bauxite generally in rounded or|Bauxite. ite, gray, Massive.
concretionary grains. Wumintum Ore) (AO(OH).. yellow, red. Dull, earthy. 2.55 Clay-like,
Contains nickeL-—I(;nparLs to theI losed tube black agl Pal d Dull
borax bead.in O. F. a violet{In the closed tube blackens an ves water (se¢|Genthite. ale- to deep- (Dull to Amorph,
colgr when hot, brown when| p. 295). (Garnierite) H N1, Mgs(8104)s.4H,0? green. resinous.|F- Uneven. 84 2.3-28 Botrygid.
cold.
Pale yellow to
. . . . Pearly, Massive.
Contain antimony.—Qive glob-/Gives water in the closed tube. Stibiconite. Sby04.H,O0. yellowish- ’ 445 |6.1-6.8 -
ulesi of the 1metal and a coating ’ white. earthy. Compact.
of its oxide when heated in|(cc i i N hite t G
g‘ ]F. with Na,COs on ohar. Ocﬁgs in acicular crystals and as an Incrusta Cervantite. Sb,0.. Wy élfo vg. reusy.pear]y. 45 4.08 gl:iléﬁi‘;?'
oal.
8=~ Compare Lewisite, Muanze-\Becomes magnetic after heating B. B. Tripuhyite. Fe,Sb;0,? Greenish;m ow. | Resinous. 5.82  |Massive.
ltite and other antimony min- ¥ -
erals on p. 263, and Atopite, p. . Pale-reddish-
208, Characterized by containing tantalum, p. 128. [Stibiotantalite. Sb(Ta,Nb)O.. t0] reenish- [Adamantine. |Conchoidal. |5 6.6~7.4 |Orthorh.?
yellow.
Contains zinc.—Test as directed|Rather slowly acted upon by hot HCl, with{SPHALERITE. ZnS. Brown, yellow,Resinous, C. Dodecahe- Isom. Tet.
y po 8 M 8.54 [4.10
on p. 131 (Fig. 49). evolution of hydrogen sulphide. See p. 202. Fe and rarely Cd iso. w. Zn. green, white.| adamantine.| dral, penfect. | " Page 175.
. . When fused with the bisulphate of potash and s -
Contain manmr{z.—Fused with[  flyorite mixture, momentarily colors the flame|warwickite. (Mg, Fe), TiB,0,? H':iir']ll)r&wnﬁ Vitreous, dull. C. Pinac., per. 3-4 3.86 Orthorh.
borax, then dissolved in HCll green (doron, p. 56, § 1). ull-black. F. Uneven.
:l?)(!ll l{)‘:alcl:g(;)mﬂ;iéigl’; t(h N 8%13‘;' After precipitating titanium from the HCI solu- P i 8o Yellow, C. Cubic
2 p. *| tion with ammonia and filtering, the filtrate d;;‘;::a l';:é p '227 CaTiO,. orange, brown, |Adamantine, F. Uneven 5.5 4.03 |Isometric.
t;. Compare Pyrochiors, next will react for calcium with ammonium oxalate. P black. : :
’
page. Turmeric-paper assumes an orange color when Zirkelite, (Ca,Fe,U0,)(Zr,Ti);s0.. |Black. Resinous. F. Conchoidal.| § 4.71  |Isometric.

placed in the HCI solution (zirconium, p. 183).

* Halloysite, Newtonite, Cimolite; Montmoriilinite, Collyrite and Schritterite are closely related Kaolin-like minerals, with varying proportions of water, and, !n some cases, of uncertain chemical composition.
Division 5, Section a.—Concluded on next page.
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II. MINERALS WITHOUT METALLIC LUSTER.

C.—Infusible or Very Difficultly Fusible.
DivisioN 5.—Insoluble in hydrorkloric acid, or only slightly acted upon.

Section a.—Hardness less than that of glass or a good quality of steel.—Can be scratched
by a Anife.—Concluded.

Section b.—Hardness equal to or greater than that of glass.—Can not be scratched by a
knife.—In part.
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II. MINERALS WITHOYT METALLIC LUSTER.

C.—~Infusible or Ve

DivisioN 5.—Insoluble in hydrochlorie

Dificultly Fusible.

4, or only slightly acted upon.—Continued.

Section a.—Hardness less than that of glass or a good quajity of steel.—Can be scratched by a knife.—Concluded.

General Characters. 8Specific Characters. Name of Species, Composition. Color. Luster. Clg:::f:&nd 2::2‘ gm?yc cza?.}!"
1
in niobs —|When the HCI solution is boiled with tin the i Brown to Isometric,
Co;&':im;bi:zmbﬂ:gx?ﬁﬁﬁ”z{is_ V}O’(;t color of titanium.appeuars before the blue|Pyrochlore. ggc'(l}‘rimci:.Na O.Th.Co.Fe.F g{ov;nish- Resinous. F. Conchoidal.| 5-6.5 |4.2-4.85 U.doctshe-
solved in HCI and boiled with!__of niobium. PRI TS ack. rons.
tin, the solution assumes 8 Gives the reaction for uranium (p- 129, §2) Hatchettolite 'Uncertain. Yellowish- Resinous F. Conchoidal.l 5 4.75-4 9Isomeu-ic.
blue color (p. 99, §1). When i e atchettolite. !Nb, Ta, U, Ca, O, H, Fe. brown. g . . - -91U. octah.
:)ll:ly t:s tli:r.tle tv:‘io:nlum is presenl: . . ] Uncertain. Pale-yellow to ] Isometric.
ey “’1 brs mt(x);t bena;;l)lllil:e dg“" on Gives only a slight reaction for niobium. Microlite. ''a. Nb, Ca, Na, C, F,H. | brown. Resinous. F. Conchoidal.| 5.5 5.4-5.6 U.d (.;::’t:sl-le-
§& Compare the niobates and A I Reddish
ine Imparts a reddish-violet color to the borax bead{n lumbite, | § MuND;O,. sh- . Pinac. 2.
:)aangt:sl.a tes on the following ig O. F. (manganese). See Columbite, p. 257. Mangano-autalite. {MuTa,’O:. b'g:;':v':’ dark-|Resinous. g‘ %ﬁ’é’fe;,_’m o 6.0-7.3 Orthorh.
The partial HCl solution, made alkaline with g
Contain tungsten. — The pow- r ini i ; ¢ White, yellow,|Vitreous, C. Pyramidal. Tetrag.
dered migeral when boiled ’3’;},‘{;‘{2‘(’};"&}' e% é'),pwc'p itate with ammonfum|gcheslite. CaWO.. green, brown.| adumantine.(F. Uneven. 4.5-5 | 6.05 Page 182.
with HCI leaves a yellow resi- - T : -
S A Soluble in ammouia. The solution made acid Bright yellow,
d‘ie of tungstic ozide (p- 128,™" 1), "I, and boiled with tin, assumes & blue Tungstite. 'WO,. y'éliov{fsh. Dull. Q,r thorh.
§D. color. ) green. U. earthy.

L

Section b.— Hardness equal o or greater than liat of glass.—Can not be scratched by a knife.

N.B.—The minerals in this section are arranged according to their crystallization. When crystals are not at hand the species in almost all cases may be identified readily by their blowpipe and

physical properties as given in the tables.

Accurate determinations of hardness and specific gravity will greatly facilitate identification.

Iron Ores.—B. B. in R.F. be-

Compare the difticultly soluble oxides and hy-
droxides of iron on p. 292,

IRON ORES.
(See p. 202.)

Oxides and hydroxides of|
iron,

come strongly magnetic.
. X Colorless, yel- C. Tetrahedral
Characterized by ils extreme ; DIAMOND. less, y . .Tetr )
hardness and bigh luster. Burns brilliantly in oxygen gas (p. 62, §¢). %Cn:lfx'?f;"m when|C. lovgvl,“}edl,)lggﬁ, Adamantine. F.pargzstén. 10 8.52 |Isom.Tet.
The very fine powder, mixed with a little G?Qi‘.‘,?gpml_) ZnAl,0,. Dark-green. |Vitreous. F.Iﬁ?‘;cel:]mdal, 7.6-8 |4.65 [Isometric.
Na,COs, and inteusely ignited B. B. on char- Dieta - Groen-black ¥ Conch .'d I
Generally crystallized fn octahe coal, gives a coating of oxide of zinc. atomolite)  (Z0.Fe,Mn, Mg)(Al,Fe),0, "Er eeu.a;rz;y. Vitreous. Uneven, " 7.5-8 | 4.1-4.9 [Isometric.
nerally -
drons.—The finely pulverized Does not give the above reaction.—Dark varieties|SPINEL. ! Red, lavender,
glixl):rglsglissollvte ?mﬁe ;)81?3“ vl e outaiugvariable amounts of fron. (rgﬁi;.en Ruby Wheniﬂ%ﬁ’\?‘ﬁg& AL bl:(l)‘::ﬁ gl:faecuk' Vitreous. F. Conchoidal.| 8 8.5-3.8 |Isometric.
. B. in the salt of phosphorus - ‘ , .
bead (absence of silica, p. 112,|Gives a green powder. Yields a magnetic muss|gercynite. FeAl,O,. ]
§5). when fused with a little Na;COs; on charcoal. &'r?-x" Sginel.) Mg. o, w. Fe. Black. Vitreous. F. Conchoidal.| 7.5-8 |3.9-8.95 Lsometric.
§# Compare the isometric nto- alt of B
oatter ag o tantatates of the Iui);;:l('its( :hggzg; ;:;}or to the salt of phosphorus c?&?rxfssﬁinel. pi. (Fe,Mg)(Cr, AL, Fe)yO.. Brownish- Pitch-like, o 1 even. 7.5-8 | 4.9-4 5 |18ometric.
previous section. %~ Compare Chromite (p. 256). cotite.) L black.| sub-metallic. U. mass.
Q@ives globules of antimony and a coating of
oxide when beated with Na,CO, on charcoul/Atopite. gﬁ:‘sp!::g'kn i80. w. Ca. Y(:-lel:i:-lt)gown. Greasy. 6.6-6 |5.08 |Isometric.

inR. F.

Drvision 5, Section b.—Continued on next page.
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C.—Infusible or Very Difficultly Fusible.
Drvision 5.—Insoluble in hydrochloric acid, or only slightly acted upon.—Continued.
Beetion b.—Hardness equal to or greater than that of glass.—Can not be scratched by a snife.—Continued.
General Characters, Specific Characters. Name of Species. N Composition. Color. Luster, Cl;:x:‘guer:.nd I',Il‘e‘srg' g},’:giig? Cz"g;g’ilm‘
Imparts a green color to the salt of phosphorus Y¥arovite. CasCra(8i04)s. ) : . Isometric

Leave an insoluble skeleton of | bead (chromium), (frlﬁmfu)rmhromium N ot Emerald-green|Vitreous. F. Conchoidal.| 7.5 3.4-3.5 Fig. 97.
silica when the finely pulver- B B. turns black. Reacts for sulphbur (p. 122, Uncertain, Colorl t. 1 i
;‘zg?hminﬁmlfs al;-e f llnlsed B;) B(i § P (,p Melanophlogite. Six(]), with SO, and H,O0. (;ig%:-sgro:vn. Vitreous. 6.56-7 12.02 .«sg;nl;:glc
o the sa'l of phosphorus bead Giyes strongly acid water in the closed tube. Isom. Tet.
(p- 112, §5). Assume(s a blue color when ignited with cobalt|zunyite. [A].2(OH,F,CI)].A(], C‘;’;Kgf: s'gmy Vitreous. F. Uneven. 7 2.88  |Tetrahe-

nitrate (aluminium). 4 : drous.

Gives globules of tin whc;n fused The b 4 ity 1 ceabl Brown to
B. on charcoal with/The high specific gravity is noticeable. CASSITERITE. black. Tetrag.
Na,CO.saln)d charcoal powder {&~ Compare Nordenskioldine, beyond. (Tin Stone.) 8n0,. Rarely yellow Adamantine. |F. Uneven. 6-7 6.8-7.1 Page 180,
(p. 125, §1). or white.

Fused with Na,CO,, then dis- Yellow
solved in HCI and boiled with|Usually in prismatic crystals, often very slender g C. Prismatic, 4.18- |Tetrag.
tin, the sol(ution assumes a| &nd twinned. RUTILE. rl‘iO.. re;l(;ii)s]l;cbl:own Adamantine, F. Uneven. 6-6.5 4.25/Page 181,
violet color (titanium, p. 127, )

§2). &~ Rutile, octahedrite, Distinezui . .

, s guished from the foregoing by the habit R Yellow, C. Basal and
and brookite (p. 300) furnishi™ " 7 crystals and by its different physical|Octahedrite. % /g brown, blue,|Adamantine. | pyramidai. |5.5-6 |3.8-8.95 Tetrag.
a; lnterci:snng illustration of properties (Anatase.) black P. Conchoidal Page 181,
trimorphism. ) : : .

Fuse B. B. in a Na,CO, bead

and dissolve in 1 cc. HCI and -
. Oo A small fragment when intensely heated B. B. Colorless,
1 cc. of water, A turmeric- glows and emits a white light. v ZIRCON. ZrSi0.. rray, green,|Adamantine, |0 Lrismatic. |q g 468 |Letrag.
aper placed in this solution e g (Hyacinth.) gray, green, F. Conchoidal Page 180,
Bssu mes an orange color (2 {2~ Compare Baddeleyite (p. 802). brown, red. . g ag!
contum, p. 133).

Fused B. B. with borax, then S gl N Tetrag.
dissolved in HCI] and boiled|Fergusonite is essentially a niobate of yttrium,|Fergusonite. (Y,Er,Ce)}(Nb,Ta)O,. Browmsl;ﬂmk RLS‘;&‘;;’,IW& F. Uneven. 5.5-6 |4.8-5.8 |Cl.20,p.219.
with tin, the solution assumes| and sipylite a niobate of erbium, ) U. mass.
a 1blue color (niobium, p. 99,|[F~ Compare the niobates (p. 300). Sipylite (Er, Ce,La,Di,H,)NbO.? Brownishe Resinous F. Uneven 6 49 'Ilj‘etrug.

R . PSR black. . : : : . mass,

Characterized by extreme bard-The finely pulverized mineral when made into a CORUNDUM White, gray, Parting basal
ness,—The transparent, .col- paste with cobalt nitrate and intensely heated|” (Sapphire = when ALO yellow, brown,|Adamantine, and rhombo- 9 3.95-4.1 Hex. Rh.,
ored varieties are highly prized| B. B. on charcoal assumesa blue color (alumin-| blue, Ruby when/“ 3-8 green, blue, vitreous.| hedral, . *"|Page 194.
as gem materials, Tum). red, Emery.) pink, red. F. Uneven.

. Crystallized generally in hexagonal prisms, ter-

o o i
gﬁs:a’ﬁé?:& ﬁZ};]ngLﬂ.z:‘; minated by rhombohedrons (p. 197). QUARTZ Colorless, C. Rhomb
ineral is mixed with an equal Amethyst is violet. Agate is compact, clouded,|~ Rock Crystal, white, smoky. Vit “hedral io- 2.65 Hex. Rh
volume of Na,CO (mtherq]ess banded, and variously colored.  Jasper is| Amethyst, Agate,SiOs, Variously 1treous, edral, In 7 . "2' 66 Pex. 197'
Na,CO tlml: m:)re) and a colored red or brown by hematite or lmonite. -l",‘l““l't“"\ Chert, colored when greasy. F tgxces. idal ' age 19¢.
little of this mixture is fused fChert aln'd Flint are co{;}puﬁt, and vary in color| ¥lint) impure. » Conchoidal.

B. B. in a small loop on plat-|_from white or gray to black.

foum wire.—Give no reac- :

tious for the bases when tested . !

) Crystals are generally thin hexagonal plates,| .. . White, : . 2.28- |Hexag.

@?ﬂd&.::ggrgn 3/‘ ;l}:gélogn‘;. and often twinned. Tridymite. 510, colorless. Vitreous. F. Conchoidal.) 7 2.33|Tabular.
Opal (p. 802).

DivisioN 5, Section b.—Continued on next page.
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C.—Infusible or Very Difficultly Fusible.
DrvisioN 5.—Insoluble sn hydrochloric acid, or only slightly acted upon.—Continued.
Bection b.—Hardness equal to or greater than that of glass.—Can not be scratched by a kngfe.—Continued.
General Characters. Specific Characters. Name of Species. 4 Composition, Color. Luster. Cl;:m.nd %::2: g?:s}g’ c::w
B. B. unaltered. Doel;s }n{ot (i)ve Whit K o
a clear glass witl a , : . e, . Prismatic.
When treated as dirccted ineacts for beryllium (p. 83, §a) Phenacits. Be,S10.. colorless |Vitreous. [ (o | 768 296 \ex Rh
the foregoing paragraph. ‘
Momentarily colors the blowpipe flame green TOURMALINE. R'0Aly(B.OH);8i,0,,.
(boron), when heated on platinum wire with| (Achroite when col, R’: re;)(laced {).y o CO]Or]essi)] Vi F. Conchoidal Hex. Rh.
B. B. become milk-white, and at| the potassium bisulphate and fluorite mixture g“ﬁz‘:f'muz"dl"?&tf Al, Fe”, Mg, Mn, Ca, Na, gie‘f{n» due' treous. Uneven, | 1-7-6 |8.0-8.1 Hemimor.
a high temperature_show indi-| (p. 56, § 1). lite when red.)  |K, Liand H. Fiso,w.OH, | PID¥% Ted. Page 196.
cations of fusil;m. Fus. = ?—6.1 the closed tube at 1 heat N 4. but/BERYL p -
Tourmaline exhibits pyroelec-|In the closed tube at a red heat unchanged, but\™ ¢\, imarine when| A pproximatel reen, yellow, F. Concholdal
tricity (p. 281). on intense ignition B. B. whitens and yields| pal , Emer- P Y blue, pink, |{Vitreous. - voncnoldal,| o A x Hexag,
ricity (p. 281) O e O y Eg‘;:v‘,ﬁ%%" el BesAly(8i0,)e.4H,0. | o0& P Ubeven, | -+8 |27-2T0p, 0T 6s,
Gives globules of tin when fused B. B. on char- Sul
] ; \ phur- to  [Pearly, C. Basal, per.
(153;1 yllth Na,CO, and charcoal powder (p.|Nordenskitldine, [CaSn(BO,),. lemon-yellow. vitreous. |F. Conch(%;l. 6.5-6 |4.20 'ﬁ‘l:;ﬁ]l:f'
B. B. give a green flame (boron). = , § 1. = : e TroTeed T oobak: ol *
S:il:lrl;t:: (Zlmr?igzizom‘)).rw R L AIBO,. opg;ee;'seltl(:)w, Vitreous. F. Uneven. |6.6 8.28 gﬁ::,l&
Niobates. — Fused with borax, Uncertain. Brownish- .
then  dissolved in HC! and Aschynite. Nli‘:eT(i)’ Th, Ce, La, Ca, black to black. Resinous. F'Ctgx?gl‘;g?ésl. 6 4'9%‘15 Orthorh.
:&ﬁge::f:) ﬁglt],'au\lr?olz(t)hc]:)ll‘:; Distinguished with dificulty, andf often only] by - r—
A s studying the habit and angles of the crystals. ncertain. Brownish- . x
(titanium), which changes on Charac);.erfl?’zed by their dz%rk color, r):esinous Euxenite, Nb, Ti, Y, Er, Ce, U, Fe, H, 0. black to black. | Resinous. FCE:ﬁl:gli‘(']al 6.5 4.6-5.0 (Jrthorh.
gglpul,l,l‘lu;dggog"l‘)g to blue (n¢-| ™ (pitch-like) luster and high specific gravity. o : : U. mass.
» P 99 320 Uncertain. Brownish-
Q;‘M(’)%rsn?[’mggs lal:ﬁi lz\’gcgf)ates. PP Polycrase, Nb, T, Y, Er,Ce, U,Fe, H,O. |black to black. Resinous. F. Conchoidal.| 8 4'955.05 Orthorh,
Reacts for titanium, but wotigraa1ly in tabular crystals. \ " Hair-b t
zt:t,)ro v!;iobmm when tested uslpe C('Ympare Rutile an Octahedrite (p. 299),  [Brockite. TiO,. %lracl?wn ©|Adamantine. |F, Uneven. |6 4.0-4 08|Orthorh.
Usually bas a blue color, but by\g, 41,6 closed tube at a red heat unchanged. b Light or dark
\ ged. but
t itted  light car § . i IOLITE, blue. )
Aonoss wite when viewed a| 00 Intense ignition B. B. yields nbout' 1 per'Geordierie)  (Bu(MgFelAlSIOm. |gojqor  (Vireous. & Floacollal |z g5 561 lorhorh.
certain directions, ) colorless.
[n prismatic crystals, common-|In the closed tube at a red heat unchanged, but Red-brown to
]3? twinned ({). 205). Often| on intense ignition B, B. yields about 2 per|STAUROLITE. (FAIO).(AI.OH)Fe(SiO.),. brownish- |Lvesinous, C. Pinacoidal. | 5 95 | 8.75-  |Orthorh.
very impure. cent of water. ® i80. w. Al; Mg iso. w. Fe. black vitreous.F. Uneven. 8.78|Page 200.
Reacts for boron (p. 56, §2). Gives water in the closed tube. Hambergite. Be(Be.OH)BO.. Grayish-white.| Vitreous. C. Piuvac., per.| 1.6 2.36  |Orthorh.
Bivesa reaction for fluoréne when\my o 1 15crized mineral when moistened with Colorless,
heated in a bulb tube with coblt:lt. nitrate and intensely heated B. B. on|ToPAZ. (AlF),8i0,. yellow, pink, |y eove C. Basal, per. | g 8.62- |Orthorh,
g’g)“"“ metaphosphate (p. 76,/ (p.r0a] assumes a blue color (aluminium). OH iso. w. F. bluisl;,h ) F. Unevean. 8.57|Page 204.
_&3). greenish,

DivieioN 5, Section b.—Continued on next page.
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30 II. MINERALS WITHO T METALLIC LUSTER.
C.—Infusible or Very Difficultly Fusible.
DivisioN 5.—Insolubdle sn hydrochlorie aa)r or only slightly acted upon.—Continued.
Section b.—Hardness equal 1o or greater than that of ylass.—Can not be scratched by a kn{fe.—Continued.
General Characters. Specific Characters, Name of Species.. } Composition, Color, Luster., c'l?.::gf:r:"d fgg;g- gip:c!?c Crygtalll-q
. 3 vity.| zation, |
Anthophyllite. AMg,Fe)S10,. Gray, clove-|Vitreous, C. Prism., per. o
Distinguished by differences in cleavage.—An.| (Asbestusin part,) g{, so. w. Mg, brown, green. pearly. Al}%:ﬁ,s 54" & 5.5-6 |8.10  |Orthorh.
Become black when heated B. B th(()ipihyl}ite g(t:)curs usually in slender prisms o S —
: ‘a2 and is often fibrous. ENSTATITE. . Prismatic.
:;gn 'gsse F:vshe__x: én very fine \Bronzlte) Mg, Fe)S8i0,. Grgg;,esrown, Pef:gﬁze-like. Al;gles 88° &| 5.5-6.5 | 3.2-8.3 |Orthorh.
Brownish- :
Becomes slightly magnetic after heating B. B. |Hypersthene. (Mg, Fe)8i0,. g:&vx‘;ulbh to |Pearly. C. Pinac., per. 5-6 8.8-3.5 'Orthorh,
greenish-black F. Splintery. ) *
Characterized by the adsence of |Characterized b
i) y extreme hardness. Frequently . . .
glim' TThe {i"ﬁy P{’”’gl":d occurs in twin crystals. Alexandrite is 8 Chrysoberyl, BeAlLO Yellowish-, . C. Prismatic.
o ueml ts arl:e v;l o g' soluble 3 variety which appears green by day, and red| (Alexandrite,) 10 asparagus- 1o Vitreous, F. Uneven, 8.5 8.65-8.8/Orthorh,
(pe 1?2 §05)pa ﬁpwfgﬁ nl]):?ie by lamplight. emerald-green conchoidal.
intg a ]’)astel v:viith (i:ol()ial]té n]i3trate Whit :
and intensely ignited B. B. on Gi " 12 BI8Y, | Pegr] C. Pi 3.35-
charcoal, assume a blue color| @1ves water in the closed tube. Diaspore. A10(OH). yellowish, Y, - Pinac., per.| o ¢ o .8 >
(abuminsiimy, greenish, vitreous.|F. Conchoidal, 8.45) Orthorh.
In the closed tube at aB reﬁi heatiunchanged, but C. Prismati
on intenss ignition B. B. whitens and gives : Colorless, Pearly, - trismatic, -
water. The color given by cobalt nitrate is|{Sertrandite. Be,(Be.OH),8i,0r. whit.ref;e]low. ear ’;itrcous. basal, and | 6-7 2'592 60 I?{rthprh.
Silicates.—The finel dered more of a lavender than blue. Pinac., per. ' ¢mimor,
fcates.—The finely powdere )
minerals are decomposed when Occurs in fibrous or columnar aggregates. Con-|Kornerupine. Mg(AlO . White to yel-|y,. , . _
fused in the salt of phosphorus| tains magnesium (p. 110, §4). & (Prismatine.) E’:SO w_)hﬁi,o‘ lowish-broﬁj. Vitreous. C. Prismatic. | 6.5 3'273 g4/Orthorh.
bead, leaving a skeleton of| | i
silica (p. 112, § 5).—When O(i:;ltrl? g:u&l)lyiu stou.t.,near!ly_ refit_ang:elgrprisrﬁsi ANDALUSITE Flesh-red, red
made into te with cobalt rbonaceous impurities disposed paralle LUSITE. Ri s il C. Pri ic. .
ni:raie an(f na::ass;y igﬁited to the axial directions of the crystals (Chiasto-| (Chiastolite.) iBiOs. d]'?b’br own, Vitreous. F. U::i?::)uc 7.5 s 163-.20 Orthorh,
B. B. on charcoal, assume a|_lite). Often impure from partial alteration. ' ollve-green.
blue color (aluminium). . Hair-brown, - .
3" Compare Oyanits (p. 802). [Commonly fibrous, or in long slender crystals. s'('irlh':oﬁt'g)rs' 18104, g}ag gray-| Vitreous. g IPI:ll:::Icéx; per.i g n 8 233‘24 Orthorh,
. reen, * * .
Whitens when heated in the closed tube. Gives
the reaction for boron with turmeric-paper (p.|{Dumortferite. Al0)sAly(8i04)s? -blue. C. Pinacoidal. 3.26-
56, §2). p'p (p * 150, w. AL, Deep-blue Vitreous. F. Uneven. 7. 5.36 Orthorh.
In the closed tube ata red heat unchanged, but
B. B. cracks, whitens and fuses ; gec, Colorl Pear] i
4 intense igniti . B. Euclase, AlLO . olorless to |Pearly, C. Pinac., per.
at 5} to a white enamel. gnpe? c:ns:o fgvl;:: u(;: B. B. whitens and yleldsl uclase, %e( H)810, pale-green. vitreous.|F, Couchoidpﬁ 1.6 8.06-3.1 Monocl.
Gi(V‘:GIll Ol‘eg!;;‘(m for magnesium(ygy4))y 1y disseminated graina. Sapphirine. "fg-Al.gShOn. Pugl;aemt:lue Of\Vitreous, F. Uneven. |7.5 3'42'3- 48/ Monocl
In the closed tube at a high tem- Chlorltoid; 2(Fe, Mg)A1,810,. D!:'rel::n %;:g: Pearly, C. Basal 3‘52_'
rature ylelds water. May Crystals are usually tabular, with hexagonal out- ish-blac vitreous.| + per. | 6.5 8.57|Monorl.
s lme %iggtly magnetic after| line. (Fo, g, ua) AL o) GreeniL : -
et . B, Ottrelite. 106, Mg, 1Fe reenish. )
= 81,0, Dlack. o '|Vitreous.  |C. Basal, per. |6-7 {826 (Monocl.

Drvision 5, Ssction b.—Concluded on next page.
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C.~Infusible or Very Difficultly Fusible.
Davision 8.—Insolubls in hydrochiorio acid, or only slightly acted upon.—Concluded.
Svotion b, —Hardness equal to or greater than thas of glass.~Can not be scratched by a knife.—Concluded.
General Characters. Specific Characters. Name ot Speciel | Composition. Oolor. Luster. | Clpstageand | Hard- | Speciic | Crystall
Fuse B. B. In a Na,CO, bead and treat with1 cc. HOI and 1 cc. of water. A tur- : - Colorless, Greas
meric-pager glaced in this solution assumes an orange color (zirconsum, p. 183).|Baddeleyite, Zr0s. yellow, brown, adag;antine. IC. Basal. 6.6 5.6 Monocl.
Fusible B. B. on the thinnest edges. black.
Obaracterized by distinct cleav- THE FELDSPARS, |Silicates of White 0. B 5 N
A L | , gray, ., Basal & 2.65- 'Monocl.
;g:f;‘;g!‘:m‘;%ﬁﬁr?o or|Fusibility 8. See Div. 5 p. 25. [A] K, Na & Ca. yellow, red. Vitreous. Pinacoidal. |8 2.80{Triclink
mﬁ:’: “ym "%23 by rymlﬁ— Blue. Atti l .
scra Y steel I Assumes a blue color when molstened Wwith|CYANITE. i tmes Vitreous, C. Pinacoidal, 8.56~ |Triclinic.
Cloavage, bus Barder than steef] Cobalt nitrate and igalted (aluminium). (isibioa)  ALSIO ot green " pearly.| perfect. |7 3.66 Page 217,
at right angles to the cleavage.
After fusion with Na,CO, and dissolving in HNO, the solution gives the reaction|t i 1.20H),PO.. Blue, bluish-
for a phosphate with ammonium moly%date (p. 102, §1). gl (Khliait (Ici‘(f})n)gso.) 5 ?M.eom'. green, green. Wax-like. F. Uneven. |6 2.6-2.8 Massive.
hydrous.—S8tructure botryoidal, stalactitic or{cHaLcEDONY. White, gray, -
inerusting, - Carnelian i3 red, Chrysoprase|"{tareia, ChiysoSi0s. brows, bige, (Wax-like,  [F- Uneven, |, 2.6-2.64 Massive.
Behave like quarts (page 299) _green. prase.) red, green. splintery.
when fused with Na,CO, on Colorless, red
slatinum wire. e o e e 0 Intenso Jguitlon in theloPAL, e 810, with water. yellow, gees, v‘"“,‘;ﬁ;mu,_{!'. Conchotdal.| 5.5-8.5 | .1-2.2 |Amorph.

.
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Acids, 4

Acid sulphate of potash, 25
Adamantine luster, 228
Agate mortar, 20
Alcohol.lamp, 15
Aluminium, 42
Ammonia, reagent, 28
Ammonium, 43
Ammonium carbonate, 29
hydroxide, 28

—— molyhdate, 2

—— oxalate, 30

—— sulphide, 29
sulphocyanate, 30
Amorphous structure, 221
Antimony, 43

Anvil, 20

Apparatus, 10

Aqua regin, 28

Arsenic, 47

Atomic weight, &

Atoms, 3

Axes, crystallographic, 159

Balances for specitic gravity, 234
Barium, 52

Barium chloride, 30

—— hydroxide, 28

Base, hexagonal system, 187
——, monoclinic system, 210
——, orthorhombic system, 201
——, tetragonal system, 179
, triclinic system, 215
Bases, 4

Beakers, 21

Beam Balance, 235
Beryllium, 53

Bismuth, 54

Blowing, 13

Blowpipe, 10

Blowpipe flame, 38

~—— lamps, 14

— tips, 11

Bone-ash, 26

Borax, 24

——, reactions with, 148
— glass, 26

SUBJECT-MATTHER.

Boron, 56

Botryoidal structure, 222
Brachy-dome, 201, 215
Brachy-pinacoid, 201, 215
Bromine, 57

Bulb tubes, 18

Bunsen burner, 13

—— —— flame, 31

Cadmium, 57

Cwesium, 58

Calcium, 58

Candle-flame, 31

Carbon, 61

Carbonates, 62

Casseroles, 22

Centimeter scale, 41

Cerium, 64

Charconl, 16

, reactions on, 142

, uses of, 39

Chemical nflinity, 8

—— analyses, 6

composition, calculation of, 5
—— equations,

prineciples, 1

Chemistry, 3

Chlorine, reactions of, 67

, reagent, 27

Chromium, 69

Cleavage, 223

Clino-dome, 210
Clino-pinacoid, 210

Closed tubes, 18

—— ——, reactions in, 137
Cobalt, 71

Cobalt nitrate, reactions with, 148
——, reagent, 29
Cohesion, 223

Color, 228

Columbium (sce Nicobium), 98
Columnar structure, 221
Combinations of crystal forms, 166
Combustion, 31

Compact structure, 221
Conchoidal fracture, 225
Copper, 71

803
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Crystal combinations, 166
form, 163

—— habit, 165
Crystallization, 155
Cube, 170

Cubic centimeter, 41

Decrepitation, 84

Definite proportion, law of, 8
Deltoid dodecahedron, 175
Diamond mortar, 19
Didymium, 65
Dimorphism, 8

Diploid, 173

Distorted crystals, 165
Dodecahedron, 170
Domes, monoclinic, 210
——, orthorhombic, 200

, triclinic, 215
Dropping-bottle, 23
Dropping-bulb, 23

Earthy structure, 221
Elements, 3
Erbium, 65

Fibrous structure, 221
File, 20

Filtering, 22
Filter-paper, 21

Flame coloration, 35

, table of, 136
Flame, pature of, 31
Fluorine, 75

Foliated structure, 221
Forceps, 15

Fracture, 225

Fuel, 13

Fuunel, 21

Fusibility, scale of, 230
Fusion, 33

Gadolinium, 656
Gallium, 78
Germanium, 78

Glass tubing, 17
Globular structure, 222
Glowing, 231
Glucinum (see Beryllium), 58
Gold, 78

Goniometers, 158
Granular structure, 221
Greasy luster, 228
Gypsum tablets, 17

Habit of crystals, 165

Hackly fracture, 225

Hammer, 20

Hardness, scale of, 226

Heavy solutions, 236, 288

Helium, 80

Hemibedrism, 164

Hemimorphism, 164
Hexngonal-hombohedral system, 191

Hexagonal system, 184
Hexakistetrahedron, 176
Hexoctahedron, 172
Holders for platinum wire, {6
Holohedral forms, 164
Hydriodic acid, 28
Hydrocarbons, 61
Hydrochloric acid, 27
Hydrochlorplatinic acid, 28
Hydrogen, 81

Hydrogen, sulphide, 27
Hydroxyl, 81

Inch scale, 41
Indices, 161
Iudium, 82

Iodine, 82

Iridium, 104

Iron, 83

Isometric system, 169
Isomorphism, 7
Ivory spoon, 21, 41

Jolly Balance, 234

Lamps, 18
Lamp-stand, 23
Lanthanum, 65
Lead, 87

Lead, granulated, 26
Lens, 20

Lithium, 90
Litmus-paper, 25
Loops, 16

Luster, 227

Macro-dome, 201, 215
Macro-pinacoid, 201, 216
Magnesium, 91

Magnesium ribbon, 26
Magnet, 20

Mallenble, 226
Mammillary structure, 222
Manganese, 92

Massive structure, 221
Mathematical ratio, law of, 160
Mercury, 93

Metallic luster, 227

Metal scoop, 21

Micaceous structure, 221
Miuneral kingdom, 1
Minerals, 1

——, dctermination of, 239
——-, tables for determination, 245 et
Molecular weight, &
Molecules, 3

Molybdenum, 95
Monoclinic system, 208
Mortars, 19

Mouthpiece, 12

Neodymium, 65
Nickel, 96
Niobinm. 93
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Nitric acid, 28

Nitrogen, 99
Nitrohydrochloric acid, 28
Nou-metallic luster, 228
Normal forms, 164

Octahbedron, 170

0il for fuel, 14

Oil of vitriol, 28

Oily luster, 228

Open tubes, 18

——, table of reactions, 140
Organic matter, 61
Ortho-dome, 210
Ortho-pinacoid, 210
Orthorhombic system, 199
Osmium, 104

Oxidation, 85

——, with nitric acid, 120
Oxide of copper, 26
Oxidizing flume, 36
Oxygen, 100

Pullacium, 104

Parameters, 160

Parting, 224
Pearly luster, 228
Pentagonal dodecahedron, 173
Phosphorescence, 231t
Phosphorus, phosphoric acid, 101
Phosphorus salt, 25
—— ——, table of reactions, 149
Pinacoids, hexagonal, 187
——, monoclinic, 210

——, orthorhombic, 20]
——, tetragonal, 179
——, triclinic, 216

Pipette, 23

Platinum, 103
Platinum chloride, 28
—— loops, 16
—— -pointed forceps, 18
—— spoon, 16
—— wire, 16
Pliers, 20
Porcelain crucibles, 22
—— (lishes, 22
Potassium, 105
—— bisulphate, 25
—— bisulphate and fluorite, 26
—— ferricyanide, 80
ferrocyanide. 30

~— hydroxide, 28

— iodide and sulphur, 26
—— mercuric iodide solution, 238
—— nitrate, 26

—— pyrosulphate, 26
Prascodymium, 65
Precipitation, 30

Prisms, hexagonal, 187
=, monoclinic, 209
———, orthorhombic, 200
-, tetrngonal, 179

-, triclinic, 215

Pseudomorphous crystals, 218
Pyramids, hexagonal, 186
——, monoclinic, 209

——, orthorhombic, 200
——, tetragonal, 177

——, triclinie, 215
Pyritohedron, 173
Pyroelectricity, 231

Radiated structure, 222
Rare-earth melals, 65
Reagents, 24

, reactions with, 151
Reamer, 11

Reducing tiame, 36
Reduction, 36

Reniform structure, 223
Resinous luster, 228
Rhodium, 104
Rhombohedral system, 191
Rhombohedrons, 191
Roasting, 89

Rocks, 2

Rubidium, 106
Ruthenium, 104

Salts, 4

Samarium, 65

Scale of hardness, 158
Bcalenohedron, hexagonal, 192
, tetragonal, 184
Scandium, 65

Scoop, 21

Selenium, 107

Separatory funnel, 238
Silicon, 107

Silky luster, 228

Silver, 113

Silver nitrate, 80

Sodium, 115

Sodium carbonate, 24

—— metaphosphate, 25
—— —— table of reactions, {49
—— phosphate, 30

—— tetraborate, 24

Spatula, 21

Specitic gravity, 232
Sphenoid, orthorhombic, 208
, tetragonal, 183
Splintery fracture, 225
Spring Balance, 234
Stalactitic structure, 223
Strenk, streak plates, 228
Strontium, 116

Structure of minerals, 221
Sub-metallic luster, 227
Sulphates, 122

Sulphides, 118

Sulphur, 118

Sulphuric acid, 28
Symbols, 8

Symmetry, 162

Systems of crystallization, 169, 219
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Tantalum, 128
Tellurium, 124
Tenacity, 226
Terbium, 65
Test-paper, 25
Test-tube, 21
Test-tube holder, 21
Test-tube stand, 21
Tetragoual system, 177
Tetrahedron, 175
Tetrabexahedron, 172
Thallium, 125
Thorium, 65
Thulium, 65

Tin, 125

, granulated, 26
Titanium, 127
Trapezohedron, hexagonal, 197
, isometric, 171
Triclinic system, 214
Trisoctahedron, 172
Tristetrahedron, 175
f'rimorphism, 8
Truncations, 167
Tungsten, 728

Turmeric-paper, 25
Twin crystals, 167

Uneven fracture, 225
Uranium, 129

Valence, 4
Vanadium, 130
Vitreous luster, 228

Watch-glasses, 21

Water, reagent, 27

, test for, 81

Water of crystallization, 81
‘Wash-bottle, 23

Washing, 22

Westphal Balance, 236

Ytterbium, 63
Yttrium, 65

Zinc, 130
——, granulated, 26
Zirconium, 133



INDEX TO MINERALS.

Aanerddite, 254
Acanthite, 251
Achroite, 300
Acmite, 270
Actinolite, 288
Adamite, 275
Adelite, 275
Agirite, 270
Anigmatite, 270
Aschynite, 300
Agdlmatolite, 296
Avate, 299
Agricolite, 262
Aguilarite, 248
Aikinite, 251
Alabandite, 253
Alubaster, 274
Albite, 285
Alexundrite, 301
Algodonite, 246
Allactite, 275, 292
Allanite, 254, 269, 280
Allemontite, 246
Alloclasite, 246
Allophane, 294
Almandite, 270
Altaite, 248
Alumian, 291
Aluminite, 291
Aluminium Ovre, 297
Aluunite, 290, 296
Alunogen, 291
Alurgite, 284
Amalgam, 253
Amarantite, 267
Amblygonite, 283
Amesite, 296
Amethyst, 299
Ammonia Alum, 291
Amphibole, 288
Analcite, 282
Anatase, 299
Audalusite, 301
Audesite, 285
Andorite, 249
Andradite, 269

* Anglesite, 260
Anhydrite, 274
Ankerite, 289
Annabergite, 267
Anorthite, 280, 285
Anorthoclase, 285
Anthophyllite, 287, 301
Antimony, 249
Antimony Glance, 249
Apatite, 276, 293
Aphthitalite, 272
Apjohnite, 201
Apophyllite, 282
Aqguamarine, 287, 300
Aragonite, 289
Ardennite, 286
Arfvedsonite, 270
Avgentite, 251
Argyrodite, 253
Arsenic, 246
Avrseniosiderite, 267
Arsenolite, 258
Arsenopyrite, 247

Asbestus, anthophyllite, 287,

301
—— , scrpentine, 281, 295
, tremolite, 288
Asbolite, 292
Astrophyllite, 269
Atacamite, 263
Atelestite, 262
Atopite, 298
Augelite, 293, 206
Augite, 288
Aurichalcite, 290
Automolite, 298
Autunite, 276
Awaruite, 265
Axinite, 285
Azurite, 263

Babingtonite, 270, 288
Baddeleyite, 302
Barite, 274

Barium Feldspar, 286
Barrandite, 268

Barysilite, 262
Buarytocalcite, 289
Bastniisite, 297
Bauxite, 297
Bayldonite, 260
Bechilite, 277
Beegerite, 251
Belonesite, 277
Bementite, 281
Beraunite, 268
Berthierite, 250
Bertrandite, 301
Beryl, 287, 300
Beryllonite, 277
Berzelianite, 247
Berzeliite, 275
Beudantite, 260
Bieberite, 291
Bindheimite, 261
Binnite, 246

Biotite, 269, 270, 284
Bismuth, 253
Bismuth Glance, 251
Bismuthinite, 251
Bismutite, 262
Bismutosmaltite, 246
Bismutospheerite, 262
Bixbyite, 253

Black Jack, 252
Black Lead, 256
Blende, Zinc Blende, 253
Bladite, 272

Blue Vitriol, 264
Bobierrite, 277

Bog Iron Ore, 292
Bog Manganese, 292
Boléite, 261

Boruncic Acid, 277
Borucite, 277

Borax, 278, 217
Borickite, 268
Bornite, 252
Botryogen, 266
Boulangerite, 249
Bournonite, 249
Boussingaultite, 272
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Brackebuschite, 260
Brandtite, 275
Braunite, 254, 256
Breithauptite, 250
Breunnerite, 289, 290
Brewsterite, 282
Brochantite, 264
Bromlite, 289
Bromyrite. 259
Brongniardite, 249
Bronzite. 287,301
Brookite, 300

Brown Hematite, 266, 202

Brucite, 290, 293
Brushite, 276
Bunsenite, 292

Cabrerite, 267
Cacoxenite, 268
Calamine, 278, 294.
Calaverite, 248
Calcioferrite, 268
Calciovolborthite, 265
Calcite, 289
Caledonite, 260
Callainite, 293
Calomel, 258
Cancrinite, 278
Canfieldite, 253
Cappelenite, 279
Caracolite, 260
Carbonado, 298
Carminite, 260
Carnallite, 271
Carnelian, 302
Carpholite, 286
Carphosiderite, 267
Carrollite, 252
Caryinite, 260
Caryocerite, 295
Cassiterite, 299
Castanite, 267
Catapleiite, 281
Celestite, 274
Cenosite, 278
Cerargyrite, 259
Cerite, 294
Cerussite, 2569
Cervantite, 297
Chabazite, 282
Chalcanthite, 264
Chalcedony, 802
Cbalcocite, 252
Chalcodite, 269
Chalcomenite, 265
Chalcophanite, 256
Chalcophyllite, 265
Chalcopyrite, 252
Chalcosiderite, 265, 268
Chalcostibite, 250
Chenevixite, 264
Chert, 2909
Chiastolite, 801
Childrenite, 268
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Chiolite, 274
Chiviatite, 251
Chloanthite, 247
Chlorite, 284, 296
Chloritoid, 301
Chloropal, 295
Chondrodite, 294

Chrome Clinochlore, 284,
296

—— Garnet, 299
—— Mica, 284
Chromic Iron, 256
Chromite, 256, 298
Chrysoberyl, 301
Chrysocolla, 295
Chrysolite, 294
Chrysoprase, 302
Chrysotile, 281, 295
Churchite, 293
Cimolite, 297
Cinnabar, 258
Cirrolite, 276, 283
Claudetite, 258
Clausthalite, 248
Clinochlore, 284, 296
Clinobedrite, 278
Clinoclasite, 264
Clinohumite, 294
Clinozoisite. 287
Clintonite, 296
Cobalt Bloom, 267
Cobaltite, 246
Colemanite, 277
Collophanite, 276
Collyrite, 297
Coloradoite, 248
Columbite, 254, 257
Comptonite, 278
Conichalcite, 264
Connellite, 263
Cookeite, 284
Copiapite, 267
Copper, 253
Glance, 252
—— Nickel, 247
—— Pyrites, 252
Copperas, 266
Coquimbite, 266
Cordierite, 287, 300
Cornwallite, 265
Corundophilite, 296
Corundum, 299
Corynite, 247
Cosalite, 251
Cotunnite, 258, 261
Covellite, 252
Crednerite, 256
Crocidolite, 270
Crocoite, 261
Cronstedtite, 269
Crookesite, 247
Cryolite, 274
Cubanite, 252
Cumengite, 261

Cuprite, 254, 263
Cuprobismutite, 251
Cuprodescloizite, 26@
Cuproiodurgyrite, 25¢
Cuprotungstite, 265
Cyanite, 302
Cyanochroite, 264
Cyanotrichite, 264
Cylindrite, 249
Cyprusite, 267

Dahllite, 290
Danalite, 269, 294
Danburite, 285
Darapskite, 272
Datolite, 278
Daubréelite, 262
Daubreeite, 255
Dawsonite, 273, 289
Derbylite, 255
Descloizite, 260
Desmine, 282
Deweylite, 281, 205
Diadochite, 266
Diallogite, 200
Diamond, 298
Diaphorite, 249
Diaspore, 301
Dickinsonite, 276
Dietrichite, 291
Dietzeite, 274
Dihydrite, 265
Diopside, 288
Dioptase, 294
Disluite, 298
Disthéne, 302
Dolerophanite, 264
Dolomite, 289
Domeykite, 246
Dry-bone Ore, 2980
Dufrenite, 268
Dufrenoysite, 246
Dumortierite, 801
Durangite, 275
Durdenite, 268
Dysanalyte, 257
Dyscrasite, 250

Ecdemite, 260
Edingtonite, 278
Elzolite, 280
Electrum, 253
Eleonorite, 268
Embolite, 259
Emerald, 287, 300
Emerald Nickel, 200
Emery, 299
Emplectite, 251
Enargite, 246
Eundlichite, 260
Eunstatite, 287, 301
Eosphorite, 276
Epiboulangerite, 249



Epididymite, 287
Epidote, 287
Epigenite, 246
Epistilbite, 282
Epsomite, Epsom Salt, 272
Erinite, 265
Erythrite, 267
Ettriegite, 274
Eucairite, 247
Euchroite, 265
Euclase, 288, 301
Eucolite, 279
Eudialyte, 279
Eudidymite, 288
Eulytite, 262
Euxenite, 300
Evansite, 293

Fairficldite, 276
Falkenhaynite, 250
Famatinite, 250
Faujasite, 282
Fayalite, 269
Feather Ore, 249
Feldspar, 285
Felsobanyite, 291
Fergusonite, 299
Ferronatrite, 266
Fibroferrite, 267
Fibrolite, 301
Fillowite, 276
Fischerite, 293
Flinkite, 275
Flint, 299
Flucllite, 297
Fluocerite, 293
Fluorite, 274
Fluor Spar, 274
Footeite, 263
Forbesite, 267
Forsterite, 294
Fowlerite, 286
Franckeite, 249
Franklinite, 255
Freibergite, 250
Freieslebenite, 249
Friedelite, 281
Fuchsite, 284

Gadoliuite, 280, 294
Gahnite, 298
Galena, 251
Galenobismutite, 251
Ganomalite, 262
Ganophyllite, 278
Garnet, 287

—— Almandite, 270
~—— Andradite, 269
——— Grossularite, 287
—— Pyrope, 287
—— Spessartite, 286
—— Uvarovite, 299
Garnierite, 295, 297
Gay-Lussite, 278

INDEX TO MINERALS.

Gearksutite, 274
Gehlenite, 280, 294
Geikielite, 257
Genthite, 295, 297
Geocronite, 249
Gerbardtite, 264
Gersdorflite, 247
Gibbsite, 293, 297
Gismondite, 278
Glauberite, 274
Glauber Salt, 272
Glaucodot, 246
Glaucophane, 288
Glockerite, 267
Gmelenite, 282
Goethite, 266, 292
Gold, 253
Goslarite, 291
Gothite, 266, 292
Goyazite, 296
Graphite, 256
Gray Copper, 250
Greenockite, 292
Grossularite, 287
Griinlingite, 248
Guanajuatite, 248
Guarinite, 286
Guitermanite, 246
Gummite, 293
Gymnite, 281, 205
Gypsum, 274
Gyrolite, 278

Haidingerite, 275
Halite, 271
Halloysite, 297
Halotrichite, 266
Hambergite, 300
Hamlinite, 283
Hanksite, 271
Harmotome, 282, 286
Hatchettolite, 298
Hauchecornite, 250
Hauerite, 253
Hausmannite, 256
Hautefeuillite, 277
Hatiyne, 279
Halynite, 279
Heavy Spar, 274
Hedenbergite, 288
Heintzite, 277
Helvite, 279
Hemafibrite, 275
Hematite, 255, 202
Hematolite, 292
Hemimorphite, 294
Hercynite, 298
Herderite, 276, 283
Herrengrundite, 264
Hessite, 248
Heulandite, 282
Hiddenite, 285
Hiclmite, 257
Hiortdahlite, 280
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Hisingerite, 295
Hceernesite, 275
Homilite, 279
Hopeite, 277

Homn Silver, 259
Hornblende, 288
Hortonolite, 269
Howlite, 285
Hitbnerite, 283
Huebnerite, 283
Humite, 294
Hureaulite, 276
Hyacinth, 299
Hyalite, 302
Hyalophane, 285
Hyalotekite, 262
Hydrargillite, 297
Hydroboracite, 277
Hydrocerussite, 259
Hydrocyanite, 264
Hydrogioberite, 289
Hydro-hematite, 255, 203
Hydro-herderite, 276, 288
Hydromagnesite, 289
Hydronephelite, 278
Hydrophilite, 271
Hydrotalcite, 293
Hydrozincite, 290
Hypersthene, 270, 301

Idocrase, 287
Ihleite, 266
Tlesite, 291
Ilmenite, 255, 257
Ilvaite, 254, 269
Inesite, 281
Indicolite, 800
Todobromite, 259
Iodyrite, 259
Tolite, 287, 300
Tridium, 257
Iridosmine, 257
Iron, 255

Iron Chrysolite, 269
Iron Pyrites, 252
Isoclasite, 276

Jacobsite, 255
Jade, 288
Jadeite, 288
Jamesonite, 249
Jarosite, 266
Jasper, 299
Jeflerisite, 281
Jeffersonite, 286
Jeremejevite, 300
Jobannite, 291
Jordanite, 246

Kainite, 271
Kainosite, 278
Kaiserite, 272
Kalinite, 272, 290, 291
Kallaite, 802
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Kallilite, 250
Kimmererite, 284, 296
Kaolinite, 297
Keilhanite, 286
Kentrolite, 254, 262
Kermesite, 258
Kieserite, 272
Kilbrickenite, 249
Klaprotholite, 251
Knebelite, 369
Kuoxvillite, 266
Kobellite, 249
Koninckite, 268
Kornerupine, 301
Kottigite, 275
Krenunerite, 248
Krohnkite, 264
Kylindrite, 249

Laangbanite, 254
Labradorite, 285
Launarkite, 260
Langbeinite, 272
Langite, 264
Lansfordite, 289
Lapis-Lazuli, 279
Larkinite, 275
Laumontite, 278
Laurionite, 261
Laurite, 257
Lautarite, 274
Lautite, 246
Lawsonite, 287
Laxmannite, 260
Lazulite, 296
Lazurite, 279
Lead, 253
Leadhillite, 259
Lecontite, 272
Lehrbachite, 247
Lepidolite, 284
Lepidomelane, 269
Lettsomite, 264
Leucite, 295
Leucochalcite, 265
Leucophunite, 287
Leucopyrite, 247
Levynite, 278
Lewisite, 263
Libethenite, 266
Liebigite, 289
Licvrite, 254, 269
Lillianite, 251
Lime Fceldspar, 285
Limestone, 289
Limonite, 266, 292
Linarite, 260
Lindackerite, 264
Linnwite, 252
Liroconit , 264
Lithia Mica, 284
Lithiophilite, 276
Livingstonite, 249
Lollingite, 247

INDEX TO MINERALS,

Loweite 272
Lowigite, 291, 296
Longbunite, 254
Lorandite, 258
Lossenite, 260, 267
Ludlamite, 268
Ludwigite, 268
Liuineburgite, 277

Macnesian-chromite, 256
Magnesioferrite, 255
Magnesite, 289, 290
Magnetic Iron, 253
Magnetic Pyrites, 252
Magnetite, 253, 255
Mulachite, 263
Mallardite, 291
Manganese Amphibole, 286
—— Epidote, 286
—— Guarnet, 286

—— Pyroxene, 286
Mangunite, 256
Mangano-columbite, 298
Manganosite, 292
Manganostibite, 292
Mangano-tantalite, 298
Marble, 289
Marcasite, 252
Margarite, 284
Marialite, 287
Marmolite, 281, 295
Marshite, 263
Martinite, 2903
Mascagnite, 258
Massicot, 262
Matildite, 251
Matlockite, 261
Mauzeliite, 263
Mazapilite, 267
Meerschaum, 281, 295
Meionite, 283
Melaconite, 254
Melanite, 280
Melanocerite, 295
Melanophlogite, 299
Melanosiibian, 255
Melanotekite, 253, 262
Melanterite, 266
Melilite, 280
Meloniie, 248
Mendipite, 261
Mendozite, 272
Meneghinite, 249
Mucurial Tetrahedrite, 250
Murcury, 253
Mesolite, 278
Metacinnabarite, 258
Metavoltaite, 266
Meteoric Iron, 255
Miargyrite, 250

Mica, 284

Microcline, 285
Microlite, 208
Microsommite, 279

Miersite, 259
Milarite, 287
Millerite, 252
Mimetite, 260
Minervite, 298
Minium, 262
Mirabilite, 272
Misenite, 272
Mispickel, 247
Mixite, 264
Molybdenite, 25€
Monazite, 296
Monetite, 276
Moutanite, 262
Montebrasite, 283
Monticellite, 280
Montmorillinite, 297
Mordenite, 286
Morenosite, 291
Mosandrite, 281
Mossite, 257
Muscovite, 284

Nadorite, 261
Nagyagite, 248
Nantokite, 263
Natrolite, 278
Natron, 271
Natrophilite, 276
Nanmannite, 248
Nepheline, 280 -
Nephelite, 280
Nephrite, 288
Neptunite, 254, 286
Nesquehonite, 289
Newtonite, 297
Nicceolite, 247

Nickel Bloom, 267
Niter, 273
Nitrobarite, 273
Nordenskivldine, 800
Northupite, 273
Nosean, Noselite, 279

Ochrolite, 261
Octahedrite, 299
Offretite, 286
Okenite, 278
Oldhamite, 290
Oligoclase, 285
Olivenite, 265
Olivine, 294
Onnerddite, 254
Onofrite, 247
Opal, 302
Orangite, 294
Orpiment, 258
Orthoclase, 285
Ottrelite, 301

Pachnolite, 274
Palladium, 257
Paragonite, 284
Paramelaconite, 254



Parisite, 290
Partschinite, 286
Peacock Ore, 2562
Pearceite, 246

Pear] Spar, 289
Pectolite, 282
Peganite, 203
Penficldite, 261
Penninite, 284, 296
Pentlandite, 252
Percylite, 261
Periclase, 293
Peridot, 294
Perovskite, 257, 297
Petalite, 285

Petzite, 248
Phacolite, 282
Pharmacolite, 275
Pharmacosiderite, 267
Phenacite, 300
Phillipsite, 282
Phlogopite, 284
Phoenicochroite, 261
Phosgenite, 2569
Phosphosiderite, 268
Phosphuranylite, 276
Picromerite, 272
Piedmontite, 286
Pinakiolite, 277
Pinnoite, 277
Pirssonite, 273
Pisanite, 264

Pitch Blende, 257
Pitticite, 267
Plagionite, 249
Platinum, 257
Plattnerite, 254, 262
Plumbogummite, 260
Pollanite, 256
Pollucite, 295
Polyargyrite, 250
Polybasite, 260
Polycrase, 300
Polydymite, 252
Polyhalite, 274
Polymignite, 257
Porcelain Clay, 297
Potash Alum, 272, 290, 291
Potash Mica, 284
Potash Feldspar, 285
Powellite, 277
Prehnite, 282, 287
Prismatine, 301
Prochlorite, 296
Prolectite, 294
Prosopite, 290, 297
Proustite, 259
Pseudobrookite, 255, 257
Pseudomalachite, 265
Psilomelane, 256
Psittacinite, 260
Ptilolite, 286
Pucherite, 262
Pyrargyrite, 250, 259
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Pyrite, 252
Pyroaurite, 292
Pyrochlore, 298
Pyrochroite, 292
Pyrolusite, 256
Pyromorphite, 260
Pyrope, 287
Pyrophanite, 256
Pyrophyllite, 296
Pyrosmulite, +69
Pyrostilpnite, 259
Pyroxene, 288
Pyrrhotite, 252

Quartz, 299
Quenstedtite, 266

Raimondite, 267
Ralstonite, 297
Rammelsbergite. 247
Raspite, 261
Realgar, 258
Reddingite, 276
Red Zine Ore, 292
Reinite, 254
Remingtonite, 290
Rezybanyite, 251
Rhabdophanite, 293
Rhagite, 262
Rhodizite, 277
Rhodochrosite, 290
Rhodonite, 286
Richterite, 286
Riebeckite, 270
Rinkite, 280
Ripidolite, 284, 296
Rock Crystal, 299
Roeblingite, 262
Repperite, 269
Romeite, 263
Romerite, 266
Roscoelite, 284
Roselite, 275
Rubellite, 300
Ruby, 299

—— Copper, 263
—— Silver, 259
—— Spinel, 298
Rutile, 299

Safllorite, 246
Sal-ammoniac, 258
Sal-soda, 271

Salt, Common, 271
Salt of Phosphorus, 277
Samarskite, 254
Sanidine, 285
Sapphire, 299
Sapphirine, 301
Sarcolite, 280
Sartorite, 246
Sassolite, 277
Scapolite, 283, 287
Schapbachite, 251

Scheelite, 283, 298
Schetferite, 286
Schirmerite, 251
Schorlomite, 280
Schrotterite, 297
Schwartzenbergite, 261
Schwatzite, 250
Scolecite, 278
Scorodite, 267
Scovillite, 293
Selen-tellurium, 247
Sellaite, 283
Semseyite, 249
Senarmontite, 258
Sepiolite, 281, 295
Serpentine, 281, 295
Seybertite, 296
Siderite, 266, 290
Sideronatrite, 266
Sillimanite, 301
Silver, 253

Silver Tetrahedrite, 250
Sipylite, 299
Skutterudite, 246
Smaltite, 246
Smithsonite, 200
Soapstone, 284, 296
Soda Feldspar, 285
Soda Mica, 284
Soda Niter, 73
Sodalite, 279
Spadaite, 278
Spangolite, 263
Spathic Iron, 266, 290
Specular Iron, 2556
Sperrylite, 247
Spessartite, 286
Spherite, 293
Sphaerocobaltite, 290
Sphalerite, 252, 292
Sphene, 283, 286
Spinel, 298
Spodumene, 285
Stannite, 2562
Staurolite, 300
Steatite, 296
Stephanite, 250
Stercorite, 277
Sternbergite, 252
Stibiconite, 297
Stibiotantalite, 297
Stibnite, 249
Stilbite, 282
Stilpnomelane, 269
Stolzite, 261
Strengite, 268
Stromeyerite, 252
Strontianite, 289
Struvite, 277
Stylotypite, 250
Sulphohalite, 271
Sulphur, 258
Sussexite, 277
Svabite, 276

m
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Svanbergite, 296
Sychnodymite, 252
Sylvanite, 248
Sylvite, 271
Symplesite, 262
Synadelphite, £75
Syngenite, 272, 274
Szaibelyite, 277
Szmikite, 291

Tachydrite, 271
Tagilite, 265
Talc, 284, 206
Tantalite, 257
Tapalpite, 248
Tapiolite, 257
Tavistockite, 296
Taylorite, 272
Tellurium, 248
Teunnantite, 246
Tenorite, 254
Tephroite, 279
Tetradymite, 248
Tetrahedrite, 250
Thaumasite, 273, 289
Thenardite, 272
Thermonatrite, 271
Thomsenolite, 274
Thomsonite, 278
Thorite, 294
Thuringite, 269
Tiemannite, 247
Tilasite, 275

Tin, 253

Tin Pyrites, 252
Tin Stone, 299
Titanic Iron, 255
Titanite, 283, 286
Topaz, 300
Torbernite, 265
Tourmaline, 285, 300
Tremolite, 288
Trichalcite, 265
Tridymite, 299
Trimerite, 283

INDEX TO MINERALS.

Triphylite, 268
‘Iriphite, 208
Triploidite, 268
Tripuhyite, 263, 297
Trogerite, 275
Troilite, 252
Trona, 271
Troostite, 279
Tscheffkinite, 280
Tschermigite, 201
Tungstite, 298
Turgite, 255, 292
Turingite, 269
Turquois, 302
Tyrolite, 264
Tysonite, 297

Ulexite, 277
Ullmannite, 250
Umangite, 247
Uraninite, 257
Uran Mica, 265
Uranocircite, 276
Uranophane, 294
Uranopilite, 291
Uranospinite, 276
Uranothallite, 289
Utahite, 267
Uvarovite, 299

Valentinite, 258
Vanadinite, 260
Variegated Copper, 252
Variscite, 296
Vauquelinite, 260
Vermiculite, 281
Vesuvianite, 287
Veszelyite, 264
Vivianite, 268
Volborthite, 265
Voltaite, 266
Voltzite, 292

Wad, 202

Wagnerite, 277
Waipurgite, 262
Warrenite, 249
Warwickite, 257, 297
Wattevillite, 274
Wavellite, 296
Wellsite, 282
‘Wernerite, 288, 287
Whew cllite, 290
White Iron Pyrites, 2563
Whitn eyite, 246
Willemite, 294
Witherite, 278
Wittichenite, 251
Wohlerite, 280
Wolfachite, 247
Wolframite, 2564, 270
Wolfsbergite, 250
‘Wollastonite, 283
Waulfenite, 261
Wurtzite, 292

Xanthocouite, 259
Xanthophyllite, 296
Xanthosiderite, 266, 292
Xenotime, 296

Yttrocerite, 293

Zaratite, 290
Zepharovichite, 293
Zeunerite, 264

Zivc, 253

Zinc Blende, 252, 292
Zinc Spinel, 298
Zincaluminite, 291
Zincite, 292
Zinkenite, 249
Zinnwaldite, 270, 284
Zircon, 299

Zirkelite, 297
Zoisite, 287

Zorgite, 247

Zunyite, 299
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