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UENE oD

PREFACE.

In this edition of our text-book we have adhered to the de-
sign of the edition of 1895, to present the facts leading to a use-
ful knowledge of mineralogy in such a manner that the student in
the technical school and the professional man in the field may
readily learn to recognize or, when necessary, to determine all
important minerals.

We have made a number of changes and additions which
experience has shown to be desirable. Some of these are :

Part 1., Crystallography, has been entirely rewritten to conform
to the now accepted classification, and under each class there
have been assembled combinations found in definite species. Over
one hundred figures have been added.

Part II., Blowpipe Analysis, has been carefully revised, new
figures drawn and discussions of the use of the spectroscope, and
of metallic sodium added.

Part III., Descriptive Mineralogy, now includes about forty
pages designed as an introduction to the later study of minerals
in thin sections under the microscope. The cuts throughout the
descriptive portion are new and the faces of crystal figures are let-
tered to facilitate the recording of angles. All crystallographic
descriptions and economic discussions have been rewritten.

Part IV., Determinative Mineralogy, has been entirely rewrit-
ten and greatly simplified.

Many suggestions have been made to us by instructors using
the book. In so far as possible we have acted upon these sug-
gestions and we sincerely hope that the new edition may receive
approval.
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PART 1.

CRYSTALLOGRAPHY.

CHAPTER L

INTRODUCTORY.

Crystals and Crystallization.

Crystals are formed only when a chemical element or a chem-
ical compound solidifies. Broadly speaking every such solidifica-
tion is a crystallization and must result in the formation of either :

(a). CrysTaLs,* that is, distinct solids bounded by plane faces
at definite angles to each other, or

(6). Masses which are aggregations of crystals, that have
been hindered in development by lack of space or time or other
cause.

It is assumed that the invisible molecules of the substance dur-
ing solidification are so drawn together that each becomes the
center of a precisely similar group, and that along any line, and
all parallel lines, the particles are equally far apart. Certainly in
a solidification the first visible solid particles, are bounded by
plane faces at definite angles to each other, and although at later
stages of the solidification the crystals may be larger, the angles
between the faces do not change.

That a regular arrangement of the particles has taken place can
be shown even in the absence of distinct crystals. For instance,
solid masses will often break or cleave in directions parallel to
certain crystal faces yielding frequently polyhedral solids absolutely
constant in angles, no matter how far the cleaving is continued
or how small the resulting solids ‘may be.. It is also thoroughly

* By the term ““ crystal ’’ was ongmally meant the colorless quartz still called rock
crystal, which was found in geometric solids in many localities and supposed to be
water frozen at an estremely low temperature.
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proved that in definite chemical solids the velocity of transmission
of light, is exactly the same in all paralle/ directions, but is not
necessarily or-even generally -the-same-in directions not parallel ;
whereas in glass or other homogeneous solids which are not defi-
nite chemical compounds the velocity of transmission is, generally
speaking, the same in @/ directions and portions, or if unlike it is
without any regularity of difference.

The same constancy for parallel directions and variation for di-
rections not parallel is showh for other physical characters such as
expansion from heat, conductivity of heat or electricity, and even
color and lustre, proving beyond reasonable doubt the regular
constant arrangement of the particles in straight lines and planes.

LAWS OF CRYSTALS.

The polyedral solids or crystaLs which so frequently result
from a solidification are infinite in variety. Each substance may
occur in a large number of different shapes, no two exactly alike,
yet extended observation has shown that they follow certain laws
with absolute fidelity.

The three great laws of crystals are :

1°. THE LAw oF CONSTANCY OF INTERFACIAL ANGLES.
2°, THE LAw OF SYMMETRY.
3°. THE Law oF SiMpLE MATHEMATICAL RaTIO.

Law of Constancy of Interfacial Angles.
FiGs. 1-6.

- 1 O 3
The variations between crystals of any one substance are limited
by the following law :
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In all crystals of the same substance the angles between corrve-
sponding faces are constant.*

Figures 1 and 4 represent actual crystals of quartz. Figures 2
and § are sections of these in the direction of the plane of the
paper which show that the angles between corresponding edges
are equal. The same is shown by the horizontal sections, Figs.
3 and 6.

Similarly in Fig. 7 the faces of the mag- Fic. 7.
netite crystal are exactly parallel to those of
the ideal octahedron represented within it,
that is, such crystals of magnetite are
bounded by faces which may or may not be
equal in size but in which the angle between \
adjacent faces must be 109° 28’ 16”. \:.___
Law of Symmetry. ’ .

In any crystal, faces and angles of the same kind are repeated
with some degree of regularity.

This regularity is called the symmetry of the crystal, and its
law may be stated as follows :

All crystals of any one substance are of the same grade of sym-
metry.

To understand this law certain definitions and explanations are
essential.

A crystal is symmetrical to the center when every straight line
through the center encounters at equal distances on each side of
the center two corresponding? points of the crystal.

A crystal is symmetrical to an axis when if revolved about this
axis the crystal reoccupies the same position in space, two, three,
four, or six times during one complete revolution. That is, corre-
sponding groups of planes exchange positions after revolutions of
180°, 120°, 9go° or 60°.

The crystal of gypsum, Fig. 8, is symmetrical to the axis B2 ; for, as shown in Fig. ¢

both when the point a has moved to 4 or again to @ the crystal occupies the original
position in space. Moreover for any intermediate position of & such as ¢ the space oc-

* Steno in 1669 announced that in rock crystal there was no variation of angle in
spite of the variation in relative size of the faces.

Romé Delisle in 1783 measured and described over four hundred crystal forms and
announced that in each species ‘“the respective inclination of the faces to each other
never varies.”

t For instance, the centers of similar edges or the intersections of similar lines, or
the centres of similar faces or vertices of similar polyhedral angles.
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cupied is distinctly not the same. That is, BB is an axis of #wo-fo/d or éinary sym-
metry.
FiG. 8.

s
R el

The crystal of calcite, Fig. 10, has several axes of symmetry. Of these the vertical

axis ¢ is an axis of threefold or trigonal symmetry for, as seen in horizontal projection,
Fic. 10.

Fi1G. 11.

+ O

Fig. 11, when a has moved to 4 or to ¢ or again to g, the crystal occupies the same po-
sition in space.

Fic. 12. FiG. 13. Fic. 14.
] a,
c \\
A P
S ;
4 \/ /
€ 1

FiG 15,

The line CC in the zircon crystal, Fig. 12, is an axis of four/fold or tetragonal sym-
metry, for, as shown in the horizontal projection, Fig. 13, the crystal occupies the same
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position in space when any point ¢ has moved to 4, ¢, 4 or again to a, and does not for
any other position.

Finally the line CC in the apatite crystal, Fig. 14, is an axis of sixfold or kexagonal
symmetry, because, as shown in horizontal projection, Fig. 15, the crystal occupies the
same position in space when any point @ has moved to 4, ¢, 4, ¢, f or again to a.

A crystal is symmetrical to a plane when the plane so divides
the crystal that either half is the mirrored reflection of the other,
and every line perpendicular to the plane connects corresponding
parts of the crystal and is bisected by the plane of symmetry.

Thus in Fig. 16 the shaded plane so divides the crystal Fic. 16.
that  line from an angle 4 perpendicular to the plane passes
through a corresponding angle a, or a perpendicular from ¢,
the center of an edge, passes through 4, the center of a sim-
ilar edge.

True Structural Symmetry.

The true structural symmetry of a crystal is
known only when all the characters have been
considered.  Structurally equivalent directions
not only imply similar groupings of bounding
faces but physical identity in all respects and
two directions are not structurally equivalent
if in these directions there is revealed any essential difference in
behavior with polarized light or etching or pyro-electricity or with
any other test, the results of which depend upon the manner the
crystal molecules are built together.

Classes of Symmetry.

Theoretically there have been distinguished thirty-two classes
of symmetry, that is, thirty-two varieties of regular molecular ar-
rangement. The crystals corresponding to these classes differ in
the number and relative position of their axes and planes of -sym-
metry, but all crystals of the same substance necessarily belong to
the same class.

By far the greater number of crystals of minerals belong to seven
of the classes.

Crystallographic Axes.

The faces, or bounding planes, of crystals are most conveniently
defined in position by the methods of Analytical Geometry. Three
(in one system four) straight lines passing through the center of
the crystal are chosen as crystallographic axes and any face CDE,
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Fig. 17, is defined in position by its axial intercepts, that is by the
distances 04, OB and OC along each axis from the center to the
intersection with the plane 4BC of which the face CDE is a part.
The crystallographic axes are chosen to yield the simplest rela-
tions, and are therefore always lines closely related to the symme-
’ try, that is : axes of symmetry, lines normal
to planes of symmetry, or where these are
not to be had, lines parallel to at least two
faces of the crystal.

FiG. 17.

Interchangeable Axes.

If the grouping of the faces about one
axis is just the same as the grouping of the
faces about another axis so that when the
axes exchange positions the appearance of
the crystal is not altered, the axes are said
to be “ interchangeable.”

It may be noted that if one crystallographic axis is also an axis
of trigonal, tetragonal or hexagonal symmetry, the other crystal-
lographic axes will be at right angles to it and interchangeable.

The Six Systems of Crystallization.

The thirty-two classes of symmetry may be united in the fol-
lowing six systems by grouping together classes in which the
crystallographic axes are similarly related :

THE IsoMETRIC SysTEM.—Three interchangeable axes at right
angles to each other. '

" THE - TETRAGONAL SysTEM.—Three axes at right angles, of
which two are interchangeable.

THE HExAaGcoNAL SysTEM.—Four axes, three of which lie in one
plane at sixty degrees to each other and are interchangeable, the
fourth is at right angles to the other threec.

Tue ORTHORHOMBIC SysTEM.—Three axes at right angles but
not interchangeable. , :

Tue MonocLinic SysTeM.—Three non-interchangeable axes two
of which are oblique to each other, the third is at right angles to the
other two.

THE TricLiNIC SysTEM.—Three non-interchangeable axes at
oblique angles to each other.

-l
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Determination of System.

There will be exactly the same grouping of planes at the oppo-
site “ends” of an axis and at the ends of interchangeable axes,
that is these “ends” will lie in similar geometric parts.

The crystal axes, as stated, p. 6, will be preferably axes of sym-
metry or normals to planes of symmetry or at least parallel to two
crystal faces. '

By viewing the crystal in differeft positions and noting the
shape and recurrence of similar parts, it will be seen whether the
line of sight is a satisfactory direction for an axis.

With natural crystals not of ideal shape,
more practice is needed to recognize similar
groupings of faces. A hand goniometer is of
great assistance. ’

For instance, the appemncé of the sulphur crystal, Fig.
18, viewed in the direction 44 is shown in Fig. 19. Evi-
dently the line of sight (4A4) is an axis of symmetry for Fig.
19 ‘revolved 180° about A4 is unchanged in appearance. Moreover, the two lines
through 4, Fig. 19, are lines of symmetry, corresponding to planes of symmetry in Fig.
18, and suggest two other crystal axes norm:l to these planes. .

FiG. 19. FiG. 20. ) FiG. 21.
;:/ \éﬂ/ \
When the crystal, Fig. 18, is viewed in the direction M, Fig. 20, or of CC, Fig.
21, the axes suggested by Fig. 19 are confirmed. No other directigns yield lines of

symmetry hence the crystal axes are 44, BB and CC, Fig. 18, wiich are not inter-
changeable and the system is orthorhombic.

L

In crystals of the higher grades of symmetry inspection may
show more possible crystal axes than are needed. Preference
must then be given :

(a) To directions at right angles to each other.

() To interchangeable directions.

If only one direction is found normal to a plane of symmetry or
itself an axis of symmetry this direction must be taken as one of
the axes and the other two must be chosen each normal to the first
and parallel to at least two faces.
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If no lines of symmetry are found the axes chosen should each
be parallel to at least two faces.

Crystal Forms.

A crystal may be one crystal form or a combination of two or
more forms. All faces of a crystal form must cut the crystal axes at
the same relative distances from the center and there must be just
enough faces to satisfy the symmetry of the crystal. If only two
faces are required then these two constitute a * form.”

Ideal Crystal Forms in Drawings and Models.

It is convenient, in elementary work, to make use of models
and drawings of crystal forms in which all corresponding faces are
equal in size and at equal distances from the center. Such a form
may be said to be derived from the form in which a natural crystal
occurs by moving each face parallel to itself until all corresponding
faces are at an equal distance from the center. Thus in Fig. 7 the
little inner octahedron is the ideal form of the outer actual form,
and Fig. 1 is the ideal form of Fig. 4.

Law of Simple Mathematical Ratio.

Experience proves that a very exact law limits the number of
different crystal forms which ever occur upon crystals of the
same substance. This relation, which is variously known as:
“The Fundamental Law of Crystallography,” “ The Law of
Simple Mathematical Ratio "’ and ‘ The Law of Rational Indices,”
may be expressed as follows :

In all crystals of the same chemical substance, if the intercepts of
ANY face upon the crystallographic axes are divided,* term by term, by
the corresponding intercepts of ANY OTHER face, the quotients will al-
ways be simple rational numbers or infinity or zero.

For example, if in a crystal of a given substance the axial in-
tercepts are determined for one face to be relatively 0.813 : 1 : 1.903
then another face could occur in such a position that its in-
tercepts in the same order would be relatively 1.626:1:5.709

.626 .
152 2 and 3799 _, 3, but a plane with intercepts rel-

because =
0.813 1.903
atively 1.734:1:6.275 could not occur wupon this crystal or upon
1.734

= 2.1328 4 and

any other crystal of this substance because o813 =

* The intercepts are always reduced so that the corresponding term in each is unity.
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6.275

1.903
responding terms are not simple numbers or infinity.

= 3.2073 + that is, the quotients obtained by dividing cor-

Crystal Habit.

All crystals of the same substance must be bounded by faces
belonging to one series of crystal forms connected by the funda-
mental law. In theory any one form or all may occur bound-
ing the same crystal ; or each crystal may show a different com-
bination.

In actual experience, however, the crystals of a substance if
found at the same locality or formed in the same experiments show
a well defined “ HABIT,” that is the same forms occur on all or
nearly all of the crystals, and usually the same one or two forms
so predominate as to constitute the greater portion of each crys-
tal and the other occurring forms are present as relatively incon-
spicuous faces or sometimes entirely absent.

At another locality or from a change in laboratory conditions
the crystals of this substance may show very different predomi-
nating faces though necessarily faces of the same series.

The Weiss Symbols and Parameters.

To represent a ciystal form a symbol must be equally satisfac-
tory for all faces of the form, and be quite independent of the ab-
solute position of these faces so that it
may be applicable to crystals of all
sizes and to the most unequally devel-
oped forms.

If the intercepts are stated as a ratio
then evidently these conditions are ful-
filled. For the ratio OA4:0B:0C,
Fig. 22, not only represents the face
ABC and (disregarding direction of
intercepts) the other faces 4’5’ (, etc., of the ideal form, but it
represents equally well a parallel plane DEF in which OD: OE:
OF=04:0B:0C.

But a satisfactory symbol should also show the simple relation
between the forms of the series. To accomplish this Professor
Wieiss denoted the axial intercepts of some selected and usually
prominent form in each series by a, 4 and ¢ corresponding respec-
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tively to intercepts upon the axes A4, BB and CC of Fig. 22 and
wrote as the symébol of this selected unit face a:6:c.

The symbol of any other face in the series was written i1 Zerms
of a, b, and ¢ and was necessarily such a symbol as 2a:6:c¢;
a:36: Ycor a:o b: 3¢ the coefficients or
parameters being, because of the simple
&, mathematical ratio, always simple numbers,
simple fractions, or infinity.

R To illustrate: Let BCMN and DMN,
fe Fig. 23, be two faces of a crystal. Pro-
. long BCMN to the axes, then are 04, OB
M, . %  and OCits axial intercepts and if this plane
is chosen as the unit plane then a:6:¢c =
e 0A:0B:0C.
S Prolong DMN to the axes, then are
OD, OF and OE the intercepts of DMN.
Through one of the points D, £ or F, for instance F, construct a
plane FHL parallel to the unit face, then also OH: OF : OL =
a:b:c

If these faces obey the fundamental law, since one intercept of
DMN and FHL is the same, the quotient of the others, that is,

oD OE

o ™ o1

will be simple finite numbers or infinity.

In the construction OD = $OH and OFE = 20L, hence if the
symbol of BCNM is taken as a:6:¢, that of DMN in comparison
is §a:6: 2c or it could be written @ :36:6c or Ja:46:c.

When a face is parallel to an axis it is said to intersect it at an
infinite distance and the sign o is used to express infinity-

The Dana Symbols consist of the vertical parameter, a dash, and
the other parameter. For instance

5a:b: §¢ becomes § — 3% a:na:ma becomes m—n.

The Miller Indices may be obtained from Weiss’s parameters by
first dividing each by the common multiple of their numerators
and taking the reciprocal of the result. That is 5a:4:§ ¢ be-
comes a: }4: } ¢ and the Miller's symbol is 153.

When the symbol is enclosed in brackets ¢. g. {1534, it is
understood to typify the form, but when in parentheses it signifies
the individual face (153).

FiG. 23.
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Determination of Ideal Forms or Models by Inspection.

After the axes have been chosen, as described p. 6, and placed
in the conventional positions stated under each system, the de-
termination of form and symbol may be conducted as follows :

Place a straight edge (or pencil) in contact with a face and turn the
straight edge always as a line ¢z the face until its relation to each
axis has been noted. The absolute values of the axial intercepts
(from the center of crystal to where the straight edge intersects
the axes) are not needed in determining the #p¢ of form ; all that
is essential is to distinguish the greater intercept from the lesser or
at thost a very rough approximation to their relative lengths.

If it is not evident that all the faces of the figure hold the same
relation to the axcs, any supposedly different face is tried in pre-
cisely the same way with the straight edge and with respect to the
same axes. In ideal crystals and models faces of the same form
are equal in size and of the same shape.
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ISOMETRIC SYSTEM.

The Isometric* system includes all crystal forms which can be
referred to three interchangeable axes at right angles to each other.

In models and drawings representing ideal forms these axes are
equal in length, but in actual crystals they are merely directions
about which there are equal numbers of faces grouped with cor-
responding faces at the same angles. The faces are not usually
equal in size.

The crystal or model is turned until one axis is vertical, one
extends from left to right, and one from back to front.

In stating the relative distances, from the center, at which any
face cuts the three axes, the shortest distance is called & and the
other distances, since the axes are interchangeable, are simple
(or infinite) multiples of a.

According to the number and arrangement of the planes and
axes of symmetry, isometric crystals have been divided into five
classes. A given substance can only occur in forms of one class.
Three of the classes include nearly all known isometric minerals.

In describing the forms of a class the most general form *the
faces of which intersect the three axes at any distances permitted
by the fundamental law "’ is first described and then the six limit
forms corresponding to special positions of the faces of the general
form.

HEXOCTAHEDRAL CLASS. 3a.

No. 1. Holohedral, Liebisch. No. 1. Normal Group, Dana.

Symmetry of the Class,

The planes of symmetry are represented in Fig. 24 and the axes
of symmetry in Fig. 25. The small black squares and triangles
indicate axes of tetragonal and trigonal symmetry respectively.
The tetragonal axes are chosen as the crystal axes.

* Also called Tesseral, 'l;e_ssular, Regular, Cubic and Monometric.

Y




ISOMETRIC SYSTEM. 13

Fic. 24. FiG, 25.

Tue GENERAL ForM OR HEXOCTAHEDRON.
Weiss, a:na:ma; Dana, m — n; Miller, {Akl}.
Composed of forty-eight faces each cutting the three axes in

three different, but simply proportionate distances. In the ideal
forms the faces are scalene triangles.

Fi1G. 26, FiG. 27. Fic. 28.

Fig. 26 shows the form a: §a : 3a for which the diedral angles
4, B, C, Fig. 27, are

A=158° 13; B=149°, C=158° 13/
Fig. 27 shows a: 2a : 4a for which
A=162°1§; B=154° 47, C=144° 3’

That the symmetry of the group requires forty-eight such faces to satisfy it may
readily be proved by Fig. 28 which is simply an eighth (or octant) of Fig. 24 enlarged,
O being the center, 04, OB and OC the crystal axes and OX an axis of trigonal sym-
metry. If any face 1, with intercepts on 04, OB, OC respectively, I : 3 : § occurs, it
must be accompanied by faces 2 and 3 because OX is an axis of trigonal symmetry, and
the three white planes of symmetry make necessary planes 4, § and 6. Finally the
entire octant must be reflected in each of the other octants by the shaded planes of
symmetry.

The Limit Forms.

The general form for special positions of the faces passes into
limit forms. Six suppositions may be made each of which corre-
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sponds to a limit-form. Denoting mﬁmty by oo in Weiss symbols
and by 7 in Dana we have :

WEIss. DANA.  MILLER.

Each face parallel to two axes.
1. Cuse. a:ooa:ooaJ i—i {100 }

Each face parallel to one axis.
2. DODECAHEDRON. a:a:o a I {110}
3. TETRAHEXAHEDRON, a:na:wa i—n  {hbo}

Each face intersects all axes.
, 4. OCTAHEDRON, a:a:a 5. {1}
5. TRIGONAL TRISOCTAHEDRON. a:a:ma m { Akl }
vy 6. TETRAGONAL TRISOCTAHEDRON. & :ma:ma m—m | hkk}

The Six Limit Forms in Detail.

1. THE CuBE—a: wa: ®a; ¢—i; {100}.

Composed of six faces, Fig. 29, each parallel to two axes, all
diedral and plane angles being right angles. The commonest of
all crystal forms. In the ideal forms the faces are squares.

Fi1G. 29. Fic. 30.

oeeeecnna

Y

2. THE DODECAHEDRON.—a: a: wa; ¢; {110}.

Composed of twelve faces, Fig. 30, each parallel to one axis and
cutting the others at equal distances. In the ideal form each
face is a rhombus.

Angles between adjacent faces 120°, between alternate faces go°.
The plane angles between edges are equal to the interfacial angles
of the octahedron, 7. ¢., 109° 28’ 16" and 70° 31’ 44".

3. TETRAHEXAHEDRON.—a:na:wa; t— n; {hko}.

Composed of twenty-four faces, Fig. 31, each parallel to one axis

FiG. 3I1. Fic. 32.

EL ST AR ) \EPpS
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and cutting the other two unequally in distances bearing a simple
ratio to each other. In the ideal forms the faces are equal isos-
celes triangles. -

Fig. 31 shows a: 2a: 0 a for which 4= C=143°8'; Fig. 32
shows a: 3a: « a for which 4 = 154° ¢/, C= 126° 52/,

4. THE OCTAHEDRON.—a:a:a; 1; {111}

Composed of eight faces, Fig. 33, each cutting the three axes at
equal distances. In the ideal form the faces are equilateral tri-
angles.

The angles are 109° 28’ 16 between adjacent faces and 70°
31’ 44’’ between alternate faces.

The alternate edges are at right angles and the adjacent edges
at 60°.

FiG. 33. Fic. 34. < .

5. TRIGONAL TRISOCTAHEDRON.—a :a:ma; m; {hhl}.
Composed of twenty-four faces, Fig. 34, each cutting two axes
at equal distances, the third axes at some longer distance a simple
multiple of the others. In the ideal forms the faces are isosceles
triangles. » '
For m=2, A=152° 44’, B=141°3}." For m=3, 4 =
142° 8/, B=153° 28}’".
6. TETRAGONAL TRISOCTAHEDRON.—a :ma :ma; m — m; {hkk}.
Composed of twenty-four faces, each cutting two axes equally
and the third in some shorter distance bearing a simple ratio to
the others. In the ideal form the faces are trapeziums.
FiG. 3s. Fic. 36.

7> F0\
& W
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Fig. 35 shows a:2a:2a for which 4 = 146° 27’; B=131°
59’. Fig. 36 shows a: 3a: 3afor which 4 = 129° 31'; B = 144°
. 44/.
Combinations in the Hexoctahedral Class.

The most frequently occurring forms are the cube «, the
octahedron p, the dodecahedron 4, and the tetragonal trisoctahe-
dron n=a:2a:2a. The other forms usually occur modifying

these.
FiGc. 37. Fic. 38. Fic. 39.

The cube 2 and dodecahedron 4, Figs. 37, 38 are combined in
crystals of fluorite, argentite and cuprite. The cube and octahe-

Fic. 42.

dron p, Figs. 39, 40 and 41, are very frequently combined in fluo-
rite, pyrite, galenite, silver, sylvite and many other minerals. The

F1G. 40.

Fic. 43. FI16. 44. FiG. 4s.

LY =X
\“ J | )

octahedron, p, and dodecahedron, &, Figs. 42 and 43, are frequently
found in spinel, magnetite, franklinite and cuprite, while the three
together, cube, dodecahedron, and octahedron, Fig. 44, occur in

o
1
“

L)

~

™
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smaltite, galenite and fluorite. The tetrahexahedron ¢, (a: 2a : oa)
is found with the cube in fluorite, Fig. 45. The tetragonal

FIG. 47. " FIG. 48.

trisoctahedron #, (a: 2¢: 24) is common in anaicite, garnet and
amalgam, either combined with the dodecahedron, Figs. 46 and
48, or with the cube, Fig. 47.

Fic. 49.

Another tetragonal trisoctahedron o, (a:3a:34) accurs in
spinel and magnetite either with the octahedron, Fig. 49, or with
both octahedron and dodecahedron, Figs. 50 and 51.

Fic. 54.

The trigonal trisoctahedron 7, (a:a: 2a) occasionally occurs,
especially in galenite and magnetite, combined with octahedron
and dedecahedron, Fig. 52." The hexoctahedron ¢, (a:.2a: 44)
occurs modifying cubes of fluorite, Fig. 53, and another hexocta-
hedron s, (a: §a: 3a) occurs in garnet, Fig. 54.
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HEXTETRAHEDRAL CLASS. 3r.
No. 2. Tetrahedral Hemihedry, Liedisch. No. 3. Tetrahedral Group, Dana.

In this class of isometric forms, to which crystals of the dia-
mond, tetrahedrite, sphalerite and boracite belong, the shaded
planes of Fig. 24 are no longer planes of symmetry, and the sym-
metry is restricted to the diagonal planes shown in Fig. 55 and to
the axes formed by their intersection.

THE GENERAL FORM OR HEXTETRAHEDRON.

Weiss, a:na:ma,; Dana,m—n,; Miller { hk/ }
~ Composed of twenty-four faces each cutting the three axes in
three different, but simply proportionate, distances. In the ideal
forms the faces are scalene triangles.

FiG. 55.
55 Fic. s6. FiG. §7.

N A
S\l

In a manner precisely similar to that followed on p. 13 it may be shown that if one
face of the general form occurs twenty-four must, and according to the position of the
first face the form will be that shown in Fig, 56, usually called the positive form, or
that shown in Fig. 57, called the negative form. The positions of the crystallographic
axes are indicated.

The Limit Forms.

‘Three of the six limit forms are geometrically identical with the
forms of the preceding class, namely,

1. Tue CuBe. Fig. 29.

2. THeE DopecaHeproN.  Fig. 30.

3. THE TETRAHEXAHEDRON. Figs. 31 and 32.

The geometrically new forms are :

4. THE TETRAHEDRON.—z:a@:a; 1; {111}

Composed of four faces, Fig. 58, each cutting the three axes
at equal distances. In the ideal form the faces are equilateral
triangles.

All interfacial angles are 70° 31’ 44/ and all plane angles be-
tween edges are 60°.
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5. TETR Z ONAL TRISTETRAHEDRON.—a:a:ma; m; {Ahl}.

Composed of twelve faces, Fig. 59, each cutting two axes equally
and the third in some longer distance a simple multiple of the
others. In the ideal form the faces are trapeziums.

FiG. 58. FiG. 59.

6. TRIGONAL TRISTETRAHEDRON.— a: ma:ma; m—m; {hkk}.

Composed of twelve faces, Fig. 60, each cutting two axes equally
and the third in some shorter distance bearing a simple ratio to
the others. In the ideal form the faces are isosceles triangles.

H
.
H
.
.
.

Combinations in the Hextetrahedral Class.
The characteristics of the crystals of this group are best shown

Fic. 61. Fic. 62. Fic. 63.

in the combination forms, since the simple forms are comparatively
rare and the predominating form is frequently the cube.

Fic. 64. Fic. 65. Fic. 66.
A\ MY )
a 3 d

4 :

The simple tetrahedron p, Fig. 61, and the combination of the
positive and negative tetrahedrons, Fig.62, occur ascrystals of sphal-
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erite and tetrahedrite. The combination of the tetrahedron and
cube 4, Fig. 63 and 64, is common in boracite and pharmacosiderite.
The tetrahedron with the dodecahedron 4, Fig. 65, occurs in
tetrahedrite, and with both cube and dodecahedron, Fig. 66, in
boracite.

FiGc. 67.

Figs. 67, 68, 6g and 70-are all crystals of tetrahedrite. Fig. 67
is the tetrahedron with the trigonal tristetrahedron #, (a: 2a: 2a).
In Fig. 68 the negative form of # occurs and in Fig. 69 th
dodecahedron 4 is an additional form. .

F16. 70.

Fig. 70 is more complex and includes the dodecahedron 4, the

tetragonal tristetrahedron 7, (a:a: 2a) and the trigonal tristetra-

, hedrons o, (a:3a:3a) and 7, (a:2a:2a). Fig 71 represents a

crystal of boracite with the cube, dodecahedron, both tetrahedrons

and the trigonal tristetrahedron 7, while Fig. 72 shows the

hextetrahedron s, (a:4a:34) combined with the cube and tetra-
hexahedron g, (a : §a: «a).

CLASS OF THE DIPLOID. 3o.
No. 4. Pentagonal Hemihedry, Liebisck. No. 2. Pyritohedral Group, Dana.

Crystals of the common mineral pyrite and of the minerals
cobaltite and smaltite have the symmetry shown in Fig. 73.
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Tue GENERAL ForM oR DirLoID,
Weiss, a: na:ma; Dana, m—n; Miller, { ikl }.

Composed of twenty-four faces each cutting the three axes in
three different, but simply proportionate, distances. In the ideal
form the faces are trapeziums. Fig. 74 shows the plus form.
Fig. 75 the corresponding minus form.

F1G. 73. FiG. 74. Fic. 75.

A\ [

. That it requires twenty-four facesto satisfy the symmetry of the class maybe seen
from Fig. 73. For any face I, must, because of the trigonal axis OX, be accompanied
by the faces 2 and 3, and because of the shaded planes of symmetry a similar three
must occur in each octant,

The Limit Forms.

Five of the six limit forms are geometrically identical with
forms already described namely :

1. Tue Cusg, Fig. 29. Fie. 76.

2. TRE DobEcaHEDRON, Fig. 30.

4. THE OcTtaHEDRON, Fig. 33.

5. TricoNAL TRISOCTAHEDRON, Fig. 34.

6. TeETRAGONAL TRIsocTAHEDRON, Fig. 35. Y

The new form is :

3. PYRITOHEDRON. —a :7a: o a; i — n;
{hko}.

Composed of twelve faces, Fig. 76, each parallel to gme axis
and cutting the other two unequally in distances bearing a simple
ratio to each other. In the ideal forms the faces are pentagons.

Combinations in the Class of the Diploid.

These combinations greatly resemble those of the hexoctahedral
class because five of the seven forms occur in both, and the other
two are parallel faced.
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Fig. 77 shows the pyritohedron ¢, (a: 2a : « a) with the cube a.
Figs. 78 and 79 show the same form with the octahedron p.

Fic. 8o, Fic. 81. FiG. 82.

Fig. 80 shows the three forms combined. Fig. 81 shows the
same pyritohedron ¢ and octahedron p combined with the diploid
s, (a: §a: 3a) and Fig. 82 shows this diploid with the cube and oc-
tahedron.

Two classes of lower symmetry exist but need not be described
here as no common minerals are known to occur in one and the
minerals referred to the other are so referred rather by virtue of
etching tests than from the shape of the common crystals.




CHAPTER IIL
TETRAGONAL SYSTEM.

In all Tetragonal* forms the crystallographic axes can be chosen
at right angles to each other, so that two will be interchange-
able.

In models and drawings representing ideal forms the inter-
changeable axes are equal in length and the third axes is longer or
shorter but never a simple multiple of the lengths of the inter-
changeable axes. In real crystals the interchangeable axes are
directions surrounded by exactly the same number of faces and
with corresponding faces at the same angles. The grouping of
faces about the third axis is not the same as to angles and not
necessarily the same as to number of faces.

Conventionally the crystal is placed so that the two inter-
changeable axes are horizontal and the third axis vertical. The
former are known as the basal or @ axes, the latter as the vertical
or ¢ axis. :

Groups or Classes of Forms.

According to the number and arrangement of the planes and
axes of symmetry, tetragonal crystal forms have been divided into
seven classes. Of these two are unknown among crystals of min-
erals and two are represented by oné mineral each. The remain-
ing classes are described following the same general method as in
the isometric.

Series.

Just as in the isometric system a substance can only occur in
forms of one class and in forms of ¢re scries in that class. This
has been explained generally upon page 8, but warrants here a
more detailed explanation.

In the isometric system all three axes were interchangeable, that
is, all were surrounded by the same number of faces at the same

* Also called Pyramidal, Viergliedrige, Zwei-und-einaxige, Monodimetric, Quadatic
and Dimetric,
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angles, and these angles were always such that the three intercepts
of any face were simple multiples of each other, suchas a: 2a: 3a.

In the tetragonal system, however, while the intercepts of any
face upon the two interchangeable axes are simple multiples of
each other, the intercept of this face with the third axis will roz be
a simple multiple of either of the other intercepts and furthermore
this complex relation will be different for every form upon eack dif-
ferent substance.

Experience, however, has shown that a perfectly exact relation
exists between the different coniplex values for the third inter-
cept obtained from different faces of the same substance such that
this intercept for any one face is always a simple multiple or simple
fractional part of the corresponding intercept for any’ other face.

Advantage is taken of this to secure simple instead of complex
symbols as follows: Some prominent face which must intersect
the vertical and at least one of the basal axes is chosen as the unit
face, and its symbol is said to be a: za : ¢ in which a is the shorter
horizontal intercept, ¢ is the vertical intercept and # is necessarily
a simple number or infinite. This ratio is always reduced until @
is unity, that is, may be of sucha formas a:na:c=1:2:1.073.

If now the intercepts of any other face of a crystal of the same
substance are obtained and reduced so that the shorter horizontal
intercept is unity, the face may be expressed by the symbol
a:n'a:mcin which both » and 7’ are simple numbers or infinite.

For example, by calculation the relative intercepts of the com-
mon forms of zircon, see Figs. gI to 94, p. 27, are p = 1:1:0.64
which may be denoted by a:a:c, then in comparison the face m
with intercepts 1:1:00is @a:a:oc; the face a with intercepts
I:00:00iS @:o0a:ooc; the face » with intercepts 1:1:1.92 is
a:a: 3c and the face x with intercepts 1:3:1.92is @: 3a: 3c.

CLASS OF THE DITETRAGONAL PYRAMID. 1s.
No. 18. Holohedry, Liebisch. No. 6. Normal, Dana.

Symmetry of the Class.

As shown in Fig. 83 forms in this class are symmetrical to one
horizontal plane and to four vertical planes at forty-five degrees
to each other. The intersections of these planes with each other are
axes of symmetry and of these CC is an axis of tetragonal sym-
metry. CC and either pair of alternate horizontal axes may be
chosen as crystal axes.
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THE GENERAL FORM OR DITETRAGONAL PyRAMID.
Weiss, @ :na:mc; Dana, m — n; Miller, { ikl }.

Composed of sixteen faces, Fig. 84, each cutting the two basal
axes at unequal but simply proportionate distances, and the ver-
tical axis at a distance no¢ simply proportionate to the other dis-
tances. In the ideal forms the faces are scalene triangles.

Fic. 83. Fic. 84.

WV

The values of » and #» may be determined from any two diedral
angles. For X and Y the equations are :

cos § V' x 1.4142 ]
n=1+4— 2 - ., ncotl X=sin e« tan a = mc.
cos X ’ z ’

That sixteen such faces are needed to satisfy the symmetry is seen in Fig. 83. If
the face 1 occurs, the planes of symmetry make necessary the occurrence of faces 2, 3,
and 4, and each of these must have on each side and below a corresponding plane and
50 on ; or sixteen faces in all.

Limit Forms.

The general form, for special positions of the faces, passes into
limit forms. Assuming the conventional position of the axes with
the axis ¢ vertical these limit positions are :

Each face horizontal. Weiss. DANA. MILLER.
1. BAsAL PiNacolD. wa:waic O {oor }
Each face vertical.
2. PRrIsM OF SECOND ORDER. a:0a:0¢ i—1¢ { 100 }
3. PrisM oF FIRST ORDER. a:a:o0c¢ 7 {110}
4. DITETRAGONAL PRrisM. a:na:ooc¢ i—n { hko }
Each face inclined.
5. PYRAMID OF SECOND ORDER. a:wa:me m—i { kol }
6. PYRAMID OF FIRST ORDER. a:a:me m { 4kl '}

- S em————
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The Limit Forms in Detail,

1. BasaL PiNacoip.—x a:e®a:c: 0, {ool}.

Composed of two faces, Fig. 85, each parallel to both the basal
axes.

2. PrisM oF SECOND ORDER.—a@:®0 a:o0c; i —7; {100}.

Composed of four faces, Fig. 86, each parallel to the vertical
axis and to one basal axis. . The interfacial angles are go°.

FiG. 8s. Fic. 86. Fic. 87.
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3. PrisM OF THE FIRST ORDER.—a:a@:¢; /; {110}.

Composed of four faces, Fig. 87, each parallel to the vertical axis
and cutting the basal axes at equal distances from the centre. The
interfacial angles are go°.

4. DITETRAGONAL PRISM.—a :na: w0 c; i—n; {hko}.

Composed of eight faces, Fig. 88, each parallel to the vertical
axis and cutting the two basal axes in distances unequal but sim-
ply proportionate.

Fic. 88.
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The value of » may be determined, Fig. 88, by the equations :

n=tan } X, or n =tan (135° — 1 ¥)) .
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5. PYRAMID OF SECOND ORDER.—a :a:mc; m —i; {hol}.

Composed of eight faces, Fig. 89, each parallel to one basal
axis, and cutting the other basal axis and the vertical axis at
either unit distances or simple multiples of these. In ideal forms
the faces are isosceles triangles.

The value of mc may be determined by the following equations,
Fig. 89:

cos } ¥V x 1.4142=sing, tan}Z=tane, mc=tana

6. PyRaAMID OF FIRsT ORDER.—a:a@:muc; m; {/ll}.

Composed of eight faces, Fig. 9o, each cutting the basal axes
at equal distances, and the vertical axis at some distance 7ot a
simple multiple of the basal intercepts. In the ideal forms the faces
will be isosceles triangles.

The value of mc may be determined, Fig. go, by the following
equations :

mec=tan } Z x .7071, or sina=cot} X, mc=tana.

Series and Combinations in the Class of Ditetragonal
Pyramid.

It is only by considering the forms in series, that is the forms
of each substance separately, that a clear idea is obtained as to
the pyramidal forms. The prismatic forms and the basal pinacoid
are alike for all substances crystallizing in the class, but the pyra-
mids vary in shape and angle with the relative lengths of »¢ and
a. Though as explained, p. 24, the pyramids which occur upon
crystals of any one substance are definitely related in axial inter-
cepts and usually very limited in number.

The common forms of certain minerals in this class have there-
fore been assembled here.

Fic. 94.
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Zircon.—Axes a :c = 1:0.640.

Fig. g1 shows the common association of unit pyramid p and
unit prism 7. In Fig. 92 these two forms are combined with the
prism of the second order « and in Fig. 93 with the pyramid # =
(a:a : 3¢). Fig. 94 shows the union of second order prism, unit
pyramid and ditetragonal pyramid x = (a: 3a: 3¢).

Fic. ¢6. F1G. 97.

W
Vesuvianite.—Axes a:c = 1:0.537.

The unit pyramid in vesuvianite is a little flatter than in zircon
but not much, hence in the drawings there is little apparent differ-
ence between the pyramid angles in Fig. g1 and Fig. 97. The
relative development of faces, or crystal habit, is, however, mark-
edly different, as is at once apparent on companng the two series of
common crystals.

Fig. 95 shows the combination of unit pyramid p, unit prism s
and basal pinacoid ¢, Fig. g6 shows these three forms combined
with the prism of the second order a and Fig. 97 shows the two
prisms and the unit pyramid.

Fic. ¢8. Fi1G. 1o0. Fic. 101.

F1G. 99.

Apophyllite—Axes a:c=1:1.252.
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As indicated by the ratios of @ to ¢ the unit pyramid of this
mineral is much more acute than in zircon and vesuvianite, this is
clearly apparent in Fig. 101. The figures also illustrate very well
the possibility of great differences in habit without any difference
in occurring forms, thus Figs. 98, 99 and 100 are all combinations
the unit pyramid p, basal pinacoid ¢ and second order prism a. In
Fig. 101 the basal pinacoid does not occur.

Fic. 102,

>

Cassiterite.—Axes a: c=1:0.6723.

In this the ratio of @ to ¢ is closely as in zircon but the common
association is now the unit pyramid p with the second order pyra-
mid & as shown in Fig. 102.

In “Fig. 103 these forms occur with a ditetragonal pyramid z ==
(a: § a: 3¢) and the unit prism .

CLASS OF THE THIRD ORDER PYRAMID. 13,
No. 21—Pyramidal Hemihedry, Liebisch. No. 8—Pyramidal Group, Dana.
Certain crystals of the minerals scheelite and wernerite are sym-

metrical to one horizontal plane and one vertical tetragonal axis

only.
Fic. 104. FiG. 108, FiG. 106.
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THE GENERAL ForM OoR THIRD ORDER Pyramip.—Weiss,
a:na:mc; Dana, m — n; Miller, {Akl}.

Composed of eight faces, Fig. 105, each cutting the two basal
axes at unequal but simply proportionate distances, and the ver-
tical axis at a distance not simply proportionate to the other dis-
tances. In the ideal forms the faces are isosceles triangles.

That eight such faces satisfy the symmetry is shown by Fig. 104. Any occurring
face must, because of the vertical axis of tetragonal symmetry, occur with three other
faces above the horizontal axes, and because of the horizontal plane of symmetry each
of these must be accompanied by.a face below the plane.

The Limit Forms.

Five of the limit forms are geometrically like forms already
described, namely :

1. BasaL PiNacoip. Fig. 8s.

2. Prism oF Seconp OrpEeR. Fig. 86.

3. Prism oF First OrDER. Fig. 87.

5. Pyramip oF SeEconp OrDER. Fig. 8g.

6. Pyramip oF THE First ORDER. Fig. go.

The geometrically new form is :

4. Prism oF THIRD ORDER.—a:7a:ooc; i—n; {hko}.

Composed of four faces, Fig. 106, each parallel to the vertical
axis and cutting the two basal axes in distances unequal but simply
proportionate.

Series and Combinations in the Class of Third Order Pyramid.

In this class the simple forms are all of apparently higher sym-
metry than the class, but in their combinations the true symmetry
is sometimes to be recognized.

FiG. 107. Fic. 108. FiG. 109.

Scheelite—Axesa:c = 1:1.535.
Thus Fig. 107 is only the unit pyramid p and Fig. 109 is the
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unit pyramid with the pyramid of second order & and the basal

pinacoid, but in Fig. 108 the planes x = (a: 3a: 3¢), of the pyramid
of third order settle the symmetry definitely.

SCALENOHEDRAL CLASS. 11.
No. 23. Sphenoidal Hemihedry, Léebisch. No. 10. Sphenoidal Group, Dana.
This class bears about the same relation to the preceding class
that the hextetrahedral class, p. 18, does to the hexoctahedral,
p. 12.  The principal mineral of the group is chalcopyrite. The

planes and axes of symmetry are shown in Fig. 110. The axes
of symmetry are chosen as the crystal axes.

Fi1G. 110, Fic. 111, Fic. 112,

W 4

THE GENERAL FORM OR SCALENOHEDRON.

N

N
\
X
N
N

Weiss, a :na:mc; Dana, m —n; Miller, { A&/ }.

Composed of eight faces, each cutting the two basal axes at un-
equal but simply proportionate distances and the vertical axis at a

distance not simply proportionate to the others. In the ideal form
the faces are scalene triangles.

That eight such faces are necessary to satisfy the symmetry of the class may be seen
in Fig. 170. If a face 1, of the general symbol a:na:mc occurs the face 2 must
occur on the other side of the plane of symmetry and the face 3 must occur because OA4
is an axis of binary symmetry. Continuing in this way eight faces result which may
. be as in Fig. 111, the positive form, or Fig. 112, the negative form, according to the
position of the first face.

Tue Six Limit Forwms.

Five of the forms are geometrically identical with the forms of
the preceding class, namely.

1. BasaL PiNacoip. Fig. 8s.

2. PrisM oF Seconp OrpER. Fig. 86.

3- Prism oF First OrDER. Fig. 87.
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4. DiTETRAGONAL PrisM. Fig. 88.

5. Pyramip oF Seconp Orbper. Fig. 89.

The geometrically new shape is :

6. TETRAGONAL SPHENOID.—z:a:mc; m; {hkl}.

Composed of four faces, Fig. 113, each
cutting the basal axes at equal distances,
and the vertical axis at some distancee not a
simple multiple of the basal intercepts. In
the ideal form the faces will be isosceles
triangles.

FiGc. 113.

Series and Combinations in the Scale-
nohedral Class.
Chalcopyrite.—Axes a:c = 1 :0985.
Fig. 114 shows the positive and negative
unit sphenoid p and p with the second order pyramid ¢ = (a : co-
a:2c). Fig. 115 shows a sphenoid 0 = (a:a:4c)with a scaleno-

FiG. 116.

hedrons = (a:2a:c). Fig. 116 shows a sphenoid v = (a: a :4c)
with the positive and negative forms of a much flatter sphenoid 7=

(a:a:je)

As stated, p. 23, four other classes of symmetry are recognized
among tetragonal crystals, phosgenite is supposed to belong to-
one and wulfenite to another while the other two have no repre-
sentatives among the common minerals.
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HEXAGONAL SYSTEM.*

Hexagonal crystals in all characters except shape so closely re-
semble tetragonal crystals as to be grouped with them. In shape
there are also points of great similarity.

It has been found most convenientt to refer all hexagonal forms
to four crystallographic axes, one vertical and at right angles to
the others, three horizontal and interchangeable and at sixty de-
grees to each other.

Conventionally the vertical axis is the ¢ axis and the interchange-
able axes are the basal or @ axes, and the crystal is always held so
that the ¢ axis is vertical and one of the a axes extends from right
to left.

Classes of Forms.

According to the number and arrangement of the planes and
axes of symmetry hexagonal crystal forms have been divided into
twelve classes of which four are not known to be represented
among the crystals of minerals and two are each represented by a
single species.

All that was said, p. 23, as to series may be repeated here with-
out essential alteration.

CLASS OF THE DIHEXAGONAL PYRAMID. 2a7.
No. 6. Holohedral, Liebisch. No. 13. Normal Group, Dana.

Symmetry of the Class.

Very few minerals crystallize in forms of this highest class of
hexagonal symmetry. Beryl furnishes the best example. As
shown in Fig. 117 the forms are symmetrical to one horizontal
plane and to six vertical planes at thirty degrees to each other as
well as to the lines of intersection of these planes.

# Also called Rhombohedral, Sechsgliedrige, Drei-und-Einaxige and Monotrimetric.

1 A portion of the hexagonal system the ¢ rhombohedral division’’ is referred by
Miller to three oblique axes and this method is followed by Groth. Even when four
axes are used the value of the third horizontal intercept can always be calculated from
the other twa,
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Fic. 117. Fic. 118.

¢

N

THE GENERAL ForM OR DIHEXAGONAL PYRAMID.

. n . 7
Weiss, na: —— a:a:mc; Dana, m — n; Miller, {Akli}.
n—1

Composed of twenty-four faces, Fig. 118, each of which cuts
the three basal axes at unequal distances, simple multiples of each
other ; and the vertical axis at some distance 7ot simply related to
the others. In the ideal form the faces are scalene triangles.

That twenty-four such faces are needed to satisfy the symmetry of the class is
readily seen in Fig. 117. Any face I reflected in the vertical planes becomes 12 faces
and each of these reflected in the horizontal plane conditions another.

The values of 7 and of mc may be found by the following equa-
tions. See Fig. 118.
Given X and Z, cosv= %‘—::——i—/zy, n =1} 4 tan (v — 30°) x.866;
mc = tan }Z sin v.
cos3V
sin $Z
e = tan 37 sin (150° — 9d).
The Limit Forms.
The general form for special positions of the faces passes into
certain limit forms. With the conventional position of the axes
the following positions correspond to limit forms :

Given Y and Z, cos ¢ = ; =14 4+ tan (120°— 4) x .866;

Each face horizontal. WeEiss. DANA.  MILLER.
1. BasaL PiNacolp. ®a:wa: ®aic O { ooor }
Each face vertical.
2. Hex. PrisMm FIRST ORDER. a: wa:a coc /, { roio }
3. Hex. PrisM SECOND ORDER. 2a:2a:a: ¢ i—2 {1120}
4. DIHEXAGONAL PRIsM. na: n’-’:- jeiaimc i—n hklo

Each face oblique.
5. HEx. PYRAMID FIRST ORDER. a@: oca:a:mc m { hoki }
6. HEX. PYRAMID SECOND ORDER. 22:2a:4 : mc m—2 | hhaki}
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The Limit Forms in Detail.

1. BasaL PINAcOID.— ® 2:®wa:wa:c; 0; jooor}.

Composed of two faces, Fig. 119, each parallel to the three
basal axes.

2. HexaG. PrisM OF FIRST ORDER.—a: w0 a:a:wc;/; {10i0}.

Composed of six faces, Fig. 120, each parallel to the vertical
axis and to one basal axis and cutting the other two basal axes at
equal distances.

FiG. 119. FiG, 120. FiG. 121,

O

B TRy Ll
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-emme -.-#- ems mmcw

O

3. HExaG. PrisM OF SECOND ORDER.—24:2@:@:00¢c; 1 — 2
{1120}.

Composed of six faces, Fig. 121, each parallel to the vertical
axis and cutting one basal axis at a certain distance and the other
two at fwice that distance.

4. DIHEXAGONAL Pmsm.—mz:—n-Ya t@a:oec; i—n; {hklo}.

Fic. 122. Composed of twelve faces, Fig. 122, each
- parallel to the vertical axes and cutting all
three basal axes at unequal distances which
are simple multiples of each other.
The value of #» may be calculated by the
e following equations, Fig. 122.

?J

|

!
v

n

Sta s

[N S,

tan X x .5773 = -2-11_ ,p OFtan 3Y x

5. Hexac. PYRAMID OF FIRsT ORDER.—a : a : mc ; m ; {hohi}.
Composed of twelve faces, Fig. 123, each parallel to one basal
axis, cutting the other two basal axes at equal distances, and
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cutting the vertical axis at some distance #o¢ simple proportionate
to the intercepts on the basal axes. In ideal forms the faces are
isosceles triangles,

The value of mc may be found by the following equations, Fig.
123.

tan }Z x .866 = mc; or sin a =cot {.X" x 1.732; tana = mc.

Fic. 123. Fii, 124.

& &

6. HExAG. PYRAMID OF SECOND ORDER.—2a:2a:a:mc;m — 2 ;
§hh2hs}.

Composed of twelve faces, Fig. 124, each cutting one basal axis
at a certain distance, the other basal axes at fwice that distance,
and the vertical axis at some distance #of simply proportionate to
the others. In the ideal form the faces are isosceles triangles.

The value of mc may be calculated, Fig. 124, by the equations :

2 cos X = sin}Z; tan §Z = mc.

Combinations of Forms in the Class of Dihexagonal Pyramid.
Beryl.—Axes a:c = 1:0.499

Fic. 12s. FiG. 126.

the usual prism of first order 2 and basal pina-
6 the second order pyramid ¢ = (2a: 2a:a: 2c)
127 the unit pyramid p is also present.
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CLASS OF THE THIRD ORDER PYRAMID. ss.
No. 9. Pyramidal Hemihedry, Licbisch. No. 15. Pyramidal Group, Dana.

Crystals of the minerals apatite and vanadinite are symmetrical
only to one horizontal plane and one vertical hexagonal axis.

Fic. 128, FiG. 129. FiG. 130,

Z

THE GENERAL ForRM OR THIRD ORDER PyrRAMID. — Weiss,

na: ;‘—_”—-l- a:a:mc; Dana, m—n ; Miller, {lzkii;.

Composed of twelve faces, Fig. 129, each intersecting the vertical
axis and also cutting all three basal axes at unequal distances which
are simple multiples of each other.

That twelve such faces are necessary to satisfy the symmetry of the class, may be
traced in Fig. 128. The resulting form is geometrically like the pyramids of first and
second order, and is distinguishable only when combined with other forms,

The Limit Forms.

Five of the limit forms are geometrically like forms already de-
scribed, namely ;
BasaL Pinacoip.  Fig. 119. :
HexacoNaL Prism oF FirsT OrDER. Fig. 120.
HEexacoNAL PrisM oF SEcoND OrDER.  Fig. 121.
HexacoNaL PyraMip oF FirsT Orber. Fig. 123.
HexacoNAL PyraMiD oF SEcoND ORrpER. | Fig. 124.

O N o=

The new form is :

4. HexaconaL PrisM oF THIRD ORDER.—na :

i—n; { hklo}.

Composed of six faces, Fig. 130, each parallel to the vertical
axis and cutting all three basal axes at unequal distances which
are simple multiples of each other.

a:a:o,c;
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Combinations in the Class of the Third Order Pyramid.

Apatite—Axes a:c=1:0.734.

As in the corresponding tetragonal class it is only the occasional
crystal that shows the symmetry by the position of its faces.
Thus in the six figured crystals of apatite only Fig. 163 proves
the true symmetry by the occurring faces.

F1c. 131. Fig. 132.

e

T N

FiG. 135.

Figs. 131, 132, 133 and 134 show variations in habit in com-
binations of the unit pyramid p, basal pinacoid ¢ and first and
second order prisms, 7 and 2. In Fig. 135 a flatter pyramid ‘
0= (a: o a:a:}c)occurs with the basal pinacoid and second order
prism, and in Fig. 136 a third order pyramid ¢ = ($ a:4a:a:4¢)
occurs with the unit prism, basal pinacoid, pyramid of first order
o and pyramid of second ordere¢ = (2a:2a:a: 2¢).

Vanadinite—Axes a:c=1:0.712. '
The usual combination, Fig. 137, is the prism  and base ¢, but

FiG. 137. Fic. 138.

in Fig. 138, there is shown also the unit pyramid p, and a third
order pyramid v, (§a: 3a:a:3¢).

f
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SCALENOHEDRAL CLASS. 3r.
No. 13. Rhombohedral Hemihedry, Ziebisch. No. 19. Rhombohedral Group, Dana.
This is by far the most important group in the hexagonal sys-
tem, and includes the crystals of such minerals as calcite, corun-
dum, hematite and chabazite.

Symmetry of the Class.

Fig. 139 shows the three planes of symmetry at sixty degrees
with the three axes diagonal to these and one vertical axis. The
axes of symmetry are taken as the crystal axes.

THE GENERAL FORM OR SCALENOHEDRON.

Weiss, na: ”__ L araime; Dana, m —n: Miller, {4kl}.

Composed of twelve faces, Fig. 140, each cutting all the
axes. In the ideal form the faces are scalene triangles. The ad-
jacent polar edges are necessarily unequal.

Fic. 139. F16. 140,

&

To satisfy the symmetry any face, 1, Fig. 139, must be accompanied by a face 2,
because of a plane of symmetry, and by a face 3, because OA is an axis of symmetry,
and these require others and so on to twelve faces.

The Limit Forms.
Four of the limit forms have been described, namely :
1. BasarL Pinacoip, Fig. 119.

3. HExAGoNAL PrisM oF SEcoNDp ORDER, Fig. 121.

4. DinexaconAL PrisM, Fig. 122.

6. HexacoNaL Pyramip oF SEcoND ORDER, Fig. 124.

The new forms are :

2. TricoNAL PrisM OF FIRST ORDER.—a: o @:a: wc; [;
j1o010}.

Composed of three vertical faces, Fig. 141, each of which is
parallel to one basal axis and intersects the others at equal dis-
tances from the center, Fig. 141.

|
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Fic. 141. FiG. 142,
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RHOMBOHEDRON OF THE FIRST ORDER.—a: cw a: a:mc; m;
§hohi}.

Composed of six faces, Fig. 142, each cutting two basal axes at
equal distances, parallel to the third and cutting the vertical. In
the ideal forms the faces are rhombs.

The values of mc may be calculated by the following equations,
Fig. 142:

sin @ = cos X x 1.155; tan @ x .866 = mc.

Combinations in the Scalenohedral Class.

Calcite.—Axes a: c = 1:0.854.

Figs. 143 to 150 represent the more common of the extremely
~ numerous combinations shown by crystals of calcite. Rhombo-
hedrons and scalenohedrons predominate. The rhombohedrons

FiG. 143.  Fis. 144. Fic 145.
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shown are p the unit, Fig. 143, ¢ the negative formofa: w a: a: }c,
Fig. 144 ; f the negative form of a: o a:a: 2¢, Fig. 148 ; and ¢
the positive form of a: w a:a: 16¢, Fig. 145.

Two scalenohedrons only are shown, v =$a:3a: a: 3¢, Fig. 147,
~and w = $a:4a:a:4c, Fig. 150.

The rhombohedron ¢ occurs more frequently than the unit and
is shown in combination with the rhombohedron ¢ in Fig. 145
and with the prism » in 149.

The unit rhombohedron is shown in combination with the sca-
lenohedron v in Fig. 147, and with the two scalenohedrons v and w
in Fig. 150.

Fics. 149. FiG. 150.

¥

Hematite—Axes a:.c =1:1.365.

Fig. 151 shows the unit rhombohedron p with the basal pina-
coid ¢ and the second order pyramid #» = (2a: 2a: a: §¢c). Fig. 153
shows the same except that the basal pinacoid is replaced by the
rhombohedron g = (a: »a:a: }¢), and Fig. 152 shows the two
rhombohedrons pand g.

Fic. 151. Fic. 152,
=\

q
\

Corundum.—Axes a:c=1:1.363.

The unit forms of hematite and corundum are practically iden- .
tical, but the combinations and habits are very different. Fig.
154 shows a second order pyramid » = (2a:2a; a : §c). Fig. 155
shows this and two other second order forms o0 = (2a:2a:a: §c)
and @ = (2a:2a:a: o c) and arhombohedron f =(a : wa: a: 2¢).
Fig. 156 showsa second order pyramid w = (22 : 24 : a: 2c¢) with
the unit rhombohedron $ and the basal pinacoid c.
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Fic. 154.

Chabazite—Axes a :c= 1 :1.086.

Fig. 157 shows the unit rhombohedron p and Fig. 158 shows
this combined with the more acute and more obtuse rhombohedrons
e=(a:wa:a:§c)andf= (a:oa:a: 2c). Fig. 159 shows a twin
of the variety phacolite.

FiG. 157. FiG. 158.

&
&

HEMIMORPHIC CLASS so.

No. 14. Second Hemimorphic Tetartohedry, Liebisck. No. 20. Rhombohedral
Hemimorphic Group, Dana.

7
N

The common mineral, tourmaline, and the ruby silvers, proust-
ite and pyrargyrite, occur in forms showing different group-

FiG. 160. FiG. 161.

ings of faces at opposite ends of the vertical axis. That is the
forms are without horizontal planes or axes of symmetry, Fig. 160.
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THE GENERAL ForM or HEMIMORPHIC DITRIGONAL PyRAMID.

. n . -,
Weiss, na: S gaaime; Dana, m — n; Miller, {Akli}.

Composed of six faces, Fig. 161, each cutting all basal axes at
simply related distances and all cutting the vertical axis on the
same side of the center.

As seen in Fig. 160 if one such face occurs five others must to satisfy the symmetry.
The Limit Forms.

Only two of the forms have been described.

2. TricoNaL Prism FIrsT ORDER, Fig. 141.

3. HexaconaL Prism SEconDp ORDER, Fig. 121.

The geometrically new forms are :

1. The BASAL PLANE, w@: wa: wa:c: 0; {0001}.

Composed of one face parallel to the basal axes.

4. DITRIGONAL PRISM. 74 @8 w {— n;{hklo}.

Composed of six faces, Fig. 162, each parallel to the vertical

axis and cutting all three basal axes at unequal distances which
are simple multiples of each other.

FiG. 162,

;r\ ; Fic. 163.

5. HemimorpHIC TriGoNAL PyraMiD OF FirsT ORDER.

a:oa:a:mc; m; {lzo/?i;.

Composed of three faces, Fig. 163, each parallel to one basal
axis cutting the other two basal axes at equal distances, and cut-
ting the vertical axis at some distance 7of simply proportionate to
the intercepts on the basal axes.

6. HemiMorpHIc HEXAGONAL PYRAMID OF SECOND ORDER.
2a:2a:a:mc; m—z2; {hh2hi}.
Composed of six faces, Fig. 164, each cutting one basal axis at
a certain distance, the other basal axes at fwice that distance, and
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the vertical axis at some distance 7o¢ simply proportionate to the
others.

Combinations in the Hemimorphic Class.

Tourmaline.—Axes a:c = 1:0.447.

Fig. 165 shows the first order trigonal prism =z, the second
order hexagonal prism a; at the upper end the trigonal pyramids
of first order p =(a: wa:a:c)andf=(a: wa:a:2), but at
the lower end the trigonal pyramid p only. Fig. 166 shows m, p
and ¢, but does not so evidently reveal the hemimorphic symmetry.
Fig. 167 again shows m and a central, with at one end p and at
the other £,

Fic. 165. FiG. 166. FiG. 167.
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TRAPEZOHEDRAL CLASS. 18,
No. 15. Trapezohedral Tetartohedry, Liedisch. No. 22, Trapezohedral Group, Dana.
Crystals of the common mineral quartz are without planes of
symmetry but are symmetrical to the four axes shown in Fig. 168.

THE GENERAL ForRM OR TRIGONAL TRAPEZOHEDRON.

Weiss, ne:—"—a :a:mc; Dana, m—n; Miller,{ lzkii} .

Composed of six faces, Fig. 168, each cutting all the axes. In
ideal forms these are trapeziums.
FIG. 168. ) FiG. 169.

Since OC, Fig. 168, is an axis of trigonal symmetry, a face 1 of the genersl
form must be accompanied by faces 2 and 3, and because the otker axes. as 04, are
axes of binary symmetry, each of these must be accompanied by one of the faces 4, 5
and 6.
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The Limit Forms.
Five of the six forms have been described namely :
1. Basar PiNacoip, Fig. 119.
2. HEexaconaL Prism oF First ORDER, Fig. 120.
3. HexaconaL Prism oF SECOND ORDER, Fig. 121.
4. DritriconaL PrisM, Fig. 162.
5. RHoMBOHEDKON OF FIrRsT ORDER, Fig.142.
The geometrical new form is

6. TriconAL PYRAMID OF SECOND ORDER. —2a:2a:a:wc;
m-2; 4 hh2hi | :

Composed of six faces, Fig. 169, each cutting two basal axes at
an equal distance, the third at half that distance and the vertical
somewhere. The faces in the ideal form are isosceles triangles,
and a horizontal section is an equilateral triangle.

Combinations in the Trapezohedral Class.

Quartz.—Axes a:c= 1:1.099.

Fig. 170 shows the positive p and negative p unit rhombohe-
drons, combined in equal proportions. Figs. 172, 173 and 174

FiG. 170. Fic. 171, FiG. 172.

O/ NP

show one or both of these combined with the hexagonal prism of
first order .
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In Fig. 171 asecond order pyramid s = (2a: 2a: a: 2¢), necessa-
rily trigonal, occurs with the forms previously mentioned. Fig.
175 and 176 both show the prism 2 and the two unit rhombohe-
drons, but in Fig. 175 the second order trigonal pyramid s and the
trigonal trapezohedron x = (§a:6a: a:6c) are both to the right of
the positive rhombohedron p, while in Fig. 176 they are to the

left.

These crystals are called right-handed and left-handed, and

represent a structural difference which is also revealed by etching,
rotation of the plane of polarization and pyro-electric phenomena.

CLASS OF THIRD ORDER RHOMBOHEDRON. 17.

No. 16. Rhombohedral Tetartohedry, Liebisch. No. 21. Trirhombohedral Group,

Dana.

A number of minerals, ilmenite, dolomite, phenacite, dioptase,
willemite, etc., occur in forms which are symmetrical only to a
vertical trigonal axis, and to the central point.

THE GENERAL FORM OR RHOMBOHEDRON OF THIRD ORDER.

. n -
Weiss, na: ——a:a:mc; Dana, m—n; Miller, {hkij.

Composed of six faces, Fig. 178, each cutting all the axes at
unequal distances.

Any face, Fig. 177, must, because of the trigonal axis, be accompanied by two
other faces 2 and 3 and each of the three must have a diametrically opposite face, 4,
5 or 6, as in Fig. 177.

Fic 177. Fic. 178.

The Limit Forms.
Of the six limit forms, five have been described, namely :

I.
2.
3.
4.
5

T

BasaL Pinacorp, Fig. 119.

HEexacoNAL Prism oF FirsT ORDER, Fig. 120.
HEexacoNaL PrisM oF SEcoND ORDER, Fig. 121.
HexacoNaL Prism oF THIRD ORDER, Fig. 130.
RHoMBOHEDRON OF FIrsT ORDER, Fig. 142.

he geometrically new form is :
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6. RHOMBOHEDRON OF SECOND ORDER. FiG._179.
2a:2a:a:mc; m-2; { hh2khi }.

Composed of six faces, Fig. 179, each
cutting two basal axes at twice the distance

that it cuts the third, and cutting the vertical
somewhere.

Combinations in the Class of the Third Order Rhombohe-
dron. '

Phenacite.—Axes a:c =1 :0.66107.

Fic. 180. Fic. 18I.

Fig. 180 shows the first order prism » and second order prism
a and the third order rhombohedron x =§ a:3a:a:4c.
Fig. 181 shows first order rhombohedrons 7, z and d, second

order rhombohedrons p and o, third order rhombohedrons x and s
and second order prism a.




CHAPTER V.

ORTHORHOMBIC SYSTEM.

The orthorhombic* system includes three classes of symmetry,
in all of which the crystallographic axes may be chosen at right
angles to each other, but are not interchangeable.

Series.

All forms which ever occur upon crystals of the same substance
belong to one series. That is, their faces occur at such angles
that if the intercepts of any one face are reduced until one term is
unity, then the axial intercepts of any other face, taken in the same
order and reduced until the same term is unity, will be simple
or infinite multiples term for term of those of the first face.

If one of the faces is taken as the unit and its intercepts ex-
pressed by a:6:¢ all other faces may be simply expressed in
terms of this face. For instance in the crystals of topaz, Figs. 197
to 199, the calculated intercepts for certain faces and their symbols,
when p is taken as the unit face, are as follows:

Fack. CALCULATED INTERCEPTS. SyMBoL 1N TERMS OF .

? 0.528: 1:0.477 a:b:c

i 0.528:1:0.318 a:b: e

g 0.528 : 1:0.954 a:b:2

m 0.528:1: oo a:b: ooc

/ 1.1§6: I : o0 2a:6: ooc

Vi o :1:0.954 oa:d:2c

A I:0:0.318 a:ob: 24

The Choice of the Unit Plane.

The directions of the axes having been determined, the unit
plane chosen will if possible be a face of frequent occurrence which
intersects all the axes.t The orientation is then optional. One
axis, Fig. 182, will be made the vertical, or ¢, axis, the other two

* Also called Prismatic, Rhombic, Ein-und-einaxige, Anisometric and Trimetric.

t On account of similarity of crystals to some species of related composition, another
choice may be made or the values a, 4 and ¢ may result from two different face: from
cleavages, because of greater brilliancy and more accurate measurements.
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will be horizontal, and the horizontal axis with the longer unit
intercept will be placed to run from left to right, and called the
macro or b axis ; the other axis will run from front to back and will
be called the éracky or & axis.

PYRAMIDAL CLASS 8.
No. 25. Holohedry, Liedisch. No. 25. Normal Group, Dana.

Almost all orthorhombic minerals crystallize in forms sym-
metrical to three planes at right angles to each other, as in Fig. 182,
the intersections of these being axes of binary symmetry and
chosen as the crystallographic axes.

General Form or Pyramid.

Composed of eight faces, Figs. 183 and 184, each of which cuts
the three axes in the same relative distances ; these intercepts are
never simple multiples of each other, but in crystals of the same sub-
stance are necessarily simple multiples of the corresponding inter-
cepts of the selected unit pyramid. In the ideal forms the faces
are equal scalene triangles.

FiG. 182.

ﬁ\“\m

The values of 72 and ¢ may be determined from any two of
the angles X, ¥, Z, Fig. 184, by equations like the following :

cos %X
cosa = , na = cot a.
sin %Z

cos = YO mec = tan 3 x nd.

Evidently a rhombic pyramid may be composed either of faces
with the unit intercepts, or the faces may be at other angles,

I



50 CRYSTALLOGRAFHY.

with any one or two of the intercepts simple multiples of the unit
intercepts. Three types are distinguished, the. symbols being :*

Waiss. Dana. MILLER.
Unit series Pyramids, :53 me m { ikl
Macro Pyramids, d:nb:mec m—n { kbl Y

Brachy Pyramids, na:b:me m—n &l

Limit Forms.

The general form for special positions of the faces may be-
come one of six limit forms, as follows :

Each face parallel to two axes. Weiss. DANA.  MILLER.
1. Basar Pivacorp. ®wd: wbic o { oo1
2. Macro PiNacorp. d: wbiwec i—1 { 100 }
3. Bracuy Pinacorp. wd:b:0c i—1 {010}
Each face parallel to one axis.
4. Bracuy DoME. wd:bimc  m—1 {okl}
5. Macro DoME. a:wbime  m—i {hol}

fa:nb: 0c i—n { hko b

6. Prism. - =
\na:b: we i—n { #ho }

The Limit Forms in Detail.

1. BasaL PINACOID.— @ wb:c; o0; {oor}

Composed of two faces, Fig. 185, each parallel to the basal axes.

2. MACRO PINACOID.—2: ®b: coc; i—1i; 4 100 b.

Composed of two faces, Fig. 186, each parallel to the macro
and vertical axes.

FiG. 185. F1c. 186. Fic. 187.
P 1 — H 2
i |
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* It is customary to assume # as varying only from I to o<, never less than 1; that
is, the very possible value, !sa: 6: 2¢, is represented by a: 26: 4¢, »  ing made
greater than 1 by transferring it from a to 4 with an appropriate value.
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3. BRACHY PINACOID.— 0 2:5: wc; i—37; {ol0}.

Composed of two faces, Fig. 187, each parallel to the brachy
and vertical axes.

4 BrACHY DOME.— oo d:b:mc; m—i; { okl }.

Composed of four faces, Fig. 188, each parallel to the brachy
axis but cutting the macro axis and vertical axis in distances »o#
simply proportionate.

The value of mc may be determined by the equation, Fig. 188,

tan § B = mc.

5. MAcrRO DoME—: 0 b:mc; m—i; { hol}.
Composed of four faces, Fig. 189, each parallel to the macro
axis but cutting the brachy axis and the vertical axis in distances

not simply proportionate.
!
/.......-:'.,i..-:L". ...... .

FiG. 188. FiG. 189.

The value of mc may be determined by the equation, Fig. 189,

mc,

tan }A=-(-z-

6. Prism.
Composed of four faces, Fig. 190, each parallel to the vertical
axis and cutting the basal axes in distances nof simply proportionate.
The intercepts on the basal axes may be in the unit ratio or one
of the intercepts may be re/atively lengthened.
The types receive names and symbols as follows :
Unit Prism, d:6: wc 7 {110}
Macro Prism, ad:n6: o ¢ i-n { #ko }
Brachy Prism, nd:b:ooc -—n " {kho}

The value of #a can be determined by the equation, Fig. 190.
cot ¥ X = na.
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Combinations in the Pyramidgl Class.

Barite—Axes & :b:c=0.815: 1: 1.313.

The prevailing faces are the unit prism , the basal pinacoid ¢,
the macro dome n= (2: w 6: % ¢), and the brachy dome & =
(wa:b:0c). )

FiG. 191. FiG. 192. FiG.. 193.
@ e
N__/
Fi1c. 194. FiG. 195.

All of these are shown in Fig. 196. Fig. 195 contaifts also the
brachy pinacoid b and Fig. 193 the macro pinacoid 2. Figs. 191,
192 and 194 are simpler combinations of the same forms.

Topaz.—Axes a: b: c=0.528: 1: 0.477.

Fig. 197 shows the unit pyramid p, unit prism m, brachy
prism/ = (22:6: o ¢) and the brachy dome f=(wa:6:2¢).
Fig. 198 shows the same forms with the basal pinacoid ¢ and

FiG. 199.

Fig. 199 shows all of 198 and also two other pyramids ¢ =2: 4:
%c;q=d:l;: 2c; and two macro-domes zt =a: wb: §cand £ =
a:b: 2c.

HEMIMORPHIC CLASS. 7.
No. 27. Hemimorphy, Liedisch. No. 26. Hemimorphic Group, Dana.
The mineral calamine, occurs in crystals which are symmetrical

to only two planes and their interscction. That is the faces are
different at opposite ends of the axis of symmetry.
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THE GEeNeEraL ForM or HEMIMORPHIC PYRAMID.

Composed of four faces, Fig. 235, each cutting all three axes.
Just as in the general form of the preceding
class the symbol may be any one of :

Fic. 200,

WEISss. DaANa, MILLER.
a b:me m { Akl Y
a:nb:me m—n  rkl Y
nd:b:me m—n m { k)

Limit Forms.

Three of the limit forms are geometrically like the forms of the
preceding class namely :

2. Macro PiNacoip.  Fig. 186.

3. Bracuy PiNacoip.  Fig. 187.

6. Ruomsic Prism. Fig. 190.

The geometrically new forms are :

I. BasaL PLANE—od:o0b:c; 0; { ool p.

Composed of one face parallel to the basal axes.

4. HEeMiMORPHIC BRACHY DOME.— cod: & :me; m—1; { okl b.
Composed of two faces, Fig. 201, each parallel to the brachy axis.

Fi1G. 201. Fi1G. 202.

.-.---.-..;,..--.. P X

5. HEMIMORPHIC MACRO DOME—a : 00 i mc; m—i; < hol b.

Composed of two faces, Fig. 202, each parallel to the macro
axis.

Combinations in the Hemimorphic Class.

Fig. 203 shows a crystal of calamine with the unit prism 7 and
the macro and brachy pinacoids @ and 4. One end shows only
the hemimorphic pyramid » = (24 : 4 : 2¢), the other shows the basal
plane, ¢, the two brachy domes @ = (d:4:c)andi = (od:5: 3¢)
and the macro dome 7 = & : xb: 3c.
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her class in this system has a representative in epsomite,
cteristic form being the sphenoid p, Fig. 204.

FiG. 203. FiG. 204.




CHAPTER VL
MONOCLINIC SYSTEM.*

The monoclinic system includes three classes of symmetry, in
11 of which the crystallographic axes may be chosen so that two
re oblique to each other and the third normal to the other two.
"he axes, Fig. 2035, are not interchangeable.

Conventionally the normal

FIG;:QOS' or “ortho” axis 4 is placed

5. from right to left, either of the

other axes is made the vertical,

— ¢, and the third “ the clino,” 4,

b dips downward from back to
front. The acute angle be-
tween the vertical and clino
axis is called f.

Series.

All that has been said as to series under the orthorhombic sys-
em on p. 48 may be repeated here. The axes are understood to
e fixed with one definite value for 3 for all forms of the series.

PRISMATIC CLASS, s.
No. 28. Holohedry, Liebisch. No. 28. Normal Group, Dana.

All the common monoclinic minerals occur in crystals sym-
netrical to one plane and to one axis normal to the plane, Fig.
206.

SENERAL ForM orR HEMI Pyramip.

Composed of four faces each intersecting all the axes in dis-
ances not simple multiples of ecach other. For any symbol two
ndependent forms result, each of four faces. The four in Fig.
207 constitute the so-called positive hemi pyramid, those in Fig.
208 the negative.

* Also called Hemiprismatic, Zwei-und-eingliedridge, Monoclinohedral, Clinorhom-
bic, Monosymmetric.

4%
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FiG. 206, FiG, 207. FiG. 208.

Just as in the orthorhombic system the faces of a hemi pyra-
mid may have the unit intercepts or any one or two of the inter-
cepts may be simple multiples of those of the unit face. To dis-
tinguish the possible varieties the following names and symbols
are needed :

WEIss. DANA. MILLER.
Positive Unit Series Pyramid, + a: é ime 4 m { hhd h
Negative Unit Series Pyramid, —a@:6:mc —m LA
Positive Ortho Pyramid, +a:inbimc +m—n L hkl}
Negative Ortho Pyramid, —a:nb:mec —m-n L bkl
Positive Clino Pyramid, +naibime +m—-n { khl}
Negative Clino Pyramid, —naibime —m—-n kMY

Limit Forms..

The general form will, for certain positions of the faces, pass into
limit forms as follows:
Each face parallel to

two axes. WElss. DANA. NAUMAN.
1. BasaL PiNacoip. wdiwb:c o { oor1 }
2. ORTHO PINACOID. Q:xb:xc i—1 { 100 }
3. CLiNo PiNacolp. ®wa:b:xc i-i { oo}
Each face parallel to
one axis.
4. CriNno DoME. wa:b:me m—i { okl }
5. ORTHO DOME. @:o0b:me m—i { kol }
a:nbiooc i—n I~
6. Priswm. {

na:b:oc i-n {
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Limit Forms in Detail.
1. BasaL PINACOID.— wa@: wb:c; 0; {00 }.
Composed of two faces, Fig. 209, each parallel to both basal

axes.

2. ORTHO PINACOID.—@ : ® 6: oc; i—1%; {100 }.
Composed of two faces, Fig. 210, each parallel to the ortho and

vertical axes.

Fic. 209, FiG. 210.

»
ceecccmcmmm cicicmaane

)
.

3. CLINO. PINACOID.— w0 d: 4: »c; i-i; {010 ).

Composed of two faces, Fig. 211, each parallel to the clino and
vertical axes.

4. CLiNO DOMES.— w0 a: b: mc; m—i; { okl}.

Composed of four faces, Fig. 212, each parallel to the ¢ no
axis and cutting the vertical and ortho axes in distances not simply

proportionate.

e Fececoma

Fic. 211. FiG. 212.
!
- s
i’
/s
4

5. HEmM1 OrRTHO DOME.
Composed of two opposite faces, each parallel to the ortho axis

and cutting the clino and vertical axes in distances not simply pro-

portionate.
If the faces lie in the acute angle 3, the form is called positive.

Fig. 213, if they lie in the obtuse angle, the form is called negative.
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Positive + a@: o b: mec; +m—1;

Negative —la: wb: mc; —m—1;

F16. 213.
b \
e

R VA,

s
U\
6. Prism.

Composed of four faces, Fig. 214, each parallel to the vertical
axis, and cutting the basal axes in distances not simply propor-
tionate.

As in the pyramids, a prism compared with the chosen unit
plane may be:

Unit Prism diz ooc 7 {110}
Ortho Prism ti:n_é:ooc i—n { ko }
Clino Prism #nd:6:0¢ i—n 3 4ho |

The ratio between @ and & cannot be determined from the pris-
matic angle alone: if, however, the angle B of the unit prism is
known, the value of 7 for any other prism may be determined by

tan 5’
"= anif

If the angle A between the basal pinacoid and unit prism is
known and the prism angle 5, the ratio between the axis and also
the angle 8 may be determined by the equations:

measuring its angle B’ and using the equation :

cost B a cos A

cos 0 = —=cotd; cosﬂ=-s-F*_ﬁ-.

Tsin 4’ b

In clino and ortho prisms the values of #» may be determined
when the angle 8 is known:

n=atan % Bsinf; n= cott B

o mes =g sin 8

Combinations Prismatic Class.
Pyroxene—Axes a:b:c=1.092:1:0.589; B=74° 10 9"

Fig. 215 shows the three pinacoids, &, 4 and ¢, the unit prism »,



MONOCLINIC SYSTEM. 59

the negative unit hemi-pyramid p and the positive hemi-pyramid

=(a: 6: 2¢). Fig. 217 is the same without 7 and Fig. 216 omits also
the basal pinacoid ¢. Fig. 218 shows the unit prism , the basal

Fic. 215. FiG. 216. FiG. 317. Fic.

T JAI

X N\

pinacoid ¢, two positive hemi-pyramids v and w = (¢:4:3¢) and a
clino dome s = (o a:4: 2¢).
AMPHIBOLE.—AXesd:6:¢c=0.551; 1:0.293; B = 73° 58’ 4".

FiG. 219. FiG. 220, FiG. 221.

iV

U

Fig. 219 shows the unit prism s, the basal and clino pinacoids, ¢
and 4 and the positive unit hemi pyramid p. Fig. 220 shows the
unit prism, clino pinacoid and unit clino dome d = (o 4: 6: ¢).
Fig. 221 shows the same except that the clino pinacoid 64 is re-
placed by the ortho pinacoid a.

FiG. 222. Fic. 223
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ORTHOCLASE.—AXes @ :6: ¢=0.658; 1:0.555; 8=63° 56 46",

Fig. 222 shows the unit prism s, clino and basal pinacoids 4
and ¢, and positive hemi orthodome y = (¢: o &: 2¢). In Fig.
223 yis replaced by o = (¢: o &:¢), and in Fig. 223 the clino
pinacoid is omitted. Fig. 224 includes the forms of 257 and also
a clino prism z=3@:&: o ¢ and the unit pyramid p.

Not one of the common monoclinic minerals is known to
crystallize in either of the other two classes possible in the system.



CHAPTER VIL
TRICLINIC SYSTEM.*

The Triclinic System has been divided into two classes in both
which the crystallographic axes are three lines oblique to each
er and not interchangeable.
The three axes, Fig. 226,
- usually chosen parallel to
yminent edges of the crystal.
Dne of the three chosen axes
placed in a vertical position,
1 is called the vertical axis, -
Of the others, the brachy a
s 4 takes the position of the '
10 axis in the monoclinic system and the macro axis 4 takes its
sition according to its angles with & and ¢.
The oblique angles between the axes are conventionally desig-
ed by Greek letters as follows :

afNbbyy,a Ncbyd;é  cbya

FiG. 226.

ck---

ries.

As in the preceding systems all the ‘“forms’ in which one sub-
nce ever crystallizes belong to the same series, that is, if
rred to three axes inclined at certain constant values for a, 8
I r, the intercepts of any two faces reduced until the same term
ach is unity, and the corresponding terms divided the one by
-other ; the quotients will be either simple numbers, simple frac-
1s, or infinity.

PINACOIDAL CLASS. 3.
No. 31. Holohedry, Liebisck. No. 31. Normal Class, Dana.

All known triclinic minerals crystallize in forms symmetrical to
center only. Every form must therefore consist of two faces.

'Also known as Tetarto prismatic, Ein-und-eingliedrige, Triclinohedral, Clinorhom-
al, Anorthic, Doubly oblique and Asymmetric.
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General Form or Tetrapyramid.
Composed of two opposite faces, Fig. 227, which may be, as in
the orthorhombic, unit, macro or brachy.

Weiss, Dana. MILLER.
Unit Series, d:5:_mc m { Al }
Macro, a:nb:me m—rn 3 hkl
Brachy, nd:b:me m—n { ki

According to the position of the faces with reference to the
axes, names and symbols may be given. Thus, for four tetra-
pyramids of the unit series :

Upper Right Tetra-Pyramid, aibime  m { A}

Upper Left Tetra-Pyramid, d:b_f ime 'mo { A}

Lower Right Tetra-Pyramid, &b me m, {m}

Lower Left Tetra-Pyramid, &ibime m R
Fi1G. 227. F1c. 228,

Limit Forms.
The general form for certain positions of the faces will pass
into limit forms as follows :

Each face is parallel to two axes. Weiss.  DANa. MILLER.
1. BasaL Pinacoip, ood:oc_>5:c o { oor1 }
2. Macro PinNacolp, d: ob:ooc {—1 { 100 }
3. Bracny PinNacoip, wd:bioc i—1 {oro}

Each face is parallel to one axis.

4. HeM1 Bracuy DoME, ood:_b: me  m— Y { okl }
5. HEMI Macro DoME, a:o0b:me m— A ol '}
6. HEm1 Prisw, d:nb:iooc i—n { Zko }

The Limit Forms in Detai .
1. BasaL PINACOID.— wd:0b:c; 0; 4 oot b
Composed of two faces parallel to the basal axes. The faces ¢
in Figs 228 and 233.
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2. MACRO PINACOID.—Z: wb:ooc; £=—1; { 100 }.

Composed of two faces parallel to the macro and vertical axes.
The faces a of Figs. 228, 232, 233 and 234.

3. BRracHY PINACOID.— 0 @ :4: wc; #~7; {o10}.

Composed of two faces, each parallel to the brachy and vertical
axes. The faces & of Figs. 228, 232, and 233.

4. HEM1 BrRacHy DoMEs.

Composed of two faces, Fig. 229, parallel to & and intersecting

b and ¢ in distances not simply related. According to the position
the form may be :

Right upper, wa:b:me m—, ¢ { ok}
Left upper, wd: ¥ :me m—'i, { ok}
F16. 229. F1G6. 230. Fic. 231.

2

5. Hem1 Macro DoME.

Composed of two faces, Fig. 230, each parallel to the macro
axis and cutting the brachy axis and the vertical axis in distances
not simply proportionate.

According to ‘position the form may be :

Upper front, a: o b:me m—'4 { Aol }

Lower front, a: wb:me m—, i, { kol }

6. HEm1 Prism.

Composed of two opposite faces, Fig. 231, each parallel to the
vertical axis and intersecting the basal axes. The same division

is made into macro, brachy and unit as in the orthorhombic. For
instance :

Right Brachy, #d:6:0c =7’ { #ho }
Left Brachy, n2:4' :ooc ~'n { &ho }
Combinations in the Triclinic System.

Fig. 232 shows a crystal of chalcanthite with brachy pinacoid 4,
macro pinacoid &, right hemi prism #, left hemi prism J/ and lower
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left tetra pyramid p. Fig. 233 shows a crystal of cyanite with the
three pinacoids a, & and ¢, the right 7, and left A/ hemi unit prisms

and a right hemi brachy prism /=(22: 6 : ooc).

Fic. 232. Fic. 233 Fic. 234.

¢
i

iy,

L

Fig. 234 shows a crystal of axinite with both hemi prisms m
and A, macro pinacoid a, upper right and upper_left unit pyramids
2’ and ’p and a macro dome ¢ = & : c0b : 2.




CHAPTER VIIL
TWINNED CRYSTALS.

ystals frequently occur in which the faces, while evidently
ging to more than one individual, possess a very definite
on with respect to each other, usually symmetrical to a defi-
lane called a twinning plane. .

ch a symmetrical intergrowth of two like crystals is called a
ed crystal. When the two individuals penetrate each other
constitute a penetration twin and when they do not they con-
e a contact twin.

ning Plane.

e twinning plane, since it is a plane of symmetry for the pair
ystals, cannot be a plane of symmetry for either individually.
usually, however, parallel to a crystal face of simple symbol.
 Axis. .

e line normal to the twinning plane is called the #win axis
isually the two individuals are in the relative positions corre-
ding to a half revolution about this line of one of two originally
lel individuals. Evidently this twin axis cannot be an axis of
y symmetry, p. 4, because a rotation of 180° about it would
' the crystals into an identical instead of a reversed position.
the same reason the twin axis cannot be an axis of tetragonal
exagonal symmetry, though it could be an axis of trigonal
netry. The twin axis will usually, however, be either a crys-
yraphic axis or normal to some very prominent face.

ISOMETRIC TWINS.
ning Plane an Qctahedron Face.

1e most frequent type is with the twinning plane an octahedral
Fig. 235 shows an octahedron with the twinning plane shaded

he twin axis 44 normal thereto ; Fig. 237 shows the corres-

ing contact twin, and Fig. 236 the interpenetrating twin,

g. 238 shows a combination of cube and octahedron, the twin

: shaded and the twin axis A4 normal thereto. Fig. 239




CRYSTALLOGRAPHY.

ystals united in reversed positions. Fig. 240
nterpenetrating.

Fic. 237.

FiG. 240.

Cube Face.
1 be a twinning plane in the class of the hex-

the tetrahedron with the twinning plane shaded
74 normal thereto. Fig. 242 shows the pene-
versed tetrahedron being shaded.

“1G. 241,

Dodecahedron Face.

decahedron can be a twinning plane in the class
7. 243 shows a pyritohedron with twinning plane
xis OA normal thereto. Fig. 244 shows the
1e reversed form being shaded.
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Fic. 243. Fi1G. 244.

TETRAGONAL TWINS.

Twinning Plane a Face of Second Order Pyramid.

This is the most common type. Fig. 245 shows a cassiterite
crystal with such a plane shaded. Fig. 246 shows the contact

FI1G. 245. Fi1G. 246. Fic. 247.

~

twin, the reversed form being shaded. Fig. 247 shows a similar
contact twin of rutile. Fig. 248 shows the pyramid of hausman-
nite with twinning plane shaded. Fig. 249 shows a contact twin

FiG. 248. Fic. 249. Fi6. 250.
N A

and Fig. 250 shows four pyramids which have grown about a fifth
in normal position, each of the pyramids with a twinning plane
parallel to a different face of the second order pyramid.
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Other planes may be twinning planes. Chalcopyrite occurs with
twinning plane parallel to a first order pyramid face. In scheelite,
Fig. 251, the twinning plane is parallel to a face
of the second order prism.

FiG. 251.

HEXAGONAL TWIN.

Twins are rare in the class of highest sym-
metry of this system. In the scalenohedral
class twins occur with the twinning plane par-
allel to a rhombohedron or base but not to a
prism face. In quartz, however, which belongs
. to the trapezohedral class, p. 44, without planes
of symmetry, the twinning plane is frequently a prism face.

Twinning Plane a Face of a Rhombohedyon.
Fig. 252, represents a calcite unit rhombohedron with a twin-

Fic 253.

ning plane parallel to @: wa:a:}c shaded, Fig. 253 shows
the twin with the reversed form shaded.

Twinning Plane the Basal! Pinacoid.

In calcite and other minerals of the scalenohedral class, p. 39,
the basal pinacoid is sometimes the twinning plane. Fig. 254

Fic. 254. FiG. 255. FiG. 256 Fic. 257.

hows a calcite scalenohedron with twinning plane shaded, and Fig.
55 shows the corresponding contact twin.
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Twinning Plane a Face of First Order Frism.

In quartz, twins of this kind occur like Fig. 256, but more
frequently interpenetrating and as then the positive rhombohedron
of one coincides with the negative of the other, the twin structure
is only recognized by etching.

" Twinning Plane a Face of Second Order Prism.

If this occur in quartz the twin is not a true twin if both in-
dividuals are positive or both negative for the positions after
revolution, are identical and not reversed. If one is positive

and the other negative the result is as in Fig. 257 and basal sec-
tions will show characteristic optical phenomena.

ORTHORHOMBIC TWINS.

The pinacoids will not be twinning planes but any other face
may be.
Fic. 258. FiG. 259.

Twinning Plane a Prism Face.

523 S ey =

Fig. 258 shows such a con-
tact twin of aragonite and Fig.
259 shows the pseudohexa-
gonal shape frequent in this
mineral as a result of repeated
twinning.

Twinning Plane a Dome Face.

Fig. 260 shows a staurolite crystal with a plane parallel to
a brachy dome ooa: &4: § ¢ shaded. Fig. 261 shows the interpene-
tration twin the reversed form shaded.

Fic. 260. FiG. 261. FiG. 263. Fi1c. 263.

Twinning Plane a Pyramid Face.

Fig. 262 shows a staurolite crystal with twin plane §a: b: §c
shaded. Fig. 263 shows the corresponding interpenetration twin.
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MONOCLINIC TWINS.

The plane of symmetry will not be a twin plane, any other

may be. ) ]
Tiwinning Plane the Orthopinacoid.

FiG. 264. FiG. 265. This is the most common type. Fig.
264 shows a gypsum crystal with a
shaded plane parallel to the orthopina-
coid, and Fig. 265 shows the correspond-
ing contact twin. Fig. 266 shows an in-
terpenetrating so-called “ Carlsbad " twin
of orthoclase.

Twinning plane the Basal Pinacoid.
Fig. 267 shows the so-called ‘* Manne-
bacher”’ twin of orthoclase.
Fic. 266.

Fic. 267. Fic. 268.

Twinning Plane a Dome Face.
Fig. 268 shows the so-called ““ Baveno " twin of orthoclase, the
twinning plane being parallel to the clinodom e a@:4: 2c.
TRICLINIC TWINS.

Twinning Plane the Brachy Pinacoid.
Although any face may be a twinning plane, the brachy pina-

FiG. 269. F1G. 270.
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coid is the most frequent. Fig. 269 shows a twin of albite
(albite law) the twinning plane shaded.
In the so-called pericline twin of albite the macro axis is the

twin axis, Fig. 270. Twins also occur with the macro pinacoid
as the twinning plane.




CHAPTER IX!

MEASUREMENT OF CRYSTAL ANGLES.

‘he instruments used in measuring the angles between crystal
s are called goniometers.

nd Goniometers.
'he hand-goniometer consists essentially of two pivoted arms
a graduated arc. If the crystal faces permit close contact, an
instrument with detachable arms,
FiG. 271. like that shown in Fig. 271, will
yield measurements which are ac-
curate within one degree.

The arms are first lifted from the
arc and slid upon the pivot until
the pointed ends are of convenient,
but not necessarily equal, length to
be applied to the crystal. These
ends are then so placed that each
is perpendicular to the edge of in-
ection of the two crystal faces, and in such close contact that
light passes between the arms and the faces. When satisfac-
r adjustment has been secured the arms are clamped and re-
ed on the arc, as in the figure, and the angle is read. In the
re the angle is 120 degrees.
everal measurements should be made and the average taken.
or each reading the arm should be unclamped and the new
isurement made as if it were a different angle.

Jection Goniometers.

‘he angles between smooth bright faces can be measured to
“minutes or even closer, as follows :

‘he crystal is adjusted so that an edge coincides with the axis
otation O, Fig. 272. (0 is a ray of light fixed in direction.
is the line of sight or axis of a telescope. /O bisects the
le COT.
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Whatever the position of the crystal the ray CO striking it is
lected, but only when a face of the crystal coincides with 45/,

right angles to VO, can
> reflection enter the fixed
escope O7. For a posi-
n of the crystal indicated
- the black rhomb, one
e coincides with AB5’,
d a reflection reaches 7.
1other face at that time
incides with OB. A re-
ction will be obtained
m this second face, after
otation measured by the
> BB', the supplement of
e arc AB, which measures
e angle between the faces.

Fic. 272.
N

The axis of rotation may be horizontal, as in the Wollaston and
itscherlich instruments, or vertical as in the Babinet and Fuess

truments.

FiG. 273.

Fig. 273 shows the Fuess goniometer * (Model 4, a) which is
Imirably adapted for student work. It is very much lower priced
an the Model 2, but is exceedingly simple in adjustments and

curate in its results.

*R. Fuess, Steglitz, near Eerlin, marks 2€0, or about €5 Collars,
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Two telescopes are used:

(a) The collimator telescope C fixed in a constant position and
designed simply to guide to the crystal a ray of light from a lamp
set at the outer end. Atthis end is an orifice like a double crescent,
Fig. 274, formed by two circular discs of equal diameter set a dis-
tance apart which can be regulated by a screw.

(6) The observation telescope 7, which may be set at any de-
sired angle to C, though the axes of 7 and C always remain in a
horizontal plane and intersect in the axis of rotation. Within 7°
are two cross hairs, one vertical, the other horizontal, adjusted to
intersect in the axis of the telescope. The vertical cross hair is
parallel to the axis of rotation.

Before the objective swings an extra lens which, when down,
converts the telescope into a weak microscope, and brings the crys-
tal into focus. When raised the crystal is out of focus, the tele-
scope now being focused upon the light.

The crystal carrier is shown between the telescopes. The
crystal is attached by wax to the plate at p. The extra lens is
dropped and the crystal raised, or lowered, into the field by un-
clamping 4. The desired edge is then successively #pped into
vertical position by the two circular arcs below p, and centered,
that is made to coincide with the vertical cross hair, by the sliding
motions produced by the screws » and o.

During centering one of the centering slides should be placed
at right angles to the telescope axis while the crystal edge is made
coincident with the vertical cross hairs. The other centering
slide should then be placed at right angles to the telescope axis
and the coincidence again produced and this repeated until, during
a rotation, the edge and vertical hair appear to be one, and on
raising the extra lens the image of the signal from either face is
symmetrically bisected by the cross hairs.

After centering the crystal edge the measurement is made as
follows :

The telescope is set at some convenient angle to the collimator
(100 to 120 degrees) by unclamping G which is then reclamped.
The screw a is then unclamped, the graduated circle and crystal
are turned together by the pilot-wheel /f, until the reflected signal
is seen through the telescope, then a is tightened, the signal
moved by the tangent screw / until it is bisected by the vertical
cross hair, as in Fig. 274, and the vernier is read and recorded.
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The screw a is again loosened and the rotation continued until
the signal is received from a second face, and this is centered by
F and a and recorded as before and the difference between the
two readings is the supplement angle.

At least three measurements of any angle should be made and
preferably with different portions of the
circlee. For the second measurement
when the signal from the second face is
centered the screw 4 is loosened and the
crystal alone is turned by the disk ¢ until
the signal from the first face is centered,
then 4 is tightened and a loosened and
the crystal and circle turned together as
before. This is repeated before a third
measurement.

The fundamental necessity for good measurement * is a good
crystal with bright smooth faces. This is more apt to be found
among little crystals than large ones. During and before measure-
ment the crystal must not be touched with the fingers but handled
with pincers and should be carefully cleaned with chamois skin.

Fic. 274.

* For greater detail in measurement see Characters of Crystals, by A. J. Moses,
Chapter V.
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CHAPTER X.
CRYSTAL PROJECTION OR DRAWING.

For description and illustration crystals are usually projected
upon a vertical plane by parallel rays oblique to the plane of pro-
jection. The eye is conceived to be at an infinite distance but a
little to the right and above the center of the crystal.

The figures obtained in this way have an appearance of solidity,
all parallel edges are parallel in the projection and all points in a
given line remain the same proportionate distances apart.

Construction of ‘¢ Axial Cross.”’

A definite relation exists between the projected lengths and
angles of the isometric axes and the angles of elevation and rota-
tion to the right of the line of sight.

The following table gives a series of projections, of which num-
ber 3 has been used in preparing the figures in this book (see Fig.
277):

Angles Foreshortened Approximate
between projected lengths of axes for Proportionate
Axes. true length=1, Lengths.
i 40c | Boc | o4 | 0B | oc | | 08
1| 108° 19-’ 92° 0.6’— ‘.259_ .828 | .994 IOO " Ti20
2 | 110° 34’ | 92° 23/ ' .338 .950 ‘ .992 105
31 116° 177 | 93° & .353 .950 .986 | | 1o4
4| 96023 | 900477 | 333 | 044 | .998 %0 18
5.133° 247 | 93° 10/ | .324 | 973 | .973 1 3 3

Figs. 275, 276, 277, 278, 279 show these projections in order
and the octahedron with each.

F1G. 275. Fic. 276. Fi1G. 277. FiG. 278. F16, 279.
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ragonal Axial Cross.

To construct the axial cross of a tetragonal crystal OA4 and OB
the isometric cross, Fig. 277, are unchanged but OC is multi-
>d by the unit value ¢ for the particular crystal. Thusif ¢ = 0.64
half vertical axis is drawn sixty-four one-hundredths of the
gth of OC.

thorhombic Axial Cross.

[he directions of 04, OB,0C, are unchanged. OBis unchanged
ength; OA is multiplied by the stated unit value for &, and OC
the stated unit value for c. Thus in barite with &: 4: ¢ =
15: 1: 1.313 OB is unchanged, OA4 is made aproximatley
ht-tenths of its isometric length and OC is made approximately
> and one-third times its isometric length.

noclinic Axial Cross.

n this system one of the axes has a different inclination to the
responding isometric axes. To obtain this direction in the per-
ctive proceed as follows :

Jpon the isometric axes A4, BB, CC, Fig. 280, lay off Or = OC
B and On = OA sin 8. Complete the parallelogram OrDn .
nis DD the projection of a line equal in length than an isometric
s but in the direction of the desired clino axis.

)D is then multiplied by the value of @ and OC by the value of
5 in the orthorhombic.

Fi16. 28o. Fi1c. 281.

clinic Axial Cross.

In this, Fig. 281, the same method is carried further, for in-
nce: The constants for axinite are @:4:c=0.492: 1:0.479,
Ne=PB=91°52",b Nc=a=82°54",a \ b=y =131°3¢,
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Vertical Axis.—Make Oc = OC x .479.

Macro Axis.—Make Oe = OB sin 131° 3¢/, and Od = OA cos
131° 39’; complete the parallelogram dOen. Make Or = On sin
82° 54’ and Ox= OC cos 82° 54’; complete the parallelogram
rOxb.. Then is 0b the projection of one-half the desired axis.

Brachy Axis.—Make O/ = OC cos 91° 52/, and 0p = OA sin
91° 52’. Complete the parallelo-
o gram pO/t; make Oa = 0.492 = O¢;
c then is Oa the projection of one-half

the desired axis.

Fi1c. 282.

Hexagonal Axial Cyoss.

The proportionate value of ¢ is laid
off on CC’ and the basal axes are
derived as follows: Fig. 282.

Make Op = 0OA x 1.732; draw
2B and pB’; bisect Op by a line par-
allel to BB’; then are OB, Oaand Oa,
the projections of desired semi-axes.

qu

Determination of the Direction of Edges.

The unit form is obtained by joining the extremities of the
axial cross by straight lines, and other simple forms are easily
drawn by methods which suggest themselves ; for instance, the unit
prism by lines through the terminations of the basal axes parallel
to the vertical axis. It is always possible, also, to obtain two
points of any edge by actually constructing the two planes and find-
ing the intersection of their traces in two axial planes. The method,
however, is cumbersome.

In all systems the projected intersections of any planes may be
simply found by the following method :

After obtaining the axial cross of the crystal, every plane on
the crystal is assumed to be moved parallel to itself until it cuts
the vertical axis ¢ at unity ; the new planes all pass through the
extremity of ¢ and that point is therefore common to all lines of
intersection.

Another point of each line or direction of intersection wil
the intersection of the traces of the two planes on the p' <
basal axes. If the symbol of each plane is reduced » '
the values of the intercepts on @ and & result, and the t
planes are thus found and the desired points are tt
of these traces.
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The method will be sufficiently illustrated by following in detail
1e construction for the intersections of /, y and p of the topaz
rystal, Fig. 284.

In Fig. 283, A4, BB and CC form the projected axial cross of
>paz. The faces /, y and p are respectively 2a:46: coc, wa:b: 4c

F1G. 283.

id a:6:c. If these are moved each parallel to itself until they
tersect ¢ at unity their symbols (obtained by dividing by the
efficients of ¢ in each case) will be oz:0b:¢, wa: Yb:c,a:b:c.

Their traces upon the plane AORB,
ig. 283, will be therefere respectively :

For /, the line ZL through the center
ut parallel to its former position at
hich it cut at 24 and 4.

For y, the VY parallel A4 and inter-
cting at one-fourth 4.

For p the line AB intersecting at a
d 4.

The lines LL and YV intersect at S ;
erefore SC is the direction of intersec-
on of / and y.

The lines LZ and AB intersect at L ; therefore L C is the direc-
on of intersection of / and p.

All other intersections may be obtained in the same manner on
1y axial cross.
onstruction of the Figure.

The edge directions thus found are now to be united in ideal
'mmetry, yet so as to show, as far as possible, the relative de-
lopment of the forms.

A second axial cross is drawn parallel to that used in determin.

Fic. 284.

3
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ing the edge directions and these are transferred by triangles, care
being taken that all corresponding dimensions are in their proper
proportions and in accord with the planes of symmetry. Gen-
erally it will be best to pencil in and verify the principal forms and
later, to work in the minor modifying planes.

The back (or dotted) half of most crystals can be obtained by
marking the angles of the front half on tracing paper, turning the
paper in its own plane 180° and pricking through. This is also a
test of accuracy, for the outer edges, angle for angle, should coincide.

Special Construction with Isometric Simple Forms.

The vertices of all solid angles in isometric forms are either points on the crystallo-
graphic axis, or points on the diameter £ connecting the centers of the opposite edges
of the octahedron, Fig. 285. Or finally upon the diameters # connecting the centers
of opposite faces of the octahedron, Fig. 286.

FicG. 285, F1G. 286.
4
- VAN
Diameter £. Diameter £,

In any form, a: na: ma the vertices desired are obtained by lengthening the diame-
ters £ and F as obtained in Figs. 285 and 286 by the proportions obtained by the fol-

lowing formulas :
§ __zmn—(m—{»-n)
Increase F = mn 4 (m - )

Increase E =" !
n4r
For instance, the hexoctahedron a : § a : 34, shown in Fig. 26, as the values m = 3
and 7 = § hence
223X —(3+H1)_
IXi+(3+19)
Fic. 287. Increase E — i -1 =1

Increase F—

As illustrated in Fig. 287, the diameters & normally ter-
minating at the points O, have been extended §, and the
diameters £ normally terminating at the points R, have
been extended }, and the resulting points connected by
lines forming the figure.

For inclined hemihedral forms :
2mn — (m — ﬂ)

Iucrease F— 4 (mm)
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'win Crystals.

To find the axes of the form whichs in reverse position, the fo.
wing construction may be used.

Let 0A4,0B,0C, Fig. 288, be the axial cross of the normal cryst:
nd /AL the twinning plane. To find first the point Z at whic
1€ normal from O cuts HKL, draw H'L and H/' parallel 4
nd draw AL and A”L parallel 5C. Complete the parallelogram

Fic. 288.

OH' ML and OK'.VL" and draw their diagonals O and O.V an
rom the intersections of these with /L and LK draw RA and S/
respectively ; their intersection is the desired point Z.

Prolong OZ till ZO'=0Z, then is O’ the center of axes for th
second crystal and, as the face /AL is common, O’ H, 0’ K an
O'L are in direction and length are the coordinates of this face o
the new axes.

The unit lengths will be found by drawing AA’, BB’ and CC
parallel to O'Z.

All constructions on the axes of the second crystal follow t
rules previously given.






PART 11

BLOWPIPE ANALYSIS.

CHAPTER XI.

APPARATUS, BLAST, FLAME, ETC.

e Blowpipe.

Fi;. 289.

The best form of blowpipe (Fig. 289) consists of :

1. A tapering tube of brass or German silver
(B), of alength proportionate to the eyesight of the
user.

2. A horn or hard rubber mouthpiece (C) at
the larger end of the tube; which is best of trum-
pet-shape to fit against the lips.

3. A moisture chamber (4) at the smaller end of
the tube connected by ground joints to

4. A tapering jet (4)at right angles to the moisture
chamber.

5. A tip of platinum or brass (¢), shown enlarged,
which should be bored from a solid piece, and
with an orifice of 0.5 millimeter diameter. The
tip is by far the most important part of the blow-
pipe, and, if correctly made, the flame produced
will be perfectly regular and will not
flutter.

When not in use the blowpipe should
be so placed that the tip is supported
free from contact. If the tip is clogged
by smoke or otherwise it should be
burned out or cleaned with the greatest
care so as not to injure the regular form
of the orifice.
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Gas Blowpipe.

For most purposes the gas blowpipe, Fig. 290, is a convenient
form and is extensively used. The flame is not quite so hot as

that from rape-seed oil, but is sufficient to round the edges of a
calamine splinter. Oxidation and reduction are easily obtained
and the cleanliness and ease of control cause it to be preferred by
many. The ordinary blowpipe can be made into a gas blowpipe
by means of an attachment to connect to the moisture chamber.
Blowpipe Lamps.

Bunsen Burner—The simplest form of lamp for laboratory pur-

Fic. 291. FiG. 229.

poses is the ordinary Bunser burner, Fig. 291, usi: - fur-
nished with a special top or an inner tube (a), s} ad
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flame. When used with the blowpipe the orifices (4) at the
om of the burner should be closed, so that no air enters with
gas. A flame about 4 cm. high gives the best results.
he hottest flame and greatest variations in quantity and quality
lame are obtained from oils rich in carbon, such as refined rape-
1, or olive or lard oil, or from mixtures of turpentine and alco-
These can be used in the field and where gas is not available.
some kinds of blowpipe work they are to be preferred to gas,
will not serve for bending glass or for heating without the
wpipe. '
verselius Lamp.—A lamp with two openings, Fig. 292, is gen-
1y used for oil.
he wick should be soft, close-woven and cylindrical, such as
scd with Argand lamps. It should be folded and inserted with
opening toward the lower side of the brass holder.
[o fill the lamp both caps are removed and the oil pouredin
ough the smaller orifice. During work, the smaller cap is hung
the vertical rod; the larger is placed over the smaller orifice
sely, keeping out the dust, but admitting the needed air.
The lamp is lighted by blowing a flame
and across the wick. When well
irred, the wick is carefully trimmed
allel to the brass holder.
Fletcher Lamp.—The Fletcher blow-
¢ lamp, Fig. 293, gives good satisfac-
n, and a modified form, burning solid
5, tallow or paraffine, is especially
ipted for field work.

FiG. 293.

pports of Charcoal, Plaster, Etc.

Charcoal —Charcoal made from soft woods, such as willow or
e, is used to support the substance and receive any coats or
blimates that may form, and, in a measure, is a reducing agent.
convenient size is 4 inches long, 1 inch broad, and 54 inch thick.
Plaster.—Plaster tablets are used for the same purpose. These
 prepared by making a paste of plaster of Paris and water, just
ick enough to run, which is spread out upon a sheet of oiled
ass and smoothed to a uniform thickness (18"’ to {’’) by another
aller sheet of glass, which may be conveniently handled by gum -
ing a large cork to one side and using it asa plasterer’s trowel.
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While still soft, the paste is cut through with a knife into uniform
slabs, 4’ by 115”. It is then dried, aftcr.which the tablets are
easily detached.

Aluminum and Glass.—Ross used supports of aluminum plate
and recently Goldschmidt has recommended catching the sub-
limates on glass plates upon which they can be microscopically
examined or submitted to wet treatment.

Miscellaneous Apparatus:

Each student should have at his desk, in addition to blowpips,
blowpipe-lamp, charcoal and plaster :

ForcEps, with platinum tips for fusion tests. The most con-
venient form is shown, Fig. 294, the platinum ends projecting at
least three-fourths of an inch.

FiG. 294.

\_ i Hul\_:_

Pratinum WIRE AND HoLDER.—Wire of the thickness of about
24 Am. standard wire gauge. The handle for holding this is
sometimes only a short piece of small glass tubing, into the end of

which the wire is fused. A holder in which the

FiG. 295, wires can be changed and with a receptacle for a

stock of wires, is more convenient.

REaGeNT BorrrLes.—Four 2-0z. wide-mouthed
bottles ; for borax, soda, salt of phosphorus, and bis-
muth flux will be needed at all times. It is better
to have at least eight such bottles in a convenient
stand.

Axvir.—Slab of polished steel, about 13" by 13"
by 3"

HaMmMER.—Steel, with square face, /' or 3. As
in Fig. 295.

CroseD TuBes or MATRASSES.—

Curer Horner axn Curils, for silver determi-
nation.

Less essential are :

Bar magnet, with chisel edge.

Trays, for dirt and for charcoal.
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Lens, knife, and watch glasses.

Blue and green glasses.

Steel forceps and lamp scissors for trimming wick.

Cutting pliers, for cutting bits from minerals to be tested.
Agate mortar and pestle. Can be obtained 11" in diameter.
Small porcelain dishes, ivory spoon, dropping tube.

BLAST AND FLAME.
"he Blast.

The blast is produced by the muscles of the distended cheeks,
nd not by the lungs.

It is best to sit erect, with the blowpipe hcld lightly but firmly
1 the right hand, and with the elbows against the sides. Then,
vith the cheeks distended and the mouth closed, place the’ mouth-
iece against the lips, breathe regularly through the nose, and
llow air to pass into the pipe through the lips.
‘rom time to time, as needed, admit air to the
nouth from the throat. In this manner a contin-
ous blast can be blown without fatigue, after learn-
ng, by practice, to breathe through the nose while
eeping the cheeks continually distended.

he Flame.

A ruMmiNous FLAME (Fig. 296) usually shows
hree distinct portions.

1. A very hot non-luminous veil, @, of carbon
ioxide and free oxygen. l

2. A yellow luminous mantle, 4, of burning gases ¢ l|,|‘ )
nd incandescent carbon.

3. An interior dark cone, ¢, of unburned gases, not always
isible.

FiG. 296,

)xidation and Oxidizing Flame.

The oxidizing flame is non-luminous, for luminosity indicates
inconsumed carbon, and hence a more or less strongly reducing
ction.

To produce such a flame, place the tip of the blowpipe almost
ouching the top of the burner, or the wick, and, extending
1 1{ the breadth of the flame, blow parallel to the burner
op or wick until there is produced a clear blue flame ncarly
n inch long. This blue flame is itsclf weakly reducing,
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but just beyond at a (Fig. 297) is an intensely hot, nearly
colorless zone, which is strongly oxidizing, and the bead is held

. Fic. 297.

in this usually as f:
can be kept fluid.
on charcoal, a weal
With th
an cxcess
rounded b
Testing
about 3 n
bending it
that the ¢
This loop
portion of
more bein
Molybdic oxide, ! .-
the blue flame, giving a brown to black bead from productlon
of MoO, but, if moved to «, Fig. 297, the color is readily re-
moved by the rcoxidation of the MoO, and the bead made color-
less.

Fi;. 298.

Reduction and the Reducing Flames.

To blow the yellow reducing flame, Fig. 299, place the tip of the
blowpipe one-eighth of an inch above and back of the middle of

the flame, blow strongly parallel to the burner top or -k, and
turn the entire flame in the dircction of the blast.
The blast must be continuous ; too strong to prod '

flame, and not strong cnough to oxidize by e

* When the flux is salt of p]wcphorm lhe wire should be her
the ascending hot gases will help to retain the flux upon the wir
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> blue flame also is reducing because of the carbon monoxide
tains, but the quantity is not large enough to be generally
ve.

Fic. 299.

, ¥

th the gas blowpipe reduction is obtained by using a larger
and inserting the bead within the blue ; or with large excess
 a yellow reducing flame may be obtained.

ting Purity of Reducing Flame.—Manganese dioxide, MnO,,
solved in a borax bead in the oxidizing flame ; if only a little
d the bead is violet red when cold, and may be made color-
n the reducing flame. Or cupric oxide or oxide of nickel may
ssolved in a borax bead until the bead is opaque, and then
ed on charcoal to a clear bead and a metallic button.
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CHAPTER XII.

OPERATIONS OF BLOWPIPE ANALYSIS.

Fusion.

THE hottest portion of the flame is just beyond the tip of the blue
flame. In some instances, noticeably certain iron ores, substances
infusible in the oxidizing flame are fusible in the reducing flame.

The test will be differently made, according to the material.

(a) If metallic or reducible, treat in a shallow hole on charcoal,
using a fragment of the substance the size of a pin’s head.

(6) If stony or vitreous, treat a small sharp-edged fragment in
the platinum forceps, at the tip of the blue flame, directing the
flame upon the point.

(¢) If in powder, or with a tendency to crumble, grind and mix
with water to fine paste, spread thin on coal and dry, and, if cohe-
rent, hold in the forceps. If not coherent dip a moistened platinum
wire in the powder, and treat the adhering powder in the flame.

There will be noted both the degree of fusibility and manner of
fusion.

The degree of fusibility is stated in much the same way as the
hardness by comparing it with a scale of fusibility. It is gener-
ally, however, sufficient to class a mineral as simply easily fusible,
fusible, difficultly fusible, or infusible. For purposes of compari-
son, the following scale, suggested by v. Kobell, is usually
adopted :

1. Stibuite, coarse splinters fuse in a candle flame.

2. Natrolite, fine splinters fuse in a candle flame.

3. Garnet (Almandite), coarse splinters easily fuse before the
blowpipe.

4. Actinolite, coarse splinters fuse less readily before the blow-
pipe.

5. Orthoclase, only fused in fine splinters or on thin edges before
the blowpipe.

6. Calamine, finest edge only rounded in hottest nart ¢ Tame.

7. Quartz, infusible, retaining the edge in all its
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[he trial should always be made on small and fine pointed frag-
nts.  Penfield recommends using a standard size about 1 mm.
liameter and 4 mm. long. The fragment should project beyond
platinum as in Fig. 300, so
t heat may not be drawn off
the platinum, and the flame
cted especially upon the point.
s always well to examine the £
nter with a magnifying glass,
re and after heating, to aid
eye in determining whether
edges have or have not been
nded by the heat.
The manncr of fusion may be
h as to result in a glass or slag
ch is clear and transparent, or white and opaque, or of some
or, or filled with bubbles. There may be a frothing or intu-
cence, or a swelling and splitting (exfoliation). In certain in-
ices the color and form may change without fusion, etc.

Fic. 300.

Fr.AME COLORATION.

During the fusion test the non-luminous veil is sometimes un-
nged, but it is often enlarged and colored by some volatilizing
stituent. There is frequently a bright yellow coloration duc to
ium salts, but this gives place to the color proper.

‘he flame is best scen in a dark room or against a black back-
und, such as a piece of charcoal, and is often improved by
Irochloric acid and occasionally by other reagents.

some elements color the flame best at a gentle heat, others only
he highest heat attainable. A good method to cover all cascs
o dip the end of a flattened platinum wire first in hydrochloric
1 and then in the finely powdered substance and hold it first in
mantle flame near the wick and then at the hottest portion at
tip of the blue flame. It is possible in this way to obtain two
inct flames such as the red of calcium and the blue from cop-
chloride.

[he colors can also often be scen to decided advantage by
ply holding the wire in the non-luminous flame of a Bunscn
ner or even in the flame of an alcohol lamp.

Flame tests for Ca, Sr and Ba are not usually obtainable from
cates.
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The important flame colorations are :

Yellows.
YEeLLow.—Sodium and all its salts. Invisible with blue glass.

Reds.
CArMINE.—Lithium compounds. Masked by soda flame. Vio-
let through blue glass. Invisible through green glass.
ScARLET.—Strontium compounds. Masked by barium flame
Violet red through blue glass. Yellowish through green glass.
YEeLLowisH.—Calcium compounds. Masked by barium flame.
Greenish gray through blue glass. Green through green glass.

Greens.
YELLowisH.—Barium compounds, molybdenum sulphide and

oxide ; borates especially with sulphuric acid or boracic acid flux.
Pure GREEN.—Compounds of tellurium or thallium.
EMERALD.—Most copper compounds without hydrochloric acid.
Bruisn.—Phosphoric acid and phosphates with sulphuric acid.
FEEBLE.—Antimony compounds. Ammonium compounds.
WhHitisn.—Zinc. '

Blues.

LicHr.—Arsenic, lead and sclenium,

Azure.—Copper chloride.

Wit GREEN.—Copper bromide and other copper compounds
with hydrochloric acid.

Violet.

Potassium compounds. Obscurcd by soda flame.  Purple red
through blue glass. Bluish green through green glass. In sili-
cates improved by mixing the powdered substance with an equal
volume of powdered gypsum.

USE OF THE SPECTROSCOPE.

When salts of the same metal are volatilized in the non-luminous
flame of a Bunsen burner the spectra produced on decomposing the
resultant light by a prism will show lines identical in color, number
and relative position. Salts of different metals will yield different
lines.

Although, with pure salts, the alrcady described flame
ations are generally distinct and conclusive, it will freque
pen that in silicates or minerals containing two or
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bstances the eye alone will fail to identify the flame coloration.
is well therefore to supplement the ordinary flame tests by
ectroscopic observation. In the blowpipe laboratory the chief
e of the spectroscope will be to identify the metals of the potas-
mm and calcium families singly or

mixtures. For this purpose the F16 30r1.

rect vision spectroscope of Hoff- )
an, Fig. 301, is perhaps the most
nvenient.

The substance under examination
ould be moistened with hydro-
loric acid and brought on a plati-
im wire into the non-luminous flame
the Bunsen burncr as in the ordi-
ry flame test. In viewing the flame
rough the properly adjusted spec-
»scope certain bright lines will be seen, and by comparing these
th the chart, Fig. 304, or with substances of known composition,
e nature of the substance may be determined. The sodium line
Il almost invariably be present and the position of the other
es will be best fixed by their situation relative to this bright
llow line.

The more ordinary form of spectroscope, Fig. 302, has special
lvantages in allowing an easy comparison of flames. A is the

FiG. 302.

bservation telescope, /2 the collimator through which the light
om the flames .17 and }/' is sent as parallel rays through the prism
'to the telescope .. The third telescope € sends the image of
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a micrometer scale to .4 by which the relative
distance apart of the lines is judged.

Fig. 302 shows an enlarged view of the
collimator B. . By means of the little rect-
angular prism ¢ the light from a second flame
H placed at one side is sent through the colli-
mator and its spectrum obtained side by side
with that from the flame G.

In this manner the spectrum of an unknown substance may be
compared with that of one of known composition and if lines

Fic. 304.

e

vivlet

b
Csl
.. S —.. - —
+ _red org. yellow green: - blue . .-

"

! | -'
sreen

blne
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-

~~' - >wn coincide with those of the known substance the
onstituents is established.
=f description of spectra of substances
3unsen flame will be of service.

one violet line.

w line, which with higher dispersion
es. Almost always present from the
um in dust.

sep red line and a faint line in the

-acteristic red lines and one blue line.
bright green line, with fainter red to
in the violet.

and green lines.

> red lines with several less prom-
re, yellow and green.

es and one orange line.

green line.

nd a violet line.

TILIZATION.

imony, arsenic, cadmium, zinc, tin,
are always determined by securing
s themselves or of some volatile

inds, such as sulphur, selenium, tel-
n, ammonia, etc., are also volatilized
Z volatilization as odors or by sub-
ands, particularly chlorides of sodium
ther metals, such as copper, tin and
ily disregarded.

mmonly obtained on charcoal, or
tubes.

it on Charcoal.

cient to prevent the substance slip-
he charcoal and a small fragment or
iubstance is placed in it. The char-
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al is held in the left hand, so that the surface is at right angles
the lamp but tipped vertically at about 120° to the direction in
aich the flame is blown.

A gentle oxidizing flame is blown, the blue flame not touching
e substance, but being just behind and in a line with it. Aftera

Fi:. 308.

v moments the test is examined and all changes are noted, such
position and color of sublimates, color changes, odors, decrepi-
tion, deflagration, formation of metal globules or magnetic parti-
>s.  The heat is then increased and continued as long as the
me reactions occur, but if, for instance, a sublimate of new color
position is obtained, it is often well to remove the first subli-
ate ¢ither by transferring the substance to another picce of char-
al or by brushing away the first formed sublimate after its satis-
story identification.

The same steps should then be followed using the reducing
me.

The sublimates differ in color and position on the charcoal ; some
e casily removed by heating with the oxidizing flame, some by
¢ reducing flame, some are almost non-volatile, and some im-
1t colors to the flame.

Treatment on Plaster Tablets.

Experience has shown that the sublimates obtained on charcoal
d plaster supplement cach other. The method of using is pre-
sely the same, and white sublimates are easily examined by first
10king the plaster surface by holding it in the lamp flame.

The coatings differ in position, and to some extent in color.
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aster is the better conductor, condenses the oxides closer to the
ay, and therefore, the more volatile coatings are thicker and
re noticeable on plaster, while the less volatile coatings are
re noticeable when spread out on charcoal. Charcoal supple-
nts the reducing action of the flame, and therefore is the better
pport where strong reduction is desired.

Comparison of Important Sublimates on Charcoal and
Plaster.*

Without Fluxes.—Treated First in O. F., then in R. F.

Arsenic.—White volatile coat. On smoked plaster it is crystal-
e and prominent; on charcoal it is fainter and less distinct, but
» odor of garlic is more marked. Deposits at some distance
m assay. Fumes invisible close to assay.

ANTIMONY.—White pulverulent volatile coat, more prominent on
arcoal. Deposits near assay and fumes are visible close to assay
er removal of flame.

SELENIUM,
On Charcoal—Horse-radish odor and a steel-gray coat.
On Plaster —Horse-radish odor, brick-red to crimson coat.

TELLURIUM.
On Charcoal.—White coat with red or yellow border.
On Plaster—Deep brown coat.
CabmiumM.
On Charcoal—Brown coat surrounded by peacock tarnish.
On Plaster—Dark brown coat shading to greenish-yellow
d again to dark brown.
MoLyBDENUM.—Crystalline yellow and white coat with an outer
cle of ultramarine blue. Most satisfactory on plaster.
LEaD.— }Yellow sublimate with outer fringe of white. More
BisMuTH.— noticeable on charcoal than on plaster.
Zixc.—White, not easily volatile coat, yellow while hot. Best

ssay, yellowish while

wpipe which at times cause
e sulphate of lead. Among
sublimate which must not
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I. With Bismuth Flux.*
LEeap.
On Plaster —Chrome yellow coat.
On Charcoal—Greenish-yellow, equally voluminous coat.
BismuTH.
On Plaster—Chocolate-brown coat, with an underlying scar-
et; with ammonia it becomes orange-yellow, and later cherry-red.
On Charcoal.—Bright red band with a fringe of yellow.
MERCURY.
On Plaster.—Scarlet coat with yellow, but if quickly heated is
lull yellow and black.
On Charcoal.—Faint yellow coat.
ANTIMONY. .
On Plaster—Orange coat stippled with peach-red.
On Charcoal.—Faint yellow coat.

ARSENIC.
On Plaster—Yellow and orange coat, and not usually satis-
actory.
On Charcoal—Faint yellow coat.
TiN.

On Flaster—Brownish-orange coat.

On Charcoal—White coat.
The following tests show only on the plaster:
SeLENIUM.—Reddish-brown, nearly scarlet.
TeLLuriuM.—Purplish-brown with darker border.
MovryspeENuM.—Deep ultramarine blue.

II. With Soda (Sodium Carbonate or Bicarbonate).

Soda on charcoal exerts a reducing action partly by the forma-
ion of sodium cyanide, partly because the salts sink into the char-
.0al and yield gaseous sodium and carbon monoxide. The most
atisfactory method is to mix the substance with three parts of the
noistened reagent and a little borax ; then spread on the char-
:0al and treat with a good reducing flame until everything that
:an be absorbed has disappeared. Moisten the charcoal with water,
reak out and grind the portion containing the charge. Wash
way the lighter part and examine the residue for scales and
nagnetic particles.

* Two parts of sulphur,_ 7one part of potassium iodide, one part of acid potassium
ulphate.
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'he reduction may result in:
. Coating, but no reduced metal.

Volatile white coating and garlic odor, . . As,
Reddish-brown and orange coating with charactenstlc
variegated border, . . . Cd.
Non-volatile coating, yellow hot and whlte cold . Zn.
Volatile steel-gray coating and horseradish odor, . Se.
Volatile white coating with reddish border, . . Te.

. Ceating with reduced metal,
Volatile thick white coating and gray brittle button, . Sb.
Lemon-yellow coating and reddish-white brittle button, Bi.
Sulphur-yellow coating and gray malleable button, . Pb.
Non:volatile white coating, yellow hot, and malleable

white button, . Sn.
White coating, made blue by touch of R. F and gray
infusible particles, . . . . Mo.
. Reduced metal only.
Malleable buttons, . . . . Cu, Ag, Au.
Gray magnetic particles, . . . Fe, Co, Ni.

Gray non-magnetic infusible particles, W, Pt, Pd, Ir, Rh.
'he carbonate combines with many substances forming both
ble and infusible compounds. Many silicates dissolve with a
e of the reagent, but with more are infusible; a few elements
n colored beads with the reagent, especially ‘on platinum,

(he residue left after heating may contain malleable metallic
ds of copper, lead, silver, tin or gold. It may consist of a
tle easily fusible button of bismuth, antimony, or the sulphide,
nide or antimonide of some metal. It may be magnetic from
presence of iron, cobalt. or nickel or it may show an alkaline
ction, when touched to moistened red litmus or turmeric paper,
cating the presence of some member of the potassium or cal-
m group of metals.

nfusible Compounds.—Mg, Al, Zr, Th, Y, Gl

“ustble Compounds.—SiO, effervesces and forms a clear bead
t remains clear on cooling if the reagent is not in excess.

[i0, effervesces and forms a clear yellow bead, crystalline and
que on cooling :

WO, and MoO, effervesce but sink in the charcoal.

Ba, Sr, Ta, V, Nb sink into the charcoal. )

Ca fuses, then decomposes, and the soda sinks into the charcoal.

72583:
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Colored Beads—Mn forms a turquois or blue-green opaque
bead with soda on plantinum wire in oxidizing flame.

Cr forms a chrome-yellow opaque bead with soda on platinum
wire in oxidizing flame, which becomes green in reducing flame.

Sulphur Reaction—If a little of the residue, with some of the
charcoal beneath, is taken up upon the point of a knife and placed
upon a wet silver coin, the coin will be blackened if sulphur was
present as a sulphide. Sulphates and other sulphur compounds
will also give the same reaction after thorough fusion. The test
should always be made on a fresh piece of charcoal.

IV. With Metallic Sodium.

Reducing effects which are obtained with soda only by hard
blowing may be accomplished by the use of metallic sodium im-
mediately and with the greatest case. The metal should be
handled carefully and not allowed to come in contact with water.
It should be kept in small tightly closed bottles, and if kept cov-
ered with naphtha, which is not necessary, care should be taken
that the the naphtha is not exposed to fire.

A piece of sodium about the size of an ordinary borax bead is cut
off with a knife and hammered out flat. The powdered substance
is placed upon the sodium, pressed into it and the whole moulded
into a little ball with a knife blade. This sodium ball should not
be touched with the fingers, for if some oxides are present, such as
lead oxide, spontancous combustion may take place. After
placing the sodium ball on the charcoal it should be touched care-
fully with a match or with the Bunsen flame. A little flash ensues
and the reduction is accomplished. The residue can now be safely
heated with the reducing flame of the blowpipe, any reduced metal
collected together and the sodium compounds volatilized or ab-
sorbed by the charcoal. When present in sufficient quantity, beads
of the malleable metals can be obtained immecdiately from almost
any of their mineral compounds ; metals like zinc and tin which
require reduction before volatilization yield their sublimates with
comparative easc ; and if a little of the charcoal beneath the assay
is placed on a wet silver coin the sulphur reaction will be obtained
if sulphur was present.

In general the results are the same as outlined for soda but are
much more easily secured.

Even silica, silicates, borates, etc., are reduced but are generally
identified by other means.
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hese reactions are not successful on plaster tablets on account
eir non-absorbent character.

Tests in Closed Tubes and Matrasses.

he matrass is practically a glass tube closed at one end and
m to a bulb. In most cases better results are secured by
g a plain narrow tube about 4 inches
4 inch and closed at one end. The
1 purpose is to note the effects of

without essential oxidation; they
also used for effecting fusions with
. reagents as KHSO, or KCIO,.
nough of the substance is slid down
arrow strip of paper, previously in-
d in the tube, to fill it to the height
>out one-half inch ; the paper is with-
vyn and the slightly inclined tube
ed at the lower end gradually to a
heat, Fig. 306. The results may
evolution of water, odorous and non-
rous vapors, sublimates of various
rs, decrepitation, phosphorescence, fusion, charring, change
olor, magnetization, etc.

FiG. 306.

1 or alkaline moisture in the upper part of tube, . . HO.
rless gas that assists combustion (nitrates, chlorates
and per oxides), . . . . . . . 0.
gent gas that whitens lime water, . . . . CO,
Odors.

r of prussic aid, . . . . . . . CN
r of putrid eggs, . . . HS
r that suffocates, fumes colorless bleachmg actlon . S0,
r that suffocates, fumes violet, . . . . Lx

fumes brown, . . . . Br.

fumes greenish yellow, . . Cl,

fumes etch the glass, . . F.
or of nitric peroxide, fumes reddish-brown, . NO,.
r of ammonia, fumes colorless or white, . . NH.,.t

I, Br, Cl, F and N,O; are assisted by mixing substance with acid potassium
ate. + NH,, Hg, As, Cd are asslsted by mixing with soda.
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Sublimates.

Sublimate white, fusing yellow, . . . PbCl,.
fusing to drops, disagreeable odor Os.
and volatile, . . . . . NH,(salts).
yellow hot, infusible, . . . HgCl
yellow hot, fusible, . . . HgCl,.
fusible, needle crystals, . . Sb,0,.
volatile, octahedral crystals, . . As,0,.
fusible, amorphous powder, . . TeO,.

Sublimate mirror-like, collects in globules, . . Hg.

does not collect in globules, . As, Cd, Te.

Sublimate red when hot, yellow cold, . . S.

Sublimate dark red when hot, reddish-yellow cold As,S,.

Sublimate black when hot, reddish-brown cold, . Sb,S,.
. Sublimate black, but becomes red when rubbed, . HgS.
Sublimate red to black, but becomes red when
rubbed, . . . . . . . . Se.
Color of substances changes
from white to yellow, cools yellow, . . . PbO.
i from white to yellow, cools white, . . . ZnO.
from white to dark yellow, cools light yellow,. Bi,0,.
from white to brown, cools yellow, . . . SnO,.
from white to brown, cools brown, . . Cdo.
from yellow or red to darker, after strong heat
cools green, . . . . . Cr,0,
from red to black, cools red . . . . FeO,.
from blue or green to black, cools black, . CuO.

Tests in Open Glass Tubes.

Fis. 307. By using a somewhat longer
2 tube, open at both ends and
held in an inclined position, a
N\ current of air is made to pass
over the heated substance, and
thus many substances not vola-
tile in themselves absorb oxy-
gen and release volatile oxides.
The substance should e in
state of powder.
Place the assay r
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of the tube and heat gently, Fig. 307, and then strongly, in-
sing the air current by holding the tube more and more nearly
ical.

or that suffocates, bleaching action, . SO, indicating S.

ot of rotten horseradish, . . . SeO,, “ Se.

or of garlic, . . As,O,, As.
limate white volatile octahedral crystals As,O;, ¥ As.
limate . white partially volatile, fusible

to. yellow drops, pearl gray cold, . PbOCIl, “ PbClL.
limate white non-volatile powder, dense

fumes, . Sb,0,, “ Sb.
limate white non-volatllc powder, fu-

sible to colorless drops, . . . TeO, “ Te.
limate white non-volatile powder, fusi-

bleto yellow drops, white when cold, PbSO,, “ PbS.
limate white  non-volatile fusible

powder, . . . . BiSO, “ BiS.
limate gray, red at dlstance . SeO,, “ Se.

limate yellow hot, white cold, crystal-
line near the assay, blue in reducing

flame, . MoO,, “ Mo.
blimate brown hot yellow cold fusxble Bi,O,, “ Bi.
olimate metallic mirror, . . . “ Hg.

Bead Tests with Borax and with Salt of Phosphorus.

’reliminary to bead tests, many compounds, sulphides, arsenides,
enates, etc., may be converted into oxides by roasting as follows :
[reat in a shallow cavity on charcoal at a dull red heat, never
)wing the substance to fuse or even sinter. Usea feeble oxidiz-
- flame to drive off sulphur, then a feeble reducing flame to

' inds, then reheat in an oxidizing flame,
. until no sulphurous or garlic odor is

borax may be considered as made up of
doron trioxide. The boron trioxide at a
2s with metallic oxides, driving out volatile
the oxidizing flame the resulting borates
:taborate to form double borates often of
Che color may differ when hot and cold
of oxidation and reduction.
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Sodium ammonium phosphate, or salt of phosphorus, by fusion
loses water and ammonia and becomes sodium metaphosphate.
The sodium metaphosphate at high temperatures combines with
metallic oxides to form double phosphates and pyrophosphates,
which like the double borates are frequently colored, although the
colors often differ from those obtained with borax.

A bead of either flux is made on platinum wire as described on
page 88,and the substance is added gradually to the warm bead and
fused with it in the oxidizing flame. The ease of dissolving, effer-
vescence, color, change of color, etc., should be noted.

We may greatly simplify the tabulation of results by the follow-
ing division :

1. Oxides whick Color neither Borax or Salt of Phosphorus, or at
Most Impart a Pale Yellow to the Hot Bead when Added
in Large Amounts.

OXIDES OF NOTICEABLE DISTINCTIONS,
ArumiNuM: —Cannot be flamed opaque.
AnTIMONY. —Yellow hot in oxidizing flame, flamed opaque
gray in reducing flame, on charcoal with tin
black. Expelled by reducing flame in time.

Barium. —Flamed opaque white.

BismutH. —Like antimony.

CapMiuM. —Like antimony, but not made black by fusion
with tin.

Carcium. —Like barium.

LEap. —Like antimony, but not made black by fusion
with tin.

MacgnNEesiuM.—Like barium.

SiLicoN.. —Only partially dissolved in salt of phosphorus.

StroONTIUM. —Like barium.

Tix. —Like aluminum.

ZINc. —Like antimony, but not made black by fusion
with tin,

2. Ovides which Impart Decided Colors to the Beads.

The colors in hot and cold beads of both fluxes and under both
oxidation and reduction are shown in the following tah "he
abbreviations are: sat = saturated; fl =‘flamed;
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FraAmiING.

Some substances yield a clear glass with borax or salt of phos-
phorus, which remains clear when cold, but at a certain point near
saturation if heated slowly and gently or with an intermittent flame,
or unequally, or by alternate oxidizing flame and reducing flame,
the bead becomes opaque and enamel-like.

The reason is an incomplete fusion by which a part of the base
is separated in the crystalline form.

Flaming is hindered or quite prevented by silica. The borax
beads may in general be said to be colored more intensely by equal
amounts of coloring oxides, than the salt of phosphorus beads
while the latter may be said to yield the greater variety in color.

Use oF TIN wiTH BEADS.

Reduction is sometimes assisted by transferring the borax or
salt of phosphorus bead to charcoal and fusing it for a moment
with a grain or two of metallic tin. The tin oxidizes and takes its
oxygen partly from the oxides in the bead.

Use oF LEAD aAND GoLD wiTH BEADs.

Minute amounts of reduced metals, such as Cu, Ni, Co, may be
collected from a bead by fusing it on charcoal with a small button
of lead or gold. The glass bead can then be examined for the non-
reducible oxides, and the lead or gold can by oxidation in contact
with borax or salt of phosphorus, be made again to yield oxide
colors from the reduced metals.

Separate the button and the slag, saving both, and heat the button
with boracic acid to remove the lead, and then with frequently
changed S. Ph. The metals which have united with the gold or
lead will be successively oxidized, and their oxides will color the
S. Ph. in the following order :

Co.—Blue, hot; blue, cold. May stay in the slag.

Ni.—Brown, hot ; yellow, cold. May give green with Co or Cu.

Cu.—Green, hot; blue, cold. Made opaque red by tin and re-
ducing flame.

The slag should contain the more easily oxidizable metals, and
be free from Cu, Ni and Ag.

RepuctioNn CoLor TESTs.

Saturate two S. Ph. beads with the substance in the oxidizing
flame, treat one of them on charcoal with tin and strons reduc-
ing flame, pulverize and dissolve separately in cold di"  (1—4)
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rdrochloric acid with the addition of a little tin. Let the solu-
ns stand for some time and then heat them to boiling.

The Oxidized Bead Yields The Reduced Bead Yields
In Cold Solution, In Hot Solution, In Cold Solution. In Hot Solution.
. Blue. Deep Blue. Deep Blue. Deep Blue.
Green to Wine Brown. Brown. Faint Brow'n .w1th
Blue. Black Precipitate,
. . Violet and Violet and .
. Faint Violet. Violet.
Turbid. Turbid.

. Bluish Green. Green. Green. Green.

a Green. Green. Green. Green.

. Green. Green. Green. Green.

Tests with Sodium Thiosulphate. Na,S,0,.

A powdered metallic compound mixed with the dry flux, and
ther heated in a closed tube or upon a borax bead inside the
ue flame will show the same color as would be produced by
ssing H,S through a solution of the compound.

White = Zn. Orange = Sb. Yellow = Cd, As.

Brown = Sn, Mo. Green = Cr, Mn.

Black = Pb, Fe, Co, Cu, Ni, Ur, Bi, Ag, Au, Pt, Hg.

Use of Acids.

Acids are chiefly used in blowpipe work to expel and detect
latile constituents, to determine ease of solubility or to assist
me tests. ' \
Volatile constituents are released with bubbling (effervescence),
d the constituent is detected by the odor, or sometimes by
ssing the gas into another reagent. Generally a colorless odor-
s gas shows the mineral to be a carbonate.
The mineral substance to be treated should be ground to fine
wder, unless otherwise stated. Hydrochloric acid is commonly
ed but nitric acid is often needed for metallic minerals.
Solubility may be :

With effervescence in the cold.

With effervescence only on heating.

Quiet and easy.

Difficult and incomplete.

With separation of perfect jelly.

8 o

PO

A . v A

‘wl‘i’ ey .

A ""‘:"““’4:“-{“\‘?‘.‘9* 4 et Dagnginoes o> <




108 BLOWPIPE ANALYSIS.

With separation of imperfect jelly.
With separation of powder.
With separation of crystals.

Tests with Cobalt Solution.

Cobalt nitrate dissolved in ten parts of water is used to moisten
light colored infusible substances. These are then heated to
redness in the oxidizing flame and colored compounds result.

Brug, Al,O, and minerals containing it. Silicates of zinc.

GREEN (bluish) SnO,.

GREEN (yellowish), ZnO, TiO,.

GREEN (dark), oxides of antimony and columbium.

FrLEsH CoLor, MgO, and minerals containing it.

Test with Magnesium Ribbon,

Build a little pyramid of the powdered substance ‘on char-
coal, around a half inch length of magnesium ribbon and ignite
the ribbon by touching with the flame; after the flash place in
water.

Odor of PH, = P.

Tests with Acid Potassium Sulphate.

This reagent may be used to decompose insoluble compounds
preparatory to wet separation, but its use in blowpipe analysis is
chiefly to release volatile vapors and as a component of bismuth
flux and boracic acid flux.

CoLoR OF FUMEs, ODOR, REMARKS, INDICATING,

Brown. . Pungent. From nitrates. NO,.

Brown. Choking. Turn starch paper Br.
yellow. :

Violet. Choking. Turn starch paper 1.
violet.

Yellowish-green. Chlorine. Explosive. ClO,.

Colorless. Burning sulphur. SO,

Colorless. Pungent. Corrodes the glass. HF.

Colorless. Chlorine. White vapors with HCIL
NH,.

Colorless. Bad eggs. Blacken lead acetate  H,S.
paper.

Colorless. Almonds. Whitens lime w er. HCN.

Colorless. Odorless. Whitens i -
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Jthers of minor importance, acetic acid, chromic acid, organic
ds, etc.

Tests with Potassium Chlorate.

Heat gradually in a matrass with the chlorate ; finally there will
an energetic oxidation, and the fused mass will be:

Black = Ni, Cu. Bluish black = Co.

Purple = Mn. Brown — Pb. Flesh color = Fe.

Tests with Boracic Acid Flux.

5rind 434 parts KHSO,, 1 part CaF, to paste with water, add
stance, thoroughly mixing. Heatat tip of the blue flame. Just
r the water is driven off there may be yellow green flame of
ron, or carmine flame of lithia.

Use of Boracic Acid.

[s used to separate lead and bismuth from antimony, copper,
imium, silver, etc.



CHAPTER XIIL

SUMMARY OF USEFUL TESTS WITH THE
BLOWPIPE.

THE details of ordinary manipulations, such as obtaining beads,
flames, coatings and sublimates, are omitted and the results alone
stated; unusual manipulations are described. The bead tests
are supposed to be obtained with oxides ; the other tests are true,
in general, of all compounds not expressly excluded. The course
to be followed in the case of interfering elements is briefly stated.

ALUMINUM, Al.

With Soda.—Swells and forms an infusible compound.
With Borax or S. Ph.—Clear or cloudy, never opaque.
i~ With Cobalt Solution.*—Fine blue when cold.

AMMONIUM, NH,.

In Closed Tube—Evolution of gas with the characteristic odor.
Soda or lime assists the reaction. The gas turns red litmus paper
blue and forms white clouds with HCI vapor.

ANTIMONY, Sb.

On Coal, R. F.t—Volatile white coat, bluish in thin layers, con-
tinues to form after cessation of blast and appears to come directly
off the mass.

With Bismuth Flux :

On Plastcr.—Peach-red coat, somewhat mottled.
On Coal.—Faint yellow or red coat.

# Certain phosphates, borates and fusible silicates become blue in absence of
alumina,
1 This coat may be further tested by S. Ph. or flame.
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Open Tube.—Dense, white, non-volatile, amorphous sublimate.
sulphide, too rapidly heated, will yield spots of red.

Closed Tube.—The oxide will yield a white fusible sublimate
edle crystals, the sulphide, a black sublimate red when cold.
1me.—Pale yellow-green.
th S. Ph.—Dissolved by O. F. and fused on coal with tiz in
. becomes gray to black. ' ’

INTERFERING ELEMENTS.

senic—Remove by gentle O. F. on coal.
senic with Sulphur.—Remove by gentle heating in closed

pper.—The S. Ph. bead with tin in R. F. may be momentarily
out will blacken.

rad or Bismuth—Retard formation of their cpats by inter-
nt blast, or by adding boracic acid. Confirm coat by flame,
y S. Ph.

ARSENIC, As.

n Smoked Plaster.—White coat of octahedral crystals.
# Coal.—Very volatile white coat and strong garlic odor.
oxide and sulphide should be mixed with soda.
1th Bismuth Flux:

On Plaster.—Reddish orange coat.

On Coal—Faint yellow coat.
 Open 1ube.—White sublimate of octahedral crystals. Too
 heat may form deposit of red or yellow sulphide.
 Closed Tube.—May obtain white oxide, yellow or red sul-
e, or black mirror of metal. If the tube is broken and the
or heated, a strong garlic odor will be noticed.
ame.— Pale azure blue.

INTERFERING ELEMENTS.

ntimony.—Heat in closed tube with soda and charcoal, breai
treat resulting mirror in O. F. for odor.
vbalt or Nickel.—Fuse in O. F. with lead and recognize by

uiphur.—(a) Red to yellow sublimate of sulphide of arsenic in
closed tube.
(6) Odor when fused with soda on charcoal.



(2 BLOWPIPE ANALYSIS.

BARIUM, Ba.

On Coal with Soda.—Fuses and sinks into the coal.

Flame.—Yellowish green improved by moistening with HCL.

With Borax or S. Ph—Clear and colorless, can be flamec
opaque-white.

BISMUTH, Bi.

On Coal.—In either flame is reduced to brittle metal and yield:
a volatile coat, dark orange yellow hot, lemon yellow cold, witt
yellowish-white border.

With Bismuth Flux -*

On Plaster—Bright scarlet coat surrounded by chocolate
brown, with sometimes a reddish border. The browr
may be made red by ammonia.t

On Coal—Bright red coat with sometimes an inner fringe
of yellow.

With S. Ph—Dissolved by O. F. and treated on coal with
tin in R. F. is colorless hot but blackish gray and opaque
cold.

INTERFERING ELEMENTS.
Antimony.—Treat on coal with boracic acid, and treat the re
sulting slag on plaster with bismuth flux.
Lead —Dissolve coat in S. Ph. as above.

BORON, B.

All borates intumesce and fuse to a bead.

Flame.—Yellowish green. May be assisted by : (a) Moistening
with H,SO,; (/) Mixing to paste with water, and boracic acid
flux (41 pts. KHSO,, 1 pt. CaF,); (¢) By mixing to paste with
H,SO, and NH,F.

BROMINE, Br.

With S. Pk. Saturated With CuO.—Treated at tip of blue flame,
the bead will be surrounded by green and blue flames.
In Matrass With KHSO,—Brown choking vapor.

INTERFERING ELEMENTS.

Silver.—The bromide melts in KHSO, and forms a blood-red
giobule Whlch cools yellow and becomes green in the sunlignt.

* Sulphur 2 lnrts, potassic mdlde 1 part, potassic blsulphate 1 part.
+ May be obtained by heating S. Ph. on the assay.
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CADMIUM, Cd.

In Coal R. F—Dark brown coat, greenish yellow in thin layers.
ond the coat, at first part of operation, the coal shows a varie-
d tarnish.
in Smoked Plaster with Bismuth Flux.—White coat made orange
NH,),S. :
Vith Borax or S. Ph.—O. F. clear yellow hot, colorless cold,

can be flamed milk-white. The hot bead touched to
S,0, becomes yellow.

R. F. Becomes slowly colorless.

INTERFERING ELEMENTS.

ead, Bismuth, Zinc.—Collect the coat, mix with charcoal dust
heat gently in a closed tube. Cadmium will yield either a
dish brown ring or a metallic mirror. Before collecting coat
t it with O. F. to remove arsenic.

CALCIUM, Ca.

In Coal with Soda.—Insoluble and not absorbed by the coal.
lame.—Y ellowish red improved by moistening with HCI. -
Vith Borax or S. Pk.—Clear and colorless, can be flamed opaque.

CARBON DIOXIDE, CO,.

With Nitric Acid.—Heat with water and then with dilute acid.
, will be set free with effervescence. The escaping gas will
der lime-water turbid.

With Borax or S. Ph.—After the flux has been fused to a clear
d, the addition of a carbonate will cause effervescence during
ther fusion.

CHLORINE, Cl.
With S. P Saturated with CuO.—Treated at tip of blue flame,

- bead wil surrounded by an intense azure-blue flame.

On Coal Cu0.—Grind with a drop of H,SO,, spread the
te on ca - gently in O. F. and treat with blue flame, which
1 be cc oreenish-blue and then azure-blue.

CHROMIUM, Cr.
With or S. Ph—O. F. Reddish hot, fine yellow-green
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. R. F. In borax, green hot and cold. In S. Ph. red hot,
green cold.
With Soda.—O. F. Dark yellow hot, opaque and light yellow
cold.
R. F. Opaque and yellowish-green cold. -

INTERFERING ELEMENTs.
Manganese—The soda bead in O. F. will be bright yellowish-
green.
COBALT, Co.
On Coal, R. F—The oxide becomes magnetic metal. The solu-
tion in HCI will be rose-red but on evaporation will be blue.
With Borax or S. Pk—Pure blue in either flame.

INTERFERING ELEMENTS.

Arsenic.—Roast and scorify with successive additions of borax.
There may be, in order given: Yellow (iron), green (iron and
cobalt), blue (cobalt), reddish-brown (nickel), green (nickel and
copper), blue (copper).

Copper, and other Elements which Color Stromgly—Fuse with
borax and lead on coal in R. F. The borax on platinum wire in
O. F. will show the cobalt, except when obscured by much iron
or chromium.

Iron, Nickel or Chromium.—Fuse in R. F. with a little metallic
arsenic, then treat as an arsenide.

Sulphur or Selenium.—Roast and scorify with borax, as before
described.

COPPER, Cu.,
\On Coal R. F—Formation of red malleable metal.

Flame *—Emerald-green or azure-blue, according to compound.

The azure-blue flame may be obtained:

(2) By moistening with HCI or aqua regia, drying gently in O.
F. and heating strongly in R. F.

(&) By saturating S. Ph. bead with substance, adding common
salt, and treating with blue flame. B

With Boraxt or S. Ph—O. F. Green hot, blue or greenish-

blue cold.

* Sulphur, selenium and arsenic should be removed by roasting. Lead necessitates

a gentle heat,
t By repeated slow oxidation and reduction, a borax bead becomes ruby red.
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R. F. Greenish or colorless hot, opaque and brownish-red
cold. With tin on coal this reaction is more delicate.

INTERFERING ELEMENTS.

yeneral Method *—Roast thoroughly, treat with borax on ‘coal
trong R. F., and

1If Button Forms —Separate the button from the slag, remove
any lead from it by O. F., and make either S. Ph. or flame
test upon résidual button.

If no Visible Button Forms.—Add test lead to the borax fusion,
continue the reduction, separate the button and treat as in
next test. (Lead Alloy.)

_ead or Bismuth Alloys—Treat with frequently changed boracic
1 in strong R. F., noting the appearance of slag and residual
ton.

Zrace—A red spot in the slag.

Over One Per Cent—The residual button will be bluish-green
when melted, will dissolve in the slag and color it red upon
application of the O. F., or may be removed from the slag
and be submitted to either the S. Ph. or the flame test.

FLUORINE, F.

Ftching Test—If fluorine is released it will corrode glass in
udy patches and in presence of silica there will be a deposit
o the refractoriness of the compound

it and KHSO,

and glass of S. Ph.

0,—If heated and the fumes condensed
slatinum wire, a film of silicic acid will

IODINE, .

th CuO.—Treated at the tip of the blue
:d by an intense emerald-green flame.
),.—Violet choking vapor and brown

' Oxide iides, sulphates are best reduced by a mixture of soda and borax.
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In Open Tube with Equal Parts Bismuth Oxide, Sulphur and
Soda—A brick-red sublimate.
With Starch Paper—The vapor turns the paper dark purple.

. INTERFERING ELEMENTS.
Silver —The iodide melts in KHSO, to a dark red globule, yel-
ow on cooling, and unchanged by sunlight.

IRON, Fe.
On Coal—R.F. Many compounds become magnetic. Soda
issists the reaction.
+ With Borax*—O. F. Yellow to red hot, colorless to yellow cold.
R. F. Bottle-green. With tin on coal, vitriol-green.
With S. Ph—O. F. Yellow to red hot, greenish while cooling,
colorless to yellow cold.
R. F. Red hot and cold, greenish while cooling.
State of the Iron.—A borax bead blue from CuO is made red by
Fe0, and greenish by Fe,O,.

INTERFERING ELEMENTS.

Chromium.—Fuse with nitrate and carbonate of soda on pla-
inum, dissolve in water and test residue for iron.
Cobalt.—By dilution the blue of cobalt in borax may often be
ost before the yellow of iron.
Copper—May be removed from borax bead by fusion with lead
»n coal in R. F.
Manganese.—(a) May be faded from borax bead by treatment
with tin on coal in R. F.
(6) May be faded from S. Ph. bead by R. F.
Nickcl—May be faded from borax bead by R. F.
Tungsten or Titanium.—The S. Ph. bead in R. F. will be reddish-
yrown instead of blue or violet.
Uranium.—As with chromium.
Alloys, Sulphides, Arsenides, etc.—Roast, treat with borax on coal
n R. F,, then treat borax in R. F. to remove reducible metals.

LEAD, Pb.
On Coalt—In either flame is reduced to malleable metal and

* A slight yellow color can only be attributed to iron, when there is no decided color
rroduced by either flame in highly charged beads of borax and S, Ph.
1 The phosphate yiclds no coat without the aid of a flux.
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Ids, near the assay, a dark lemon-yellow coat, sulphur-yellow
d and bluish-white at border.
With Bismuth Flux :
On Plaster—Chrome-yellow coat, blackened by (NH,),S.
On Coal.—Volatile yellow coat, darker hot.
F/ame.— Azure-blue.
With Borax or S. Ph—O. F. Yellow hot, colorless cold, flames
opaque-yellow.
R. F. Borax bead becomes clear, S. Ph. bead cloudy.

INTERFERING ELEMENTS.
Antimony—Treat on coal with boracic acid, and treat the re-
ting slag on plaster with bismuth flux.
Arsenic Sulphide—Remove by gentle O. F.
Cadmium.—Remove by R. F.
Bismuth.—Usually the bismuth flux tests on plaster are sufficient.
addition the lead coat should color the R. F. blue.

LITHIUM, Li.
Flame,—Crimson, best obtained by gently heating near the wick.

INTERFERING ELEMENTS.

Sodium, (a) Use a gentle flame and heat near the wick. (4) Fuse
platinum wire with barium chloride in O. F. The flame will be
t strong yellow, then green, and lastly, crimson.

Calcium or Strontium—As these elements do not color the flame
the presence of barium chloride, the above test will answer.
Stlicon—Make into a paste with boracic acid flux and water, and
e in the blue flame. Just after the flux fuses the red flame will

r.
Pea MAGNESIUM, Mg.

On Coal with Soda—Insoluble, and not absorbed by the coal.
With Borax or S. Ph.—Clear and colorless can be flamed opaque-
lte.
With Cobalt Solution*—Strongly heated becomes a pale flesh
lor. '
MANGANESE, Mn.
*h R» or S, Pht—O. F. Amethystine hot, reddens on cool-

iis reaction is of use only in the absence of coloring oxides. The
0spl and borate become violet-red.
t The more intense with borax than with S, Ph.
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ing. With much, is black and opaque. If a hot bead is
touched to a crystal of sodium nitrate an amethystine or
rose-colored froth is formed.
R. F. Colorless or with black spots.
With Soda—O. F. Bluish-green and opaque when cold. Sodium
nitrate assists the reaction.

INTERFERING ELEMENTS.

Chiromium.—The soda bead in O. F. will be bright yellowish-
green instead of bluish-green.
Silicon—Dissolve in borax, then make soda fusion.

MERCURY, Hg.
With Bismuth Flux :
On Plaster—Volatile yellow and scarlet coat. If too
strongly heated the coat is black and yellow.
On Coal—Faint yellow coat at a distance.
In Matrass with Dry Soda or with Litharge*—Mirror-like
sublimate, which may be collected in globules.

-

A Y
MOLYBDENUM, Mo.

On Coal—O. F. A coat yellowish hot, white cold, crystalline
near assay.

R. F. The coat is turned in part deep blue, in part dark
copper-red.

Flame—Yellowish-green.

With Borax—O0O. F. Yellow hot, colorless cold.

R. F. Brown to black and opaque.
With S. Ph—O. F. Yellowish-green hot, colorless cold.}
R. F. Emerald-green.

Dilute (Y{) HC! Solutions—If insoluble the substance may first
be fused with S. Ph.in O. F. If then dissolved in the acid and
heated with metallic tin, zinc or copper, the solutions will be suc-
cessively blue, green and brown. If the S. Ph. bead has been
treated in R. F. the solution will become brown.

* Gold-leaf is whitened by the slightest trace of vapor of mercury.
+ Crushed between damp unglazed paper becomes red, brown, purpleor ~ * €
cording to amount present,
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NICKEL, Ni.

n Coal—R. F. The oxide becomes magnetic. '
Vith Borax.—O. F. Violet hot, pale reddish-brown cold.———- -~
R. F. Cloudy and finally clear and colorless.
Vith S. Ph.—O. F. Red hot, yellow cold.
R. F. Red hot, yellow cold. On coal with tin becomes
colorless.
INTERFERING ELEMENTS.

eneral Method.—Saturate two orthree borax beads with roasted

tance, and treat on coal with a strong R. F. If a visible button

Its, separate it from the borax, and treat with S. Ph. in the

", replacing the S. Ph. when a color is obtained.

" no visible button results, add either a small gold button or a

grains of test lead. Continue the reduction, and :

With Gold—Treat the gold alloy on coal with S. Ph. in strong
O. F.

With Lead.—Scorify button with boracic acid to small size,
complete the removal of lead by O. F. on coal, and treat
residual button with S. Ph. in O. F.

rsenic.—Roast thoroughly, treat with borax in R. F. as long as

1ows color, treat residual button with S. Ph. in O. F.

/loys.—Roast and melt with frequently changed borax in R. F.

ing a little lead if infusible. When the borax is no longer

red, treat residual button with S. Ph. in O. F.

NITRIC ACID, HNO,.

1 Matrasswith KHSO,,or in Closed Tube with Litharge—Brown
es with characteristic odor. The fumes will turn ferrous sul-
le paper brown.

' PHOSPHORUS. P.

lame —Greenish-blue, momentary. Improved by conc. H,SO,.
n Closed Tube with Dry Soda and Magnesinm—The soda and
stance are mixed in equal parts and dricd, and made to cover
magnesium. Upon strongly heating there will be a vivid in-
descence, and the resulting mass, crushed and moistened, will
d the odor of phosphuretted hydrogen.

POTASSIUM, K.
lame.—Violet, except borates and phosphates.
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INTERFERING ELEMENTS.

Sodium.—(a) The flame, through blue glass, will be violet or
blue. -

(6) A bead of borax and a little boracic acid, made brown
by nickel, will become blue on addition of a potassium
compound.

Lithium —The flame, through green glass, will be bluish-green.

SELENIUM, Se.

On Coal, R. F—Disagreeable horse-radish odor, brown fumes,
and a volatile steel-gray coat with a red border.

In Open Tube—Steel-gray sublimate, with red border, some-
times white crystals.

In Closed Tube—Dark-red sublimate and horse-radish-odor.

Flame.—Azure-blue.

On Coal with Soda—Thoroughly fuse in R. F., place on bright
silver, moisten, crush, and let stand. The silver will be blackened.

SILICON, Si.

On Coal with Soda.—With its own volume of soda, dissolves with
effervescence to a clear bead. With more soda the bead is opaque.

With Borax—Clear and colorless.

With S. Ph.—Insoluble. The test made upon a small fragment
will usually show a translucent mass of undissolved matter of the
shape of the original fragment.

When not decomposed by S. Ph,, dissolve in borax nearly to
saturation, add S. Ph,, and re-heat for a moment. The bead will
become milky or opaque white.

SILVER, Ag.

On Coal.—Reduction to malleable white metal.

With Borax or S. Fi.—O. F. Opalescent.

Cupellation.—Fuse on coal with 1 vol. of borax glass and 1 to
2 vols. of test lead in R. F. for about two minutes. Remove button
and scorify it in R. F. with fresh borax, then place button on cupel
and blow O. F. across it, using as strong blast and as little flame as
are consistent with keeping button melted.

If the litharge is dark, or if the button freezes before brightening, 0
if it brightens but is not spherical, rescorify it on ¢~
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1d more test lead, and again cupel until there remains only a white
herical button of silver.

SODIUM, Na.
Flame—Strong reddish-yellow.

STRONTIUM, Sr.

—Insoluble, absorbed by the coal.
nson, improved by moistening with HCI.
Ph.—Clear and colorless; can be flamed

NTERFERING ELEMENTS.

flame may show upon first introduction of
lame, but it is afterward turned brownish-

« barium chloride, by which the lithium flame

SULPHUR, S.
nd a Little Borax.—Thoroughly fuse in the

ght silver, moisten, crush dnd let stand. The
Il become brown to black. Or,

ilute HCI (sometimes with powdered zinc);
of H,S will be observed.

ocating fumes. Some sulphates are unaf-

y have sublimate red when hot, yellow cold,
omposed sulphide, or the substance may be

‘(equal parts).—A yellow or red bead.
er Sulphide or Sulphate.—Fuse with soda on
Iphide only will stain silver.

TELLURIUM, Te.

white coat with red or yellow border. If
on porcelain, the resulting gray or brown
rimson when moistened with conc. H,SO,,
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Coal with Soda.—Thoroughly fuse in R.F. Place on bright
. moisten, crush and let stand. The silver will be blackened.
me.—Green.

Open Tube.—Gray sublimate fusible to clear drops.

't H;SO, (conc.).—Boiled a moment, there results a purple
solution, which loses its color on further heating or on dilu-

TIN, Sn.
Coal.—O. F. The oxide becomes yellow and luminous.

R. F. A slight coat, assisted by addition of sulphur or soda.
% Cobalt Solution.—Moisten the coal, in front of the assay,
he solution, and blow a s#ong R. F. upon the assay. The
7ill be bluish-green when cold.

% CuO in Borax Bead—A faint blue bead is made reddish-
i or ruby-red by heating a moment in R. F. with a tin com-

INTERFERING ELEMENTS.
d or Bismuth (Alloys).—It is fair proof of tin if such an alloy
es rapidly with sprouting and cannot be kept fused.
s.—On coal with soda, borax and charcoal in R. F. the tin
: reduced, the zinc volatilized; the tin may then be washed
he fused mass.
TITANIUM,* Ti,
k& Borax—O. F. Colorless to yellow hot, colorless cold,
opalescent or opaque-white by flaming.
R. F. Yellow to brown, enamel blue by flaming.
&k S. Ph—O. F. As with borax.
R. F. Yellow hot, violet cold.
! Solutions—I1f insoluble the substance may first be fused
». Ph. or with soda and reduced. If then dissolved in dilute
nd heated with metallic tin, the solution will become violet
tanding. Usually there will also be a turbid violet precipi-
thich becomes white.
INTERFERING ELEMENTS.
t.—The S. Ph. bead in R. F. is yellow hot, brownish-red cold.
TUNGSTEN, W.
It Borax—O. F. Colorless to yellow hot, colorless cold, can
be flamed opaque-white.

‘he substance is mixed with sodium fluoride, fused on platinum with a little
pyrosulphate and dissolved by boiling in a very weak solution of sulphuric
» addition of a few drops of hydrogen peroxide will produce a that
: chloride.
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R. F. Colorless to yellow hot, yellowish-brown cold.
With S. Ph—O. F. Clear and colorless.
R. F. Greenish hot, blue cold. On long blowmg or
tin on coal, becomes dark green.
With Dilute HCl.—If insoluble, the substance may first be fus
th S. Ph. The solution heated with tin becomes dark bl
th zinc it becomes purple and then reddish-brown.

INTERFERING ELEMENTS.
Iron.—The S. Ph. in R. F. is yellow hot, blood-red cold.

URANIUM, U.

With Borax.—O. F. Yellow hot, colorless cold, can be flam
enamel yellow.
R. F. Bottle-green, can be flamed black but not enamells
With S. Ph.—O. F. Yellow hot, yellowish-green cold.
R. F. emerald-green.

INTERFERING ELEMENTS.
Iron.—With S. Ph. in R. F. is green hot, red cold.

VANADIUM, V.
With Borax—O. F. Colorless or yellow hot, greenish-yell

R. F. Brownish hot, emerald-green cold.
Witk S. Ph.—O. F. Dark yellow hot, light yellow cold.

R. F. Brown hot, emerald-green cold.
H SO, Solutions—Reduced by Zn become successively yellc
een, bluish-green, blue, greenish-blue, bluish-violet and lavend

ZINC, Zn.

On Coal—O. F. The oxide becomes yellow and luminous.

" F. Yellow coat, white when cold, assisted by soda a
lit ax.
Wit.  balt Solution—Moisten the coal, in front of the ass:
th the lution, and blow a strong R. F. upon the assay. T
at will  : bright yellow-green when cold.
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INTERFERING ELEMENTS,

Antimony.—Remove by strong O. F., or by heating with sulphur
in closed tube. '

Cadmium, Lead or Bismuth.—The combined coats will not pre-
vent the cobalt solution test.

Tin.—The coats heated in an open tube, with charcoal dust by
the O. F., may yield white sublimate of zinc.



CHAPTER XIV.

SCHEMES FOR QUALITATIVE BLOWPIPE
ANALYSIS.

[Est I.*—Heat a portion gently with O. F. upon charcoal
a plaster tablet which has been blackened in the lamp
me.

As.—White very volatile crystalline coat, white fumes having
lic odor and invisible near assay, best on plaster.

he coat disappears before R. F., tingeing it pale blue and evolving the characteristic
ic odor,

ONFIRMATION As.—The coating may be scraped off together with a little charcoal
if heated in closed tube should yield an arsenic mirror; or it may be dissolved in
tion of KOH, placed in a test tube, a small piece of sodium amalgam added, and
tube covered with a piece of filter paper moistened with a s/ight/y acid solution of
NO,. The paper will be stained black by the AsH, evolved.

Sb.—White fumes and white pulverulent volatile coat, best on
ircoal.

_good distinguishing feature between As and Sb is as follows: They both usually
inue to give off fumes after removal of the.flame, but while still hot the As,O, fumes
not visible within one-half inch of assay, while Sb,O, fumes appear to come imme-
ely from the mass.
ONFIRMATION 8b.—The coating disappears before R. F., tingeing it a pale yellow-
n, or, if scraped together, dissolved in S. Ph. and jus¢ fused on charcoal in contact
1 tin it will form a gray or black opaque bead.
[ the coating be scraped off and dissolved in tartaric acid 4 HCI, and the solution
ed in a platinum capsule with a piece of zinc, Sb, if present, will give a black
erent stain.  This may be confirmed by washing the stain with water, then dissolv-
it in a few drops of hot tartaric acid plus a drop or two of HCI; on adding H,S, an
ge precipitate proves Sb,S;.
ost antimony minerals leave a white residue when treated with concentrated nitric
If this residue is washed with water dissolved in HCI and H,S added, an orange
ipitate of Sb,S; will be formed.

'Tat I may also yleld white coating of chlorides or lead sulphate, or of Se or Te,

" “nor Zn near the assay, yellow hot and white cold; yellow
stalline yellow and white coating of Mo; and deep brown
se will be detected with greater certainty by later tests.
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Test II.—Mix a portion with soda and a little borax and heat
strongly upon charcoal with R. F. for three or four minutes.
Preserve the fused mass for subsequent examination. Or, mix
some of the powdered substance with metallic sodium by
means of a knife blade, ignite carefully on charcoal and heat
residue with blowpipe flame to obtain coatings or to fuse to-
gether any metallic particles.* Preserve residue for Test III

As.—Garlic odor, white fumes and a white volatile coat.

Sb.—White fumes and a white volatile coat.

Cd.—Dark brown volatile coat, sometimes shading to greenish-
yellow and usually surrounded by a variegated coloration resem-
bling the colors of peacock feathers.

ConFIRMATION Cd.—The coat forms at first heating, and, if mixed with Na,S,0,
and fused in a borax bead, will form a bright yellow mass of €dS.

Zn.—White not easily volatile coat, yellow when hot.

Sn.—White non-volatile coat close to assay, yellow while hot
and usually small in amount. -

CONFIRMATION Zn and Sn.—If any coat forms, moisten it with cobalt s.olution and
blow a strong blue flame on the substance. The coatings from other elements will not

prevent the cobalt coloration. The zinc coat is made bright yellowish green. The tin
coat becomes bluish-green.

Test III.—Crush, and pulverize and examine the residue of
Test II.

1. Collect any magnetic particles with the magnet; dissolvé
some of the magnetic particles in a borax bead with the O. F.
Try also effect of R. F.

Fe.—The beadis: O. F. hot, yellow to red; O. F. cold, color-
less to yellow; R. F. cold, bottle-green.

CoNFIRMATION Fe.—The magnetic particles yield with HNO,, a brown solution
from which, after evaporating excess of acid, K FeCy, throws down a blue precipitate.

Ni.—The bead is: O. F. hot, intense violet; O. F. cold, pale
brown ; R. F. cold, colorless.

« COoNFIRMATION Ni,—If the excess of acid is driven off by evaporation, KCy added
in excess, and the solution then made strongly alkaline with KOH, two or three drops
of pure bromine will give a black precipitate of Ni,(OH),.

€0.—The" bead is: O. F. and R. F. hot or cold, a deep pure

* blue ; if greenish when hot, probably Fe or'Ni is also present.

CoNFIRMATION Co.—The magnetic particles yteld with HNO;, a rose-red solution
which bccomes blue on evaporation,

*Test lI may nlso y:eld whlte coats from Pb, Bi or alkalis, yell
or Bi, brown or red coats from Cu or Mo, and the ash of the coal m

&3/
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2. Examine residue for metallic buttons and observe if they
¢ malleable or not.

Ag.—Silver white malleable button.

“ONFIRMATION Ag.—Dissolve button in dilute HNO;, and add adrop of HCl. A
ite precipitate, soluble in NH,OH is obtained.

Pb.—Lead gray malleable button.
“ONFIKMATION Pb.—With bismuth flux on charcoal gives yellow coating.
Sn.—White malleable button.

“ONFIRMATION Sn.—Heated in O. F, on charcoal gives a non-volatile coating, yellow
and white cold. Decomposed in conc. HNO; with white residue of metastannic acid.

Cu.—Reddish malleable button.

JONFIRMATION Cu.—Dissolves in HNOj to a green solution rendered intense blue
en neutralized with NN, OH. .

Au.—Yellow malleable button.

y

ONFIRMATION Au.—Insoluble in HNOj, or HCI alone, but dissolved by mixed acids.
Bi.—Reddish white brittle button.

"ONFIRMATION Bi.—Heat with bismuth flux.

Sb.—White brittle button, yielding white coating before the
wpipe.

3. Dig up some of the charcoal beneath assay, place upon
oright silver surface ; moisten with water and let stand.

S, Se, Te.—The bright silver is. stained black or dark-brown,
d unless the horseradish odor of Se or the brown coatings of
and Te with bismuth flux have been already obtained, this stain
Il prove sulphur.

“ONFIRMATIONs S.—The soda fusion will evolve H,S when moistened with HCL
holding in the gas a piece of filter paper moistened with a drop or two of lead
tate (test is made more sensitive by adding a drop of ammonia to the acetate), the
er will be stained black.

"ONFIRMATION Se.—Characteristic disagreeable horseradish odor during fusion.

"ONFIRMATIONS Te.—If a little of the original substance is dropped into boiling’

centrated H,SO,, a deep v:olet color is produced; this disappears on further
lllﬂg
[he quite cold soda fusion added to hot water produces a purple-red solution,

Test IV.—Mix a portion of the substance with more than
 equal volume of bismuth flux,* and heat gently upon a
aster tablet with the oxldtzmg flame.

* Formed by gnndmg together 1 part KI, part l\H\O‘, 2 parts S
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ops of strong H,SO, and heat until copious fumes are evolved ; cool, and breathe
n the cooled mass; an ultramarine blue = Mo,
ONFIRMATION W .—Tested on charcoal with tin, etc., as above, the reduced bead
reen, the solution is deep blue,

Jr, Y, Ni.*—The bead in O. F. cold, is colored YELLOW OK
EENISH-YELLOW.

ONFIRMATION U.—The bead in R. F. is dull green, hot ; fine green, cold. Make
2,CO, fusion, dissolve in HCI or H,SO,, add a few drops or H,S water, and if it
s any precipitate, add it in excess and filter; to filtrate add a few drops of HNO,
boil, then add NH,OH to alkaline reaction, filter, wash precipitate withammonia
r, and then treat precipitate with a concentrated solution of (NH,),CO, + NH,OH,
r, acidify filtrate with HCl, and add K, FeCy,, Brown ppt.=Ur.

ONFIRMATION V.—In R, F, the bead will be brownish hot, fine green cold, Fuse
tance with NagCO, in O. F., and dissolve fusion in a few drops of dilute H,SO,
ICl, add a piece of zinc and warm; blue color changing to green and finally vio-
=V, See v ar .

ONFIRMATION Ni.—A borax bead in O. F. will be intense violet, and in R, F. will
eddish hot, yellow cold.

In.—The bead in O. F., cold, is colored vioLET; if touched
ile hot to a crystal of nitre, it is made deep permanganate color.

ONFIRMATION Mn.—Fused on platinum wire in O, F., with a paste of soda, and
, manganese yields an opaque bluish-green bead.

PR

- | Y
>r.—The bead in O. F., cold, is colored GREEN. » - ' ' s 4}

If the absence of Niis not proved, or Co obscures the tests, dissolve the substance
orax on charcoal to saturation, and treat for five minutes in hot R. F,

" a visible button results, separate it from the borax, and treat with S. Ph. in the
"., replacing the S. Ph, when a color is obtained.

" no visible button results, add either a small gold button or a few grains of test
. Continue the reduction, and, if lead has been used, scorify the button with fre-
atly changed boracic acid to small size, stopping the instant the boracic acid is
red by Co, Ni, or Cu, blue, yellow, or red, respectively,

omplete the removal of lead by O. F. on coal, and treat as below.

reat the gold alloy, or the residual button from the lead alloy, on coal, with fre-
tly changed S, Ph,, in strong O. F.

'he metals which have united with the gold or lead, will be successively oxidized
their oxides will color the S. Ph. in the following order:

o.—Blue, hot; blue, cold. May stay in the slag,

i.—Brown, hot; yellow, cold. May give green with Co or Cu,

u.—Green, hot; blue, cold. Made opaque red by tin and R, F,

he slag should contain the more easily oxidizable metals, and be free from Cu,
and Ag. Test a portion with S, Ph. and tin to prove absence of Cu, If present, it
t be removed by further reduction with lead. Pulverize the slags and dissolve a
ion in S. Ph., and examine by Test V.
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There may be a green bead from admixture of a blue and a yellow. If Cris not
proved, examine in such a case for Ur, V, Cr, etc,, with unusual care.

CoNFIRMATION Cr.—If the substance is fused on platinum wire in the O.F. with a
paste of soda and nitre, an opaque yellow bead is produced ; and if the soda bead is
dissolved in water, filtered, acidified with acetic acid, and a drop or two of lead
acetate added, a yellow precipitate will be formed.

Co, Cu.—The bead in O. F,, cold, is colored BLUE.

CoNFIRMATION Co.—The bead is deep blue, hot and cold, in both flames.

CoNFIRMATION Cu.—The bead is green, hot, greenish-blue, cold, and on fusion with
tin on coal becomes opaque brownish-red.

With larger percentage of copper, the substance will yield a2 mixed azure-blue and
green flame on heating with HCIL.

Si0,, AL 0,, TiO,, SnO,.—The saturated bead dontains an ap-
preciable amount of INSOLUBLE MATERIAL, in the form of a #rans-
lucent cloud, jelly-like mass, or skeleton form of the original
material.

CONFIRMATION SiO,.—Mix the dry substance with a little dry calcium fluoride
free from SiO,, place in a d7y test tube and add conc. H,SO, and heat gently. hold
in fumes given off, a drop of water-in loop of platinum wire; SiO, will be separated
on coming in contact with the water and form a jelly-like mass,

Silica or silicates fused with soda unite with noticeable effervescence.

CONFIRMATION ALO;, TiO,, SnO,, SiO,.—If infusible, moisten the pulverized
mineral with dilute cobalt nitrate solution and heat strongly.

Al,Oy.—Beautiful bright blue.

TiO,.—Yellowish green,

SnO, —Bluish green.

SiO,.—Faint blue; deep blue, if fusible.

There may also be blues from fusible phosphates and borates, greens from oxides
of Zn, Sb, violet from Zr, various indefinite browns and grays, and a very character-
istic pale pink or flesh color from Mg,

CONFIRMATION SnO,.—Treat the finely pulverized mineral with Zn and HCl in
contact with platinum, Dissolve any reduced metal in HCI and test with HgCl,.
There will be white or gray ppt.

Ba, Ca, Sr, Mg.—The saturated bead is WHITE and OPAQUE
and the nearly saturated bead can be flamed white and opaque.

CONFIRMATION Ba, Ca, Sr.—Moisten the flattened end of a clean platinum wire
with dilute hydrochloric acid, dip it in the roasted substance, and heat st ingly at the
tip of the blue flame, and gently near the wick. Remoisten with the acii - :ntly.

Ba.— Yellowish-green flame, bluish-green through green glass,

Ca.—Yellowish-red (brick-red) flame, green through green glass,

Sr.—Scarlet-red flame, faint yellow through green glass.

There may also be produced Li, carmine-red flame, invisible -
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, fose-violet flame, reddish-violet through blue glass. Na, orange-yellow flame.
visible through blue glass, Cu. azure-blue and emerald green. Se and As, pale
ue. Mo, Sb, Te, palegreen.
CONFIRMATION Mg.—Moisten the roasted substance with cobalt solution, and heat
rongly. The substance will be colored pale pink or flesh color, or violet if present
either arsenate or phosphate.

Test VI.—Cupellation for silver and gold. Fuse one vol.
f the roasted substance on charcoal with 1 vol. of borax glass,
nd 1 to 2 vols. of test lead in R. F. for about two minutes.
emove button and scorify it in R. F, with fresh borax, then
lace button on cupel and blow O. F. across it, using as strong
last and as little flame as are consistent with keeping the
utton melted. If the lithargeis dark, or if the button freezes
efore brightening, or if it brightens but is not spherical, re-
orify it on charcoal with borax, add more test lead, and
zain cupel until there remains only a bright spherical button
naltered by further blowing.

Ag.—The button is white.
Au.—The button is yellow or white.

CONFIRMATION Ag AND Au.—Dissolve in a drop of HNO,, and add a drop of
Cl, preducing a white curd-like precipitate, If gold is present there will be a resi-
1e insoluble in HNQ, which will become golden yellow on ignition,

Test VII.—Heat substance in matrass with acid potassium
ulphate.

N,O,, Br.—Reddish brown vapor.

CoNFIRMATION N,0,.—The gas turns ferrous sulphate paper brown. Nitrates defla-
ate violently when fused on charcoal.

Cl.—Colorless or yellowish green vapor, with odor of chlorine.
I.—Violet choking vapor.

CoNFIRMATION Br, Cl, I.—Saturate a salt of phosphorus bead with CuO, add sub-
ance, and treat in O. F. Br, azure blue and emerald green flame. Cl, azure blue
ime with a little green, I, emerald green flame.

Fuse with Na,CO,, pulverize and mix with MnO,, and add a few drops of conc.
s50,, and heat. CI, yellowish green gas that bleaches vegetable colors. Br, red
mes.

Fuse with Na,CO,, dissolve in water, make slightly acid with H,SO,, and add
2,(SO,)s (ferric alum may be used), and-boil; I, violet fumes (turn starch paper
ue).
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F.—The glass of the matrass is corroded, and if SiO, is present
a film of SiO, is often deposited on the glass.

CoNFIRMATION F.—If the substance be mixed with silica and then heated with
concentrated sulphuric acid, and the fumes caught on a drop of water held in a loop of
platinum wire, gelatinous silica will form in the water,

Test VIII.—Heat the substance gently with water to re-
move air bubbles and then with dilute hydrochloric acid.

CO,.—Effervescence continuing after heat is removed.

H,S, Cl and H are sometimes evolved, but usually the odor will distinguish

these.
CoNFIRMATION CO,.—If the gas is passed into lime water, a white cloud and ppt.

will be produced.

Test 1X.—Place a piece of Mg wire in a closed tube, and
cover the wire with a mixture of soda and the substance.
Heat till the mass takes fire, cool and add water.

P.—Evolution of phosphine, recognized by odor.

CoNFIRMATION P,—Fuse alittle of the substance, previously roasted if it contains As,
with two or three parts Na,CQ, and one of NaNO, dissolve in HNOjy, and add excess of
(NH,);Mo0,; yellow ppt. = P,0O;. In presence of SiO, it is well to confirm this ppt.
by dissolving it in dilute NH,OH, allowing it to stand for half an hour and filtering
off any SiO, that separates, then to filtrate adding magnesia mixture (MgCl, +-
NH,Cl +- NH,0H); white ppt. = P,0,.

Phosphates yield a pale momentary bluish green flame when moistened with con-
centrated H,SO, and treated at the tip of the blue flame.

Test X.—Make a paste of four parts KHSO,, one part CaF,,
water and substance. Treat at tip of blue flame. Just after
water is driven off the flame will be colored.

B.—Bright green.
Li.—Carmine.
CONFIRMATION B.—Heat some of the substance gently on platinum wire, then add
a drop of. concentrated H,S'),, heat very gently again, just enough to drive off excess
of H,80,, dip in glycerine, hold in lame until glycerine begins to burn, remove from
ame, and the mass will continue burning with a green flame. Turmeric paper, moist-
ned with an HCI solution containing boron and dried at 100°, is turned a reddish
rown which ammonia blackens.

Test XI.—-Make a paste of the powdered substance with
trong HCl. Treat on platinum wire in the non-luminous

lame of a Bunsen burner. Confirm results by the spectro-
cope as directed on page g3.
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The color imparted to the flame is :

A;one. Throughk blue glass. -
Na, Yellow. Invisible or pale blue.
K, Violet. Reddish violet.
Naand K, Yellow. Reddish violet.
Ba, Mo, B, Yellowish green. Bluish green.
Ca, Red. Greenish grey.
Sr, Scarlet. Violet.

Cu, Azure blue, } Azure blue,
. Emerald green. Emerald green.

Test XII.—Heat the substance in a closed tube.*®

H,0.—Moisture on the side of tube.
Hg.—Metallic mirror collecting in globules.
As.—Metallic mirror but no globules.

Test XIII.+—Treat the finely powdered substance in a tes
ube with strong HCl. Observe the result, then boil.

Effervescence.—If the substance is non-metallic the gas give
ff will almost always be CO, showing that the substance was
arbonate. H,S is easily recognized by its odor. Cl which i
ellowish and very offensive would be given off only in a few case
y the action of some oxides on HCI.

Confirm CO,.—A drop of lime water on the end of a glass ro
eld in the gas after it has been passed through water to free
rom HCl will be rendered turbid.

Confirm H,S.—A piece of filter paper moistened with lead ace
ate will be blackened if held in the gas.

Confirm C1.—A piece of moistened red litmus paper held in th
yas will be bleached.

Gelatinous Residue.—If a gelatinous residue forms after boi.
ng away the larger part of the acid a silicate was present.

*# Other sublimates may result as noted on page I02.
t Substitute for test VIIT when convenient.
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SPECIAL SCHEME FOR DETECTION OF THOSE
METALS WHICH WHEN PRESENT AS SILI-
CATES USUALLY FAIL TO YIELD
SATISFACTORY TESTS BEFORE
THE BLOWPIPE.

Remove the volatile constituents as thoroughly as possible by
roasting, then heat gently in a platinum capsule, with HF and a
few drops of concentrated H,SO, as long as fumes are given off;
add a little more HF and H,SO,, and heat again in the same way.
When fusion is quite cold, dissolve in cold water and filter.

Filtrate a.—Divide into four parts and test as follows:

1. Add a piece of Zn or Sn and a little HCI, and heat.

Ti.—A violet or blue solution.

CoNFIRMATIONs Ti.—Nearly neutralize solution, and then add Na,S,0,, and boil,
White ppt. = Ti.

Or, make solution slightly alkaline, and then acidify slightly with HCl, and add
Na,HPO,. White ppt. = Ti.

2. Add excess of KOH or NaOH, boil and filter, and to filtrate
add excess of NH,Cl. and boil.

Al.—White precipitate.

Dissolve ppt., produced by the KOH or NaOH, in HCI, and
add K,FeCy,.

Fe.—Blue precipitate,

3. Add HCI; then make alkaline with NH,OH and add (NH,\,S
+ (NH,),CO; in slight excess, filter; to filtrate add Na,HPO,.

Mg.—White crystalline precipitate.

CONFIRMATION Mg.—If phosphates are present, this test would not be reliable for
Mg. In such cases test a few drops of the solution with H,S; if it causes any precipi-
tate, saturate the whole of the solution with it, filter, and to filtrate add a few drops
of HNO,, and boil to oxidize FeO, nearly neutralize with solution of Na,CO,. 1If
iron is not present, add a few drops of Fe,Clg, enough to give a red precipitate with
the sodium acetate, then dilute and add excess of sodium acetate, and boil, filter, and
to filtrate add NH,OH + (NH,),S, filter, to filtrate add Na,HPO,. White crystalline
precipitate = Mg,

4. Add BaCl, as long as it gives a precipitate, then Ba(OH), to
alkaline reaction, boil, filter, and to filtrate add (NH,),CO; and
NH,OH and heat, filter; evaporate filtrate to dryness and ignite
to drive out NH, salts. Test residue in flame for K and Na; dis-
solve residue in a few drops of water, filter if n iry,a hen
add solution of PtCl, and alcohol.
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K.—Yellow crystalline precipitate.

CoNFIRMATION Na, K.—Mix 1 part of the silicate with 5-6 parts of precipitated
CO, and 1 part of NH,CI, heat to redness in platinum capsule for thirty minutes
ng careful to apply heat gently at first, digest sintered mass in hot water, and filter;
iltrate add (NH,),CO; and NH,OH, heat and filter, evaporate filtrate to dryness and
fte gently until all ammonium salts are driven off, then determine Na and K as
ve.

Residue a.—Boil with strong solution of (NH,),SO, and filter.
Filtrate b.—Add a few drops of H,S water; if any precipitate
'ms, saturate with H,S and filter, and to filtrate add NH,OH
d (NH,),C,0,.

Ca.—A white precipitate.

Residue b.—Moisten with concentrated HCI and try coloration
flame.

Ba.—Yellowish-green flame.

Sr.—Scarlet flame.

“ONFIRMATION Ba and Sr.—Fuse residue b with two to three pts, of soda in a pla-
im capsule : treat fusion with boiling water, filter, reject filtrate, dissolve residue
cetic acid, add a few drops of H,S water, if it gives any precipitate, saturate with
S and filter, and to filtrate add K,Cr,0,. Ba —yellow precipate. Filter, and to
ate add CaSO, warm and let stand. Sr = white precipitate.







PART IIL

.

DESCRIPTIVE MINERALOGY.

-CHAPTER XV.

CHARACTERS OF MINERALS.

ALL substances whickh have not been formed by living growth be
1)g to the Mineral Kingdom of Nature; and, in the broades
1se, mineralogy treats of ALL such substances. The magnitud
such a Science of Mineralogy has, however, forced an arbi
ry division.

A MINERAL is now defined to be: a homogeneous substance, o
finite chemical composition, found ready-made in nature, an
¢t a product of life. Usually it will be a solid with a crystallin.
ucture. ’

MINERALOGY in its arbitrarily limited sense considers the on
ousand or so accepted minerals and the many thousands o
ubtful species and varieties. Its primary purpose is the study
‘the elementary constitution of the minerals; their chemica
mposition as revealed- by analyses ; their molecular structur
revealed by crystalline form and by physical tests, and thei
igin and mode of formation as revealed by associated min
als, the alterations which they undergo and their synthetic pro
ction.

The consideration of artificial compounds is referred to Chemistry
though the chemist’s laboratory and Nature employ the sam
rces and produce some substances identical in all respects, the
tural substances are usually not easily imitated because the im
rtant element of long periods of time cannot be given to the
anufacture of the substance. On the other hand most manu
tured compounds are too soluble and perishable to exist long
natural salts.

137
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A Rrock is a mineral mass of fairly constant character for a co
siderable depth and area. It sometimes consists entirely of o
nineral, much more frequently of two or more minerals, and m:
:onsist in part of organic remains.

The resolution of these rocks into their component minera
ind the study of these minerals belongs to Mineralogy. TI
tudy of these rocks, as such, is referred to Petrography ar
seology.

IN ELEMENTARY WORK IN MINERALOGY, especially in a techn
:al course, the principal object is the acquisition of an ‘e
tnowledge’ of the common and commercially important minerals s
hat they may be recognized at sight or determined rapidly by
ew simple tests. This knowledge can be acquired only by han
ing and testing both labelled and unlabelled specimens, and
sest preceded by a thorough drill in the use of the blowpipe an
. study of models and natural crystals.

CRYSTALS OF MINERAL

Natural crystals are rarely ideal in shape ar
egard must be paid rather to the recurrence -
aces than to the actual position or size of th
ppection assisted by rough measurements of p _

. hand goniometer will usually be sufficient to determine system
orms, and often species.

The different crystals of any substance will usually show one o
wo predominating forms and if from the same locality will shov
n even greater constancy of habit, so that it is frequently possibl
o distinguish between crystals of different minerals closely alike ir
ngle by the kabdit, that is the common association of faces.

Regular Grouping of Crystals.

The manner of the grouping of the crystals is sometimes a char
cter of importance. Frequently the grouping is irregular anc
pparently without law, as in Fig. 308 of Tyrolese epidote, but a
tther times there is an evident tendency to regular arrangement
“winning has already been described, pp. 6571, in which the cor-
esponding crystal axes are usually inclined to each other. A
endency to parallel arrangement of corresponding axes is also fre.
|uently observed which may be shown either by isolated crystals
vith their axes parallel, as in the case of the quartz crystals
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FiG. 308. upon feldspar from Japan, shown in Fig.
309. Or the crystals may be united in
parallel or approximately parallel position,
as in the pyromorphite, from Nassau, Fig.
310.

In certain instances the union of many
crystals in approximately parallel position
results in one larger crystal, either of the

: form with slightly curved faces as in dolomite, Fig. 311, or
different form, as in the formation of octahedral fluorite by the
n of cubes.

Fi1G. 310.

egular groupings sometimes occur which are much less simple
aracter than the above, thus Dana describes * crystallized cop-

Fic. 311. Fic. 313.
e
occur*’ rroups like Fig. 313, com-
d of 'ch twinned parallel to an
hed 1 these twins united in par-
| po 1s to form branches at sixty
rec sther as shown in ideal form,

i., XXXIL, p. 428, 1886.
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Surface Irregularities.

Etchings.—The perfectly smooth and plane surface is difficult
find, frequently the surtaces are more or less corroded by natu
agencies, and many show natural etch figures similar to the ar
ficial etch figures described on p. 148.

Striations.—Sometimes crystal faces are marked by fine par
lel straight lines which are really fine “grooves’ each bound
by two definite crystal planes. They may result either from
contest between two crystal forms as in the case of the striatia

Fic. 315.

on the prism faces of quartz, Fig. 314, which are due to an alte
nate formation of prism and rhombohedron. At other times t
striz are due to a repeated reversal or twinning of small individu:
which together make the whole crystal. If individuals 1, 3 a:
5, are in normal position while the intermediate individuals 2,
and 6, are in reversed position, there will usually result reentant a
salient angles. If the individuals are thin the reentrant angles t
come mere furrows or striations. Fig. 315 shows twinning st
ations on a magnetite crystal from Port Henry, N. Y.*

Curved Surfaces.—Crystals may appear curved because cor
posed of individual smaller crystals only approximately parallel

Fic. 316. FiG. 317.

¢
AL

g o
-,‘) . e
A . e,

in dolomite, Fig. 311, or siderite. Sometimes thera rac:'
this cause very peculiar shapes as in the wc_ ...

” ;J.-I:'. Kemp_. )
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At times definite minerals are included such as  Fic. 3213
the little curved crystals of prochlorite (helminth), L
Fig. 321, frequently found in quartz and feldspar,
or the magnetite in mica just mentioned, while at
other times the inclusions may be microscopic crys-

tals (microlites) or incipient crystals (crystallites) not easily identi-
fied.

CRYSTALLINE AGGREGATES.

While the definite crystal is the simplest proof of that regular
arragement of particles which is called a crystalline structure this
structure usually exists even in masses which do not show a single
crystal face. This is often proved by the fact that either the en-
tire mass may be split (cleaved) parallel to definite planes or differ-
ent portions may each be so split parallel to its own set of planes.
Mineral masses which are not opaque if examined by polarized
light, as explained later, produce effects upon the light entirely
different from those produced by a substance with indefinitely ar-
ranged particles, and in opaques masses the regular structure may
be proved by other physical tests.

Massive and Amorphous.

All masses which do not show definite crystal faces are said to
be massive, whether crystalline in structure or not. If cleavage,
polarized light and other tests fail to prove any crystalline struc-
ture, the mineral is said to be amorphous. The number of min-
erals accepted as amorphous is exceedingly small, but certain
varieties of minerals which crystallize may, from rapid cooling or
other cause, be apparently amorphous,

Columnar Structure,

The structure is said to be columnar when the imperfectly
formed crystals are relatively long in one direction and grouped.
FiGc. 322. Fic. 323. FiG. 324.




CHARACTERS OF MINERALS. 143

r. 322 shows a columnar beryl. The columns may be parallel

not.

Bladed.—A variety of columnar in which the columns are flat-

ed like a knife blade, as in cyanite.

“ibrous.—A variety of columnar in which the columns are slen-
threads or filaments, as in Fig. 323, of the serpentine asbestos

Juebec, Canada.

mellar Structure.

[he structure is said to be lamellar when the imperfectly formed
stals appecar as layers or plates, either straight or.curved, as in
mineral talc, Fig. 324.

‘oltated.— A variety of lamellar, in which the plates separate
ly.

fficaccous.—A variety of lamellar in which the leaves can be
iined extremely thin, as in the micas.

inular Structures.

"he structure is said to be granular when the partially formed
stals appear as aggregations of angular grains, which may be
se or fine, as in the marbles.

mpalpable.—A variety of granular in which the grains are in-
ble to the unassisted eye.

tative Shapes.
lany terms are used, based upon a fancied resemblance to some
iral object. The more important of these are :
Centform.—With the general shape of a kidney, as in hema-
- Fig. 325.

Fic. 325 Fic. 326.

otryoidal.—Having something of the appcarance of a bunch of
pes, being made up of several globular individuals close to-
her, as in chalcedony, Fig. 3206.

Vodular—Occurring in scparate rounded individual lumps or
ules.
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Mammillary.—With low and broad rounded protuberances.
Used for larger, flatter roundings than botryoidal.
Oolitic.—Composed of small rounded grains Fic. 327.
like the roe of a fish, as in varieties of calcite and
hematite, or the hyalite from Japan, Fig. 327.
Pisolitic—Similar to odlitic, but the grains ‘
larger, the size of a pea.
Stalactitic—In hanging cones or cylinders
like icicles, as in calcite or limonite, Fig. 328.
Actcular.—Rigid and slender like a needle.
Fic. 328. Capillary.—Fine like hair.
Plumose.—Like a feather, as in a variety of
mica from Minot, Me., Fig. 329.
Sheaf like.—Resembling a sheaf of wheat,
as in Fig. 650, of stilbite.

FiG. 329.

Reticulated.—Crossing like the meshes of a net, as in Fig. 462,
of stibnite.
Fic. 330. Fic. 331,

iy

Arborescent or Dendritic—Branching like a tree as in conner.
Fig. 313, or pyrolusite, Fig. 330.
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Radiating.—Diverging from a common center, sometimes form-
7 nearly complete spheres, as in pectolite from Paterson, Fig.
1. More frequently forming partial

heres, as shown in wavellite, Fig. 553, Fic. 332.
pectolite of Bergen Hill, Fig. 602.
Drusy.—Closely covered with minute
ystals, giving a rough surface like sand-
per.

Geode.—A hollow nodule lined with
ystals, as in the quartz geode, Fig. 332.
Incrustation.—A coating or crust,

HARDNESS.

The resistance of a smooth plane surface to abrasion is called
hardness, and is commonly recorded * in terms of a scale of
1 common minerals selected by Mohs :

1. Zale, laminated. 6. Orthoclase, white cleavable.
2. Gypsum, crystallized. 7. Quarts, transparent.

3. Calcite, transparent. 8. 7vpas, transparent.

4. Fluorite, crystalline. 9. Sapplure, cleavable.

5. Apatite, transparent. 10. Diamond.

The following scale of Chapman gives about the same results :
1. Feels soft and greasy and is easily scratched by the finger-
il

2. Just scratched by the finger-nail.

3. Scratches and is scratched by a copper coin.

4. Not scratched by copper, but does not scratch glass.

5. Just scratches glass ; easily scratched by a knife.

6. Scratches glass easily. Just scratched by a file.

7-10. Not scratched by a knife.

A sharp corner of the substance tested is drawn across succes-
ve members of the scale, from 10 down, until one is found to be
ratched. Some inconspicuous but smooth surface of the sub-

*In more exact testing the crystal may be moved on a little carriage under a fixed

rtical cutting point and the pressure determined, which is necessary to produce a vis-
e scratch, Other methods are planing or boring with a diamond splinter under con-
int pressure, and comparing the loss in weight for a given penetration or given number
movements. The loss of weight during grinding and the pressure necessary to pro-
ce a permanent indentation or a crack have also been used as determinants of hard-
ss.
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stance is then selected and a sharp corner of the scratched standard
mineral is moved back and forth several times on the same line a
short distance (!4 inch) across the surface. If the mineral is not
scratched it is harder than the standard used, and the next higher
on the scale should be tried in the same way.

If the mineral is scratched it is of about the same hardness of
the standard. Care must be taken to distinguish between a true
scratch and the production of a ““chalk” mark which rubs off.
Altered surfaces must be avoided.

Or the knife may be used first, the hardness approximately
judged by the ease with which it cuts the mineral and checked by
the nearest member of the scale. If the knife does not scratch
the specimen the harder members, 6 to 10, are used successively
until one is found which scratches the mineral.

: TENACITY.

A mineral is said to be

Brittle, when it breaks to powder before a knife or hammer and
cannot be shaved off in slices.

Sectile, when small shavings or slices can be shaved off which,
however, crumble when hammered.

Malleable, when slices can be shaved off which will flatten under
the hammer. )

FElastic, when a thin plate will bend and then spring back to its
original position when the bending force is removed.

Flexible, when a thin plate will bend without breaking.

CLEAVAGE.

Many crystals break or c/ecave along more or less smooth plane
surfaces in certain directions more readily than in other directions,
and it is found that these directions of cleavage are always par-
allel to faces of forms in which the substance can crystallize.

A cleavage face may usually be distinguished from a crystal
face by.its splintery character, and cleavage is often indicated by
a pearly lustre on a face of the crystal parallel to the cleavage
direction, the lustre being due to repeated light reflections from
cleavage rifts.

True cleavage is obtained with equal ease at any part of a
crystal, and therc is only a mechanical limit in the closeness of
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e cleavage to the next. The quarter undulation mica plate, for

tance, is a cleavage of mica of about 34435 mm. in thickness.

When cleavage is obtained parallel to one face of a crystal form

vill be obtained with equal ease parallel to all faces of the form.

r instance, galenite cleaves parallel to all planes of the cube,

cite in three directions parallel to the faces of a rhombohedron

h diedral angles of 105° 35’, as shown in

>. 333 and barite in two directions parallel Fie. 333.

the faces of a prism with an angle of 101°

/

Cleavage may be obtained parallel to the

es of two or more separate crystal forms,

- instance barite also cleaves parallel to the

e, giving as a result of both cleavages a

ape precisely that of Fig. 191.

The cleavage angles are as exact as the angles between crys-
faces, and as they can easily be obtained from any of the

ny possible crystal forms and frequently from the masses, the

gles of cleavage as well as the ease of cleavage are useful char-

ers in determination.

Cleavage is, in general, limited to directions parallel to the

pler and more frequently occurring crystal forms. In the

metric system it is parallel to the -cube, octahedron or dodecahe-

on.  In the tetragonal system it is basal or prismatic and only

ely pyramidal. In the kexagonal system it is basal, prismatic
rhombohedral but rarely pyramidal.

In the other systems the arbitrary selection of axes prevents a

nple classification of the cleavages, but the selection usually

kes one direction of cleavage pinacoidal and two of equal ease

smatic. The cleavage form is usually chosen as the unit form.

Cleavage is said to be perfect or eminent when obtained with

cat ease, affording smooth, lustrous surfaces. Inferior degrees

ease of cleavage are called distinct, indistinct or imperfect, inter-

pted, in traces, difficult.

Cleavage is usually obtained by placing the edge of a knife or

1all chisel upon the mineral parallel to the supposed direction of

avage and striking a quick, sharp blow upon it with a hammer.
some instances the cleavage is produced by heating and sud-

nly plunging the mineral in cold water.

Frequently the cleavage is made apparent during the grinding
a thin section.
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will often produce decrepitation and with
als the fragments will be cleavage forms.

FRACTURE.

btained by breaking is not a plane or a step-
anes it is called a fracture and described as:
I and curved like a
shell, Fig. 334.
FEwven, approximately plane.
Uneven, rough and irregular.
Hackly, with jagged sharp points and
depressions as with metals.
Splintery, with partially separated
splinters or fibres.

GLIDING PLANES.

calcite, pyroxene, stibnite, halite, etc., it ha:
essure in certain directions will either produce
lefinite plane, which is not a true cleavage
lop a twin structure (secondary twinning) witk
as the twin plane.

zland spar is placed, as in Fig. 335, withar
angle resting upon a steady support and the

3 F1G. 336.

ressed steadily, as by a vise, at some point

:he portion of the crystal between 7 and ¢ wil
a new position of equilibrium as if by rotatior
new face gc’/t and the old face gck mak
2
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PARTING.

The planes along which a gliding has occurred may thereafter
planes of easy separation or Parting,* differing from true cleav-
e, however, because in parting the easy separation is limited to
> planes of actual gliding, while true cleavage is obtained with
ual ease at all other parallel planes. Fig. 336 shows parting in
roxene.
PERCUSSION FIGURES.

If a pin or a rod with a slightly rounded point is pressed against
firmly supported plate of mica and sharply tapped with a light
mmer, three planes of easy separation will
indicated by little cracks radiating T from
e point, Fig. 337, the most distinct of which
always parallel to the clino pinacoid, the
hers at an angle x thereto which is 53° to
° in muscovite, 59° in lepidolite, 60° in
otite, 61° to 63° for phlogopite.

In the same way on cube faces of halite a
oss is developed with arms parallel to the
agonals of the face. On an octahedral face a three-rayed star
developed.

FiG. 337.

ETCHING FIGURES.

When a crystal or cleavage is attacked by any solvent the action

oceeds with different velocities in crystallographically different

rections, and if stopped before the solution has proceeded far, the

ystal faces are found to be pitted with little cavities of definite

ape.

The absoliute shape varies with many conditions; time, tempera-
crystallographic orientation and chemical composition.

1nc whatever their shape, conform in symmetry to the
ass t the crystal belongs, and are rarely forms common
) Severa. es. They are alike on faces of the same crystal

rm and ; .crally unlike on faces of different forms, and serve,
erefore, . an important means (perhaps the most important) for
eterminir the true grade of symmetry of a crystal and also for

cogni and distinguishing faces.

* Sin of easy separation may l;e_ due to other causes, for in?ance, during
e gro ystal the planes at certain intervals may be coated with dust or fine
mellz of zn substance and later the crystal may grow further. This may be
peated sev wes, forming thus parallel planes of easy separation, e. ¢., capped quartz.

t By pres hree cracks diagonal to these are developed.
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Fig. 338 shows the shape and direction of the etchings upo
cube of pyrite. These conform to the symmetry of the group
the diploid, p. 21. On the other hand the etchings upon a ct

F1c. 338. F1G. 339.
" Y
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f fluorite, Fig. 339, show a higher symmetry corresponding
that of the hexoctahedral group, p. 12.

The etchings of wulfenite, Fig. 341, show the mineral to belos

to a class of lower symmetry than that suggested by the for

FiG. 340. Fi1G. 341.

=

while the etchings of pyroxene, Fig. 340, like the form are syr
metrical to one plane.

SPECIFIC GRAVITY.

The specific gravity of a substance is its weight divided by tl
weight of an equal volume of distilled water.

The Jolly balance, Fig. 342, is a simple piece of apparatus f
obtaining the specific gravity of a solid. The lower scale pan
kept submerged ; three readings are made by noting the heights
which the index on the wire and its image in the graduated mirr
coincide with the line of sight when the spiral comes to rest.
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A. Instrument reading with nothing in either Fic. 342.
cale pan.

B. Reading with mineral in upper scale pan.

C. Reading with same fragment transferred to
ower scale pan.

gg’é = Specific Gravity.

In using an ordinary chemical balance the
ragment is first weighed and then suspended
rom one scale pan, by a hair, or very fine plat-
num wire, in a glass of water and reweighed.
(he weight of platinum wire must be deducted.

Specific Wt. in air
Gravity ~ Wt. air — (Wt. water — Wt. wire)’

Very porous minerals and powders are deter-
nined by weighing in a little glass bottle the
topper of which ends in a fine tube. The min-
ral is weighed and the bottle full of water is also weighed. The
mineral is then added to the bottle and displaces its bulk of water,
ind the differenee between the weight and the sum of the other
wo weights is-the weight of the displaced water.

The material must be pure and for careful work should be boiled
o expel air and allowed to cool in the water.

Use of Heavy Liquids.

There have been used for specific gravity determinations, but
more especially for separating minerals of different specific gravities,
a number of different liquids of which the best are :

Thoulet Solution.—Mercuric iodide and potassium iodide, in the
ratio of five parts to four by weight, are heated with a little water
until a crystalline scum forms, then filtered. The maximum spe-
cific gravity is nearly 3.2 and may be lowered by the addition of
water to any desired point.

Klein Solution.—Cadmium borotungstate with a maximum spe-
cific gravity of 3.6.

Braun's Solution.—Methylene iodide CH,I, with a maximum
specific gravity of 3.32 which can be lowered by the addition of
toluol.
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Penfield Solution.—Silver thallium nitrate which is liquid at 75°
. has a maximum specific gravity of over 4.5 which can be low-
:d by the addition of hot water.

In all of these the method of determining the specific gravity of
nineral, necessarily lighter than the liquid, is to add the diluent
>p by drop until the mineral fragment will jus¢ float or if pushed
will stay wherever pushed.

For determining the specific gravity of the liquid the most con-
rient balance is that of Westphal, Fig. 343. Thebeam is gradu-
«d in tenths and the weights 4, B and C are respectively unit,

and ‘f'h‘-

The balance is so constructed that when the thermometer float
suspended in distilled water at 15° C. a unit weight must be
ng at the hook to obtain equilibrium.

If then the test tube is nearly filled with the heavy liquid and
ights added until equilibrium is secured the specific gravity is
own. .

For instance in the figure the weights employed are :

Unit weight at hook, value...... 1.000
Unit weight at sixth division, value 0.600
19 Weight at sixth division, value. 0.060
1§ weight at ninth division, value 0.009

Specific gravity......... ... 1 .766§
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For rough determinations a series of stoppered tubes containing
lutions of known density is very convenient.

TASTE.

Some minerals have a decided taste which is usually either:
Astringent, the taste of alum.

Saline or Salty, the taste of common salt.

Bitter, the taste of epsom salts.

Alkaline, the taste of soda.

Acid, the taste of sulphuric acid.

Cooling, the taste of nitre.

Pungent, the taste of sal-ammoniac.

ODOR.

Odors are rarely obtained from minerals, except by setting free
me volatile constituent. The terms most used are :

Garlic, the odor of garlic obtained by heating minerals contain-
g arsenic.

Horseradish, the odor of decayed horseradish obtained from
inerals containing selenium.

Sulphurous, the odor obtained by heating sulphur or sulphides.
Fetid, the odor obtained by dissolving sulphides in acid.
Bituminous, the odor of bitumen.

Argillaceous, obtained from serpentine and some allied minerals,
er moistening with the breath.

FEEL.

Terms indicating the sense of touch are sometimes useful.
Smooth, like celadonite or sepiolite.

Soapy, like talc.

Harsk or Meagre, like aluminite.

Cold, distinguishes gems from glass. '

Adheres to tongue.
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OPTICAL CHARACTERS,

LUSTRE.

The lustre of a mineral is dependent principally upon refractiy
power but in part upon its transparency and structure. It mayt
called the 4ind of brilliancy or shine of the mineral.

METALLIC lustre is the lustre of metals. It is exhibited onl
by opaque minerals.

Non-METALLIC lustre is exhibited by all transparent or tran
lucent minerals. It may be vitreous, adamantine, resinous, pearly
silky, greasy or waxy.

Vitreous, the lustre of a fractured surface of glass or of quart
crystals.

Adamantine, the almost oily lustre of the uncut diamond c
cerussite, exhibited by minerals of high idex of refraction.

Resinous, the lustre of resin or sphalerite.

Greasy, the lustre of oiled glass or elaeolite.

Pearly, the lustre of the mother of pearl or of foliated talc
Common parallel to a very perfect cleavage.

Silky, the lustre of silk or of satin spar, requires a fibrous struc
ture.

Dull. Without lustre or shine of any kind. Kaolin is a goo
example.

The prefix sub, as sub-metallic, sub-vitreous, is used to expres
an imperfect lustre of the kind.

The words splendent, shining, glistening, glimmering and dul
are terms of ntensity dependent on the quantity of light reflected

Lustre should, when possible, be determined by a compariso
with minerals of known lustre, and should always be observed o
a fresh or unaltered surface.

The degree or kind of lustre is always the same on like faces o
the crystal, but may be different on unlike faces, as in the pearl
basal plane of apophyllite and the vitreous prismatic faces.



OPTICAL CHARACTERS.

COLOR.

The color of minerals is one of their least definite characterist
en varying with different specimens of the same species,
metimes within the widest limits. Minerals of metallic or s
tallic lustre vary much less in color than non-metallic mine
d their color is, therefore, a more useful characteristic. Itva
m tarnish and should be observed on fresh fracture.

In describing color, white, gray, brown, black, blue, green, :
v and red are used, often with prefixes, which suggest the cc
some familiar object. These need no explanation.

Play or Change of Colors.—A more or less rapid successiol
smatic colors appearing as the mineral is turned.
Iridescence.—Prismatic cclors, either from the interior of a n
1, as from a thin film of air between cleavages; or an exte:
n film due to some coating or alteration.

Color is frequently due to a few hundredths of one
nt. of some organic or, more rarely, inorganic substance dissol
the mineral, or it may be due to larger amounts of mech
lly included foreign material.

Tarnish.—A surface which has been exposed to the air or
visture is often of different color from the fresh fracture.
Opalescence.—A milky or pearly reflection, sometimes an ef
crystalline structure at other times due to fibrous inclusions.
Asterism.—A star effect by reflected light as in the ruby or
nsmitted light as in mica and due to structure planes or symn
ally arranged inclusions.

Phosphorescence—The emission of light by a substance a
posure to light, heat, friction, mechanical force, or an electr
charge.

Fluorescence.—The emission of light during an exposure
ht as when colorless fluorite colors a ray of sunlight pale vio

STREAK.

The streak of a mineral is the color of its fine powder. I
ually obtained by rubbing the mineral on a piece of hard wl
aterial such as novaculite or. upglazed porcelain, or it may
tained less perfectly by scratching the mineral with a knife
e, or by finely pulverizing a fragment of the specimen. ~
eak often varies widely from the color of the mass and is nes
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constant for any species. When not white it is a characterist
very useful in determination,

TRANSLUCENCY.

The translucency of a mineral is its capacity to transmit ligh

A mineral is said to be :

Transparent, when objects can be seen through it with clearnes

Subtransparent, when objects can be indistinctly seen throughi

Translucent, when light passes through, as through thin porce
lain, not enough to distinguish objects.

Subtranslucent, when only the thin edges permit any light t
pass. _

Opague, when no light appears to pass even through thin edge:

THE OPTICAL CHARACTERS AS INDICATORS OF CRYSTALLIN!
STRUCTURE.

Light is transmitted in straight lines by vibrations of a so-calle
“ether” which fills all space even between the particles of solids

REFRACTION.

When a ray of light passes from one substance into another i
which its velocity is different, the ray is bent or refracted.

Index of Refraction.

The amount of bending * is found to be such that whatever th
— I v, sing . .
direction of the incident ray, 2—,' = sin p that is the ratio betwee
‘ 2
the sines of the angles of incidence and refraction is constant an
is called the /udex of Refraction of the second substance witl
respect to the first.
Usually the index recorded is that of the second substance witl

respect to air. Denoting the velocity in air by » and the indice

* The amount of bending may be graphically found by the construction of Snel
lius, Fig. 344, R, is a sphere with radius the index of refraction of outer medium, &,, !
sphere with radius the index of the crystal. Prolong /O to 7. Draw 7 parallel th
normal O/, then is OS5 the refracted ray, and O} the corresponding reflected ray.

Intriangle OSY, 0OS: OY sin O}S:sin OSY,but OS -#,0Y -m, OYS-
O07'Y::-7,and OSY = p hence substituting
sin ¢

nin - osinp,orn m L
sin p
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the first and second substances with respect to air by », and »,
have n =—and n= —

i substituting these values in the formula we have as the index
the second substance

sin Z Fi1G. 344.

n=mn _.—-
sin p
ormal Incidence.
There is no refraction for nor-
/ incidence, for sin 7= 0, hence

(o]

n=—
sin p

ich, since # is a finite quantity,
only possible if p = o.

fraction in Plane-Parallel Plates.
Since most of the tests hereafter described are made upon plates
crystals with plane parallel sides, it is important to note that in

h plates the ray emerging is parallel to the entering ray, for at
rance, Fig. 345,

F1G. 345.
sin 2 sin 7, 1 '
= n, — and at emergence 7, = n -.— , =
sin p sin p, io

” sinz sin p i\ !
whence - = 0! M A ; N\
n, ~ sinp  sing

oi
but {, = p; hencei=p,. :?\,

TOTAL REFLECTION.

When the index of refraction 7, of the first substance is greater
an 7 of the second substance, there is a so-called “critical "’
gle of incidence for which the angle of refraction is go° ; that is,
> refracted ray travels along the border surface.

. .. . . ”
If p=90°, sin p = 1; hence, » =, sin i, or sini = ”

]
For any angle of incidence greater than this the light is zozally
fected.

s 0

'Y B
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DOUBLE REFRACTION.

If an object is viewed through a moderately thick transparent
cleavage rhomb of calcite,* it will appear to be double, as in Fig.
346. If such a cleavage is mounted so
~ that it can be revolved about a hori-
zontal axis normal to a vertical face,
any light ray, /7, normally incident,
Fig. 348, at the vertical face, is trans-
mitted in the rhomb as two rays of es-
sentially equal brightness (giving two
images of any signal), and as the rhomb
is turned about the axis one of these remains fixed in position, the
other moves around the first.
With single refraction and normal incidence the fixed image
only would have been seen, hence this is called the ordinary and
the movable image by contrast the extraordinary.

FIG. 346.

Fi1G. 347. Fi6. 348.

That some peculiar change has taken place other than the di-
vision of the one ray into two may be shown as follows :

Let one of the two rays be shut off and the other viewed through
a second calcite rhomb similarly mounted, this ray is again split
into two rays, an ordinary and an extraordinary, but these are no
longer of equal brightness, but wax and wane in turn, the sum of
their intensities remaining constant.

Planes of Vibration.

The changes in intensity as the second rhomb is turned, corre-
spond exactly to the assumption that the vibrations of common light

* The property is common to all crystals except isometric, but calcite possesses it in
a very marked degree. The double image can only be observed in a few substances,
but the double refraction is better shown by the tests described later.
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ve been converted by the first calcite into two sets of straight-lined
brations, at right angles to each other, the one parallel to a plane
rough ac and /7, Fig. 348, the other at right angles to this
ane. The second calcite in the same way resolves the ‘polar-
d’ ray from the first into components varying in intensity ac-
rding to the relative positions of the calcites.

The vibrations of either the extraordinary or the ordinary ray
ght be parallel to ac, but we shall hereafter assume tkar the
rations of the eatraordinary ray are in a plane through the axis c,
d those of the ordinary are at right angles to this plane.

On this assumption the so-called ¢ Plane of Polarization > of Malus is at right angles
he plane of vibration ; that is, the plane of polarization of the ordinary ray isa

ne through the axis ¢, and the plane of polarization of the extraordinary rayis at
1t angles to this. See Moses’s Characters of Crystals, p. 98-100.

oduction of Plane Polarized Light.

PLANE POLARIZED LIGHT may be produced from common light.
() By reflection at a particular angle of incidence (tan ¢ = #),
 vibrations being at right angles to the plane of reflection (plane
rough incident and reflected ray).

(6) By refraction through a series of parallel
1ss plates, each plate increasing the proportion
polarized light. In this case the vibrations
 in the plane of reflection.

In (@) and (6) common light is always present.
(¢) By double refraction and total reflection of
e of the rays as in the so-called Nicol’s prism,
de from-a cleavage of calcite with a length
out twice its thickness, Fig. 349.

F16. 349.

The two small rhombic faces at 71° to the edge are ground
y and replaced by faces at 68° to the edge. The prism is
n cut through by a plane at right angles both to the new ter-
al faces and to the principal section. The parts are carefully
shed and cemented by Canada balsam, the index of refrac-
 of which is 1.§4 or about that of the extraordinary ray 4d,
ch, therefore, passes through the balsam with but little
nge in direction ; the ordinary ray 4¢, however, with an index
efraction of 1.658, being incident at an angle greater than its
ical angle, is totally reflected.

The vibration direction of the emerging light
parallel to the shorter diagonal of the face of the nicol, as shown
the arrow.
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(d) By double refraction and absorption. Certain substance
absorb one ray much more rapidly than the other, hence thicknesse
can be chosen for which one ray is totally absorbed, the othe
being partially transmitted with vibrations all in one plane. Tour
maline is often used, as in this mineral the ordinary ray is muc|
the more rapidly absorbed.

Polariscope for Parallel Light.

The essentials of a polariscope for parallel light are shown i
Fig. 350. The mirror /f sends parallel rays through the lowe
lens L, which concentrates them at the center o
the polarizer P; this point is also the focus of th
equivalent upper lens L. On emergence from .
the rays are again parallel, and undergo double re
fraction in the plate S of the substance. At what
ever angle the parallel rays are incident at the plat
S, each ray, as 4B, Fig. 351, is broken into two ray
BC and BD, vibrating in planes at right angles tc
each other and following different paths in the plate
On emergence they follow parallel paths. Among
the incident rays there are rays £G and FH sucl
that the ordinary component of FH will emerge a
D with the extraordinary of A8 and the extraor
dinary component of £G will emerge at C with th
ordinary of AB.

That is from every point of the upper surface ther
will emerge the ordinary component of one ray an
the extraordinary of another, and these rays wil
have travelled over slightly different paths in the plate with differ
ent velocities, their vibrations being at right angles to each other

To produce an interference effect these vi-
brations must be made parallel. A second
polarizer, A, called an analyzer is, therefore,
placed in the path of these rays and resolves

S/
them into components, the vibrations of which W
are in and at right angles to the plane of vibra- ¢laln
tion of A, and only the former are transmitted. / / /
That is, there emerge from A rays advancing
in the same line and with parallel vibrations.

If these vibrations are alike in phase the intensity of the resultan
ray will be proportionate to the square of the sum of their ampli

FiG. 350.

Fic. 3s1.

E A F
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des, but if unlike in phase the intensity will be proportionate to
e square of their DIFFERENCE.

The usual apparatus employed for parallel light effects is a polar-
ng (or petrographical) microscope. Fig. 352, shows the mostre-
nt simple type of Fuess. The

wer nicol is raised or-lowered Fic. 352.

r the lever /, the objective is

ld in place by the clip £ and is

ntered by the screws ¢. The

»per nicol AV is thrown in or out

7 a horizontal motion and the

lescope is raised or lowered.

Convergent light effects are

tained with a high power ob-

ctive, by swinging a small con-

rgent lens over the lower nicol,

y a lever not shown, raising

e nicol by £ till it touches the

ns, removing the eye piece and

oking into the tube.

Extinction’’ and ‘¢ Inter-

ference’’ Between Crossed

Nicols.

When the planes of vibration of ..
e polarizer Pand analyzer A are
 right angles the arrangement

usually described as “ crossed
cols ’ without regard to thetype of polarizer. It is evident that,
ith crossed nicols none of the light from the polarizer can pene-
ate the analyzer and the field must be dark. If the doubly re-
acting crystal section S, Fig. 350, is introduced between the nicols,
1€ field can only remain dark when the planes of vibration of the
\ys produced in the section coincide with the planes of vibration
f the nicols. By rotating the stage of the microscope these so-
alled extinction directions are found by the darkening of the field.
or all other positions the field will be illuminated by the compo-
engs of the rays which penetrate the analyzer and this brighten-
)g will be most intense for the diagonal positions.

With monochromatic light the field will also be darkened, be-
ause of destructive interference, whenever the faster of each pair
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of rays is just one, two, three, etc., wave lengths, of the light used
ahead of the slower ray for, Fig. 353, if PPand 44 are th
vibration directions of polarizer and analyzer and R R, D D thos
of the plate, then, since the vibrations are in the same phase, th
components on PP will be O r and Os which in turn yield com
ponents on A A of Oa and Oa,, equal and opposite. That is th
light vibration is stopped.

Fic, 353. F1G. 354.
[ »

On the contrary the field will be bri ay i

ahead }4, §4, 34, etc,, for in Fig. 354, e ir
opposite phase, the components of P/ da

components on AA, Oa and Oa, equai
A wedge of doubly refracting sub-
stance, since the difference in path must Fia. 355.

increase with the thickness, will show, in
monochromatic light, dark bands at reg-
ular intervals, varying with the color of

the light used and corresponding to differences betweer

" Fic. 356. .
1 350‘ the emerging rays of one, two, three, etc., wave lengths

— }': 2 Interference Colors with White Light,

n The difference between the two rays or ¢ Retarda:
a,}& tion,” A, as it is called, depends upon three factors:
i (@) the material, () the direction of transmission or
&= orientation, (¢) the thickness of the section. These
being known A is known.
. But this retardation- A may be at the same time ap-
;t----..-.. proximately an even multiple of the wave-length of

-~ light of one color and an odd multiple of the wave-
' length of light of another color. That is, the light of the
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st color would be very much weakened
lor would be at nearly its full intensity a
ere would result a tint due to a
ymbination of these and other un-
jually dimmed colors.

olariscope for Convergent Light.

By the addition of a lens or system
" lenses of short focal length just
ove the plate S and a correspond-
g system just below the plate, Fig.
6, rays are simultaneously sent in
any directions through the plate S.
or each direction the same extinction
d interference phenomena occur as .
ere described for parallel light and
e result is an “interference figure"”
- picture, the shape, brightness and
its of which depend upon the struc-
re of the plate for all the directions
aversed by the rays.

Fig. 357 shows the Norremberg
olariscope arranged for convergent
ght, ¢, ¢ are collecting lenses on each
de of the polarizer, above ¢ are four
ano convex lenses, #, forming the
ondenser and just over these the
age.

In a separate tube system above are
e objective, composed of four similar
ano-convex lenses o, and at their
cal plane the glass plate 7, on which

cross and a scale are marked ; the
nage there formed is magnified by ¢
nd viewed through the analyzer ¢.

By removal of 7, o, » and # the apparat
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OPTICAL CHARACTERISTICS OF THE DIF-
FERENT CRYSTAL SYSTEMS.

OPTICALLY ISOTROPIC (ISOMETRIC) CRYSTALS.

Any homogeneous isometric crystal will show the same optical
operties in all directions, that is, will be optically #sotropic, and
ill be singly refracting* with the index of refraction constant for
| directions in the crystal.

It is evident, therefore, that there can be no interference phe-
ymenon produced when a plate from an isometric crystal is
ewed between crossed nicols and since the plate will transmit vi-
ations in any direction with equal facility the light from the
slarizer will be transmitted without change and will all be shut
it by the analyzer. That is, the field will remain dark whatever
e position of the plate, both in parallel and convergent polarized

A

easurement of the Index of Refraction of an Isometric
Crystal.

Each substance will have its characteristic index of refraction for
sht of each wave length, which may be determined either:

() By measuring] the ‘“angle of /east deviation” in a prism
ith the goniometer, Fig, 273, or a similar instrument. That is
ray of monochromatic light entering at one face of a prism of
10wn angle, and emerging at the other will be deviated from its
wurse. For one position of the prism, found by trial, this devia-
»n 8 is a minimum and bears a definite relation to the index of
fraction 7 and the angle of the prism x expressed by

=sin'}(3+x)

n -
sin 3 x

* With the exception of certain salts the crystals of which show in every direction
¢ phenomenon called circular polarization.

t A. J. Moses Characters of Crystals pp. 95 and 123,

1 Zbid, p. 88.
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(4) By measuring the angle of total reflection* in a polished
lane surface. The crystal plate is suspended so as to revolve
bout a vertical axis in a plane fronted vessel filled with a liquid of
igher refractive index than the crystal. Diffused
ght is admitted to the vessel from the side and Fic. 358.
he crystal is viewed by a telescope fixed normal
o the plane front. For one position the field
f the telescope appears as in Fig. 358. The
ght is then admitted at the opposite side and
he plate turned until the field is again half light
alf dark. The angle between these two posi-
ions is twice the critical angle, and the index of the solid is given
y 7 = n, sin # in which #, is the known index of the liquid.

Correct:ons have to be made if the temperature varies, as this
hanges the index », of the liquid.

OPTICALLY UNIAXIAL CRYSTALS.

TETRAGONAL AND HEXAGONAL CRYSTALS.

By measurement of the indices of refraction of tetragonal and
hexagonal ‘crystals for different directions of transmission it is
found ;

1°. That rays transmitted in the direction of the vertical axis are
singly refracted, but rays in all other directions are doubly re-
fracted.

2°. That the index of refraction of the ordinary ray is constant
for all directions of transmission.

3°. That the index of refraction of the extraordinary ray is
always the same for directions making equal angles with the ver-
tical crystal axis ¢, but varies with directions at different angles.
For the direction parallel to ¢ it is equal to that of the ordinary
and differs most from the ordinary for the direction at right
angles to ¢.

Optic Axis and Optical Principal Sections.

The crystal axis ¢ is evidently an axis of optical isotropy, and
is called the opric Axis, and any plane through it is an optical
principal section.

* Ibid, p. 90-95.
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Positive and Negative Crystals.

Let a and ¢ denote * the vibration directions of the fastest
and slowest rays, that is of the two rays transmitted normal to
the optic axis. Then arbitrarily the distinction is made 4 =
¢|lcand —=a || e¢. That is in positive crystals the vibration
direction of the slowest ray is parallel to the optic axis, whilefin
negative crystals the vibration direction of the fastest ray is
parallel to the optic axis.

Or if w and ¢ are the indices of refraction of the corresponding ordinary and extra-
ordinary rays, the above convention would meant Positive ¢ > w. Negative w > ¢.
Strength of Double Refraction.

The value of y—a is called the “strength of double refraction "
or frequently the “ double refraction " of the mineral and is an im-
portant character.

Measurements of Principal Indices of Refraction.

The indices a and y of the fastest and slowest transmitted rays
may be obtained by either of the methods described, on the follow-
ing page, provided the direction of transmission, is at right angles to
the optic axis. Two images (or limit lines) will be obtained, which
may be in the field of the telescope at the same time, or may be
wide apart. These may be distinguished by a nicol’s prism,
which transmits vibrations parallel to its shorter diagonal. The
character results from ¢||c=+ ora || c =—.

INTERFERENCE PHENOMENA BETWEEN CROSSED NICOLS
WITH PARALLEL POLARIZED LIGHT.

The polarizing microscope is nearly always used, the cross hairs
being parallel to the vibration planes of the polarizer and analyzer.
Sections of the crystals are cut with parallel faces, normal to the
desired direction of transmission, and are revolved upon the micro-
scope stage.

In sections normal to the optic axis the field remains dark
throughout the entire rotation of the stage. :

In all other sections there is double refraction. The field is
extinction) at intervals of 9o°, and brightest at positions
1al to these, and with white light interference colors result
cribed, p. 161.

nd ¢ are used frequently to denote axes of elasticity in these directions.
itive ¢ parallel ¢ means extraordinary is slower, hence has larger index.
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The extinction directions in tetragonal and hexagonal crys-
s are either parallel or symmetrical to cleavage cracks and crys-
| outlines. Maximum darkness is not as easily judged as color,
ence, if the field is make red or violet by a gypsum or a quartz
st-plate, and the mineral inserted so as to only partly cover the
eld, it will, for the extinction positions, appear of the same color
s the rest of the field.

'he Interference Color as a Test.

The vibration divections of the faster and slower rays can be dis-
nguished by means of the interference colors developed with white
ght.

The extinction directions in the section are found and placed in
agonal position, a test plate of some mineral, in which the vibra-
on directions have been distinguished and marked, is inserted be-
veen the nicols (in a slot provided) with these directions also diago-
l. If the interference color is thereby made higher, as shown by
e color chart, the vibration directions of the corresponding rays
e parallel ; if the color is lowered, the corresponding directions
" vibration are crossed.

The test plates most used are:

QUARTER UNDULATION MicA PLATE.—A thin sheet of mica on which is marked
the vibration direction of the slower ray, which in mica is the line joining the optic
es. The thickness chosen corresponds to a 140 uu which is 2 for a medium yellow
ht.

GypsuMm RED OF FIRST ORDER.—A thin cleavage of gypsum on which is usually
arked q, the vibration direction of the faster ray. The thickness chosen corresponds
an interference color of red of first order, or say §60 uu, which is essentially 4 for a
edium yellow.

The approximate retardation or difference in phase of the two rays
ay also be measured by placing the extinction directions in
agonal position and inserting a ‘ wedge”’ with the corresponding
bration directions crossed and running the color down to black.

The wedges most used are:

QUARTZ WEDGE.—A thin wedge of quartz, cut so that one face is exactly parallel
the optic axis. The length of the wedge is parallel to the optic axis, and as quartz
positive this direction is ¢, the vibration direction of the slower ray.

THE v-FEDEROW MicA WEDGE.—Fifteen quarter undulation mica plates super-
sed in equivalent position, but each about 2 mm. shorter than the one beneath it.

The mica wedge inserted with corresponding vibration directions
-ossed over those of the section will for each interposed plate reduce

4
by 140 uu. To render the field dark will require 140 = n plates.

onversely #. X 140 = d, in which # is determined by count.
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rly used will give an approximate value
times the original color reappears, if 2
d, blue, green, etc., of # 4 1 order, for
>ked up in a chart.

% of the double refraction will result by
he thickness of the section in millionths

AENA BETWEEN CROSSED NICOLS
NVERGENT LIGHT.

¢ optic axis with monochromatic light
dark cross, the arms of which intersec
d remain parallel to the vibration plane:
n of the section.
er in or normal to a plane through the
ence the rays transmitted parallel to the
vibration planes of the crossed nicol:
-have their vibrations in these planes
and are totally extinguished. A:
the stage is rotated successive ray:
come into these positions maintain-
ing the same effect. i
Destructive interference will take
place at those points at which the
¢« Retardation A ” is equal to one,
two or three, etc., wave lengths o
the light used, p. 161. Therefore,
because the optic axis is an axis o
isotropy, there will be dark circular
‘he cross at distances apart varying witk
ss of the crystal section. In sections o
:r the section the closer the rings, while
rals but equal thickness the greater the
1e rings. ‘
;s become rings of color corresponding

| Character of Crystal.
inserted above a section normal to the
¢ diagonal to the nicols will destroy the

stals, p. 103.
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ck cross and break the rings into four quadrants, the relative
cts in positive and negative crystals being shown in Figs. 360,
. The corresponding signs 4+ and — are suggested by the

Fi16. 360. Fic. 361.

ative positions of the dark flecks and the arrow showing the
ection ¢ of the test plate.

When the rings are almost or quite out of the field it is
re convenient to insert a gypsum (red of first order) plate with
direction a in diagonal position, the effect being that * blue
adrants ' correspond in position to the black flecks. This de-
mination must be made in white light.

UNIAXIAL CIRCULARLY POLARIZING CRYSTALS.

Certain hexagonal and tetragonal crystals, notably those of quartz,
: circularly polarizing in the direction of the optic axis though
other respects they act optically like other uniaxial crystals.

'ith Parallel Monochromatic Light and Crossed Nicols.

In sections normal to the optic axis the light is not extin-
ished until the analyzer has been turned a definite number of
grees dependent upon the thickness of the section and the wave
gth.

The direction in which it is necessary to turn the analyzer to
ange violet into red is the so-called direction of rotation.

/ith Parallel White Light and Crossed Nicols.

The shorter the wave length the greater the rotation, that is the
fferent colors are dispersed and on emergence vibrate in different
anes. As the analyzer is turned its plane of vibration is succes-
vely at right angles to the planes of vibration of the different
lors. That is, at any time only one color is shut out completely
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and the rest in varying degree. The color with vibrations mo.
nearly parallel to the vibration planes of the analyzer will be lea
shut out and will determine the predominating tint in the resultas
color.

Fig. 362 shows the rotations produced by a quartz plate of 3.7
mm. thickness. The vibration plane of yellow is, for this thicl
ness, at right angles to PS, the vibration plane of the incident ligh

Fic. 362. Fic. 363.

P

With Convergent Light and Crossed Nicols.

In sections normal to the optic axis with monochromatic light
sections not too thin will show the dark cross with arms parallel t
the vibration planes of the nicols. The arms will be either indis
tinct near the center, or in thicker sections will not reach th
center, Fig. 363. The first ring will be some distance out, beyon
this there will appear the alternate dark and light rings.

With white light the central circle will have the color tint whicl
is obtained over the entire field when parallel light is used.

The Direction of Rotation may be ascertained in convergent ligh
by :

(3) The widening of the arcs when the analyzer is turned in the
direction of rotation.

(b) A quarter undulation mica plate inserted diagonally above
the plate converts the rings and cross into two interwound spirals
which start near the center and wind in the direction of rotation,’

* A plate of left and another of right-handed substance give a fourfold spiral it
which the direction of winding conforms to the lower plate.
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. 364, Right; Fig. 365 Left. If the mica is placed below the
e the spirals are reversed.

FiG. 364. Fi1G. 365.

IAXIAL CRYSTALS.
NIC AND TRICLINIC CRYSTALS.

ic or triclinic crystals by measure-
ion with light of any definite wave-
, two directions of single refraction
15, from analogy with the uniaxial,
or light of that wave-length. 1In all
ble refraction and the directions of
1e when light of a different color is

nd Principal Vibration Directions.

indices of refraction are determined
values are found to always be sym-
ht angles to each other which inter-
of the fastest and slowest rays, the
ibration direction of a ray of some

are called Optical principal sections
ed Principal vibration directions, and
1 ¢, in which a is the vibration direc-
ray, ¢ the wibration direction of the
vibration direction of the ray trans-
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nitted at right angles to the other two rays and with some inte
nediate velocity.

Principal Indices of Refraction,

The directions of vibration are at right agles to the direction
ransmission. The indices of refraction of the three rays wi
ribration directions a, b, ¢, are denoted by a, 8 and 7, and call
he principal indices of refraction. Then evidently a <3<
ind also there will be transmitted in the direction a two ra
vith vibration directions b and ¢ and indices of refraction 3 and

Similarly in the direction b there will be transmitted two ra
vith vibration directions a and ¢ and indices @ and 7 ; and in t
firection of ¢, two rays with vibration directions b and a and |
lices 3 and a.

Jptically Positive and Negative Crystals.

The optic axes or directions of single refraction lie always in t
’lane of ac. According to the angle which they make with a a
: the following division is made :

If ¢ bisects the acute angle between the optic axes the crystal
;aid to be optically positive. This is usually expressed : +, Bx, =

If a bisects the acute angle between the optic axes the crystal
iaid to be optically negative. This is expressed : —, Bz, =a.

Measurement of the Principal Indices of Refraction.
The Prism Method.

In biaxial crystals the direction of transmission for minimu
Jeviation will yield a principal index of refraction, only when it
10ormal to one of the directions a, b or ¢, and at least two different
»riented prisms will be necessary to secure the three princi
ndices. '

By the total reflection* method all three indices can be obtain:
rom any plane surface parallel to any one of a, b orc.

INTERFERENCE PHENOMENA BETWEEN CROSSED NICOI
WITH PARALLEL POLARIZED LIGHT.

In sections normal to an optic axis no extinction will take plac
>ut with monochromatic light the field will maintain a unifor
srightness during rotation of the stage and with white light the
may be even a color tint.

* A. J. Moses, Character of Crystals, p. 146.
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1 all other sections the field is dark every 9o° and is illuminated
1l other positions and most brilliantly in the diagonal positions.
hite light is used interference colors result as described, p. 161.

inction Directions.

he Extinction Directions are determined as described, p. 166.
also under distinctions between orthorhombic, monoclinic
triclinic, p. 176.

erference Colors.

he Interference colors with white light are essentially as de-

bed, p. 161, though with marked “ divergence” they are modi-
by color tints due to the partial or complete extinction of

ain colors.

he other determinations with parallel light are exactly as de-

bed under uniaxial crystals,

erference Phenomena Between Crossed Nicols with

onvergent Polarized Light.

n sections cut normal to either a or «, that is normal to a BISECTRIX

he angle between the optic axes, with monochromatic light
interference figure results, the field being dark throughout

entire revolution for al} points at which ;-= 1, 2, 3, etc., p. 161,

| brightest for?— =}, 3, § etc. The points of emergency of

Fic. 366.

 optic axes will therefore be dark, since;- =0, and the points

responding to:l = 1 will together form a ring around each axis
1 similarly for values of 2, 3, 4, etc., until the pair corresponding

st nearly to the value ;for the centre of the field unite at or

ar the centre to a cross loop or figure eight around both axes and
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174 DESCRIPTIVE MINERALOGY.,

subsequent rings form lemniscates around this as in Fig. 366. Th
will be no change in shape during rotation of the stage. If ;

the centre is. less than unity even the first ring must surround b
axes. :
With sections of the same mineral the thicker the section
closer together will be the rings, and with sections of different n
erals but equal thickness the grez
the difference between @ and y
closer together the rings.
Corresponding to the dark crc
p. 167, and due to the same ca
there will be a sharp dark b:
joining the axes and another sor
what thicker lighter band at i
angles to the first and midway .
tween the axes, but they differ fr
the uniaxial cross in that as
stage is rotated the straight b
Fic. 367. change into a hyperbola, Fig. 3
the branches of which rotate in |
opposite direction to the stage, the convex side always toward f
other branch.
With white light the light and dark rings are replaced by int
ference colors.

Determination of Optical Character of a Crystal.

In a section normal to the acute bisectriz cef
ure is placed with the line joining the axi gor
position, as in Fig. 367, and the quartz w ly |
serted with the direction ¢ parallel to this 1 . ital

positive the rings around each axis will expand, moving toward t
centre and corresponding rings will merge in one curve.

If the crystal is negative the rings will contract and increase
number, the change increasing with the thickness of wedge int
posed. In a section normal to the obtuse bisectrix these resu
are all reversed.

#To determine the acute bisectrix it may be necessary to first measure the as
angle. Ordinarily the interference figure in a section normal to the obtuse bisectrix v
not come within the limits of the field.
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n crystals with a small axial angle the mica or gypsum plate
y be used as described, p. 167.

termination of the Angle Between the Optic Axes.

\ section cut normal to the acute bisectrix is held at P, Fig.
, between the lenses of a horizontal polariscope. The vibration
ctions of the nicols of the polariscope are crossed at 45° to
horizon, so that when the line connecting the axial points is
izontal the interference figure will show the hyperbola and not
cross. The section must be centred so that a line in it is the
s of revolution; and so that the axial points of the interference
re remain on the horizontal cross hair during revolution.

Fic. 368.

The crystal is then revolved by the horizontal plate until the
o arms of the interference hyperbola are successively made
\gent to the vertical cross-hair, the positions being read on the
te. The difference between the two readings is the apparent
gle 2F, and this is frequently the angle recorded. It is always
ger than the true angle 2V
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aewer type of so called Universal Apparat
device is precisely that described under t!

may be inserted either as in the figure or i

position it forms with the telescopes £, ai
Fuess goniometer, Fig. 273.
measurements, the crystal stand is replac

1 clip the crystal plate. The optical pc

A, is the same Norremberg arrangement

ch is shown in Fig. 357, but turned so th
of the nicols cross at 45° to the horizo

Srom the Apparent Angle.

incipal index B is known 2} may be dete
iV sin £

sin V= '—ﬁ——.

/n a second measurement may be made
a plate normal to the obruse bisectix. D
sin £

sin £/°

rement of the Axial Angle.

may be determined in any suitably equippe
cope by measuring the distance 4 from t!
‘bola, or the average of the two distance

relationis tan V=

. . s d
-piece. Then sin £= ~, or sin V=Bz.,

d
Z"
: for the same system of lenses and is dete
1 a crystal of known axial angle.

mica 2E = 91° 50’ and d = 41.5 divisions ¢
TE=57-55 for that combination of lenses

ONS BETWEEN ORTHORHOMBIC, MON(
AND TRICLINIC CRYSTALS.

vstals the crystallographic axes are alwa)
:ctions and the axial planes are optical pril
olors.

sle to recognize the system of an orthorhon

directions which will always be parallel «
ulographic edges, cleavage cracks, etc. 1
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acoidal faces the vibration direction will be parallel to the crystal
S,

(6) The interference figure obtained in sections parallel fo two of
three pinacoids will be like Fig. 367, and if the figures so obtained
> viewed in white light the color distribution will be symmetrical
k to the line joining the optic axes and to the line through the
itre at right angles thereto.

In Monoclinic Crystals the ortho axis 4 is always a principal vi-
tion direction and the clinopinacoid is an optical principal sec-
n for all colors, the other two principal vibration directions lie in
: clinopinacoid, but vary in position with the wave-length.

It is therefore possible to recognize the system of a monoclinic
stal by :

(@) The extinction directions which are parallel or symmetrical
edges, cleavages, etc., only when the section is parallel to the
ho axis &, but in all other zones are oblique,

(6) The snterference figure similar to Fig. 367 will be found either
the section parallel to the clino pinacoid or in one of two sec-
ns normal to this. In white liglht the distribution of color of
s figure will never be symmetrical to #wo lines as in the ortho-
ombic, but will be symmetrical either to the line joining the
ial points, or to the line normal to these, or to the central point.
In friclinic crystals there is no essential relation between crys-
lographic axes and principal vibration directions, all extinctions
> oblique and in white light, the distribution of color in the in-
ference figure is entirely without symmetry.

ABSORPTION AND PLEOCHROISM.

Light during transmission through a crystal is in part absorbed
d in most instances diminishes steadily in intensity as the dis-
1ce traversed increases.

With white light the different component colors are absorbed at
ferent rates, giving color tints due to the combination of the
maining colors.

 Isometric Crystals.

A section of any given thickness will transmit the same color
t whatever the direction in which the crystal may be cut.
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In Doubly Refracting Crystals,

In all doubly refracting crystals the ordinary and extraordin:
rays transmitted inany given direction may be differently absort
and with white light the color tints may be different ; not only
the ordinary and extraordinary rays transmitted in one direct
but also for different directions.

Usually the ordinary and extraordinary rays may be view
separately by means of a polarizing microscope with the analy:;
out. The color varies as the stage is turned and the maxim
color differences are obtained when the extinction directions co
cide with the vibration plane of the polarizer.

The colors of the ordinary and extraordinary rays may be ¢
trasted side by side by means of a *‘dichroscope’’ consisting, Fig. 3¢

a c f
N\ \p
e 4 d

F1c. 369.

of arhomb of calcite in which @ and cd are the short diagonals
opposite faces. To these faces glass wedges aed, dfc are cement
and the whole encased. The section is placed at P and the lig
from the substance passes through a rectangular orifice, a dout
image of which is seen by the eye at £.

In Tetragonal and Hexagonal Crystals with the Polarizis
Microscope.

In sections normal to the opic axis the color is constant for .
positions of the stage. '

In sections parallel to the opic axis. If the extinction directi
parallel to the optic axis is placed first parallel then at right ang
to the short diagonal of the polarizer there will be seen firstt
extraordinary, second the ordinary.

In all other sections the extraordinary will be found to approa
the constant tint of the ordinary as the sections become mc
nearly perpendicular to the optic axis.
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Optically Biaxial Crystals:

n orthorkombic crystals the directions of the absorption axes
cide for all colors with the directions of crystal axes and the
cipal vibration directions a, b and ¢.

n monoclinic crystals one absorption axis is parallel to the crystal
b, therefore to one of a, b or ¢, the other axes lie in the
opinacoid, but, for any color, may or may not coincide with a
d ¢ for that color.

n triclinic crystals no coincidence is essential.

Ithough subject to many exceptions, the law of Babinet is
erally correct that “ the slower transmitted ray is the more ab-
ed.”’




CHAPTER XVIIIL

THE THERMAL, MAGNETIC AND ELECTRIC,
CHARACTERS.

THE THERMAL CHARACTERS.

Transmission of Heat Rays.

HEAT rays are subject to the same laws as light rays and di
principally in their greater wave length. They may be reflect
refracted, doubly refracted, polarized and absorbed. It is possit
though difficult, to determine experimentally a series of consta
for crystals with respect to these invisible rays, but their discuss
belongs rather to physics than to mineralogy.

Surface Conductivity.

The relative surface conductivies may be obtained when
previously cleaned and polished section is breathed upon, quicl
touched by a very hot metal point normally applied, and instan
dusted with lycopodium powder. The section is then turned
side down and tapped carefully, when the powder falls from wh
the moisture film had been evaporated, but adheres elsewhe
giving a sharply outlined figure. The entire operation should t:
less than three seconds.

Or the section may be coated with a mixture of three p:
elaidic acid and one part wax, and brought into contact witl
heated metal point, and a constant temperature maintained u;
the wax has melted far enough from the point of application of
heat. The boundary of the melted patch then shows the distan
which the heat has been transmitted, and is visible after cooling
a ridge which is always an ellipse or circle.

In singly refracting crystals (isometric) all sections yield circ

In optically unaxial crystals (tetragonal or hexagonal) basal s
tions yield circles, but all other sections yield ellipses which
come more eccentric as the section becomes more nearly para
to the optic axis.

In optically biaxial crystals the curves arc all ellipses.
orthorhombic crystals the axes of the ellipse obt in any as
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ne are parallel to the crystal axes therein. In monoclinic crys-
 the major and minor axes of the isothermal curves should
1cide with crystal axes’in any plane parallel to . In triclinic
stals there will be no essential or probable paralellism of crystal
s and axes of ellipses in any section.

pansion.
Nhen a crystal is uniformly heated, directions crystallographic-
r alike expand in the same proportion, but directions unlike
not.
® Isometric Crystals. The rate of expansion is the same for all
ctions.
2° Tetragonal and Hexagonal Crystals. The rate of expansion
he same for all directions equally inclined to the axis ¢ ; iseither
1aximum or a minimum parallel to¢, and varies regularly from
 to directions at right angles.
3° Orthorhombic Monoclinic and Triclinic Crystals. The direc-
s of maximum and minimum expansion are at right angles.
Drthorhombic, the direction coincides with two of the crystal
s.
Monoclinic, one direction may coincide with &, or both lie in the
10 pinacoid. :
[riclinic, the axes have no fixed positions relative to crystal.
The increase in expansion may be accurately measured for any
ection by the method of Fizeau, as follows :
[n Fig. 370 O is a plane parallel
te of the crystal, about 10 mm.
ck, which rests upon the steel plate

Three screws pass through 7 and
port the glass plate P, which tapers
rhtly. By adjusting the screws so
t the upper surface is horizontal
hin wedge-like film of air is left
ween the upper surface of the sub-
nce and the lower surface of the
ss.
By a suitable arrangement, rays of monochromatic light strike
 apparatus normally. Rays incident at the upper surface of the
stal and the lower surface of the glass wedge interfere on reflec-
n producing parallel dark bands wherever the thickness of the
dge is 34, 34 The distance between two adjacent bands is

F l:‘. 370.
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therefore a function of a wave-length of the light used and is m
ured by a screw micrometer.

When the apparatus is uniformly heated the crystal plate
the interference apparatus both expand and the interference ba
change in distance apart. From this change and from the
viously determined effect of the expansion of the metal stand
change due to the expansion of the crystal is calculated.

Tutton has recently described an improvement of this appar:
in which the expansion of the metal stand is compensated by |
of a cylinder of aluminum.

Change of Crystal Angles prod

A crystal of the isometric syst: d
pands uniformly without change of st
the expansion varies with the dii £
changed (sometimes several minut alt
tion. For instance, the calcite rl 3se
8’ 37".) The zone relations and i

These changes may be measurec s

the relative expansions calculated.

Change of Optical Characters f

The expansion of a crystal chang
mission and therefore the indices of re
With isometric crystals the index
smaller. With tetragonal and he:
indices of refraction y and a may al
sarily in the same direction. Their
the rings contracting or expanding a

and f
when
3 Be B .
o ic
Fie. 371. trlcllmc ce
ure ma) tril
changes. For instance, Fig. 371 re in
gypsum with yellow light for which at _ s
(Fig. a), at 100° C. is reduced to 51° (Fig. "C.is:
(Fig. ¢), and for still higher temperatures the passin
plane at right angles to their former position (1 and ¢).
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THE MAGNETIC CHARACTERS.

Only a few minerals noticeably disturb a magnetic needle or are
tracted by a steel magnet. Occasionally these minerals will them-
Ives act as magnets.

ara- and Diamagnetism.

All substances are either attracted or repelled in some degree
the field of a strong elettromagnet. If attracted they are said
be ‘paramagnetic" or ‘“ magnetic”; if repelled they are “ dia-
agnetic.”

If a rod of any substance is suspended by a fiber so as to swing
ely horizontally between the vertical poles of an electromagnet,
e rod, if paramagnetic, is pulled into ‘“axial” position with its
ds as near the poles of the magnet as possible, and, if diamag-
tic, is pushed into an “ eguatorial” position with its ends as far
om the magnetic poles as possible.

Crystals are more strongly magnetized in certain directions than
others, and the para- or diamagnetism is judged by hanging a
in glass tube, filled with powder of the substance, between the
agnetic poles, the particles of the powder, having all possible
ientations, eliminate all effect of direction.

elative Induction in Different Directions in a Crystal.

The para- or diamagnetism is determined as described. A cube
‘the crystal is then suspended by a silk fibre between the poles of
| electromagnet and with its three rectangular axes successively
rtical.  If, for instance, in a diamagnetic substance for the three
spensions, one of the axes twice assumes the eguatorial position,
en this is the direction of greatest magnetization, but if the sub-
ance is paramagnetic the axis which twice assumes an axa/ posi-
on is the direction of greatest magnetization.

The relations cannot yet be said to be well understood as very
w minerals have been thoroughly tested.

ELECTRICAL CHARACTERS.
rictional Electricity.
All minerals are electrified by friction but the positive or negative
1aracter may vary in different varieties of the same species and
ren with different conditions in the same specimen.
If a light, horizontally-balanced needle terminating in small balls
electrified, either positively by bringing near a rod of electrified
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sealing wax, or negatively by touching with the rod, an electrifie
mineral will attract or repel the needle according as it has opposit
or similar electricity.

Electrical Conductivity.

If a prism of known dimensions is introduced into a direct weal
current, the strength of which is varied by resistances and th
deviation observed in a galvanometer, results will be obtaine
which vary for different minerals between very wide limits an
appear to be dependent upon the constitution of the chemic:
molecule rather than upon the crystalline structure. A certai
dependence upon crystallographic direction has nevertheless, beel
observed in a few substances.*

All minerals conduct to some extent, but practically, conductivit
may be considered to be limited to the metals; some metalloids
most sulphides, tellurides, selenides, bismuthides, arsenides and an
timonides, some of the oxides ; and, at higher temperature, a fev
haloids.

Thermo-electricity.

If a metallic circuit is made by soldering together one end o
each of two rods of different metals and connecting the other end
by wire, heating or cooling the junction will develop an electri
current the strength of which will depend upon the change o
temperature and upon the metals used.

A series may be made based upon the strength and direction o
the current. Among metals the series extends from bismuth a
the positive end to selenium at the negative end. The position o
minerals in the series may be practically determined.

In crystals, moreover, a thermo-electric current is developed b)
coupling two rods cut from different directions in the same crystal
or by inserting a single rod in a metallic circuit and either heating
the ends while the sides are kept at a uniform temperature or b
the reverse proceeding.

Dielectric Induction. .

A crystal suspended in an electrostatic field develops an electri
polarity, and the crystal tends to assume a position in which th
lines of force and the direction of maximum induction are parallel

* Uber das Leitungsvermogen der Mineralien fiir Elektricitit. F. Beijerinck, Newe
Jahrb. Min., Beil, Bd. XI., 403, 1896-7. Also Wortman, Mem. de la Soc. d. hist
Nat. de Genéve, XII., 1853.
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[n the experiments of Root* circular plates of tourmaline,
artz, calcite, aragonite and topaz about 10-11 mm. in diameter
1 cut parallel to the optic axis, were attached by a little drop of
e to a silk fibre and suspended between the vertical plates of
ondenser charged by a rapidly alternating current. The vibra-
1 thereby produced in the plate was reflected to a telescope two
ters distant, and its period determined both when the direction
maximum induction was vertical and horizontal. The quotient
the former by the latter gave a basis of comparison.

roelectricity and Piezoelectricity.'

Whenever the volume of a crystal is altered either by a tempera-
e change or by mechanical pressure a portion of the heat
rgy or mechanical energy may be converted into electric en-
'y, which, in poorly conducting crystals, will be frequently mani-
ed by the accumulation of positive and negative charges at
erent points or poles. ,

[n PYROELECTRICITY a temperature change of at least 70° to 80°
is desirable. Usually the crystal is heatedt in an air bath to a
form temperature, then drawn quickly once or twice through
alcohol flame and allowed to cool.

During the cooling of the crystal the positive charges collect at
- so-called antilogue poles, and the negative charges at the ara-
ue poles,! and may be distinguished by their effect on other
ctrified bodies. For instance, a cat’s hair rubbed between the
yers becomes positively electrified and is attracted by the analo-
us pole and repelled by the antilogous pole.

Or the positive and negative poles may be distinguished by
wing upon the cooling crystal a fine well dried § mixture of
1al parts of powdered sulphur and red oxide of lead. The noz-
of the bellows is covered by a muslin net and in the passage
ough the sulphur is negatively electrified and is attracted by the
sitive poles coloring them yellow while the minium is posi-
ely electrified and is caught by the negative poles coloring them
. The dust should fall evenly and the bellows be held far
ough away to prevent direct action of the blast.

¥ Poggendorf's Annalen, CLVIIL., 1, 425, 1876.
t If heating injures the crystal it may be cooled from room temperature by a freezing
ture. .

} With rising temperature these are reversed.

% Dry over H,SO, in a vessel from which the air has been partially exhausted.
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Figs. 372, 373 and 374 show crystal of tourmaline, calamir
and boracite respectively, the darker dotted portions represen
ing the accumulation of minium at the analogue poles and tt
hatched portions the accumulations of sulphur at the antilogt
poles.

If the crystals had been dusted during the heating, the analogu
poles would have been coated with sulphur and the antilogue pole
with minium.

In PiezoeLECTRICITY the charges are developed by pressure, fc
instance, calcite pressed between the fingers becomes positivel

FiG. 372. F16. 373. Fi16. 374.

-

- +
electrified, tourmaline compressed in the direction of the verticz
axis develops a positive charge at the antilogue end and a negz
tive charge at the analogue end or precisely the charges whic
would result from cooling a heated crystal.
The charges are detected in the same way as the pyroelectri
charges.



CHAPTER XIX.
CHEMICAL COMPOSITION AND REACTIONS.

As has already been stated, minerals are distinguished from
cks by something of regularity in their chemical structure.
Vhile all minerals may be best considered as derived from definite
hemical types they are, however, very far from being of definite
nd invariable composition and it is often difficult to represent the
sults of analysis by an exact formula. This is readily under-
toud when the laws of isomorphism and the conditions underly-
1g the formation of minerals are studied.

Isomorphism.

Certain chemical substances, having an equal number of atoms
1 their molecules and presenting a close resemblance in their re-
ctions, crystallize in forms which are either identical or very
losely related. Such isomorphic substances cannot be separated
om each other by ordinary crystallization as the analogous com-
ounds crystallize together, and the crystals formed show by analy-
s the most varied quantitative proportions of the isomorphic sub-
tances present in the liquid.

Most minerals are isomorphic mixtures. They have, as a rule,
een formed by crystallization either from solution or from fusion.
ome, as limonite, have been formed by a process of sedimentation
ut such are uncrystallized, and are generally quite impure. Others
re the results of alteration from atmospheric agencies and fre-
uently contain in the same specimen the original mineral and
s alteration product.

Whenever a mineral has crystallized from solution or from fu-
ion it is always more or less modified by the elements which may
e present and which are foreign to its own typical structure.
‘hree cases present themselves :

1. If the liquid contains no other substance than the compound
f which the mineral is made then it crystallizes out in a state of
urity and is as definite in its composition as any compound made
n the laboratory.



188 DESCRIPTIVE MINERALOGY.

2. If theliquid contains several other substances but none whic
is isomorphous with the compound of which the mineral is made, |
may crystallize in all degrees of purity, tending always to forr
crystals of definite composition but the composition of the mas
varying with the degree with which the liquid is saturated wit
the foreign substances. This gives rise usually to a series of frac
tional crystallizations especially apparent in beds of rock salt or i
mica and orthoclase veins. If the substances are in solution tha
one is first deposited whose saturation pointis first reached by an
process of concentration, the others following in their respectiv
order. Where the case is one of fusion those substances with th
highest melting points will tend to crystallize out first and in
state of comparative purity.

3. The liquid may contain two or more isomorphic compound
in which case the resulting mineral will contain each of these sub
stances usually in about the relative proportion in which they wen
present. Isomorphic compounds are generally salts of the sam
acids with the metallic elements different. '

Composition and Formula.

It will thus be seen that many factors besides the results of analy
sis must be taken into consideration in giving a formula to any
mineral. When, however, the errors of calculation, arising from
the impurities and from the replacing of certain elements by other
of different atomic weight but isomorphous with them, are elimi
nated, it is generally possible to assign a typical formula to th
species. The difficulty becomes greater when the polysilicates an
some other complicated minerals are studied and in no case mus
the formula for the species be considered as absolutely invariabl
for the individual. The results of alteration through atmospheri
agencies, infiltration of water, etc., tend at times to so alter th
individual that its composition varies widely from the type while a
times this alteration is carried on so regularly and so far that nes
species of quite definite composition are formed. In expressin;
the composition by formulas the ordinary chemical symbols ar
used. The letter R is used to represent a varying group of iso
morphic or equivalent elements, and it may have the valency o
these elements designated by dots above and to the right of th
letter. When two elements as (Fe.Mg) are placed in parenthesi
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ith a period between it, indicates that the two replace each other
all proportions in the different individuals of the species.

Types.

The most prominent types found among minerals are as follows:

1. The ELEMENTs, as Au, Ag, Cu, Sb, C,S. These are fre-
iently alloyed with other elements as copper with silver, sulphur
th selenium, etc.

2. The Oxipgs and Hyproxipes for which water, H,O, serves as
type, as cuprite, Cu,O, brucite, Mg(OH),. It is not necessary
at the hydrogen atom or atoms be replaced by a single element.
his replacement may be by a group of elements as in diaspore,
IO(OH) or on the other hand the oxygen may be partially re-
aced by sulphur as in kermesite, Sb,S,0.

3. The SuLpHIDEs, derivatives of H,S, and to a less extent their
1alogues the SELENIDES, TELLURIDES, ARSENIDES and ANTIMONIDES,
. galenite, PbS, clausthalite, PbSe, hessite, Ag,Te, niccolite, NiAs.
he hydrogen may be replaced by more than one element as in
1alcopyrite, CuFeS,, or the sulphur may be partially replaced by
senic as in arsenopyrite, FeAsS, by antimony as in stephanite,
g,SbS, and alsoby selenium and by tellurium, but to a less extent
\d with smaller tendency to form distinct species.

4. The CHLORIDES, derivatives of HCI, and to a less extent their
1alogues the FLUORIDES, BROMIDES, and 10DIDEs as halite, NaCl,
norite, CaF,, bromyrite, AgBr, iodyrite, Agl.

More than one metal may replace the hydrogen as in the double
uoride cryolite, Na,AlF,, and chlorides, bromides, iodides or
sorides may crystallize together as in embolite, Ag(Cl.Br).

5. NITRATES, derivatives of HNO,, as nitre, KNO;; soda nitre,
aNOQ,; isomorphic or basic modifications are rare.

6. CARBONATES, derivatives of H,CO,, as calcite, CaCOy; sider-
e, FeCO,, etc. Isomorphic combinations are common, as dolo-
ite (Ca. Mg)CO,. The carbonates of Zn, Fe, Co, Mn, Ca and Mg
re isomorphous, and also the carbonates of Ca, Ba, Sr and Pb.
onsequently, minerals containing various combinations of these
arbonates are found. Many basic salts of carbonic acid also
ccur, as malachite, Cuy(OH),COy; azurite, Cu(OH),(CO,),. Car-
onates are also frequently found containing water of crystalliza-
on as natron, Na,CO, + 10H,0. In a few instances a carbonate
nd a halogen salt crystallize together as in phosgenite, Pb,Cl,CO,,
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35, derivatives of H,SO,, as anhydrite, CaSOj; barit:
[somorphic combinations are more common tha
es. Among these may be noted sulphates containin
ietals, as glauberite, Na,Ca(SO,), ; those containing
aloride, as kainite, MgSO,KCl + 3H,0. Basic su
» numerous as brochantite, Cu,(OH),SO,.2 Cu(OH)
vsiduals of any of the previous types crystallize wit
llization, as copiapite, Fe,(FeOH),(SO,), + 18H,0
‘Es, derivatives of H,CrO,, as crocoite, PbCrO,, an
HCrO,, as chromite, FeCr,O,. These are the tw
:ral chromates. Two or three rare basic compound

‘IES, derivatives of H;MoO,, as Wulfenite, PbMoO,
1ly important natural molybdate.

\TES, derivatives of H,WO,, as scheelite, CaWO,
o are rare. One or two isomorphic combination
in Wolframite, (Fe. Mn)WO,.

s, derivatives of HBO,, H,BO, or of H,B,0,, a
O,; borax, Na,B,O, 4+ 10H,0. Metaborates ar
CaNaB;O, + 6H,0, may be considered as a mo
ation of CaB,O; 4+ NaBO,, while colemanite, Ca,B,
ould consist of CaB,O, + Ca(BO,),. Most natura
1 water of crystallization, and a few basic combina
\TES, derivatives of HAIO,, as spinel, Mg(AlO,),
(AlO,),. The aluminates are isomorphous with the
:tachromates, consequently the Al may be partially
or Cr, while, on the other hand, the common alu
mselves isomorphous, and the Mg, Fe, Zn and Mr
ch other in their characteristic spinels to a limitec

TES, derivatives of HyPO,, as vivianite, Fe,(PO,), +
the majority of mineral species of phosphates are
hic modifications or basic salts, both with and
f crystallization. Simple phosphates may crystal-
is in triphylite, Li(Fe.Mn)PO,. Phosphates may
chlorides and fluorides, as in apatite, Cay(Cl.F)(PO ),
be simple, as in turquois, Al,(OH),PO, -+ H,0, or
veral metals, as in lazulite, (Mg.Fe. " AL(OQH),-
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4. ARSENATES, derivatives of H,AsO,, form compounds very
iiar to the phosphates in molecular structure, as scorodite,
AsO, + 2H,0,a hydrous ferric arsenate; mimetite, 3Pby(AsO,),
PbCly, a combination of the isomorphic arsenate and chloride;
enite, Cu,(OH)AsO,, a basic copper arsenate.
5. VANADINATES and CoLUMBATES, derivatives of H;VO, and
bO,. The chief vanadinates are vanadinite, 3Pb,(V.O,), + PbCl,,
nolecular combination of lead vanadinate and chloride, and
cloizite (Pb.Zn) (Pb.OH)VO,, a basic lead vanadinate contain-
zinc. The most important natural columbate is the mineral
umbite, Fe(CbO,),.
6. SiLicATEs.—By far the largest number of minerals known
under this subdivision. Isomorphic combinations are the
=, and these combinations are at times so complicated that it is
0st impossible to give even a typical formula to the species.
sic and acidic salts are common, but the silicates do not show
yreat tendency to crystallize with water of crystallization as is
sessed by some of the other classes of compounds. Those
ch do contain water of crystallization are commonly considered
L class by themselves, on account of their many resemblances.
= basic elements most commonly replacing each other are
Mg, Fe, Zn and Mn; Na, Li and K, and Al, B, Cr and Fe.
= silicon is itself sometimes partially replaced by Al, as in
rthite, or by Ti, as in titanite.

Calculation of Formulas.

n expressing the composition of a mineral by a formula we
e only the atomic weights of its component elements and
results of analysis from which to calculate. Hence the
nulas given do not of necessity express the structure of the
lecule, but only the composition ratio. In fact, the symbols
pted are always the simplest which can express the propor-
s shown by analysis to exist between the atoms and which
sfy their valences. The true molecular formulas are proba-
always some unknown multiple of these symbols. For the
poses of mineralogy, however, the composition formulas are
icient.
An example may make this point clearer. A very pure speci-
n of beryl gave the following results on analysis :
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Per cent,
GIO, . . . . . . . . 14.01
AlLO,,. . . . . . . . 19.26

Sio,, . . « e .« . . 6637
The sum of the atomic weights for each group is:
GIO = 25.
Al,O,= 102.
Si0, = 6o.

The results of analysis represent the proportion in which |
groups are present in the molecule. Consequently, the relat
between the number of groups must be:

Percentage Atomic Proportionate
Composition. Weights, Number of Groups.
14.01 - 25 = .56
19.26 - 102 = .189
66.37 + 60 = 1.106

Now, as fractional atoms cannot exist, our problem is simply
find the smallest number of whole groups which stand to ea
other in this relation, and, as .56:.189: 1.106 = 3 : 1 : 6, v
nearly, therefore, the composition is represented by 3GIO + Al,
+ 6SiO,, which may be better written Gl;A1,SiO,,, or, as it at or
becomes evident that the proportion between silicon and oxyg
is that of a metasilicate, GljAl,(SiO,),.

It will now be found, on calculating the theoretical percenta
composition of GlyAly(SiO;)s, that it agrees within the limits
error with that found by analysis, and as the twelve affinities
the six SiO, radicals are satisfied by those of Gl and Al atoms, t
formula probably represents the composition of the compour
The true molecular formula is, however, #GlsA](SiO;), whereir
represents some whole number.

The calculation is not generally as simple as the above exam|
might indicate. Usually, minerals contain elements which se
foreign to their true composition, and which are present either
impurities or which replace analogous elements of the true mo
cule. In fact, many beryls contain Cs, H,, Na,, Ca, or Mg repla
ing Gl; and Fe or Cr replacing Al. Such replacing elements,
present only in small quantities, must be converted into their equi
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lents of Gl or Al before the calculation for formula is made.
o representative formula can ever be assigned from an analysis
[ impure material unless the nature and extent of the impurities
re known.

Clues are often obtained as to the constitution of the molecule
hich are entirely foreign to the percentage composition, but which
aterially assist in the construction of the formula. Thus H;0,
-esent as water of crystallization, is driven off at comparatively
w temperatures, while the hydrogen of hydroxides or of acid or
1sic salts is usually expelled as water only under a temperature
yproaching that of ignition. Orthosilicates are known to be much
ss stable than metasilicates, and frequently are found altered to
etasilicates. This fact sometimes aids in determining the for-
ula of a compound which otherwise might be referred to either
ass. For instance,analytical results have been obtained for both
1dalusite and cyanite, which are satisfied by the formula Al,SiO,.
his represents more oxygen than is present in any of the silicic
ids, and part of the oxygen is therefore undoubtedly in com-
nation with the aluminium. Two rational formulas now become
»ssible, one an orthosilicate Al(AlO)SiO,, the other a metasilicate
\10),Si0,. Andalusite is much more easily decomposable than
sanite, which is not so easily altered. The first symbol is there-
re assigned to andalusite and the second to cyanite.
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CHAPTER XX.

THE IRON MINERALS.

The minerals described are: Mecta/l—IRON.  Sulphides a
arsenides—PYRRHOTITE, PYRITE, MARCASITE, ARSENOPYRITE, LEUC
PYRITE. Oxides—MAGNETITE, FRANKLINITE, HEMATITE, MENACCA
ITE, TURGITE, GOETHITE, LIMONITE. Su/p/iat¢s—COPIAPITE, MELA
TERITE. Plwsphates—VIVIANITE, TRIPHYLITE. Arsenates—sCoRr
DITE, PHARMACOSIDERITE. (Carbonate—SIDERITE.  Chromalc.
CHROMITE.  Columbale—cOLUMBITE. Tungstale—wOLFRAMITE.

Economic Importance.
The iron minerals have important and varied uses, which m:
briefly be described under the following heads :
I.—In natural state.
II.—For extraction of metal (ores of iron).
III.—For extraction of acid constituents.
IV.—For extraction of included metals.

I.—Uses in Natural State.

In 1898 the production of ocher, umber and sienna and natur
oxide paints was 41,950 short tons.* Limonite and hematite a
the principal natural oxides ground for paint.

II.—Minerals Used as Ores of Iron.

In the United States the minerals smeltec
of quantity used,t hematite, limonite, m
Goethite and turgite are commercially incluc
the name brown hematite, and more or le
with other ores. The residues from the
sometimes used as a source of iron, but no NV

In 1%99 the United States produced 25,341,000 long tons
iron ore, about three-quarters of which came from the Lake St
perior region of Wisconsin and Minnesota, and about one-sixt
came from the Southern States.

* Mineral Industry, 1899.

t John Birkinbine, in Mineral Resources of United States, 1892, gives as amoun
mined for one year: Hematite, 11,646,619 tons; limonite and goethite, 2,485, 1¢
tons; magnegigyel,971,965 tons ; siderite, 192,981 tons.

t Engineering and Mining Journal, 1900, p. 3.

)
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The greater portion of the 60,000,000 tons of iron ore produced
n the world each year is converted into pig iron. That is, the ore
s deprived of its oxygen by the action of incandescent carbon and
he hot reducing gases resulting from its combustion, and becomes
, liquid mass of metallic iron, combined and mixed with a little
arbon, silicon, phosphorus, sulphur and other impurities. The
urnace used is a vertical shaft, everywhere circular in horizontal
ection, but usually widening from the top downwards to a certain
evel, and then again narrowing to the hearth. Hot air is forced
nto the furnace through nozzles called tuyéres, entering just above
he hearth.

The ore and fuel are analyzed and some flux is added, which,
vhen combined with the ash of the fuel and the foreign ingredi-
nts of the ore, forms a definite silicate of known fusibility, called
he slag. The temperature of the furnace differs at different levels,
ut is practically the same at all times at any one level.

The ore, charged in at the top, in alternate layers with fuel-and
lux, passes through zones of different temperatures as it descends,
ind is reduced, carburized, fused, and flows into the hearth. The
slag forms in a definite zone after the complete reduction of the iron,
and falls also to the hearth, but, being lighter, floats on the melted
ron until drawn off. From time to time the metal is run out into
and moulds, forming the pigs or pig sron of which 13,649,453 *
ong tons were produced in the United States in 1899.

This pig iron, by various processes, is converted into wrought
ron, cast-iron and steel.

The mineral franklinite, after treatment for zinc, and certain man-
zaniferous hematites and siderites, are smelted, and yield spiege/-
sisen, an alloy of iron and manganese, used as a source of carbon
and manganese in the manufacture of steel.

II1.—Minerals Used for Extraction of Acid Constituents.

(a) For SurLpHUR.—Pyrite, and, to a less extent, marc#site and
pyrrhotite, are very extensively used in the manufacture of sul-
phuric acid. In 1898, 363,000 tons were so used in the United
States. The sulphides are burned in furnaces with grates, andthe
gases are converted into sulphuric acid. The residues, in addition
to iron, frequently contain copper, nickel or gold, and these are
usually extracted later.

* Engincering and Mining Journal, 19oo, p. 3. ]
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(6) For Arsenic.—The mineral arsenopyrite is the chief sourc
of arsenic.

(¢) For CuroMivM.—Practically all the chromium compound
derive their chromium from the mineral chromite, very little c
which is now mined in the United States. The most importan
compounds manufactured are potassium bichromate used in calic
printing, oxidizing rubber, bleaching indigo and in manufacturin,
the chrome paints and matches; potassium chromate used in th
manufacture of aniline colors, etc., and ferro-chromium, whic
added to steel produces the tough alloy known as chrome-steel

(@) For TuxcsTEN.—Tungsten and the tungstates are extracte:
from wolframite and scheelite. The world’s product is not mor
than 600 to 700 tons, and is chiefly employed in the manufactur
of crude tungsten for tungsten steel and sodium tungstate fo
rendering fabrics non-inflammable.

IV.—Included Metals.

(@) GoLD AND SILVER. — Both pyrite and arsenopyrite frequentl;
carry gold and a little silver, which may be extracted either directl;
by stamping and amalgamation or by treatment of the roaste
residues with chlorine or potassium cyanide solution.

(6) NickeL.—Pyrrhotite frequently carries nickel, and in 189
about 2,700 tons of nickel were extracted from the pyrrhotite
Sudbury, Ontario.

IRON.

CoMrosITION.—Fe with more or less Ni, Cr, Co, Mn.

GENERAL DESCRIPTION.—Masses and imbedded particles of white to gray meta
resembling manufactured iron, Many meteorites are alloys of nickel and iron an
usually when polished and etched by dilute acid exhibit lines or bands, due to a cry:
talline arrangement of alloys of different proportion ot Fe to Ni, see Figs. 375, 37¢

PaysicAL CHARACTERS.—Opaque. Lustre, metallic. Color, steel-gray to iror
black. Streak, metallic gray. H., 4to 5. Sp. gr.,, 7.3t07.8. Tough and mall
able. Fracture, hackly.

BerorE BLowpirk, ETc.—Infusible. Soluble in acids. In borax or salt of pho
phorus, reacts only for iron.

Fic. 375. Fic. 376.

Sections of iron meteorites etched with acid
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REMARKS.—Occurs in large masses on Disco Island, Greenland, and sparingly in
some basalts, pyrite nodules, etc.,, and locally reduced by heat from the carbonate.
Also found in most meteorites either as chief constituent or as a spongy matrix or in
disseminated grains, )

PYRRHOTITE.—Magnetic Pyrites, Mundic.

ComposiTioN.—Fe, S, ;5. FegS, to Fe,S,,, with frequently small
percentages of cobalt or nickel. ‘

GENERAL DEscripTION.—Usually a massive bronze metallic min-
eral, which is attracted by the magnet and can be scratched with
a knife. Sometimes occurs in tabular hexagonal crystals.

Physical Characters. H., 3.5 to 4.5. Sp. gr., 4.5 to 4.6.
LUSTRE, metallic. OPAQUE.
STREAK, grayish-black. TeNacITY, brittle,
CoLOR, bronze-yellow to bronze-red, but subject to tarnish.

Attracted by the magnet.

BeFore Browripe, ETc.—Fuses readily on charcoal to a black
magnetic mass, evolves fumes of sulphur dioxide, but does not take
fire. In closed tube, yields a little sulphur. In open tube, gives
fumes of sulphur dioxide. Soluble in hydrochloric acid, with
evolution of hydrogen sulphide and residue of sulphur.

SiMILAR SpeciES.—Pyrrhotite resembles pyrite, bornite and nic-
colite at times, but differs in being attracted by the magnet and by
its bronze color on fresh fracture.

REMARKs.—Pyrrhotite is found in gabbros and schists and occasionally in the
older eruptive rocks, also frequently in meteorites. It alters to pyrite, limonite and
siderite,

Immense quantities are found at Strafford and Ely, Vermont; Sudbury, Canada,
and Lancaster Gap, Pennsylvania. The last two deposits are nickeliferous, and are
mined for this metal. Smaller beds are common,

Uses.—It is one of the chief ores of nickel, probably from in-
cluded minerals; and to some extent is an ore of sulphur.

PYRITE.—Iron Pyrites, Fool’s Gold.

CowmposiTioN.—FeS, (Fe 46.7, S 53.3 per cent.), often contain-
ing small amounts of Cu, As, Ni, Co, Au.

GENERAL DESCRIPTION.— A brass- colored, metallic mineral,
frequently in cubic or other isometric crystals or in crystailine
masses, which may be any shape, as botryoidal, globular, stalac-
titic, etc. Less frequently in non-crystalline masses.

Y,

7, e e B
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g 377 Fig. 378 Fig. 379.

CrysTaLLIzaTION.—Isometric, class of diploid, p. 20. Most cor
mon forms are cube a, Fig. 377, and pyritohedron ¢, Fig. 378,
2a: o a or combinations of these, Fig. 380. The octahedr
also occurs alone, Fig. 379, or in combination with 2 and

Figs. 381, 382, 383, and the diploid s =a:
Fic. 386. a:3a is not rare in combinations, Figs. 38
85s.

’ %winning parallel to the dodecahedral face .

described, p. 66, is frequent, Fig. 386.
The faces of the cube and pyritohedron a
frequently striated in one direction parallel to i

Elba. tersections of these two forms.

Physical Characters. H., 6to 6.5. Sp. gr., 4.9 to 5.2.
LusTRE, metallic. OPAQUE.
STREAK, greenish-black. TexacITY, brittle.
CoLoR, pale to full brass-yellow and brown from tarnish.
CLEAVAGE, imperfectly cubic.
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BEerorE BLowPIPE, ETC.—On charcoal, takes fire and burns with a
lue flame, giving off fumes of sulphur dioxide, and leaving a mag-
etic residue which, like pyrrhotite, dissolves in hydrochloric acid
rith evolution of hydrogen sulphide. In closed tube, gives a
ulphur deposit. Insoluble in hydrochloric acid, but soluble in
itric acid with separation of sulphur.

SiMILAR SPECIES.—Pyrite is harder than chalcopyrite, pyrrho-
te, or gold. It differs from gold, also, in color, streak, and brit-
leness. .

REMARKS,— Pyrite is being formed to-day by the action of the hydrogen sulphide
f thermal springs upon soluble iron salts. It has been developed in many rocks by
he action of hot water on iron salts in the presence of decomposing organic matter.
t may be, also, of igneous origin. Pyrite is found in rocks of all ages, associated
yith other metallic sulphides and with oxides of iron. In compact specimens it is not
asily altered, but granular masses readily oxidize and are decomposed, forming sul-
hate of iron and sulphuric acid, thus acting as a vigorous agent in the decomposition
f rocks. The final results are usually limonite and sulphates of calcium, sodium,
nagnesium, etc. Few minerals are of such general or wide-spread occurrence, The
nost celebrated locality is the Rio Tinto region, in Spain, from which immense quan-
ities of a gold- and copper-bearing pyrite are annually procured. The largest deposits
vorked in the United States are at Rowe, Mass.; Hermon, N. Y.; and at several
ocalities in Virginia. Innumerable large deposits are known,

Uses.—Pyrite is burned, for the manufacture of sulphuric acid,
n enormous quantities. Pyrite containing copper or gold is some-
imes treated for these metals, but, the treatment is frequently pre-
eded by a burning for sulphuric acid. The use of pyrite for the
nanufacture of copperas has been superseded by a process of gal-
/anizing iron in which copperas is a by-product.

MARCASITE—White Iron Pyrites.

ComrosiTioN.—FeS,, as in pyrite.

GENERAL DEsCRIPTION.—Ferric sulphide is dimorphous. Mar-
.asnte differs from pyrite in crystalline form, and in little else.
t occurs in orthorhombic forms, and in crystalline masses. The
ompound crystals have given rise to such names as cockscomb
yrites, spear pyrites, etc., from their resemblance to these objects.
Often, with radiated structure. Color on fresh fracture is usually
whiter than in pyrite.

CrysTaLLIZATION.—Orthorhombic, 2 : 6 : ¢ = o. 7662 11.2342.

Crystals usually tabular parallel to base.
Simple forms show unit prism 2, basal pinacoid ¢ and often one
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or more brachy domes as g= wd:6:4/. Compound *five

lings ”’ with twin plane , Fig. 391, are frequent.
Angles are mm = 105° 5/, cg = 157° 39’.

Fic 387. Fic. 388 F1G. 389.

Littnitz, Bohemia. Folkstone, Eng. Fi1G. 390.

Physical Characters. H., 6 to 6.5. Sp. gr., 4.6 to 4.9.
LusTRrE, metallic. OPAQUE.
STREAK, nearly black. TENAcCITY, brittle.
CoLoR, pale brass-yellow, darker after exposure.

CLEAVAGE, imperfect prismatic (angle of 105° 5’).

Berore BrLoweipE, ETc.—As for pyrite.

SimMiLAR SpECIES.—As for pyrite, from which it is only distin:
guishable by crystalline form, cleavage, and, to a slight degree, b}
lighter color.

REMARKS.—Marcasite is more readily decomposed than pyrite, and is, therefore, ar
even less desirable constituent in building material, etc. It is found at Cummington
Mass.; Warwick, N. Y.; Joplin, Mo.; Haverhill, N. H.; and in many other localitie
and is usually mistaken for pyrite,

Usks, are the same as for pyrite.

ARSENOPYRITE.—Mispickel.

ComposiTioxn.—FeAsS. (Fe 34.4, As 46.0, S 19.6 per cent.)
sometimes with replacement of iron by cobalt, or arsenic by anti-
mony in part.

GENERAL DEscripTION.—Silver white to gray mineral with
metallic lustre. Usually compact or in granular masses or dis-
seminated grains. Less frequently in orthorhombic crystals or
columnar.

CRYSTALLIZATION. — Orthorhombic ¢:4:¢=0.677 : 1 : 1.188.
Common forms, unit prism 7 combined with a brachy dome either
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= cod:b:cor e=ood:b: t¢. Crossed twins, Fig. :
d fivelings, as in Fig. 391 of marcasite.

FiG. 392. FiG. 393. Fic. 394

Angles mm = 111° 47/, dd = 80° 10/, ee = 146° 53

hysical Characters. H.5.5t06. Sp. Gr., 6 to 6.2.
LusTRE, metallic. OPAQUE.
STREAK, grayish-black. TenacrTy,
CoLoOR, silver white to steel gray.

CLEAVAGE, prismatic (111° 47).

Berore BLowriPE, ETc.—In closed tube yields a red :
llow when cold. On charcoal yields abundant white {
senical odor and coating and fuses to a magnetic glob:
ort treatment the residue is soluble in hydrochloric
rolution of hydrogen sulphide and precipitation of the y
hide of arsenic. The residue may react for cobalt. In
ydrochloric acid. Soluble in nitric acid with separation o

SIMILAR SPECIES.—Massive varieties of the metallic c
als and -varieties of leucopyrite resemble arsenopyrite
nly safely distinguished by blowpipe tests. Smaltite w
ve can be distinguished from cobaltiferous arsenopyrit
s slight reaction with hydrochloric acid after fusion.

REMARKS.—Arsenopyrite is found chiefly in crystalline rocks with ot
Iphides and arsenides. Throughout the Rocky Mountains it is a com:
id frequently auriferous. A large deposit at Deloro, Canada, is mir
senic and gold. The arsenopyrite found in New England usually cont

Uses.—Arsenopyrite is the source of most of the a
ommerce, and occasionally contains enough gold or
ay for extraction.
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LEUCOPYRITE.—Lollingite.

CoMPOsITION.—FeyAs, to FeAs, sometimes with Co, Ni, Au or S.

GENERAL DESCRIPTION.—Massive silver-white or gray metallic mineral som
times occurring in orthorhombic crystals, closely agreeing in angles with crystals c
arsenopyrite. -

PHYsICAL CHARACTERS.—Opaque. Lustre, metallic. Color, silver-white or gra
Streak, grayish-black. H.=5t0 5.5. Sp.gr, 7to 7.4. Brittle. Cleavage, basal

BerorE BLowpiPE, E1c.—Like arsenopyrite, except that sulphur reactions are le:
pronounced or do not appear at all.

MAGNETITE.—Lodestone, Magnetic Iron Ore.

Cowmposrtion.—Fe O, (Fe, 72.4 per cent.) often contains Ti, Mg

GENERAL DESCRIPTION.—A black mineral with black streak an
metallic lustre, strongly attracted by the magnet and occurring i
all conditions from loose sand to compact coarse or fine graine
masses.

CrystaLLizaTION.—Isometric, usually octahedra, Fig. 393,

Fi1G. 397.

F1G. 395.

loosely coherent masses of imperfect crystals, sometimes the do
decahedron 4, Fig. 396, or a combination of these, Fig. 399, 0

Fic. 398. FiG. 399.

Magnetite in Schist, Gerwie.

more rarely with the angles modified by the tetragonal trisoctahe
dron 0 = a: 3a: 3a, Fig. 397.
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‘winning parallel to an octahedral face occurs, sometimes shown
striations upon the octahedral faces, as in Fig. 399.

ysical Characters. H., 5.5 to 6.5. Sp. gr., 49 to 5.2.
USTRE, metallic to submetallic. OPAQUE.

‘oLoR and STREAK, black. TENAcITY, brittle.
trongly attracted by magnet and sometimes itself a magnet
lestone).  Breaks parallel to octahedron.

3EFORE BLowpiPE, ETc.—Fusible with difficulty in the reduc-
flime. Soluble in powder in hydrochloric but not in nitric
1.

IMILAR SPECIES.—No other black mineral is strongly attracted
the magnet.

EMARKS.—Magnetite occurs chiefly in crystalline metamorphic rocks and in erup-
rocks partly derived from silicates containing iron, It is little altered by expo-
but organic matter reduces it to ferrous oxide which by oxidation becomes hema-
Fe,O,.

‘makes up about 12 per cent, of the iron ore mined in America, being obtained
cially from the States of Pennsylvania, New York, New Jersey and Michigan.
ller amounts are obtained elsewhere and it is present in many localities. In this
atry, lodestones are obtained mainly from Magnet Cove, Ark. Whole mountains
made up of this mineral in Sweden and it is practically the only iron-ore mined in
 country,

Jses—It is an important iron ore highly valued for its purity.

FRANKLINITE.

“omposITION.—(Fe.Mn.Zn) (Fe.Mn),0,. FIG. 400.
FENERAL DEScRIPTION.—Black mineral re-

nbling magnetite.  Occurs in compact

sses, rounded grains and octahedral crys- l A
s. Only slightly magnetic and generally

h brown streak. The red zincite and yel- \ V
v to.green willemite are frequent associ-

s. The crystals are modified octahedrons

ely sharp cut as in magnetite.

lysical Characters. H.,6t06.5. Sp. Gr,, 5 to 5.2.

LUSTRE, metallic or dull. OPAQUE.
STREAK, brown to black. TEeNAcITY, brittle.
CoLor, black.

Slightly magnetic at times. Breaks parallel to octahedron.
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Berore Browripg, Etc.—Infusible. On charcoal with so
gives white coat of zinc oxide. Inbeads gives manganese reactic
Slowly soluble in hydrochloric acid with evolution of some chloris

SimiLAR SpeciEs.—Distinguished from magnetite and chrom
by bead tests and associates.

REMARKS.—The only noteworthy locality is that in the vicinity of Franklin F
nace, New Jersey. Here, however, the deposit is large and has been extensis
developed., ’

Uses.—The zinc is recovered as zinc white and the residue
smelted for spiegeleisen an alloy of iron and manganese used
steel manufacture. Franklinite has also been ground for a da
paint.

HEMATITE.—Specular Iron, Red Iron Ore.

Composition.—Fe,0,, (Fe 70 per cent.), often with SiO,, Mg
etc., as impurities.

GENERAL DEscrIPTION.—Occurs in masses varying from b
liant black metallic to blackish red and brick red with little lust
The black is frequently crystallized, usually in thin tabular cr
tals set on edge in parallel position, less frequently in larger higl
modified forms and finally in scale-like to micaceous masses. T
red varieties vary from compact columnar, radiated and kidne
shaped masses to loose earthy red material. In a// varieties t
streak is red.

CrysraLLizaTion.—Hexagonal, scalenohedral ‘class p. 39. A:
¢ = 1.36557.

The most common forms on the Elba crystals are the u
rhombohedron g and the scalenohedron # =4 a:4a:a:2c. T
rhombohedron ¢ =a:% a:a:} calso occurs. Thin plate-li

FiG. go1. FiG. 402. FiG. 403,

crystals are the rule at other localities. Sometimes grouped
rosettes, as in the ‘ Eisenrosen,” Fig. 404.
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Angles.—pp =86°; nn=128°1"; ¢p=122°23; gg=
2° 58"; cn = 118° 47'.

F1G. 404. Fig. 405.

Eisenrosen, Fibia Switz. Radiated reniform, Geikie.

1ysical Characters. H,, 5.5 to 6.5. Sp. gr., 4.9 to 5.3.

LusTrE, metallic to dull. OPAQUE.
STREAK, brownish red to cherry red. TENAcITY, brittle un-
CoLoRr,iron black,blackish red to cherry red. less micaceous.

Sometimes slightly magnetic.

BerFore Browripe, ETc.—Infusible. Becomes magnetic in re-
cing flame. Soluble in hot hydrochloric acid. In borax reacts
- iron.

ARIETIES.

Specular Iron.—Brilliant micaceous or in crystals. Black in
lor.

Red Hematite.—Submetallic to dull, massive, blackish red to
ownish red in color.

Red Ochre.—Earthy impure hematite usually with clay. Often
lverulent.

Clay Ironstone.—Hard cowmnpact red material mixed with much
1y or sand.

Martite.—Octahedral crystals, probably pseudomorphs.

SiMILAR SPECIES.—Resembles at times the other iron-ores and
assive cuprite. It is distinguished by its streak and strong mag-
tism after heating in reducing flame.

REMARKS.—Usually in metamorphic rocks, probably formed from bog iron-ore by
ssure and heat. Also found in igneous rocks. Changes by action of atmosphere,
ter, organic matter, etc,, into limonite, siderite and magnetite. About 72 per cent,
the iron-ore mined in the United States is hematite. By far the larger part is obtained
m the Marquette and Gogebic ranges of Michigan and from the Mesabi range in
nnesota. Smaller but by no means inconsiderable amounts are mined in New York,
abama, Missouri and other states.
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Uses.—In this country it supplies over two-thirds of all the
ore mined, and ranks with magnetite in purity. The earthy var
are used for a cheap paint, and some massive varieties are gr
for paint or polishing material.

ILMENITE.—Menaccanite, Titanic Iron-Ore.

CowmrositioNn.—(Fe.Ti),0,, sometimes small amounts of M
Mn.

GENERAL DEscRIPTION.—An iron-black mineral, usually ma
or in thin plates or imbedded grains or as sand. Also, in cry
closely like those of hematite in angle.

CrysTaLLIZATION.—Hexagonal. Class of third order rhomb
dron p. 46. Axis ¢ = 1.385. Usually thick plates showing |
pinacoid ¢, unit prism s and unit rhombohedron p, Fig. 40
without the prism, Fig. 406. Angles pp = 85° 31’ ; cp = 122

) F1G. 407.
e
i
T

)+ /

A\

Physical Characters.—H., 5t0 6. S
LusTrE, submetallic.
STREAK, black to brownish-red.
CoLor, iron-black,

Berore Browripge, ETc.—Infusible i
fusible in reducing flame. In salt of p
which, on treatment in reducing flan
soluble in hydrochloric acid and the
violet and on evaporation becomes rose-red.
SimiLar Species.—Differs from magnetite and hematite in
titanium reactions.

REMARKS, —Menaccanite occurs in crystalline rocks, often with magnetite,
sometimes altered to limonite and to titanite.

Immense beds occur at Bay St. Paul; Quebec, and other points in Canada. Fc
also in the county of Orange, N. Y., in Massachusetts, Connecticut, and clsewher
Norwegian locality Kragéro, is, for its large crystals, perhaps the most celebrated
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Usks.—It is used as a constituent of the lining of puddling fur-
ces. Its freedom from impurities, such as phosphorus, would
ake it a very desirable iron-ore if it were not for the relatively
rge amount of fuel needed to reduce it.

GOETHITE.
ComposITION.—FeO(OH). Fe, 62.9 per cent,
GENERAL DESCRIPTION.—A yellow, red or brown mineral, occurring in small, dis-
ct, prismatic crystals (orthorhombic), often flattened like scales, or needle-like, or
uped in parallel position, These shade into feather-like and velvety crusts, Oc-
s also massive like yellow ochre,
PHYSICAL CHARACTERS.—Opaque to translucent. Lustre, adamantine to dull.
lor, yellow, reddish, dark-brown and nearly black, Streak, yellow or brownish-yel-
w. H., stos.5. Sp.gr,4to44.
Berore BrLowriPk, ETC.—Fuses in thin splinters to a black magnetic slag. In
sed tube yields water, Frequently reacts for manganese. Soluble in hydrochloric
id.
Uses.—Goethite is an ore of iron, but is commercially classed with limonite under
e name of brown hematite. Large deposits are reported in Minnesota.

TURGITE.—Hydrohematite.

ComposiTION,—Fe Oy (OH),, Fe =66.2 per cent.

GENERAL DESCRIPTION.—Nearly black botryoidal masses and crusts resembling
nonite but with a red streak and often with a fibrous and satin-like appearance on
icture. Also bright red earthy masses. Usually associated with limonite or hematite,
PHYsICAL CHARACTERS,—Opaque. Lustre, submetallic to dull. Color, dark reddish-
ack in compact form to bright red in ocherous variety. Streak, brownish red.
. 5.5-6. Sp. Gr., 4.29-4.68.

BerorRE BLowPIPE, ETC,—Decrepitates violently, turns black and becomes magnetic.
elds water in closed tube with violent decrepitation,

SIMILAR SPECIES,—Is distinguished from limonite and hematite FiG. 408.

its violent decrepitation when heated.

REMARKS.—Like goethite it is frequently mistaken for and classed

th limonite. It occurs with limonite at Salisbury, Conn., and in

rious localities in Prussia and Siberia. It is considered an inter-

ediate stage in the formation of hematite from limonite.

Uses.—1It is an ore of iron but commercially is classed as limonite.

LIMONITE.—Bog-Ore, Brown Hematite,

Coxposition. — Fe,(OH),Fe,O,, (Fe, 59.8 per
ent.). Frequently quite impure, from sand, clay,
1anganese, phosphorus, etc.
GeNERAL DEescriprioN.—Never crystallized, but
rading from the loose, porous bog-ore and earthy
chre of brown to yellow color; to compact varie-
es, often with black varnish-like surface, and fibrous
adiated structure. Frequently stalactitic, Fig. 408. Hungary.
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Limonite is recognized principally by its yellowish-brown str
and absence of crystallization. It is frequently found pseudomor
ous, the original iron-bearing mineral having ‘“changed"’ to limon

Physical Characters. H,, 5 to 5.5. Sp. gr., 3.6 to 4.
LLuUsTRE, varnish-like, silky, dull. OPAQUE.
STREAK, yellowish-brown, TeNAcITY, brittle, earth
CoLoR, brown, nearly black, yellow like iron rust.

Berore Browripge, ETc.—In closed tube yields water, and |
comes red. Fuses in thin splinters to a dark magnetic slag. U
ally reacts for silica and manganese. Soluble in hydrochlc
acid, and may leave a gelatinous residue.

VARIETIES.

Bog-Iron, loosely aggregated ore from marshy ground, of
intermixed with and replacing leaves, twigs, etc.

Yellow ochre, umber, etc., earthy material, intermixed with cl:

Brown clay ironstone, compact, often nodular masses, imp
from clay.

SimiLaR Species.—Distinguished from other iron-ores, exc
goethite, by its streak, and from the latter by lack of crystalli
tion.

REMARKS.—One usual result of the decomposit
limonite, The decomposition by water, carbon dic
soluble iron salts, which are carried to some valley
the relatively insoluble limonite forms as a scum on
bottom as bog-ore. In time, by pressure, heat, etc..

Limonite constitutes about 1§ per cent. of the irc

The largest deposits which are regularly mined exist
Pennsylvania, Michigan, Tennessee, and Georgia.

Uses.—It is the most abundant ore
impure and low in iron. The earthy v
paints, and after burning are darker in
umber, burnt sienna, etc.

COPIAPITE.—Misy.
ComposiTION.—Fe,(FeOH),(SO,), + 18H,0, (Fe, 306, S
38.3, H,O 31.1 per cent.) often with some Al,O,or ¥ O.
GENERAL DEscrIPTION. — Brownish-yellow to su  ur-vell
mineral, occurring granular massive, or in ioos o
crystalline scales, rarely, as tabular monoclinic cr
disagreeable metallic taste.
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hysical Characters. H., 2.5. Sp. gr., 2.1.

LusTRE, pearly, feeble, TRANSLUCENT.

STREAK, yellowish-white, TasTE, metallic, nauseous.
CoLoRr, brownish-yellow to sulphur-yellow.

Berore BLowpipe, ETc.—On charcoal, fuses and becomes mag-
tic. Yields much water in closed tube, and some sulphuric acid.
luble in water. Decomposed by boiling water. With soda gives
Iphur reaction.

REMARKS,—Copiapite results from the oxidation of pyrite, marcasite and pyrrho-
It occurs with these minerals and with other sulphates,

MELANTERITE.—Copperas.

CoMPOSITION.—FeSO, + 7H 0. (Fe,04 25.9, SO4 28.8, H,0 45.3 per cent.).
GENERAL DESCRIPTION.—A pale green fibrous eflorescence on pyrite or marcasite,
stalactitic massive or pulverulent. It has a sweet astringent taste. Rarely in
noclinic crystals, On exposure it becomes dull yellowish white.

PHYSICAL CHARACTERS.—Translucent. Lustre, vitreous or dull. Color, vitriol
en to white, Streak, white. H.,2. Sp. gr, 1.8 to 1.9. Taste, astringent, sweet-

BEFORE BLOWPIPE, ETC,—On charcoal fuses becoming successively brown, red, and
ally black and magnetic. With soda, yields sulphur test. In closed tube yields water
1 both sulphuric and sulphurous acids, Soluble easily in water, the solution becom-
- black (ink) on addition of nut galls.

VIVIANITE.—Blue Iron Earth.

CoMPOSITION.—Fey(PO,), + 8H,0. (FeO 43.0, P,Oy 28.3, H,O 28.7 per cent.).
GENERAL DESCRIPTION.—Usually found as a blue to bluish green earthy mineral,
en replacing organic material as in bones, shells, horn, tree roots, etc. Also found
glassy crystals (monoclinic), colorless before exposure, but gradually becoming
e.

PHYSICAL CHARACTERS.—Transparent to opaque. Lustre, vitreous to dull. Color
1 streak, colorless before exposure, but usually blue to greenish. H=1.5 to 2.
. gr, = 2.58 to 2.69. Brittle,

BEFORE BLOWPIPE, ETC.—Fuses easily to a black magnetic mass and colors flame
e bluish-green, especially after moistening with concentrated sulphuric acid. In
sed tube yields water. Soluble in hydrochloric acid. The dried powder is brown.

TRIPHYLITE.

ComposiTION.—Li(Fe.Mn)PO,.

GENERAL DESCRIPTION.—Usually a translucent bluish-gray, massive mineral with
mewhat resinous lustre, and two easy cleavages at go° to each other. Also in nearly
ck orthorhombic crystals.

PHYSICAL CHARACTERS,.—Translucent to opaque. Lustre, resinous. Color, blu.
-gray, green, brown. Streak, white. H., 4.5 to 5. Sp. gr., 3.4 to 3.56. Brittle,

eavages at 9o°,

N RS
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BeroRre BLowpIPE, ETC.—Fuses easily, coloring the flame carmine red and aft
moistening with concentrated sulphuric acid may also show a pale blue tint. Reac
in beads for iron and manganese, Soluble in hydrochloric acid.

SCORODITE.

CoMposITION,—FeAsO, + 2H,0. (FeO 34.6 As5;0,49.8. H,0 15.6 per cent.).

GENERAL DESCRIPTION.—Usually found as small pointed orthorhombic crystals,
druses of crystals of either a pale bluish-green or dark brown color. More rare
occurs earthy.

PHYsICAL CHARACTERS.—Translucent. Lustre, vitreous. Color, pale green to da
brown. Streak, white, H., 3.5to 4. Sp.gr., 3.1to 3.3. Brittle.

BgrorE BLowpiPE, ETC.—On charcoal fuses easily, with a pale blue flame and od
like garlic, to a brown or black magnetic mass. Easily soluble in hydrochloric ac
but insoluble in nitric acid.

PHARMACOSIDERITE.—Cube Ore.

F16. 409. ComposiTION.—Fe(FeOH), (AsO,), + 6H,0. (FeyC
40.0, As,04 43.1 H,0 16.9 per cent.).

GENERAL DESCRIPTION.—Groups of small translucer
cubes or modified tetrahedrons of green or yellowish-brow
color, More rarely granular.

PHYSICAL CHARACTERS.—Translucent, Lustre, adaman
tine, Color, emerald or olive-green, or yellowish-browz
Streak, paler than color. H., 2.5. Sp. gr., 2.9 to 3
Slightly sectile,

BEFORE BLoWPIPE, ETC.—As for scorodite.

SIDERITE.—Spathic (

ComposiTion.—FeCO, (FeO 62.1, CO, 3 ln
with some Ca, Mg or Mn.
GENERAL DEscrIPTION.—Occurs gran-
ular massive of a gray or brown color and
also in masses with rhombohedral cleav-
age and rhombohedral crystals. At times
it is quite black from included carbona-
ceous matter.
CrystaLLIzATION.—Hexagonal. Sca-
lenohedral class p. 39. Axis ¢ = 0.8184.
Usually rhombohedrons of 107°, often with curved (composite
faces like those of dolomite. Optically,—with strong double re
fraction.
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hysical Characters. H., 3.5 to 4. Sp. gr., 3.83 to 3.88.
LUSTRE, vitreous to pearly. OPAQUE to translucent.
STREAK, white or pale yellow. ~ TENacITY, brittle.
CoLor, gray, yellow, brown or black.

CLEAVAGE, thombohedral R A R = 107°.

Berore Browripg, ETc.—Decrepitates, become black and mag-
etic and fuses with difficulty. Soluble in warm acids with effer-
escence. Slowly soluble in cold acids. May react for man-
anese.

SiMILAR SpECIES.—It is heavier than dolomite and becomes mag-
etic on heating. Some stony varieties resemble varieties of sphal-
rite.

REMARKs.—Siderite occurs as beds in gneiss, mica and clay-slate, etc., and as
ony impure material in the coal formation. Frequently with metallic ores. It is
robably chiefly formed by the action of decaying vegetation on limonite. An impure
derite forms the chief ore in Cornwall and other English mines, Itis found at Cats-

ill, N. Y., and in the coal regions of Pennsylvania, Ohio, Virginia, and Tennessee,
1 varying quantities, but forms only a little over one per cent. of American iron ore,

Uskes.—1It is used as an ore of iron and when high in manganese
t is used for the manufacture of spiegeleisen.

CHROMITE.—Chromic Iron.

Cowmposition.—FeCr,0,, (FeO 32, Cr,0, 68 per cent.), some-
imes with Al,O, or MgO as replacing elements.

GENERAL DEescripTiON.—Usually a massive black mineral resem-
ling magnetite. Occurs either granular or compact or as dissem-
nated grains. Rarely in small octahedral crystals. Frequently
vith more or less serpentine, mechanically intermixed, giving rise
o green and yellow spots and streaks.

Physical Characters. H., 5.5. Sp. gr., 4.3 to 4.6.

LUSTRE, sub-metallic to metallic. OPAQUE.
STREAK, dark-brown. TexAcITY, brittle.
CoLoRr, black. May be slightly magnetic.

Berore BLowripE, ETc.—Infusible, sometimes slightly fused by
educing flame, and #en becomes magnetic. In salt of phos-
ohorus, in oxidizing flame, gives yellow color hot, but on cooling
becomes a fine emerald-green. With soda and nitre on platinum
fuses to a mass, which is chrome-yellow when cold. Insoluble in
acids.
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MILAR SPECIES.—Chromite is distinguished from other blac
rals by the salt of phosphorus reactions, and to a consider
:xtent by the serpentine with which it occurs.

IARKS.—Chromite occurs in veins and masses in serpentine and has been foun
e isolated pockets in Southern Pennsylvania and around Baltimore, Md., Lt
hest ore has been exhausted, and most of the ore now used is brought froi
y and from New Caledonia, Extensive deposits are also found in Del Nort
uis Obispo, Shasta and Placer Counties, California, but of somewhat lowe

es.—Chromite is the source of the various chromium com
ds, such as potassium bichromate, the chrome colors, etc. 1
o used in the manufacture of a hard chrome steel.

COLUMBITE.—Tantalite.

1rosITION,—Fe(CbOy),, (FeO 17.3, Cb,0, 82.7), but grading into tantalite, F
), without change of crystalline form. Mn is often present.

ERAL DESCRr1PTION.—Black, often iridescent prismatic crystals, in veins of grar
fore rarely massive,

'SICAL CHARACTERS,—Opaque.  Lustre, bright sub-metallic. Color, blach
, dark-red to black. Ii,6. Sp.Gr, 5.4 to 6.5. Brittle. Cleavage in tw
ons at right angles,

oRE BLowPIPE, ETC —Infusible. Fused with potassium hydroxide and boile
n gives deep-blue solution. Insoluble in acids,

WOLFRAMITE.,

MposiTION.—(Fe.Mn) WO,. (About 76.5 per cent. WO,.)
'NERAL DEescripTION.—Heavy dark-gray to black sub-metalli
als, orthorhombic in appearance, and also in granular o

nnar masses.
‘ig. 411.

CRYSTALLIZATION.—Monoclinic. Axesa:4:
=0.830:1:0.868, 3 = 89° 22/,

Usual combination shown in Fig. 411 of uni
prism 7, ortho pinacoid e, unit clinodome d an
+ and — orthodomes ¢ = 2: 0 &: 14 c. Angles
mm=100°37; dd = 98° 6’ ; a2 118° 6’ ; ae=
117°6.

.
SR S

nowald.

ical Characters. H.,, 5to 5.5. Sp. gr., 7.1 to 7.55.

STRE, sub-metallic. OPAQUE.
REAK, dark-brown to black. TENAcITY, brittle.
LOR, dark-gray to black. Slightly magnetic.
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Berore Browrire, ETc.—Fuses readily to a crystalline globule,
hich is magnetic. In salt of phosphorus yields a reddish-yellow
ass, which in reducing flame becomes green, and if this bead is
ilverized and dissolved with tin, in dilute hydrochloric acid, a
ue solution results. ’

Partially soluble in hydrochloric acid, the solution becoming
lue on addition of tin.

Simirar Seecies.—Distinguished by its fusibility and specific
ravity from similar iron and manganese minerals.

REMARKs.—Wolframite occurs in tin veins and deposits and with other metallic
inerals. It occurs altered to Scheelite and also pseudomorphous after scheelite, It
common in the Cornwall and Zinnwald tin mines, Itis also found at Flowe Moun-
in, N. C,, Monroe and Trumbull, Ct., Black Hills, Dakota, Mine la Motte, Mo., and
sewhere,

UsEes.—It is used to make an alloy of tungsten with steel, espe-
ially valued for permanent magnets, and as a source of tungsten
alts, especially tungstic acid and sodium tungstate, which are used
1 dyeing, and as material to render cotton less imflammable.



CHAPTER XXI.
THE MANGANESE MINERALS.

The minerals described are* Sulphide.—ALABANDITE. Oxides.—
BRAUNITE, HAUSMANNITE, PYROLUSITE, MANGANITE, PSILOMELANI
WAD. Phosphates—TRIPLITE. Carbonate.—RHODOCHROSITE.

The principal economic use of manganese minerals is in the prc
duction of the alloys with iron, spiegeleisen and ferromanganes
used in the manufacture of steel. About nine-tenths of all th
manganese ore mined is used for this purpose. The method «
smelting is very like that used in the manufacture of pig-iron.

Minor uses are in the manufacture of chlorine, oxygen, disinfec
ants, driers for varnishes; as a decolorizer of glass and to colc
glass, pottery and bricks ; in dyeing calico, making paints, etc.

In the West, especially Colorado and Arizona, manganese ore
often carry silver, and several thousand tons are smelted each yea
with other silver-bearing minerals, the manganese acting as
flux. '

The manganese minerals important as ores are the oxide
pyrolusite, psilomelane (including wad), braunite and manganitc
In 1898 the United States produced 217,782 long tons of man
ganese ore.t

ALABANDITE.—Manganblende.

CoMPOSITION.—MnS, (Mn 63.1, S 36.9 per cent.).

GENERAL DESCRIPTION.—A dark iron-black metallic mineral with an olive gree
powder or streak. Usually massive, with easy cubic cleavage and occasionally in cubi
or other isometric crystals. Also massive granular.

PHYSICAL CHARACTERS.—Opaque. Lustre, metallic. Color, deep black with brow
tarnish.  Streak, olive green. H., 3.5 to 4. Sp. gr., 3.95 to 4.04. Brittle.

* The common silicate, rhodonite, which has no economic importance, is describe
under the silicates.
t Mineral Industry, 1899, p. 499.
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Brrore BrLowriPE, ETc.—Turns brown, evolves sulphur dioxide and fuses
yives sulphur reactions with soda. Soluble in dilute hydrochloric acid with rapic
volution of hydrogen sulphide.

Sim1LAR SPECIES, It is distinguished from all similar species by its streak.

REMARKS. —The other manganese minerals are derived in part from the alteratior
f this species, It occurs with other metallic sulphides.

BRAUNITE.

ComposiTION.—Mn,O;, but usually containing MnSiO,.
GENERAL DEescripTION.—Brownish black granular masses anc
>ccasional minute tetragonal pyramids almost isometric, ¢ = 0.985

Physical Characters. H., 6 to 6.5. Sp. gr., 4.75 to 4.82.
LUSTRE, submetallic. OPAQUE.
STREAK, brownish black. TeNAcITY, brittle.
CoLoR, brownish black to steel gray.

Berore BrowrpiPE, Erc.—Infusible. With borax an amethys
ine bead. Soluble in hydrochloric acid, evolving chlorine anc
renerally leaving gelatinous silica.

SimiLaR SpeciEs.—Resembles hausmannite, but has a darke
treak and is harder.

Uses.—It occurs in large quantities in India and smaller amounts
Isewhere, and is an ore of manganese.

FIG. 412. F1G. 413. FiG. 414.
Braunite gp — 102° 15/. Hausmannite, pp = 105° 26”.
HAUSMANNITE.

ComPOSITION.—Mn,0,. (Mn,0, 69.0, MnO 31.0 per cent.).

GENERAL DESCRIPTION.—Black granular strongly coherent masses occasionally ir
imple and twinned tetragonal pyramids which are more acute than those of braunite,
r = 1.174.

PHYSICAL CHARACTERS.—Opaque. Lustre, submetallic. Color, brownish black,
Streak, chestnut brown. H., 5to 5.5. Sp. gr., 4.72 to 4.85. Strongly coherent.

Berore BLowripk, ETc.—Infusible, Colors borax bead amethystine. Soluble
in hydrochloric acid with evolution of chlorine.

SiMILAR SpECISS.—Differs from braunite in hardness, streak and absence of silica,
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PYROLUSITE.—Black Oxide of Manganese.

ComposITION.—MnQO,, (Mn 63.2 per cent.).

GENERAL DESCRIPTION.—
soft black mineral of metal
lustre. Frequently compos
of fibres or columns often
diated, but also found fi
grained, massive, stalactit
and as velvety crusts. It
also the common dendrit
Fig. 415. Usually soils t

i fingers. Frequently in alte
Florence, Italy. nate layers with psilomelar

FiG. 415.

Physical Characters. H., 1 to 2.5. Sp. gr., 4.7 to 4.86.
LusTRE, metallic or dull. OPAQUE.
STREAK, black. TeNAcITY, rather brittle.
CoLOR, black to steel gray.

Berore Browpipe, ETc.—Infusible, becomes brown. Usual
yields oxygen and a little water in closed tube. Colors bor:
bead amethystine. Soluble in hydrochloric acid with evolution

-chlorine.

SiMILAR Species.—Distinguished by its softness and black stre:
from other manganese minerals.

REMARKS,—Pyrolusite results from the dehydration of manganite and the alte
tion of alabandite and rhodochrosite. It is usually with psilomelane, hematite, limc
ite or manganite,

By far the larger part of all that is mined in this country is obtained from Crime
Va., Cartersville, Ga,, and Batesville, Ark. Other deporits exist in California, Ve
mont and North Carolina. Large amounts are annually imported from Cuba, T
purest material for use in glass making is obtained near Sussex, N. B,, and fromt
Tenny Cape district, Nova Scotia.

Uses.—Pyrolusite is used in the manufacture of chlorine ar
oxygen, and in the preparation of spiegeleisen. Also in colorin
and decolorizing glass and as an oxidizing agent in varnishe
linseed oil, etc.

MANGANITE.

CouposiTion.—MnO(OH), (Mn62.4,0 27.3, H,O 10.3p
GeNERAL DEescripTioN.—Occurs in long and short pr
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thorhombic) crystals often grouped in bundles with fluted or
unded cross-section and undulating terminal surface, rarely mass-
, granular or stalactitic.

1ysical Characters, H., 4. Sp. gr., 4.2 to 4.4.

LusTRE, submetallic. OPAQUE.
STREAK, reddish brown to black. TENAcITY, brittle.
COLOR, steel gray to iron black.

Berore BLowripe, ETc.—Like pyrolusite, but yields decided test
- water and very little oxygen.

REMARKS.—Frequently formed by deposition from water. By alteration it forms
ier manganese minerals such as pyrolusite.

PSILOMELANE.—Black Hematite.
CowmrosiTioN.—Perhaps MnO,+ (H,0, K,O or BaO) or HMnO,,
th replacement by Ba or K.

GENERAL DEsCRIPTION.—A smooth black massive mineral com-
only botryoidal, stalactitic or in layers with pyrolusite. Never
ystallized.

hysical Characters. H., 5 to 6. Sp. gr., 3.7 to 4.7.
LusTRE, submetallic or dull. OPAQUE.
STREAK, brownish black. TEeNAcITY, brittle.
CoOLOR, iron black to dark gray.

Berore Browripe, Erc.—Infusible.* In closed tube yields
xygen and usually water. Soluble in hydrochloric acid, with
solution of chlorine. A drop of sulphuric acid added to the solu-
on will usually produce a white precipitate of barium sulphate.
SimMiLarR Species.—Distinguished from pyrolusnte by its hard-
ess, and from limonite by its streak.

RemarKs—Its localities are the same as for pyrolusite, and the two minerals are
ually mined together.

Uses.—As for pyrolusite; the products, however, are less pure.

WAD.—Bog Manganese.
ComprosITION,—Mixture of manganese oxides, with often oxides of metals other than
anganese such as cobalt, copper and lead.
GENERAL DEscRrIPTION.—Earthy to compact indefinite mixtures of different metal-
- oxides, in which those of manganese predominate. Dark brown or black in color;
ten soft and loose, but sometimes hard and compact.

* May become magnetic from impurities.
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PHYsiCAL CHARACTERS.—Opaque. Lustre dull, Color brown to black, Str
brown. H.,, 34 to 6. Sp.gr, 3to 4.26, Often soils the fingers.

BEFORE BLowPIPE, ETC.—As for psilomelane, but often with strong coball
copper reactions.

Uses,—Wad is used as a paint and in the manufacture of chlorine.

TRIPLITE.

ComposiTION.—(RF)RPO,. R chiely manganese and iron.

GENERAL DESCRIPTION.—A resinous, brown to nearly black mineral, usw
massive and often showing cleavage in two directions at go° to each other, Sometii
occurs as & stain on other minerals.

PHysicAL CHARACTERs.—Opaque or nearly so, Lustre resinous, Color brow:
nearly black. Streak gray to brown., H, 4to 5. Sp.gr., 3.44 to 3.8,

Berore Browripe, ETc.—Fuses very ¢asily to a black magnetic mass. Yielc
bluish-green flame, which sulphuric acid makes plainer, Colors borax bead ametl
tine. When heated with sulphuric acid, evolves fluorine. Soluble in hydrochl
acid,

RHODOCHROSITE.

ComposiTioN.—MnCO,, (MnO 61.7, CO, 38.3 per cent.) w
partial replacement by Ca, Mg or Fe.
GENERAL DEescripTION.—Occurs in rhe
bohedral crystals, but more frequently mass
cleavable, or granular or compact. Less
quently botryoidal or incrusting.
CrysTaLL1zATION. — Hexagonal.  Scale
hedral class, p. 39. Axis ¢ =.8184. Ang
as in siderite. Usual form a rhombohedron of 107°. Optically.

F1G. 416.

Physical Characters. H., 3.5 to 4.5. Sp. gr., 3.3 to 3.6.
LusTRE, vitreous to pearly. TRANSPARENT to opaque.
STREAK, white. TEeNAcITY, brittle.

CoLor, light pink, rose red, brownish red and brown.

CLEAVAGE, parallel to rhombohedron (angle 107°).

Berore Browripe, Erc.—Infusible, but decrepitates violent
and becomes dark colored.* In borax yields amethystine be:
Soluble in warm hydrochloric acid, with effervescence, slowly s
uble in the cold acid.

SiMILAR Species.—Distinguished from rhodonite by form, clez
age, effervescence and infusibility.

REMARKs.—Principally found in ore-veins, especially with ores of manganese
silver. On exposure, sometimes loses color or becomes spotted by oxide, Found
Mine Hill, N. J.; Butte, Montana; Austin, Nev. and elsewhere. It is not min
however, in this country. The only producing localities are Merionethshire, Wal
and Chevron, Belgium.

* May become magnetic from impurities.



CHAPTER XXII.
NICKEL AND COBALT MINERALS.

THE COBALT MINERALS.

The cobalt minerals described are : Swulphides and Arsenides, Lin-
ZITE, COBALTITE, SMALTITE ; Arsenates, ERYTHRITE.

The metal cobalt has, as yet, no important use; the oxide is
sed to impart a blue color to glass and pottery. The chief com-
ercial compound is SMALT, a cobalt glass, the cobalt replacing
e calcium of ordinary glass. This is ground and used as a fine
lue pigment, which is unaltered by exposure.

Cobalt blue and Rinmann’s green are compounds of cobalt with
umina and zinc oxide respectively.

The extraction of cobalt from a nickeliferous matte is an elabor-
e chemical operation involving solution in hydrochloric acid, pre-
pitation of manganese and iron as basic carbonates, and of other
etals as sulphides, leaving a solution of chloride of nickel and co-
alt.  From these the cobalt is precipitated with great care, by
eans of calcium hypochlorite, as cobaltic hydroxide, after which
e nickel is precipitated as hydroxide by lime-water. By using
lected ores, mattes especially rich in cobalt may be obtained
id for ordinary purposes the small nickel contents are neglected.

LINNZEITE.—Cobalt Pyrites.

ComposiTioN.—(Co.Ni),S,, often with some Fe or Cu replacing.
GENERAL DESCRIPTION.—A steel-gray metallic mineral, usually
‘granular or compact masses intermixed frequently with chal-
pyrite ; also in small isometric crystals, usually the octahedron p,
ig. 417, or this with the cube 4, Fig 418. '

Fic. 418.

S

*Cobalt is sometimes found in arsenopyrite. Asbolite is a black earthy oxide of
balt and manganese.
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Physical Characters. H., 5.5. Sp. gr.,, 4.8to 5.
LusTRE, metallic. OPAQUE.
STREAK, nearly black. TeNAcITY, brittl
CoLoR, steel-gray, with reddish-tarnish.
CLEAVAGE, cubic imperfect.

BerFore BrLowpiPE, ETc.—On charcoal fuses to a magnetic g
ule, and gives off fumes of sulphur dioxide. In borax bead giv
deep blue color, and with frequent replacement of borax the
bead of nickel may be obtained. Soluble in nitric acid to a
solution and with separation of sulphur.

REMARKS,—Occurs with other cobalt and nickel minerals and with chalcop,
pyrrhotite, bornite, at Mine La Motte, Mo., Lovelock’s Station, Nev,, and in a
other American localities.

Uses.—Does not occur in large amounts, but is used as a so
of both cobalt and nickel.

COBALTITE.—Cobalt
ComposiTioN.—CoAsS, (Co 35.5, As.

GENERAL DEsCRIPTION.—A silver whit 1
eral resembling linnzite in massive state b f
that the forms are the pyritohedron e, and e
bined, Fig. 421.

FiG. 419.
Physical Characters. H., 5.5. Sp. gr. 6 to 6.1.

LusTrE, metallic. OPAQUE.

STREAK, black. TENACITY, brittle.

CoLor, silver white to gray. CLEAVAGE, cubic.

BerFore BrowpipE, ETc.—On charcoal fuses to a magnetic gl
ule and evolves white fumes with garlic odor. Unaltered in clo
tube. Soluble in warm nitric acid to rose-red solution, with r
due of sulphur and arsenous oxide.
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Uses.—It is used in the manufacture of smalt and in porcelain
inting.

SMALTITE.
Cowmposition.—{Co.Ni) As,, varying widely in proportion of
balt and nickel, and usually containing some iron also.
GENERAL DESCRIPTION.—A tin-white to steel-gray metallic min-
al resembling linnzite and cobaltite. Usually occurs granular
assive, but also in isometric crystals, especially modified cubes
th curved faces.

hysical Characters. H., 5.5to 6. Sp. gr., 6.4 to 6.6.

LusTkE, metallic. OPAQUE.
STREAK, black. TENAcITY, brittle.
CoLOR, tin-white to steel-gray. CLEAVAGE, octahedral.

BerForE BLowpIPE, ETC.—On charcoal fuses, yields white fumes
th garlic odor and leaves a magnetic residue, which, when oxi-
zed in contact with frequently replaced borax, yields successively
ags colored by iron, cobalt, nickel and possibly by copper. In
osed tube yields arsenical mirror. Soluble in nitric acid to a red
~green solution according to proportion of cobalt and nickel.
artially soluble in hydrochloric acid, especially so after fusion,
it yields no voluminous precipitate of yellow arsenic sulphide,
does arsenopyrite when similarly treated.

SiMiLAR Species.—Differs from linnaite and cobaltite in cleav-
re, specific gravity ana blowpipe reactions. Differs from most
senopyrite and tetrahedrite in the cobalt blue slags which it
elds. It can best be distinguished from cobaltiferous arseno-
yrite by the reaction in acids after fusion. ’

REMARKS.—By oxidation produces arsenates of cobalt (erythrite) and nickel (an-
bergite). Occurs in veins with other metallic minerals, especially ores of copper,
ver, nickel and cobalt. Especially abundant in the nickel mines of Saxony. Found
Chatham, Ct., Franklin Furnace, N. J,, and in California,

UsEks.—It is the chief ore of cobalt.

ERYTHRITE.

CoMPOSITION,—Coy( AsO4)2.8H,0, (CoO 37.5, As,O; 38.4, H,O 24.1 per cent.).
GENERAL DESCRIPTION. —Groups of minute peach red or crimson crystals forming
drusy or velvety surface. Also in small globular forms or radiated or as an earthy
crustation of pink color,
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PHYSICAL CHARACTERS.—Translucent. Lustre, adamantine or pearly. Col
crimson, peach red, pink and pearl gray, Streak, paler than color, H, 1.5 to 2
Sp. gr., 2.91 to 2.95. Flexible in laminz,

BeFORE BLowPIPE, ETC.—On charcoal fuses easily, evolves white fumes with gar
odor, and leaves a magnetic residue, which imparts the characteristic blue to bor
bead. Solublein hydrochloric acid to a light red solution.

THE NICKEL MINERALS.

The nickel minerals described are: Swulphides, MILLERIT
PENTLANDITE, GERSDORFFITE; Arsenides, NiccoLITE, CHLOA
THITE ; Arsenate, ANNABERGITE; Carbonate, ZARATITE; Silica
GARNIERITE.

Metallic nickel is extensively used in different alloys, and, i
deed, was first obtained as a residual alloy with copper, iron a
arsenic, in the manufacture of smalt. This alloy was called Ge
man silver or nickel silver and largely used in plated silverwai
Later, a large use for nickel was found in coins, the United Stat
Mint alone using nearly one million pounds between 1857 a
1884. In this alloy copper is in large proportion, the prese
five cent piece being 25 per cent. nickel, 75 per cent. copper, a
in other coins the percentage of copper being still greater. T
most extensive application of nickel at present is in the manufz
ture of nickel steel for armor plates and other purposes. T
uses of nickel steel are continually increasing as the metal h
some excellent properties possessed by no other alloy. To
limited extent nickel is used in a nickel-copper alloy for casi
rifle bullets.

A sulphate of nickel and ammonium is also manufactured
large amounts for use in nickel plating.

The nickel of commerce is nearly all obtained either from t
garnierite of New Caledonia or from the deposit of nickel-bearis
sulphides at Sudbury, Ontario. The garnierite is smelted in
low blast furnace, with coke and gypsum, and the matte of nicke
iron and sulphur thus produced is alternately roasted and fuse
with sand, in a reverberatory furnace, until nearly all the iron h.
been removed. The nickel sulphide, by oxidation, is converte
into oxide.

Nickel oxide is obtained from the pyrrhotite and chalc __
of Sudbury, Canada. The ore is first roasted, which -mow
much of the sulphur, and is then smelted, together 1 ce
bearing slags of previous operations. A nickel in
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wch copper and some iron is produced through which air is
lown in a silica lined Bessemer converter and most of the iron is
arried into the slag. A matte, rich in nickel and copper, results.
his may be directly roasted and reduced by carbon to produce
ickel-copper alloys for the manufacture of German silver. In
rder to separate the nickel the concentrated matte is fused with
bdium sulphate and coke, after which the melted sulphides are
lowed to settle. Under these conditions the copper and iron
ilphides form a very fluid mass with the soda, and, with some
ickel, rise to the top while the lower portions of the mass are
ighly nickeliferous. The two layers are separated and each is
treated in much the same manner. The nickel sulphide result-
g is partially roasted and is fused with sand, by means of which
ost of the iron is removed as a silicate in the slag. The nickel
ulphide remaining is by oxidation converted into the oxide. The
xide is sold directly to steel makers or may be reduced to metal
y mixing with charcoal and heating, white hot, in a graphite
rucible.

The world’s annual output of nickel is about 6000 short tons.

Nickel is now successfully refined by electrolysis, but the de-
ils of the process are jealously guarded. It is doubtful, however,
‘nickel can be separated from cobalt in this manner although
10st other impurities are removed.

A method both for the extraction of nickel from its ore and for
s separation from cobalt promises to supersede those now in use.
he process is based on the discovery that when carbon monoxide
- passed over heated nickel, volatile nickle carbonyl, Ni(CO),
- formed. This is the only volatile nickel compound known,
nd as cobalt does not react in this way, the separation of nickel
om cobalt is easily accomplished. The reconversion of the
ickel carbonyl into nickel and carbon monoxide is a simple
peration.

MILLERITE.—Capillary Pyrites.

ComposiTioN.—NiS, (Ni 64.4 per cent.).

GENERAL DESCRIPTION.—A brass-colored mineral with metallic
ustre, especially characterized by its occurrence in hair-like or
eedle crystals, often interwoven or in crusts made up of radiating
eedles visible on fracture. Hexagonal.
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Physical Characters. H., 3to 3.5. Sp.gr., 5 3 to5.65.
LusTrE, metallic. OPAQUE.
STREAK, greenish-black. TENACITY, crystals elastic.
CoLOR, brass or bronze yellow.

Berore Browpipg, ETc.—On charcoal spirts and fuses to
brittle magnetic globule, which will color borax red. Soluble
aqua regia to a green solution, from which potassium hydroxit
precipitates a green nickelous hydroxide which is again soluble
ammonia to a blue solution.

REMARKS.—Millerite has probably been formed in the same way as pyrite. It
probable that the nickel in pyrrhotite is there as millerite.  Other associates 2
siderite, hematite and dolomite. In the United States it has been obtained chie
from the Lancaster Gap mine, in Pennsylvania, and at Antwerp, N. Y.

Uskgs.—It is a valued ore of nickel.

PENTLANDITE.

ComposiTioN.—(Fe.Ni)S.

GENERAL DESCRIPTION.—Light bronze-yellow, granular masses of metallic lust
usually with chalcopyrite or pyrrhotite.

PHysiCAL CHARACTERS.—Opaque, Lustre, metallic. Color, bronze yello
Streak, black. H., 3.5-4. Cleavage, octahedral. Sp. gr., 4.6-5. Birittle.

BEFORE BLOWPIPE, ETC.—Fuses readily to a magnetic globule which reacts for in
and nickel.

REMARKS.—Occurs at Sudbury, Ontario, where it is mined for nickel.

GERSDORFFITE.

ComposITION.—NiAsS (Ni 35.4, As 45.3, S 19.3 per cent.) Ni often replaced |
Fe or Co.

GENERAL DESCRIPTION.—Usually massive, fine grained light steel gray. Occasio
ally small isometric crystals like those of pyrite.

PHYsICAL CHARACTERS.—Opaque. Lustre, metallic. Color, light-steel gray. Streal
black. Brittle. H., 5.5, Sp. gr., 5.8-6.2.

BEFORE BLOWPIPE, ETC.—Fuses easily with decrepitation to a metallic globule givit
off white fumes of arsenic trioxide. Residue is magnetic, and gives sulphur reactio
Borax bead may yield nickel reaction, but this is often masked by cobalt or iron.

REMARKS.—Various uncertain minerals or mixtures have been referred to gersdorffit
It occurs incrusting decomposed galenite and sphalerite at Phcenixville, Pa,, and |
Sweden, Harz, Styria, etc.

NICCOLITE.—Copper Nickel.

ComposiTION.—NiAs, (Ni 43.9 per cent). As is replaced t
some extent by Sb or S, and Ni by Fe or Co.

GENERAL DESCRIPTION.—A massive mineral of metallic lustre
characteristic pale copper red color and smooth impalpable struct
ure. Sometimes the copper-red kernel has a white metallic crus
Occasionally occurs in small indistinct hexagonal crvs
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hysical Characters. H., 5 to 5.5. Sp. gr., 7.3 to 7.67.
LusTrg, metallic. OPAQUE.
STREAK, brownish-black. TeNAcITY, brittle.
CoLoR, pale copper red with dark tarnish.

BEeFore Browripe, ETc.—On charcoal fuses easily, giving off
hite fumes with garlic odor and leaving a magnetic residue, which
ill color borax bead red and sometimes blue, in which case
1e borax must be renewed until the cobalt is all removed. In
pen tube yields a white sublimate and a yellowish-green pul-
erulent residue. Soluble in concentrated nitric acid to a green
olution, which may be tested as under millerite. :

SimiLar Species.—Differs from copper in hardness, black
reak and brittleness.

REMARKS,—Its most abundant American localities are at Lovelock’s, Nevada, and
ilt Cove, Newfoundland. Also obtained at Chatham, Conn., and Thunder Bay,
ake Superior.

Usks.—It is an important ore of nickel.

CHLOANTHITE.
CoMposITION. —NiAs,.Ni 28.1 per cent., Ni often replaced by Fe and Co.
GENERAL DESCRIPTION.—Tin white to steel gray metallic mineral which resembles
naltite, and by replacement of nickel by cobalt gradually grades into that mineral.
PHYsicAL CHARACTERS.—Like smaltite.
BEFORE Browripg, ETc.—Like smaltite except that a nickel reaction is imparted to
>rax by the pure mineral.

ANNABERGITE.—Nickel Bloom.

CoMmposITION.—Niy(AsO,);.8H,0, (NiO 37.4 As,O; 38.5, H,O 24.1 per cent.).

GENERAL DESCRIPTION,—Pale apple-green crusts, and occasionally very small
air-like crystals.  Usually occurs on niccolite or smaltite.

PHysICAL CHARACTERs,—Dull.  Color, apple-green.  Streak, greenish-white,
[, 1.

BEFORE BLOWPIPE, ETC.—On charcoal, fuses easily to a magnetic button, and be-
>mes dull and yellow during fusion, evolving garlic odor, In closed tube, yields
ater and darkens, \Vith borax, gives red bead. Soluble in nitric acid.

REMARKS,—Results from the oxidation of niccolite or smaltite in moist air,

ZARATITE.—Emerald Nickel.

CoMmposITION.—NiCO, 2Ni(OH),.4H,0, (NiO 59.6 CO, 11.7 H;O, 28.7 per cent.).
GENERAL DESCRIPTION.—Occurs only as a thin varnish-like coating upon nickel-
earing chromite or magnetite,

PHYsICAL CHARACTERS.—Translucent. Lustre, vitreous. Color, emerald-green,
treak, pale-green, H., 3to 3.25. Sp. gr., 2.57 to 2.69. Brittle.

Berore Browripe, ETc.—Infusible, Colors borax bead red. In closed tube,
elds water, Soluble in warm dilute hydrochloric acid, with effervescence, to a green
lution,
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GARNIERITE.—Noumeite.

CowmposiTioN.—H,(Ni.Mg)SiO, + H,O or 2(Ni.Mg),Si,O,.3H

GENERAL DEscripTION.—Loosely compacted masses of brilli
dark-green to pale-green mineral, somewhat unctuous. Struct
often small mammelonated, with dark-green, varnish-like surfac
enclosing dull green to yellowish ochreous material. Ea:
broken and earthy.

Physical Characters. H., 2to 3. Sp. gr., 2.27 to 2.8.
LusTRE, varnish-like, to dull. OPAQUE.
STREAK, light green to white. TeNAcITY, friable
CoLor, deep green to pale greenish-white.

Uncruous, adheres to the tongue.

Berore Browpipe, ETc.—Infusible, decrepitates. In closed tu
vields water. Colors borax bead red. Partially soluble i~ hyd1
chloric and nitric acids.

SimiLAr Species.—Differs from malachite and ch~ "eolla
structure and unctuous feeling. Differs from serper.une in de
color and nickel reaction.

REMARKS.—Occurs in New Caledonia in veins in serpentine, with chromite .
ale,  Possibly derived from a nickel-bearing chrysolite. Deposits are also know
Riddles, Oregon and Webster, N, C,

Uses.—It is now the chiel source of nickel.



CHAPTER XXIII

ZINC AND CADMIUM MINERALS.

THE ZINC MINERALS.

THE zinc minerals described are : Sw/phide—sPHALERITE. Oxide
~ZINCITE. Swulphate—GOSLARITE. (Carbonates—sMITHSONITE, HY-
ROZINCITE. St/icales—WILLEMITE, CALAMINE,

The important ores of zinc are sphalerite, smithsonite, and cal-
mine; nd, in New Jersey, willemite and zincite occur in quan-
ty - 1t to be considered ores. A large amount of zinc oxide
5 also m.  from franklinite which is described under the iron
ninerals.

In this country, Missouri, Kansas, Indiana and Illinois yield
nost of the zinc ore, although other important regions are Penn-
ylvania, New Jersey, and Virginia. The western ore contains
ead ore, from which it is separated by concentration. In all, in
899, this country produced 135,796 tons of metallic zinc and
31,663.tons of zinc oxide were manufactured.*

The principal uses of metallic zinc are in galvanizing iron wire
or sheets and in manufacturing brass. A smaller amount is made
nto sheet zinc and zinc dust.

* Metallic zinc is obtained by distillation of its roasted ores with
arbon. The sulphide and carbonate, by roasting, are converted
nto oxide, and the silicates are calcined to remove moisture. The
mpure oxides, or the silicate, are mixed with fine coal and charged
n tubes or vessels of clay, closed at one end and connected at the
other end with a condenser. These are submitted to a gradually
ncreasing temperature, by which the ore is reduced to metallic
zinc, and, being volatile, distills, and is condensed. Apparently
successful processes are now in use for the direct deposition of zinc
from its ores by electrolysis.

Zinc oxide, ground in oil, constitutes the paint zinc white. The
oxide may be made from the metal by heating it to a temperature

* Engincering and Mining Journal, 1900, p. 2.
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at which the zinc takes fire and drawing the fumes into suitat
condensers; or, as in this country, it may be made directly fro
the ore.

SPHALERITE.—Blende, Black Jack.

ComposiTioN.—ZnS, (Zn, 67 per cent.). Often contains C
Mn, Fe.

GENERAL DEscrIPTION.—A mineral of resinous lustre shadir
in color from yellow through brown to nearly black and more
less translucent. . It occurs most frequently cleavable massive b
also in crystals and in compact fine-grained masses or alterna
concentric layers with galenite.

Fic. 422. FiG. 423.

CrysTaLL1ZATION.—Isometric. Hextetrahedral class p. 18. Us
ally the dodecahedron @ with the tetrahedron p and a modifyir
tristetrahedron o= a: 3a: 3a, Fig. 424, or n = a: 2a: 2a, Fi
423. More rarely the + and — tetrahedron, Fig. 422.

Index of refraction for yellow light, 2.3692.

Physical Characters. H., 3.5to4. Sp.gr., 3.9to 4.1.
LUSTRE, resinous. TRANSPARENT to translucent.
STREAK, white to pale brown.  TExaciTy, brittle.

CoLor, yellow, brown, black ; rarely red, green or white.

CLEAVAGE, parallel to rhombic dodecahedron (angles 120° an
90°).

Berore Browrire, ETc.—On charcoal fuses with difficulty, bt
readily yields a sublimate, sometimes brown at first from cadmiur
and later yellow while hot, white when cold and becoming brigl
green if moistened and ignited with cobalt solution. With sod
gives a sulphur reaction. Soluble in hydrochloric acid with effer
vescence of hydrogen sulphide.

SiMILAR SpECIES.—Smaller crystals sometimes slightly resembl
garnet or cassiterite, but are not so hard.

REMARKs.—Sphalerite has probably been formed by precipitation from water b

H,S or with the aid of decaying organic matter. By oxidation it changes to sulphat
which in turn may be decomposed by carbonates and silicates forming carbonates an
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ilicates of zinc, Sphalerite is a common associate of lead and silver ores and is
imental, as it makes their treatment more difficult. It also occurs with other sulph
ind with other zinc ores. It is mined in southwest Missouri, at Friedensville, Pa
he southwestern part of Wisconsin, at Pulaski, Va,, and at other places. In s1
Juantities it is of very common occurrence,

UsEes.—It is an important ore of zinc and also is the source
most of the cadmium of commerce.

ZINCITE.—Red Zinc Ore.

ComposiTioN.—ZnO, (Zn 80.3 per cent.) with usually some !
or Fe.

GENERAL DEscrIPTION.—A deep red to brick-red adamant
mineral occurring in lamellar or granular masses, either in cal
or interspersed with grains and crystals of black franklinite :
yellow to green willemite. A few hexagonal pyramids have b
found.

Physical Characters. H,, 4 to 4.5. Sp. gr., 5.4 to 5.7.
LUSTRE, sub-adamantine. TRANSLUCENT.
STREAK, orange yellow. TeNacITY, brittle,
CoLOR, deep red to orange red.
CLEAVAGE, basal and prismatic yielding hexagonal plates.

Berore BLowpipPg, ETc.—Infusible. On charcoal gives reacti
for zinc as described under sphalerite. In closed tube blackens, |
is again red on cooling. With borax usually gives amethyst
bead. Soluble in hydrochloric acid without effervescence.

SiMiLArR Seecies.—Differs from realgar and cinnabar in its as
ciates, infusibility and slow volatilization.

REMARKS.—Occurs in quantity only in Sussex County, N. J., at the franklinite
calities and is smelted with the associated franklinite, willemite, etc., and the zinc
covered,

GOSLARITE.—Zinc Vitriol.

ComposITION,—ZnSO, + 7H,0, (ZnO 28.2, SOy 27.9, H,0 43.9 per cent.).

GENERAL DESCRIPTION,—A white or yellowish earthy mineral with nauseous asf
gent taste, Usually an incrustration or mass shaped like the original sphalerite ¢
stalactites, Rarely needle-like orthorhombic crystals.

PHYSICAL CHARACTERS,—Translucent, Lustre, vitreous to dull. Color, wl
yellowish, or bluish, Streak, white, H, 2to 2.5. Sp.gr., 1.9to 2.1.

BeFore BLowPIPE, ETC.—Fuses easily, Yields waterin closed tube, With s
gives a white coat and a sulphur test. Easily soluble in water.

ReMARKS.—Goslarite is formed by the oxidation of sphalerite in damp location
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SMITHSONITE.—Dry Bone, Calamine.

ComposiTion.—ZnCO,. (ZnO, 64 8; CO,, 35.2 per cent.).
GENERAL DEscripTiON.—Essentially a white vitreous mineral
but often colored yellowish or brownish by FIG. 425.
iron. Structure stalactitic or botryoidal, or
with drusy crystal surface; also in chalky
cavernous masses and granular. Sometimes
of marked colors as deep green or bright yel-
low from copper or cadmium respectively.

CrysTALLIZATION.—Hexagonal.  Scalenohedral class p. 39.
Axis ¢/ = 0.8063. Usually small rhombohedrons of 107° Fig.
425, like those of siderite.

Optically —. _

Physical Characters. H., 5. Sp. gr., 4.3 to 4.5.
LUsTRE, vitreous to dull. TRANSLUCENT to opaque.
STREAK, white. TEeNACITY, brittle.

CoLoR, shades of white, more rarely yellow, green, blue, etc.
CLEAVAGE, parallel to rhombohedron (107°).

Berore Browripe, Erc.—Infusible but readily yields white
sublimate on coal, often preceded by brown of cadmium. The
sublimate becomes yellow when heated and becomes bright green
when moistened with cobalt solution and then heated. Soluble
in acids with effervescence.

SimiLAR Species.—Distinguished from calamine by its efferves-
cence and from other carbonates by its hardness.

REMARKS.—Smithsonite is a secondary product formed usually by action of carbo-
nated waters on other zinc ores and sometimes by atmospheric action, It occurs with
the other ores of zint, especially calamine, and with ores of lead, copper and iron, In
this country it is most abundant in the Missouri, Virginia and Wisconsin zinc regions.

Uses.—Smithsonite, being easily reduced with little fuel, is a
valuable zinc ore, but as it is found chiefly near the surface, the
deposits have been nearly exhausted.

HYDROZINCITE.—Zinc Bloom.

CoMPosITION. —ZnCOy2Zn(OH),, (ZnO 75.3, CO, 13.6, HO 11.1 per cent.),

GENERAL DEscr1PTION.—Usually a soft white incrustation upon other zinc minerals,
or as daszling white stalactites, or earthy and chalk like.

PHYsicaL CHARACTERS.—Opaque. Lustre, dull or pearly. Color, pure white to
yellowish. Streak shining white. H. 2to 2.5. Sp. gr., 3.58 to 3.8.
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BeroRE BLowpiPE, ETc.—Infusible. Coats the coal like smithsonite. Yields water
in closed tube. Soluble in cold dilute acids with effervescence.

WILLEMITE.—Troostite.

ComposiTiON.—Zn,Si0,, (ZnO, 72.9; SiO,, 27.1); often with
much manganese replacing zinc.

GENERAL DEscrIPTION.—A greenish yellow to apple green or
sulphur yellow mineral when pure, but often Fic. 426.
flesh red or brownish from manganese or iron.

Usually occurs granular, but also as hexagonal / \
crystals and massive. The New Jersey variety
is known by its associates, franklinite and
zincite.

CR\STALLIZATION.—Hexagonal. Class of
third order rhombohedron p. 46. Axis ¢ = ,
0.6775. Long slender prisms of yellowish
color and coarse thick prisms of flesh red Franklin Fumace, N.J.

color occur at Franklin Furnace ; the Altenberg crystals are small
and brown in color.

Physical Characters. H.,s5.5. Sp. gr., 3.89 to 4.2.
LuUsTRE, resinous. TRANSPARENT to opaque.
STREAK, nearly white. TEeNacrTY, brittle.
CoLOR, greenish to sulphur yellow, apple green, white, flesh red.
CLEAVAGE, basal and prismatic.

Berore BrowripE, Erc.—Fusible in thin splinters only upon
the edges to a white enamel. On charcoal with soda and a little
borax yields the zinc coat. Soluble in hydrochloric acid leaving
a gelatinous residue.

SiMiLAR SpeCIES.—Red crystals resemble apatite but differ in
terminations, rhombohedral in willemite but pyramidal in apatite.
Willemite is also heavier than apatite and gelatinizes.

Uses.—In association with the other minerals of Franklin,
N. J., it constitutes a valuable ore of zinc. This, however, is its
only irgportant locality. :

CALAMINE.—Electric Calamine.

CompositioN.—(ZnOH),SiO,, (ZnO 67.5 ; SiO,, 25.0; H,0, 7.5
per cent.).
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GENERAL DEscrIpTION.—A white or brownish white vitreo
mineral frequently with a drusy surface or in radiated groups
crystals, the free ends of which form a ridge or cockscomb, F
428 and, more rarely, small distinct transparent crystals It «
curs also granular, stalactitic, botryoidal and as a constituent
clay.

CRYSTALLIZATION. —Orthorhombic. Hemimorphic class p. :
Axes d:6:¢=0.783:1:0:478. The crystals are usually tabul.

Fic.'427. . FiG. 428

Altenberg.

the broad face being the brachy pinacoid é while the prism m
relatively small. v is the pyramid 2434 : 2c.
Angles are : mm = 103° 5(’; ct=118° 49’; ii=69° 48’;
= 101° 34’
Optically +, with acute blsectnx vertlcal 2E for yellow lig
= 78° 39/ oo
Physical Characters. H, 45to 5. Sp.gr, 3.4to 3.5.
LUSTRE, vitreous to.pearly. OpPAQUE to transparent.
STREAK, white. TENAcITY, brittle.
CoLoR, yellow to brown, white, colorless, rarely blue or green
Cleavage, prismatic.

Berore BLowpipE, Erc.—Fusible only in finest splmters Wit
soda and borax on charcoal yields a white coating, which is mac
bright green by heating with cobalt solution. In closed tub
yields water. With acids, dissolves, leaving a gelatinous residu

SiMiLAR SpecIEs.—It is softer than prehnite, harder than ceru:
site, and gelatinizes with acids. It differs from willemite th wat
reaction, and from stilbite in difficulty of fusion.

REMARKS.—Calamine seems to be formed by the action of hot silica bearing wate

upon other zinc ores, especially sphalerite. It 1s often disseminated through a cla
from which it is gradually segregated and crystallized. Its most important locality

lt‘
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America is at Granby, Mo. It is also found in quantity at Sterling Hill, N. J., and
Bertha, Va. Abroad, it is exported from Greece, and is mined in large amounts in
Silesia and the Rhenish Provinces of Germany.

Uses.—It is a valuable ore of zinc, usually free from volatile
impurities.
THE CADMIUM MINERALS.

The only cadmium mineral is the Sw/p/ide, GREENOCKITE.

About five tons per year of cadmium are obtained from the Si-
lesian zinc ores. The first fumes are redistilled and finally reduced
with carbon. The metal is used in fusible alloys and certain forms
of silver plating. The sulphide forms a splendid yellow pigment
unaltered by exposure.

GREENOCKITE.

ComposiTION.—CdS, (Cd, 77.7 per cent,)

GENERAL DESCRIPTION.—Usually a bright yellow powder upon sphalerite, or a
yellow coloration #;2 smithsonite. Very rarely as small hemimorphic hexagonal crys-
als, ¢=os8111. .

PHYsICAL CHARACTERS.—Translucent, Lustre earthy or adamantine. Color yel-
low to orange yellow or bronze yellow. Streak orange yellow. H., 3to 3.5. Sp.
gr., 49 to 5.0.

BeroRE Biowpipg, ETC.— Infusible, but is easily volatilized in the reducing flame,
coating the coal with a characteristic brown coat and a iridescent tarnish. In closed
tube, turns carmine red on heating, but is yellow on cooling. Soluble in strong
hydrochloric acid, with effervescence of hydrogen sulphide.
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CHAPTER XXIV.

TIN, TITANIUM, AND THORIUM MINERALS.
THE TIN MINERALS.

The minerals described are : Sulplude, STANNITE ; Oxide, Casst
ERITE. Tin is also found as an occasional constituent of tantali
and other tantalates.

Cassiterite is the only ore of tin, and while it occurs or has be:
reported from nine or ten states, no tin is now produced* in th
country. The world’s supply of tin, amounting yearly to abo:
80,000 long tons, comes chiefly from the East India Islands, Ta
mania, Bolivia and Cornwall, England.

The principal use of tin is for the manufacture of tin plate-
sheet-iron coated with tin—which is used for canning purpos
and in household utensils, etc. It is also largely used in alloy
such as bronze, bell metal, pewter, solder and tin amalgam. Ti
foil is also made from it.

The ore as mined is first separated from gangue and impuriti
by washing, jigging, etc., and if necessary, is then calcined «
roasted, to remove volatile elements, such as sulphur, arseni
antimony. |

The concentrated and purified ore may then be smelted with ca
bon in a shaft furnace. The modern practice is, however, |
smelt the ore for several hours in a reverberatory furnace with coa
The liquid tin is drawn off in a float and the slags are resmelted :
a higher temperature, frequently requiring the addition of iron ¢
of lime to aid in the separation of the tin, which they still contai
The impure metal obtained is slowly heated to a temperature b
little above the melting point of tin; comparatively pure tin sep:
rates and this is further puriﬁgd by oxidation. This oxidation
accomplished either by forcing green wood under the liquid met:
causing violent agitation or by repeatedly pouring the melted tin i
a thin stream from ladles. Tin may also be refined by electrol
ysis.

*The Temescal mines of California produced about 120 tons from l>8A9 to li89; b
have since been unproductive,
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STANNITE.—Tin Pyrites.

CoMPOSITION.—(Cu.Sn.Fe)S. Uncertain,

GENERAL DESCRIPTION.—A massive, granular mineral, of metallic lustre and steel-
ray color. It is often intermixed with the yellow chalcopyrite.

PHysicAL CHARACTERS.—Opaque, Lustre metallic. Color steel gray to nearly
lack. Streak black. H=4. Sp. gr., 4.5 to 4.52. DBirittle.

BEFORE BLowriPE, ETc.—In the reducing flame fuses. In the oxidizing flame
rields SO,, and is covered by white oxide, which becomes bluish green when heated
vith cobalt solution, Soluble in nitric acid to a green solution, with separation of
ulphur and oxide of tin. With soda, gives sulphur reaction,

CASSITERITE.—Stream Tin. Tin Stone.

ComposiTION.—SnO,, (Sn 78.6 per cent.), and usually with some
Fe,O,, and sometimes Ta,O,, As,O,, SiO, or Mn,O;.

GENERAL DEescripTioN.—A hard and heavy brown to black
mineral occurring either in brilliant adamantine crystals or more
frequently in dull botryoidal and kidney-shaped masses and rounded
pebbles, often with a concentric or fibrous radiated structure.

F16. 429. FiG. 431.

Stoneham, Me.

Zinnwald.

Cornwall, Eng.

CrysTALLIZATION.—Tetragonal. Axis ¢ = 0.672. Common
orms are the unit first and second order pyramids and prisms p, a,
n, and d, and the ditetragonal pyramid s=a:§a:3¢c. Angles
pp = 121° 41’ ; dd = 133° 32'; mz=155° 1’

Frequently twinned parallel to the second order pyramid, Fig.

431.
Optically + with high indices of refraction 1.996 and "2.093.

Physical Characters. H., 6to 7. Sp.gr., 6.8 to 7.1.
LusTrE, adamantine to dull. OPAQUE to translucent.
STREAK, white or pale brown.  TENacITY, brittle.
CoLoR, brown to nearly black, sometimes red, gray, or yellow.
CLEAVAGES, indistinct pyramidal and prismatic.



36 DESCRIPTIVE MINERALOGY.

Berore Browrpipg, ETc.—Infusible, but in powder becomes
low and luminous. With cobalt solution the powder or any s
limate is made bluish green. On charcoal with soda may be
duced, yielding metallic button and a faint white sublimate close
the assay. Insoluble in acids and almost so in salt of phosphor
or borax in which it usually gives some manganese or iron r=acti

VARIETIES. :

Tin Stone.—Crystals and granular masses.

Wood Tin.—Masses with concentric structure, the zones bei
of different color and internally fibrous.

Stream Tin.—Rounded pebbles and grains found in alluvial
posits.

SimiLar Species.—The high specific gravity distinguishes it fr
silicates which it resembles, and the infusibility and insolubil
distinguish it from wolframite, etc.

REMARKS.—Cassiterite is found in veins in granite, gneiss, mica, schist and sim
rocks with quartz, wolframite and scheelite, and also with certain sulphides and oxi
It occurs also in alluvial deposits, as stream tin. It is practically unchanged by atn
pheric influences, The East Indian settlements of Malacca, Banca and Bilitong
the greatest producers of tin ore. They are closely followed by the mines in D
South Wates, Queensland and Tasmania, Tinisalso mined in large quantities at the
cient localities in Cornwall, England. In America the chief localities are in the Har
Peak region in South Dakota; near Temescal, California, and at Durango, Mex
It has been found also in New Hampshire, Virginia, Maine, Massachusetts, Alaba
Wyoming and Montana but has not yet been obtained from any American localit)
quantity sufficient to be called important.

Useks.—All tin is made from cassiterite. The artificial oxide
used as a polishing powder.

THE TITANIUM MINERALS.

The minerals described are: Oxides—RuUTILE, OCTAHEDRI
and, BrookITE. Titanium is also a constituent of ilmenite, :
titanite, elsewhere described, and occurs in some other miner:

‘Oxide of titanium is used to impart an ivory-like appearance
porcelain, but otherwise is of no commercial importance. A
hundred pounds (6150 pounds between 1880 and 1890) are m
keted each year in the United States.

The metal is only produced as a chemical curiosity or for
study of its properties. It is prepared by the reduction of
oxide by carbon at the highest available temperature of the elec
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rnace. In the form thus obtained it carries a small percentage of
irbon, is the most infusible of metals and almost equals the dia-
ond in hardness.

RUTILE.—Nigrine.

CowmposiTioN.—TiO,, (Ti 61 per cent.).

GENERAL DEscripTION —Brownish red to nearly black prismatic
rystals often included in other minerals in hair-like or needle-
ke penetrations. Also coarse crystals embedded in quartz,
ldspar, etc., or in parallel and crossed and netted needles upon
ematite or magnetite. Occasionally massive when black and iron
earing.

FiG. 433. F1G. 434.

Magnet Cove, Ark.

CrysTaLLIZATION.—Tetragonal. Axis ¢ = 0.644. Vety close
> cassiterite in angle and form. Usual combinations are unit first
nd second order pyramids' p and 4 and first and second order
risms » and @. Often twinned in knees, Fig. 434, and rosettes,
'ig. 433. Prisms often striated vertically.

Angles pp=123° 714’ ; dd = 134° 58'.

Optically + with very high indices of refraction 2.616 and 2.9o2
or yellow light.

hysical Characters. H., 6 to 6.5., Sp. gr., 4.15 to 4.25.
LusTRE, adamantine to nearly metallic. OPAQUE to transparent.
STREAK, white, pale brown. TENACITY, brittle.
COLOR, reddish brown, red, black. Deep red when transparent.
CLEAVAGES; prismatic and pyramidal.

Berore Browpipe, Ertc.—Infusible. In salt of phosphorus
jissolves very slowly in the oxidizing flame to a yellow bead
vhich becomes violet in the reducing flame. Insoluble in acids.

SismiLAr Species.—It is redder and of lower specific gravity than
assiterite.  The nearly metallic lustre, weight and infusibility
eparate it from garnet, tourmaline, vesuvianite, pyroxene, etc.
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REMARKS.—Widely distributed and associated with many minerals in which
usually embedded. Lattle altered by atmospheric influences. Found in many .
can localities; prominent among them are Linco!n County, Ga., Habersham C
Ga., Warwick, N. Y., Warren, Me. and Magnet Cove, Ark.

Uses.—Rutile is‘used to color porcelain yellow and to give
desired bluish white tint to artificial teeth.

OCTAHEDRITE.—Anatase.
ComposITION,—TiO,.
GENERAL DESCRIPTION.—Very bright brown, deep steely blue and black pyr
crystals, sometimes acute and sometimes obtuse but always small.

Fic. 435. FiG. 436.

CRYSTALLIZATION.—Tetragonal. ~ Axis ( — 1.777. Angles pp = 97° 51/,
111° 42/,

Optically —.

PHYsICAL CHARACTERs.—Transparent to opaque, Lustre, metallic or adama
Color, brown, indigo blue, black. Streak, white. H., 5.5 to 6. Sp. gr., 3.82 tc
Brittle, Cleavage, pyramidal and basal,

BeFORE BLowPIPE, ETC.—As for rutile,

REMARKS.—After heating the specific gravity becomes 4.11 to 4.16 or about t|
rutile, '

BROOKITE.

CoMmPposITION.—TiO,.

GENERAL DEscrIPTION.—Either brown translucent crystals which are thi
tabular, or black opaque crystals of varied habit.

Fi1G. 437. Fic. 438. F1G, 439.

A TN

A\

Magnet Cove, Ark, Ellenville, N. Y

CRYSTALLIZATION.—Orthorhombic, Axes ¢ :6:¢=0.842 : 1 : 0.944. Co
forms : unit prism 7 with pyramids z=d:4: Y4core=24:6:c.
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Angles mm = 99° 50/. 2z=135° 14/. e¢e=101° 3/,
Optically 4- with acute bisectrix always normal to face @ but plane of optic axes ¢
for red and yellow and & for blue giving characteristic interference figure in white light.
PuysicAL CHARACTERS.—Translucent to opaque. Lustre, submetallic to ada-
mantine. Color, brown, yellow or black, Streak, white or yellow. H., 5.5 to 6.
Sp- gr., 3.87 t0 4.01. Cleavage, indistinct prismatic and basal.
BerorRE BLowPIPE, ETC.—AsS for rutile and octahedrite.

THE THORIUM MINERALS.

The minerals described are: Piwosphate (of cerium) MONAZITE;
Stlicate, THORITE. The production of monazite sand in North
Carolina has greatly decreased owing to the fact that deposits
1ave been found in Brazil which can be had for the cost of gov-
rnment taxes and the labor of loading into ships. The sand
ccurs there in immense deposits, certain beaches consisting of
)o % of monazite. The production of the United States in 1898
vas 150,000 pounds.*

The oxide of thorium has become exceedingly important of
ate years through its property of emiting an intense white light
vhen held in the flame of a Bunsen gas burner.

The mantle of the Welsbach incandescent gas lamp consists of
bout g9 % of thorium oxide with one per cent. of cerium oxide.
(he price of thoria has recently been greatly reduced owing to
ompetition and improved methods of production and to the low
rice of Brazilian monazite.

The chief source of thoria is the phosphate of cerium mineral,
nonazite. This mineral carries salts of thorium as impurities and
n quantities varying from traces to as much as 18.5 % of thorium
xide. The mineral thorite is also employed in the production
f thoria, but, although it contains over 20 % of the oxide, it is
nuch more difficult to obtain in quantity.

Thoria is manufactured by methods which are generally care-
ully guarded. A recent authority t states that the method usu-
lly employed is to decompose the monazite sand in hot sul-
huric acid. The sulphates are converted into oxalates from
vhich the thorium oxalate is separated by means of ammonium
xalate, and afterwards transformed into thorium nitrate which
on heating yields the oxide.

* Mineral Industry, Vol. VII., 1899, p. 517.
t Prof. L. M. Dennis, Minerl Industry, Vol. V1., p. 489.
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MONAZITE.

ComposiTion.—(Ce.La.Di)PO,, but with netable quantities
thorium and silicon and frequently small amounts of erbium :
ytterbium.

GENERAL DEscripTION.—Small, brown,
resinous crystals, or yellow, translucent
grains, disseminated or as sand. Sometimes
in angular masses.

CRYSTALLIZATION.—Monoclinic. Axesa:
b:¢=0.969:1:0.926; 8= 76° 20'. Crys-
tals are usually small and flat, but some-
times large. Fig. 440 shows the pinacoids
a and 6, the unit pyramid, prism and dome
2, m and o and the prism /= 22:6: wc. Angles mm = g3° 2
ad = 140° 48', pp = 106° 41’.

OpTICALLY +, with axial plane nearly a and acute bisect
nearly vertical. Axial angle in red light 2£ = 29° to 31°.

F1G. 440.

Physical Characters. H., 5-5.5. Sp. gr. 4.0-5.3.

LUSTRE, resinous. OPAQUE, to translucent.

STREAK, white. TENAcITY, brittle.

CoLoR, clove brown, reddish brown, yellow.

CLEAVAGE, basal, perfect.

Berore Browreipg, ETc. Turns gray when heated, but does
fuse. Is decomposed by hydrochloric acid with a white resid
Solutions added to a nitric acid solution of ammonium molybd
producc a yellow precipitate.

REMARKs.—Monazite is found in considerable quantities in North and South C
lina, as sand and as a rock constituent. The Brazilian sand which is now the c
source of supply is found at Bahia, Minas Geraes, Caravellas, San Pedro and Antig

Usks.—It is the chief source of the thoria used in mantles for
candescent gas lighting. It is also the chief source of the r
elements cerium, lanthanum and didymium.

THORITE.—Orangite.

ComrosiTioN. —ThSiO,, carrying some water.

GENERAL DEsCRIPTION.—Black or orange yellow tetragonal crystals hke thos
zircon. Also found massive.

Prvsicar. CHARACTERS.—Translucent to transparent, lustre, resinous, color, bl
brown and orange. Streak, orange to brown. DBrittle.  H., 4.5-5. Sp. gr. 4.8-

Brrork Browrirg, Erc.—Infusible.  Gelatinizes with hydrochloric acid be
being heated by blowpipe but not after. In closed tube yields water and the ors
variety becomes nearly black while hot, but changes to orange again on cooling.

REMARKs.—Qccurs chiefly in Norway,

Usks.—Is a source of thoria, but less important than monazite.



CHAPTER XXV.
LEAD AND BISMUTH MINERALS.

THE LEAD MINERALS.

The minerals described are : Metal, LEAD ; Sulphides and Selen-
ides, GALENITE, BOURNONITE, JAMESONITE, CLAUSTHALITE ; Oxides,
MiNtuM ; Swulphates, ANGLESITE, LINARITE; Phosphate, PYROMOR-
PHITE ; Arsenate, MIMETITE ; Carbonates, CERUSSITE and PHOSGEN-
ITE; Chromate, CROCOITE ; Vanadates, VANADINITE, DESCLOIZITE ;
Molybdate, WULFENITE ; Tungstate, STOLZITE.

The most important ores of lead are galenite and cerussite.

The world uses nearly 800,000 tons of lead per year, of which
this country, in 1899, produced 213,003 tons.* Of this about one-
quarter was soft lead, mainly produced in Missouri and Kan-
sas, containing almost no silver and gold. During the same year
one half of the total output of lead was desilverized ; indeed, it may
be said that by far the most important use of lead ore is to mix
and smelt with silver ores whereby metallic lead containing silver
and gold is obtained.

The principal use of metallic lead is in the manufacture of white
lead, 103,282 tons being produced in 1899 in the United States
alone. Large amounts are also used for the preparation of red
lead, litharge, shot, lead pipe and sheetlead. A certain amount of
lead containing antimony is used in type and in alloys for friction-
bearings.

The argentiferous lead ores of the west, which ordinarily run
low in lead are smelted in blast-furnaces. The ore, if it contains
much sulphur, is roasted, to remove the sulphur and other volatile
constituents, and is then fused, forming a silicate, which is charged
in the furnace with the proper proportions of fuel and flux (lime-
stone, hematite, etc.). The reduction takes place under the action
of the blast. Metallic lead, carrying most of the silver, is pro-
duced, and if either sulphur or arsenic is present, a sulphide (matte)

* Engineering and Mining Journal, 1900, p, 2.
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and an arsenide (speiss) of iron, copper, etc., will form, and al
all these will float the slag composed of the gangue and the |

The furnace is usually oblong in section, and the hearth is
nected, by a channel from the bottom, with an outer basin or
so that the metal stands at the same level in each and can e:
be ladled out. Abowe the hearth, and enclosing the smelting z
are what are called the water-jacket§, in which cold water
culates. The furnace éases pass through a series of conden
chambers.

The matteg, speiss and the dust collected in the condensing ch
bers are all treated for silver, gold, lead, copper, etc., usuall
different works. The metallic lead, or base bullion, is desilver
by remelting in large kettles, raising it to the melting-point of :
adding metallic zinc and cooling to a point between the melt
points of zinc and lead. The lighter solidified zinc separates, ca
tng with it the silver, and forms a crust on the surface of the |
from which it is skimmed. '

The lead is further purified and the zinc and silver separ:
electrolytically or by distillation.

LEAD.—Native Lead.

CoMPOSITION.—Pb, with sometimes a little Sb or Ag.

GENERAL DEsCRIPTION.—Usually small plates or scales or globular masses
bedded in other minerals, Very rarely in octahedrons or dodecahedrons,

PHYSIGAL CHARACTERS.—Opaque. Lustre metallic. Color and streak lead |
H, 1.5. Sp.gr., 11.37. Malleable.

BerorE BLowpipE, ETC.—Fuses easily, coating charcoal with yellow oxide,
tinging flame light blue. Soluble in dilute nitric acid.

P .

- GALENITE.—Galena{.

ComposiTioN.—PbS, (Pb 86.6 per cent.) usually with some si
and frequently sul;?ric}e of antimony, bismutl, cadmium, etc.

' ’ ' GENERAL DESCRIPT!

‘ —A soft, heavy, lead-g

mineral, with metallic |

tre and easy cubical cle

Fi1G. 441,

4 g age. Sometimes in ci
h

tals. Rarely fine-grai
‘ or fibrous.
« " Joplin, Mo. CRYSTALLIZATION.—]
. metric. Usually thec

: 'a'or':quba-pc'tahcdron a p, sometimes octahedral or show

. .
ey
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hat rare form the trigonal trisoctahedron » =a: a: 2a, Fig.
144. Sometimes twinned or in skeleton crystals or reticulated.

Fi1G. 442. Fi1G. 443.

N

N

Physical Characters.—H., 2.5. Sp. gr., 7.4 to 7.6.

LusTRE, metallic. OPAQUE.
STREAK, lead-gray. TeNacITY, brittle.
CoOLOR, lead-gray. CLEAVAGE, cubic, very easy.

BerFore Browpipe, ETc.—On charcoal decrepitates and fuses
easily, yielding in O. F. a white sulphate coat, and in R. F. a yellow
coat and metallic button of lead. With bismuth flux, gives a strong
iodide coat, which appears chrome-yellow on plaster and greenish-
yellow on charcoal. With soda, yields malleable lead and a sul-
phur test. Soluble in excess of hot hydrochloric acid, from which
white lead chloride separates on cooling. Soluble also in strong
nitric acid, with separation of sulphur and lead sulphate.

SiMILAR Species.—Characterized by its cleavage, weight and
appearance, except in some fine-grained varieties.

REMARKS.—Galenite is the common and parent ore of lead. It occurs with other
sulphides, especially sphalerite, pyrite and chalcopyrite, with a gangue of quartz, fluorite,
barite or calcite. Also with ores of silver and gold. It changes easily to cerussite,
anglesite and other lead minerals. Besides the silver-producing States of Colorado,
Utah and Montana, which also produce the most lead, Kansas, Wisconsin and Mis-
souri manufacture much soft lead from their deposits of galenite.

Uses.—It is the chief ore of lead, and as it usually contains
silver, the silver-bearing deposits are more frequently worked than
the purer galenite, and both the lead and silver are recovered.

BOURNONITE.

ComPosITION.—PbCuSbS,, (Pb 42.5, Cu 13.0, Sb 24.7, S 19 8 per cent.),

GENERAL DESCRIPTION.—A gray metallic mineral, nearer steel-gray than galenite,
and occurring fine-grained, massive and in thick tabular crystals, More like tetra-
hedrite than galenite when massive,
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CRYSTALLIZATION.—Orthorhombic. Axes d: 6: ¢ = 0.938: 1:0.897. C
forms the pinacoids a, 4, ¢, the unit domes and prism d, 0, and 7, and the pyramid
4: 4 ¢. Short prismatic or tabular, with vertically striated faces, or, in cross, Fi
and *‘cog-wheel '’ twins. Angles m m =93° 40/, c 0 =136° 17/, ¢ u = 146°

FIG. 445. Fic. 446.
n P -
my B |® |a|s|™

Harz. Kapnik.

PHYSICAL CHARACTERS.—Opaque.  Lustre, metallic, Color, steel-gray to
black. Streak, steel-gray. H., 2.5to 3. Sp. gr., 5.7 to 5.9. Brittle, Cleavag
perfect.

BrForRE BLowPIPE, ETC.,—On charcoal, fuses easily, yielding heavy white sub
and later a yellow sublimate, With bismuth flux yields strong greenish-yellow ¢
charcoal and a mingling of chrome yellow and peach red on plaster.  After subl
have formed, the residue will color the flame deep green, or if moistened with
of hydrochloric acid, will color the flame bright azure blue, Soluble in nitr
to a green solution, with formation of a white insoluble residue.

JAMESONITE.—Feather Ore.

CoMPOSITION,—Pb,Sb,S,. (Pb 50.8, Sb 29.5, S 19.7 per cent.).

GENERAL DESCRIPTION,—Steel-gray to dark.gray metallic needle crystals, o
like and felted; also compact and fibrous massive,

PuysicAL CHARACTERs —Opaque.  Lustre, metallic, Color, steel-gray to
lead gray. Streak, grayish-black. H., 2to 3; Sp.gr, 5.5t0 6. Brittle.

BerorRE BLowpIPE, ETC.—Decrepitates and fuses very easily, and is vola
coating the charcoal white and yellow as in bournonite. With bismuth flux, reac
bournonite. In closed tube, yields dark-red sublimate, nearly black while hot. S
in hot hydrochloric acid, with effervescence of hydrogen sulphide.

CLAUSTHALITE.

CoMPOSITION,—PbSe, (Pb 72.4, Se 27.6 per cent.). May contain silver or ¢

GENERAL DEscCrIPTION, —Bluish gray fine granular masses of metallic
Rarely foliated. Resembles galenite,

PHYSICAL CHARACTERS,—Opaque. Lustre, metallic, Color, bluish lead
Streak, grayish black. H.,, 2.5 to 3. Sp. gr., 7.6 to 8.8,

BerorE BLowrire, ETc.—On charcoal fuses and yields odor like decayed
radish, coats the charcoal with a white sublimate with red border, and later a
coat forms, In open tube gives a red sublimate. With soda yields a mass
blackens silver.,

MINIUM.

CoMpPOsITION.—Pb0,, (Pb 0.6 per cent.).

GENERAL DESCRIPTION.—A vivid red powder or loosely compacted mass of ¢
greasy lustre.  Often intermixed with yellow,

Puyvsican CHARACTERS,—Opaque.  Bright red.  Lustre, dull or greasy., S
orange yellow, H.,, 2to 3. Sp.gr., 4.0,
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BEFORE BLowPIPE, ETC,—Is reduced to metallic lead, and yields the characteristic
ead sublimates.
REMARKS,.—The artificial product is the red lead of commerce,

ANGLESITE.

CowmposiTioNn.—PbSO,, (PbO 73.6, SOy 26.4 per cent.).

GENERAL DEsSCrRIPTION.—A very brittle, colorless or white mineral
of adamantine lustre, sometimes colored by impurities. Usually
massive, frequently in concentric layers around a core of unaltered
galenite.

Fi1G. 447. F1G. 448.

Yo S
N\ .

CrysTALLIZATION.—Orthorhomgbic. Axes #:46:¢ = 0.785:1:
1.289. Crystals vary greatly in type, but are rarely twinned. Unit
prism m and domes such as #=a:06: V¢, s=a:0b:Yc
and pyramids ¢ = 2a: 4: ¢ are frequent.

Angles: mm = 103° 431", cn=146° 3614'; cz = 157° 41/,
cg = 123° 12’

Optically + , with high indices of refraction 1.877, 1.882 and
1.893 for yellow light. Axial plane is the brachy pinacoid 4.

Physical Characters. H., 3. Sp. gr., 6.12 to 6.39.
LusTrE, adamantine to vitreous. ~ TRANSPARENT to opaque.
STREAK, white. TEeNAcITY, very brittle.
CoLor, colorless, white, gray ; rarely yellow, blue or green.
CLEAVAGE, basal and prismatic (9o°® and 103° 43’).

Berore Browripe, ETc.—On charcoal decrepitates and fuses
easily to a glassy giobule pearly white on cooling. * In R. F.is re-
duced and yields metallic lead and the yellow sublimate. With
soda yields the sulphur reaction. Insoluble in hydrochloric acid
but is converted into chloride. Slowly soluble in nitric acid.

SimitAR Species.—It differs from the carbonate, cerussite, in
absence of twinned crystals and of effervescence in acids. Itis
heavier than barite and celestite, and yields lead.



oo\

LI

LY
Y Yy

o

246 DESCRIPTIVE MINERALOGY.

REMARKS.—Anglesite is formed by the oxidation of galenite, It alters to the car-
bonate, cerussite, by interchange with calcium carbonate in solution. It is found
throughout the United States wherever exposed deposits of galenite occur. The lead
mines of Missouri, Wisconsin, Colorado, etc., all contain this mineral. It occurs in
large quantities in Mexico and Australia.

UsEes.—It is an ore of lead.

LINARITE.

ComposiTION.—[(Pb. Cu)OH],SO,, (PbO 55.7, CuO 19.8, SO, 20.0, H:O 4.5 per
cent.).

GENERAL DESCRIPTION,—Small deep blue translucent crystals. Often tabular.
Monoclinic.

PHYSICAL CHARACTERS.—Translucent, Lustre, vitreous or adamantine. Color,
deep azure blue. Streak, pale blue. H., 2.5. Sp. gr,, 5.3 to 5.45. Brittle, Cleav-
ages at 77° to each other.

BEFORE BLOoWPIPE, ETC,—Loses color and fuses easily to a pearly glass, In R. F.
is reduced to metal yielding yellow coat and ultimately red button, which when
moistened with hydrochloric acid will color flame deep blue, Soluble in nitric acid
with separation of lead sulphate,

PYROMORPHITE.

CowmposiTion.—3Pb,(PO,), PbCL(PbO 82.2, P,0, 15.7, Cl 2.6
per cent.) often with some As, Fe or Ca.

GENERAL DEscRIPTION.—Short hexagonal prisms and branch-
ing and tapering groups of prisms in parallel position. The color
is most frequently green, brown, or gray. Also in moss-like in-
terlaced fibres and masses of imperfectly developed crystals. Less
frequently in globular and reniform masses.

449. F1G, 450.

Oberlahnstein.

CrystaLrizaTion.—Hexagonal Class of third order pyramid, p.
37. Axis ¢ =0.736. Usual form prism m and basec. Faces m
horizontally striated, sometimes tapering.
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Physical Characters. H., 3.5 to 4. Sp. gr., 5.9 to 7.I.
LUSTRE, resinous. TRANSLUCENT to opaque.
STREAK, white to pale yellow. TeNacrty, brittle.
CoLoR, green, gray, brown ; also yellow, orange, white.

BeroreE BLowpiPE, ETc.—On charcoal fuses to a globule which
on cooling does not retain its globular form but crystallizes, show-
ing plane faces. In reducing flame yields white coat at a distance
and yellow coat nearer the assay, and a brittle globule of lead.
In closed tube with magnesium ribbon yields a phosphide which,
moistened with water, evolves phosphine. With salt of phos-
phorus saturated with copper oxide yields an azure blue flame.
Soluble in nitric acid, and from the solution ammonium molyb-
date throws down a yellow precipitate.

SiMiLar Seecies.—Differs from other lead minerals in fusing
to a crystalline globule without reduction.

REMARKS.—Probably formed from galenite. Occurs with other lead minerals.
Found at Phcenixville, Pa., Davidson county, N. C., Lenox, Me., and many other
localities.

MIMETITE.

CoMPOSITION. —3Pby(AsO,), + PbCl, or Pb,Cl(AsO,),, (PbO 74.9, As,Oy 23.2, Cl
2,39 per cent.), often with some replacement by P or Ca.

GENERAL DESCRIPTION.—Pale yellow to brown hexagonal prisms or globular groups
of crystals.  Sometimes incrusting.

FiG. 451. PHYSICAL CHARACTERS.—Translucent, Lustre, resin-
ous. Color, yellow, brown or white. Streak, white. H.,
3.5. Sp. Gr., 7.0 to 7.25, lower when Ca is present.

BEFORE BLowriPE, ETC,—On charcoal fuses easily and
—eden is reduced to metallic lead, coating the coal with white
h ) and yellow sublimates and yielding strong arsenical odor.
Phosphorus, if present, and chlorine may be detected as
in pyromorphite,

CERUSSITE. -White Lead Ore.

ComposiTIoON.—PbCO,, (PbO, 83.5; CO,, 16.5 per cent.). Often
carries silver.,

GENERAL DEscripTioN.—Very brittle, white or colorless ortho-
thombic crystals; silky, milk-white masses of interlaced fibres;
granular, translucent, gray masses and compact or earthy, opaque
masses of yellow, brown, etc., colors.

CRySTALLIZATION.—Orthorhombic. Axes d:4: ¢ = 0.610: 1:
0.723. Common forms : unit pyramid g, and prism 2 and a series
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of brachy domes such as x = wd:6: Y, w=1od:b: 2c
v =o0d:6:3c. Frequently twinned about » sometimes yi
ing six rayed groups as in Fig. 453. Common angles are 7
117° 14/, pp=130°, ww = 69° 20'.

FiGc. 453.
Black Hawk, Mont. Transbaikal.
Optically —. Axial plane 4 and acute bisectrix normal t

High indices of refraction : 1.804, 2.076, 2.078 in yellow light

Physical Characters. H., 3to 3.5. Sp. gr., 6.46 to 6.51.

LusTRE, adamantine, pearly, = TRANSPARENT or translucent

sometimes silky.

STREAK, white. TEeNAcITY, very brittle.

CoLor, white, gray, colorless or colored by impurities.

CLEAVAGES, parallel to prism and brachy dome.

Berore BrLowpiPE, ETc.—On charcoal, decrepitates, fuses ¢
gives a yellow coating, and finally a metallic globule. In clo.
tube, turns yellow, then dark, and on cooling is yellow. Efi
vesces in acids, but with hydrochloric or sulphuric acid leave
white residue.

SimiLar Species.—Distinguished from anglesite by efferv
cence in acids and by frequent occurrence of twinned cryst:
Has higher specific gravity than most carbonates.

.

ReEMARKs.—Cerussite is derived from galenite by the action of water contair
carbon dioxide. It may also be produced from anglesite by action of a solutior
calcium carbonate,

Uses.—1It is smelted for lead and silver, and a process exists
the direct manufacture of white lead from cerussite.

PHOSGENITE.

ComprosiTioN.—Pb,CL,CO,, (PbO, 81.9; Cl, 13.0; COs, 8.1 per cent.).
GENERAL DESCRIPTION,—Large and small tetragonal crystals, usually prism
and colorless; sometimes gray and translucent,
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PHysicAL CHARACTERS.—Transparent to translucent, Lustre, adamantine. Color,
colorless, white, gray or yellow. Streak, white, H., 3. Sp.gr.,, 6 to 6.1, Cleaves
parallel to both prisms and the base.

BEeroreE BLowpiPE, ETc.—Fuses easily to a yellow globule, On charcoal, is re-
duced to metal and forms chiefly a white coating of lead chloride. Soluble in nitric
acid with effervescence.

CROCOITE.

CoMPOSITION.—PbCrO,, (PbO, 68.9; CrO,, 31.1 per cent.).

GENERAL DEsSCRIPTION.—Bright hyacinth-red mineral, usually in monoclinic pris-
matic crystals, but also granular and columnar, The color is like that of potassium
dichromate.

PHYSICAL CHARACTERS,—Translucent, Lustre, adamantine, Color, hyacinth
red. Streak, orange yellow., H, 2.5to 3. Sp.gr,, 5.9 to 6.1. Sectile, Cleavage,
prismatic,

BerorE BLowpiPE, ETC.—In closed tube, decrepitates violently, becomes dark, but
recovers color on cooling. Fuses very easily, and is reduced to metallic lead with
deflagration, the coal being coated with a yellow sublimate. With borax or S.Ph,,
forms yellow glasses, which are bright green when cold. Soluble in nitric acid to a
yellow solution, Fused with KHSO, on platinum, yields a dark-violet mass, red on
solidifying and greenish-white when cold which distinguishes it from vanadinite.

VANADINITE.

CowmposiTION.—3Pby(VO,),PbCl, or Pb,CI(VO,),, (PbO, 78.7;
V,0,, 194; Cl, 2.5 per cent.), often with P or As replacing V.

GENERAL DEscrIPTION.—Small, sharp, hexagonal prisms, some-
times hollow, of bright-red, yellow or brown color. Also parallel
groups and globular masses of crystals.

CrystaLLizaTION.—Hexagonal.  Class third order pyramid,
p. 37. Axis ¢=o0.712. Simple prism m with base ¢, or more
rarely with pyramid p and tkird order pyramid v=§a: 3a: a:
3¢, Fig. 455.

FiG. 454. Fi6. 455.

Physical Characters. H., 3. Sp. Gr., 6.66 to 7.23.
LusTRE, resinous on fracture. OPAQUE, or translucent.
STREAK, white to pale yellow. TEeNAcITY, brittle.
CoLoR, deep red, bright red, yellow or brown.
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\EPORE BLoWPIPE, ETC.—Fuses easily on charcoal to a blac
is, yielding a yellow sublimate in the reducing flame. Th
due gives deep-green bead, with salt of phosphorus in the rc
ing flame. With strong nitric acid the substance becomes dee
then dissolves to a yellow solution. Fused with KHSO
ds a clear yellow, then a red, and finally yellow when cold.
Isgs.—It is the source of vanadium, for vanadium black; fc
adium salts, which are used as a mordant in the manufactur
he finest silks; for vanadium bronze and for vanadium ink.

DESCLOIZITE.
MPOSITION, — (Pb.Zn)(PbOH),VO,, (PbO, 554; ZnO, 19.7; V,0;, 22.
) 2.2).
INERAL DESCRIPTION.—Small purplish-red, brown or black crystals, formil
1sy surface or crust. Also fibrous, massive.
1YsiICAL CHARACTERS.—Transparent to nearly opaque. Lustre, greasy, Colc
lish red, brown or black. Streak, orange or brown. H.,, 3.5. Sp. gr.,5.9t0 6
iFORE BLowPIPE, ETC.—On charcoal, fuses to black mass, enclosing met
osed tube yields water. Vanadium reactions as in vanadinite,

WULFENITE.

;oMposITION.—PbMoO,, sometimes containing Ca, Cr. V.
iENERAL DEscrIPTION.—Usually in thin, square, tabular cry
of yellow, orange or bright orange-red color and resino
re. Less frequently in granular masses or acute pyramid
stals.

. FIG. 456.

“RYSTALLIZATION.—Tetragonal. Class of hemi- -
rphic pyramid p. Axis ¢ = 1.577. Usually
base ¢ with the pyramid ¢ =a: o a:jc
re rarely the unit pyramid p and a third order
m f=a: §a:w c. Anglece=141° 45,
= 0q° ’ 1 J— Red Cloud Mine, A
=99° 38’. Optically —. ed Cloud Mine

FiG. 457. Fic. 458. FIG. 459.

@
| \7
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Physical Characters. H., 3. Sp. gr., 6.7 to 7.
LUSsTRE, resinous or adamantine. TRANSLUCENT.
STREAK, white. : TENAcITY, brittle.
CoLoR, wax yellow, bright red brown, rarely green.
. CLEAVAGE, pyramidal.

Berore BrowriPg, ETc.—Fuses easily on charcoal, giving yel-
low coat and finally a metallic globule. In salt of phosphorus
dissolves to a bead, which is bright green in R. F. In borax,
yields a colorless bead in O. F., which is made brown to black in
R. F. Partially soluble in strong hydrochloric acid to a green
liquid. If the solution is greatly diluted and stirred up with tin,
it becomes deep blue and finally brown. A similar test may be
obtained either by boiling in porcelain with strong sulphuric acid
‘and adding alcohol, or by fusing in platinum with KHSO,, dis-
solving in water and boiling with tin or zinc.

REMARKS.—Waulfenite occurs with other lead minerals, especially vanadinite and
pyromorphite. It is found in many localities in New Mexico and Arizona; in the
lead regions of Wisconsin and Missouri; at Pheenixville, Pa.; Inyo County, Cal.;
Southampton, Mass,, and many other places, always associated with other ores of lead,

STOLZITE.

CoMPOSITION.—PbWO,, (PbO, 49.0; WO,, 51.0 per cent.),

GENERAL DEscrIPTION.—Very small, acute, tetragonal pyramids of gray or drab
color,

PHYsiCAL CHARACTERS,—Nearly opaque. Lustre, resinous, Color, gray, brown,
green, Streak, white, H., 3. Sp. gr.,, 7.87 to 8.13.

BEFORE BLOWPIPE, ETC.—Fuses on charcoal to pearly crystalline globule. With
soda, yields yellow coating and a metallic globule. Soluble in nitric acid, with sepa-
ration of a yellow powder. In salt of phosphorus, with the reducing flame, gives a
deep-bluc to green glass, which powcered and boiled with dilute hydrochloric acid and
tin, yields a deep-blue solution,

THE BISMUTH MINERALS.

The minerals described are: Metal, BisMuTH ; Sulphides, Bis-
MUTHINITE, AIKINITE ; Zel/luride, TETRADYMITE ; Oxide, BISMITE ;
Carbonate, BisMUTITE. Bismuth is also found intimately mixed
with other minerals, as with tin ore in Bolivia; cobalt ore in Sax-
ony and gold-bearing magnetite in Queensland, Australia.

The principal source of bismuth is the native metal ; it is, how-
ever, extracted from the other minerals, and to a considerable ex-
tent from the hearths and last products of oxidation of lead cupella-
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tion. The manufacture is practically all in Germany and Englan
the latter country reducing Australian and Bolivian ores. TI
quantity produced per year is small.

The uses of bismuth are chiefly dependent upon its property
forming easily fusible alloys with other metals, especially tin, lea
and cadmium. These alloys expand in cooling, and are therefo
used in reproducing woodcuts, in making safety plugs for boile:
etc. The salts of bismuth have numerous uses in medicine and
the arts, are used in calico printing, cosmetics, and in glass of hi
refractive power, and to impart lustre to porcelain.

Bismuth was formerly obtained from the native metal by simp
heating in a closed, inclined vessel, the liquid metal flowing ot
This method was wasteful as any bismuth present as sulphide
telluride was not obtained while much of the metal was lost.
Saxony where most of the bismuth of the world is produced t
ores are first roasted to free them from sulphur, arsenic and’oth
volatile constituents. After roasting they are smelted in crucibl
with iron, charcoal and slag, the melted bismuth settling out
the bottom of the crucible; or the roasted ores may be treat
with strong hydrochloric acid (1: 1) which dissolves the bismu
and from which it is precipitated as oxychloride by the addition
water. The metal may be further purified electrolytically. Wh
in the cupellation of lead ore bismuth is found to be present, it
recovered by saving the last products of oxidation and the hear
of the furnace, grinding these and treating them with hot stro
hydrochloricacid.  After settling and cooling the liquid is siphon
off and diluted with water, by which a precipitate of the oxychl
ride is produced, which, after being dissolved in hydrochloric ac
and reprecipitated some two or three times to separate lead chloric
is easily reduced to metallic bismuth by fusion with soda, or lin
charcoal and a silicious slag.

FiG. 460.
BISMUTH.—Native Bismuth.

ComposiTioN—Bi, often alloyed with As or - i
. . 7 1
impure ftom S or Te.

GENERAL DEscrIPTION.—A  brittle silver- 1
white mineral with a reddish tinge, usually dis- |
seminated through the gangue in branching €
lines, Fig. 460, or in isolated grains or lumps. <

Rarely in indistinct hexagonal crystals. Schne ps—
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Physical Characters. H., 2 to 2.5. Sp. gr., 9.7 to 9.83.
LusTRE, metallic. OPAQUE.
STREAK, silver white, TeNAcCITY, sectile to brittle.
CoLoR, reddish silver white.

Berore BLowpiPE, ETc.—On charcoal fuses easily and volatilizes
completely, coating the charcoal with a yellow sublimate. With
bismuth flux forms a chocolate brown and red coating which is best
seen on plaster, and which is changed by action of ammonia tumes
to red and orange. Soluble in strong nitric acid from which solu-
tion water will precipitate a white basic salt.

SIMILAR SPECIES.—Bismuth is characterized by its silver streak,
reddish tinge, and arborescent structure.

REMARKs.—Bismuth occurs in crystalline rocks and clay slate associated with ores of
cobalt, nickel, silver, gold, lead and zinc, also with molybdenite, wolframite, scheelite.
The native metal is not found in any quantity in the United States, although obtained
at Mornroe, Ct, n Colorado, and in South Carolina. The most celebrated foreign
localities are Schneeberg in Saxony and other places both in Saxony and Bohemia.
Found also at Copiapo, Chili ; in Bolivia, Sweden, Norway, and in South Australia,

Usks.—It is a source of commercial bismuth and of salts of bis-
muth.

BISMUTHINITE.

Composi rON. —Bi,S,y, (Bi 81.2, S 18.8 per cent.). May contain Cu or Fe.

GENERAL DESCRIPTION.—A lead gray mineral of metallic lustre usually occurring
in foliated or fibrous masses, or in groups of long needle-like orthorhombic crystals.

PHys1CAL CHARACTERs.—Opaque, Lustre, metallic. Color, lead gray or lighter,
often with yellow tarnish. Streak, lead gray. H., 2. Sp. gr., 6.4 to 6.5. Slightly
sectile,

BEFORE BLOWPIPE, ETC.—On charcoal yields some sulphur, fuses easily with spirt-
ing, and coats the coal with white and yellow sublimates. Yields the characteristic bis-
muth reactions with bismuth flux and with nitric acid as described under bismuth.
With soda gives sulphur reaction,

AIKINITE.—Needle Ore.

ComposITION.— BiPbCuS,, (Bi 36.2, Pb 36, Cu 11, S 16.8 per cent.).

GENERAL DEsCRIPTION.—Long embedded needle like crystals of dark gray color
and metallic lustre. Also massive,

PuysicAL CHARACTERS.—Opaque, Lustre, metallic. Color, blackish lead gray
with copper red tarnish, Streak, lead gray. H., 2t0 2.5. Sp. gr., 6.1 to 6.8,

BerorE BLowPiPE, ETc.—Fuses on charcoal, yielding white and yellow sublimates.
With bismuth flux on plaster yields chrome yelluw coat of lead, chocolate and red
coat of bismuth, and intense green flame of copper. The residues from treatment on
coal yield in borax or salt of phosphorus greenish blue beads which in the reducing
flame usually become black and opaque.

Soluble in nitric acid with separation of sulphur and lead sulphate.
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TETRADYMITE.

ComposiTION.—Biy(Te.Sy or BiTeS. Either an alloy or a telluride of bismuth,

GENERAL DEscrIPTION.—Very soft, flexible, foliated masses of steel-gray color :
bright metallic lustre, or small indistinct rhombohedral crystals, Will mark paper ]
graphite.

PHyYsicAL CHARACTERs, ETc.—Opaque. Lustre, metallic. Color, pale steel-gi
Streak, gray., H., 1.5to 2. Sp.gr., 7.2to 7.6. Flexible in laminz, Cleavage, ba.

BEFORE BLOWPIPE, ETC.—On charcoal fuses easily and is completely volatili:
yielding a white fusible sublimate, followed by a yellow sublimate. The flame dur
fusion is colored blue. The white sublimateif placed on porcelain and moiste
with concentrated sulphuric acid becomes rose colored. If dropped into boiling ¢
centrated sulphuric acid a deep violet color is produced.

BISMUTITE.

ComposiTION.—(BiO),CO,. H,0, variable.

GENERAL DESCRIPTION.—A light colored incrustation or earthy mass or powder

PHysicAL CHARACTERS.—Opaque. Lustre, dull or vitreous.  Color, white, g1
and yellow. Streak, colorless to greenish. H., 4-4.5, Sp. gr. 6.9-7.7. Tenac
brittle.

BEFORE BLOWPIPE, ETC.—Fuses easily on charcoal, giving a yellow coat anc
R. F. a metallic globule which completely volatilizes, With bismuth flux on pla
gives brown and red coat. Yields water in closed tube and decrepitates. Soluble:
effervescence in strong HCI, and on dilution with much water the white oxychlorid
bismuth is precipitated.

UsEs.—Is an important ore of bismuth.

REMARKs.—It is usually associated with metallic bismuth or the sulphide and oc
at Brewer's Mine, S. C., Phoenix, Arizona, Inyo Co., Cal.

BISMITE.—Bismuth Ochre.

CoMPOSITION.—Bi, 04, Bi.89.6 per cent. when pure.

GENERAL DESCRIPTION.—A yellowish or gray powder or earthy mass.

PuvsicaL CHARACTERs.—Opaque. Color, grayish, greenish or yellowish wh
Lustre, dull.

BerorRE Browripk, ETC.—As for bismutite but does not effervesce with acids
yvield water in closed tube.

Ustks.—It is the source of some bismuth.



"CHAPTER XXVL

ARSENIC, ANTIMONY, URANIUM AND MOLYB-
DENUM MINERALS.

THE ARSENIC MINERALS.

The minerals described are: Metal/, ARSENIC ; Sulpiudes, ORpI-
MENT, REALGAR ; Oxide, ARSENOLITE.

The principal sources of metallic arsenic and white arsenic are
not the above mentioned minerals, but the arsenides and arseno-
sulphides of iron, cobalt and copper. The major part of the
world’s supply of arsenic and its compounds comes from Corn-
wall, England, Freiberg, Saxony, and from Prussia.

Metallic arsenic is ordinarily produced by sublimation from a
mixture of the oxide and charcoal, but may be produced by sub-
limation at a high heat directly from arsenopyrite out of contact
with air. It is a constituent of some useful alloys, shot metal
being the chief.

The poisonous oxide commonly known as arsenic or white arsenic,
is produced in large quantities by the roasting of arsenopyrite and
other agsenical ores and as a by-product in the preparation ot
tin, silver, nickel and cobalt. It is used in dyeing, in medicine,
in sheep washing, in calico printing, as a preservative for timber
and for natural history specimens, in the manufacture of fly paper,
and rat poisons, and in glass manufacture. Many important col-
oring matters as well as the artificial red and yellow sulphides are
commercial products. Paris green is an arsenate of copper ex-
tensively used as an insecticide.

ARSENIC.—Native Arsenic.

CoMPOSITION,—As, generally with some Sb and sometimes with Bi or a little Co, Ni,
Fe, Ag or Au,

GENERAL DESCRIPTION.— A tin-white metal, tarnishing almost black. Usually
granular, massive, with reniform surfaces. Can frequently be separated in concentrie
layers, Rarely found in needle-like crystals,

PHYsicAL CHARACTERs.—Opaque. Lustre, nearly metallic. Color, tin white, tar-
nishing nearly black. Streak, tin white. H.,, 3.5. Sp.gr., 5.63 to 5.73. Brittle,
Granular fracture,
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BEFORE BLoWPIPE, ETC.—On charcoal, volatilizes without fusion, yielding
garlic odor, white fumes, crystalline white sublimate and pale blue flame, May
a residue of impurities,

REALGAR.

ComposITION.—AS,S,, (As, 70,1 ; S, 29.9 per cent.).

GENERAL DESCRIPTION.—A soft, orange-red mineral, of res
lustre, usually occurring in translucent, granular masses, but
compact and in transparent monoclinic crystals.

Physical Characters. H., 1.5 to 2. Sp. gr., 3.4 to 3.6.
LusTRE, resinous. TRANSLUCENT to transpare
STREAK, orange red. TeNAcITY, slightly sectile.
CoOLOR, aurora red, becoming orange yellow on long expo

Berore Browripg, Erc.—On charcoal, fuses easily, burns
a blue flame, yields white fumes, with garlic odor and also
of sulphur dioxide and is volatilized completely. In closed
yields red sublimate. Soluble in nitric acid, with separatic
sulphur. Soluble also in potassium hydroxide from whicl
drochloric acid precipitates yellow flakes.

REMARKS.—Realgar is found with orpiment, arsenolite, galenite, argentite, et
is formed both by sublimation and by deposition from water, Realgar is ol
mainly from abroad, notably from Hungary and the island of Borneo. Depos
known in Utah, California and Wyoming.

Uses.—The artificial sublimate is used in fireworks and fo:
nalling, in the form of “ white Indian fire.” It also is used
pigment.

ORPIMENT.

ComposITION.—As,S,, (As, 61; S, 39 per cent.).

GENERAL DEscRIPTION.—Lemon-yellow, foliated masses, w
cleave into thin, pearly, flexible scales, and also granular m
like yolk of hard-boiled eggs. Less frequently as reniform c
and imperfect orthorhombic crystals.

Physical Characters. H., 1.5 to 2. Sp. gr., 3.4 to 3.6.
LUSTRE, resinous or pearly. TRANSLUCENT to nearly opaq
STREAK, lemon yellow. TeNaciTy, slightly sectile.
CoLOR, lemon yellow. CLEAVAGE, in plates or leave
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Berore BLowPpiPE, ETc.—As for realgar, except that the sub-
limate in closed tube is yellow.

REMARKS,.—Probably generally formed by sublimation, but is also deposited from
hot water, and formed by alteration of realgar in air and sunlight. It occurs with
realgar, arsenic, arsenolite, etc. Obtained mainly from several Hungarian localities,
from Borneo, and from Kurdistan, Turkey, Found in powder at Edenville, N. Y., and
massive in Wyoming, Utah and Nevada.

Uses.—The artificial material is used in dyeing to reduce indigo,
and in tanning, as a constituent with potash and lime, to remove
hair from skins.

ARSENOLITE.

CoMPOSITION,—As,0,, (As, 75 8 per cent.),

GENERAL DESCRIPTION.—Minute white, hair-like crystals or yellowish or white
crust upon arsenical ores. Very rarely as distinct octahedral crystals. Sweetish taste,

PHysICAL CHARACTERS.—Transparent to opaque, Lustre, vitreous or silky. Color,
white to yellowish, ~Streak, white. H., 1.5. Sp. gr, 3.7 to 3.72. Taste, sweetish
astringent.

BeFORE BLowrIPE, ETC.—On charcoal, volatilizes completely, forming white sub-
limate. With R, F,, yields garlic odor. Slightly soluble in hot water. Poisonous,

THE ANTIMONY MINERALS.

The minerals described are : Mezal, ANTIMONY ; Swulphides, StT1B-
NITE, KERMESITE; Ouxides, VALENTINITE, SENARMONTITE. Lead
ores also frequently contain antimony.

The only commercially important antimony mineral is the sul-
phide, which is used to a slight extent as sulphide in vulcanizing
rubber, and in safety matches, percussion caps, fireworks, etc., but is
chiefly important as a source of the metal. In 1899 this country
produced 1000 tons * of metallic antimony, and used about four
times that quantity, chiefly in preparing type and stereotype metal
and other alloys. Type metal is now, however, principally pro-
duced from antimonial lead obtained as a by product in refining
base bullion.

France, Italy, Mexico and Japan are at present the chief pro-
ducers.

In smelting, the ore is heated and the melted sulphide drained
off. The sulphide may then be roasted, forming the oxide, which
is easily reduced by fusion with charcoal, or more frequently the
sulphide is mixed with wrought-iron scraps and salt, placed in a
crucible and fused. The iron combines with the sulphur and the
metallic antimony settles to the bottom.

* Engineering and Mining Journal, 1900, p. 2.
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The metal produced by either method is usually refine:
nelting with sodium carbonate and a little antimony sulj
llowed by two fusions with sodium carbonate alone.

ANTIMONY.—Native Antimony.

CoMPosITION,—Sb, sometimes with As, Fe or Ag.

GENERAL DESCRIPTION,—A very brittle, tin white metal, usually massive, wit
anular, steel-like texture or lamellar or radiated, Very rarely in rhombo
ystals or complex groups.

PHYSICAL CHARACTERS.—Opaque. Lustre, metallic. Color, tin white, ¢
v white, H,, 3to0 3.5. Sp. gr,, 6.5t0 6.72. Very brittle,

BErORE BLOWPIPE, ETC.—Fuses very easily, colars the flame pale green,
ppious white fumes, which continue to form as a thick cloud after cessation of
«d often yield a crust of needle.like crystals,

STIBNITE.—Gray Antimony.

CoMPosITION.—Sb,S,, (Sb 71.8, S 28.2 per cent). Somet
»ntains silver or gold.

GENERAL DESCRIPTION.— A lead-gray mineral of bright me
istre, occurring in imperfectly crystallized masses, with colur
¢ bladed structure; less frequently in distinct, prismatic, o
1ombic crystals or confusedly interlaced bunches of needle
ystals; also in granular to compact masses.

Fic. 461. FiG. 462.

Iyo, Japan. Felsobanya, Hungary.

CRYSTALLIZATION.—Orthorhombic. Axes a:4:¢ = 0.993
018. Prismatic forms, often bent and curved or in diver
-oups. The vertical planes are striated longitudinally.
Common forms : unit prism 2, unit pyramid p and pyr:
=a:56:Yc Angles mm=go° 26'; pp=109° 12';
14° 24/.
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Physical Characters. H., 2. Sp.gr, 4.52 to 4.62.
LUSTRE, metallic. OPAQUE.
STREAK, lead gray. TeNAciTy, brittle to sectile.
CoLoR, lead gray, often with black or iridescent tarnish.
CLEAVAGE, easy, parallel to brachy pinacoid, yielding slightly
flexible, blade-like strips.

BeFORE BLowpIPE, ETC.—On charcoal, fuses very easily, yielding
the same dense sublimate as antimony. The odor of sulphur di-
oxide may also be noticed. On charcoal, with soda, yields sulphur
test. In closed tube fuses easily, yields a little sulphur and a dark
sublimate which is brownish red when cold. '

Soluble completely in strong boiling hydrochloric acid, with evo-
lution of H,S, with precipitation of white basic salt on addition of
water and after dilution an orange precipitate on addition of H,S.
Strong nitric acid decomposes stibnite into white Sb,0O; and S.
Strong hot solution of KOH colors stibnite yellow and partially
dissolvesit. From the solution hydrochloric acid will throw down
an orange precipitate.

SimILAR Species.—Differs from galenite in cleavage, and from
all sulphides by ease of fusion and cloud-like fumes.

REMARKS,—Stibnite occurs in veins with other antimony minerals formed from it,
also with cinnabar, sphalerite, siderite, etc. Large deposits of stibnite occur at Love-
locks, Bernier and Austin, Nevada ; at Kingston, Idaho ; at San Emidio, California;
in Arkansas, in Utah, in Nova Scotia and in New South Wales, The most celebrated
deposit, however, is that in Shikoku, Japan, from which the very finest crystals and
groups are obtained.

Uses.—1It is the chief source of antimony and its artificial pig-
ment and pharmaceutical preparations. In the natural state it is
used in safety matches and percussion caps, in fireworks, in rubber
goods and in refining gold.

KERMESITE.—Red Antimony.

ComPoOSITION.—Sb,S,0 or 2Sb,S;°Sb,05, (Sb 75.0, S 20.0, O 5.0 per cent.).

GENERAL DESCRIPTION,—Fine hair-like tufts of radiating fibres and needle-like
erystals, of a deep cherry-red color and almost metallic lustre.

PHYsICAL CHARACTERS.—Nearly opaque, Lustre, adamantine. Color, dark cherry

red. Streak, brownish red. H., I to 1.5. Sp.gr, 4.5 to 4.6. Sectile and in thin
leaves slightly flexible,

Berore BLowPIPE, ETC.—As for stibnite.

ReMARKS.—Kermesite results from partial oxidation of stibnite. Extensive de-
posits exist at Pereta, Tuscany.
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SENARMONTITE.

ComposITION.—Sb,0, (Sb, 83.3 per cent.).

GENERAL DESCRIPTION.—Colorless to gray octahedral crystals and granular mas!

PHYSICAL CHARACTERs.—Transparent to translucent, Lustre, resinous. Col
colorless or gray. Streak, white. H., 2to 2,5. Sp. gr., 5.22 to 5.30.

BEFORE BLoWPIPE, ETC,—Fuses easily, coating the charcoal with white oxide.
R. F. is reduced, but again oxidizes and coats the coal, coloring the flame green. Sc
ble in hydrochloric acid.

REMARKS.—Formed by oxidation and decomposition of stibnite and other ores
antimony,

VALENTINITE.

CoMPOSITION.—Sb,0,, (Sb, 83.3 per cent.).

GENERAL DESCRIPTION.—Small white flat crystals (orthorhombic) or fan-sha
groups of a somewhat silky lustre and white or gray color, Also in spheroidal mas
with radiated lamellar structure.

PHYSICAL CHARACTERS.—Translucent, Lustre, adamantine or silky. Color, wh
gray, pale red. Streak, white, H., 2.5to 3. Sp. gr, 5.57.

BeFORE BLOWPIPE, ETC.—As for senarmontite.

THE URANIUM MINERALS.

The minerals described are: Uranate, URANINITE ; Phospha
AUTUNITE, TORBERNITE.

The metal uranium has a limited use in uranium steel, as a sm
percentage of uranium increases the elasticity and hardness of
dinary steel.

A few tons of sodium uranate, commercially known as urani
yellow are used yearly in coloring glass yellow with a green
reflex, and in coloring porcelain orange or black. A small amo
is used in photography.

URANINITE.—Pitch Blende.

ComposITION.—A uranate of UO,, Pb, etc., and may contain |
N, Th, Zr, Fe, Cu, Bi, etc.

GENERAL DESCRIPTION.—A black massive mineral of botryoi
or granular structure and pitch-like appearance. Rarely in sm
isometric crystals.

Physical Characters. H., 5.5. Sp. gr., 5 to 9.7.
LusTRE, pitch-like, submetallic. OrAQUE.
STREAK, gray, olive green, dark brown.  TeNacITY, brittle.
CoLoRr, some shade of black.

Berore BrLowpipe, ETc.—Infusible or very slig Iv fused
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edges, sometimes coloring the flame green from copper. On char-
coal with soda may yield reaction for lead, arsenic and sulphur. In
borax yields a green bead made enamel black by flaming. Soluble
in nitric acid to a yellow liquid from which ammonia throws down
a bright yellow precipitate.

SiMiLAR Species.—The appearance and streak are frequently
sufficient distinctions. The bead tests are characteristic.

REMARKS,—Uraninite occurs both in granitic rocks and in metallic veins, It is
frequently associated with minerals resulting from its decomposition and with metallic
ores. It is mined at Joachimstal, Bohemia, from whence the principal supply is
obtained. It occurs in Jefferson and Gilpin counties, Colorado, having been mined at
Central City and is found also in some quantity in Mitchell county, N. C., at Marietta,
S. C., in Texas, and in the Black Hills of South Dakota,

Uses.—Uraninite is the chief source of the uranium salts used
in painting on porcelain and in the manufacture of a fluorescent
glass of yellowish-green color.

AUTUNITE—Lime Uranite.

CowmrosiTioN.—Ca(UO,),(PO,), + 8H,0, (UO,6a.7,Ca0O 6.1, P,0; 15.5, H,015.7
per cent.),

GENERAL DESCRIPTION.—Little square (/A 7 9o® 43”) orthorhombic plates of bright
yellow color and pearly lustre, or in micaceous aggregates.

PHYSICAL CHARACTERS.—Translucent. Lustre, pearly on base. Color, lemon to
sulphur yellow. Streak, pale yellow. H., 2 to 2.5. Sp. gr., 3.05 to 3.19. Brittle.
Cleavage basal.

BerorE BLoWPIPE, ETC.—On charcoal fuses with intumescence to a black crystal-
line globule. With salt of phosphorus or borax in the reducing flame yields a green
bead. Dissolves in nitric acid to a yellow solution.

TORBERNITE.—Copper - Uranite.

CowmposiTioN.—Cu(UO,),(PO,), + 8H,0, (UO, 61.2, CuO 8.4, P,O4 15.1, H,O
15.3 per cent,),

GeNERAL DESCRIPTION,.—Thin square tetragonal plates of bright green color and
pearly lustre, Sometimes in pyramids or micaceous aggregates,

PuysicAL CHARACTERs.—Translucent. Lustre, pearly. Color, emerald to grass
green, Streak, palegreen, H.,2to2.5. Sp. gr., 3.4 to 3.6, Brittle.

BeFoRE BLOWPIPE, ETC.—Fuses easily to a black mass and colors the flame green.
In borax yields a green glass in O. F., which becomes opaque red in R. F. Soluble
in nitric acill to a yellowish green solution,

THE MOLYBDENUM MINERALS.

The minerals described are: Su/phide, MOLYBDENITE; Ouxide,
MoLyBDITE. Besides these molybdenum occurs as the acid con-
stituent of Wulfenite elsewhere described.
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The metal has a limited use in the production of an alloy w
steel. Its chief important compounds are sodium molybdate u
to impart a blue color to pottery and in dyeing silks and woole
and molybdic acid from which useful chemical reagents are p
pared in the laboratory.

MOLYBDENITE.

ComposiTioN.—MoS,, (Mo 60.0, S 40.0 per cent.).

GENERAL DescripTioN.—Thin graphite-like scales or foliat
masses of metallic lustre and bluish gray color, easily separat
into flexible non-elastic scales. Sometimes in tabular hexagor
forms and fine granular masses. Soft, unctuous and marks pap

Physical Characters. H., 1 to 1.5. .Sp. gr., 4.6 to 4.9.

LusTrE, metallic. ) OPAQUE.
STREAK, greenish.* . TeNAcITY, sectile to malleab
CoLOR, bluish lead gray. CLEAVAGE, basal.

Berore Broweripg, ETc.—In forceps infusible, but at high he
colors the flame yellowish green. On charcoal gives sulphuro
odor and slight sublimate, yellow hot, white cold, and deep bl
when flashed with the reducing flame. Soluble in strong nit
acid and during solution on platinum it is lumimpus. With st
phuric acid yields a blue solution. In salt of phosphorus a:
barax yields characteristic molybdenum reactions.

SimiLaRr Species.—Differs from graphite in streak and blowpi
reactions. May usually be distinguished by its lighter bluish gr.
color.

REMARKS.—Occurs usually in crystalline rocks, and is not readily altered. Itisfou
in many American localities, but is not mined. Westmoreland, N. H., Blue Hill B.
Maine, and Pitkin, Colorado, have probably the largest American deposits,

Uses.—It is the source of the molybdenum salts which are in
portant chiefly in analytical work.

MOLYBDITE.

CoMPOSITION.—MoO,, (Mo 66.7 per cent.).

GENERAL DESCRIPTION.—An earthy yellow powder or, rarely, tufts and hair-li
crystals of yellowish-white color.

PHYSICAL CHARACTERs.—Opaque to translucent. Lustre, dull or silky, Cols
yellow or yellowish white, Streak, straw yellow. H, 1to 2, Sp.gr., 4.49 to 4.5.

BEFORE BLowPiPE, ETC.—On charcoal fuses, yielding crystals - '~ hot, whi
cold, and made deep blue by the reducing flame. In borax anc . +hosphor
gives characteristic molybdenum reactions,

* Best seen on glazed porcelain,
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THE COPPER MINERALS.

The minerals described are: Metal, COPPER ; Sulphides, CHAL-
COCITE, BORNITE, CHALCOPYRITE ; Swlphoarsenides, ENARGITE, TEN-
NANTITE; Sulphoantimonides,- TETRAHEDRITE ; Ouxides, CUPRITE,
TENORITE; Qxychloride, ATACA