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PREFACE 

The main purpose of this bulletin is to describe the commoner 
minerals and rocks, and furnish the means of recognizing them 
and knowing their uses. Many valuable geological materials lie 
unused for want of knowledge of what they are and how they 
may be used. It is hoped that it will stimulate an interest in, and 
a search for, valuable geological products. 

It did not seem desirable to include tables for the determina­
tion of minerals by means of the blowpipe and other tests since 
there are many inexpensive books available. Among these may 
be mentioned: 

Tables for the Determination of Common Minerals, by W. 0. 
Crosby. 

Tables for the Determination of Minerals, by Kraus and 
Hunt. 

Mineral Tables for the Determination of Minerals by Their 
Physical Properties, by A. S. Eakle. 

A simple, compact, inexpensive blowpipe set has been pre­
prred by Professor G. M. Butler and placed on sale by the Denver 
Fireclay Company. 

In preparing this handbook of minreva1s .and l'OCk~ the writer 
bas endeavored to present in usable form the important facts re­
garding the materials of geology. Emphasis has been given to 
the important minerals and rocks-. As a rule, unimportant 
specli.es hiave been ,described only w:ruere their intimate reJ.ation­
sbiip to the more important types· has ID!aJdte it necessa'l7, or where 
the poS'sibilities of economic us·es have m3Jde it desivabte. 

It 1s impossible to a:cknowledge the man:y oom·ces fl'om which 
material has been drawn. In the destoription of mineral's, Dana's 
SJistem of MineNt~ogy h'as' been used very freely. The publica­
tions of the United States Geoloogic•al Survey have furnished much 
material bearing on the uses of minerals. And the works of 
Iddings, Harker, and Kemp have been much used. 





MATERIALS OF THE EARTH 
AND 

PROPER TIES OF MINERALS 

"EARTH'S CRUST": The term has been handed down from 
the time when scientists believed that the earth consisted of a 
molten interior, covered by a solid shell or crust. It is a: con­
venient name for the outer zone of t)le solid part of the earth. 
It is composed m'ainly of mineral matter massed into rocks. But 
m~nerals also occur separately, and in bodies not commonly called 
rocks. They include most ore bodies, vein fillings, and similar 
masses, commonly found in veins, seams and other openings in 
rocks. They are of later formation than the containing rock, and 
are in many .cases the results of chemical and other changes in 
the rocks. The materials of some of these deposits appear to 
ha:ve been brought from deep within the earth by ri"sing waters, 
vapors and gases, and by volcanic activity. 

ROCK: Any mass of matter forming an essential part Of the 
earth. It may be inorganic matter in the amorphous or the crys­
talline form, or it may be wholly or partly organic. 

MINERAL: A natural inorganic substance having a definite 
chemical composition, and commonly a definite molecular arrange­
ment, which determine its properties and frequently its external 
form. 

COMPOSITION OF ROCKS: Nearly a ll rocks are composed 
of one .or more minerals. But a few-such as obsidian, pitch­
stone and pumice-are composed mainly of mjneral matter in an 
unorganized or amorphous form. Others-such as coal and phos­
phate rock-consist of organic matter in a more or less min­
eralized condition. 

ELEMENTS: Scientists recognize between seventy and 
eighty elements, or forms of matter which have not been divided 
into simpler susta·nces. 

Eight of these form 98 per cent of the outer part of the earth, 
including the air, the sea and the crust; and two of them, oxygen 
and silicon, form 76 per cent. 
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THE FOURTEEN MOST IMPORTANT ELEMENTS 

Outer 
Older Part of Earth-
Crust Crust, Air, Sea 

I. NON-METAL: Symbol 
... 0 

(per cent) (per cent) 
1. Oxygen ..... 47.02 50.00 
2. Silicon ... . . .. .... Si 28.06 26.00 
3. Hydrogen ..... . .. . H .17 .90 
4. Carbon .... . . . .... C .12 .20 
5. Phosphorus ....... P .09 .08 
G. Sulphur .......... S .07 .06 
7. Chlorine .... ...... Cl .01 .175 

II. METALS: 
8. Aluminum ........ AI 8.16 7.45 
9. Iron .. ... ........ . Fe 4.64 4.20 

10. Calcium .. . . . ... . . Ca 3.50 3.25 
11. Magnesium . . . . . . . Mg 2.62 2.35 
12. Potassium .. . ..... K 2.35 2.35 
13. Sodium .... . .. . ... Na 2.63 2.40 
14. Titanium .. . . ..... Ti .41 .30 

UNION OF ELEMENTS ~N THE ROCK-MAKING MINERALS 

Most of the rock-making minerals are formed by the union 
of one or more metallic elements with one or more non-metallic 
elements, but a few result from the union of non-metals. They 
may be grouped : 

Metal or 
Non-Metal Non-Met al 

(a) Ox·ides . ... ...... Fe, + 0, Fe, O., ...... . ... .. Magnetite 
Si + 0 , SiO, ............... Quartz 

(b) Carbonates . ... .. ... Ca + C and 0 , CaCO, .... .. ....... Calcite 
(c) Silicates . .......... Mg + Si and 0 , MgSiO, ........... Enstatite 
(d) Sulphides . . . . . . . . .. Fe + S, FeS, . ............ . .. Pyrite 
(e) Sulphates . . . ...... . Ca + Sand 0, CaSO, ....... . . .. Anhydrite 
(f) Chlo1·ides . . ........ Na + CI NaCI. . ... . ....... Rock Salt 
(g) Phosphates . ( CaF), Ca, + P , and 0 12 ( CaF) Ca, (PO,,), ... . Apatite 

One uncombined element, carbon (C), forms the mineral 
graphite, which is sometimes of importan<:e as a rock-maker. 

PROPERTIES OF MINERALS 

Rock-making minerals are recognized by their Contposit-ion, 
Crystallizat-ion, Cleavage, Fracttwe, H a1·dncss, Specific rfravity, 
Diaphaneity_, Lustm·, Colo1·, St?-eak, Assoc·iations and Ocetwrence. 
The composition can rarely be determined without the help of 



PROPERTIES OF MINERALS 11 

chemical tests, and is, therefore, of little aid outside of the labora­
tory. 

CRYSTALLOGRAPHY 

Only a few of the simpler and more usable facts of crystal­
lography are presented. In discussing the crystal form and 
cleavage of minerals it bas been necessary to make use of such 
facts as are included in the next few pages. 

CRYSTAL: A crystal is matter in which the molecules 
(minute chemical units) are arranged in a definite order which 
gives it a well-defined internal structure and a definite external 
form made up of planes or faces meeting at definite angles. 

A simple, but somewhat defective, definition would be: A 
crystal is a naturally formed solid enclosed by more or less smooth 
planes called faces. 

THE FORMATION OF CRYSTALS': There are three prin­
cipal conditions under which crystals are formed. These are: 
(1) the solidification of molten matter, (2) precipitatio~ of matter 
from a solution, and (3) precipitation from vapor. 

As a molten rock issues from a volcano it is probably a solu­
tion of minerals in minerals. If we take, for example, a molten 
rock of the composition of granite, it is a solution consisting of 
molecules of quartz, feldspar, mica and other minerals. As the 
mass cools the attraction of the mica molecules for one another 
brings them together and they arrange themselves in a definite 
order and build up a: mica crystal. The feldspar molecules ap­
pear to begin building a little later, and the quartz molecules 
still later. The mica crystal gets a start and may even complete 
its building while the mass is still molten and before its growth 
is interfered with by other crystals forming nearby. 

Crystal building from solution may be illustrated by the 
formation of salt crystals from the evaporation of a solution of 
common salt. As the evaporation goes on the water is no longer 
able to hold all the salt in solution and minute cubical salt 
crystals begin to form on the walls and bottom of the vessel. 

Crystallization from a vapor is well illustrated by the forma­
tion of crystals of sulphur about fumaroles. When native 
arsenic or native bismuth is strongly heated in a glass tube, open 
at both ends, minute crystals form on the cooler pa·rt of the tube. 

D·ist01·ted Crystals: If a growing crystal were so placed that 
the supply of material were exactly the same on all sides, the 
completed crystal would be ideal in form. All faces of the samte 
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kind would be of the same size, and exactly the same distance 
from the center. But such conditions rarely occur in nature. 
The supply of mineral molecules will be greater on one side than 
on another, and as a consequence faces of the same kind will differ 
in size, and will stand at different distances from the center. 
Such crystals are said to be distorted. 

Crystal Axes: In studying a crystal it is found con­
venient to describe the faces by stating the relations they bear 
to a set of imaginary lines within the crystal. These lines are 
called the crystal axes. 

A Crystal Fonn includes a ll the faces of the same kind 
which are possible on a crystal of given symmetry. The cube form 
has six faces, the octahedron eight faces. 

Combination of Fonns: Viery commonly two or more dif­
ferent forms may occur on the same crystal. 'fhis is illustrated 
by Fig. 6, in which the cube, a, and the octahedron, o, are com­
bined. Such crystals are called com.b·inat·ions. 

The Crystal Habit of a mineral is the form or com­
bination of; forms commonly occurring in crystals of that mineral. 
In many cases two or more fo?·ms occur on the same crystal. 
(Fig. 9.) 

A C1·ystal edge is the line or edge formed by the meeting of 
two crystal faces. , 

An Int~rfacial Angle is the angle between two crystal faces 
which meet or would meet if extended. In Fig. 6, the faces, a .. n 
meet at an angle of go o. In Fig. g, the faces a, ct are separated by 
the plane e, but if they were extended they would meet at a:n angle 
of goo. 

For convenience in study it is customary to use, as the inter­
facial angle, the outer angle formed by the meeting of one of the 
faces with the other face extended. In Fig. 1, the true inter­
facial angle is the angle between the face BO and the face CD. 
But in practice the outer angle between the face BO and the line 
OG is used. This is known as the Stt]Jplmne11;t angle. The true 
interfacial angle may be found by subtracting the value of the 
supple?nent angle from 180 degrees. 

Constancy of Interfacial Angles: The angles between similar 
faces on crystals of the same substance are always of the same 
size. 

A C1·ystal Angle is the solid angle formed by the meeting of 
three or more crystal faces·. The corner of the cube ;Fig 3, is a 
crystal angle. 
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Twinning is the intergrowth of two or more crystals in such 
a way that a certain plane or a certain crystal axis is common 
to the two parts of the twin crystal. (Fig. 47.) 

CRYSTAL SYSTEMS: All crystals may be included in six 
classes or systems. A system includes all those crystals whose 
forms may be described by reference to a certain set of crystal 
axes. 

ISOMETRIC SYSTErM 

The Isometric Systern includes all crystals whose fo1·ms may 
be referred to a set of three axes of equal length intersecting at 
right angles. (Fig. 2.) These axes are: a vertical axis, a3 , a right 
to left axis, a2,·and a: back to front axis, a1 • A number of the most 
important forms of the isometric system are illustrated by figures 
3 to 9. 

Cube: The cube a} is a forrn consisting of six rectangular 
faces meeting at angles of 90 degrees. The faces of a cube are 

, crysrtallographic squares} but, owing to distortion, they may not 
be true squares: · In combinations such as figure 6 the outline 
of the' cube face is modified by the octahedron. Figure 3 might 
represent a cubic crystal of pyrite, galena, rock salt, or fluorite. 

Octahedron: The octahedron o} Fig. 4, may represent a 
crystal of magnetite, ga:lena or fluorite. The forrn consists of 
eight triangular faces, four of which come to a point about the 
upper end of the vertical axis and four about the lower end. The 
faces, edges· and solid angles are all alike. In the ideal crystal 
the faces are equilateral triangles but distortion and combination 
with other forrns may modify the outlines. 

The Dodecahedron 01· Rhombic Dodecahed•ron d (Fig. 5) is 
a: forrn made up of twelve rhombic faces meeting at angles of 120 
degrees. The faces are alike and on ideal crystals would be of 
the same size. Gwrrnet frequently forms dodecahedrons, and mag­
netite less commonly. 

Trapezohedron: The trapezohedron n} (Fig. 7) is a form 
consisting of twenty-four similar faces called trapeziums. (A 
trapezium is an irregular figure bounded by four straight lines 
of which no two are parallel.) This trapezohedron is the common 
form of garnet, analcite and leucite. Magnetite sometimes occurs 
in trapezohedrons having somewhat different faces and inter· 
facial angles from those of Fig. 7. 

The Pyritohedlron 01r Pentagonal Dodeoahed·ron e} (Fig. 8) 
is a form composed of twelve five-sided faces or pentagons. The 
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pyritohedron and the cube and pyritohedron in combination (Fig. 
!)) , are very common in pyrite. 

TETRAGONAL SYSTEM 

The 'l'et1·agonal System includes all crystal fo1·ms which can 
be referred to two equal, lateral axes a 1 and a2J and a longer or 
shorter vertical axis call intersecting at right angles. (Fig. 10.) 
The· fonns of the system are py1"amidsJ pr·isms., pinacoicls, and 
sphenoids. 

The Axes: Figure 10 illustrates the positions and relation·s 
of the axes of the tetragonal system. 

Pyramlids : The pyramid is a fonn consisting of eight similar 
triangular faces. Figure 12 shows a pyramid, each face of which 
cuts both lateral axes and the vertical axis. This is a pyramid 
of the first order. Figure 13 shows a pyramid, each face of which 
cuts one lateral axis and the vertical axis and is parallel to the 
other lateral axis. This· is a pyramid of the second order. Two 
pyramids ·Of the same order, or one of the first and one of the 
second order may be present on the same crysta'l. 

PTisms: Tetragonal prisms are forms consisting of four 
similar faces parallel to the vertical axis, and having interfacial 
angles of 90 degrees. The prism of the first order, (Fig. 14) cut~ 
both lateral axes. The prism of the second order, (Fig. 15) cuts 
one lateral axis and is parallel to the other. 

The relations of the pyramids of the first and second orders 
to the lateral axes are shown by Fig. 11. The dotted lines are the 
axes. The heavy lines represent the pyra·mids· of the first order, 
and the light lines the pyramids of the second order. 

The same figure will illustrate the positions and axial rela· 
tions of the prisms of the first and second orders. The heavy 
lines represent the prisms of the ' first order, the light lines those 
of the second order. ' 

Pinacoids are forms consisting of two parallel faces each of 
which is parallel to two axes. In Figs 14, 15 the top and bottom 
faces c are basal pinacoids. They stand at right angles to the 
vertical axis and to the prism faces. 

Spheno·icl: The sphenoid is a fo·rm consisting of four similar 
triang"Ular faces which correspond to two of the upper set of 
pyramid fac~s and the alternating two of the lower set of pyramid 
faces. Fig. 21 is a sphenoidal crystal of chalcopyrite. 
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Z i r con: Fig. 16 is a combination of the prism m 1 of the 
fi rst order, and the pyramid P1 of the first order. In Fig. 17, 
the prism a occupies the place of the interfacial angle between m 
and m.1 and is parallel to the right-left axis C£ 2 • It is therefore a 
prism of the second order. A pyramid directly over a would be a 
pyramid of the second order. The crystal represented by figure 
18 is a combination of the prism m, and the pyramids t£ and p of 
the first order. 

Vesuvianite: 'rhe crystal represented by Fig. 19 is a com­
bination of the prism m1 of the first order, the pyramid p

1 
of the 

first order, and the basal pinacoid c. Fig. 20 is a combination 
consisting of prisms of the first and second orders m and a

1 
the 

pyramid of the first order p1 and the basal pinacoid c. 
Chalcopy1·ite: Fig. 21 is a sphenoid. 'l'he faces correspond 

to four of the faces of the pyramid of the first order. 

HEXAGONAL SYSTEM 

The Hexagonal System: The fonns of this system are referred 
, to a set of three equal, lateral axes a 1, a2 , a3, intersecting at angles 

of 60° and 120°, and a vertical axis C1 of different length, at right 
angles to them. (Fig. 22.) The forms in this system include 
1JY1'amicls1 p1·isms1 pinacoicls1 1·hom boheclrons

1 
scalenoheclrons1 and 

trapezohecl1·ons . 
Axes: The position and relations of the axes of the hexagonal 

~ystem are shown by Fig. 22. The relations of the lateral axes 
are shown in the plan, Fig. 23. 

Pymmicls: As in the tetragonal system there are P.JTamids of 
the first and second orders. The relations of these 'to the lateral 
axes are shown in Fig. 24. The dotted lines are the axes; the 
heavy lines show the position of pyramids of the first order, and 
the light lines represent the pyramids of the second order. 

Pn:sms: Fig. 24 will als·o serve to show the relations of 
the prisms to the lateral axes. The heavy lines show the position 
of prisms of the first order, and the light lines the prisms of the 
second order. 

Basal Pinacoids have the same relationship to the axes and 
to the prisms as they have in the tetragonal system. 

Rhombohecl?-ons: A rhombohedron is a fonn composed of six 
similar faces-three about the upper, and three about the lower 
end of the vertical axis. When they occur alone they are rhombic 
in outline as in Fig 27, but when they occur with certain other 
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forms, their outlines may be modified, as in the rhombohedron r, 
on the quartz crystal, Fig. 29. 

Scalenohewrons: The scalenohedron is a form consisting of 
twelve similar triangular faces-six meeting in a solid angle about 
the upper end of the vertical axis, and six meeting in the same way 
about the lower end. The faces are triangles having three unequal 
sides. (Fig. 28.) 

. Apatite, Fig. 25. This is one of the common, simple. habits 
of apatite. It is a combination of the hexagonal prism m, and 
the basal pinacoid c. Fig. 26 is an apatite crystal composed of 
i he prism m, and the pyramid p. 

Calcite, Figs. 27, 28: Calcite has a great variety of habits: 
Two are selected to introduce two new forms. Fig 27 shows the 
negative rhombohedron e, a fo?'1n consisting of six similar, 
rhombic faces-three forming a solid angle above, and three form­
ing a solid angle below the lateral axes. This rhombohedron 
often combines with the prism and the scalenohedron. In such 
cases the upper group of three faces will be separated from the 
lower group. 

The scalenohedron, Fig. 28, is a very common form on calcite. 
The angles at the ends of the vertical axis are frequently cut off 
by the rhombohedron e. 

Quartz: Fig. 29 is a combination of the prism m, and the 
positive rhombohedron 1·, and the negative rhombohedron z. The 
faces of the one rhombohedron alternate with those of the other 
an~ the result is a triangular outline instead of the us·ual rhombic 
::;hape. Fig. 30 is a combination of the prism !ln, the positive 
and negative rhombohedrons ?' and z, and a rather rare form the 
trapezohedron x . The trapezohedron form, when developed alone, 
would give a very irregular crystal enclosed by six trapezium 
faces, Fig. 31. 

ORTHORHOMBIC SYSTEM 

Tlte Ortho?"lwmbic System includes all crystal forms which 
may be referred to three axes a, b, c, of unequal length inter­
secting at right angles. (Fig. 32.) Any one of the three axes 
may be placed in the vertical position. Of the two lateral axes 
the longer, b, passes from right to left, and is called the macro­
axis. The fonns of this system include py1·amids, prisms, hori­
zonta,l p1·isms or domes,. pinacoids and sphenoids. 

Axes : The relations and relative values of the axes of the 
orthorhombic system are shown by Fig. 32. 
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Domes or Horizontal Pr·isrn,s: The only new fonrn appearing 
in the orthol'hombic system is the donw or horizontal prism. The 
dome is· a fonn consisting of four similar faces parallel to one of 
the lateral axes, a or b) and cutting the other lateral axis and the 
vertical axis. The dome parallel to the macro-axis b, Fig. 33, is 
known as the r1wcr·o-dome. That parallel to the br.achy-axis, Fig. 
34, is the br·achy-dome. 

Pinacoids : In the orthorhom'bic system there are three pina­
coids: the basal pinacoi d parallel to the lateral axes and at right 
angles to the vertical axis and the prisms; the macro-pinacoid 
parallel to the macro-axis b) and the vertical axis c j the br achy­
pinacoi d parallel to the brachy-axis, a) and the vertical axis c. 

Barite: Fig. 35 shows one of the habits of barite. It "is 
a tabular-crystal composed of the prism m and the basal pinacoid 
c. 

Sulphur: A common habit of sulphur is illustrated by Fig. 
36. It is a combination of two pyramids of the first order p and 
8. 

Olivine: Fig. 37, one" of the habits of olivine, is a combina­
tion of the prism rrn) the pyramid p) the macro-pinacoid a ) the 
brachy-pinacoid b) the basal pinacoid c) the macro-dome d) and 
the brachy-dome k. 

Stc11urolite: Fig. 38 is a combination of the prism m_. the 
brachy-pinacoid b) the basal pinacoid c) and the macro-dome r:. 

Epsomi te: Fig. 39 is a combination of the prism m) and 
the sphenoid z. · The fa ces of the sphenoid eorl'€8pond to one-half 
1he planes of the orthorhombic pyramid. 

MONOCLINIC SYSTEM 

The Jllfmwclin·ic System includes those crystals whose for·ms 
can be referred to three unequal axes, a, b) c) of which a and c 
intersect at an acute angle behind, and b is at right angles to a 
and c (Fig. 40)r The axis b is call ed the ortho-aa: is, and a is the 
clino-axis. '!.'he forrns are· pymmicls) pr··isrns) dornes and p-inacoids. 

Axes : Fig. 40 shows the positions and !"elations of the 
axes of the monoclinic system. 

Pyr·amids: The pyramids of the monoclini c s•ystem consist 
of fo'Ur similar fa ces cutting all the axes. Two of the faces cut 
the upper end, and two the lower end of the vertical axis. They 
are unlike the pyramids of the preceding systems in that they 
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ca:nnot enclose space or make a complete crystal without the aid 
of another to1·m. 

P1·isms: The prisms consist of four similar faces parallel to 
the vertical axis. They meet the basal pinacoid at angles less or 
more than a right angle. 

Pinacoids: In this system there are three pinacoids, ea:ch 
consisting of two similar faces: the basal pinacoid parallel to the 
lateral axes; the o1·tho-p'inacoid parallel to the ortho-axis and the 
vertica:l axis; and the cl'ino-pinacoid parallel to the eli no-axis and 
the vertical axis. 

01·thoclase: A common habit of orthoclase is represented by 
Fig. 41, which is a combination of the prism m, the clino-pinacoid 
11_. the basal pinacoid c, and the orthodome y. 

PyToxene: 'l'he crystal of pyroxene shown in Fig. 42 is . a 
combination of the pyramid s, the prism m, the ortho-pinacoid a, 
and the clino-pinacoid b. 

Amphibole, Fig. 43: This is a common habit of hornblende, 
It consists of the prism nt, the clino-pinacoid b, and the clino­
dome T. 

TRl'CLINIC SYST:IDM 

The T1•iclinic Syste1n includes those crystals whose foTms 
are referred to a set of three unequal axes·, a, b, c, intersecting at 
angles less and more than right angles, Fig. 44. As in the 
orthorhombic system any one of the axes may be chosen as the 
vertical axis. The longer lateral axis, b, is the 11UWI'O-axis, and the 
shorter a, is the bmdlli!J·axis. 

Axes: The position and relationship of the axes of the 
niclinic system are illustrated by Fig. 44. 

Fonns: Since all the axial . intersections are oblique, no 
form in this system can consist of more than two faces, and these 
faces must be parallel. 

Pyra1'1'!-ids: A triclinic pyramid consists of two parallel 
faces dia:gonally opposite one another on the crystal, and cutting 
all three axes. Since there are four pyramid positions ·above the 
lateral axes and four below them, it is evident that there may be 
four such pairs of parallel faces diagonally opposite ea:ch other. 

Prisms: The foTm cons.ists of two similar faces parallel 
to the vertical axis, and parallel to one another. .Since it occupies 
only two of the four prism positions, it is sometimes called a 
hemi-prism. Another hemi-prism taken with it would be necessary 
to surround the vertical axis. 
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Domes.- The for-rn consists of two similar parallel faces, 
parallel to one of the lateral axes. That parallel to the brachy· 
axis is the braclvy-dome .. and the one parallel to the macro-axis 
is the macro-dome. 

Pinacoids ;· The forms consist of two similar faces par­
allel to two axes, and parallel to one another. They are the basal 
pinacoid, the bmchy-pinaco·id and the macro-pinacoid. 

Axinite .. Fig. 45: This is a combination of the two prisms 
m and M .. the prism a .. the pyramids p and 1· .. and the macro-dome 
8. 

Albite_, Fig. 46: This is a combination of the prisms m 
and M .. the basal pinacoid c .. the brachy-pinacoid b .. and the pyra­
mids o and q. Figure 47 is a twin crystal of albite in which the 
brachy-pinacoid b is common to the two crystals, or parts of the 
twin. It is therefore called the twinning plane. The macro-dome 
x, the basal pinacoid c .. the prisms M and M, and the pyramid o 
are the other forms present. 

CRYSTAL FORM: Minerals grow by the orderly addition of 
the mineral substances, molecule by molecule. When this growth 
is not interfered with, the ordei·ly arrangement of the molecules 
expresses itself in a G1·ystc~l.. composed of bounding planes 
meeting at definite angles. In the solidification of rocks the 
growth of one mineral is likely to interfere with that of another 
and prevent the development of perfect crystal forms. But in 
some molten rock masses (magmas) certain minerals begin to 
crystallize earlier than others, and may complete their growth 
without interference. The rocks known as porph;rries show this 
characteristic. For example: Quartz porphyry contains more or 
less perfect crystals of quartz, while hornblende porphyry is 
marked by well-defined crystals of hornblende. In others, the 
earlier minerals may develop to such an extent that some planes 
of the crystal form may be perfect, while others are absent. In the 
granites the order of crystallization, and consequently the degree 
of perfection of crystal form, is mJica, hornblende, feldspar, quartz. 
From the above facts it is evident that the crystal form is rarely 
of great importance in determining' the minerals composing a 
rock. 

CLEAVAGE.; The orderly arrangement of the molecules in 
minerals commonly results in the existence of certain planes or 
directions of weakness, along which they cleave or split with vary-
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ing degrees of ease and perfection. Some minerals have only one 
such direction, while others may possess two, three or more. In 
breaking a: rock, the fracture is likely to follow the cleavages of 
the component minerals whenever their directions are nearly 
parallel with the direction in which the rock breaks. As a result, 
a freshly broken rock surface comllllonly shows numerous mineral 
cleavage pl~nes. The cleavage is parallel to one or more crystal 
faces, and is commonly named from the face to which it is parallel. 

FRAOTURE: By this is meant breaking in directions other . 
than those represented by cleavage planes. Fracture surfaces may 
be Smooth} Even} Ragged} Fibrous} Conchoidal. 

HARD NEISS: Minerals differ widely in hardness, and as a 
consequence this property is a valuable aid in indentifying them. 
In the 1a:boratory a set of ten well-kno·wn minerals is used as a 
scale of hardness. These are: 

1. Talc. 6. Feldspar. 
2. Gypsum. 7. Quartz. 
3. Calcite. 8. Topaz. 
4. Fluorite. 9. Corundum. 

I 5, Apatite. 10. Diamond. 

The important rock-making minerals range from 1 to 7. In 
work outside the laboratory the following facts are useful: 

I. Thumb nail is slightly harder than gypsum (2). 
II. A common} soft pin will scratch calcite (3), but will 

make little impression on fluorite ( 4). 

III. Soft iron will scratch fluorite ( 4). 

IV. The point of a good knife will scratch apatite (5), and a 
very hard one will scratch feldspar (6). 

V. Co'YIV/1U)n glass lies between feldspar (6) and quartz (7), 
and is easily scratched by the latter. 

SPECIFIC GRAVITY: The specific gravity of a mineral is 
its density compared with that of water, which is taken as unity. 
The following table gives the specific gravities of the commoner 
rock-making minerals: 

1. SILICA MINERALS : 
Quartz ......... . ............... .. ....... . . 
Chalcedony . . ........ . ... . ........... ... .. . 
Agate ... .. ... ..... . ... .. ................. . 
Amethyst .. · .. . ... . .............. .. ... . .... . 



PROPER'l'IES OF MINERALS 21 

2. FELDSPAR GROUP: 
Orthoclase ..................... .... . . ... . 2.57 
Albite .................. . ................ . 2.62-2.65 
Oligoclase .................... . .......... . 2.65-2.67 
Andesine .. .. ... . : . ...................... . 2.68-2.69 
:::..abradorite .... . ......... .. ........... .. . 2.70-2.72 
Anorthite ........................... . ... . 2.74-2.76 

3. FELDSPATHOID GROUP: 
Leucite .. . ....... . . .... ....... . ... . ..... . 2.45-2.50 
Nephelite ........ . ............. .. ....... . 2.55-2.65 

4. MICA GROUP: 
Muscovite .......... ... ........ .......... . 2.68 
Biotite ................................. . . 2.80-3.10 
Phlog0pite .............. . ................ . 2.78-2.85 
Lepidolite ......... ........... ...... ..... . 2.80-2.90 

5. AMPHIBOLES: 
Hornblende ...... .. . .......... . ......... . . 3.05-3.47 
Actinolite .... .... . ................. . ... . . 3.00-3.20 
Tremolite ......... . ... .. . ............... . 2.90-3.10 

6. PYROXENE GROUP: 
Augite . ..... .. ...... . ............... . .. · . . 3.19 
Hypersthene ......... . ................... . 3.40-3.50 
Bronzite .................. . ......... . .... . 3.13-3.30 
'Enstatite . . .............................. . 3.10-3.13 

7. OLIVINE ............................... . 3.27-3.37 

8. MINERALS, MAINLY SECONDARY: 
Epidote ........ ... . . ... . .. ..... ......... . 3.25-3.50 
Serpentine ....... . ....... . ............. . . 2.50-2.65 
Talc ............ ' . ..................... · · · 2.70-2.80 
Kaolinite .... . . . .. .... .... .. . . ........... . 2.60-2.63 
Chlorite ................. . ............... . 2.65-2.96 
Calcite ...................... . ... ........ . 2.72 

9. TOURMALINE ....... .. . ................ . 3.00-3.15 

10. GARNET ................................ . 3.50-4.20 

11. IRON MINERALS: 
Magnetite ............................... . 5.20 
Hematite ..... . . .............. . ....... .. . . 5.20 
Pyrite .......... . ............... . ........ . 4.90-5.10 
Ilmenite ....... · '· ........ .. .............. . 4.70-5.10 
Limonite ................................ . 3.60-4.00 

DIAPHANEITY, BEHAVIOR 'TOWARD LIGHT: When 
objects can be seen through a thin chip or· slice of the mineral, it 
is said .to be Tmnspa1·ent. Vi' hen the light passes through the 
mineral, but it is impossible to distinguish objects through it, it 



22 COMMON MINERALS AND ROCKS 

is Translttcent. When no light passes through, the mineral is 
Opaque. 

LUSTER: Luster is the appearance of the surface of a min­
eral, depending upon its character as a reflector of light. The 
following terms are used to describe lusters: 

l. 111 etall·ic: resembling that of a polished metal. Exam-
ple: pyrite. 

2. Vit1·eous: the luster of broken glass. Example: quartz. 
3. Adamantine: like that of the diamond. 
4. Pearly: like that of pearl. E·xample: talc. 
5. Silky: like silk. Example: satin spar. 
6. Resinous: like yellow resin. Example: Jellow sphal-

erite. 
7. Greasy or oily: like oily glass. Example: nephelite. 
8. Ear.thy: like dry earth. Example: kaolin. 
COLOR : The color of minerals may be due to : 
(a) Chemical composition. 
('b) Foreign substances, either included as minute grains 

or chemically united with the mineral. 
The natural colors, due to the chemical composition of the 

minerals, are an important aid in identifying 'them. 
STREAK: 'fhe color of the powdered mineral is often of 

value in identifying it. 'When the mineral is used as a crayon 
on a piece of unglazed porcelain, a streak of mineral powder is 
left on the porcelain. 

ASSOCIATIONS AND OOCURR.E'NCE IN ROCKS: A 
knowledge of the natural grouping of minerals is frequently help­
ful in identifying them. It also leads to the identification of the 
rocks. A discussion of the association and occurrence will be 
found under the various minerals. 



ROCK-MAKING MINERALS 

I. I M P 0 R T A N T M I N E R A L S 0 F I G N E 0 U S 
ROCKS 

QUARTZ: An oxide of silicon, Si02 • 

Colot·: colorless when pure, sometimes white to brown, etc. 
LusteT : vitreous. 
Diaphaneity: transparent to opaque. 
CTystal for-rn: hexagonal, prisms and rhomlbohedrons. 
Cleavage : none. A platy parting results from pressure. 
F1·actu1·e : conchoidal to subconchoidal. 
Hanl;ness ': 7. 
StTeak: white, but very poor. 
Spec·ific Gmvity : 2.6. 
Occn1·s: rock-making quartz is generally in irregular grains, 

and rarely shows crystal outline except in porphyries. 
Associations: orthoclase, first plagioclases, hornblende, mi­

cas, rarely pyroxenes, never nephelite. 
Rocks: granites and related fine-grained rocks, such as 

quartz porphyries, rhyolite, nevadite. 
Alte1·ation: very resistant, .does not decay, and is very slow­

ly dissolved by a lkaline solutions. 
Tests: B.B. infusible. ·with soda·, fuses with effervescence 

to a bead varying in transparency with the quantity of 
soda used. Slowly soluble in borax. Insoluble in a ll 
acids except hydrofluoric. 

M·ilky QuaTtz is a white, nearly opaque quartz. 
Flint is similar to chalcedony, but is dull and nearly opaque. 

It breaks with a smooth, conchoidal fracture, has a hardness 
of about 7, and a specific gravity of 2.6. It occurs chiefly as 
concretionary nodules in calcareous rocks, but may fill seams 
and veins in igneous rocks. 
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Chert is like flint, but less pure, and usually of light color. 
H ornstone is anothei.' name for chert. . 
Geyserite and siliceous sinter are described elsewhere. 
FIORITE (Siliceous Sinte1·) is formed from the decomposition of 

the siliceous minerals of volcanic rocks about fumaroles, and 
as a deposit from hot springs. ·Commonly gray to white an.d 
brown, and som~times fibrous, probably from its deposition 
by vegetable agencies. Pearl Sinte1· is similar, but shows pearly 
luster. 

QUAR'l'Z AND S.lLICA MINE·RALS DESCRIBED ELSE­
WHERE: Agate, Agatized Wood, Amethyst, Amethystine, 
Aventurine Quartz, Bloodstone, Carnelian, Sard, Gat's Eye, 
Chalcedony, Chrysoprase, Citrine, False T'opaz, Heliotrope, Jas­
per, Moss Agate, Onyx, Plasma, Prase, Rock Crystal, Bristol 
Diamonds, Herkimer Diamonds, Lake George Diamonds, Bra­
zilian Pebbles, Rose Quartz, Rutilated Quartz, Sagenite, Sar­
donyx, Sapphire Quartz, Smoky Topaz, •Smoky Quartz, Cairn­
gorm Stone, Morion, Star Quartz, Asteriated Quartz . 

. THE MICA GROUP 

This includes: (1) the Mica:s proper; (2) the Clintonites 
or Brittle Micas; and (3) the Chlorites. But as the brittle micas 
and chlorites are mainly secondary minerals, they are described 
in another section. 

The characteristic features of the mica group are: the 
highly perfect basal cleayage, yielding thin sheets; the hexagonal 
outline, a·nd the presence of water of constitution. Most of the 
micas proper occur both as primary and as secondary minerals. 

THE MICAS 

MUSCOVITE, potassium-mica, K20. 2H20. 3Al20 3 • 6Si02 • 

PARAGONITE, sodium-mica, Na20. 2H20. 3Al;03 • 6Si02 • 

LEPIDOLITE, lithium-mica, KLi(Al(OH, F) 2 )Al(Si03 ) 3 • 

ZINNWALDITE, lithium-iron mica. 

BIOTITE, magnesium-iron mica:, (HK) 20.2(Mg, Fe)O.Al20 3 • 

3Si02 • 

. PHLOGOPITE, magnesium-mica (H, K(Mg, F) ) 3 .Mg3A1(Si04 ) 3 • 

LEPIDOMELANE. iron-micas. 
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GENERAL DESCRIPTION 

Onystallization: The micas crystallize in the monoclinic 
system, but their symmetry approaches rhombohedral or 
orthorhombic. 

Cleavage: highly perfect basal, yielding very thinJ tough 
and more or less elastic laminre. 

Intercrystallization is common between biotite and musco­
vite, etc. 

Oh&~nically: They are in most cases ortho-silicates of alum­
inum, with potassium and hydrogen, and often mag­
nesium, ferrous iron, and in some cases ferric iron, 
sodium, lithium, etc. 

MUSOOV1ITE, PoTASH MIICA, WHITE MICA: A potassium-alum-
inum silicate, K 20.2H 20.3Al20 3 .6Si02 • 

ColoT: colorless, gray, brown, yellow, pale green, etc. 
Luster: vitreous to pearly or silky. 
Diaphaneity: transparent to translucent. 
Crystal to1·m: monoclinic, rhombic or hexagonal in outline; 

tabular passing into tapering forms; folia often very 
small and grouped. 

Cleavage: basal, highly perfect. Secondary cleavage is 
shown by percussion figure, parallel to prism · and clino­
pinacoid. 

Fmct'ure: scarcely shown, ragged. 
HanJ;ness: 2--2.5. 
Streak: uncolored. 
Specific gravity: 2.76-3. 
Occurr·ence: occasionally in six-sided tabular crystals; gen­

erally in irregular flakes and scales showing cleavage. 
Associations: orthoclase, quartz, biotite, hornblende, albite. 
Rocks: granites, felsites, pegmatite&, schists, gneisses, ar­

kose. 
Alteration: very resistant, but loses its elasticity, luster 

and transparency. . 
Tests: Heated strongly in closed tube gives water. B.B. 

whitens and fuses on thin edges to yellowish glass. In­
. soluble in acids. 

SE)RIOITE, is a silvery-white variety of muscovite occurring in 
minute silky scales and fibrous aggregates. It is a very 
common alteration product of feldspars, and, as a consequence, 



26 COMMON MINERALS AND ROCKS 

is found in altered feldspathic rocks and in metamorphic rocks, 
such as schists and gneisses. It is also common· in arkose. 

BIOTITE, BLACK MicA, MAGNESIUM-IRON MICA: A potassium· 
alumin,um-magnesium-iron silicate, (HK) 20.Al20 3 .2(Mg, Fe)O 
.3Si02 • 

Colo1·: green to black, brown in thin plates. 
Luster: splendent, to somewhat pearly or silky to vitreous. 
Diaphanflity: transparent to opaque. 
Crystal fonn: monoclinic, habit tabular or short prismatic 

with apparently rhombohedral symmetry. Often in dis­
seminated scales. 

Cleavage: basal, highly perfect. Secondary cleavage is 
shown by percussion figure. 

Fractu1·e: scarcely shown, ragged. 
Hardiness: 2.5-3. 
Streak: uncolored. 
Specific gravity: 2.7-3.1. 
Occu1·rence: like muscovite. 
Associations: quartz, orthoclase, plagioclase, hornblende, 

muscovite, augite, etc. 
Rocks: granite, syenite, diorite, etc., related fine-grained 

rocks, mica schists, phyllites, etc. 
Alterat'ion: loses its color, luster a~nd elasticity, and changes 

to chlorite-a soft, green mineral. Occasionally leaches 
to muscovite, with separation of magnetite. 

Tests: Heated strongly in closed tube gives a little water. 
Most varieties react for iron after fusion with soda or· 
borax, or sa:lt of phosphorus. B.B. whitens and fuses 
on thin edges. Boiling sulphuric acid completely de­
composes it, leaving the silica in thin scales. 

PHLOGOPITE, AMBER MicA, MAGNESIUM MICA: A magnesium­
aluminum silicate, with potassium and · commonly fluorine, 
R'3Mg3Al(Si04 ) 3 , where R'=H, K, Mg or F. 

Color: yellowish-brown to brownish-red, with something of 
copper-like reflection. 

LusteL· pearly, often submetallic on cleavage surfaces. 
Diaphanflity: transparent to translucent. 
Asterism,: Starlike rays are seen when a flame or the sun is 

viewed through it. This is due to inclusions of rutile, 
etc., arranged in direction of pressure figure and less 
distinctly parallel to percussion figure. 
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Crystal forrn: monoclinic, forms like biotite. 
Cleavage: ba:sal highly perfect, etc. 
F1·acture: ragged. 
Hardiness: 2.5-3. 
Specific gravity: 2.78-2.85. 
Occurrence: generally in tabular forms and scales. 
Associations: pyroxene, amphibole, serpentine. 
Rocks: crystalline limestone, dolomite, etc. 
Altemtion: to steatite, serpentine and talc. 
Tests: the same as for biotite. 

LEPIDOLITE is described under Lithium. 

TKE FELDSPARS 
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The feldspars are silicates of aluminum, with one or more of 
the bases: potassium, sodium or calcium. They are quantitatively 
the most im!POrtant rock-making minerals, and in volume probably 
exceed all other rock-makers together. They cr;rstallize in the 
monoclinic and triclinic crystal systems, but the crystal habits and 
forms are very similar-differing but a few degrees in corre­
sponding angles. There are two important cleavages-a basal and 
a pinacoidal-of which the basal is the more perfect. The cleavage 
faces meet at 90° in the monoclinic group, and at nearly 90° in 
the triclinic group. In color, hardness and specific gravity they 
differ but little. 

The important feldspars are: 01·thoclase ( Sanidine), M-icro­
cline) Albite) Oligoclase) An,desine) Labmdorite) and Anorthi te, 

The plagioclase feldspars include albite, a sodium-aluminum 
silicate; anorthite, a calcium-aluminum silicate; and a group 
composed of these two "primary" plagioclases in varying ratios, 
as sh,own in the following outline. 

In the rock it is difficult to distinguish orthoclase from plagio­
clase, and it is impossible to distinguish the different plagioclases. 
The following facts may assist in distinguishing orthoclase and 
plagioclase : 

a. Orthoclase is frequently pink or flesh-colored. Plagioclase 
is very rarely pink. 

b. The cleavage planes of orthoclase meet at an angle of 90°, 
while those of plagioclase meet at angles slightly less and more 
than 90°. 

c. One of the two good cleavages of plagioclase shows striated 
surfaces. ( Strire are very fine parallel lines marking the twinning 
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planes.) Orthoclase may show a single twinning line, but never 
striated surfaces. 

d. The feldspars of the more basic rocks-such as the 
gabbros, diorites and related fine-grained rocks-are predom· 
inantly plagioclase. Those of the quartz-rich acid rocks-such 
as the more siliceous granites-are generally orthoclase. The 
feldspar of the syenites is predominantly orthoclase. In the less 
siliceous granites and related fine-grained rocks the feldspar may 
be about evenly divided between orthoclase and plagioclase. 

I. MONlOCLINIC-POTASSIUM AND SODIUM-POTAS· 
SlUM FELDSPARS. 

Orthoclase, KbO. Al20 3 • 6Si02. 
Soda-orthoclase, (K,Na) 20. Al20 3 • 6Si02 • 

. (Na,K) 20.Al20 3 .6Si02. 
(Hyalophane, (K2,Ba) 0. Al20 3 • 6Si02.) 

II. TRICLINIC, POTASSIUM-SODIUM GROUP. 

Microcline, K 20. Al20 3 • 6Si02 • 

(S·oda-microcline, (K,Na) 20. Al20 3 • 6·S,i02.) 
Ano1·thoclase, (Na,K) 20. Al 20 3 • 6S<i02. 

III. TRICLINIC, SODA-LIME SERIES- PLAGIOCLASE 
FlDLbSPARS. 

PRIMARY. 

Albite (Ab), Na20. Al20 3 • 6Si02 • (The albite molecule is 
NaAlSia0 8.) 

Anorthite (An), 2Ca0.2Al20 3 .4Si02. (The anorthite 
molecule is CaAl2Si2 0 8 .) 

Albite, Ab-Ab6An1 • 

Oligoclase, Ab6An1-Ab3An1 • 

Andesine, Ab3 An1-Ab1An 1 • 

LabradMite, Ab1An 1-Ab1An3 . 

Bytownite, Ab1An3-Ab1An 6 • 

Ano1·thite, 'Ab1An6-An.. · 

ORTHOCLASE: A p01tassium-al:uminum .silicate, K20.Al20 3 .-

6Si02. 
Color: flesh-pink, white, red, pale yellow, gray. 
Luster: vitreous, on cleavage often pearly. 
Diaphaneity : Sanidine is transparent; orthoclase is rarely 

more than translucent. 
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Crystal form: monoclinic, crystals often prismatic. 
Cleavage: basal perfect, prism and pinacoid less so. 
Fracture: conchoidal to uneven, brittle. 
Hardness: 6. 
Streak: uncolored. · 
Specific gravity: 2.57. 
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Occu1·s: usually as anhedral grains, but also in forms with 
one or two crystal lines. Cleavage is generally plain. 
Perfect crystal outlines occur in porphyries and other 
fine-grained rocks. 

Associations: quartz, muscovite, upper plagiocla:ses, horn­
blende, biotite, nephelite (leucite). 

Rocks: granites, syenites and related fine-textured rocks. 
Alteration: Becomes dull and earthy, soft and crumbling; 

' loses its potash by solution, in the form of potassium 
carbonate. Silica separates and disappears, or crystal­
lizes as quartz; water is added, and kaolin is the result. 
l\1 uscovi te ( sericite) often forms in very fine flakes or 
scales. 

Tests: B. B. in thin splinters fuses with difficulty to subtrans­
parent glass, coloring the flame pale violet. Soda Ortho­
clase fuses more easily, giving less violet color to the 
flame. Neither is soluble in common acids. 

ADULARIA is a transparent orthoclase. It is rather common 
in the Cripple Creek region. 

MICROCLINE is a potassium-aluminum silicate, differing from 
orthoclase mainly in belonging to the triclinic crystal system and 
having its two principal cleavages meetipg at angles of 89° 30' 
and 90° 30' instead of 90°. It is multiple-twinned in two 
directions, forming a rectangular grating visible in thin sections 
under the microscope, but rarely visible to the naked eye. 

Tests: same as for orthoclase. 

SANIDINE is a clear, glassy orthoclase, found in recent acidic 
lavas such as nevadite, trachyte and some rhyolites. 

ANORTHOCLASE is a potash-soda feldspar, crystallizing in the 
triclinic system, but, like microcline, having its cleavages meet­
ing at angles differing very little from 90°. It is composed of 
the orthoclase and albite molecules, with the albite usually in 
excess. It is rare as a rock-maker. 
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PLAGIOCLASES 

ALBITE: A sodium-aluminum silicate, Na20. Al 20 3. 6Si02 

Color·: white, sometimes bluish, gray, etc. 

Ltt,Ste1·: vitreous to pearly on cleavage. 

Diaphaneity: transparent to translucent to opaque. 

Crystal fonn: triclinic, but close to orthoclase. Twins are 
common. Crystals often tabular. In rocks, generally 
irregular grains, except in porphyries and some gabbros. 

Cleavage: same as in orthoclase. 
Ji'1·acture: uneven to conchoidal. 
HanJ;ness: 6-6.5. 
Streak: uncolored. 
Specific gmvity: 2.62--2.65. 
Occun·ence: same as orthoclase. 
Associations: orthoclase, other plagioclase, quartz, horn­

blende, micas .• 
R1ocks: granites, syenites, diorites, and related fine-grained 

rocks. 
Alte-ration: Becomes dull and earthy, soft and crumbling; 

loses soda by formation of sodium carbonate; silica by 
formation of quartz or in solution; forms kaolin. Musco­
vite (or sericite) is sometimes formed. 

Tests: Fuses at 4 to colorless or white glass, giving an in­
tense yellow (sodium) flame. Not acted upon by acids. 

OLIGOCLASE!: A sodium-calcium-aluminum silicate, Ab6An1-
Ab3An1. 

Color: whitish , to grayish-green, otherwise same as albite. 
Specific gravity: 2.65-2.37. 
A.ssociat'ions: albite, and other plagioclases, hornblende, 

biotite, etc. 
Rocks: porphyry, granite, syenite, andesites, etc. 
Altemtion: similar to albite, with addition of calcite, but 

no muscovite. 
Tests: Fuses at 3.5 to a clear or glass-like enamel. Slightly 

acted upon by acids. 

ANDESINE: A sodium-calcium-aluminum silicate, Ab3 An1-
Ab1An1. 

Hardness: 5-6. 
Specific gmvity: 2.68-2.69. 
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Alterration: similar to oligoclase. 
Tests: Ruses without much difficulty, giving reddish-yellow 

flame. Imperfectly soluble in acids. 

LABRADORITE: A calcium-sodium-aluminum silicate, Ab1An1-
Ab1An3. 

Co~orr: gray, brown, greenish; often shows play of colors. 
Diaphaneity: translucent. 
H a1·d1~ess: 5-6. 
Specific gmvity: 2.7-2.72. 
Associations: other lower pla:gioclases, hornblende, pyrox­

enes, biotite, olivine, etc. 
Rocks: gabbros, basalts, etc. 
Alteration: similar to oligoclase, but the alteration products 

may include saussurite, a mixture of zoisite, secondary 
albite, amphibole, garnet, chlorite, etc. 

Tests: Fuses at 3 to colorless glass. Hydrochloric acid d~­

composes the mineral, but generally leaves a residue. 

ANORTHITE, LIME FELDSPAR: A calcium-aluminum silicate, 
2Ca0.2'Al 20 3.4Si02 , Alb1An 6-An. 

Hardness : 6--6.5. 
Specific Gr·avity: 2.74-2.76. 
Associated Minerals: pyroxenes, other lower plagioclase, 

olivine, hornblende, biotite, etc. 
Rocks: very basic rocks, gabbros, basalts, etc. 
Alteration: same as labradorite. 
Tests: Fuses at 5 to colorless glass. Certain anorthites are 

decomposed by hydrochloric acid, with separation of gel­
atinous silica. 

FELDSPATHOIDS 
LEUCITE : A potassium-aluminum silicate, K 20. Al20 3 .4Si02 • 

Color: white, ash-gray, etc. 
Luster: vitreous. 
DiazJhaneUy: translucent to opaque. 
Crystal f01m: isometric at 500° C., and pseudo-isometric 

under ordinary conditions, crystal varying little from 
trapezohedron. 

Cleavage : very poor. 
Fracttt1"e : conchoidal, brittle. 
Hardness: 5.5-6. 
Strea.k : uncolored. 
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Specific grwvity: 2.45-2.5. 
Occurrence: commonly in fairly good crystal' outline, also 

in irregular grain·s. 
Rocks: recent Vesuvian lavas; Leucite Hills, vVyoming; Ab­

saroka Range, Bearpaw Mountains, Shonkin &ag and 
High woods of Montana; Caribou, B. C., ba:salts, teph­
rites, orendite, leucite phonolites, etc. 

Alteration: Loses luster, becomes opaque, loses potash, takes 
up soda and water, and forms analcite. Also alters to 
potash feldspar, nephelite and muscovite. Zeolites may 
be formed. 

Diffe1·ence: harder than analcite, which fuses and yields 
water. 

Tests: B.B. infusible. Cobalt nitrate gives blue color to in­
tensely heated powder. Decomposed by hydrochloric 
acid without formation of gelatinous silica. 

NEPHELIT'E, ELAEOLITE: A sodium-potassium-aluminum sili­
cate, 3Na20.K20.4Al20 3 .9Si02 • Na:K generally 4:1 or 5:1. 

• Color: colorless, white, yellowish to gray and greenish, to 
blue-gray. 

Luster: vitreous to greasy to opalescent. 
DiaphaneUy: transparent to opaque. 
Crystal form: hexagonal, thick six- or twelve-sided crystals 

(prisms), with plain or modified summits, massive and , 
com,pact. 

Cleavage: prismatic distinct, basal imperfect. 
Fracture: subconchoidal, brittle. 
H anlness : 5.5-6. 
Streak : uncolored. 
Specific gmvity: 2.55-2.65. 
Occurs: with crystal forms as above; also as anhedral grains. 
Associations: orthoclase, augite, hornblende, etc. 
Rocks: nephelite syenites, nephelite basalts, etc . . 
Alteration: commonly to sodalite and analcite, ·but also to 

natrolite, thomsonite, etc. 
Tests: Fuses . at, 3.5 to colorless glass. Soluble in hydro­

chloric acid, with separation of gelatinous silica. 

CANCRINITE is a complex hydrous carbonate-silicate of sodium, 
calcium and aluminum, occurring mainly in nephelite 
syenites and related rocks, and is probably, in some instances,. 
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derived from nephelite Ly the addition of calcium ca1·bonate. 
Composition 3H20.4Na"O.Ca0.±Al20 3 .9'8i02 .2C02 • It is gen­
erally massive, granular, of lemon-yell ow to white or gray color, 
and a subvitreous luster. . ' 

BODALITE is a rather rare feldspathoid mineral, Na4 Al3 ClSi 30 12 , 

occurring in nephelite syenites and related rocks. Colo1·: blue 
to white or gray. LusteT: greasy. Diaphane·ity: transparent 
to translucent. Cr-ystal fonn: isometric. Qlleavage : poor. 
Fmctun~: uneven, brittle. H a1 ·dness: 5.5- 6. Specific gravity: 
2.14-2.3. Economic : Fine blue, transparent sodalite is used 
as an ornamental stone, and for cheaper gems. 

HAUYNITE is a complex sulphate-silicate of aluminum, sodium 
and calcium, Na2Ca (NaS•04 Al ) Al2Si30 12 • It is an associat e 
of nephelite and leucite, but is muGh less comlmon. It frequently 
shows isometric crystal outlines, has a fair cleavage, a wide 
range of color in blue, green and yellow tones, is vitreous to 
greasy in luster, and commonly translucent. 

~OSELITE is much like Hatiy{lite, but contains very lit tle lime. 

LAZURITE, LAPIS-LAZULI, NATIVE UL'.rRAi\IARINE: A sodium 
aluminum silicate containing sulphur, Na4 (NaS3 .Al) Al 2 ( Si04 ) 3 • 

Col01'·: various shades of blue, from azure-blue to gr eenish-
blue. 

L uster : vitreous. 
Diapha.n e'ity : translucent .. 
OrystalVization: isometric, in cubes and dodecahedrons; also 

massive and compact. 
Cleavctge: one poor. 
F'ract~t1·e: uneven. 
Hct1·dness: 5-5.5. 
Speci fi c g1·avity: - 2.38- 2.45. 
Occ~t1"rcnce: It is apparently always the result of the meta­

morphism of limestone. 
Tests : B.B. fuses at 3 with swelling to a white glass . With 

hydrochloric acid yields sulphuretted hydrogen and gel­
atinous silica . Gives some moisture in the closed tube. 

NoTE.-Lazurite is believed to be made up of the mineral molecule 
given above, together with a small number of those of haiiynite and 
sodalite. 

(2) 
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)fELILITE is a rare feldspathoid mineral of uncertai n compo­
sition, but approximately 6Ca0. Al 20 3 • 5Si02 , with iron re­
placing some of the aluminum and sodium, and magnesium 
replach1g part of the calcinm. GoloT: white, yellow, greenish­
yellow, brown. Luste1·: vitreous. Dictphaneity: transparent 
to translucent and opaque. G1·ystal ton1i: tetragonal aud 
octagonal prisms and plates. Cleavage: one distinct. F1·acture: 
fairly smooth, brittle. Hc~;rclness: 5. StTeal.;: white. Specific 
gmvity: 2.9-3.1. Tests: B.B. fuses at 3 to yellowish or 
greenish glass. Decomposed by hydrochloric acid with sep 
aration of gelatinous silica. Occu1·rence: commonly well­
formed crystals in certain basaltic rocks-melilite basalt, etc. 

THE PYROXENES AND AMPHIBOLES 

'rhe pyroxenes and the amphiboles are c l os~ ly related groups. 
The following table (slight l;~' modified fl"on,1 Kemp's Hand-Book 
of Rocks, p. S) shows that the same elements, in the same molecules, 
are found in the two groups, and that the corresponding members 
belong to the same crystal systems. The important members of 
the grOUlJS are shown by the italic type. 

In the rock specimen it is difficult to distinguish the pyrox- . 
enes from the amphiboles, but a few facts will be of service: 

a. 'l'he cleavage faces of pyroxene proper meet at angles of 
87° and 93°, while those of amphibole proper meet at angles of 
56° and 124°. 

b. Amphib()le has a much better cleavage than pyroxene. 
c. Pyroxene crysta ls are more likely to be short and sto\1t. 

while those of amphibole are commonly long, prismatic. 
d. Bronzite and enstatite often show a fibrous structure, 

while actinolite and tremolite frequently occur in slender crystals 
and felty groups. 

e. 'L'he pyroxenes are more common in the very basic rocks. 
in which quartz, orthoclase and muscovite are rare. The amphi­
boles occur in the more acidic rocks, with quartz and orthoclase, 
and occasionally muscovite. 

f. l\Iassive p~'roxene is genera ll~- lamell ar or granular, while 
massiYe amphibole is likely to be columnar and fibrous. 

g. A.mphiboles have a more brilliant lu ster and retain it 
better than pyroxenes. 

h. The bronz;~. submetallic luster often characterizes bronzite ' 
nnd enstatite, while the vitreous luster is common in actinolite 
and tremolite. 
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COMPOSITION PYROXENE AMPHIBOLE SYSTEM 

{ 
Enstatite 

MgO.SiO, Bronzite Anthophyllite Orthorhombic 
FeO.SiO, Hypersthene 

Ca0.Mg0.2Si0, Diopside T1·emolite 

Ca0.Mg0.2Si0, } Malacolite Actinolite 
CaO.Fe0.2SiO, (Dial! age) 

CaO.Fe0.2SiO, Hedenbergite 

Ca0.Mg0.2Si0, 

1 
CaO.Fe0.2SiO, Monoclinic 
MgO.Al,O,.SiO, Augite Ho1·nblende ~ 

MgO.Fe,O, .SiO, 
FeO.Al,O, .SiO, 

l Acmite 
Na, O.Fe, 0 ,.4Si0 , Arfvedsonite 

Aegirite 

Fuller formulas are given under the varieties. 

PYROXENE GROUP 

AUGITE: Chiefly a calcium-magnesium silicate, with iron and 
aluminum, ·CaO.Mg0.2,Si02 with (Mg,Fe)O. (Al,Fe) 20 3 .Si02 • 

Color: greenish, brownish-black and black. 

Lustm·: vitreous· to resinous, often dull. 

Diapha.neity: opaque. 

G-rystal form: monoclinic, short, thick, prismatic crysta ls or 
tabular parallel to the base. Prisms approach square::; 
and octagons. 

Cleavage: prismatic m rarely perfect, generally interrupted, 
orthopinacoidal, a less perfect. Parting due to twin­
ning, is often well developed . 

./l'mctu1·e: uneven to conchoidal, brittle. 
Hardness : 5:-6. 
Streak: gray to grayish-black. 
Specific grav·ity: -3.2-3.6. 
Oco~trs : commonly in stout crystal grains showing two or 

more crystal faces. 
rlssooiatcclmine?·als: hornblende, plagioclase of lower group, 

biotite. olivine, etc. 
Rocks: gabbros, peridotiteR, rlio1·ites, syenites and correspond­

ing I'ava forms. 

http://CaO.FeO.2SiO
http://CaO.FeO.2SiO
http://CaO.MgO.2SiO
http://CaO.FeO.2SiO
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Altl'wation: Loses its luster, becomes earthy, brownish-green 
and commonly forms scaly and fibrous chlorite, with 
epidote, calcite and quartz. Hornblende is a common 
alteration product. 

'Pests: Fusibility varies, according to the amount of ieon, 
from 2.5 to 3.75. Those rich in iron yield a magnetic: 
globule when fused on charcoal. Some. varieties yield 
a blue-green color when fused with soda (manganese). 
H.arely decomposed by acids. 

HYPERSTHENE: A ferro-magnesian silicate, (Fe,l\fg)Q.Si02 • 

Colo1·: dark brownish-green to brown, to black or gray-black. 
Luste1·: somewhat pearly on cleavage, and sometimes weakly 

metallic. 
Diaplwneity: nearly opaque. 
C1·ystal fo1"1n: orthorhombic; crystals rare; prismatic, often 

tabular. 
Cleava,ge: basal perfect, 1n and a distinct, but interrupted. 
Fnwt~t1·e : uneven, brittle. 
Hardness: 5.6-6. 
Streak: gray to brownish-gray. 
8 pecific gntV-ity: 3.4-3.5. 
Or-c u·rs: stout, irregular grains; may show some crystal 

boundaries. 
Associa.t·ions: labradorite, augite, hornblende, olivine, etc. 
Hocks: gabbro, norite, andesite . 
. lltemtion: Loses luster, becomes earthy, brownish-green, 

and changes to fibrous hornblende, and sometimes to 
compact hornblende. 

'Pests: B.B. fu ses to a black enamel, and on coal yields a 
magnetic mass. The fusibility increases with the iron 
present Partly decomposed by hydrochloric acid. 

EKSTATI'rE AND BRONZITE: Magnesian silicates, with more 
or less iron. 
a. Enstatite, MgO. Si02 : A magnesian silicate. 
h. Bronzite, (Mg,Fe) 0. Si02 : A magnesian silicate with some 

iron. 
Color: yellowish to greenish-yellow to olive green and brown. 
J,ustcr: pearly to vitreous on cleavage faces, to weakly 

metallic. 
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Diaphaneity.· translucent to opaque. 
Crystal f01"rn : orthorhombic, crystals rare, prismatic, ·mas 

sive, fibrous and lamellar. 
Clectvage: M (prism) rather good, parting parallel to band a . 

.F'r·acture: uneven, brittle. 
Hardness: 5.5. 
Str·eak: uncolored to grayish. 
Spec·ific gravity: 3.1-3.3. 
Occur·s : irregular, stout grains, sometimes showing one or 

more crystal faces. 
Associations: augite, olivine, basic plagioclases, hornblende, 

etc." 
Rocks: peridotites, gabbros, kimberlite, no rite . 
.tlltemtion: Loses luster, becomes dull and granular or 

fibrous, and commonly changes to a fibrous pyroxene, 
approaching serpentine in composition. 

Tests: B.B. almost infusible. Very thin splinters are rounded 
on the edges. Insoluble in hydrochloric acid. 

DIOPSIDE, MALACOLITE; DIALLAGE: Calcium-magnesium pyrox­
ene, OaO. MgO. 2Si02 • 

Colm'.: white, sometimes colorless, yello\vish, grayish-white to 
pale green to dark green and greenish-black. 

liuster·: vitreous to resinous, often dull. 
Diaphaneity: sometimes transparent, but usually opaque. 
·cr·ystal tonn: monoclinic prismatic crystals. 
Cleavage: 'l'he same as that of augite, but the variety diallage 

has more perfect pinacoidal parting or cleavage than 
augite. . 

Fractur·e,: uneven to conchoidal, brittle. 
Hardness: 5-6. 
Streak: uncolored to gray and grayish-black. 
Specific gravity: 3.2-3.38. 
Occur·s: prismatic crystals, but more commonly granular, 

lamellar or massive. 
Associatecl rninemls: other pyroxenes, amphiboles, plagio­

clases, biotite, . olivine, dolomite, calcite, etc. 
Rocks: gabbros, peridotites, diorites, lamprophyres, crystal­

line schists, magnesian marbles, etc. 
A ltcr·ation: similar to augite. 
Tests: same as augite. 
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HEDENBER.GI'fE: · A calcium-iron pyroxene, UnFe(SiO,J "'-
\Yith occasionally manganese. 

ColoT: black. 

Lt~steT: weakly vitreous to resinous. 

Diaphaneity: opaque to weakly translucent in thin plate?s. 

C1·ystallizaUon: monoclinic prisms, and granular forms. 

C lccwage: prismatic very goo~. 

Pr·acttt?·c: uneYen, brittle. 
H aTdncss: 5.5. 
St1'eak: gra;y. 
Specific gr·avity: 3.5. 
Occu?-rence: as a rock-making mineral in the intermediate 

and basic rocks. 
'J'ests: B.B. fusible at about 5; reads for iron, and wilen 

much iron is present becomes magnetic. 

A:CMI'l'E and .rEGIRITE: Sodium-iron pyroxene, Na20. Fe2 0 3 . 

4Si02·• The two minerals differ mainly in their crystal forms. 
Colo?'.· brown, reddish-brown, green. 
Lttste1·: vitreous to resinous. 
CTystal fo1'm: monoclinic; tl'cmite in long prismatic, verti­

cally striated forms, with acute terminations; mgirite in 
prismatic. bluntly terminated forms, and in bunches and 
groups of slender crystals. 

Cleavage: prismatic, fair. 
F'1·aottt1·e: uneven, brittle. 
Ha·rdness: 6-6.5. 
St1·ealc : gray to greenish-gray. 
Specific gmv·ity: 3.5-3.55. 
Oooun·enoe: prisrus commonly prominent, irregular grains 

(see Crystal form above). 
_-lssooiated mincmls: nephelite, leu cite, other pyroxenes, 

hornblende, olivine, plagioclase, biotite. 
Rocks: nephelite syenites, phonolites ; some syenites and 

granites. 
Alteration: loses luster; color becomes rusty from se1Jarated 

iron. 
Tests: B.B. fuses easily to a· black magnetic globule, (·olor­

ing the flam e deep yellow (sodium). Slightly acted upon 
by acids. vVith soda and borax reacts for iron. 
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l{HODONITE is a metasilicate of manganese, MnSi03 , resem­
bling pyroxene. It occurs in tabular crysta·ls with rounded 
edges, and in massive and compact· forms without crystal 
boundaries. Two good cleavages; conchoidal fracture; very 
tough when compact; hardness 5.5-6.5; density 3.4-3.7 ; vit· 
reo us to pearly; brownish-red to pink a·nd rose; transparent 
to translucent and opaque. Specimens of fine color and trans­
parent to subtransparent are cut for gems and ornamental 
stones. 

AMPHIBOLE GROUP 

HORNBLENDE: Chiefly a calcium-iron-magnesium silicate, 
with some sodium and aluminum, Ca0.3(Mg, Fe)0.4Si02 

. with Na20.Al20 0 .4Si02 and 2(Mg,Fe)0.2(Al,Fe.) 203 ~2Si02 • 

C'olM: l.Jright to dark green, bluish-green to black, brown. 
Lttster: vitreous to pearly on cleavage faces. Fibrous va­
. rieties often silky. 

Diaphanei.ty: opaque. 
C'rystctl form: monoclinic, prismatic, usually terminated by 

low clinodome; prism sometimes distinct. 
Cleavage: prismatic highly perfect. 
]11racttwc: subconchoidal, uneven, brittle. 
Hardness: 5.6. 
Str·ectlc: grayish to dark gray . 
Specific gmvity: -3-3.47, varying with composition. 
Ooct~rs: elongated grains, commonly showing parallel sides 

and generally ragged ends . 
.clssoO'iation: quartz, feldsp11:rs (orthoclase and plagioclase), 

biotite (muscovite). 
Rooks: granites, syenites, diorites, gabbro, and correspond­

ing fine-grained form s. 
Alt&ration: loses luster, becomes earthy, and changes to 

chlorite, epidote, calcite and quartz. 
Tests: Fuses to a magneti c ma·ss-sometimes globular. Not 

acted upon by acids. 

ACTIN 0 LITE": A calcium-magnesium-iron silicate, CaO. 
3(Mg, Fe)0.4Si02 • Nearly always secondary. 

Color: green, owing to presence of ferrous iron. 
fJ1lStm·: vitreous to pearly. One variety i.n long, green 

crystals is called "glassy actinolite." 
Diaplum6'ity: sometimes transparent. 
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G"rystal form: monoclinic, crystals either short- or long-
bladed, fibrous acicular. 

Cleavage : prismatic perfect, a and b sometimes distinct. 
Fnwtwre: subconchoidai, uneven, brittle. 
Hardness: 5-6. 
Skeak: uncolored to very pale. 
Specific grcwity: 3-3.2. 
Occtws : grouped in sheaf-like and radiating bundles of aci­

cular crystals and fibers ; also singly . 
.tlsSiociated minemls : hornblende, qua•rtz, feldspar , down to 

andesine; etc., biotite. 
Rocks: altering rocks containing the ferromagnesian minerals, 

and metamorphic rocks, schists, etc. 
A ltemtion: rarely seen, but the product appears to be ser­

pentine and ca·lcite. 
Tests: Fuses with little difficulty to 

which may be slightly magnetic. 
acids. 

a greenish enamel , 
Not' acted upon by 

1'REl\10LITE: A calcium-mangnesium silicate, CaO. 3M gO. 
4Si02 • (Ferrous iron may replace ma·gnesium up to 3 per 
.-ent.) Nearly always secondary. 

Clo lor-: sometimes transparent and colorl ess, white to dark 
gray and bluish-gray. 

Lustew vitreous to pearly. 
Diaphan&ity: transparent to translucent. 
0'1·ystal fot·rn: monoclinic; long-bladed or short stout; often 

in aggregates; long and thin columnar or fibrous. 
Cleavage: prismatic perfect, pinacoidal fair. 
F1·actwre: subconchoidal, uneven, brittle. 
H ar-dlness: 5:_6. 
St1·ealc: uncolored. 
Spec-ific gmvity: 2.9-3.1. 
Occu1·s: groups and bunches of imperfect forms, often 

bladed, frequently fibrous. 
Associations : calcium carbonate and magnesium carbonate 

in calcareous rocks. 
Rocks: impure limestones, etc., as a product of metamor­

phism. 
Alteration: rarely seen. Talc is sometimes formed. 
Tests: Fuses with some difficulty to an enamel. Not soluble 

in acids. 
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ARFVE'DSONI'l'E: A si licate ·of sodiuw, calcium and iron, 
4Na20 .3Ca0 .14Fe0 . (Al,Fe) 20 3 .21Si0 2• 

Colo1· : black to deep gTeenish-lJlack. 
Lnste1· : glassy. 
Diaphaneity: translucent in thin spliuter.·. 
C!1·ystal fonn: monoclinic, prismatic and prismatic aggre-

gates, tabular, seldom terminated. 
Ulecwage: prismatic perfect, pinaroidal fair. 
F'racttwe: uneYen, brittle. 
H cwclness : 6. 
Streak : gray to deep blue-gTa~. 
Specific gravity: 3.44. 
Occurrence : prismatic grains seldom terminated, commonly 

two or three times as long as thick. 
A.ssociations: other soda-bearing amphiboles, nephelite, 

leucit e, alkali feldspars. 
Rocks: nephelite syenites, phonolites, some syenites and 

granite. 
Alteration: Luster becomes dim, color green to rusty-green 

to brown. 
Tests: B.B. fuses easily with swelling to a black magnetic 

globule, coloring ~he flame yello·w (sodium). With soda 
and borax reacts for iron and manganese. Not acted up­
on by acids. 

RIEBECKITE.: A sodium iron silicate related to arfvedsonite 
and corresponding closely to acmite among the pyroxenes, 
2Na~O. Fe20 3 • 4Si02 • 3Fe0 . 2Si02 • 

Color: black. 
Lu8'te1· : vitreous. 
Diaphaneity: opaque. . 
C1·ystal fonn: monoclinic, elongated, striated prismatic crys-

tals, rarely terminated. 
Cleavage: prismatic, perfect. 
F'ractm·e: uneven to conchoidal. 
H a1·dness : 6. 
St·reak: gray to blue-gray. 
S1Jeci(ic gnwdy: 3.3. 
Ocou1·renoe: ·bedded crystals and prismatic grains. 
Associations: other soda-rich ferromagnesian silicates, nephe-

lite, leucite, alkali feldspars. 
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Rocks: nephel'ite syenites and related I'Ocks. From St. 
Peters Dome, Colorado. 

flltemtion: See arfvedsonHe. 
Tests: same a·s for arfvedsonite. 

OLIVINE, CHRYSOLITE
1 

PERIDOT: A fenomagnesian silicate, 
2 ( Mg,Fe) 0. Si02 • Mg :Fe varies from 16 :1, 12 :1 to 3 :1 in 
hyalosiderite, and so ranging from fosterite to fayalite. 

Color: green, olive-green to brownish and red, etc., ftom 
oxidation of iron. 

Luster: vitreous. 
Diaphaneity: transpal'ent to translucent. 
Crystal fonn : orthorhombic. 
Cleavage: basal rather distinct, pinacoidal less so. 
Fnwttwc : conchoida l, brittle. 
Hardness: 6.5-7. 
Streak: rarely yellowish, genel'ally uncolored. 
Specific gravity : 3.27-3.37 (3.37 for hyalosiderite ) . 
Occu1·s: Often shows cryst al outli ne; also irregular, massive 

and compact granular forms. 
Associat'ions: augite and other pyl'oxenes, lower plagio­

clases, biotite, hornblende, etc.: iron ores, serpentine anrl 
other secondary mineral s in metamorphic rocks. 

Rot ks : gabbros, basalts, peridotites, etc . ; metamorphic 
rocks with limestone and dolomite. 

Alte,mtion: (a) to serpentine and iron oxides, and calcite; 
(b) to a red, scaly or lamellar In!ine1·al ralled iddingsite, 
and hematite ; (c) to chlorite. 

Tests : :U.B. loses color, but rarely fuses. Varieties rich in 
iron, such as h:ralosiderite, fuse to a magnetic globule. 
With soda and borax react for iron . HJdrochlol'ic and 
sulphmi c acids decompose it with sepa1·ation of gelatin­
ous si li ca . 

Ia. LESS IMPORTANT MINERALS OF IGNEOUS ROCKS 

jjiU.CON : A silicate of ziH:onimn, ZrO" ·. SiO". 
f'olor: pale 1·eddish-brown. to yellowish and greenish-gray. 
Luster: adamantine. 
Oiaphaneity: i'1·ansparent to t ranslucent and opaque. 
Crystal form : tetragona l, square prisms, rommon ly termi · 

nated hy pyramids. 
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Uleavage: rather poor. 
F'I'C£ctu?·e: conchoida 1, Rmootl1. 
Ha1·dness: 7.5. 
St·reak: uncolored. 
Specific gmvity: 4.68. 
Occt£1Tence: perfect Cl'ystals and inegular grains. 
.tlssociat·ions: quartz, orthoclase, plagioclase, micas, horn-

blende. 
Rocks: granites and other:; containing much soda, crystalline 

limestones, schist:; and gneisses. 
A:.ltemtion: very resistant. 
Colomdo localit·ies: ~aint Peters Dome and other localities 

near Pikes Peak. 

TITANITE, SPHENE: A silicate of calcium and titanium, 
CaO. Ti02 • Si02 • 

Colo?'.· shades of brown, gray, yellow, red, green and biack. 
Lt£ste?·: adamantine to resinous and vitreous. 
Diaphaneity: transparent to opaque. 
C1·ystal fonn: monoclinic, in wedge-shaped, flattened and 

prismatic crystals, and in twins in the shape of a cross. 
Cleavage: one fair and one poor. 
F1·actu1·e: easy parting, due to twinning. 
H a1·dness: 5-5.5. 
Streak: white to slightly reddish. 
Specific gmvity: 3.4-3.56. 
Occun·ence: commonly in crystals aucl Cl".I'Stal grains, but 

sometimes massive, granular and compact. 
Associations: orthoclase, plagioclase, quartz, micas, horn· 

blende, pyroxene, chlorite, apatite, scapolite and zircon. 
Rocks: hornblende granites, s;renites, nephelite syenites, 

diorites, schists, gneisses and limestones. 
Tests: B.B. generally changes color and fuses at 3, with 

swelling, to a dark-colored glass. With borax the glass 
is clear yellowish-green. Imperfectly dissolved by hydro­
chloric acid. When tin is added and the solution boiled 
a violet solution results. Completely decomposed by 
sulphuric acid. 

Colo1·ado localities-: in the ~>yeniteR of the Front Range ; in 
the San .Juan; in the l\lonarclt area of Chaffee County ; 
at Cripple Creek; at Sunset, Boulder County, etc. Astra­
phyllite, a related mineml, Ol:cm·s at Rt. Peters Dome 
and Pikes Peak. 
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TOURMALINE: A complex silicate of boron and aluminum, 
with either magnesium, iron or the alkali metals prominent. 

Colo1·: black, brownish-black, bluish-black; sometimes blue, 
green and red. 

Lustm·: vitreous to resinous. 
D·iaphaneity: commonly opaque, but may be transparent or 

translucent. 
C1·ystal fonn: prismatic, often slender, commonly showing 

nine faces, but sometimes six or only three. 
Cleavage: two poor cleavages. 
F'1·actt~1·e: subconchoidal to uneven, brittle and sometime!' 

friable. 
Hanlness: 7-7.5. 
St1·eak: uncolored. 
S1Jecific gravity: 2.98-3.2. . 
Occtws: commonly in well-defined crystals, often in bunches 

and radiating groups. Sometimes massive, compact and 
granular. 

Associat-ion: the minerals of granite and gneiss and those 
of schists. 

Rocks: granite, gneiss, pegmatite, schist, and rocks affected 
by fumarolic action. 

Altm·ation: rarely seen in altered· condition. 
·Tests : Varieties containing magnesia without iron fuse 

easily to a white glass or slag; those with iron are more 
difficultly fused. The iron variety is barely fusible. 
Certain varieties m·e infusible. Fused with a mixture of 
potassium bisulphate aud flourite gives a pale-green flame 
(boron). Insoluble in acids. Gelatinizes after strong 
ignition. 

ZOISITE, TnuLITE: A' hydrous silicate of calcium and aluminum, 
closely related to epidote, 40a0. 3Al20 3 • 6Si02 • H 20. 

Colo1·: gray to white to yellowish-brown to green and pink. 
Luster: vitreous to pearly. 
Diaphaneity: transparent to almost opaque. 
C1·ystal form: orthorhombic, prismatic, striated vertically. 
Cleavage: one very perfect. 
F'mctu1·e: uneven to subconchoidal, brittle. 
H anJ;ness: 6-6.5. 
St1·ealc: uncolored. 
Specific gravity: 3.25-3.37. 
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Occun·ence: crystals and Ci'J'Stal grains, massive and col­
umnar. 

Associations: amphiboles, corundum, plagioclase. 
Rocks: metamorphic rocks derived from basic igneous rocks 

rich in lime·bearing plagioclase. 

AJUeration: very stable. 
Tests: B.B. swells and fuses at 3.5 to a white enamel. After 

strong heating, the powdered mineral is decomposed by 
hydrochloric acid, with the separation of gelatinous 
silica. The unburnt mineral is not acted upon by acids. 

AXINITE is a borosilicate of aluminum and calcium, with some 
iron and manganese. Color: clove-brown to plum-blue, pearl· 
gray and honey-yellow. Lustm·: highly vitreous. Dwphaneity: 
transparent to subtra:nslucent. Hanl;ness: 6.5-7. Specific 
gravity: 3.27-3.29. Cleavage: three distinct. F'r-actu1·e: 
conchoidal. C1·ystal fo1'1n: triclinic, broad, acute-edged; some­
times prismatic. Tests: Fuses easily, swelling and coloring 
flame pale green, and forming a green .to black glass. With 
borax in O.F. gives amethystine bead. Usc: chiefly as a gem 
or ornament. 

LESS IM['ORTANT MINERALS OF IGNEOUS ROCKS DE­
SCRIBED EILS·EWHER.E: Pyrite, Magnetite, Ilmenite, Apa­
tite, Rutile, Garnet. 

II. SECONDARY OR METAMORPHIC 
MINERALS 

Under the action of wea1hering, heat, pressure and moisture, 
rocks are chemically broken up, and new or secondary minerals 
are formed. These are commonly simpler and more stable than 
the minerals or other rock matter from which they are derived. 
Since all the changes which take place in the constitution of 
rocks ma:y be included under the term "metamorphism," the min­
erals formed in these changes may oe called metamorphic min­
erals. Many of the minerals already described occur as secondary 
products, but are much more important as primary rock con­
stituents. Of the following, only · a few are known a:s primary 
minerals, while the;r are all of frequent occurrence as secondary 
products. 
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A. SECONDARY MINERALS RESULTING FROM WEATHERING 
AND DECAY 

SERPENTINE: A hydrous magnesium silicate, 2H20. 3Mg0. 
2Si02 • FeO often replaces pnrt of the MgO. 

Clolo1·: leek-green oil-green, blackish-green, brownish, red­
dish, yellowish, whitish. 

Diaphaneity: translucent to opaque. 
_Crystal to1·m: crystals of serpentine are not known, but it 

sometimes forms good pseudomorphs. Fibrous, foliaterl, 
but folia rarely separable, usually massive, but under 
the microscope it is seen to consist in most cases of a 
felty, fibrous mass, fine-granular. 

Cleavage: orthopinacoidal, good. 
F1·acture: conchoidal or splintery. 
H a1·dness: 2.5-4 or 5. 
St1·ea1c.- white, with somewhat glassy appearance. 
Spec'ific gntvity: 2.5-2.65; fibrous varieties lower. 
Occu1Tence: commonly fibrous masses, but sometimes gran-

ular, occupying space made hy alteration of other min-
erals. · 

Associations: always secondary, from rocks rich in mag­
nesium. It is often accompanied by carbonates: dolo­
mite, magnesite, calcite, etc., giving serpentine marbles, 
verd antique, ophiolite, ophicalcite, etc. Serpentine 
marble is any serpentine rock cut and polished. 

Rocks: yielding serpentine: peridotites, gabbros and others 
containing ferro.magnesian minerals. 

Alte1·ation: Serpentine is a very stable end product. 
Tests: Yields water in the closed tube. B.B. thin splinters 

fuse on the edges. Reacts for iron. Hydrochloric and 
sulphuric acids decompose it. 

Economic: See asbestos ancl serpentine 1·oclcs. 

CLINTONITES OR BRITTLE MICAS 

MARGARITE, H 2CaA1 4 Si20 12 , is calcium-bearing, brittle mica 
or clintonite, of pink, gray or yellow color, a pearly luster, a 
hardness of 3.4-4.5, and a specific gravity of 3. It is found 
associated with tourmaline. staurolite, garnet, and other sec­
ondary minerals. 

OTTRELITE is a manganese-bearing mica-, possibly H 20. 
(Fe, Mn)O.Al20a.2Si02 • It is dark gray to black, fuses with 
difficulty, and reacts for iron and manganese. 
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CHLORITE GROUP 

The group ine:ludes a series 'of secondary minerals derived 
mainly from the aluminum-bearing rferroma:gnesian minerals. 
They are hydrous silicates of aluminum, ferrous iron and mag­
nesium. They are in some respects similar to 'the micas. They 
crystallize in the monoclinic system, and, like the micas, have a 
hexagonal outline, aud a prominent basal cleavage. The lamin OC' 
are tough, but inelastic. The prevailing color is green. Only 
clinochlore and penninite occur in distinc-c crystals, while COJ'· 

undophilite and prochlorite occur in distinct cleavage masses. 
The other varieties are less well defined, occur in scales, fibers , 
or masses and earthy forms. 

As developed fl·om the alteration of the ferromagnesian min· 
erals in weathering roeks, the chlorites are soft, crumbling, gen ­
erally dull, olive-green , scaly, earthy-looking minerals. 

ULlNOOHLORE: Normally Al20 3 .5Mg0.3Si02 .4H20, but f('r­
l'Ous iron commonly replaces part of the magnesia. 

Colo1 ·: deep grass-green to olive-green; pale green to yellow-
ish and white; occasionally rose-red. 

Vuste1·: on fresh e:lea:vage faces inclines to vearly. 
Dictphaneity: transparent to trans! ucen t. 
Crystallization: monoclinic, in tabular hexagonal forms, 

sometimes built up into prismatic f01·ins; triangular and 
twelve-sided prisms occur; in altering rocks it is mas­
sive, scaly, gra:nular and earthy. 

Cleavctge: bas a 1, perfect. 
Pmct-tt•re: The laminre are tlexibl e and tough, but scarcely 

elastic. 
Har·dness: 2-2.5. 
Strealc: pale greenish to uncolored . 
Specific graV"ity: 2.65-2. 78. 
Occtm·ence: mainly in altering ro-cks containing the ferro­

magnesian minerals, such as granites, diorites, gabbros, 
biotite schists, etc. 

Tests: Yields water. B.B. ·in platinum forceps whitens and 
fuses on thin edges to g-rayish-black glass. Completely 
decomposed by sulphuric acid. 

l'ENNINITE: Essentially the same composition as dinoch lore . 
. -\1"03 .5(Mg, Fe)0.3Si02 .4H20. 

Col01·: various shades of green, reddish, vio let. rose-reel. 
pink, and occasionally almost white. 
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Luste·r: pearly on cleav~ge faces. 
Diaphaneity: transparent to translucent. 
C1·ystallization: monoclinic, but rhombohedral in habit, in 

tabular blocks and tapering prisms; a lso massive, and 
in a:ggregations of scales. 

Cleavage : basal, perfect. 
T enaC'ity: laminre flexible , not elastic. 
Hanlness: 2--2.5. 
Streak: pale gray to white. 
Specific gr·avity: 2.6-3.85. 
Occt~n·ence : It is rather common in rocks in which the 

ferromagnesian minerals are a ltering. 
Tests: In closed tube gives wa1er. Folia fuse with difficulty. 

Completely decomposed by sulphuric acid. Partially 
so by hydrochloric. 

CORUNDOPHILI'L'E: lBJgO. 4Al 20 3 • 6Si02 .10H20 < 
Colo1·: various shades of green. 
Luste;r: cleavage surfaces somewhat pearly. 
Diaph<tneity: transparent to nearly opaque. 
C1··ystctllization: monoclinic in six-sided a:nd twelve-s ided 

tabular forms and low prisms. 
Cleavage: basal, perfect. 
Hardness: 2.5. 
Specific gravity: 2.9. 
Occt~?Tence : with emery and corundum. 

TALC, STEATITEJ, RoAPSTONE: A hydrous magnesium si licate, 
H 20. 3~1:g0 .4S·i02 • 

Color: apple-green to white or si·lvery-white, brownish to 
blackish-green, etc., when impure. 

Lt~ste1·: pearly on cleavage surface. 
DiazJhaneity: subtr·anspm·ent to translucent. 
C1·ystal form: orthorhombic or monoclinic, rarely in tabular 

crystals, mmall~· foliated massiYe, sometimes globular 
and stellated groups, also granular massive; fibrous and 
compact cryptocrystalline. 

, CleK.wage: basal perfect, sec tile scales, flexible but not elastic. 
Fracture : practically controll ed by rleavage. 
Hardness: 1-1.5. 
8t·reak: usually white. In dark-colored varieties streak is 

lighter than the color of the mineral. 
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8pecific g·ravity: 2.7-2.8. 
Ocmtn·ence: comwonly only in spaces form ed by a lteration 

of othel' Jllinm·als. (See under C1·ystal form above.) 
.l ssocint-ions: serpentine, talcose or chlorite schists and dol­

omite. Fibrous talc is usuall y pseudomorphic after en­
statite and tremolite. 

Altendion: not seen. 
Tests: B.B. in closed tube, when intensely heated, most varie­

ties yjeld water. In forceps · whitens, •exfoliates (opens 
out in plates), and very thin flakes fuse to a white enamel·. · 
~f'Oistened with cobalt nitl·ate solut ion and heated, turns 
pale pinkish-red. Not decomposed by acids. Has a 
greasy feeling. 

EPIDOTE : .A hydrous silicate of calcium, aluminum and irvn, 
H 20.4Ca0.3(Al,Fe ) 20 3 .6Si0 2 • (Al :Fe varies from 6:1 to 
3 :2.) 

Color: yellowish-green to brownish-green, greenish-black, etc. 
!.Juster : vitreous, inclining to pearly or resinous on cleaYage. 
DiCLJJhaneity : transparent to opaque. 
C'rys ta l fonn : monodinic, usually prismatic. 
Clecwage: basal perfect, pinacoidal im perfect. 
Fmctwre' : uneven, brittle. 
Hardness: 6-7. 
Streak : uncolored to grayish. 
Speci fic g·rav·ity: 3.25-3.5. 
Occ·urrcncc: colllmonly in slender prisms, needles and irreg­

ular grains, generally occupying space formed by decay 
of minerals. 

Assoc·iat ions: quartz, actinolite, feldspar, chlorite, serpen­
tine, etc. 

Rocks : a ltered and metamorphic rocks, especially those ricll 
in lime, ·whether igneous or sedimentary. Rock called 
epidosite consists of quartz and epidote. 

A ltemtion: not observed. 
Tests: Intensely heated in closed tube gives water. B.B. 

fuses with swelling at 3.5 to dark bro\vn or black mass, 
generally magnetic. ·with soda and b01·ax reacts for 
iron. Partial!~· decomposed by h:rdrochloric acid. The 
fused mineral is decomposed b;r hydrochlol'ic acid. 11·ith 
separation of gelatinous si lica. Decomposed by fusion 
with sodium and potassium carbonates. 
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KAOLINITE, KAOLIN) CHINA CLAY: A. hydrous, aluminum sili-
cate, 2H20 .Al20 3 .2Si02 • 

Co lor: white, grayish-white, yellowish, brownish, etc. 

L1~ster: of masses, pearly to dull earthy; of scales, pearly. 
Dia1Jhaneity: transparent to translucent in scales; opaque 

in masses, and generally plastic and unctuous. 

C1 ·ystal form: monoclinic, . thin t·hombic, rhombohedral or 
hexagonal scales, usually compact, fri able or mealy mass 
showing no crystallization. 

Clecwage: of cryst als, one perfect. Plates are flexible, in-
elastic. 

H anlness: 2---2.5. 

Specific gmvity: 2.6-2.63. 

Occm-r·encc: from decay of aluminous minerals, especially of 
feldspars. Scaly kaolin often forms beds in connection 
with iron ores in the Pennsylvanian rocks. 

A ltemtions: very resistant product. 

Tests: In closed tube yields water. B.B. infusibl e. Moist­
ened with cobalt solution and heated, gives blue colol'. 
Insoluble in acids. 

Economic: See clays, etc. 

HALLOYJSITE : A silicate of aluminum, probably 2H20. Al 20~. 
2Si0~ + water ; aluminia, Al20 3 , 36.9 per cent. Much like 
kaolinite, but contains more water and iR amorphous. 

Color: varies with the purity, from white to bluish-gray, 
greenish, buff, reddish. 

Luster·: pearly to waxy, to dull and earthy when dry. 
Diaphaneity: translucent to opaque. 
Crystalli~ation: amorphous. 
Occu.rrence: It is a secondary mineral derived from the altel'­

ation of rocks rich in aluminum, such as granites, and 
occasionally as a residual product from aluminous lime­
stones, etc. It is also found in veins and other form s of 
ore-bodies. 

Associations: other minerals of the kaolinite group. 
Tests: B. B. infusible. With cobalt nitrate solution giveR a 

fine blue color (alumina) . Decomposed hy acids. 
Uses: See Rection on clays. 
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B. SECONDARY MINERALS RESULTING MAINLY FROM SOLU­
TION AND REDEPOSITION IN SEAMS AND CAVITIES IN 
BASIC LAVAS. ZEOLITES AND RELATED MINERALS 

ZEOLITES 

The zeolites are mainly secondary, hydrous silicates of alu­
minum, with sodium and calcium, rarely potassium, barium and 
strontium. In some other respects they are analogous to the 
feldspars ' and · feldspathoids, from which they are commonly 
derived by the action of heated waters and steam. 'l'hey occur in 
cavities, seams· and veins, chiefly in the more basic igneous rocks 
of volcanic origin, such as basalt and diabase, but occa:sionally 
in syenites, granites, and other more acidic types. Owing to their 
mode .of occurrence, they commonly show .good crystal forms. 
They range in color from white to pink, yellow and red. Vitreous 
and pearly lusters predominate. The specifi c gravity runs from 
2 to 2.4, and the hardness from 3.5 to 5.5. They fuse easily and, 
most of them, with a boiling action and much enlargement. They 
are soluble in hydrochloric acid. The more important zeolites 
are: heulandite, stilbite, chabazite, analcite, natrolite, scolecite, 
rnesolite and thomsonite. Apophyllite and prehnite are not 
strictly zeolites, but will be included in this group. 

HEULANDITE: . A hydrous silicate of calcium and aluminum, 
CaO. Al20 3 • 6Si02 • 5H20. 

Color: white to gray to pink, red and brown. 
Lttster: pearly on conchoidal and cleavage surfaces; other 

faces vitreous. 
Diaphaneity: transparent to nearly opaque. 
Crystal fonn: monoclinic, often tabular, and resembling 

orthorhombic forms. 
(Jleavage: clinopinacoidal, perfect. 
Frnctttre: subconchoidal to uneven ; brittle. 
Hwrdness: 3.5-4. 
Streak: uncolored. 
Specific gmvity : 2.18-2.22. 
Occu1·s: · mainly in ·openings in basaltic rocks, with other 

zeolites. 
Tests : Before the blowpipe " -hitens, crumbles, fuses qu ietly 

to translucent glass. Decomposed by hydrochloric acid. 
Colm·ado locallit·ies: Anthracite Creek, Gunnison County; 

Como, Park Count~7 ; Green Mountain, Jefferson County. 
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STILBITE, DESMINE: A hydrous silicate of sodium and calcium, 
(Na2,Ca)0.6Si02 .6H20. Variable. 

Color: white, sometimes yellow, pink and red. 
Luster: pearly on clinopinacoid and cleavage surfaces; 

other vitreous. 
Diap1taneity: transparent to translucent. 
Crystal form: monoclinic, thin tabular, forming sheaf-like 

bundles; also radiating and globular forms. 
Cleavage: clinopinacoidal perfect. 
Fr'acture: uneven, brittle. 
H anJ;ness: 3.5-4. 
Str·eak: uncolored. 
Specific gravity: 2.1-2.2. 
Occur·rence: chiefly in basalt, but also in acidic rocks and 

mineral veins . 
• 'issociations: other zeolites. calcite, and other secondary 

minerals. 
Tests : Separates, swells, curves and fuses to white enamel 

at 2-2.5. Decomposed by hydrochloric acid. 
('olo•rado localitie8: North Table :\lountain, Golden, and 

various mines of Cripple Creek. 

CHABAZITE: A hydrous silicate of calcium, sodium, aluminum, 
,;ometimes potassium, etc. Variable, but commonly (Ca,Na2 )0. 
A lc03.4Si0. 6H20. 

Cdllor·: white to pink and flesh-red. 
Luster·: vitreous. 
Diaphanei_ty: transparent to translucent. 
Crystal fonn: hexagonal , rhombohedrons, approaching the 

cube in angles. 
Cleavage: rhombohedral, distinct. 
Fr·acture: uneven, brittle. 
H a.rdness: 4-5. 
Streak: uncolored. 
Specific gr·avity: 2.08-2.16. 
Occurr·ence: crystals, crystal groups and amorphous masses 

in openings in basaltic rocks and syenite, gneiss and 
schist. 

Associations: other zeolites and calcite. 
Tests: Fuses with swelling to a vesicular glass. 

posed by hydrochloric acid, with separation 
silica. 

Color·ado localities: Table, Mountain, Golden. 

Decom­
of slimy 
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ANALCITE: A hydrous silicate of sodium. and aluminum. 
Na20 .Al20 3 .4Si02 .2H20. 

Color: colorless, white, grayish, greenish-yellow, reddish. 
Luster : vitreous. 
Diaphaneity: transpa1·ent to nearly opaque. 
C1·ystal fonn: isometric, trapezohedrons and cubes modified 

by trapezohedrons. 
Cleavage: cubic, poor. 
Fracture: subconchoidal, brittle. 
Hardness: 5-5.5. 
Strealc: uncolored. 
Specific gmvity: 2.22--2.29'. 
Ocmwrence: It is generally a secondary mineral, though it 

is probably primary in a few basaltic rocks. As a 
secondary mineral it oecurs in cavities and replacing 
nephelite, leucite and sodalite. 

Tests: Yields water in closed tube; fuses at 2.5 to a color­
less glass. Dissolved by hydrochloric acid. forming 
gelatinous siliea. 

Colomdo looation8: Table Mountain, Golden; Grouse Moun­
tain, near Cripple Creek; Uncompahgre Peale 

NA'I.'ROLITE: A hydrous silicate : of sodium and aluminum, 
N a20. Al20 3 • 3Si02 • 2H20. 

Color: white to colorless, to gray, yello~· and red. 
Luster: vitreous to pearly. 
Diaphaneity: transparent to translucent. 
C1·ystal for-m: orthorhombic , slender prismatic crystals, ofter, 

in divergent or radiating fibrous' bunches. 
Cleavage: prismatic perfect , another fair. 
JJ'r·aoture: uneven, brittle. 
H ardne.ss : 5-5.5. 
Strea.lc: uncolored. 
Specific gravity: 2.2-2.25. 
Occwrren(:e : principally in cavities and seams in basic rocks, 

but occasionally in granite, syenite and gneiss. 
Assoc•iations: other zeolites and secondary minerals. 
T ests: Fuses quietly at 2 to a colorless glass. Gelatinizes 

with acids. 
Colorado local·ities: Table Mountain, Golden, and Cripple 

Creek. 
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~COLECI'l'E: A hydrous silicate of calcium and a luminum, 
CaO. Al20 3 • 3Si02 • 3H20. 

Color·: white to yellowish-white. 
Duster·: vitreous; silky when fibrous. 
Diaphane'ity: transparent to almost opaque. 
Crystal fonn: monoclinic, slender, prismatic crJstals. ofteu 

in divergent groups and in various twin forms, some of 
which resemble natrolite forms. 

Cleavage: prismatic, good. 
Fmctur·e : uneven, brittle. 
H ardlness: 5-5.5. 
Streak: uncolored. 
Specific gravity: 2.1G-2.4. 
Occurr·ence: in crystal, fibt·ous and nodular forms, thief1y in 

openings in basic rocks. · 
Associat·ions: other zeolites. calcite, and other seeondary 

minerals. 
Tests: Fuses at 2 to white vesicular enamel. Gelatinizes 

readily with acids. Sometimes curls up like a worm, 
when heated in the blowpipe flame. 

Colorado localities : 'fable Mountain, Golden; Italian Peak, 
Gunnison County. 

MESOLITE is intermediate between natrolite and seolecite in 
composition. It occurs in aciculat· and eapi llaty ct·ysta ls, oft-en 
grouped in divergent tufts and felted masses in cavities in 
basaltic rock::;, as at Table Mountain, Golden. It is colorless 
to white, grayish and yellowish; has a good prismatic cleavage; 
is transparent to opaque. It is commonly the last mineral to 
form in the cavities .. Before the blowpipe it swells, curls into 
worm-like forms, and fuseR eaRil~- to a white, glassy enamel. 

THOMSONITE: A h;ydrous silicate of sodium, caleium and 
aluminum, (K<1 2 ,Ca) 0. Al 20 3 .2Si0 2 .5/ 2H20. 

Color: ·snow-white to greenish and reddish. 
Luster: Yitreous to pearly. 
Diapha.ncity : transparent to translucent. 
Crystal form: orthorhombic, seldom in distinct crJsta ls; 

commonly in rounded, radiating bunches, but sometimes 
compact. 

Cleavage: pinacoidal, good. 
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l'''ractm·c .- uneven to subconchoidal. brittle. 
Hw·dness: 5-5.5. 
8t1-ealc: uncolored. 
Specific gmvity: 2.3-2.4. 
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Occu1'1'Cnce: in <:a vi ties and seams in basic rocks; sometimes 
replacing nephelite. 

,l ssoc·iations: otlter zeolites and other secondary minerals. 
'l'csts : Fuses at 2 to white enamel. Gelatinizes with hydro­

chloric acid. 
Uolomclo locct li ties: 'fable Mountain, Golden. 

APOPHYLLITE : A h;yclrous silicate of potassium and calcium, 
K~O. SCaO .16Si0" .16H20. A small amount of fluorine is usual-
ly present. _ 

Oolo1· : white to grayish, sometimes pink, ye llow, reel. 
Ltrster: pearly on basal pinacoid, glassy on other faces. 
Dinphaneity: transparent to nearly opaque. 
('1·ystnl fonll: tetragonal , square prisms, often modified by 

pyramids and basal pinacoids, sometimes tabular. 
C' lenvnge: basal perfect, prismatic good. 
F'1·act·ur·e: uneven, brittle. 
Hardnes s: 4.5-5. 
St1·eak: uncolored. 
Spec·ific gravity: 2.3-2.4. 
O<;cun·ence: mainly in cayities in basalti c rocks. 
lissocicttions: zeolites, datolite, pectolite and calcite. 
Tests: In closed tube separates in flakes , whitens, and yields 

acid water . In open tube, fused with salt of phosphorous 
reacts for fluorine. 

I 

Co lomdo localit-ies: Table Mountain, Golden; Hunts P eak. 
Fremont Count?. and San Luis Parle 

PREHNITE : Au acid orthosilicate of calcium and aluminum . 
2Ca0 . -Al "O~ . 31Si0" . H 20. 

Colo1·: light green, oil-green, to white and gn~- ­

LusteJ· : vitreous to pearly on basal faces . 
Diaphnneity: subtransparent to translucent. 
C'1' ,1)Stnl fonn : orthorhombic; " -ell-formed crystals are rare; 

they are usually tabuhrr parallel to th e base, but pris­
matic forms occur. 

Clenvage: basal distinct. 
F'racture: uneven . brittle. 
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H ardlness: 6-6.5. 
Streak : uncolored. 
Specific gravity: 2.8-2.95. 
Occu1·rence: chiefly in openings in basic igneaus rocks, such 

as basalt, diabase and related types, but occasionally in 
granite, gneiss and syenite. 

;lssociaUons: zeolites, datolite, pectolite, calcite and epidote. 
Tests: In the closed tube yields water. Fuses and swells to 

a vesicular enamel or glass. Decomposed by hydrochloric· 
acid, and forms gelatinous silica if preYiousl;r fused. · 

Differences: from green quartz, ber;r l and chalcedony by 
easy fusion. 

DATOLITE: A basic orthosilicate of boron and calcium , 
2Ca0. B20 3 • 2Si02 • H 20; boron trioxide, B20 3 , 21.8 per cent. 

Color: white to gray, pale green, pink, yellow, red and olive­
green. 

Luster: vitreous to subresinous. 
Diaphaneity: transparent to translucent, to opaque when 

massive. 
CTystallit ation: monoclinic, commonly short prismatic; also 

botryoidal and globular, and massive fine-granular or 
cryptocrystalline. 

Cleavage: none. 
Fractttre: conchoidal to uneren. 
Tenacity: brittle. 
H nrdness: 5-5.5. 
Streak: white. 
Specific gravity: 2.9-3. 
Occun-ence: It occurs chiefly as a secondary mineral in basic 

rocks, with calcite, prehnite and zeolites. 
Tests: In closed tube gives water. B.B. fuses easily with 

swelling to clear glass, coloring flame bright green . Gel­
atinizes with hydrochloric acid. 

PECTOLITE · A metasilicate of sodium and calcium, commonly 
classed with the pyroxenes, but by some regarded as allied to 
the zeolites, Na 20. 4Ca0. 6Si02 • H 2 0. 

Color: white to gray. 
Luste1·: silky to subvitreous. 
Diaplumeity: weakly translucent to opaque. 
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U1·ystal fonn: monoclinic in close aggtegates of acicular 
crystals, sometimes radiating. 

Clenvctge: two pel'fect-orthopinacoidal and basal. 
F'1·nctw·e: uneven. brittle. Compact pectolite is very tough. 
H a1·dness: 5. 
St1·enlc: uncolored. 
Specific gravity: 2.68---2.78. 
Occur1·ence: as a secondary mineral in seams and cavities of 

basic eruptive roeks, and occasionally in metamorphic 
rocks. 

Associations: calcite, prehnite and zeolites. 
Tests: In closed tube yields water. Fuses at 2 to white 

enamel. Partially decomposed by hydrochloric acid, with 
separation of gelatinous silica. Often gives ont light 
when broken in the dark. 

CALCITE is described elsewhere. 

C. SECONDARY MINERALS RESULTING FROM METAMOR­
PHISM OTHER THAN WEATHERING, COMMONLY DYNAMIC 

GARNET: Orthosilicates of calcium and aluminum; magnesium 
and aluminum; iron and a luminum ; calcium and iron; (ca l­
cium, magnesium) and iron; calcium and chromium. 

Cto.lor: red, brown, yellow, white, green, black. 
Luster: vitreous in crystals to resinous in the massive form. 
Dwphaneity: transparent to translucent. 
C1ystnl form: Isometric, dodecahedrons and trapezohedrons 

are the commonest forms. 
Cleavctge: no true cleavage, but a parting is sometimes dis-

tinct. 
F1·nctu1·e: subconchoidal to uneven. 
Hcwdness: 6.5-7.5. 
Strenlc: white. 
S1Jeci{ic g1·nvity: :J.l5-----4.3, varying wi tb the composition. 
Occttn·ence: Perfect crystal forms are common, but much 

massive and granular garnet occurs in metamorphiC' 
rocks. 

i:lssocia.tions: Garnet is found in company with almoRt all 
rock-making minerals. 

Rocks: metamorphic rocks, especially schists and gneisses. 
(See p. 58.) 
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Alte-ration: Very resista:nt, but chlorite, serpentine, horn­
blende, epidote and feldspar are formed. 

Tests: All the varieties mentioned below, except uvarovite, 
fuse at about 3-3.5. Uvarovite is almost infusible. 
Almandite yields a magnetic globule. Almost all va­
rieties react for iron. Uvarovite reacts for chromium, 
a:s do many pyropes. All but uvarovite are decomposed 
by hydrochloric acid, and gelatinous silica is generall, 
separated. Decomposed by fustion with sodium anll 
potassium carbonates. 

VARIETIES 

A. GRossuLARITE, Gooscben ·y Stone_, Cinna ·mon Stone, Essonitc, 
Hessonite, are names applied to calcium-aluminum garnets 
having the general composition 3Ca0 .• -\.l ~O:J. 3Si02 • In co lOt­
they range from white to pale green, amber-yellow, brownish­
yellow and cinnamon-brown. Grossularite is especially char­
acteristic _of metamorphic, calcareous rocks, especially at th e 
contact of igneous intrusions. 

B. PYROPE, P1·eci10tts Ga1·net, is a mwgnesium-aluminum garnet 
having the general composition 3Mg0 .. \.1 20 0 .3Si02 , The color 
ranges from deep red to nearly black. Flawless, transpareni 
stones are much prized as gems. Pyrope, probably not so com­
monly secondary, is characteristic of basi c magmas, rich in 
magnesium and iron, but very poor in alkalies. 

( :. ALMANDITE
1 

Al1nancl-inc, is an iron-aluminum garnet, 3Fe0 __ 
Al20 3 .3Si02, varying in color from deep red to purplish-red, 
brownish-red. ·when transparent and of fine red color, it is 
prized as a gem. The coa·rser material is crushed for abrasi1·e 
purposes. 'Almandite is characteristic of mica schists and 
metamorphic rocks rich in aluminum and iron. 'With smarag­
dite (thin foliated amphibole near actinolite in composition) 
it forms eclogite. 

D. SPESSARTITE, Spessa1't·inc, is a manganese-aluminum garnet, 
3M nO. Al20 3 • 3Si0;, varying in color from dark hyacinth-red 
to brownish-red, and sometimes tinged with violet. The finer 
stones are used as gems. Found in granite rocks and quartz­
ites. 

E. ANDRADITE, Com11wn Ganwt, Black Garnet
1 

is a calcium-iron 
ga·rnet, 3CaO.Fe20 3 .3Si02, of various colors and many va­
rieties. Wine-colored andradite is called Tiopazolite ). a green -
variety of brilliant luster is Dema.nto-id; M ela1'bite is black; 
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.Iellet ,ite and 1lplo111e ate gT·een; Rothotfite is yellowish-brown 
to btown, etc. The black Yatiet:,- occul's in ne}Jhelite- and leucite­
bearing tocks and iu contact mehuuorphic rock. 

F. UvAROVITE, Ouvamv·ite) is a calcium-chrorniulll garnet of 
emerald-green color, 3Ca0. Cr20 3 • 3Si02 , but is not known in 
crystals large enough for gems. Belongs with ohromite in 
serpentine and occasionally in granular limestone. 

(i. ScHORLOilil'l'E is cowmonly included with garnets. lts com­
position is 3Ca0. (Fe, Ti) 20 3 .3(Si, Ti)02 • The color is black. 

~ILLIMANITE , FmHOLI'l'l£: An aluminum si licate, Al 203 • Si02 . 

Color: white to gray to brown to greenish. 
Vt£ste·r: vitreous. 
Dictphaneity: transparent to translucent. 
O'r·ystal fonn : long, slender crystals·, r·arely !';howing ter-

minal faces. 
Cleavage: one perfect. 
Fnwtwre: uneven. 
Har-dness: 6.7. 
Streak: uncolored. 
Specific gmvity: 3.23 .. 
Occu1's: mainly in fine, needle-like cr·.Ystals, in either par­

allel or radiating groups. Sometimes massive. Often 
penetrating quartz . 

.tlssociations: minerals of metamorphic tocks, sue h as 
quartz, feldspar, micas, garnet, corundum, etc. 

Rocks: gneisses, schists and other metamorphic rocks de­
rived from clays or clayey sediments . 

.tlltm·ation: very resistant. 
'l'ests: B.B. infusible alone. Decomposed on fusion with 

sodium and potassium carbonates and hydroxides. Not 
decomposed by acids. The powder moistened with co­
balt solution and strongl:v heated gives blue color 
(alumina). 

ANDALUSITE, CHIASTOLITE: A silcate of aluminum, Al 20 3 • 

Si02. 
Color: gra.1·, to wllite, lo tose. to r·eddi:;;ll -Lroll·n and oliYe-

green. 
Lt1,ste1·: vitreous to subvitreous. 
Dia.phanCJity: translucent to opaque, rarely transparE>nt. 
U·rystal fonn: odhorhombic, usually nearly square lJris-

matic forms. 
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Cleavage: one good (prismatic) and one fair. 
F'·ract1~1·e: subconchoidal to uneven, brittle. 
H wrdness: 7 .5. 
St1·eak: uncolored. 
Specific gra?Yity: 3.16-3.2. 
Occwr1·ence: generally in crystals, sometimes massive and 

radiating. 
Associations: micas, hornblende, aluminous minerals of the 

kaolin group. 
Rocks: argillaceous schists, mica schists, slates and related 

rocks. 
Alte1·ati10n: very stable. 
Tests: B.B. infusible. After intense heating the mass, 

moistened with cobalt nitrate solution and reheated, be­
comes blue. Decomposed by fusion with sodium and 
potassium hydroxides and by sodium carbonate. Not 
acted upon by acids. 

CYANITE: A silicate of aluminum, Al 20 3 • Si02 • 

Color: commonly blue, becoming paler or white toward mar-
gins of crystal; also gray, greenish and black. 

Lttster: vitreous to pearly. 
Diaplw;neity: translucent to transparent. 
Crystal fonn: triclinic, generally long-bladed to columnar 

crystals. 
Cleavage: one very perfect, one less perfect crossing the first, 

and a parting. 
F'1·actt111'"e: obscured by cleavages. 
Hardness: 5-7.25, depending on the crystal face tested. 
St1·eak: uncolored. 
Specific gravity: 3.56-3.67. 
Occw-rence: &ee C1·ystal fonn. 
A.ssociations: micas, garnet, quartz, staurolite, corundum. 
Rocks: gneisses and schists. 
1-lltemtion: very stable. 
Tests: same as for andalusite. 

VESUVIANITE, InocnASE: A calcium aluminum silicate of un­
certain formula, possibly H,Ca1 2 (Al,Fe) 6 Si100.;a. 

Colo1·: brown to greenish-brown ~nd green; occasionally 
resin-colored, yellow and bluish. 

Luster: vitreous to resinous. 
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D'iapha,neity: translucent to opaque. 

Ct·ystau-i,zat·ion : tetragonal prisms and pyramids; also mas-
sive, granul ar and columnar. 

Clea'IJage: poor; lamellar structure somewhat common. 
fi'n~c t'twe: subconchoidal to uneven. 

1'enac'ity: brittle. 

Hardness: 6.5. 

Streak: white. 

S]JeG'ific grav-ity: 3.35-3.45. 

Occuncnce: mainly in metamorphic rocks, such as a ltered 
limestones, schists, gneisses, and especial ly as a result 
of contact metamorphism. 

A.ssociation!J: garnet, diopside, actinolite, tremolite, wolla­
stonite, epidote and serpentine. 

Tests: B.B. swells and fuses at 3 to a greenish or 'brownish 
slag. Reacts for manganese. Partially decomposed by 
hydrochloric acid. After intense heating it is completely 
decomposed by hydrochloric acid. 

Colo·raclo local·ities: Many localities along the Front Range 
of Colorado, and elsewhere in the state. 

IOLITE, CoRDIERITE, DrcHROITE: A silicate of aluminum, iron 
and magnesium, (Mg, Fe) 4Al 8 (0H) 2 (Si20 7 ) 5 , or 4(Mg, Fe)O. 
4Al20 3 .10Si02 • H 2 0. 

Calm·: various shades of blue--light or dark. 
Luster: vitreous. 
Diaphaneity: transvarmt to translucent. 
CTystltlli.zat·ion : orthorhombic, short prismatic; imbedded 

grains, massive and compact. 
Cleavage: one fair, two poor. 
F'·mct·ure: subconchoidal, brittle. 
Hardness: 7-7.5. 
Streak: white. 
Specific gravity: 2.6-2.66. 
Occut·?Y!nce: in granite, gneiss and schist, and related rocks. 
Associa.tions: quartz, orthoclase or albite, hornblende, tour-

maline, sillimanite, andalusite and garnet. 
Tests: B.B. loses transparency and fuses at 5-5.5. Partial­

ly decomposed by acids. Decomposed by fusion with 
sodium and potassium carbonates. 
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Uses: Occasionally cut as a gem. 

Colorado localities: many areas of metamorphic rocks, in 
gneisses and schists. 

CHONDRODITE: A fluo-silicate of magnesium, usually with 
iron replacing a part of the magnesium, H2Mg10Si 80~ 4F., or 
[Mg(F,OB) ] 2 Mg3 (Si01 ) ·2 • 

Color: light to dark yellow, pale yellow, deep garnet-red 
brownish-red and hyacinth-red. 

Luster: vitreous. 
Diaphane-ity: transparent to translucent. 
Crystallization: monoclinic cr:rstals of varied habits, com­

monly equidimensional; also massive, compact, and im­
bedded grains. • 

Cleavage: one sometimes distinct. 
Fracture: subconchoidal. 
Tenacity: brittle. 
Hardness: 6--6.5. 
St1·ealc: white to pale yellow. 
Specific gravity: 3.1-3.2. 
Occwrr·ence: commonly in altered limestones. 
Association.~: spinel, chrysolite, biotite, pyroxenes, magne­

tite and calcite. 
Tests: B.B infusible. Some va.rieties blacken, and then burn 

white. Reacts for fluorine (etches the glass) in closed 
tube with potassium Lisulphate. Gelatinizes with acids. 

Alteration: It becomes hydrated and changes to serpentine 
and brucite. 

H UMITE is similar to chondrodite, but contains five molecules 
of MgSi04 instead of three, and is orthorhombic. 

ULINOHUMITE is like chondrodite, but contains seven molecules 
of MgSi04 • 

SCAPOLITE: A group of silicates of aluminum, with calcium 
and sodium in varying amounts. Chlorine is often present. 
The scapolite series, like the plagioclase series, consists of two 
primary members: Meionite ( 4Ca0. 3Al20 3 • 6Si02 ), and Maria­
lite (Na.Al3 Si 00 24Cl); and intermediate members: \Vernerite 
and :.'IIizzonite. composed of the primaries in varying propor­
tions. 
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Col_or: white to grayish-white to pink. 
Luster: vitreous. 
Diaplwneity: transparent to translucent. 
C1 ·ystal form: tetragonal, prisms and pyramids are charac-

te_ristic. 
Cleavage : pri~matic, fair, but often interrupted. 
Fn£ctt£re: conchoidal to subconchoidal, brittle. 
H aTdness: 5-6.5. 
Streak: uncolored . 
Specific gravity: 2·.5-2.8 (decreases from meionite to maria­

lite). 
Occur1·ence: Frequently Rhows one or more crystal bound­

aries, and often perfect crystals. It is often the result 
of alteration of plagioclase. 

Associat-ion?: augite, hornblende, cal ci~e, sanidine, garnet, 
apatite, titanite, zircon. 

Rucks : The scapolites are most common in metamorphic. 
rocks-;-such as crystalline limestones, crystalline schists 
and gneisses-but are also found in trachyte and other 
volcanic rocks. 

' A lterat-ion: They alter to micas, calcite, epidote, talc, quartz, 
and aluminuiu minerals, such as kaolinite, diaspore, 
gibbsite, and other minerals. 

Tests: B.B. fuses easily with s'velling. All varieties are 
attacked by acids, but in varying degree, and one variety 
-Sarcoli te-gela tinizes. 

STAUROLITE: A hydrous silicate of a luminum and iron, 
5Al

2
0

3
• 2Fe0. H 20. 4Si02 , with magnesium replacing more or 

less of the iron. 
Color: reddish-brown, yellowish-brown to nearly black. 
Luste1·: commonly slightly resinous, to dull vitreous. 
Diaphaneity: transluce!lt to opaque. 
C1·ysta l form: orthorhombic, commonly in flat prismatic 

crystals, twinned so as to form crosses. 
Cleavage: one fair. 
Fractu1·e: subconchoida l, brittle. 
Ha1·dness: 7-7.5. 
Streak: generally uncolored, sometimes gray. 
Specific gravity: 3.65-3.71. 
Occtw·ren ce: See C1·ystal fonn . 

"-'•-•- Ui.-•n ... ir"~l ~'10 

Society, 
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Associations : micas, garnet, cyanite, tourmaline, sillimanite, 
quartz, hornblende. 

Rocks : metamorphic rocks, such as schists, gneiss, argillite, 
slate and phyllite. 

Alteration: rarely altered . 
Tests: B.B. infusible, except those variet~es containing mag­

nesium, which fuse easily to a magnetic glass. vVith 
soda and borax reacts for iron. Sulphuric acid attac;ks, 
but does not completely d~compose it. 

WOLLASTONITE: A ca lcium silicate, CaO. Si02 ; lime, CaO, 
48.3 per cent. 

Color : white to gray, yellow, red and brown. 
Luster: vitreous to pearly. 
Diaphaneity: translucent to weakly transparent. 
C1·ystallizcttion: monoclinic, mainly in tabular forms 

(tabular spar) ; a lso massiye, fibrous-massive with inter­
locking fibers. 

Cleavctge: two perfect. 
Fmctu1·e: ragged. 
Tenacity: brittle. 
H anlness: 4.5-5. 
St1·eak: white to gray. 
Specific gmvity : 2.8-2.9. 
Occttrrence: commonly in granular limestones, especially aR 

a result of contact metamorphism . 
Associat·ions: garnets, pyroxenes, vesuvianite, etc. 
Tests : Not changed in closed tube. Fuses easily on edges, 

and with soda forms a blebby glass, and swells and 
becomes infusible. Decomposed by hydrochloric acid. 

I I I. I M P 0 R T A N T M I N ERA L S 0 F S E D 1-
MENTARY ROCKS . 

QUAR!l'Z is by far the most important mineral of sedimentary 
rocks. It forms practically all the vast body of sandstones, and 
is present in considerable amounts in_ most argillaceous rocks, and 
as an impurity in many limestones. 

Quartz is described elsewhere. 
CALCITE' is next in importance to quartz. It is the mineral 

of limestones, and is present in many argillaceous rocks, such as 
calcareous shales and clays. 
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CALCITE, IcELAND SPAR, CALC SPAR: Calcium carbonate; the 
mineral of limestone, marble, chalk, etc.; CaC03 • 

Col01·: white to colorless; also shades of gray, pink, red, etc. 
Luste'l": vitreous to subvitreous and earthy. 
Diaphaneity: transparent to opaque. 
Crystal form: remarkably varied. (See Dana, Textbook of 

Miner:alogy, p. 354.) 
Cleavage: three perfect, yielding rhombohedral blocks or 

plates. 
Fr-actu'l"e: rarely seen, owing to the perfection of the cleav-

ages. 
Hardness: 3: 
St1·ectk: white to gray. 
Specific gr-avity: 2.7. 
Occttrs: In igneous rocks it is generally in irregular grains, 

formed by the alteration of feldspars and other lime­
bearing minerals. In sedimentary rocks it occurs in 
granular masses, fibrous and platy. 

Association: In igneous rocks it is found with the minerals 
from which it is formed-the plagioclases, amphiboles 
and pyroxenes-and with other secondary minerals. 

Rocks: altered rocks, particularly those containing or having 
contained plagioclase and the ferromagnesian minerals. 
Limestones, dolomitic limestones, chalk, travertine and 
marble are composed wholly or largely of calcite. 

Alteration: mainly by solution. 
Tests: B.B. infusible, but becomes alkaline. Colors flame 

reddish-yellow, especially when moistened with hydro­
chloric acid. Effervesces when acid is applied, yielding 
carbon dioxide. 

The uses of calcite are discussed in the section on the 
"Economic Uses of Rock-Making Minerals." 

GYPSUM: A hydrous calcium sulphate, CaS04 .2H20. 
Col01·: · white .to gray, pink, blue, brown, etc. 
LttsteT.· pearly. 
D'iaphaneity: crystals transparent, others translucent. 

Crystal fonns: 

(3) 

1. Massive, showing no definite crystals. 
2. Snowy gypsum and alabaster, white or light-colored, 

compact, and very fine-grained. 
3. Radiated and plumose. 
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4. Satin spar or ,fibrous gypsum, white and delicately 
fibrous. 

5. Selenite, transparent, in plates or crystals. 
Cle(Jfl;age: selenite and satin spar good, very easy in two 

directions. 
Hardness: 1.5-2. 
Specific gravity: 2.3. 
Occur·rence: beds, sheets, seams, etc., in sedimentary rocks 

and occasionally ~n igneous. 
Alteration: chiefly by solution. 
Tests: Heated in closed tube gives off water, and becomes 

dull and ·opaque. Fuses at 2.5 to 3, coloring the flame 
reddish-yellow. The crushed bead has an alkaline rf'­
action. ·wnen fused with soda, the mass moistened and 
crushed on silver causes discoloration. Soluble in hydro­
chloric acid. 

HALITE is described under sodium minerals. 

ANHYDRITE: Anhydrous calcium sulphate, CaS04 • 

Colo1·: white, gray, red, 'blue. 
LustfM•: vitreous to pearly to greasy. 
Diaphaneity: subtransparent to translucent. 

, Crystal fonn: crystals not common. 
Cleavage: three, fair, yielding rectangular pieces. 
Hardness: 3-3.5. 
Specific gravity: 3. 
Occttrrence: very similar to gypsum. 
Alterat-ion: chiefly to gypsum, and by solution. 
Tests: , Does not yield water in the closed tube. Otherwise 

like gypsum. 

DOLOMITE: A carbonate of calcium and magnesium, (Ca,Mg)-
C03 or CaC03. MgC03 • 

Color : white, gray, pink, brown, greenish-gray 
liuster: vitreous to pearly, sometimes satiny. 
Diaphan,eity: transparent to translucent. 
Crystal fo rm: hexagonal, rhombohedral with curved faces. 
Cleavage: perfect rhombohedral. 
Fractttr·e: smooth and somewhat curved, brittle. 
H a1·dness: 3.5-4. 
Streak: uncolored. 
Specific gravity: 2.8-2.9. 
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Occ1~n·ence .· In igneous rocks it is a secondary mineral de­
rived from the alteration of minerals containing calcium 
and magnesium. In sedimentary rocks it is common in 
magnesian (or dolomitic) limestones and marbles, and in 
many shales. In metamorphic rocks derived from either 
igneous or sedimentary rocks containing calcium and 
magnesium. 

Associat·ions: altered plagioclase, pyroxenes, amphiboles, 
secondary calcite, gypsum, micas, and other minerals 
common to igneous and sedimentary rocks. 

Roclcs: See under Occtw'rence and Associat-ions. 
Alteration: mainly by solution. 

Tests: B.B. behaves like calcite. The powder effervesces in 
warm acid, but very slowly, if at all, in cold acid. Frag­
ments are not aCted upon by cold acid. 

ARAGONITE: Calcium carbonate, CaC03, with occasionally a 
little strontium, or lead, or zinc. 

Col01·: colorless to \Yhite to gray, yellow, green and violet. 
Luster: vitreous to resinous. I 
Diaphaneity: transparent to translucent. 
Crystal fo?·nt: orthorhombic, sometimes prismatic, with 

rather fiat domes and p:yrarnids; frequently long and 
slender, with acute domes and pyramids. Complex 
twinned groups in rosette forms with re-entrant angles. 

Cleavage: weakly conchoidal to uneYeJL 
Tenacity: 'brittle. 
Hardness: 3.5-----=4. 
Streak: uncolored. 
Specific gravity: 2.93-2.9·5. 
Occtt1'1'ence: in simple cr:-stals, often grouped and radiating; 

more commonly in compound (twinned) crystals and 
columnar masses. Sometimes massive, granular. Stalac­
tites and stalagmites with finely radiating structure are 
common. 

Associations: very commonly in beds of .gypsum and in 
iron oreR, where it assumes a coralloid form, and is called 
flos-ferri. Often fm,md in basic lavas, such as ba·salt. It 
is a common associate of copper and iron pyrites, galena 
and malachite. 
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ANKERITE (DOLOMITE, BROWN SPAR, PEARL SPAR IN PART): 

Carbonate of calcium, magnesium, iron and manganese, C'aC03 • 

( Mg, Fe, Mn) C03 • The normal mineral is 2CaC03 • MgC03 • 

FeC03 , 

Color: white to gray to reddish. 
LusteT: vitreous to pearly. 
D'iaplwneity: translucent to almost opaque. 
Crystall-ization: rhombohedral crystals, crystalline, massive, 

granular and compact. Resembles limestone. 
Cleavage: rhombohedral, perfect. 
H a1·dness: 3.5-4. 
Streak: white to colorless. 
Specific gravity: 2.95-3.1. 
OccttPrence: in crystals and granular masses with siderite, 

magnesite, etc. 
Tests: Like dolomite, but darkens and becomes ma:gnetic on 

charcoal. Reacts with fluxes for iron and manganese. 
Effervesces in acids. 

KAOLINITE and other minerals of this group are the im­
portant minerals, proper, of argillaceous rocks, but in many 
cases they form only a: small percentage of the rock. The re­
mainder is made up of fine grains of other minerals, and of rock 
grains. 

The uses of clays are discussed in a. special section. 

ECONOMIC USES OF ROCK-MAKING 
MINERALS 

QUARTZ 

Finely crushed pure quartz is used to give body to wood­
fillers, to give "tooth" and body to certain paints, and as an 
abrasive in various forms, such as scouring-soaps, polishing­
powders. Crushed quartz is used in making sand-paper, sand 
belts, and in sand-blast apparatus. In pottery manufacture it 
decreases the shrinkage of the burning clay, and is used in many 
glazes. Ground and finely pulverized quartz is taking the place 
of pumice in filters, in tooth-powders and delica:te abrasive ma­
terials. Quartz and quartzite in blocks are used as a. filler in 
acid towers in the chemical industry, and as a flux in certain 
smelting processes, particularly copper. Quartz is fused and 
blown or molded into test-tubes, crucibles, dishes, and other 

. . 
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articles for use where high temperatures are necessary, or sudden 
cooling is needed. Crushed qp.artz is used in making fire bricks. 

CARBORUNDUM is a silicide of carbon, CSi, produced by fusing 
together in an electric furnace about 54 parts silica sand, 34 
parts coke, 10 parts sawdust, and 2 parts salt. Its chief use 
is as an abrasive, but a certain amount is employed in the met­
allurgy of steel. Its hardness nearly equals that of the dia­
mond. It is made into wheels, ba:rs, slip's, stones and paper 
for grinding and other abrasive purposes. 

Axolite is a trade name for certain forms of carborundum. 

MICAS 

Muscovite is used extensively in the arts and commerce, 
phlogopite (amber mica) has a more limited use, and biotite is 
still less important. On the market mica is classed as "sheet 
mica" and "scra·p mica." Sheet mica is used as an insulating 
material in electrical engineering, and for stove and furnace 
doors, lamp chimneys, miners' lamps, phonograph diaphragms, 
and novelties of various kinds. Scrap mica is manufactured into 
"composite mica," "micanite," "molded mica," a·nd other built-up 
sheets which for many purposes take the place of natural sheets. 
A. few of the uses to which mica is put in the electrical industry 
are: in dynamo commutators, insulators in lamp sockets, light­
ning-arresters, switch boxes, fuse blocks, handles of electricians' 
tools, lamp 'sockets (blocks), telegraph insulators, feed-wire in­
sulators. From scrap mica are manufactured fire-proof cover­
ings and non-conductors of heat. Ground mica is used in the 
manufa·cture of fancy paints; as an absorbent for nitroglycerine 
in the manufacture of explosives; as an ingredient of lubdcan ts 
for heavy machinery; as a luster-giving material in wallpaper 
manufacture; and in the manufacture of asphalt roofing. 

Phlogopite is used for many of the same purposes as musco­
vite, especially where transparency and color are not important 
considerations. It is said to be a less perfect non-conductor of 
electricity than muscovite. It is used for the commutators of 
direct-current motors and dynamos. 

'Biotite is not much used in the industries. 

Colorado localities: Muscovite is found in small quantities at 
many points in the pre-Cambrian areas of the state, almost 
always associated with quartz and feldspar in pegmatite dikes. 
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A few deposits have been developed, but no important ship­
ments have been made. Some of the more promising deposits 
are those of Larimer, Boulder and Mesa Counties. 

FELDSPAR 

The principal use of feldspa:r is in the manufacture of 
pottery, porcelain, glazed brick and electrical ware. It is finely 
pulverized, and mixed with both the body and the glaze-in the 
former to the extent of 10 to 35 per cent; in the latter, of 30 to 
50 per cent. For these purposes it must be practically free from 
iron-bearing minerals and muscovite. It is also used as a flux to 
bind t ogether emery and carborundum grains in the manufacture 
of wheels and other forms. 

~ small amount is used in the manufacture of opalescent 
glass, false teeth, scouring-soaps, poultry grit, etc. Crushed 
feldspar is used to cover concrete and tarred surfaces, to give 
them the appearance of granite. 

Experiments are under wa:y to determine the v.alue of pul ­
verized potash feldspar as a fertilizer. 

Crushed feldspar js used to some extent as an abrasive. 
Many attempts have been made to use orthoclase as a source of 
potash. ' 

LAZURITE, LAPIS-LAZULI: The Persian Lapis-Lazuli has been 
proved to be a rock and not strictly a mineral. It consists of 
diopside, amphibole, muscovite, calcite and pyrite, together 
with !azurite proper. It was once prized as a blue pigment, 
ultramarine, but it has been replaced by an art'i:ficia:l com­
pound having the same color and qualities. It is still highly 
prized for vases, mosaics and small ornaments. · 

ULTRAMARINE (artificial) is a: pigment made of china clay, 
sodium carbonate or sulphate, carbon, _sulphur, and sometimes 
siliceous matter. There are several colors of ultramarine, but 
only the blue and green are of commercial importance. 

PYROXENES, AMPHIBOLES AND SERPENTINE 

ASBESTOS, AsBEJSTUS: The name wa:s originally applied to a 
fibrous amphibole, but under present (commercial) usage it 
includes four minerals: Tnte Asbestos, Anthopl11!Jllite, Fib­
rous Se1·pentine (or O'lvrysotile) , and Crocido.zite. All these 
fibrous minerals resist fire up to rather high temperatures. 
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are more or less acid-proof, and good non-conductors of heat. 
Of these four minerals only true asbestos (amphibole asbestos) 
and fibrous serpentine or chrysotile (serpentine asbestos) are 
important. Both consist of easily separable fibers of variable 
length, though tho~e of true asbestos are longer and weaker 
than those of chrysotile. The chr;ysotile asbestos is usually 
freer from impurities, and has a greater number of uses than 
true asbestos. 

True asbestos is a metasilicate of calcium and magnesium, 
with varying amounts of iron, manganese, sodium and other 
alkalies. It varies from white to gray, yellowish and greenish. 
When fresh and unweathered it is easily separated into long, 
tough, elastic fibers, which may be spun and woven into cloth 
or matted into felt. 

Fibrous serpentine (chrysotile) is a hJdrated metasilicate 
of magnesium ( 3Mg0. 2Si02 • 2H20), usually containing a small 
amount of iron. The fibers are soft and silky, very smooth and 
even, and remarkably flexible. It is reduced to a white, wooly­
looking mass by picking, beating or running between rolls. A 
large proportion of the "asbestos" of commerce is fibrous ser­
pentine. 

Occurre;nce: Amphibole asbestos occurs almost exclusively in 
the ancient eruptive and metamorphic rocks. Chrysotile, on 
the other hand, is commonly found in massive serpentine rocks 
derived from eruptive rocks rich in the magnesium-bearing 
silicates. It is generally in well-defined gash veins or in 
branching veins. 

Uses: The manufacture of fireproof cloth for firemen's suits, 
theater curtains, and other uses where resistance to heat is 
necessary. It is much used in packing steam engines, and for 
heat insulation, cements, paints, and wall plaster. It finds 
many uses in chemical works and laboratories. The low-grade 
material, and the waste from mining and preparing the better 
material, are made into shingles, slates, boards, and other 
building materials. Many patented preparations composed of 

' plaster of Paris, magnesite, dolomite, wood pulp, vegetable 
fiber, hair, diatomaceous earth, and like materials, with more 
or less asbestos, are sold for non-conducting coverings. As­
bestos is used exclusively in electrical engineering where both 
insulation and resistance to high temperatures are required. 



72 COlV1i\10N MINERALS AND ROCKS 

JADE, NEPHRITE is a tough, compact, fine-grained tremolite or 
· actinolite, varying in color from white (tremolite) to dark 
green (actinolite). The name "jade" is also applied to various 
substances, from which ornaments and utensils have been made. 

TREMOLITE, of fine color and free from flaws, has some value 
as a cheaper gem or ornamental stone. 

DIOPSIDE is cut and polished as an ornamental stone. 

RPODUMENE and RHODONITE are sometimes used as gems 
and ornamental stones. The spodumenes a.re known as H·id­
de·nite and K unzite. 

ZIRCON 
Zirconia (Zr02 ) and zirconium carbide were formerly used to a 

considerable extent in the manufacture of incandescent lamps, but 
the metallic filament is decreasing this use. Zirconia is an ex­
cellent insulator for both heat and electricity. It is highly re­
fractory and is made into crucibles. It is a suitable material for 
the walls and linings of electric furnaces. It is unaffected by 
gases, acids or alkalies, and is used for chemical ware. An alloy 
of ~ircon and iron, ferrozii·conium, is used in the steel industry. 
Clear crystals of good color are cut for gems and are called 
''hyacinths." crushed zircon is used as an abrasive. 

STAUROLITE: Symmetrically formed crystals of good color 
and free from flaws have been polished for gems or ornamental 
stones. 

GARNET: In addition to the use as an abrasive and as a gem 
stone, garnets are ·cut for "jewels" in watches. It is also some· 
times used as a fluxing material. 

CALCITE 
The use of calcium carbonate for limes and cements is dis­

cussed in the section on the "Materials of Limes, Cements and 
Plasters." Its use in the manufacture of salts of calcium is dis­
cussed under calcium. 

ICELAND SPAR is a p~rfectly clear, transparent, flawless cal­
cite, found in veins in basalt near Helgustadir in Iceland. It 
is used for optical purposes, especially in instruments for 
polarizing light. 
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WHITING is finely pulverized and floated chalk, or precipitated 
calcium carbonate. It is used to modify the shade of pigments 
and as a basis of whitewash. 

PU1'TY is whiting mixed with linseed oil. 

GYPSUM 

Common gypsum is ground and used as a fertilizer; as an 
adulterant for foods and other commercial materials; in the glass 
and porcelain industries; as a retarder in Portland cement; in 
the manufacture of paints, calcimines, crayons a-nd paper. Cal­
cined gypsum, plaster of Paris, is discussed under "Limes, Ce­
ments and Plasters." 

ALABASTER is a fine, white, compact gypsum, used for small 
statues and other ornamental designs. The term is also used 
for a variety of calcite. 

SELENITE is a colorless to pink, transparent variety in distinct 
crystals or foliated masses, showing perfect cleavage and fre­
quently a fibrous fracture. It occurs separatelr in gypsiferous 
clays and shales, and also in seams and masses in ordinary 
gypsum. 

SATIN SPAR, FIBRous GYPSUM 1 is a fine, fibrous selenite, gen­
erally beautifully opalescent and translucent. It is used for 
the same purposes as common gypsum, and for ornamental 
forms. 

PLASTER OF PARIS and other 
1
products of calcined gypsum 

are discussed in the section on "Materials for Limes, Cements 
and Plasters." 

KAOLIN MINERALS 

JNDIANAITE is believed to be a variety of halloysite formed as 
a residual product from sedimentary rocks. 

ALLOPHANE: A hydrous silicate of aluminum, Al 20 3 • Si02 .-

5H20; alumina, Al20 3 , 40.5 per cent. 
Colo1·: varies from white to gray, blue-gray, greenish, buff 

and brown, depending upon the impurities present. 
Luster: vitreous to subvitreous and waxy. 



74 COMMON i\IINIDRALS AND ROCKS 

Diaphaneity: translucent. 
Orystal:lization: amorphous; mainly as crusts, and seams 

with mammilary ,surfaces. 
Tenacity: very .brittle. 
Hardness: 3. 
Str·eak: ·uncolored. 
Specific gravity 1.85-1.89. 
Occur1·ence : It is derived from rocks rich in feldspars. 
'L'ests: same as those of halloysite, but gelatinizes with hydro-

chloric acid. 
Uses: See section on clays. 

BENTONITI~: A member of the kaolin group of minerals. A 
hydrous silicate of aluminum, perhaps nearly montmorillonite. 

Color: light yellow to pale olive-green, changing to cream 
color on exposure. 

L-uster: dull, earthy to waxy. 
Diaphaneity: opaque. 
01·ystal fonn: none known. 
Cleavage: none. 
Fmcttb-re: often finely jointed in the deposit. 
Tenacity : soft, soapy or unctuous; brittle when dry. 
Hardness: very soft. 
Streak,: light gray to cream color. 
Specific g·mvity: 2.13-2.18. 
Occtb1·s: as seams and beds from a few inches to several 

feet thick, mainly in the clays and shales of the Benton 
and Niobrara formations: 

Associations: other clays, gypsum, sodium sulphate, etc. 
Tests: Soapy feeling, high plasticity and great absorption 

property; clings strongly to the tongue, is very smooth 
and free from grit. _ 

Economic: sizing for paper, absorbent in dynamite manu­
facture, retarder for hard (gypsum) plaster; adulterant 
in candies and drugs ; a remedial dressing under the 
name of antiphlogistine. 

No tes : It has very great absorbent properties, being capable 
of taking up three times· its weight or seven times its 
volume of water. 

Co l01·aclo localities : very small amounts have been reported 
from the Cretaceous formations in Colorado, but the 
reports have not been confirmed. 



NON-METALLIC MINERALS 
AND THEIR USES 

ALUMINUM, NON-METALLIC MINERALS 
CORUNDUM: SAPPHIRE, RuBY, EMERY: Alumina, Al2 0 3 ; alumi- , 

num, 52.9 per cent. · 
Colo1·: gray, yellowish, brownish, red, white, blue. 
LusteL· vitreous to pearly and adamantine. 
Diapltaneity: transparent to translucent to opaque. 
Crystal fonn: hexagonal, with pyramidal forms predomi-

nating; crystals often rough and rounded. 
Cle,avage: b'asal and rhombohedral often good; twinning 

often develops good partings. 
Fracture: uneven to conchoidal. 
Tenacity: brittle to tough. 
Hardness: 9. 

·Streak: uncolored. 
Specific g1·avity: 3.95-4.10. 
Occurs: rough, irregular, crystal masses; also massive, 

granular, coarse or fine; usually in crystalline rocks, 
snch as limestone, gneiss, granite, schist, slate. syenite. 

rlssoc•iations: chlorite, tourmaline, cyanite. 
Tests: Dissolves slowly in borax and salt of phosphorus to 

clear glass-colorless when free from iron. Powder 
becomes blue after long heating with cobalt nitrate. 
Infusible and unaltered by soda. 

Remm·ks: According to purity, luster, crystal form and 
transparency, the mineral is divided into : (a) Sapphi1·e 
and ntby when pure and of fine color; Sapphire is blue, 
Rttby is red. Oriental Topaz is yellow, oriental Eme1·alcl 
green, and oriental Amethyst purple corundum. (b) 
Corundum includes the dark-colored, the opaque and 
weakly 'transparent and translucent, the massiv~ and 
granular forms. (c) Enw1·y includes granular cor­
undum, particularly that containing magnetite and 
hematite. 

Uses: Corundum and emery are pulverized or granulated 
and molded into abrading forms such as wheels, whet-

75 
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stones, slips, hones, oil stones, etc. It is also sold in 
powder of various degrees of fineness and made into 
abrading papers and cloths. These materials are used 
in metal grinding and polishing, stone and gem cutting 
and polishing, glass frosting and etching, and wood­
working. 

NATURAL ALUMS, ALUM CLAY, ALUM SHALE, ALUM SLATE 

There are two gToups of minerals which may be included in 
this class-the Alums proper and the Halotrichites. Of the first , 
group the principal members are: 

KALINITE, a potassium alum, K2 S04 • Al2 ( S04 ) 3 + 24H20. 

TSOHERMIGITE, an ammonium alum, (NH4 ) 2S04 .Al2 (S04 ) 3 + 
24H20. 

MENDOZITE, a sodium alum, Na2 S04 .Al2 (S04 ) 3 +24H20. 

To the second group belong: 

PIOKERINGITE, a magnesium alum, Mg80 4 .Al2 (S04 ) 3 + 22H20. 

HALOTRIOHITE, an iron alum, FeS·04 .Al2 (S04 ) 3 +24H20. 

APJOHNITE, a J?langanese alum, MnS04 .Al2 (S04 ) 3 +24H20. 

The members of the fit•st group are isometric, while those of 
the second at·e either monoclinic or triclinic. They are commonly 
the result of the formation of sulphuric acid by the disintegration 
of sulphides-chiefly those of iron. The bases-----sodium, potas­
sium, ammonium, etc.-are derived from the rock containing or 
associated with the sulphides. Some of these minerals are depos­
ited about volcanic and fumarolic vents. In such cases the sul­
phuric acid necessary for the formation of the sulphate is of 
volcanic or fumarolic origin. 

They are so easily soluble that they may be looked for only 
in arid regions or in places sheltered from moisture. Some of 
these, a'lld related sulphates, form in favorable places in dry 
weather, but disappear in rainy or moist weather. When pure 
and unweathered they are white, but impurities and weathering 
frequently give yellow, pink and green tints, especially to picker­
ingite and apjohnite. They are all transparent to translucent. 
All have silky to vitreous luster; all occur in acicular and fibrous 
crystals, frequently forming crusts, and occasionally masses of 
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mealy-granular character. All have the characteristic alum taste, 
though varying in astringency. 

Tests: Ka:linite fuses readily with frothing, gives an intense 
blue with cobalt solution, and is soluble in sixteen to twenty 
times its weight of cold water, and in about its own weight of 
boiling water. ' . 

Tschermigite sublimes in the blowpipe flame. On charcoal it gives 
a: coating of ammonium sulphate and a residue which gives a 
blue color with cobalt solution. With soda it gives fumes of 
ammonia. 

Mendozite and Pickeringite behave as ordinary alum. 
Halotrichite fuses readily, cracks open, and under intense heat 

gives sulphur fumes and leaves a brown residue. With soda and 
borax it reacts for iron. 

Apjohnite gives the usual alum tests, and with soda on platinum 
yields the characteristic blue-green of manganese. 

ALUM OLAY, Alum Shale, Alum Slate: These are commonly 
sandy clay rocks in which the disintegration of iron sulphides 
has developed sulphuric acid, which has reacted on the alumina 
a:nd other constituents of the clay, forming alums. The name 
is also applied to clay rocks containing much readily disin­
tegrated sulphide of iron. The clay is mined, crushed and ex­
posed to the weather, and the sulphuric acid formed reacts on 
the alumina; or it is roasted to oxidize the sulphide to the 
sulphate form, and finally to set free sulphuric acid, which 
rea:cts with the alumina of the rock ·forming alum. 

Uses: If found in large quantities and easily accessible, these 
minerals would take the place of artificial alums. Halotrichite 
occurs in large quantities along the Gila River in New Mex­
ico. 

Colorado localities: Kalinite occurs as an efflorescence at Turkey 
Creek and Mount Vernon in Jefferson County; at various points 
in the sedimentary rocks along Little Thompson Creek in Lari­
mer County; at various points in the Cretaceous shales east of 
the Front Range---e. g., near Boulder, near Coal Creek, near 
Canon City, near Beulah. But it has not been reported in com­
mercial quantities. Pickeringite has been found near Colorado 
City. Halotrichite has been reported from several coal mines in 
this state. It occurs on outcrops of the Laramie coal strata 
near Marshall, at White Rock, and elsewhere in Boulder Coun­
ty. It is found in the Elk Mountains in Pitkin County. 
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ALUNOGEN: A hydrous sulphate of aluminum, Al 2 (SO,) 3 + 
18H20; aluminum 8.1, sulphur trioxide 36.0 per cent. 

Color: white to yellow to reddish. 
Luster: vitreous to silky and pearly. 
Diaphaneity: transl uc~nt. 
Crystal fonn: not known. 
Cleavage: none. 
Fractu1·e: fibrous. 
Tenacity: brittle. 
Hardness: 1.5-2. 
Streak: whfte. 
Specific gravity: 1.6-1.8. 
Occurs: chiefly as fibrous crusts and masses over surfaces 

and in seams of disintegrating aluminum-rich rocks acted 
upon by sulphuric acid. 

Tests: Melts in its water of crystallization to an acid solu­
tion, but when dehydrated is infusib-le. Gives deep blue 
with cobalt nitrate. Easily soluble in water. 

Remarks: I~ is commonly associated with other soluole 
sulphates, such as kalinite, mendozite, halotrichite, etc. 

Colorado localities: Doughty Springs and Alum Gulch. 

ALUMINITE, WEBS'J'ERITI!l: A hydrous sulphate of aluminum, 
Al~ (OH) 4 S04 ; aluminum 15.6 per cent. 

Col01·: white. 
Luster: dull, earthy. 
Diaphaneity: opaque. 
C1·ystal fonn: not known. 
Cleavage: none. 
Hardness: 1-2. 
Skeak: white. 
Specific g·ravity: 1.66. 
Occurs: rounded or irregular, chalk-like masses of peculiar 

harsh feeling. 
Tests: Infusible. In closed tube yields water. With cobalt 

nitrate is deep blue. Easily soluble in acids. 

BARIUM AND BARIUM MINERALS 

USES: The metal barium is not used commercially, but 
many salts of barium are in use. 

The hydroxide, Ba( OH) 2 , is used in chemical analysis. 
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Barium chloride is used in the preparation of "permanent 
white," a barium pigment. 

The chlorate ·is used for fireworks. 
The sulphate (barite) is extensively used as a pigment, a base 

for precipitating lake colors, and to give body to pigments. It 
is a lso used as a sizing for papers and textile fabrics, and in the 
manufacture of rubber, asbestos cement, poker chips, and in the 
tanning industry. Blanc fixe is pure barium sulphate obtained 
by precipitation from a solution of barium sulphide by means of 
:>ulphuric acid or ,salt cake. If salt cake is used, the sodium 

' sulphide by-product is sold to tanners as a hair-remover. Blanc 
fixe is used as a pigment. Lithophone is a compound of barium 
SUlphate-and zinc sulphide produced by mixing ·SOlutions of zinc 
sulphate and barium sulphide (ZnS0 4 + BaS= ZnS + BaS04 ). 

It is used as a pigment in white enamel paints, and especially in 
the manufacture of linoleum and oilclotJh. 

Barium carbonate is used as a source of various barium salts, 
and in chemical analysis. 

The nitrate is used for fireworks. 

. BARITE, BARYTES) HEAVY SPAR: Barium sulphate, BaS04 • 

Colo1·: white to gray and blue; yellow to brown and red. · 
Luste1·: vitreous _to almost resinous; tabular faces some­

times pearly. 
Diaphaneity: transparent to opaque. 
Crystal fonn: orthorhombic tabular, bounded by vertica l or 

wedging faces, Divergent groups and laminated groups 
are common. 

Cleavage: two perfect and one indistinct; one of the perfect 
cleavages is parallel to the tabular faces, and the other 
at right angles to them. 

Fmctttre: uneven, but modified by the cleavages. Massive 
barite breaks with a rather even granular surface. 

Tenacity: brittle. 
Hardness: 2.5-3.5. 
Streak: white. 
Spec·ific gravity: 4.3-4.6. 
Occurs: in crystal and granular masses as vein matter and 

gangue in ore-deposits; also in limestones, sandstones, 
and occasionally in veins in granitic rocks; also as 
nodules and masses in residual clays. 



80 COMMON MINERALS AND ROCKS 

Associations: ores of lead, zinc, copper; less abundantly 
those of other metals; calcite, celestite a~d, strontianite; 
numerous zeolites. 

Rooks: more common in sedimentary rocks, such as sand­
stones and limestones, but also in igneous and meta­
morphic rocks. 

Tests: B.B. decrepitates and fuses at 3, coloring flame pale 
yellowish-green. The fused mass gives alkaline reaction 
when crushed and moistened on test papers. Fused with 
soda, reacts for sulphur on silver; fused mass sinks into 
the coal. Insoluble in acids. 

Colorado localities: sparingly in many parts of the state. 
A vein of considerable size occurs near Boulder. 

WITHERITE: Barium carbonate, BaC03 • 

Colot·: white to gray and yellowish. 
Luster·: vitreous on crystal faces, subvitreous to resinous 

on fracture and cleavage surfaces. 
Diaphctneity: translucent in crystals to OP,aque in massive 

forms. 
Crystal fonn: orthorhombic, twinned always into forms 

resembling hexagonal pyramids. 
Cleavage: one distinct and one rather poor. 
F'raotu1·e: uneven. 
Tenacity: brittle. 
H arclness: 3-3.75. 
St1·eak: white. 
Speo'ifio gravity: 4.27 -4.35. 
Ooo~bTS: columnar and granular masses filling veins and 

seams in rocks, and sometimes as a gangue mineral, par­
ticularly with lead and silver ores. Not a common 
mineral. 

Tests: B.B. fuses at 2, coloring flame yellowish-green. Fused 
mass crushed and moistened gives alkaline reaction on 
test papers; with soda on coal, fuses and soaks into coal. 
Solubie in hydrochloric acid. Sulphuric acid precipitates 
insoluble barium sulphate from the solution. 

Remadcs: Barite has two prominent cleavages and is in­
soluble in acids. 

Uses: Used to a limited extent as a substitute for lime in 
plate-glass manufacture; chemical reagent once used in 
sugar-refining; used to neutralize the soluble sulphates 
in clays in manufacture of terra-cotta. 
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BARYTOCALCITE: A carbonate of barium and cal cium, BaC0 3 • 

CaC03 ; barium carbonate 66.3 per cent, or baryta, BaO, 51.5 
per cent. Colo1·: white, grayish, greenish or yellowish. Luster: 
vitreous to resinous. Diaphaneity: transparent to translucent. 
Crystallization: monoclinic, prismatic crystals; also granular 
massive. Cleavage: one perfect and one fair. F1·actw·c : uneven, 
brittle. Hardness: 4. Specific gmvity: 3.64-3.66. Test s: B. B. 
colors flame yellowish-green (barium), fuses on thin edges; 
assuming pale-green color. The mass reacts alkaline. Soluble 
in dilute hydrochloric acid. 

BERYLLIUM, GLUCINUM 

USES: 'fhere are no commercial uses for the metal or its 
salts. Certain beryllium minerals are used as gems. Gadoliuite 
is used as a source of yttria, erbia, etc. 

BERYLLIUM MINERALS DESCRIBED ELSEWHERE . 
Beryl, Chrysoberyl, Gadolinite, Phenacite. 

B 0 R 0 N AND B 0 R 0 N- BEARING MINERALS 
USES: The element boron is not in commercial use. 

Borax, sodium borate, Na2B40 7 .10H20, is one ,of the most 
generally used commercial salts. In metallurgy it is used as a 
flux, for refining, soldering and cleansing surfaces; in the pottery 
and enamel-ware industries it is used as a glazing salt. It is 
used in glass manufacture, and as a mordant in the textile in' 
dustry. It is an important ingredient in soaps and toilet prepara­
tions. In the hat trade it is used as a stiffener. It is a solvent 
for shellac and a dryer in paints. Borax is much used in tanning 
nnd fur-dressing, and in preserving meats. 

I 

Boric or boradc acid, H 3B03 , is used chiefly in the manu 
facture of borax, but also for glazes and enamels, as an anti­
septic, and for preserving meats, fish and milk. 

IMPORTANT :BORON-BEARING MINERALS 

BORAX, TrNC11PL: Borate of soda, Na2 B40 7 .10H20 or Na20. 
2B 20 3 .10H20. 

Color: white to grayish, greenish and bluish. 
IA~ster: vitreous,- becoming dull and earthy on exposure. 
Diaphaneity: translucent to opaque. 
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Cr·ystal form: monoclinic, in prismatic crystals, often of 
large size. 

Cleavage: one perfect (pinacoidal) and one less perfect 
(prismatic). 

Fmcture: conchoidal, rather brittle. 
H wrdness: 2---~.5. 

Streak: white. 
Specific gr·avity: 1.69-1.72. 
Occurs: in crystalline and granular crusts over marshes, and 

in crystals and granular layers in the muds of marshes 
of Nevada and California. In solution in waters of these 
marshes, and in Borax and other lakes. 

ilssociat·ions: anhydrite, gypsum, calcite, celestite, coleman­
ite, hanksite, glauberite halite, natron, trona, sulphur, 
niter, thenardite, and other related salts. 

Rocks: sedimentary rocks of dry lake bed's, etc. 
Tests: B.B. puffs up and fuses to transparent borax glass. 

Colors flame yellow, but when mixed with fluorite and 
potassium bisulphate the flame is bright green. Soluble 
in water. Moistened with sulphuric acid and covered 
with alcohol, the burning alcohol gives a: green flame. 
Has a sweetish, alkaline taste. 

Uses: a source of commercial borax. 

BORACITE, STASSFURTI'l.'E: Borate of magnesium, Mg7Cl 2B160~0 
or 6Mg0. MgC1 2 • SB 20 3 • 

Colo1·: white, to gray, to greenish and yellowish. 
uuste?·: vitreous to adamantine. 
Diaphaneity: weakly transparent to translucent. 
C·1·ystal form: isometric and tetrahedral in form, but orthor· 

hombic and pseudo-isometric in molecular structure; 
cubes, tetrahedrons, octahedrons and dodecahedrons. 

Cleavage: poor octahedral. 
Fractw·e: conchoidal, uneven. 
Tenacity: brittle. 
Hardness: crystals 7; massive 4.5. 
St1·eak: white. 
Specific gmvity: 2.9-3. 
Occt~1·s: ·as isolated crusts and masses, sometimes forming 

strata or bands of considerable thickness either in de­
posits of other salts or in sedimentary. clays, sands, etc., 
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in alkali lake and marsh deposits. Stassfurtite forms 
columnar and granular masses resembling marble. 

Associations: anhydrite, gypsum, rock salt, potassium salts, 
and other magnesium salts. 

Tests: Fuses at 2 with intumescence to a white, pearly glass, 
coloring the flame green. Soluble in hydrochloric acid. 
With copper oxide on charcoal colors flame azure-blue. 
Heated with cobalt solution it gives deep pink color 
characteristic of magnesium. 

Uses: an important source of borax. 
Notes: Alteration sometimes produces plumose centers in 

the cr:yBtals. This feathery mass is known as Parasite. 

COLEMANITE, PRICEITE) PANDERMITE: Calcium borate, 2Ca0. 
3B20 3 • 5H20. 

Color: colorless to white, gray and yellowish. 
Luster: dull-vitreous to· vitreous, adamantine and brilliant; 

crystal surfaces become dull. 
Diaphaneity: transparent to translucent and opaque. 
C1·ystal form: monoclinic, usual)y short prismatic. 
Cleavage: one very perfect and one fair. 
Fracture: 8-ubconchoidal to flat, with fairly even surface. 
Tenacity: brittle. 
Hardness: 4-4.5. 
Specific gravity: 2.42. 
Occurs: crystals and crystalline groups, loose chalky masses 

and crust-like plates, and cleavable and granular masses, 
sometimes in well-defined beds of considerable thick­
ness, interstrati:fied with sedimentary clays, deposited 
in saline lakes and marshes. 

Associations: other bo.ron minerals, such as borax (tineal), 
' ulexite (boronatrocalcite), boracite (stassfurtite), price­

ite and pandermite; rock salt, thenardite, hanksite, gyp­
sum, and many others characteristic of salt and alkali 
lakes and marshes. 

Tests: B.B. fuses easily, but imperfectly, with fracturing and 
exfoliation, coloring the flame green; readily soluble in 
hot hydrochloric acid, with separation of boric acid on 
cooling. 

Economic: the chief source of borax in America. 
Notes: It might be looked for in the alkaline lake and marsh 

areas of Colorado. 
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P'riceite and Pandennite may be regarded as varieties of cole­
manite. The former occurs in loosely compact, friable, 
chalky masses; the latter in firm, compact nodules. 

ULEXITE, BORONATROCALCITE: A borate of sodium and cal-
cium, Na20.2Ca0.5B20 3 .16H20 (proba:bly). 

Color: white. 
Duster: silky. 
lHaphaneity: translucent. 
U1·ystal fm·m: fine, needle-like or fibrous. 
Cleavage: none observed. 
Tenacity: brittle. 
Hardness: 1. 
Specific gravity: 1.65. 
Occttrrence and associations: in dry lakes, alkali marshes 

with gypsum, rock sa:lt, borax, glauberite, colemanite, 
etc. 

Tests: Yields water in closed tube. B.B. fuses at 1 to clear 
glass, coloring flame deep yellow. Moistened with sul­
phuric acid, the flame becomes momentarily green. Fused 
with acid potassium sulphate and fluorite, colors flame 
bright green. Weakly soluble in hot water. Soluble 
in acids. The water solution is alka:line. 

Economic: A source of borax. 

SASSO LITE, SASSOLIN: Natural boracic acid, H 3B03 or B20 3 • 

3H20. 
CalM: white or yellowish. 
LusteL· pearly. 
Diaphaneity: translucent. 
Crystal fonn: small, tabular or scale-like, monoclinic 

crystals and scaly flakes. 
Tenacity: brittle. 
Hardness: 1. 
Streak: white. 
Specific gmvity: 1.43. 
Occurs: In steam jets from volcanoes, where it collects as a 

frost-like crust around vents, or is ca:rried in the con­
densed water. Found in waters of Clear Lake, Cali­
fornia, and in the borax deposits. 

Tests: B.B. fuses easily, with swelling, to a clear, colorless 
glass, but colors the flame yellowish-green. Yields water 
in closed tube. Soluble in water. 
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Econo1nic: a source of borax, formerly 1p0re important than 
at present. 

BORON-BEARING MINERALS OF LESS IMlPORTANCE, 
AND DESCRIBED ELSEWHERE: Datolite, Axinite, Tour­
maline. 

8 R 0 M IN E, AN 0 S 0 U R C E S 0 F 8 R 0 MINE • 
USES: The chief use of bromine is in the manufacture of 

the bromides of potassium, sodium and ammonium, much used 
in medicine and photography. It is used in the color industry, 
particularly in preparing coal-tar dyes. It is prepared for use 
as a disinfectant by causing it to be absorbed into diatom earth . 
It is sold as "bromum solidificatum." Good diatom earth will 
absorb 75 per cent of its weight of' bromine. Bromine is used 
to some extent in gold extraction instead of chlorine. 

SOURCES OF BROMINE 

The commonest l)romine-bearing minerals are Embolite, Bro­
myrite and Iodobromite, but practically all the bromine of com­
merce comes from brines used in salt manufacture a:nd from 
sea-weed. At the Stassfurt refineries the mother-liquor from 
salt-refining contains 15 to 35 per cent bromine. Certain brines 
of Michigan, Ohio, West Virginia and Pennsylvania contain 
bromine in paying quantities, and the American production 
comes almost entirely from these states. Stassfurt is the largest 
producer of Bromine. 

CALCIUM AND CALCIUM MINERALS 

USES: The metal calcium has no commercial uses, but 
certain compounds are much used. 

Lime, CaO, is discussed elsewhere. 
Calcium hydrate, slacked lime, Oa( OH) 2 , is now prepared 

in large quantities and shipped in air-tight barrels for immedia:te 
use in mortar. 

Chloride of lime, bleaching powder, is produced by the 
action of ehlorine on calcium hydrate. It is extensively used as 
a bleaching agent and disinfectant. 

Calcium bisulphite is used in the manufacture of' wood pulp 
and in the purification of sugar. 

Calcium sulphate, gypsum, is discussed elsewhere. 
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Calcium nitrate is now manufactured by an electrical 
process, using the nitrogen of the air. It is used with lime as a 
fertilizer. 

Calcium phosphate: See apatite and phosphate rock. 
Calcium carbide is much used for the production of acety-

lene for lighting purposes. .1 

Calcium carbonate, limestone, calcite, is the most important 
calcium mineral and is the basal material for most of the calcium 
salts in use. 

Ca:lcium cyanide is used as a fertilizer. 

IMPORTANT SOURCES OF CALCIUM COMPOUNDS 

Most of the important calcium compounds-such as quick- . 
lime, plaster of Paris, hydraulic lime and cements are derived 
from limestone, marble, dolomite and gypsum, which are regarded 
as rocks. They are described and their uses are discussed else­
where. 

'l'HE MOST IMPORTANT CALCIUM-BEARING MINER­
ALS ARE: Calcite, Dolomite, Aragonite, Gypsum, Anhydrite, 
Anorthite, vVollastonite, Colemanite, and Apatite, all of which 
are described elsewhere. 

CARBON AND HYDROCARBON SERIES OF 
MINERALS AND ROCKS 

'l'he element carbon occurs native in the diamond, carbonite 
and graphite. It is the important element in coals, the solid and 
semi-solid hydrocarbons, amber, fossil resins, petroleum, and nat­
ural gas. While these are not true minerals, it seems best to ois· 
cuss them under this general head a.nd include them with the 
minerals. The uses will be discussed as t~e substances are de· 
scribed. They may grouped as: 

Graphite, Diamond. 
Fuels and Illuminants: 

Peat, Coal, Coke, and Other Products of Coal. 
Petroleum and Its Products. 
Natural Gas. 

Semi-solid and Solid Hydrocarbons·. 
Amber and Fossil R.esin. 

GRAPHITE, PLUMBAGO, BLACK LEAD: Carbon; often contains 
iron oxide, clay and other impurities. 



NON-METALLIC MINERALS 87 

Color: crystals steel-gray to lustrous black; earthy forml::i 
are grayish-black, often iron-stained. 

linste1·: crystals metallic; massive and granular forms are 
commonly earthy and dull. 

Diaphaneity: opaque. ~ 

Crystal forrn: hexagonal, rhombohedral; in six-sided tabular 
crystals; 

Cleavnge: one perfect. 
F'mcture: laminre are flexible a:nd inelastic. 
Tenacity: easily separated or broken. 
Hardness: 1-2. 

I 

St1·eak: same as color, black. 
Specific gravity: 2.09-2.23. 
Ocmtrs: mainly in flaky or foliated or granular columnar 

I l 
and earthy masses in seams or beds in schists, crystalline 
limestones and granites; not uncommon as result of 

. alteration in clay rocks; sometimes in clay rocks. 
Tests: B.B. infusible; but burns at very high temperatures, 

as does diamond; insoluble in acids; very soft; ha:s 
smooth, greasy feeling. 

Uses: Graphite has many uses in commerce, such as: the 
manufacture of "lead" pencils, lubricants, paints f01; 

protection of metal surfaces, crucibles for metal1urgical 
and chemical processes, stove polish; surfacing foundry 
molds; glazing; electrotyping; steam-piping; filler for 
dry batteries; protective surfacing against moisture on 
gunpowder, tea leaves, coffee beans; anodes and elec­
trodes for the manufacture of alkalies, bleaching powder 
and electro-metallurgy. 

Notes: Molybdenite gives greenish-black streak, and when 
fused with soda reacts for sulphur. Artificial graphite 
is made from anthracite by means of the electric current. 

Colorado localit~es: Turret, Chaffee County. 

DIAMOND, CARBONADO, BoRT: Crystallized carbon. 

Diamond, of gem quality, is described in the section on Gem 
Minerals and S1emi-Precious Stones. 

CARBONADO, Black Diamond, is a Yariety of diamond of black 
or grayish black color, adamantine to resinous luster. It occurs 
in crystalline masses grading into true cr;ystals, and is usually 
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impure. The cleavage is very imperfect or lacking. It is used 
as an abrasive, especially for diamond drills and diamond saws. 

IBORT is low-grade diamonds of gray to black color, very poor 
cleavage, and confused crystalline structure. The hardness is 
greater than that of the crystals, but the specific gravity is lower. 
Fragments of crystals, and very imperfect crystals are also 
included under this name. Bort is used for the same purposes 
as carbonado. 

FUELS AND ILLUMINANTS 

The principal mineral fuels are : coals, peat, petroleum and 
natural gas. From coals, and to a limited extent from petroleum 
and peat, are prepared coke, coal gas, water gas and producer 
gas. The refining of petroleum yieldR naphtha, gasol ine and 
kerosene. Naphtha is used mainly as a fuel. Gasoline is used 
as an illuminant, as a fuel, and as a source of energy in internal­
combustion engines. Kerosene is used mainly as an illuminant. 
N::Jtural gas, coal gas and water ,gas are used as illuminants, 
fuels, and as sources of energy in gas engines. Producer gas is 
used largely as a source of energy in gas engines, but a lso as 
a fuel. 

PEAT, COAL, COKE, AND OTHER PRODUCTS OF COAL 

If we were obliged to depend upon the forests for fuel, our 
present industries would be impossible. At the present rate of 
forest depletion, and allowing for the present rate of regrowth, 
the forests of the country would last less than one hundred y~ars . 
If to the present consumption of wood we add that which would 
be necessary if ",·e had no coal, the forests would last but twenty 
or tl:irty :ye::~rs. Bnt N<ltnre e;-\nticipateu man's needs, and ages 
ago, before there 'vas a human being to use the fuel, .she stored 
up the vast forest growths in the splendid coal seams with which 
the earth is so richly provided. In great marshy areas, covered 
with shallow 'vater, rich vegetation grew year after year, age 
after age; and as the trees, ferns and other plants died and fell , 
they ! were covered with water. and thus r~reserved from complete 
decay, until masses of varying thickness were formed. These 
accumulations of vegetable matter were at least four times as 
thick as the coal seams made from them. A (part of this trans­
formation from vegetable tissue to mineral coal-that repre­
sented by the change from the growing plant to peat-took pl:we 
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nuder cover of \Yater only. After a time the vegetable masses 
were buried by sand and clay, which have solidified into the roeks 
whieh now cover the coaL Little by little the ehange from tree 
and fern to solid coal took place under the immense weight of 
overlying roclc The hea.vier the rock cover, the more heat was 
developed, and the more heat, the moNl rapidly did the change 
take place. As ,a result, the more deeply the mass was buried, 
and the longer it was buried, the better the coal, other things 
being equaL 

THE MA'J:ERIALS OF COAL 

A careful examination of coals has shown the presence of 
a variety of vegetable matter. A very thin slice of bituminous 
coal examined under the microscope may show the woody struc­
ture so perfectly preserved that one might easily mistake the 
slice of coal for one of charred wood. A slice of splint or cannel 
coal examined in the same way may show the spores of fern-like 
plants and the pollen gr~ins of flowering plants. Other coals 
&how the presence of both fresh-water and marine plants. 

Vegetable matter consists almost entirely of carbon, hydro­
gen and oxygen, in the proportions represented by the formula 
C6H 100 5 • In the change from plant tissue to coal, carbon dioxide 
(C02 ), .ca·rbon monoxide (CO), water (H20), and marsh gas 
(CH.1 ) are given off in such quantities as to increase the pro­
portion of carbon, and decrease that of hydrogen and oxygen. 
The presence of carbon dioxide, carbon monoxide and marsh gas 
in coal mines shows that the change is still in progress. Depend­
ing upon the advancement of the change, the mineralized vege­
table matter is classed as: Peat) Lignite) Blctck Lignite) Bit~£­
minotts Coal) Anthmcite or H a1·d Coal, Cct?·bon'ite or G'raphite. 
In Colorado the coal forests grew at widely separated times and 
were buried under vastly different loads of rock. , In some of the 
coal fields the growth of the mountains caused the folding of 
the rocks contaming the coal. This compressed the vegetable 
matter, ,developed heat, and hastened the change. In some of 
them molten rock was forced, from deep within the earth, up 
between and into the coal seams. The heat thus supplied brought 
about, in a short time, changes which under ordinary conditions 
would have taken ages. In places where the heat was too great 
the coal was completely destroyed. 

As a result of these varying conditions, the coals of Colorado 
represent almost every stage of change, from the lignites of the 
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eastern parts of the eastern fields, to the hard coals or anthracites 
of Gunnison and R.outt Counties, and the carbonite or natural 
coke found in the Trinidad field. 

The common classification of coals includes the following: 
I 

(Carbonite or native coke, etc.). 
Anthracite. 
Semi-anthracite. 
Semi-bituminous. 
Bituminous. 
Sub-bituminous. 
Lignite. 
(Peat). 
The names "semi-anthracite" and "semi-bituminous'' are <"Pn-

fusing and should be replaced. 
The following grouping is suggested: 
( Carbonite, graphite, native coke) . 
Superanthracite. 
Anthracite. 
Subanthracite. 
Super bituminous. 
Bituminous. 
Sub-bituminous. 
Lignite. 
(Peat). 

Many attempts have been made to base these subdivision~ 
upon the chemical co:::uposition and physical properties of the 
coals, but none of the suggested bases of classification hat; been 
found entirely satisfactory. The data for these cla:ssifications 
depend upon: (1) the complete analysis of the coal ; (2) the proxi­
mate analysis (an incomplete analysis which shows the percent­
ages of fixed carbon, volatile hydrocarbons, ash and moisture) ; ' 
(3) the calorific power of. the coal as determined by burning a 
sample. As a complete analysis is costly and time-consuming, a 
classification based upon it would be unsatisfactory. The prox­
imate analysis and the Galorific power are more easily obtained. 

As more than 95 per cent of all coal mined is used for ftieL 
it is evident that any satisfactory commercial classification of 
coals must depend primarily upon their value for the production 
of heat. This depends upon two factors: 

1. The percentage of the fuel constituents present in the 
coal. 
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2. The rate at which these fuel constituents may be con­
verted into heat. 

The first of tl;tese is known as the calorific power (heat-making 
power) ; the second is the calorific intensity (heat-making speed) 
of the coal. 

The heat-units commonly used in measuring the calorific 
power of fuels, are the British thennal ~mit, B. T. U., and the 
oalory. The British thermal unit is the amount of heat required 
to raise the temperature of one pound of water one degree Fahren­
heit. 'l'he calory is the heat required to raise the temperatue of 
one kilogram of water one degree centigrade. 

The fuel constituents of a coal are the fixed carb'on, the 
volatile hydrocai·bons and the disposable hydrogen. 

The fixed carbon is the carbon left behind in the form. of 
coke when coal is heated to redness out of contact with air. · 

The volatile hydrocarbons are the gases composed of hydro­
gen and carbon which are driven off in the same process. 

The disposable hyclrogen is the excess of hydrogen above that 
required to unite with the oxygen of the coal to form water. 

The calorific power of ordinary coals is roughly proportional 
to the percentage of fixed carbon they contain. But the available 
heat is decreased by the moisture present in the coal; for, as the 
coal burns, heat is consumed in evaporating the water it contain s. 

The calorific · intensity (heat-producing speed), apart from 
the regulation of furnace drafts, depends very largely upon the 
volatile hydrocarbons. These cause the coal to flame and burn 
easily, but do not themselves y ield much heat. Analyses show 
that fixed carbon and volatile hydrocarbons make up from 75 to 
95 , per cent of most coals. It is clear that if the fixed carbon i~ 
very high, the volatile hydrocarbons will be low, and the coal will 
yield a)arge amount of heat, but will burn slowly. On the other 
hand a coal low in fixed ,carbon and high in volatile matter will 
yield less heat, but will burn more rapidly. 

Classifications of coals have been based upon: 

1. The fuel ratio, or the ratio of fixed carbon to vo lati le 
hydrocarbons. 

2. The fixed carbon. 
3. The total carbon. 
4. The total hydrogen. 
5. The carbon-hydrogen ratio. 
6. The calorific value (heating value) as determined by 

actual burning of the coal. 
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The following table shows that only the last of these gives the 
relative heating values of the coals: 

Carbon Calorific 
Fuel Fixed Total Total Hydrogen Value in 
Ratio Carbon Carbon Hydrogen Ratio B. T. U. 

West Virginia No. 10 .... 4.04 79.61 90.63 4.83 18.7 15,927 
Arkansas No. 3 ......... 3.43 76.71 87.89 4.68 18.8 15,482 
Pennsylvania No. 3 (an-

thracite) ............ . 10.22 88 .82 90.73 3.39 26.7 14,905 
Alabama No. 1 .......... 1.67 61.49 83.29 5.73 14.5 1<±,833 
Colorado No. 1.. ........ 1.16 45.96 65 .71 6.18 10.6 11,525 
North Dakota No. 1. .... 0.87 38.30 61.43 6.08 10.1 11,465 

It is only reasonable to expect that before long the buying 
and selling of coal will be placed upon a more scientific ba~lf- . 

and the price will be fixed by the determined heat-prodnrllJg 
power of the coal. 

Beginning at the bottom of the series, the main classes are 
described as follows: 

PEAT is more or less carbonized vegetable matter, in which 
stems, leaves and roots of plants are still 1·ecognizable. In peat 
deposits there is generally a gradual transition from but slightly 
altered plants at the tor>, to a compact, earthy-looking sub­
stance, with little or no direct eYidence of its plant origin, at the 
bottom. The color Yaries from a pale brownish-gray at the top, 
to deeper and deeper shadts of brown and brownish-black. Sand 
and clay are generally present, though in some peats the amount 
is very small. YVhen the more highly carbonized peat is sub­
jected to very high pressure, it is converted into a coal-like mass. 
It is extensiYely used for fuel. 

LIGNITE, BROWN CoAL: Under these names are included a 
rather wide range of coal-like substances forming practically a 
complete gradation from peat to true coals. In the lower grades 
the plant texture and structure are still apparent, but in the 
higher, mineralizing changes have almost completely destroyed 
these evidences of vegetable origin. The color ranges from yel­
lowish-brown to jet-black, and the luster from dull and earthy 

\ 

to brilliant_ The proportion of carbon is greater, and that of 
volatile matter less, than in peat. It occurs in seams between 
strata of sedimentary rocks, such as shale and sa:ndstone. 

BITUMINOUS COAL represents a more advanced stage of 
mineralization, and, as a consequence, the proportion of carbon 

'• ) I j• 
~ 
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is greater, while that of volatile matter is less, than in lignite. 
The color is black, the luster brilliant, especially on surfaces 
not corresponding to the planes of bedding. Its specific gravity 
ranges from 1.2 to 1.5. It occurs iri seams, ranging fr'om a few 
inches to forty or fifty feet in thickness, between sedimentary 
strata. In some places from ten to twenty seams alternate with 
rock strata. 

ANTHRACITE, HARD CoAL: This is the hardest of the coals 
and has the highest carbon content. It is a dense, black, lustrous 
rock, breaking with a smooth, curved fracture, and having a spe­
cific gravity of 1.4 to 1.8. It does not burn so readily as the 
other coals, but gives out an intense heat. It occurs in the same 
way as bituminous coal, from which it is derived by more com­
plete mineralization. 'Ihe Pennsylvania a·nthracite occurs in the 
more folded part of the great Appalachian field, where the pro­
cess of change was hastened by the compression and heat devel­
oped in the mountain-making movements. That of Colorado, 
New Mexico and Montana occurs in areas where igneous intru­
sions hastened the process of carbonization . 

CARBONITE, GRAPHITE, is more or less pure carbon. It 
results as an end product when the coal-making process goes 
on until only carbon remains. It is probably also derived from 
the solid or semi-solid hydrocarbons by extreme alteration. In 
schists, slates and limestones it is probably derived from plant 
and animal remains. 

COAL IN COLORADO 

The map following shows the main coal fields of Colorado 
and their extent. In estimated tonnage of coal Colorado is 
exceeded by only two states: North Dakota, with 500,000,000,000 
tons (lignite), and. Wyoming, with 424,000,000,000 tons. The 
surveyed and partially surveyed coal lands ·of Colorado, and the 
estimated tonnage, are as follows: 

Area 
(Square Miles) 

Denver region . . . . . . . . . . 4,300 
Durango field . . . . . . . . . . . 1,900 
North Park . . . . . . . . . . . . . 500 
Trinidad . . . . . . . . . . . . . . . . 1,080 
Uinta region . . . . . . . . . . . . 6,000 
Yampa field . . . . . . . . . . . . . 3,700 
Scattered fields . . . . . . . . . . 350 

17,130 

Estimated 
Tonnage 

13,590,000,000 
21,428,000,000 

453,000,000 
24,462,000,000 

271,810,000,000 
39,639,000,000 

388,000,000 

371,770,000,000 

State Historical and 
~----~~~~~ u'ral History So~~ety, 
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To these areas may be ·added others not yet surveyed, in 
both tqe eastern and the western parts of the state. The extent 
and tonnage of these :fields are unknown, but they are probably 
not large. It must also. be borne in mind that a large proportion 
of the coal lies beyond the depth to which profitable mining can 
be carried on at present, and it is more than probable that some 
of it can · never be reached. At the present rate of consumption, 
Colorado's tonnage would supply the United States for about 750 
years, or it would meet the present state consumption for 31,000 
years. In 1873 Colorado mined only 70,000 tons of. coal, whereas 
in 1911 she stood eighth among the coal-producing stntes, with 
an output of 12,000,000 tons. As yet the production comes mainly 
from the,eastern fields, though the Grand River field in Gunnison 
County is a big producer. The following counties are the greatest 
producers: 

1910 

Las Animas . ...... .. ....... . .. . ............. . 
Huerfano ...... _ ..... . ........ _ ........ . .... . 
Boulder .. . ........... . . .... . ............ .. .. . 
Fremont .......... .. ......... . . . ............ . 
Gunnison ...... . ....... . ..... .. . ............ . 
El Paso ............................. . . . ... . . 
Weld .... . ... . . ........... . ................. . 
Routt ............. .. .... . . . ................ . 

Tons 

5,548,085 
2,387,090 

802,769 
722,142 
640,982 
336,780 
322,896 
258,452 

The Sub-bitt~minous Coals of Colorado include those of the 
Denver region, the northern part of the Yampa :field, a part of the 
Durango field, nnd the North Park and Como fields. 

'l'he Bituminous Coals are those of the Trinidad, the Canon 
City and Uinta :fields, the southern part of the Yampa :field, and 
the greater part of the Durango :field. 

Anthn~cite occurs in the southern part of the Yampa and 
the southern part of the Uinta :fields. 

Coking Coal occurs in parts of the T:rinidad) Durango and 
Uinta fields. 

The following table, compiled from United States Geological 
Survey Bulletins Nos. 341, 381, 415, 510, will give a fair idea of 
the calorific power of Colorado coals: 
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B. T.U. 
Denver region, 21 sample·s, average .......... .. .. . 10,901 
Durango field, 5 samples, average. . . . . . . . . . . . . . . . 13,350 
Colorado Springs area, 11 samples, average .. .. .. . 10,977 

· Canon City field, 12 samples, average . . . . ....... . . 11,487 
Trinidad field, 25 samples, average. . . . . . . . . . . . . . . 12,726 
Grand Mesa, 58 samples, average ..... ..... .. . .... 12,167 
Uinta and Yampa fields, 33 samples, average. . . . . . 12,144 

(Uinta anthracite ranges about 14,400) 

The average of 165 samples of bituminous and sub-bituminous 
coals is 11,993 B. T. U. 

COKE 

COKE is the product obtained when the volatile matter is 
driven from certain bituminous coals by strongly heating them 
in ovens or retorts from which the air is largely or completely 
excluded. It is essentially the "fixed carbon'' of the coal, together 
with the ash and other incombustible matter contained in the 
coal. When a coking coal is thus heated, it becomes pasty, runs 
together, and forms a semi-liquid mass, which on cooling solid­
ifies into a porous, columnar substance of dull steel-gray color 
and submetallic luster. In the coke-making process a ton of coal 
yields as follows: 

Coke .... : ............. .. . . . ... .. . ...... 1,100-1.,500 lbs. 
Ammonium sulphate or its equivalent. ...... . .. 20-30 lbs. 
Coal-tar . .. . ..... .. .. . ... .. . . ........ . .. . about 50-80 lbs. 
Benzene . . .. .. . ..... ..... . . .. . .......... about 12-18 lbs . 
Gas ...... . . ... . .................... 8,000-12,000 cub. ft. 

Various cyanide salts . are also made from the hydrocyanic 
acid contained in the crude gas. The yield varies from 1 to 5 
pounds per ton of coal. 

The last five of these are called the by-products. 
Coke ovens may be grouped under three general types: the 

beehive, the non-by-product retort oven, and the by-product retort 
oven. The beehive oven is a simple brick or stone chamber, pro­
vided with an opening in the top for charging and for the escape 
of gas, and one in the front wall for draft and drawing out the 
coke. This oven saves nothing but the coke. The non-by-product 
retort oven is designed to utili ze the gas for coking purposes, and 
for the generation of steam or power through gas engines. So 
far as it goes, it is si~ilar in construction to the by-product retort 
oven. This is a complex structure of steel and masonry, designed 

' 
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to save or utilize all the by-products. There · are many different 
designs, but, in general, they consist of retorts for the coal, flues 
or fire-boxes through which the heat is applied; pipes, collecting 
troughs and condensers for handling and separating the volatile 
products. The tar is removed mainly in the first condensers, the 
ammonia in the second. The benzene is separated by a process 
called scrubbing, after which the residual gas,, consisting mainly 
of hydrogen and marsh gas (methane), is piped back to the ovens 
as fuel. 

The:average cost of the beehive oven is about $300, while that 
of the by-product oven is $5,000. The advantages of the by-product 
oven may be stated as follows: 

1. The average output per oven for 1910 was 1,762 tons, as 
compared with 376 tons for the beehive oven. 

2. Fifteen per cent more coke. The average for 1910 was 
1,498 pounds of coke per ton of coal, against 1,300 pounds for 
the beehive oven. 

3. The net value of by-products per ton of coke is 22-25 
cents. 

4. The average total net cost of labor, maintenance of plant, 
depreciation of plant per ton of coke produced is 37 cents, as 
compared with 51 cents for the beehive oven. (This does not 
include the coal used.) 

BY-PRODUCTS: In those parts of the country remote from 
the great markets and centers of population there is little or no 
demand for the by-products. As a result, nearly all the coke is 
made by the beehive process, and a large part of the tremendous 
waste is practically unavoidable. Even in the northeastern states 
the demand for coal-tar is unsteady. This is due to the back­
wardness of our chemical industry; for we import annually coal­
tar products to the value of $10,000,000. Our farmers have not 
yet wakened to the immense value of ammonium sulphate as a 
fertilizer, especially in the growing of sugar beets. Again, the 
Rurplus gas would find little demand in Colorado on account of 
the limited development of manufacturing and the small popu­
lation. 

The Anvrnoniurn Sulphate: This is used largely as a fer­
tilizer, but nearly all the other salts of ammonium on the market 
are made from . the ammonium by-product of coke manufacture. 
In 1910 this by-product was valued at $3,860,000. 
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The TaT: The coal-tar by-product of 1910 was sold for 
$1,600,000. It would be impossible to give even a brief outline 
of the various and extensive industries based upon coal-tar as the 
raw material. In its raw state the tar is used for fuel, for gas. 
manufacture, for weather-proof and chemical-proof paint, for 
the manufacture of roofing-felt and lamp-black, as a binder in 
briquetting slack coal, etc. 

By distillation and other chemical processes coal-tar is made 
to yield hundreds of useful products, which may be grouped as 
follows: 

1. Dye-stuffs (aniline salts), stains and other coloring 
materials-over 300 in number. 

2. Perfumes and flavoring extracts-a long list. 
3. Medicines and pharmaceutical preparations~such as car-

bolic acid, salicylic acid and its salts, picric acid. 
4. Disinfectants, antiseptics, anesthetics, etc. 
5. Photographic> preparations. , 
6. Creosote-used in various ways, but chiefly as a preserva­

tive for wood. 
Benzene : The benzene is used mainly incarburetting water 

gas (increasing its illuminating power). 
The Ga-s: A large portion of the gas driven from the coal 

is used to heat the ovens. The surplus finds ready demand for fuel, 
lighting and use in gas engines. In 1910, surplus gas amounting 
to 27,69'0,000,000 cubic feet, and valued at over $3,000,000, was 
sold for these purposes. 

Cyanides: The cyanide salts are used mainly in the metal­
lurgy of gold and silver. 

Waste Heat: Until recently, few attempts have been made 
in this country to use the waste heat of coke ovens. In European 
countries this has been done successfully for some years. In 
Germany and Belgium the non-by-product retort oven is used 
extensively, -and the surplus gas is burnt under steam boilers 
developing about fifteen horsepower per oven. The surplus gas 
from a modified form of beehive oven is used in the same .way in 
the English coke industry. In America there are a few such 
plants in operation. One at Dawson, New Mexico, produces 
twenty horsepower per oven. 

Careful estimates made by the United States Geological 
Survey . show that the by-products wasted in the manufacture of 
coke are worth tens of millions of dollars annually. 

(4) 
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COAL GAS: Coal is heated to a t emperature of 1,700° to 
1,850° F. in retorts. The volatile matter is driven off in the form 
of a complex gas or mixture of gases. This is subjected to cooling, 
condensing and scrubbing processes by which the tal', ammonia, 
sulphur gases, carbon dioxide, and other soluble and undesirable 
substances are removed. The purified gas hom bituminous coal 
has roughly the following composition: 

Per Cent 
Hydrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Marsh gas (methane) ........ . ................... 30-35 
Carbon monoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-11 
Unsaturated hydrocarbons, mainly ethylene and 

benzene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5 
Traces of several other gases 

It is the unsaturated hydrocarbons which give coal gas its 
value for illuminating purposes. The higher the percentage of 
these, the higher the candle-power of the gas. 

Cannel coal yields a gas containing from 5 to 10 per cent 
of unsahuated hydrocarbons, and of proportiona1:ely higher il­
luminating power. 

The yield of gas per ton of coal varies widely, but ranges 
from about 9,000 to 12,000 cubic feet. 

WATER GAS: When steam is passed over red-hot coke or an­
thracite, the carbon of the coke or coal unites with the oxygen of 
the water, forming carbon monoxide, CO, and the hydrogen is 
separated. A small amount of carbon dioxide, C02 , is· also 
formed. This mixture of gases is known as "blue" water gas, and 
has approximately the composition: 

Per Cent 
Hydrogen ...... . ... -..•.... .. . ...................... 52 
Carbon monoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Carbon dioxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Nitrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Other gases ............... .. .... · . . . . . . . . . . . . . . . . . . . 1 

This gas has very low lighting and heating powers. To in­
crease these it is enriched (carburetted) by the addition of ben­
zene vapor or oil ga's, by which it may be given an illuminating 
power equal to that of coal gas from cannel coal, -and a heating 
power approaching that of coal gas. 
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The composition of purified carburetted water gas is ap­
proximately : 

Per Cent 
Hydrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Carbon monoxide .. . . . . . . . . .. . . . . . . . . . . . . . . . . . ... . . . . . 30 
Saturated hydrocarbons . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Unsaturated hydrocarbons . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Nitrogen .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

PRODUCE·R GAS: When a limited supply of air is drawn or 
forced through a; thick bed of highly heated coke, the supply of 
oxygen is not sufficient to cause complete combustion. The oxy­
gen and carbon unite and form carbon monoxide, CO, and the 
nitrogen of the air is unchanged. The ideal result would be a 
mixture, composed of 34.7 per cent of carbon monoxide and 65.3 
per cent of nitrogen, but a small percentage of carbon dioxide 
is almost always present. 

In practice, various sources of carbon are used, such as an­
thracite, bituminous and lignite coals, coke, charcoal and others. 
It is evident, therefore, that the composition of producer gas 
will vary with the source of the carbon. Again, water is intro­
duced to keep down the temperature of the grates, and from this 
a certain amount of water gas will be formed. In some processes 
steam is mixed with the air as it enters the producer, and the 
result is a mixture of water gas and producer gas. The following 
table shows the general composition of producer gas: 

Per Cent 
Carbon dioxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.0-1 5.0 
Carbon monoxide . .. . .. . ..... . ..... .. . .. ..... , 24.0-12.0 
Hydrogen ..... ·... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.0-28.0 
Marsh gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5· 0.0 
Nitrogen . . .... . .... . . . .. .. .. .. ............... 59.0-43.0 

The calorific power is low, ranging from 80 to 160 B. T. U. 
per cubic foot, but the immense volume of ga:s produced more than 
compensates for this. One ton of coal yields from 140,000 to 
160,0()0 cubic feet of producer gas. 

PETROLEUM AND ITS PRODUCTS 

PETROLEUM, COAL OIL (RocK OIL, MINERAL OIL): The 
crude oil is an inflamma·ble liquid, varying in color from a pale 
amber to rose-amber, red, brown, greenish-black and black, and 
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in specific gravity from 0.76 (Apsheron, Russia) to 1.06 (Mexico). 
American oils commonly range between 0.80 and 0.98, though 
the extremes reach 0.77 and 1.00-the latter a Kansas oil. 'rhe 
inflammability depends largely upon the percentage of the lighter 
hydrocarbons which ·go to make up gasoline, naphtha, benzine 
and kerosene. When petroleum is slowly heated, these are driven 
off in gaseous form and accumulate at t he top of the oil. A 
spark or small flame passed over the surface of the oil causes the 
gas to flash into flame. The lowest temperature at which this 
"flashing" occurs is known as the flashing point. In American 
oils the flashing-point is remarkably variable. An oil from 

1 Gaspe, Quebec, flashes below 0° F., while one from Alaska does 
not flash until 310° F. is reached. 

The odor depends upon the composition. Some oils, espe·· 
cially those containing sulphur, have a disagreeable odor, while 
others have an aromatic, but not especia·lly unpleasant, smell. · 

As to composition, petroleum is a mixture of various hydro­
ca rbons, chiefly of the paraffin series ( CnH211 + 2 ), with a vary­
ing p0rce:ntage of the olefin series ( CnH2n), and the benz.enes 
( CuH2n-o) . Depending upon the character and proportion of 
the hydrocarbons composing petroleums, they are divided into 
''pa·raffin oils and asphaltic oils." 

On this basis of classification, the oils of the United States 
would stand something as follows: 

I. Paraffin base : 
Appalachian field. 
Ohio-Indiana field. 
Illinois field mainly. 
~richigan field. 
Mid-continental field , some of Oklahoma: oils and a few of 

Kansas. 
_ Wyoming mainly. 

Colorado. 
Texas and Louisiana in small part. 
Alaska. 

II. Asphalt base: 
Texas in large pa:rt. 
Louisiana in large part. 
Mid-continental field, most of Kansas, and a large propor­

tion of Oklahoma oils. 
California in large part. 
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III. Mixed asphalt and paraffin base: 
Illinois in part, and locally elsewhere. 

Occtt1·1·ence aruZ Origin: It is found in reservoirs or "pools" 
formed of a porous rock-such as sandstone, sandy shale or lime­
stone--and covered by an impervious cap rock, such as shale. 
These rocks are generally arched into an anticline or dome, 
though oil is found in a few places in synclinal folds. It is so 
related to sedimentary rocks rich in organic remains that there 
seems to be little doubt that it is formed from the organic matter 
buried with them, by a process of distillation. A few scientists 
believe it is of inorganic origin. It is found at various geological 
horizons from the Ordovician to the later Tertiary. 

Uses: By fractional distillation most petroleums, particu­
larly the parai;tin oils, may be broken up info oils of different 
specific gravity, adapted to different uses. Of these, gasoline, 
naphtha, benzine, and kerosene are best known, but heavier than 
these are many oils used for lubricating purposes, petroleum 
jellies, waxes, tars, and finally a residual coke used for fuel. It 
is said that over 300 petroleum products are on the market. The 
asphaltic oils, and those in which the asphaltic hydrocarbons are 
present in large percentage, are not so sui.table for such fractional 
distillation, and are commonly used in the crude form for fuel. 
Most of the Texas, Louisiana and California oil is used for fuel. 

Colorado localities: There are three oil fields in Colorado, 
all of which produce excellent paraffin oils. These are the 
Florence, the Boulder and the Rangely fields. 

Refining: Crude petroleum is rarely. or never, fit for use as 
an illuminating oil, but some of the heavy paraffin oils of 
Wyoming and elsewhere have been found quite satisfactory for 
lubricating purposes. In the early days of petroleum-refining 
in America only the illuminating oil was considered of any value, 
and the whole process was crude and wa~Steful. Today the wa:ste 
is but a very small percentage of the crude oil. 

'As crude oils vary widely in composition, the products of 
the refinery vary in kind and amount yielded. For example, the 
Pennsylvania oil yields much more kerosene than the Ohio. The 
Boulder crude yields more gasoline than the Florence. 

P1·ocess: The crude oil is placed in a cylindrical still and 
heated. The vapors from the oil pass by pipes into condensers, 
where they are reduced to liquid. From the condensers the oil 
is classified, according to its specific gravity, as: naphtha, gaso­
line, kerosene, gas oil, spindle oil, light lubricating oil, heavy 
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lubricating oil, cylinder oil, etc. After the oils come the paraffin 
wa:xes and tars, and finally a residue of porous oil coke used for 
fuel. This fractionation of the crude petroleum is but the first 
step in the refining. Every fraction must go through several 
processes for further purification. These may be illustrated by 
the treatment of the kerosene fraction. The oil is first put 
through a steam-heated still to remove the more inflammable 
part and render it less explosive. It is next piped to the agitator 
for treatment with sulphuric acid, to remove the unsaturateJ 
hydrocarbons, fatty and other acids, phenols, tarry products, and 
oxygen-containing bodies. The sulphuric acid is poured in, and 
compressed air is forced through the agitator to bring all parts of 
the oil into contact with the acid. When the agitation is com­
pleted, the a:cid, carrying the im'purities, settles to the bottom. 
This mass, known as sludge, is drawn off, and the oil is washed 
with a solution of caustic soda to remove all traces of the sul­
phuric acid as well as petroleum acids, and acids formed by re­
actions between the sulphuric acid a:nd the petroleum. 

The oil is then placed in shallow tanks and washed with 
water to remove caustic soda and other impurities. Certain oilo; 
containing sulphur have to be treated with copper oxide to re­
move the sulphur. The sludge is treated to recover the sulphuric 
acid, and the residue is ma:de into a land-fertilizer. 

Before shipping the refined oil, it is tested t'o see at what 
temperature explosive vapors are formed from it. This is the 
"flash" test. Samples are also burned in standard lamps to test 
their candle-power and their mode of burning. 

OIL SHALE, KEROSENE SHALE, ToRBANITE, are names a:p­
plied to shaly rock containing sufficient' petroleum to make it 
profitable to distil it for the oil. Such shales are worked in 
Scotland, New South Wales and France. Before the production 
of petroleum became so great, oil-bearing shales were distilled to 
a limited extent in America. In Illinois a:nd Tennessee a similar 
shale is distilled for the manufacture of mineral paint. The 
shale yields a dark oil and a black residue or pigment, both of 
which are u~ed in paint manufacture. 

NATURAL GAS 

NATURAL GAS, MARSH GAs: Most of the natura:! gas of 
the United States is a mixture of several gases, among which 
marsh gas is by far the most important, forming from 90 to 98 
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ptr cent of the mixture. Nitrogen commonly ranges between 1 
and 8 per cent, while hydrogen rarely reaches 2.5 per cent, and 
is sometimes absent. The first column in the table below is the 
average of seven analyses of natural gases from seven Ohio and 
[ndiana localities; the second is the average of seven analyses 
of' natural gases from seven :I\iansas localities; the third column 
gives the analysis of the natural gas in the Boulder field: 

I II III IV 

Hydrogen .................. .. . 1.73 0.00 2.40 0.80 
Marsh gas .. . .... . .. ...... .... 93.36 93.87 94.00 15.02 
Olefiant gas .... ....... ... . ... 0.277 0.224 0.00 0.00 
Carbon dioxide ......... ...... 0.254 0.444 0.00 0.00 
Carbon monoxide . . . . . . . . . . . . . . 0.546 0.861 1.10 0.00 
Oxygen ............. ....... . . . 0.387 0.27 0.00 0.20 
Nitrogen ...................... 3.28 4.03 2.50 71.89 
Sulphuretted hydrogen . ........ 0.18 0.00 0.00 0.00 
Inert residue ..... ........ ..... 0.00 0.00 0.00 12.09 

Analysis IV is that of a very peculiar "natural gas" founJ 
in boring for oil or gas at Dexter, Kansas. The well had an 
initial flow of 5,000,000 cubic feet per da-y. The gas would not 
burn alone, and was. useless for either light or fuel. A very 
similar gas was found at Princeton, Illinois. A gas found at 
Middlesbro, England, contained 96.57 per cent nitrogen, 1.53 per 
cent oxygen and 1.90 per cent marsh gas. (Redwood, p. 249.) 

Pure marsh gas is colorless and odorless, has a specific grav­
ity of 0.55 that of air, a·nd burns quietly, emitting a little light. 
When mixed with air in the proportion of 1 of gas to 5 of air, and 
up to 10 of gas to 13 of air, it becomes highly explosive. Natural 
gas from the wells is seldom entirely odorless, owing to the 
presence of olefiant gas, ca-rbon monoxide, or sulphuretted hy­
drogen in greater or less amount. The Boulder gas smells of 
ole:fiant gas. 

Ocm~rrence: Natural gas is probably the product of the 
slow distillation of organic remains in sedimentary rocks. 
Mlarsh gas occurs in coal mines, where it forms the dangerous 
"fire damp" of the miners. It may be seen rising to the surface 
of stagnant pools whose bottoms are covered with decomposing 
plant matter. As a commercial product it occurs in great reser­
voirs formed of porous rock-sandstone, sandy shale or lime­
stone-capped or covered by a:n impervious rock, such as shale. 
These rocks are commonly arched so as to form a dome or an 
anticline, under which the gas is stored. It is found in rocks of 
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various geological ages, from early Paleozoic to Tertiary, and 
occasionally, as in Iowa: and Illinois, in glacial drift. 

Uses: (a) domes tic-as fuel and for illuminating. (b) In 
the arts-as fuel for smelting, glass-making, cement-making, gen­
erating steam, and other forms of energy. 

Go lomdo "bocalities : It is produced in commercial quantity 
only in the Boulder oil and gas field. 

HEAT VALUE OF FUELS 

'l'he following table, eompiled from various reliable sources, 
shows approximately the calorific po,yer of the priuci pa! fuels, 
in British thermal units. (The British thermal ·unit is the heat 
required to raise tile temperature of oue pound of water one 
degree F ahrenheit.) In :stating the range of calorific power of 
the various fuels, the extremely high and the extremely low 

. samples were not included. 

Solid: Range-B. T. U. 

Coke, 60 samples .... .. ..... . .......... . . 14,000-14,500 
Anthracite, 21 samples . ......... . ...... .. 13,000-15,000 
Bituminous, 38 samples .. . . ... .. .. ....... 12,000-16,000 
Sub-bituminous} 
Black lignite 107 samples . . . . . . . . . . . . . 9,000-14,000 

Wood, various kinds, 15 samples...... .. . 6,000- 9,000 
Peat, 24 samples.... . . . . . . . . . . . . . . . . . . . . . 5, 000-10,500 

Liq~tid: 

Petroleum (crude), 29 samples ... . ... . . .. 18,000-21,000 

Average 

14,337 
14,114 
13,955 

11,899 

7,684 
7,562 

19,611 
Gasemts: (per cubic foot) 

Natural gas, 26 samples ................. . 
Coal gas, 15 samples . ...... .. .. . . . . . .... . 
Water gas, 23 samples .. .. .. ... . ... . ..... . 
Producer gas ........... . ........ .... .. . 

850- 1,100 980 
55~ 700 620 
194- 402 326 

150 

The average calorific power of twenty-one samples of Penn­
sylvania anthracite was 14,114 B.T.U., , while the average of 
twenty-eight samples of Pennsylvania bituminous coal was 14,983 
B.T.U. From these and similar results it appears that the cal­
ori fic power of the best bituminous , coals is higher than that of 
anthracite. 

SEMI-SOLID AND SOLID HYDROCARBONS 

BI'l'Ul\fEN, ASPHALT, MINERAL PITCH, MINERAI, WAX, 
MINERAL TAR, MALTHA, PITT ASPHALT, ETC.: 'rhese 
names are applied to the ·semi-solid and solid hydroca rbons. 
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The subst:mc:es are of variable and rather indefinite composi­
tion, and grade thwugh pittasphalt and mineral ta1· (maltha) 
into the peholeums, fl·om which, in a ll probability, most of 
them are residues derived by evaporation and oxidation. Their 
composition would thus depend upon that of the petroleum 
from which they came, and the conditions under which the 
changes took place. They are brown to black in color, have a 
silky to pitchy to waxy luster on fresh surfaces, and give a 
bituminous odor, especia lly when heated. Their hardness de 
pends upon their composition and temperature. At ordinary 
summ~r t emperatures some of them are soft and fl ow, while 
others retain their forms. When cold, they range in hardness 
from 1 to 3 or over, and break with a smooth, conchoidal fr ac-

, ture. The melting-point for the , common forms is from 80" to 
90° F., and most of them burn with sooty flames and disagree­
able odors. Their specific gravities are mostly below 2. 

OcmtrTence: Their ·modes of occunence are as variable as are 
their physical properties. A lake-like body occurs on the isl and 
of Trinidad; veins, sheets and i!regular bodies occur in Cuba, 
Canada and the United States. In Colorado, Utah, California, 
Kentucky, Arkansas, Oklahoma and elsewhere they are found 
filling the pores· of. sandstones and other rocks. Shales and 
marls are sometimes charged with bituminous matter to such 
an extent as to burn readily. 

Some of these hydrocarbons, having fairly constant physical 
and chemical characters, have received specific names and are 
regarded as minerals. Such are: Albertite, Anthraxolite, Car­
bonite, or natural coke; Elaterite, Grahamite, Maltha, Manjak, 
Ozokerite, or mineral wax, or native paraffin; Uintaite or 
Gilsonite, Wuli:zilite, Torbanite, Tabbyite, Nigrite. 

ALBERTITE is a highly lustrous, black bitumen, having a hard­
ness of nearly 3; a specific gra\'ity of 1.08-1.11; a smooth, con­
choidal fracture; a solubility of 4 per cent in ether and 30 
per cent in oil of . turpentine. vVhen rubbed, it becomes electric 
and emits a bituminous odor. In a fianre it swells up, gives 
off spurts of gas, and emits a bituminous 'odor. The pr!ncipal 
kn own deposit "·as a yein in the Lower Carboniferous sha les 
of Albe1t County, New Brunswick, where it was mined to a 
depth of 1.500 feet. Small deposits are known in eastern 
Oklahoma and near Colton, Utah. 
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IMPSON1TE is a variety of grahamite resembling albertite. It 
is a jet-black, almost lusterless mineral, closely resembling 
coal. It is extremely friable, and shows no sign of a conchoidal 
fracture. It burns readily, softens and cokes when heated in 
a glass tube, and when distilled in a retort yields a heavy dis­
tillate. It does not soften in boiling water, is almost insoluble 
in turpentine and only slightly soluble in alcohol, but 35 per 
cent soluble in carbon disulphide. It occurs in the Standley 
(Carboniferous) shale, Impson Valley, Oklahoma. 

ANTHRAXOLITE is a lustrous, black, coal-like, combustible 
mineral of irregular composition, having a specific gravity of 
2, a hardness between 3 and 4, and even, conchoidal fracture. 
It occurs in veins in 'black slates near Sudbury, Ontario, and 
ha:s been reported from other localities. Attempts have been 
made to use it for fuel. 

CARBONITE or NATURAL CoKE is· a hydrocarbon of dull , luster­
less, black color, and coke-like appearance. It has 79 to 82 per 
cent of fixed carbon, and burns like anthracite. It occurs in 
seams like coal in Chesterfield County, Virginia. 

Natural coke occurs in the Raton and Anthracite and 
Crested Butte coal fields of Colorado, and js the result of tbe 
coking action of molten rock breaking through coal seams. 

ELATERITE. or MINERAL CAOUTCHouc is a soft, easily compress­
ible, elastic variety of bitumen, resembling pure India-rubber. 
It has a specific gravity of 0.905 to 1.233, is of a brown color, 
and contains 85 per cent carbon and 13 per cent hydrogen. A 
hydrocarbon locally called elaterite, but in some respects more 
closely resembling wurtzilite, is mined on Strawberry Creek 
and in tributary canyons in Utah, and shipped to Denver, St. 
Louis, and elsewhere to be manufactured into paint, roofing 
cement, roofing, and other com!mercial products. Elaterite has 
been reported from various points in Wyoming, and from Routt 
and Rio Blanco Counties in Colorado, but the. presence of true 
elaterite in commel'cial quantity has not been proven. 

GRAHAMITE is a lustrous, pitch-black, coke-like mineral, re­
sembling albertite. It is completely soluble in chloroform and 
carbon disulphide, and nearly so in turpentine. Ether, naphtha 
and benzene partia'lly dissolve it. It has a hardness of 2 and 

,. . 
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a specific gravity of 1.145. It occurs in veins in West Virginia, 
Oklahoma, Arkansas and Mexico, and is believed to be derived 
from petroleum. 

MALTHA, PITTASPHAL'.r) MINERAL TAR) is a viscid, semi-fluid, as­
phaltic bitumen, varying in liquidity, color and composition. 
It is a residual product from the evaporation of petroleum ris­
ing to the surface in springs and seepages. It is also obtained 
by the artificial distillation of asphaltic oils and bituminous 
rocks. The mosrt important natural occurrence of Maltha in 
the United States is on the coast of California near Carpen­
teria. 

OZOKERITE, MINERAL WAx, NATIVE PARAFFIN: This is a fol­
iated, wax-like, paraffin hydrocarbon, varying in color from 
honey-yellow to greenish yellow, brown and jet-black, and in 
specific gravity from 0.845 to 0.97. The composition is C 85.7 
per cent. H 14.3 per cent, which corresponds to CnH2n. The 
formula does not correspond to that of paraffin, but is like the 
olefin series. American oz?kerite iS' jet-black. It is soft, plas­
tic, greasy to the touc.h, and translucent when pure. It melts at 
56°-63° 0. (Redwood, p. 24, says 58°-100° ) , is completely 
soluble in petroleum, benzine, benzole, turpentine and carbon 
disul phi de, and partially sol u'ble-in ether and alcohol. Prom­
ising deposits of ozokerite occur near Midway, Soldier Summit 
and Colton, on the Rio Grande Western in Utah. Small 
finds have been reported from Routt, Rio Blanco and Garfield 
Counties, Colorado, but no deposits of commercial importance 
have been found. The most important deposits are those of 
Galicia, where it occurs in sandstone and blue shale; When re­
fined, it is used for candles, for adulterating beeswax, as a substi­
tute for bees·wax, and in the manufacture of ointments. A 
residual product, combined with rubber, is called okanite and 
is used for insulating electric cables. 

FICHTELITE, HATCHETTITE, KONLITE and &CHEERER­
I'l'E are simple hydrocarbons found in limited quantities in 
seams of peat and coal. They are closely related to ozokerite. 

UINTAITE or GILSONITE is a lustrous, black bitumen, having 
a hardness of 2-2.5, and a specific gravity of 1.065 to 1.07. It 
breaks with a smooth, conchoidal fracture, and gives a dark-
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brown streak. It fuses in a candle flame; is plastic, but not 
adhesive, when moderately warm. It is a non·conductor of 
electricity, but becomes- electric when rubbed. It is partially 
soluble in a lcohol, more so in ether, and completely in chloro­
form and warm oil of turpentine. 

Occnrrencc: It occurs in fairly well-defined fissure veins in 
the Tertiary sandstones of Uintah and ·wasatch Counties, Utah, 
and adjacent parts of Colorado. A comq~ercial deposit is be­
ing worked on Willow Creek in Middle Park. 

M:ANJAK is a pure, lustrous, black, asphaltic uintaite, having 
a smooth, conchoidal fracture. It occurs in veins cutting the 
Tertiary oil rocks of Barbados, and is believed to be derived 
from the petroleum. It is extremely brittle and friable, and 
when ground between the fingers ~·ields a brown powder. 

WURTZILITE is a brilliant., jet-black, .compact hydrocarbon, 
resembling uintaite (gi lsonite), but differing chemically and 
physically from it. In thin plates it is deep red. It cuts like 
horn, has a hardness of from 2 ,to 3, and a specific gravity of 
1.0227. ·when cold it breaks with a smooth, conchoidal fracture, 
but is tough and elastic when warm. In boiling water it 
softens, toughens and becomes elastic. In a flame it softens 
and melts, takes fire, and burns with a bright flame, giving a 
bituminous odor. It becomes . electrical when rubbed. It 
resists the ordinary solvents of bitumens. It occt1rs in Carbon 
and ' Vasatch Counties, Utah. The principal deposits are those 
in several canyons tributary to Strawberry Creek. 

TORBANITE, BoGI-rEAD CANNEL, KEROSENE SHALE, is a dense, 
black substance, rich in volatile hydrocarbons and closely 
resembling cannel coa l. It breaks with a rather smooth, con­
choidal fracture; has a dull, rubber-like luster, rarely bright; 
a hardness ranging from 1.5 to 3, and a specific gravity, when 
pure, of about 1. It occurs in inegular, detached bodies in 
shales of Carboniferous age in New South " Tales ,and Scotland. 
Oil and gas are distilled from it. The best mineral yields from 
150 to 160 gallons of crude oil, and about 20,000 cubic feet of 
illuminating gas per ton. 

TABBYITE is an elastic, hard bitumen, probably related to both 
uintaite (gilsonite) and ;vurtzilite, and possibly to ozokerite. 



NON-METALLIC MINERALS 109 

NIGRI'rE is a brilliant jet-black hydrocarbon, having a cuboidal 
to massive structure, and a conchoidal to cuboidal fracture. It 
melts only when liberally fl.uxerl with oil or gum . 

ELATERITE :and WURZILITE are by some writers regarded as 
very similar, if not identical; but this is probably an error due 
to local usage of names. 

There are many other hydrocm·bons related to these, but 
further study will be necessary to establish their right to distinct 
names. 

ASPHALT ROCK, BITUMINOus RocK: Porous rocks, particularly 
sandstone and limestone, but also shales and marls, may be so 
charged with bituminous matter as to be available for paving 
and road-making by merely crushing them. Or they may be 
quarried and roasted to drive off the bituminous matter which 
is coUected. The bituminous matter of such rocks varies in 
composition an~ physical character, just as do the different 
members of the bitumen series. 

Colorado local'it'ies : Asphalt rock is found in Routt, Rio Blanco, 
Garfield and other western counties, and in Middle Park. Some 
of these rocks burn readily. Small deposits are known else­
where in the state, as near Morrison. The percentage of asphalt 
varies with the porosity of the original rock and the degree of 
saturation. By weight, it occasionally reaches 15 per cent, and 
by volume 25 per cent. 

The uses of the solid and semi-solid hydrocarbons. may be 
grouped as follows: 

1. Preservative: 

a. Low-grade varnishes and paints for preventing rust corro­
sion of iron and steel. 

b. Preventing decay of wooden paving-blocks, poles. posts, 
piles and ties; acid-proof linings for chemical tanks. 

c. Preserving and waterproofing masonry, paving-bricks, etc. 

2. Roofing, either with gravel and other mineral substances, or 
with fabrics of various kinds. 

3. Paving, as a binder foi· crushed stone, gravel, sand etc., and 

as a surfacing material. 

4. Lubricant for heavy machinery. 

5. Substitute for rubber in hose, etc. 
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6. Binder in briquetting slack coal, etc. 

7. Ozokerite has special uses, which ,.are mentioned under the 
description of that mineral. 

AMBER AND FOSSIL RESIN 

AMBER, SuccrNITE) FossrL RESIN : An organic substance in 
which the ratio for 0, H, 0 is 10 _:16 :1. Carbon 78.94 per cent, 
hydrogen 10.53 per cent, oxygen 10.53 per ceii.t, and a trace of 
sulphur. 

c~ystal form: none. 
Cleavage: none. 
Fracture: conchoidal. 
Hanl;ness: 2--2.5. 
Gm'Vvity: 1.05-1.096. 
Lttster : resinous. 
Color: yellow to reddish, brownish a:nd whitish, often 

clouded. 
Streak: white. 
Diaphanedy : transparent to translucent, and often clouded. 
Occttrrence: in rounded and irregular masses, plates and 

gTains, associated with fossil wood, lignite and bitum­
inous coa l. 

Rocks: those associated with coal. 
Tests: Melts a:t 250°-300° F., and boils quietly after the 

fusion, giving off dense, white, aromatic fumes, which 
irritate the throat and nose. It becomes negatively elec­
trified by friction. 

Colora.do locctz.ities : An amber-like fossil resin occurs in the 
black lignite of the Boulder coal field, and is reported 
from other areas. 

True a·mber is a compound of several hydrocarbons, result­
ing from the mineralization of the resins of certain species of 
pines and other conifers. It is soluble to the extent of 10 to 12 
per cent in a lcohol, ether and chloroform, and contains from 
3 to 8 per cent of succinic acid. It occurs in many places, but 
the principal deposits are those of Samland on the Baltic coast, 
where it occurs in stratified sands containing lignite seams. A 
small quantity is found at Marthas Vineyard, and near Camden 
and Trenton, N. J. It is found in pieces from the size of a pea 
to that of a cocoanut. Perfect amber in pieces weighing four 
ounces and over is worth from $15 to $20 per pound. 
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Uses-- The manufacture of pipe-tips,. cigar-holders, beads and 
cheap jewelry. The fragments and small pieces are compressed 
into "amberoid" and used for the same purposes, or are made 
into varnish. 

RETINITE, GUM CO PAL, BURMITE, CHEMA WINITE, 
GEDANITE, AMBRITE, and many other fossil resins bear 
more or less resemblance to true amber, and are used for sim­
ilar purposes. Most of them contain little or no succinic acid. 

CHLORINE AND ITS SOURCES 

USES: Chlorine is much used in the bleach.ing industry, 
both alone and in compounds such as bleaching powder, chloride 
of lime. In the chlorination process of gold extraction, bleaching 
powder is the source of chlorine. 

Hydrochloric acid is very extensively used in the industries. 
The principal primary source of chlorine for all purposes is 

common salt, which is described under sodium. 

FLUORINE AND FLUORSPAR 

USES: The element has no uses in commerce. Hydrofluoric · 
acid, HF, is used in etching glass. Fluorite, calcium fluoride and 
its uses are described below. 

F LUORI'rE, Fr,vortsPAR: Calcium fluorirle, CaF 2 ; fluorine ,18.!1 
per cent. 

Color.- almost every color, from white (almost colorless) , t o 
deep red, deep green, etc.; but violet-blue and pale green 
are commonest. 

Luste1·: vitreous to splendent. 
D·iaphcbneity: transparent to almost opaque. 
C1"!)Stall-ization,: isometric, cubes, modified cubes and octa-

hedrous; massive; gl'anular, sometimes columnar and 
com pad. 

Cleavage:. octahedral, perfect. 
Fraotw·e.· conchoidal to splintery. 
'l'enaoity: brittle. 
Hardness 4. 
Streak: white. 
Specific gra.vity: 3.01-3.25. 
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Occurr·ence: Sometimes occurs in beds, but more commonly 
in veins and seams in gneiss, arkose, slates, sands~one 
and limestone. It frequently forms the gangue of metal­
lic mine1'als, such as tellurides of gold, lead, zinc and 
silver ores. 

Associcttions: quartz, calcite, secondary feldspar, hematite, 
dolomite, millerite, sulphides of lead and zinc, stibnite, 
barite, and occasionally copper minerals. 

Tests: In closed tube flies to pieces and glows. B.B. fuses, 
coloring flame red, forming an enamel which gives. alka­
line reaction when crushed and moistened on test paper. 
Fused with salt of phosphorus in open tube, etclles the 
glass. With 

1 
sulphuric acid gives hydrofluoric acid 

fumes , which etch glass. 

Colorado localities: Cripple Creek, St. Peters Dome, James­
town, San Juan, and rna.ny other localities. 

Uses: The chief use of fluorspar is as a flux in the manufacture 
of basic open hearth steel. It is also used as a flux in blast 
furnaces. A considerable quantity is used in the manufacture 
of glass, enameled ware, sanitary 

1
ware; in the electrolytic re­

fining of antimony and lead; the producton of aluminum, and 
in the manufacture of hydrofluoric acid. For the steel industry 
it should be not )ess than 85 per cent pure, and for most of 
the other uses it should run 95 per cent calcium fluoride. 

O'fHER FLUORINE-BEARING MINERALS DESCRIBED 
BLSEWHERE: Amblygonite, Apatite, Lepidolite, 'l'opaz. 

LITHIUM AND LITHIUM MINERALS 

LITHIUM, the lightest solid element known (specific gravity 
0.59) , is a soft, silvery-white alkali metal. It is very widely, 
but Yery sparingly, distributed in the rocks, sea and land 
waters, and in ' ·egetation. 

Uses : Lithium carbonate is used in the manufacture of storage 
ha tteries, artificial lithia waters, fireworks, and for medicinal 
purposes. The bromide is used in medicine and in photography. 
Other lithium salts are used in medicine. Lithia spring waters 
are held in high esteem for their medicinal properties. 
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MINERALS IMPORTANT AS SOURCES OF LITHIUM SALTS 

LEPIDOLITE, LITHIA MICA: Mainly a silicate of aluminum, 
potas~ium, lithium and flourine, KLi(Al(OH,F) 2 )Al(Si0) 3 ; 

lithia about 5 per cent. 
Color: lila c, rose-red, gray and violet and white. 
Luster-: pearly. 
Diaphaneity : translucent. 
C1·ystal for-m: short pi·ismatic, with rounded terminations. 
Cleavage: basal perfect. 
H ar-d1~ess: 2.5-4. 
Str-eak: uncolored. 
Specific g1·avity: 2.8-2.9. 
Occur-s: commonly massive, scaly-granular, and cleavable 

plates, in granitic rocks and gneisses. 
Association: quartz, orthoclase, spodumene; cassiterite, 

amblygonite (AlP04 • LiF) , rubellite, muscovite. 
Rocks : granite and gneiss, especia lly granite veins. 
Alter-ation: like other micas. 
Tests: In closed tube yields water and etches the glass 

slightly (fluorine). Fuses with swelling at 2.5 to a 
whitish glass, coloring the flame purplish-red (li.thia). 
The fused mass gelatinizes with . hydrochloric acid. 
Partly soluble in acids. 

Uses: It has been mined as a source of lithium. 

SPODUMENE: A silicate of aluminum and lithium, belonging 
to the pyroxene group, Li,O . Al 20 3 • 4Si02 ; silica 64.5 per cent, 
alumina 27.4 per cent, lithia 8.4 per cent. Sodium sometimes 
replaces a part of the lithium. 

CalM: white or ash-co,Iored, grayish-white to greenish-white, 
yellowish-green to emerald, yellow and amethyst. 

Lustm·: vitreous to pearly-cleavage surfaces usually pearly. 
Diaphaneity: transparent to, translucent. 
C1·ystal fMm: monoclinic-often flattened to tabular prisms 

with striated faces. Very large crystals. 
Cleawge: one perfect cleavage parallel to the long axis, and 

a prominent parting separating the crysta l into plates. 
F1·actU1·e: uneYen to subconchoidal. 
Tenacity: brittle. 
Ha·rdness : 6.5-7. 
St1·ea.k: white. 
Specific gravity: 3.13-3.2. 
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Occw·s: in granitic rocks, especially in pegmatite, greisen 
and related rocks, where vapors and gases have accom­
panied igneous activity_ 

Assoc-iations: beryl, tourmaline, garnet, tin ore, staurolite, 
coJumbite, tungsten ores, mica (especially lepidolite), 
triphylite-lithiophilite (phosphate of iron, manganese 
and lithium), etc. 

Tests: B.B. becomes opaque, swells, gives flame a deep, 
purple-red color, intensified by hydrochloric acid; fuses 
at 3.5 to clear white glass. Powdered and fused with 
fluorspar and potassium bisulphate, the "lithia red" is 
intense. Not acted on by acid. 

Uses: Spodumene is nn important source of lithium, and 
is mined in the Black Hills, where crystals of immense 
size are found. 

Beta-Sporlumene is an altered form of spodumene in which one 
half of the lithium is replaced by sodium. It is, in reality, a 
mixture of eucryptitf) and albite. 

Cymcttolite is formed as a second stage in the alteration of 
spodumene. It is a silky, fibrous mineral of pink to white color, 
and in reality a mixture of muscovite and albite. 

K'illinite is a third stage in the alteration of spodumene. 
Hiclcle1tite1 an emerald-green spodumene, when clear and flawless 

brings a high price as a gem. Found at Hiddenite, North 
Carolina. 

Knnz-ite is a beautiful pink or lilac variety, much prized as a' gem. 

'l'RIPHYLITE-LITHIOPHILITE: A phosphate of iron, man­
ganese and lithium. (a) Triphylite is LiFeP04 or Li 3P01 • 

Fe"P 20 8,1ithia 9.5 per cent. (b) Lithiophilite is LiMnP0 4 or 
Li3PO • . Mn3P 20 8 , lithia 9.6 per cent. 

Color : triphylite: gray, bluish-gray, greenish-gray; lithio­
philite: pink, salmon, yellowish to brown. Surface often 
nearly black. 

L~tster: vitreous to resinous. 
Diaphaneit!): transparent to translucent. 
C1·ystal fonn: orthorhombic, coarse, massive, cleavable to 

compact, with rough jaces. Crystals not common, but 
usually prismatic. 

Cleavage : two nearly perfect at right angles, and one poor. 
FHt ct~we: uneven to sn bconchoidal. 
Tenacity: brittle. 
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-Hardness: 4.5-5. 

Streak: grayish-white to almost colorless. 

Specific gravity: 3.42-3.56. 
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Occurs: chiefly in regions where igneous intrusion hRs been 
accompanied by gaseous emanations. 

Associations: other lithium minerals, rhodochrosite, uran­
inite, etc., in granitic rocks. 

Tests: .B.B. fuses very easily, giving the flame streakfl of red 
(lithia) and a border of bluish-green (phosphorous). 
The color is intensified by moistening the powdered 
mineral with sulphuric acid and applying it to the flame 
with a platinum wire; reacts with fluxes for iron and 
manganese. Soluble in hydrochloric acid. 

Uses: a source of lithium salts. 
Re1na1'1cs: Alters very easily by oxidation and hydration, 

forming a variety of minerals, such as Heterosite, Pseu­
dotriplite, Alluaudite, etc. 

AMBLYGONITE, HEBRONITE: A fino-phosphate of aluminum 
and lithium, Li (AlF) P04 or AlP0 4 • LiF. It commonly contaius 
soda and water. 

Color: chalky-white to gray, greenish, bluish, yellowish and 
brownish. 

Luster: dull vitreous to greasy. Some cleavage planes are 
pearly. 

DiaphaneUy: translucent to almost opaque. 

C1·ystal fonn: triclinic. Crystals often large, but rarely 
perfect. Tabular forms result from twinning. 

Cleavage: one perfect, one good and one fair. Cleavage 
results in columnar masses. 

Fmctttre: uneven to slightly curved. 

Tenacity: brittle. 
H m·drwss: 6. 
St1·eak: white. 
Specific g·ravity: 3.01-3.09. 
Associations: It occurs mainly in pegmatite or coarse granite 

with tourmaline of various colors, lepidolite, albite, 
spodumene, apatite, flourite, cassiterite, beryl, columbite, 
and tungsten minerals. 
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Tests: B.B. fuses easily, with swelling; becomes white and 
opaque when cool. Colors the flame deep red; moistened 
with sulphuric acid gives bluish-green flame. Powder 
is easily dissolved in sulphuric acid; less easily in hydro­
chloric. 

Uses: It contains 10 per cent lithia, and is one of the prin­
cipal sources of lithia salts. 

Remarks: It somewhat resembles orthoclase. South Dakota 
and California are the chief producers of lithium-bearing 
minerals. 

Colorado local·it·ies: Near Canon City, where it is mined and 
shipped. The variety occurring here is known as 
Natr-amblygonite because of the soda present. The 
composition of the mineral is AlNa ( OH) P04 , with part 
of the sodium replaced by lithium, and part of the 
hydroxyl by fluorine. 

PETALITE is a silicate of lithium and aluminum, Li02 • Al20 3 • 

8Si02 , containing 4.9 per cent of lithium. It is a colorless to 
gray, transparent, vitreous mineral, having two good cleavages, 
a· hardness of 6-6.5, and a specific gravity of 2'.39-2.45. Tests: 
Heated gently, it gives a blue phosphoresc~nt' light. B.B. on 
coal becomes glassy and melts on thin edges, and gives the 
lithia red flame. Not acted on by acids. 

MAGNESIUM AND MAGNESIUM MINERALS 

Uses: The metal is used as a source of intense light for 
flash lights in photography, and in fireworks. It is a powerful 
reducing agent, and is used to some extent' in separating the 
metals from certain refractory oxides. 

The oxide, MgO, is used in medicine under the name Mag­
nesia t~sta. It is also used as a separating agent in the Solvay 
process. 

The sulphate, Epsom salts, is used in weighting or sizing 
cotton yarn and fabrics, and in dyeing. It has a limited use as 
a fertilizer, especially for clover hay. It is much used as medi­
cine. 

The hydrate is used in sugar-refining. 
The chloride is used as a bleaching agent. 
The carbonate (magnesite) is by far the most important 

magnesium compound, and is the principal source of the metal 
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and the other compounds. Its uses are fully described under the 
minetal magnesite, below. 

MINERALS IMPORTANT AS SOURCES OF MAGNESIUM AND 
MAGNESIUM COMPOUNDS 

MAGNESITE: Magnesium carbonate, Mg003 ; magnesium oxide 
47.6 per cent. Iron carbonate is a common impurity. 

Ool{)T: white, to .gray, to yellowish and brown. 
Luste;r: vitreous to silky in fibrous varieties; sometimes 

dull, chalky. 
Diaphaneity: transparent to opaque. 
Crystal fo?"YYt: hexagonal rhombohedral; crystal forms are 

rare, but rhombohedrons and prismatic forms occur. 
Sometimes fibrous. 

Oleavctge: rhombohedral cleavages (3) are perfect, giving 
cleavage blocks similar to those of calcite. 

F'ractur·e: flat conchoidal. 
Tenacity: brittle. 
H ar·dness: 3.5-4.5. 
StT"ectk: white. 
Specific gmv-ity: 3-3.12. 
Occur's: veins and nodules in serpentine, serpentine marbles, 

talcose, a-nd other rocks high in magnesium. The noted 
deposits of California are in serpentinized magnesium 
rocks, where the mineral seems to be, in part at least, 
derived from the alteration of the serpentine, though 
some may have come directly from the original minerals 
of the rock. It is fine-grained, breaks with a smooth, 
conchoidal fracture, the surface of which resembles the 
broken edge of china. A little is in powdery form. 

Associations: other magnesium minerals, such as serpen­
tine, dolomite, talc, brucite, olivine, enstatite, etc. 

Tests: B.B. infusible, buf gi,·es alkaline reaction on test 
papers after strong ignition; heated with cobalt nitrate 
turns pink; the powdered mineral effervesces in warm 
hydrochloric acid, but not in cold a-cid. The solution 
yields but little or no precipitate with sulphuric acid, 
whereas calcite and dolomite yield heavy precipitates. 

Uses: The raw mineral is used in the manufacture of car­
bon dioxide. The calcined mineral, which is really the 
oxide magnesia, has ma-ny uses, the more important of 
which are: as a refractory lining for metallurgical 
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·furnaces, especially those used in making basic open­
hearth steel, and smelting copper. Cement kilns are 
frequently lined with calcined ma·gnesite. 

In the building t"rade it is used in making fireproof 
floors, partitions and roofs, wainscoting, staircases, door­
ways, window-casings; tile, drain pipe, tanks, trays, 
washtubs, moldings. 

Miscellaneous uses are: in the manufacture of 
paper from wood pulp; as a lithographing stone, as a 
covering for steam pipes, as an adulterant for paints, 
ladles for molten metal, tuyeres for blast furnaces. 

It is mixed with other substances into a plastic 
mass and used as a flooring for steel railway cars. 

BRUCI'l'EJ, NATIVE MAGNESIA: Magnesium hydrate, Mg(OH) 2 

or MgO. H 20; magnesia 69.0 per cent. 
C'olor: white, to gray, to blue or green, and sometimes 

pearly pink. 
Luste;r: pearly to waxy and vitreous. 
Diaphaneity: tra·nsparent to translucent. 
C1·ystallization : rhombohedral, broad tabular forms; com­

monly foli~ted massive and fibrous. The folia are 
flexible and more or less elastic, much as in selenite. 

Cleavage: basal almost perfect. 
Tenacity: sectile. 
Hardness: 2.5. 
Specific gmvity: 2.38-2.4. 
Occ'un·ence: in serpentine, magnesian limestone, and pseudo­

morphous after dolomite. 
Tests: In closed tube gives water, becomes opaque and 

friable, and frequently turns ashy gray to brown, espe­
cially if manganese is present. B.B. infusible, glows 
and becomes alkaline to test paper; with cobalt solution 
gives pink color (magnesium)_ Soluble in acids. 

EPSOMITE, EPSOM SALTS, HAIR S•ALT: Sulphate of magnesium, 
MgSO,. 7H20; sulphur trioxide, 32.5 per cent, magnesia 16.3 
per cent. 

Color: white. 
Lttster: vitreous when unaltered; earthy and dull after ex­

posure. 
Diaphaneity: transparent to translucent. 
C1·ystal fonn: orthorhombic, prismatic and needle-like forms. 
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Cleavage: one perfect, one less perfect, and one poor. The 
first and last are parallel to the long axis of the pris­
matic crystals. 

F'racture: conchoidal. 
Tenacity: brittle. 
Hardness: 2-2.5. 
Streak: white. 
Specific gravity: 1.75. 
Taste: bitter, salipe. 
Occurs: a constituent of sea water and of many mineral 

waters. It frequently forms frost-like or :fibrous coat­
ings, hair salt, over mine and cave walls. It sometimes 
forms thin layers in gypsum deposits. 'rhe walls and 
floors of the dry parts of the limestope caves of Indiana, 
Kentucky and Tennessee are frequently covered with it. 
Large deposits occur in dry lake basins in Albany Coun­
ty, Wyoming. 

Associations: many sodium, potassium and magnesium 
salts. 

Tests: Very soluble in water, · yielding a bitter saline solu­
tion. B.B. fuses and :finally yields an infusible alkaline 
mass, which gives a pink color when fused with cobalt 
nitrate solution. Heated in closed tube yields much acid 
water. 

Remarks: In many cases sui ph uric acid resulting from the 
disintegration of pyrite reacts with the magnesium of 
the containing rock, forming _epsomite. 

Colorado localities: coal mines, mineral waters, certain al­
kali deposits, and alkali lakes. 

BLODITE is a hydrous sulphate of magnesium and sodium, 
MgS04 • Na2 S04 + H 20; magnesium sulphate 36.4 per cent, 
sodium sulphate 42.0 per cent. Occurs in short prismatic crys­
tals, and massive, granular, compact. Has a faint saline and 
bitter taste. 

MAGNESIUM-BEARING MINER·ALS DESCRIBED ELSE­
WHERE: 
1. Possible sources of magnesium and its salts: 

Carnallite, Dolomite, Kainite, Picromerite (Schoenite). 
2. Other magnesium minerals: Amphiboles, Biotite, the 

Chlorites, Chondrodite, Olivine, Phlogopite, Pyroxenes, 
Serpentine, Spinel, Talc. 
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NITROGEN AND NITROGEN COMPOUNDS 

The greater part of the nitric acid of commerce is made from 
sodium nitrate, Chili Saltpete1·. 

Ammonia is derived almost entirely as a by-product of coke-. 
making and gas-making. The nitrates and ammonia compounds 
yield· their nitrogen readily, and as a consequence are much used 
as fertilizers. 

Explosives-such as gunpowder, gun cotton, dynamite and 
nitroglycerine-contain either nitric acid derivatives or niter. 
Others contain ammonium compounds. 

The Nitr-ates A1·e D esmibed Elsewhere. Sodium Niter or 
Chili Saltpeter and Saltpeter, potassium nitrate, are the only 
important nitra:tes commercially. 

OXYGEN 
The oxygen of commerce is derh·ed mainly from the oxides 

of manganese and lead, and various nitrates and chlorates, and 
from the electrolysis of ''ater: 

The manganese oxides are described under manganese, and 
the lead oxides under lea:d. 

PHOSPHORUS AND PHOSPHORUS 
MINERALS 

USES: The element phosphorus has comparatively few uses 
in commerce. The most important is in the manufacture of 
matches. It is used as a vermin poison and in chemical labora­
tories. 

By far the most important use of phosphorus is as a ferti­
lizing agent in the form of superphospha:tes. 

THE IMPORTANT SOURCES OF PHOSPHORUS 

.\PATITE: A phosphate of calcium, with fluorine or chlorine, 
or both. Fluor-apatite, (CaF)Ca4 (P04 )~ or 3Ca3P 20 8 .CaF2 ; 

chlor-apatite (CaCl)Ca4 (P0 4 ) 3 or 3Ca:~P208 . CaC12 • The fluor­
apatite is much more common than the 

1
chlor-apatite. 

Color: green, to bluish-green, to brown, to flesh-pink and 
yellow, sometimes violet and white. 

L1t stcr: vitreous, sometimes slightly resinous. 
Diaphaneity: transparent, translucent to opaque. 
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Crystal form: hexagonal prisms, terminated by pyramids 
and basal pinacoids. 

Olewvage: rather poor basal, and still poorer prismatic. 
F'ractut·e: conchoidal to uneven, brittle. 
Harclness: 5; sometimes less in massive apatite. 
Streak: white. 
Specific gmvity: 3.17-3.23. 
OccutYence: in crystals and crystal grains in igneous rocks; 

massive granular, and in crystals in metamorphic rocks. 
Associntion: It is found in igneous rocks of all kinds, and 

therefore with a lmost all rock-making minerals. It is a 
common mineral in metalliferous veins. 

Rocks: in practically all kinds of igneous rocks; in meta­
morphic rocks, especially crystalline limestones, gneisses 
and schists; in pegmatites; in limestones and shales. 
It is one of the uiost widely distributed rock-making 
minerals, but is generally present in small quantity. 

Alteration: a very stable mineral. 
Uses: Large deposits occur in Canada and elsewhere, and 

are used for the manufacture of fertilizers and as a 
source of phosphorus. 

Tests: B.B. fuses on thin edges at about 5, imparting red­
dish-yellow color to the flame; moistened with sulphuric 
acid and heated, colors fl ame bluish-green (phosphoric 
acid). Soluble in hydrochloric and nitric acids, yielding 
with sulphuric acid a precipitate of needles of calcium 
sulphate. 

Colorado local·ities: Near Gypsum, in the dark andesites of 
Cripple Creek, and as an accessory mineral in igneous 
rocks in many parts of the state. 

PHOSPHATE ROCK is described under rocks of organic origin. 

SUPERPHOSPHATES: The normal phosphate of lime, Ca3 

(P04 ) 2 , as found in phosphate rock, bone ash, apatite, etc., is 
practically insoluble in water, and is therefore not available 
for plant food. To make it available to the plant, it is treated 
with sulphuric acid and converted into a soluble mass, known 
as superphosphate of lime, which consists of a mixture of the 
prima.ry phosphate of lime, CaH4 (P04 } 2 • H 20, and gypsnm, 
CaS04 .2H20. A part of the superphosphate is 

1
treated with 
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ammonia salts, and a part with potash salts, or with both, but 
by far the la.rger amount .is sold as superphosphate. 

POTASSIUM AND POTASSIUM MINERALS 
USES: The metal potassium has very few direct commer­

cial uses, but the salts of potassium are among the most im­
portant in commerce and industries. Only a few of the manifold 
uses can be enumerated. 

Potassium chloride is the most important natural salt of 
potassium, and it is from it chiefly that the other potassium salts 
are derived. Its chief use, however, is in the manufacture of 
artificial land-fertilizers. 

The chlorate is used extensively ) in the textile industry, 
especially in calico-printing. It is used in the manufacture of 
oxygen, matches, fireworks, etc., and as an oxidizing agent. 

The nitrate is extensively used in meat-pickling and pre­
serving, in the manufacture of gunpowder, fireworks, glass, and 
artificial fertilizers. In metallurgica.l processes it is used as an 
oxidizer and as a flux. 

Tbe chromate is used in the manufacture of chrome pigments 
and in dyeing. 

The sulphate is used in the manufacture of fertilizers, alum, 
votassium carbonate, etc. 

The hydroxide is used in the soap, paper and textile indus­
tries. 

The carbonate is used in the soft-soap industry, and in the 
manufacture of potassium chromate and potassium ferrocyanide. 

The cyanide is used extensively in the extraction of gold and 
silYer by the cyanide process, and as a reducing agent. 

Many potassium salts are .us~d in medicine, photography and 
chemical processes. 

POTASSIUM-BEARING MINERALS 

SYLVITE: Potassium chloride, KCl; potassium 52'.4 per cent. 
Colo1·: colorless, white, bluish or yellowish-red from impur-

ities. 
Lttster : vitreous. 
Diaphane-ity: transparent when pure. 
CTys•tallization: isometric; cubes combined with octahedrons. 

Crystalline, granular massive and compact forms are 
most common. 
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Cleavage.· cubic, perfect. 
F'ntcture: uneven, brittle. 
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Solub·ility: very readily soluble, and therefore of rather rare 
occurrence. 

Hardness: 2. 
Taste: similar to that of common salt, but more biting. 

- Specific gravity: 1.97 -1.99. 
Occu1·rence: The ·only comlilJercial occurrence known is at 

.Sta!;sfurt, where it occurs with the carnallite. 
Use: source of potash. 

OARN ALLITE : Hydrous potassium-magnesium chloride, KOJ. 
M:g012 + 6H20; chlorine 38.3, potassium 14.1, magnesium 8.7 
water 39.0 per cent. 

Colo1··: milk-white, often reddish. 
Lnste·r: shining, greasy. 
Diaphaneity: transparent to translucent. 
Crystal forrn: orthorhombic, but crystals are 1·are. 
Cleavage: no distinct cleavage. 
F'mctnTe: conchoidal. 
Tenacity: brittle. 
Hardness: 1. 
Streak: white. 
Specific gmvity: 1.6. 
Occurrence and associations: at Stassfurt, Germany, in 

beds associated with. rock salt, kieserite and kainite. 
The so-called "carnallite region" of the deposit is over­
lain by salt clay and underlain by kieserite. 

Tests: B.B. gives the characteristic violet flame color of 
potassium, and fuses to a brittle glass. Has a bitter 
taste, and melts down by absorption of water from the 
atmosphere. 

Uses: Important source of potassium salts of commerce. 
Note: The mineral is strongly phosphorescent. 

KAINITE: Hydrous chloride of potassium and sulphate of mag-
nesium, KOl.l\1gS04 + 3H20. 

Colo1·: colorless, white, reddish-white and flesh-red. 
Luste1·: vitreous. 
Diaphaneity: transparent to translucent. 
Crystal form: monoclinic ta'bular and prismatic crystals. 
Tl'>nacity: brittle. 

State Historicat arnr 
~=-tural History Society, 

NV ER. COLORADO. 
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HaTdness: 2.5-3. 
StTealc: colorless. 
Specific gmvity: 2.05-2.2. 
Occun·ence and ctssociations: in beds of considerable extent 

and thickness, with rock salt, anhydrite, carnallite, kies­
erite, and other ·saline residues in the great Stassfurt 
deposits of Germany. A section of the deposits known 
a·s the "kainite region" is overlain by salt clay and under­
lain by carnallite and kieserite. 

Tests : B.B. easily fusible, giving the flame the violet color 
characteristic of potassium salts. The fused mass 
crushed on bright silver and moistened gives the sulphur 
stain. Soluble in water. Has salty, astringent taste. 

Use: Important source of potassium salts. 

NITER, PoTASSIUM NITRATE, SALTPE'l'ER: Nitrate of potassium, 
KNO"; potash 46.5 per cent. · 

Co loT: white. 
LttsteT: vitreous. 
Dinphaneity translucent. 
CTystallization: orthorhombic, resembling aragonite. Gen­

erally in crusts and frost-like coatings of needle-like crys­
tals. 

Clecwagc: one perfect and one fair. 
F'mctm·e: subconchoidal to uneven, brittle. 
HaTdness: 2. 
S]Jecific gmv·ity: 2.09-2.14. 
Occ1~1Tence : generally in frost-like crusts on the surface of 

the earth and within certain soils. Animal refuse of 
yarious kinds is used in the nitraries of various European 
and Asiatic countries. 

T ests : Flames up vividly on burning coals; colors flame vio­
let (potassium). Dissolves easily in water. 

KALINITE; PoTASH ALuM, NATIVE ALUM, is a hydrous sulphate 
of aluminum and potassium, K2S04 .Al~(S0.) 3 +24H20; potash 
9.9 per cent. It occurs in fibrous or massive forms, or in mealy 
or solid crusts. It is a transparent to translucent white min­
eral of vitreous luster, hardness of 2-2.5, specific gravity of 
1.75, occurring as a frost-like coating on clayey minerals as­
sociated with disintegrated sulphides. The alum slates are 
clays cl1arged with disintegrating pyrite, which forms sulphurit: 
acid. This reacts upon the clay, forming kalinite. 
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POLYHALITE is a hydrous sulphate of calcium, magnesium 
and potassium; potash 15.6 per cent, occurring in the Stassfmt 
deposits and elsewhere with common salt, gypsum, etc. 

ALUNITE, ALUMSTONE: A hydrous sulphate of aluminum and~ 

potassium, K20 .3Al 20 3 AS03 - 6H20; aluminum 19.6, potassium 
9.4 per cent. 

Color: white to grayish and reddish. 
Lust-er : vitreous to pe~rly. 
Diaphaneity: transparent to weakly translucent; massive 

form is opaque. 
Cr·ystal form: hexagonal; rhombohedral forms resembling 

cubes. 
Cleavage: one good, one indistinct. 
F'1·act~~re: flat, conchoidal, uneven. 
Tenacity: brittle. 
Hardness: 3.5-4. 
St1·eak : . white. 
Specific gravity: 2.58-2.75. 
Occun: rhombohedral crystals and grains often in a matrix 

of siliceous material. As a granular, :fibrous or massive 
secondary mineral :filling seams in rock which has been 
acted upon by sulphur vapors. It also occurs as a com­
pact, fine-granular rock of dull-gray color. 

Associations: Diaspore and other secondary aluminous 
minerals. 

Ilocks: sometimes rhyolite, but mainly trachyte, where it bas 
resulted from alteration by sulphur vapors. 

Tests: Infusible, decrepitates. In closed tube gives water, • 
and sometimes ammonium sulphate, and at high tem­
perature sulphur oxides. With soda is infusible, but 
forms a hepatic mass which will stain silver. Imperfectly 
soluble in sulphuric and hydrochloric acids. 

Uses: When calcined,· it yields hydrous sulphates (alums), 
from which is produced a dyer s? mordant known as 
Roman alum, which is free from chemically combined 
iron. The tough rock alunite is used for millstones. 

Colorado localities : Rosita Hills, Custer County; National 
Bell mine . and R.ed :Mountain, Ouray County; Iron mine, 
Leadville; head of Middle Fork of Piedra River, head 
of South River, Slumgullion Gulch, and other places in 
the San Cristobal quadrangle. 
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JAROSITE is a hydrous sulphate of iron and potassium, of 
various shades of yellow and brown, occurring on the walls of 
mines. In Colorado it has been found in the Arrow mine, 
Chaffee County. 

PICROMERITE, ScHOENITE: A hydrous sulphate of magnesium 
and potassium, occurring in the Stassfurt deposits. Potash 
23.4 per cent. 

A PH T HIT ALIT E: Sulphate· of potassium and sodium, 
(K,Na) 2 S04 ; potash variable, but analyses show 33.24 to 42.5 
per cent. It occurs with blOdite, halite, etc., in the Stassfurt 
deposits. 

SILICON AND SILICON-BEARING 
MINERALS 

USES: Ferrosilicon is an alloy of iron and silicon used as 
a deoxidizing , agent in casting steel ingots. Silicon copper is an 
alloy of copper and silicon used as a deoxidizing agent in casting 
copper and copper alloys. Silicon is a crystalline body having a 
dark, silvery luster. It is produced in the .electric furnace, and 
is used for the reduction of refractory ores of such metals as 
chromium and tungsten in the electric furnace. The silicon 
greedily takes up . the oxygen of the ores, and leaves metallic 
chromium and tungsten. Silicon is also used in the manufacture 
of rheostats, electrical heaters, and certain forms of chemical 
apparatus. It is used as a deteCtor in wireless telegraphy. 

Silica, Si02 , in the form of quartz, quartzite, sandstone, etc., 
is much used. It also occurs in many forms-such as opal, agate 
and chalcedony-which are prized as cheaper gems and orna· 
mental stones. These useful materials are described elsewhere. 

Silicon·bearing minerals are exceedingly numerous, as must 
be apparent when it is remembered that silicon forms 28 per cent 
of the outer crust of the earth. 

QuARTZ is by far the most important silicon mineral. It is 
an important constituent of many igneous rocks, especially the 
members of the granite family, and it is almost the only consti· 
tuent of the great volumes of sandstone. 

Quartz and many of the important silicates are described in 
the section on "Rock-Making Minerals." The uses of quartz are 
discussed in the section on Economic Uses of the Rock-Making 
Minerals." 
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SODIUM AND SODIUM MINERALS 
USES: The metal is used in · the manufacture of cyanides 

a nd sodium peroxide, and for the preparation of silicon, boron 
and magnesium, and certain organic substances. Sodium and 
sodium amalgam are used as r educing agents in laboratory 
practice. 

Sodium Chloride, Common Salt . The salt of commerce is 
obtained from three principal sources: (1) deposits of rock 
salt; (2) the waters of salt lakes and the sea; (3) deposits in 
the dry basins of ancient salt lakes. Deposits of rock salt may 
be quarried or mined, and the product dissolved and refined by 
selective precipitation, in which impurities are precipitated out 
before the salt is brought down, or are left behind after the salt 
is precipitated. Another method much used is to bore holes down 
to the deposit, force water down, and allow it to become partially 
saturated with salt, and then pump it up and separate the salt, 
and refine it in the manner described. The waters of salt lakes 
and the sea are evaporated in open ,salterns by the heat of the 
sun. The refining is done in the manner already described. Many 
dry lake basins contain considerable deposits of impure salt. It 
is scraped together, hauled . to refineries, and treated in much the 
same way as is rock salt. 

The commoner uses of common salt are too well known to 
need enumeration. Large quantities are consumed in the manu­
facture of various sodium salts, such · as the carbonate, the 
hydroxide, etc. It is used as a preservative of meats, and for 
domestic purposes; as a source of chlorine in the chlorination 
process, and in the metallurgy of silver and other metals by other 
processes. It is al~o used as a pottery glaze, and in the manu­
facture of chlorine, hydrochloric acid, and practically a ll chlorine 
compounds. 

The hydroxide finds its chief uses in th(l manufacture of 
soa·p, paper pulp, coal-tar dyes, sodium silicate (soluble glass), 
etc., and in the refining of petroleum after the acid wash. 

The dioxide is extensively used with hydrochloric acid to 
produce hydrogen dioxide for bleachjng straw. 

The hypochlorite is used f'or bleaching. 
The sulphide is used extensively in the manufacture of 

soluble soda-glass. The sulphite and the hyposulphite are used 
in dyeing and calico-printing. 
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Th•e sulphate is prepared in very large quantities for the 
manufacture of sodium carbonate. It is also used in glass­
making, dyeing and coloring. 

The nitrite is used in the preparation of coal-tar colors. 
The nitrate is very extensively used as a fertilizer, a·nd to 

some extent in the manufacture of nitric and sulphuric acids, 
and in the making of potassium nitrate ("converted saltpeter"). 
It is also used in making chlorine in the manufacture of bleach­
ing powder; in glass-making; meat-curing; red-lead making. 

Borax, hydrous sodium borate, is used: in metallurgy as a 
flux and cleanser; for glasses, glazes and enamels in glass, pot­
tery and enameled-ware manufacture; in sanitary and toilet 
preparations; as a mordant and a base for certain colors in the 
textile industry; in tanning; in certain paints, driers, and 
va1·nishes; in meat-curing, etc. It has many uses in medicine. 

The carbonate has an almost unlimited number ·of uses. 
Some of them are: glass-making; soap-making; scouring, dyeing, 
etc., in cloth manufacture; preparation of borax and other sodium 
salts; the prepara-tion of starch and fatty acids; purification of 
petroleum, the manufacture of glucose. 

The bicaroonate, baking soda, is used in every household, 
and extensively in making baking-powders. 

Sodium salts are much used in medicine. 
The cyanide is used in the metallurgy of gold apd silver. 

MINERALS IMPORTANT AS S.OURCES OF SODIUM AND 
SODIUM SALTS 

HALITE, CoMMON SALT: Sodium chloride, NaCI. 

Color': colorless, white, yellowish, reddish, etc. 
Luster': vitreous. 
DiazJhaneity: transparent to translucent. 
C1·ystal ~orrm: cubes, sometimes with depressed faces. 
Cleavage: three, perfect, forming rectangular blocks and 

plates. 
Fmctu1·e: conchoidal, brittle. 
Hardness: 2.5. 
Stf'ealc: uncolored. 
Specific gr·avity: 2.1-2.6. 
Occu1·s: mainly in strata with other f:e<iimentary rocks, but 

also as crusts and granular deposits in desert basins, 
from the evaporation of saline waters. 
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.Association: gypsum, and other cllemical precipitates, suc:ll 
as sodium and potassium sulphates and carbonates. 

1llterat·ion: only by solution. 
Tests: the saline taste and easy solubility. Before fl ame it 

decrepitates and gives intense yellow color. 

SODA NI'l'ER, CHILI NITER1 CHILI SAL'l'PE'l'ER : Sodium nitrate, 
NaN03 ; soda 36.5 per cent. . 

Colo·r : white, r eddish and yellowish-brown, gray and lemon-
yellow. 

Luste•r: vitreous. 
D•iaphaneity: tr-ansparent to translucent. 
C1·ystall·izc~t-ion: rhombohedral; usually granula1·, mass ive, 

in crusts or bedded. 
Cleavage: one perfect. 
Tenacity: rather sectile ; cuts without completely crumbling. 
H anJ;ness: 1.5-2. 
Specific gmvity~· 2.24- 2.29. 
Occ•urrence : in desert regions, especially about saline lakes. 
Tests: Flames up on hot. charcoal, giving a yellow li ght. 

Colors flame intensely yellow. Dissolves in 3 pa'l'ts of 
water at 60 ° F. Has cooling taste. 

MIRABILITE, GLAUBER SALT: Hydrous sulphate of sodium , 
Na2 S04 .10Hf0; sodium oxide, Na20 , 19.3 per cent. 

Colot· and st1'eak: white. 
Luster·: vitreous to subvitreous; loses water and becomes 

dull. 
Diaphaneity: transparent to opaque. 
Crystal fonn: monoclinic; in prismatic forms ·.resembling 

those of pyroxene. 
Cleavage: one perfect , two poor. 
Fnwture: uneven. 
Tenacity: brittle. 
Hardness: 1.5-2. 
Specific gravity: 1.48. 
Oco~~rs: as crusts, layers and granular masses pre-cipita ted 

from alkaline waters in marshes and salt lakes. In cold 
weather large quantities separate from the waters of 
Great Salt Lake and are washed ashore in masses re­
sembling wet, slushy snow. It is collected in hea-ps abO\·e 
the reach of the waves and saved. It occurs in very 

( 5 ) 
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large deposits in dry lake basins, notably the Union 
Pacific lakes southwest of Laramie, Wyoming. 

Associations: various other sodium salts, and salts of mag­
nesium, calcium and potassium. 

Tests: It is very readily soluble in water. Yields much 
water in the closed tube. Colors flame intense yellow. 
Loses water and crumbles when exposed to dry air. 
Fused mass gives sulphur reaction with bright silver. 
Tastes cool, then saline and bitter. 

Uses: important source of the various commercial salts of 
sodium. 

GLAUBERITE: Sulphate of sodium and calcium, Na~S04 • 

CaS04 ; sodium sulphate, Na2S04 , 51.1 per cent. 
Color-: white, gray, yellow, pale green and red. 
Luster: vitreous when fresh, dull after exposure to moist air. 
Diaphaneity: translucent. -
Crystal forrn: monoclinic, tabular crystals, and less common-

ly prismatic. 
Cleavage: one perfect -}Jarallel to the tabular faces. 
Fracture: conchoidal. 
Tenacity: brittle. 
Hardness: 2.5-3. 
Streak: white: 
Specific g'ravity: 2.7 -2.85. 
Occurrence ancl association: crystalline, platy masses and 

crystals with rock salt, thenardite, mirabilite, and other 
salts characteristic of alkali lakes and marshes. 

Tests : B.B. on charcoal breaks up, turns white, colors the 
flame y·ellow, and fuses at 1 to a bead which gives the 
sulphur stain on silver, when crushed and moistened. 
Partially dissolved in water with separation of calcium 
sulphate. Soluble in hydrochloric acid. Tastes bitter 
and weakly saline. 

Uses: a source of sodium salts. 

NATRON, SoDIUM CARBONATE, a hydrous sodium carbonate, 
Na 2C03 + 10H20, occurring in soda: lakes (alkali) with other 
carbonates of sodium. 

CEOLLP A is a natural sodium carbonate found i-n La Plata, 
South America. 



NON-METALLIC MINERALS 131 

TR.ONA, DRAO (Natural Soda) : A mixture of sodium carbonate 
and sodium bicar-bonate, Na2C03 • HNaC03 + ZH20; soda 41.2 
per cent. 

Color: gray to :yellowish-white. 
Luster: vitreous, glistening. 
Diaphaneity: trans] ucen t. 
Cr·ystallizat·ion: monoclinic, flattened and apparently pris­

matic (domes) ; forms crusts and bunches of fibrous and 
columnar structure and granular masses. 

Cleavage: one perfect. 
F'ract~tre: uneven. 
Taste: alkaline. 
Hardness: 2.5-3. 
Specific gravity: 2.11-2.14. 
Occ~trrence: dissolved in the waters of alkaline lakes, and 

forming crusts and granular masses along the borders 
and in marshy areas about the lakes. Often associated 
with sodium ·sulphate, common salt, hanksite, gla:uberite, 
thenardite, etc. 

Tests: In closed tube yields water and carbon dioxide. B.B. 
colors flame intensely ~-ellow. 8·oluble in water. Effer­
vesces in acids. Alkaline reaction with test paper. 

Colomdo localit·ies: A considerable deposit occurs in the a l­
kali lakes of the San Luis valley. It is found sparingly 
in other alkali lakes and alkali areas. 

SODIUM MINERALS OF LESS IMPORTANCE 

THENAR.DITE: Sodium sulphate, Na2 S0'4 • 

Color : white to yellowish and brownish. 
Lustm·: vitreous to dull. 
Diaphaneity: transparent to translucent. 
Crystal form: orthorhombic; pyramidal, short prismatic and 

tabular. Twins in the form of the letter X are common. 
Fr·actu-re: rather even. 
Tenacity: brittle. 
Hardness: 2-3. 
Streak: white. 
Specific gra'Gity: 2.68. 
Occ~tr·s: frequently in crusts ,and frost-like surfaces on ~lkali 

marshes and alkali lake borders, with various sodium 
and boron minerals. 

. ' 
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Tests: B.B. on charcoal fuses to a mass which gives the 
sulphur reaction when moistened on bright silver. 
Soluble in water. Colors blowpipe flame yellow. 

Uses: rarely found in commercial quantities. 

HANKSITE: An anhydrous sulphatocarbonate of sodium, 
4Na2-S04 .Na2C03 ; soda 46 per cent. 

Qolo1·: 'white to pale yellow. 
Luste?·: dull vitreous. 
Dictphctne•ity: transparent to translucent. 
Grysta_llizat·ion: hexagonal in tabular, prismatic and pyra-

midal forms. 
Cleavage: one distinct. 
Fmcttwe: uneven to subconchoidal, brittle. 
Hardness : 3-3.5. 
St1·eak: white. 
Specific gl'(tvity: 2.56. 
Occn?"?·ence : mainly in association with borax (which fre­

quently incloses it), rock salt, thenardite, glauberite, 
trona, etc. 

THERMONATRITE is a hydrous sodium carbonate, Na 2C03+H 20, 
soda 50 per cent; occurring generally as an efflorescence over 
tile soil in alkali areas in dry regions, and in the waters of 
alkali lakes. It is a white to grayish and yellowish salt of 
alkaline taste. It is somewhat sectile-can be cut without 
complete crumbling. 

GAY-LU_SSIT'E, GAYLussrTE1 a hydrous carbonate of calcium and 
sodium, CaCO". Na 2C03+5H20; sodium carbonate 35.8 per cent. 
It is a white to yellowish-white, vitreous, translucent mineral , 
occurring in monoclinic crystals of elongated and flattened 
wedge shape, as a result of the evaporation of the waters of 
soda lakes. It has a perfect cleavage, a conchoidal fracture, a 
hardness of 2-3, a specific gravity of 1.93-1.9·5. Tests: In 
closed tube flies to pieces and becomes opaque. B.B. fuses 
readi ly to white enamel, coloring flame intense yellow. Effer­
vesces in acids. 

SODIUM-RICH MINERALS DESCRIBED ELSEWHERE 

Cryolite, Borax, Ulexite; Albite and other Plagioclases, 
Aegirite, J·adeite, Pectolite, Nephelite, Cancrinite, Roclalite, 
Hauynite, Noselite, Lazurite, vVernerite (Scapolite), Natrolite. 
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STRONT IUM AND STRONTIUM MINERALS 
STRONTIUM is one of the alkali earth metals, and is very 

widely, but sparingly, distributed in various rocks and soils, ancl 
in certain mineral waters. 

USEIS: The metal strontium is not used, but the hydroxide 
is extensively used in beet-sugar refining in Europe. The nitrate 
is used in fireworks to produce a strong crimson color. Certain 
strontium salts are used in medicine. StronHanite finds a limited 
use in the manufacture of refractory basic bricks. Clay or rlay 
ironstone and the powdered mineral are mixed with asphalt or 
other heavy hydrocarbon , molded, sprinkled with a glazing 
material, and burned. 

STRONTIANITE: Strontium carbon~te, SrC03 , with occasion­
ally a little calcium and barium. 

Color: white, to pale green, to yellowish and brownish. 

Luster: vitreous on crystal faces and cleavage surfaces; 
fractured surfaces subvitreous. 

Diaphaneity: transparent to translucent. 

Crystal fon'n: orthorhombie, often aci<;ular and acute pear­
shaped; twinning sometimes gives hexagonal appearance. 

'- Cleavage: one (prismatic) nearly perfect, another poor. 
F1·actuTe : uneven. 

Tenac'fty: brittle. 
H a1·dness: 3.5-4. 

St1·eak : white. 

Specific gmvity: 3.68-3.71. 

Occu1·s : as fibrous and radiating, needle-like masses of cr.vs­
tals; also in granular masses, and in disti!lct crysta Is, 
frequently pear-formed. 

Associations: other carbonates, such as calcite, magnesite, 
etc. 

Tests : B.B. swells, sprouts and fuses on thin edges, giving 
flame strontia-red color; fused mass _gives alka line re­
action when crushed and moistened on test papers; 
crushed and moistened with hydrochlori c acid, it gives 
intense red color .to flame; soluble with effervescence in 
cold dilute acids. Calcite and aragonite are infusible, 
and give paler, yellowish-red flame, 
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Uses: source of strontium salts, used in fireworks; changed 
to hydro~ide and used in sugar-refining; refractory bricks 
are made from strontianite and clayey ironstone. The 
demand is very limited. 

CELES'riTE, CELESTINE: Strontium sulphate, SrS04 • Calcium 
and barium sometimes replace part of the strontium. 

Colo1·: white, to gray, to bluish; sometimes yellowish and 
reddish. 

Luste1·: vitreous to pearly. 
Diaphaneity: transparent, to translucent, to opaque. 
G-rystal fiotrm: orthorhombic, tabular forms similar to those 

of barite, bounded by pyramidal and vertical faces. 
Cleavage: two perfect at right angles to the tabular faces; 

a third Jess perfect. 
Fr·acttbre: uneven. 
Tenacity: brittle. 
Hatrdness: 3-3.5. 
St1·eak: white. 
Specific gravity: 3.95-3.97. 
Occu1·s: in crystals, fibrous and radia{ing bunches, anQ oc­

casionally in cleavable and granular masses; cavities in 
sandstones, limestones, clays gypsum and rock salt. 

Associations: gypsum, sulphur, rock salt, (limestone), cal­
cite, lead and zinc sulphides, dolomite, and other min­
erals of sedimentary rocks. 

Tests: B.B. fuses. to white pearl or enamel-like glass, color­
ing flame strontia-red, or crimson; fused mass crushed 
and moistened gives alkaline reaction on test paper; on 
coa:l fuses to mass which, treated with hydrochloric acid 
and alcohol, gives deep-red flame; with soda on charcoa l 
gives sulphur reaction on silver. 

Uses: preparation of nitrate of strontium for fire-works; in 
sugar-refining; medicinal preparations. 

BARYTOCELESTITE contains much barium. 

CALOIOCELESTITE contains much calcium. 

S U L P H U R A N D S U L P H U R - B. E A R I N G 
MINERALS 

USES: The most important use of sulphur is in the manu­
facture of sulphuric acid. But a very large amount is used in 
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making paper pulp. Less important uses are: the manufacture 
of gunpo·wder, fireworks, disinfectants, germicides, insecticides, 
matches; and in vulcanizing rubber. It is used in many medi­
cinal prepara1ions, and is burned as a bleaching agent'. 

Sulphuric acid: The refining of petroleum and the manu­
facture of superphosphate fertilizer from phosphate rock consume 
by far the larger part of the sulphuric acid manufactured. In 
the former it is said that the production of a gallon of kerosene 
requires a; pound of sulphuric acid. In the making of super­
phosphates the consumption of acid is approximately equal to 
that of phosphate rock. A ton of rock requires from 1,700 pounds 
to one ton of acid. Much sulphuric acid is used in the manu­
facture of the mixed acids used in the manufacture of explosives. 
'rhe manufacture of sulphite paper pulp ta:kes a considerable 
tonnage of acid. It is used in the manufacture of hydrochloric, 
nitric and nitrous acids, and for carbonating many bottled 
waters. 'l'he minor uses are two numerous to mention. 

Sulphuretted hydrogen has many uses in chemica:! processes. 
- Sulphur dioxide and suiphurous acid are used as bleaching 

agents. 
Sulphur trioxide represents a stage in the manufacture of 

sulphuric acid. 
The 1·aw materials of sulphuric acid manufacture are mainly: 

(a) sulphur; (b) metallic sulphides, chiefly pyrite; (c) sulphur 
gases produced in the smelting of sulphide ores; (d) sulphur and 
sulphur compounds recovered as by-product's in manufacturing 
alkalies and ammonium .su lphate, and from the spent oxides 
from gas manufacture. The total production of sulphuric acid 
in the United States exceeds 3,000,000 tons annually. 

We import large quantities of p:yrite for the manufacture 
of sulphuric acid, and at' the same time our lead, zinc, copper and 
other smelters are pouring into the atmosphere sulphur gases 
enough to make more sulphuric a:cid than we now produce from 
all sources_ At the present time about one-third of the sulphurie 
acid used is made from smelter gases and other by-products. 

SOURCES OF SULPHUR 

Native sulphur deposit's are by far the most important 
sources of the sulphur of commerce. It is also derived from the 
metallic sulphides, especially pyrite and marcasite. Many proc­
esses have been patented for the separation of sulphur from the , 
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:mlphur gases formed in the smelting of sulphide ores, but at 
pr·esent comparatively little is produced in this way. 

NATIVE SULPHUR 

'l'he principal deposits of native sulphur belong to one of the 
three types : 

1. 'l'hose derived from gypsum, and consequently associated 
with sedimentary rocks. 

2. Those formed by the precipitation of sulphur about the 
\'ents of active and dormant volcanoes. 

3. P,eposits about hot springs, or in areas where hot springl::> 
have existed. 

'l'he deposits of the first type are the most important. 'l'lle 
su l]Jhur is probably derived from the gypsum through the reduc­
ing (oxygen-removing) agency of carbomrceous materials, such 
as bitumen, in the associated rocks. · 

'l'he sulphur of volcanic areas may be the result of tile 
oxidation of hydr-ogen sulphide iri the presence of water (H2 S -t 

H 20 + 0 =2H 20 + S). 
'l'he sulphur of hot spring areas may result from similar 

pr·ocesses, since hydrogen sulphide is a common gas in such areas. 
Other deposits are form ed by the di sintegration of metallie 

sulphides, such as pyrite, marcasite, etc. 
Colon£do: The most promising deposits of sulphur in Colo­

rado appear to be those of Vulcan, Gunnison County, and Trout 
Creek, Mineral County. A uumber of other deposits are reported. 

SULPHUR: As found nati\·e, it va1·ies from pure sulphur to an 
admixture of sulphur, clay, disintegrated rock, bitumen and 
other impurities. 

Color: chiefly sulphur-yellow and other shades of yellow, 
but sometimes g-ray, brownish, greenish and reddish. 

Luste1·: resinous. 
Diaphaneity : transparent to translucent. 
C1·ystallizfbtion: orthorhombic pyramids, and tabular forms; 

more commonly in masses, crusts and coatings. 
Cleavage: poor. 
Fn£ct~£1·e: conchoidal to uneven. 
Tenacity: brittle to weakly sectile. 
H a1·dllwss: 1.5- 2.5. 
Streak: white. 
S!.pea·ifia gmvity: 2.05-Z.09. 
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Tests.- Melts at 108° C., and burns at 270°, with a bluish 
flame, yielding the pungent fumes of sulphUJ; dioxide. 
Insoluble in water and the acids, but solubl e iil carbou 
bisulphide. 

t::lULPHUR-BEARING M INERALH ABE DESCRIBED UNDER 
IRON, COPPER, LEAD, ZINC, Inc. A few of the more im­
portant are: Pyrite, Marcasite, P_ynhotite; Chalcopyrite, 
Chalcocite, Bornite; Galena; Sphalerite. 



GE"NI MINERALS 
AND SEMI-PRECIOUS STONES 

The qualities which give a mineral value as a gem are color, 
luster, hardness and transparency. Comparatively few gems excel 
in all four of these qualities, and a number possess only two in a 
high degree. The diamond, as a rule, excels only in luster, hard­
ness and transparency. The addition of fine color, such as red or 
blue, makes it the most valuable of gems. The choicest rubies have 
all four qualities in a high degree. Hardness does not in itself add 
to the beauty of the gem, but it protects the luster , form and 
transparency of the gem. A high degree of hardness is more im­
portant in transparent gems than in the translucent and opaque. 
A scratched or marred surface is fatal to a transparent gem, 
whereas pearl, turquoise and amber retain their particular beauty 
even though their surfaces may be roughened by wear. 

Apart from a ~omparatively few of the rarer and costlier 
gems, fashion has much to do with the demand for, and price of, 
prec!ous stones .. 

AMAZONSTONE, a variety of feldspar, when of uniform color 
and free from flaws is prized as a cheaper gem . It is found in 
the Pikes Peak region. The best now comes from Florissant. 

ACQUAMARINE is a bluish-green beryl. 

BERYL: A silicate of beryllium (glucinum) and aluminum, 
3BeO.Al20 3 .6Si02 ; aluminum 19 per cent, glucina 14 per cent. 

ColoT: emerald-green) pale green, light blue, yellow, white, 
and pale rose-red. 

LusteT: vitreous to resinous. 
Diaph a;ne·ity: transparent to translucent. 
Cr·ystallization: hexagonal , in long prismatic crystals; also 

Jn coarse columnar and granular masses. 
Cleavage: poor. 
Fractu1·e : conchoidal to uneven. 
Tenacity : brittle. 
Hardness : 7.5-8. 

138 
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Skeak.· white. 
SzJecific gmvity: 2.63-2.8. 
Occurrence: most commonly in pegmatite veins, but also in 

metamorphic rocks, such as slates, schists and gneisses. 
Assoc,iations: phenacite, chrysoberyl, apatite, tourmaline, 

rutile, quartz, feldspar, pollucite. 
Tests: B.B. alone, unchanged, except to become cloudy. At 

very high temperature forms a slag at 5.5. With borax 
it forms a colorless glass. Emerald forms a green glass. 
Not affected by acids. 

Oolomdo localities: various places in Boulder County, es­
pecially near Glendale; Mount Antero in Chaffee Coun­
ty; and many other localities. 

, CALIFORNITE is a translucent, massive, compact vesuvianite, 
of gray to green color, mottled with brighter green of various 
shades. It resembles jade in color, hardness, toughness and 
texture. The choicest specimens are nearly grass-green and 
beautifully translucent. 

CHRYSOBERYL, CYMOPI-IANE: A beryllium aluminate, BeO. 
Al2 0 3 ; aluminum 42.4 per cent. 

Oolo1': variou.s shades of green. 
IA~ste1·: vitreous. 
Diaphaneity: transparent to -translucent. 
Ory&tal fonn : orthorhombic; pseudohexagonal, tabular crys-

tals. 
Cleavage: fair. 
Fr-acture: uneven to conchoidal. 
Tenacity: brittle. 
Hardness: 8.5. 
St1·ealc: uncolored. 
Specific gr-avity: 3.5-3.8. 
Occu1·s: frequently in crystal form, but also granular, and· 

in rolled pebbles. 
Tests: B. B. alone, unaltered, but very di!ficultly fusible with 

borax. Not atta·cked by acids. With cobalt nitrate 
gives fine blue. 

Remat·ks .- Valuable only as a gem. 
Alexandrite is emerald-gTeen, but columbine-red by transmitted 

light. 
Oat's Eye is greenish, chatoyant. 
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DIAMOND: Pure crystalline carbon. 

Colo1·: white or colorless; also shades of yellow, red, brown, 
green, blue and black. 

IAtste'r: adamantine to greasy and dull. 

Diaplwneity: transparent to translucent and opaque in 
bort and carbonado. 

C1·ystal fonn: isometric, in modified cubes, octahedrons, 
tetrahedrons, etc.; often distorted and irregular. 

Cleavage: octahedral, perfect. 
Fmct~t?·e : conchoidal, brittle. 
H a1·dness: 10 and over. 
Specific gr-av ity: 3.516----3.525 for crystals; 3.15-3.5 for car­

bonado and bort. 
Occur·rence: in alluvium associated with quartz, gold, plati­

num, zircon, octahedrite, brookite, rutile, topaz, corun­
dum, tourmaline, etc. 'l'he S·outh African diamonds oc­
cur in volcanic necks filled with peridotite. The Arkan­
sas diamond area is in peridotite. 

Tests: At very high temperature, in an atmosphere of oxy­
gen, it burns to carbon dioxide. Heated intensely out 
of contact with a~r, it forms a kind of coke. It is not 
acted upon by acids or alkalies. Positively electrified 
by friction. 

EME-RALD is a bright, emerald-green beryl, highly prized as a­
gem. 

EPIDO'l'E, in perfectly transparent, dark-green crystals, is some­
times cut as a gem stone. 

HIDDENITE, an emerald-green spodumene. When clear and 
flawless, brings a high price as a gem. Found at Hiddenite, 
North Carolina. 

HYACIN'l'H is a transparent, brownish to red-orange zircon, used 
as a gem. 

IOLITE is occasionally cut as a: gem. 

KUNZITE is a beautHul pink or lilac variety of spodumene much 
prized as a: gem. 
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MOONSTONE is a feldspar having a changing luster and a play 
of colors, which make it highly prized as a gem stone. Oligo­
clase, labradorite, albite and orthoclase sometimes possess 
these properties. 

OPAL : Silica, Si02 , with a varying amount of water. 
O:olor: white, yellow, wine-red, green, gray, bluish-green, 

often showing a beautiful play of color~. 

LustM·: vitreous, to' s.ubvit reous, to resinous and pearly. 
Dfiaphaneity : transparent in hyalite to nearly opaque in 

the da:rker-colored varieties. 
CrystalUzation: amorphous; in seams, crusts, globular 

masses, and in earthy forms. 
Cleavage: none. 
Fracture: conchoidal. 
Hardiness: 5.5-6.5. 
Streak: ·white. 
Specific rrravity: 1.9-2.3. 
Occt~1·1·ence : It is found in fissures and cavities in igneous 

rocks, particula:rly lavas; also in limestone in masses 
and nodules similar to the flint concretions. See also 
the varieties. 

F'i1·e Opal is distinguished by fire-like refl ections, which vary in 
color <:m turning the stone. 

Preciotts Opa.l shows a play of delicate colors. 
Wood Opal is wood replaced by opal. 
Hyalite is a glass-clear, colorless opal, occurring in globular and 

botryoidal crusts. Sometimes only translucent. 

ORIENTAL TOPAZ is a clear yellow corundum. 

ORIENTAL EMERALD is a fine green. corundum . 
. 

ORIENTAL AMETHYST is purple or a:methystine corundum. 

PERIDOT, JEWEL OLIVINE, PRECIOUS OLIVINE, are names applied 
to· a pale yellowish-green, transparent olivine brought from 
the east end of the Mediterranean and extensively used for 
jewelry. · It is not found in America. 

PHENACITE : Orthosilicate of beryllium, BeO. Si02 • 

Colo·r: colorless to bright wine-yellow, pale rose-red and 
brown. 
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LusteT: vitreous. 
Diaphaneity: transparent to translucent. 
C1·ystallizati10tn: rhombohedral, both lenticular and pris-

matic. 
meavage: one distinct. 
FmctuTe: conchoidal, brittle. 
H a1·dlness: 7.5-8. 
Specific gmvity: 2.97-3. 
Occun·ence: It is generally found in metamorphic rocks or 

regions of metamorphic rocks. 
Associations: topaz, Amazonstone, quartz and beryl, adularia 

and apatite. 
Tests: B.B. alone unaltered; with ' borax fuses very slowly -

to a· transparen.t glass. ·with soda yields a white 
enamel; with more soda swells and becomes infusible. 
With cobalt nitrate solution becomes dull-blue. 

Colo·rado loaal·ities: Topaz Butte, near Florissant, and at 
Mount Antero and Devils Head. 

QUARTZ: Many varieties of quartz and related silica minerals 
a1·e used as cheaper gems and ornamental stones. 

Agate is a variegated chalcedony, either banded or clouded. The 
banding is generally concentric and is due to impurities in the 
solution from which the mineral was deposited. The occur­
rence is the same as that of chalcedony . 

.tlgatized Wood is formed by the teplacement of the vegetable 
matter (and structure) by chalcedonic silica having the agate 
banding or clouding. 

;11nethyst, Amethystine: Clear purple or violet-blue quartz. The 
color is probably due to manganese. 

Aventttrine Qtta1·tz is spangled with mica or hematite, or other 
mineral. 

Bloodstone: see Hel-iotrope. 
Cantelian, SaTd, is a clear chalcedony, varying in color from red 

to brown. 
Gat's Eye, an opalescent quartz resembling true Gat's Eye, which 

is a variety of chrysoberyl. 
Chalcedony is a cryptocrystalline quartz having a waxy luster, 

and varying in color from white to pale blue, to brown, etc. 
It occurs in thin seaJms and bands, and as botryoidal crusts 
and fillings in cavities. 
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C:Mysoprase is chalcedony colored apple-green by nickel oxide. 
Cit?·ine, False TozJCtz, has a dull, opaline luster , a yellow color, 

and is transparent to subtransparent. It resembles ye llow 
topaz, and is used in cheap jewelry. 

H eliotrope, Plasnw, Bloodstone, is a translucent to weakly trans­
parent chalcedony, varying in color from bright to deep gTeen 
and emerald. When dotted with red jasper it is called helio­
trope or bloodstone. Plasma may have white uots. 

Ja.szJer is impure, opaque quartz, commonly red or yellow or 
brown from the presence of iron. Black and deep-brown jaspers 
are somewhat common. 

llloss Agate is similar to agate, but th e coloring is in arborescent 
or moss-like forms. 

Orvyx is similar to agate, but the bands are straight. 
Plasma: see Heliotrope. 
P1·ase is dull leek-green, translucent quartz. 
Rock Qrystal, Bristol Diamonds, Herkimer Diamonds, Lake 

George Diamonds, Brazilian Pebbles, are names for more or 
less perfectly transparent crystals of quartz, which are used 
to a limited extent in the ma:n111facture of optical goods, and 
more extensively in the manufacture of novelties and low­
priced jewelry. 

Rose Quartz is pale-pink to rather deep rose color. The color is 
probably due to titanium or manganese, and is rarely or never 
permanent, but fades on exposure to the sun. 

Rutilated Qttartz, Sagenite, conta·ins needle-like crystals of rutile, 
sometimes forming a network. 

Sardonyx is like onyx, but contains layers of carnelian (Sard). 
Sapphiffe Qttartz has an indigo or Berlin-blue color. 
·smoky Topaz, Smoky Qttartz, CairngtOif'm Stone, Morion, varies 

in color from yellowish to smoky-brown, in transparency from 
transparent to nearly opaque. Good specimens of smoky 
quartz (smoky topaz) are found in the Pikes Peak region. 

Star Quartz, Asteria-ted Qttar-tz, contains whitish or colored radi­
ating lines along the diametral planes. 

RUBELLITE is a red to pinkish tonrmaline, occasionally clear 
and transpaTenrf:, and of very delicate tints. 

RUBY. ORmNTAL RuBY, is red corundum. The stones are se­
lected largely by the particular shade of red they possess. The 
choicest rubies are more valuable than diamonds. 
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SAPPHIRE is transparent blue corundum of fine, velvety sheen. 
The corn-flower blue sapphire is most highly prized, but indigo­
blue, smalt-blue, Berlin-blue and greenish and grayish-blue 
sapphires are used as gems. 

S'rAUROLITE: Symmetrically formed crystals· of good color and 
free from flaws have been polished for gems and ornamental 
stones. 

SPINE~: Magnesium aluminate, MgO. Al20 3 • 

Colo1'.· various shades of red, paRsing into blue, green, yel-
low, brown and black. 

Ltt,Ste·r: vitreous to splendent to dull. 
Diaphaneity: transparent to nearly opaque. 
C1·ystallizat·ion': isometri c, octahedral habit. 
Cleavage: rather poor. 
F'mch,we: conchoidal. 
Tenacity: brittle. 
H arclness: S. 
St1·ealc: white. 
Specific g·ravity: 3.5-4.1. 
Occwn·ence: in granular lim c::;tone and with calcite in ser­

pentine, gneiss, etc. 
1-lssociations: chondrodite, ruby, clintonite. 
Tests: B. B. alone infusible. Slowly soluble in borax; more 

rapidly i_n salt of phosphorus, in which it gives a reddjsh 
bead while hot, and faint chrome-green when cold .• De­
composed by fusion with potassium bisulphate. 

R•ttuy Spinel is a clear r ed ot reddish, tr-anslucent to transparent 
variety. 

P·icotite1 Clvrorne Spinel, is a dark yellowish-brown or greenish­
brown variety containing chromium. 

Star Sap1Jhi1·e is a variety showing a star-shaped opalescence 
when viewed in the direction of the vertical axis. 

TOPAZ: A si licate of aluminum and fluorine, usually contain­
ing hydrox;rl (OH), Al 2 Si0, (OH, F) 2 ; or, without OH, it may 
be written (AI, F) 2 Si04 • 

Color: straw-;rellow, to colorless, to wine-purple, to grayish­
white, bluish and reddish. 

Lttste1·: vitreous. 
Diaphmteity: tr:msparent' to weakly translucent. 
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C1·ystal form: orthorhombic, prismatic, often with faces 
striated. 

Cleavage: basal, perfect. 
11'ractttr1·e: subconchoida l, to uneven, brittl e. 
H aTdness: 8. 
St1·ealc: uncolored. 
t:;pecific gravity: 3.4-3.6. 
Occttrn:ence : crystals, crystal grains, columnar , gtanulflr 

and rarely massive. 
AssociatiiOQ~S: minerals of granite, rhyolite; also cassiterite, 

fluorite and tourmaline. 
Rocks: granites, rhyolites, and in furmarolic deposits. 
Tests: B.B. infusible. Mlixed with pulverized, fused salt 

of phosphorus and fused in a closed tube, it etches the 
glass, giving it a rough, frosted appearance. Th~ pul­
verized mineral, moistened with cobalt solution and 
heated, gives a fine blue color (alumina). Slightly at­
tacked by sulphuric acid. 

Colo1·ado localiti rJs: Pikes Peak (colorless to pale blue); 
Nathrop (wine-colored); Chalk Mo-untain, near Lead­
ville (wine-colored); occasionally in San Juan. 

TURQUOIS, TuRQUOISE: A hydrous phosphate of aluminum 
with copper oxide, Cu0.2Al 20 3 .2Pz04 .9Hz0. 

Color: sky-blue to apple-green. 
LtlrSter: feeble, somewhat waxy. 
DriaJJhaneity: opaque or faintly translucent, crystals trans­

parent. 
Urystal fonn: triclinic (extremely rare), small prismatic 

with striated faces. 
Uleavage: }Jrobabl;y two. 
Tenacity: brittle. 
Ha1·dness: 5--6. 
St1·ealc: white or greenish. 
S1Jeci{ic g:rav·ity: 2.6-2.84. 
Occt~rrs: massive, amorphous or cryptocrystalline; renifotm , 

sta;lactitic and incrusting masses; rolled masses. 
Rocks: commonly in trachyte. 
T ests: In closed tube decrepitates. yields water, turns 

brown or black. B.B. turns brown and looks gla""-' · but 
does not fuse; colors flame green (copper). Reacts for 
copper. Soluble in h;drorhlori r Hcid. 



146 COMMON MINERALS AND ROCKS 

Rem ... arks: Valuable chiefly as an ornamental stone. Found 
in New Mexico and Colorado. A crysta:llized turquoise 
is found in Campbell County, Virginia. 

MINERALS SOMETIMES USED AS GEMS AND SEMI-PRE­
CIOUS STONES, DESCRIBED ELSEWHERE: Andalusite, 
Axinite, Azurite, Cyanite, Diopside, Epidote, Garnet, Iolite, 
Jade, Jasper, Malachite, Mexican Onyx, Olivinite, "Rhodonite, 
Serpentine, Soda·lite, Spodumene, Staurolite, Tourmaline, 
Varacite, Vesuvianite, Zircon. 



METALLIC MINERALS 
AND THEIR USES 

. IRON AND IRON MINERALS 
USES: Pure iron is comparatively little used. The product 

of the blast furnace is known as cast ir·on. It contains muth 
carbon, but the cal'bo·n is not evenly distributed throughout the 
mass and is only partially alloyed with the iron. Cast iron 
cannot be drawn or hammered into useful forms, and so finds 
comparatively little direct use in the industries of the country. 
Qf the 27,300,000 long tons of cast iron produced in this country 
in 1910, over 26,000,000 'long tons was converted into steel before 
it entered into the general trade of the country. 

STEEL is an alloy of iron and cm·bon, usunlly with Slllall 
amounts of silicon and manganese, in which the carbon ranges 
from a fraction of 1 per cent to 3 per cent. Special forms of steel 
are made by the addition of manganese, tungsten, molybdenum, 
vanadium, nickel, chromium, etc. These special steels are distin­
guished by the name of the metal added, as manganese steel, tung­
sten steel, molybdenum steel, etc. 

Of the steel produced in this country, about one-third is used 
by the railways for rails, rolling-stock, bridges, and other purposes. 
The next most important use is as structma·l material in build­
ings, bridges, piping, etc. The manufadure of machinery, stoves 
and furnaces, tools, rods, wire, bolts, nails, sheet iron, tin plate, 
and other commercial products, accounts for the balance. 

Certain iron ores of low grade are used as fluxes in the 
smelting industry, especia] ly in treating silver ores high in silica. 

Mineral paints, such as ochres, umbers, siennas, etc., are 
made from soft impure iron ores. 

Many salts of iron are extensively used in the industries. 
Copperas, green vitriol, or iron sulphate, FeS04 • 7H20, is the 
most important. The largest part of the copperas manufactured 
is used ·as a: mordant in dyeing, but a considerable amount is 
consumed in the manufacture of Venetian red, Indian red and 
Prussian blue, pigments; rouge (a polishing ·powder) ; and inks. 

The acetates and nitrates are used in the textile industries 
as mordants, oxidizing and weighting materials, to modify color 
tones and to increase the stiffness and density of fabrics. 

147 
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Iron alums are a lso used in the textile industry, but not so 
extensively as formerly. 

IRON MINERALS IMPORTANT AS ORES OF IRON 

HEMATITE : Sesquioxide of iron, Fe20 3 ; metallic iron 70 per 
cent. It is the favorite ore. 

CalM: bright steel-gray to iron-black in the hard crystalline 
forms, to red and reddish-brown in the soft and ochreous 
forms, and black and blue-black in some soft varieties, 
especially those carrying manganese. 

Lnste·r: from brilliant, metallic in specular hematite, to 
submetallic in hard granular ores, and dull and earthy 
in the soft ores. 

D ·iwphaneity: opa:que. 
C1·ystal fonn: rhombohedral, rarely seen in ores. 
Cleavage : not seen in orcs. 
Ji'mctu.re: shows fine to coarse granular surface, sometimes 

fibtous, sometimes subconchoidal; brittle. 
Hwrclness : 5.5-6.5 for solid crystalline forms, but may 

range from 1 to 5 for the "soft red," "soft black" and 
ochreous yarieties. 

Streak : cherry-red to reddish-brown in the commoner va­
rieties, to steel gray in specular ore, and black in the 
manganiferous varieties. 

8tJecific grav·ity: 4.9-5.3 for the solid crysta lline varieties, 
while the soft and powdery ores may fall as low as 3.75 
to 4. 

Occtws : mainly in bedded deposits associated with sedi· 
mentary and. metamorphic rocks. 

1lssociations: oteer ores of iron, especially limonite, turgite, 
et c. · Siderite is sometimes present. 

Tests: Solu ble in strong· .hydrochloric acid; on coal R.F. 
, becomes magnetic and with soda forms metallic powder. 

Diffe?·ences: Magnetite has black streak and is attracted 
by magnet; limonite has brown to yellow streak and is 
hydrous. 

Va1··ieties: (a) Red hematite, varies from compact, crystal­
line forms, called "hard red," to soft, powdery a:nd 
ochreous forms, called "soft red." In the harder forms 
fresh surfaces free from powder are steel-gray to iron­
black. 
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(b) Specular hematite is usually in bri lli ant 
crystal grains or flakes (micaceous hematite) , but is 
sometimes almost m::<ssive. Tt is commonly weakly 
magnetic. 

(c) Kidney ore is in rounded, kidney-shaped 
masses, often concentrically formed of layers of fibers 
radially arranged. 

(d) C1ay iron-stone is a clayey (often sandy) 
hematite of reddish to brownish color, rarely used as ore 
in America. 

(e) ."Clinton ore," "fossil ore," "fla'X-seed ore," 
"oolitic ore," "pea ore," "dyestone ore" are names ap­
plied to a red hematite first discovered in the Clinton 
formation (Silurian) , at Clinton, N.Y., but now mined 
locally in this formation from New York to Alabama. 
In some places it is rich in small fossils, in others oolitic 
grains of various sizes are abundant. 

MAGNETITE: Magnetic oxide of iron, Fe3 0 4 or Fe0.Fe20 3 ; 

metallic iron 72.4 per cent. 

Color: : iron-black. 
Ltbster·: metallic to submetallic and dull. 
D·iaphaneity: opaque. 
C1·ystal fonn: octa·hedrons and dodecahedrons. Crystals 

a1·e rare in magnetite as an ore of iron. 
Cleavage: not distinct; parting parallel to the octahedron 

is often distinct. 
F'·rcbct·u1 ·c : uneven. 
Tenacity: brittle. 
HcM·dness: 5.5-6.5. 
St·reak: iron-black. 
Spec-ific gHbvity: 5.17-5.18. 
Occurs: (n:) massiYe, granular; (b) massive, with lami­

nated structure; (c) as fine, soft, black po\vder; (d) as 
black sand on shores, etc. 

Assoc-iebtions: the minerals of metamorphic rocks; also 
titanium n1inerals, pyrite and apatite. 

Rocks: most commonly in meta,.morphic rocks. 
Tests: Very hard to fuse, soluble in hydrochloric acid; O.F. 

is oxidized to hematite and is not attracted by the 
magnet. Gives regular iron tests. 
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LoDESTONE is a variety of magnetite which acts as a natutal mag­
net. 

LIMONITE, BROWN HEMA'l'ITE: A hydrous sesquioxide of iron, 
2Fe20 3 .3H20; metallic iron 59.8 per cent, oxygen 25.7 per cent, 
water 14.5 per cent. 

GoLo1·: various shades of brown when pure; yellowish-brown 
to yellow when impure. Nodules often show shiny, 
black surfaces. 

Luster· : silky, submetallic, to dull and earthy. 
CrystaL form: not crystallized. 
Fractwre: smooth to finely granular and fibrous . 
Har·dness: 5-5.5, but earthy forms vary from 2 to 5. 
Str·ook: yellowish-brown. 
f:Jpecific gmvity: 3.6-4, but earthy forms run lower. 
Occwrs: in bedded deposits with sedimentary rocks. It is 

secondary, resulting from the alteration of other ores 
·and minera:ls carrying iron . 

AsSJo.ciations and impurities: other ores of iron, sand, clay, 
manganese, phosphates, etc. 

Var·iet·ies: (a) Compact, massive ore resembling hematite 
except in color and luster. Often occurs in open pipy 
masses showing botryoidal forms and lustrous black 
surfa·ces. 

(b) Ochreous limonite, yellow-ochre are generally 
impure from the presence of clay, sand, and often or­
ganic matter. 

(c) Bog ore is generally a loose, open, ochreous ore 
commonly carrying many impurities. 

Tests: Soluble in hydrochloric acid; gives water in the closed 
tube, and is changed to Fe20 3 • 

Differ·ences: from magnetite and hematite by yellowish 
streak, yielding water, non-crysta:lline form, brownish 
color. 

CioTHITE: A hydrous sesquioxide of iron, Fe20 3.H20. A few 
deposits are large enough to be mined as an ore. It occurs in 
fibrous, radiating, concentric and massive forms. It crystal­
lizes in prisms, plates and scales, has an uneyen fracture and 
a good deavage. It resembles limonite in hardness, specific 
gravity, streak and color. It contains 62.9 per cent iron. 
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'l' URGITE: A hydrous sesquioxide of iron, 2Fe"03 .H20; has a red 
streak, but is other\vise like limonite. It is not known as an 
ore. 

SIDERITE: A carbonate of iron, FeC03 ; often contains calcium, 
magnesium, and sometimes manganese; metalli c iron 48.3 per 
cent. 

Color: gray to yellowish-gray to brown. Often discolored 
by oxidation of the iron. 

Luster: vitreous to pearly. 
Dictphan<Yity: translucent to opaque. 
C'Tystal fonn: hexagonal , rhombohedral. Rhombohedral 

faces are commonly curved. 
Cleavage: rhombohedral, perfect. 
F1·actwre: uneven or subconchoidal. 
H at·dness: 3.5-4. 
St1·ealc: white. 
Specific gmvUy: 3.83-3.88. 
Occwrrence : commonly massive, granular, but frequently in 

well-defined crystals lining cavities and seams. It is 
often found in nodules and concretions in shales and in 
bands associated with coal seams. 

AssJociation: other carbonates, such as calcite, dolomite and 
ankerite. 

Roclcs: more common in the sedimentary rocks, but fre­
quently in altered igneous rocks. 

AltC~ration: by solution and bj' oxidation to limonite, hema­
tite, and other iron minerals. 

Econon~ic: sometimes occurs in sufficient quantity to be 
used as a·n ore of iron. It is mined in Ohio and Penn­
sylvania. 

ILl\fENITE, MENACC~NITE, TITANIC IRoK ORE: Oxide of iron and 
titanium, Fe0.'l'i02 ; iron 3fi.8, titanium 31.6 per cent. 

Color: iron-black. 
Luster: submetallic. 
Diaphaneity: opaque. 
C1·ystal fonn: hexagonal, trirhombohedral in thick tabular 

crystals; also acute forms. 
Cleavage: none recognized. 
Fmcture: conchoidd.l. 
H at·dn,ess: 5-6. 
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Skeak: submetallic, powder brownish-red to black. 
Specific gnwity: 4.5-5. 
JI!Iagn.gt'ism: weak, but pronounced. 
Occur-rence : Titanium in small quantity is found in neal'ly 

all igne?us rocks, and it is believed to occur mainly in 
the forms of titanite and ilmenite. The latter is less 
common than the. former, and occurs in well-defined 
crystals, in irregular gra ins, and in segregated granular 
masses. It is known in large bedded deposits of platy 
structure in Quebec and elsewhere, and as black sands 
from the disintegration of igneous rocks. 

Associat,ions: iron ores, pyroxenes, amphiboles, p lagioc lase, 
biotite. 

Rocks: mainly in basic igneous rocks, but in many others. 
Alteration: to a dull grayish-white substance known as 

leucoxcne, and closely related to titanite. 
Economic: Titanium finds many uses in commerce, but it is 

obtained mainly from rutile. As an ore of iron ilmenite 
is not in favor, owing to the d ifficu lty in smelting it . 

IRON MINERALS NOT IMPORTANT AS ORES OF IRON. MANY 
OF THEM ARE VALUABLE FOR OTHER PURPOSES 

NA'l'IVE IRON: No deposits of commercial importance arc known. 
It occurs in grains in basalts and other very basic rocks, and 
occasionally in detached masses of considerable size, which 
are believed by many to be of meteoric origin. 

A WARUI'l'E is a uickeliferous native iron found in the gravels of 
the Gorge River, New Zealand. 

JOSEPHINITE is a nickel -i ron (Fe"Ni") oeeuning in strealll 
gravels in Oregon. 

l\JE'l'EORIU IRON, METALLIC Mm'.CEORI'l'E1 if:> an a ll oy of iron and 
nickel in which the nickelgenerally ranges from 5 to 10 per cent. 

PYRI'l'E: Sulphide of iron, FeS2 ; su lphur 53.4 per c;ent, iron -
46.6 per cent. 

Color : pale brass-yellow. 
Ltt,Ste?·: metallic. 
C1·ystal fonn: cubes, pyritohedrons and octahedrons. 
Cleavage: indistinct. 
Fracture: smooth, granu~ ar, conchoidal and uneven. 
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H ctrdness : 5-G.fi. 
St1 ·ca/,;: greenish-black to btownish-black. 
S1Jeci(ic gmvity: 4.95-5.1. 
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Occtws: in rocks of all ages and varieties. It is a: common 
gangue of gold and si lver ores. Deposits of massive 
pyrite occur in Massachusetts, Virginia, New York and 
Georgia . 

. /llte1Ytrtion: oxidizes to iron sulphates, limonite, and occa:­
sionally to other oxides of iron. 

Tests: Insoluble in hydrochloric acid, soluble in nitric acid. 
On coal giyes sulphur which burns with a blue flame. 
Residue becomes magnetic. In closed tube a sublimate 
of sulphur and a magnetic residue. 

Uses : It is rarely used for iron manufacture, but is 
much used as a: source of sulphur and in making sul ­
phuric acid. Cupriferous pyrite is an important coppet 
ore in J\II;ontana, Arizona and Nevada. It is also used as 
a source of su'lphite (of lime 'or magnesia) used in 
making (chemical) paper pulp. 

MAB.CASI'l'E, ViTHITID IRoN PYRI'J'E: A disulphide of iron, FeS2 ; 

iron 4G.G per cent. Arsenic is sometimes present. 

Color: pale bronze-yellow, but tarnishes to darker shades. 

Lttste·r: metallic; tarnishes rapidly. 
Diaphaneity: opa-que. 
C·rystct l fonn: orthorhombic, tabular and pyramidal forms . 
Cleavage: prismatic, rather good. 
Fmcttt1·e: uneven, brittle. 
Ha.rdlfl,ess: 6-6.5. 
Strectk: grayish or brownish-black . 
Specific gmvity: 4.85-4.9. 
Occun·ence: single crysta·ls, star-shaped twins, massive 

stalactites, globular and kidney-shaped masses, spear­
and crest-1ike forms. 

Associations: galena, pyrite, sphalerite, and other sulphide 
ores. 

Rocks: It occurs in many mining areas with sulphide ores. 
T ests : same as pyrite. \Vea:thers and decomposes readily. 
Altenltion: Breaks up into white hydrous sulphates and 

finally oxidizes into limonite and hematite. 
R 0'nwrks: Distinguished from pyrite and pyrrhotite by 

crystal form and mode of occurrence. 
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PYRRHO'riTE: Magnetic pyrite, a sulphide of iron; often carry­
ing nickel, Fe11S121 but varying from Fe5 S6 to Fe1 6S17 ; iron 
about 61.6 per cent. 

Golo1 ·: bronze-yellow to copper-red. 
Luster: metallic to dull ; ta-rnishes readily. 
Crystal fonn: crystals rare. Ore is usually granular massive. 
Cleavage: parting sometimes distinct. 
F'mcttwe: uneven to subconchoidal, brittle. 
Hwrdness: 3.5-4.5. 
St1·eak: dark grayish to greenish-black. 
Specific gmvity: 4.58-4.6-4. 
lJ!l agnetism: . weakly to strongly magnetic. 
Occurs: igneous an~ metamorphic rocks, commonly in 

segregated masses. 
Tests: On coal in R.F. fuses to black magnetic mass; in 

O.F. forms red, oxide. Gives hydrogen sulphide when 
dissolved in ~ydrochloric acid. In open tube gives sul­
phur fumes. 

Remcwks: It is commonly nickel-bearing, and is the most 
important ore of nickel. It is sometimes copper-bearing. 

LOLLINGITE is .a diarsenide if iron, FeAs2 , grading into LEU­
COPYRI'l'E, FeRAs., and ARSEN;OPYRITE, FeAsS. It is a 
silver-white to steel-gray mineral, having a metallic luster, a 
grayish-black streak, a hardness of 5-5.5, and a specific gravity 
of 7.0-7.4. It occurs in Gunnison County. · 

ARSENOPYRITE, MISPICKEL, ARSENICAL PYRITES: A scilphar­
senide of iron, FeAs·S, or FeS2 • FeAs2 ; iron 34.3, arsenic 46 per 
cent. 

Colio.r: silver-white to steel-gray. 
Lnster: metallic. 
Driaphane'ity: opaque. 
C1·ystal fonn: orthorhombic crystals, often flattened verti­

call;r. Twins in the form of crosses and stars are 
common. 

Cleavage: uneven, brittle. 
Ha1·dness: 5.5-6. 
Streak: dark grayish-black. 
Specific gmvity: 5.9-6.2. 
Occur·rence: in crystals, grains, and massive in crystalline 

rocks, and in metalliferous veins. 
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As01ociations: ores of silver, lead, tin, nickel and cobalt; also 
with pyrite, chalCOPJ'rite and sphalerite. 

Tests: In closed tube gives fir st a red sublimate of arsenic 
trioxide, then a bl ack mirror of metallic ar senic. In open 
tube gives fumes of sulphur and white arsenic trioxide, 
As20 3 • Nitric acid decomposes it and separates sulphur. 
On coal in O.F. gives coating of arsenic trioxide, As20 3 , 

and in R.F. a magnetic globule. 

Golorac~o localities : in most of th e camps vt b_ere pyrite is a 
gangue mineral, as at Silverton, Telluride, Central City, 
etc. 

Uses: as a source of arsenic, in the form of arsenic trioxide, 
As20 3, the white arsenic of commerce. 

l\fARTITE is the sesquioxide of iron, F e20 3, occurring in isometric 
crystals1 which are probably pseudomorphs after magnetite 
or pyrite. 

GolJ.or : iron-black. 

Luster·: submetallic. 

Crystal fonn: octahedrons and dodeca·bedronR. 

Pa1·t·ing: octahedral. 

F'ractt~:1·e : conchoidal, brittle 

Hardness: 6-7. 

Specific gravity: 4.8-5.3 . 

. Streak : reddish-brown to purplish-brown . 

Mag1~etism: very weak or wanting. 

Economic : not found in commercial quantity. 

TRIPLITE is chiefly a phosphate of iron and manganese with cal­
cium and magnesium. It is a: brown to almost black mineral, 
of submetallic to resinous luster , almost opaque, having one 
good and one poor cleavage at right angles. It occurs in im­
perfectly crystalline masses, rarely in cr ystals. 

Hwrdness: 4-5.5. 
Specific g1·avity: 3.44-3.8. 
St1·eak: yellowish-gray or brown. 
Tests: Fuses easily to black magnetic globule; moi,ten cd 

with sulphur,<.: acid giyes hlue-green phosphorus fliune. 
With soda gives blue-green mass (manganese). 
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VIVIANITE, BLUE IRON EARTH: A hydrous ferrous phosphate, 
Fe3P 20 8 • 8H 20. 

Col01·: colorless when perfectly fresh , blue to green after 
exposure. 

Luste1·: pearly to vitre_ous. 
Diaphaneity: transparent to translucent, but opa.que after 

long exposure. 
0Tystal f01 '1n : monoclinic prisms, often in diverging groups. 

Kidney-like and globular ma'Sses are found bedded in 
clay, etc. 

C'leavage: basal, highly perfect. 

FTacture: fibrous. 
Tenacity: flexible in thin plates; sectile. 

Ha1·dness: 1.5-2. 
Streak: colorless to pale blue, changing on exposure to 

indigo and brown. 
Specific gravity: 2.58-2.68. 
Occurrence: in seams and veins, and in the soft mud of 

water-courses in certain ore deposits. Often in cavities 
of fossils or buried bones. 

Associations: pyrite, 'pyrrhotite, marcasite, ores of lead, 
copper and tin. 

Tests : In closed tube yields water, whitens, exfoliates and 
crumples. B.B. fuses very easily to dark magnetic 
globule and coloring the flame bluish-green (phosphorus). 
Gives common rea'Ctions for iron. Soluble in hydro­
chloric acid. 

Colorado localities: several Leadville mines. 

RCORODITE is a hydrous arsenate of iron, Fe20 3 • As20" .4H~O. 
It is a p,ale, translucent, leek-green or liver-brown mineral of 
vitreous to subresinous luster, poor cleavage, uneven fracture, 
a hardness of 3.5-4, a specific gravity of 3.1-3.3, and a white 
streak. It occurs in frost-like and earthy crusts and coatings, 
mainly as an alteration product from minerals carrying iron 
and arsenic, but from various arsenical copper ores where iron 
minerals are present. In closed tube yields water and turns 
yellow. B.B. fuses easily, giving the blue arseni<: flame; on 
charcoal gives arsenic fumes and a magnetic slag. Soluble in 
hydrochloric acid. 
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PHARMACOSIDERITE : A hydrous arsenate of iron, perhaps 
6FeA.s04.2Fe(OH) 3.12H20. 

Colo1·: various shades of green, yellowish-brown and hone;r· 
yellow. 

Luster: adamantine to dull. 
Diaphaneity: translucent. 
C1·ystal fonn: isometric cubes truncated by octahedrons. 
Clea;vage : one imperfect. 
fi'r-cwture: uneven. 
Tenacity: sectile. 
Hardiness: 2.5. 
Skeak: green to brown to pale yellow. 
Specific gravity: 2.!l-3. · 
Tests: B.B. fuses easily, coloring flame blue (arsenic). On 

coal gives arsenic fumes, and yields a black slag when 
fused with soda. In closed tube yields water and 
changes color. 

MELAN't'ERI'l'E, CoPPERAs·: A hydrous ferrous sulphate, FeS04 • 

7H20, occurring in fine, fibrous, frost-like masses, stalactites 
and concretions-rarely massive. 

Colo1·: w,hite and various shades of green, becoming yellow-
ish on exposure. 

L1.tste1· : vitreous. 
D·iazJhane-ity: translucent. 
Taste: sweet, astringent. 
H arclness: 2. 
S]JeG'ific gmvity: 1.89-1.9. 
Occ·ur·s: Qn walls and timbers of mines where pyrite or 

marcasite is decomposing. 

COPIAPITE is a basic ferric sulphate, ~Fe00, . 5SO" .18H20, oi· 
sulphur-yellow color, pearly luster, occurring as crusts of crys­
talline scales or grains and sometimes massive. It has a bard­
ness of 2.5, and a specific gravity of ~.1. It is soluble in water, 
and is decomposed by boiling -water. On charcoal it becomes 
magnetic, and with fluxes reacts for iron. 

CHROMIUM AND CHROMIUM MINERALS 

USES: The principal use of the metal is in the form of the 
nlloy fer-rochromium, which is added to steels to produce 
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chromium steel, ch1·omium-nickel steel, chromium-tungsten steel, 
chromium-manganese steel and chromium-molybdenum st~el. 

Chromium gives gTeat hardness and resistance to impact. The 
hardness is modified by annealing. Chromium-tungsten steel is 
used for high-speed cutting tools. Chromite mixed with coal 
tar and molded into refractory brick is being used for furnace 
linings. Some chromite bricks .contain kaolin, bauxite and milk 
of lime, etc. Chromite bricks and basic magnesite bricks are 
replacing acid bricks and highly aluminous silica bricks in 
furnaces used for copper, lead and antimony smelting. Chromium 
salt's are used for paints, dyes, mordants, oxidizing agents, and 
for tanning. The salts .psed for paint materials are: chromic 
oxide, hydrous chromic oxide and chromium phosphate (green) ; 
lead chromate and potassium chromate (yellow, red and orange). 
Chrome yellow, chrome orange and chrome green are used as dyes. 
Many chromium salts are used as mordants in dyeing and printing 
cotton, linen and wool. The chief ones are: sulphates, nitrates. 
acetates, bichromates, fluoride and chrome alum. 

Potassium bichrol!!ate is used as an oxidizing agent in dye­
ing, and making coal-tar dyes. It is also used to bleal'h oils and 
fats. 

In tanning, various chromium salts are used. 

CHROMIUM ORE 

OHROMITE: Oxide of iron and chromium, FeCr20 4 or FeO. 
Cr20 3 ; chromium trioxide, Cr20 3 , 68 per cent or chromium 46.66 
per cent. 

Coboq· : iron-black to brownish-black to yellowish-red. 

Luste1·: submetallic to metallic. 

Diaphaneity: weakly translucent to opaque. 

C1·ystal form: isometric, octahedrons. 

Clectvage: none; platy parting occurs. 

F1·actu1·e: uneven. 

Tenacity: brittle. 

Ha1·dness: 5.5. 

St?'eak: brown. 
S1Jeci(ic gnwity: 4.3'2---4.57. 
Occu?'S: mainly massive to fine or coarse granular . 
.clssoc·iations: genera lly with serpentine. 
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'l'ests: Almost infusible, but edges rounded in R.F. and be­
comes woakly magnetic. With borax and salt of phos­
phorus gives beads reacting] for iron when hot, but 
chrome-green when cold. Insoluble in acids. Decom­
posed by fusion with potassium or sodium bisulphate. 
With soda and niter fuses on platinum to mass which 
is chrome-yellow when cold. 

UROCOITE is described elsewhere. 

CHROMIUM MINERALS NO'l' DESCRIBED: Daubreelite, 
Knoxvi11ite, Reldlingtonite. 

MANGANESE AND MANGANESE MINERALS 
USES: The most important use of manganese is in the steel 

industry. In steel-makng spiegeleisen and ferromanganese­
alloys of iron and manganese-are used: (a) to remove oxygen, 
and to remove or counter<a'Ct the effects of sulphur and phos­
phorus; (b) to restore to steel the necessary carbon after it has 
been removed in the first part of the steel-making process; (c) 
to increase the toughness, hardness and wearing qualities of 
steels for special purposes. Alloys of manganese with aluminum, 
copper, lead, magnesium, silicon, tin and zinc are made, and 
those with aluminum and copper have magnetic properties which 
may make them very important comm-ercially. The alloy with 
silicon is used in steel manufacture. Manganiferous iron ore is 
used to some extent as a flux in smelting silver, copper and lead. 
Manganese oxide is used as an oxidizer: (a) in the manufacture 
of chlorine and bromine; (b) in coloring and decolorizing glass; 
(c) in dryers for paints and varnishes; (d) in the Leclanche 
battery "n:nd dry cells (pyrolusite is used for this purpose); (e) 
in the manganate and permanganat<e disinfectants. Manganese 
is used as a coloring agent in calico printing and dyeing; in 
glass, brick and pottery manufacture; in violet and green pig­
ments. Certain salts of manganese are used in medicine. 

MANGANESE ORES 

PYROLUSITE: Manganese dioxide, Mn02 ; commonly containing 
a little water. 

Colo1·: iron-black to dark steel-gray, often bluish-black. 
Luster: metallic. 
Dia;phanmty: opaque. 
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Gq·ystal fonn: orthorhombic; tabular and prismatic-prob­
ably pseudomorphs after manganite and polianite. 

Cleavage: one, sometimes two, good cleavages, but obscured 
by the softness of the mineral. 

Fmctu1·e: uneven, often slightly splintery. 

1'enac·ity: brittle and crumbling. 

Hwrdness: 2-2.5. 

St?-eak: black to bluish-black. 
Spec-ific gravity: 4.73-4.86. 

Occ·tb1"1'ence : columnar, often radiating, reniform fibrous 
crusts or coats; also massive and fine granular. 

Assoc•iations: psilomelane, manga:nite, limonite, quartz. 
1'ests: Infusible. Yields oxygen when heated on charcoal; 

yields chlorine when treated with hydrochloric acid. 
With soda gives bluish-g1·een mass. With borax give• 
amethyst-colored bead in O.F., becoming colorless in R.F. 

Rerruu·ks: It is probably an a ltered form of manganite and 
psilomelane. 

Econornic: ore of manganese in Vermont, Virginia, Arkan 
sas, etc. 

J>SILOMELANE, BLACK HEl\1ATITE: Composition doubtful, owing 
to impurities, but is probably a hydrous manganese manganate, 
H 41Vln05 , in which barium or potassium may replace part of 
the manganese. Manganese about 39.5 per cent. 

Golo1·: iron-black to dark metallic gray. 
Luste1·: submetallic to dull earthy. 
Diaplw.neity: opaque. 
Ct·ystal fo? .. m: never crystallized. 
Cleavage: none. 
F1·acttwe : commonly rather smooth, sometimes subcon-

choidal. 
Tenacity : brittle. 
Hardness : 5-6. 
St1·eak: brownish-black, shining. 
Spec•ific gq·wu"ity: 3.7 -4.7. 
Occun·ence: massive and botryoidal or kidney-shaped; stal­

actitic; often in layers with pyrolusite. 
Associations : o.ther manganese minerals and frequently iron 

ores. 
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Tests: Infusible. Heated in closed tube gives up oxygen 
and usually water, with soda gives ,bluish-green ma:ss. 
Soluble in hydrochloric acid and evolves chlorine. 

Differences: harder than pyrolusite; limonite has brown to 
yellow streak .. 

E·aonomic : valuable ore of manganese. Used in manufac­
ture of chlorine, oxygen, spiegeleisen, decolorizing and 
coloring glass, oxidizing a:gent in varnishes and linseed 
oil. 

Colorado: not' found in quantity in Colorado, although the 
manganiferous ores ~f Leadville contain it. 

Locali ties: Crimera, Va.; Cartersville, Ga. ; Batesville, Ark.; 
at various points in Vermont, North Carolina: and Cali­
fornia. 

~fANGANI'l'E: Hydrous sesquioxide of manganese, Mn 20 3 • H 20 
or MnO(OH); manganese 62.4 per cent. 

Colo1· steel-gray to iron-black. 
Luster: submetallic. ' 
Diaphaneity: opaque. 
C1·ystal ~Oif"'ln: orthorhombic, prismatic crystals with striated 

faces; often in groups with rounded cross-sections. 
Cleavage: two perfect. 
Fr·aatur·e: uneven. 
Tenacity: brittle. 
Hardness: 4. 
Streak: reddish-brown to nearly black. 
Specific gmvity: 4.2---4.6. 
Occu·rrence: often by deposition from water. 
Assoryiations: other ores of manga:nese, and ores of iron. 
Tests: Much water in closed tube, otherwise like pyrolusite. 

but gives less oxygen. 
Remarks: Alters to other manganese minerals. 
Colm·ado: various localities, but rarely in large quantity. 

Crystals found at Devils Head, Douglas County. 
Econonvic: ore of manganese; see psilomelane. 

BRAUNITE: Mainly manganese sesquioxide, but generally con­
tains manganese silicate, 3Mn20 3 • MnSi03 ; manganese about 62 
per cent. 

" Color·: brownish-black to steel-gray. 

(6) 
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Luster: sub metallic. 
D~aphaneity: opaque. 
Crystal form: tetragonal in forms approaching octahedrons. 
Cleavage: one perfect. 
Fracture: subconchoidal to uneven. 
Tenacity: brittle. 
Hardness: 6-6.5. 
Streak: brownish-black. 
Specific gravity: 4. 75-4.82. 
Occurrence: frequently in veins and crusts and in irregular 

granular ma·sses. 
Associations: other manganese ores. 
Tests: Similar to psilomelane, but generally leaves gela­

tinous silica. 
Economic: ore of manganese, much mined in India and in 

Europe. 
Colorado: not known in commercial quantity. 

RHODOCHROSITE, DIALOGITE: Carbonate of manganese, 
MnC03 ; manganese 47.7 per cent. 

Color: pink to rose to brownish-red. 
Luster: vitreous to pearly. 
Diaphaneity: transparent to subtranslucent. 
C1·ystal form: hexagonal; crystals rare, except rhombo-

hedrons. 
Cleavage: perfect, parallel to rhombohedrons. 
F1·acture: uneven. 
Tenacity: brittle. 
H a1·dness: 3.5-4.5. 
Skeak: white. 
Specific [I'IYVIYity: 3.45-3.6. 
Occurrmwe: commonly in silver, silver-lead and copper 

veins, often as crusts and rounded and globular masses. 
Associations: silver, lead, copper and gold ores, and other 

manganese minera·ls. 
Tests: Before blowpipe infusible, decrepitates strongly, 

changes to gray or brown or black. Soluble in hot 
hydrochloric acid with effervescence. Gives usual man­
ganese test'!. 

CoLolf'ado: many mines in ~an Juan area, Boulder, Lake 
and other counties . 

. ',.-
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ALABANDITE, MANGANBLENDE1 sulphide of manganese, MnS; 
manganese 63.1 per cent. It is an iron-black to brownish-black 
mineral of submetallic luster, usually occurring in granular 
masses, but occasionally in cubes and dodecahedrons, having a 
perfect cubic cleavage. The ha:rdness is 3.5-4, and the streak 
is green. It gives the usual reactions for manganese, yields 
sulphur fumes in the open tube, and is soluble (with evolution 
of hydrogen sulphide) in hydrochloric acid. It occurs at 
various points in Colorado, but chiefly on the Snake River, 
Summit County. 

MANGANESE MINERALS LESS IMPORTANT AS ORES 

POLIANITE is manganese dioxide Mn02 ; commonly in groups 
and bunches of needle-like crystaJs of light steel or iron-gray. 
It is harder than pyrolusite and is anhydrous. 

WAD is a hydrous earthy to compact, dark-brown to black mixture 
of oxides of manganese, and frequently oxides of other metals, 
such as cobalt, lead, iron, copper. It varies in hardness from 
1 to 6. It is sometimes loose and dusty. 

ASBOLITE is a wad containing oxide of cobalt, sometimes up to 
30 per cent or over. 

LAMP ADITE or CUPROUS ~ANGANESE is a wad containing 
4 to 18 per cent of oxide . of copper, and often oxide of cobalt. 

HAUSMANiNITE: Mn30 4 or ,Mn20 3 .Mn0 ; occurs in tetragonal 
octahedrons and twins and granular masses. It has a hardness 
of 5-5.5, brownish color and streak, a submetallic luster, and 
a specific gravity of 4.85. Not important as an ore. 

MANGANESE-BEARING l\IINERALS NOT DESCRIBED: 
Hauerite, Manganosite, Bixbyite, Pyrochroite. 

MOLYBDENUM AND MOLYBDENUM 
MINERALS 

USES: Metallic molybdenum is used in the manufacture of 
tool steel and other special steel, but, though its use is increasing, 
it has not yet proved so satisfactory as tungsten. Molybdenum 
wire is used as a support for the filament in certain incandescent 
lamps. 

~hltP. Hidnrir~l and 
~'clliL' UIU w:;:;mryS __ oc_i_e~t u1 _________ _ 
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Ammonium molybdate is used in the determination of phos­
phorus in iron•; in fireproofing materials; as a disinfectant and 
germicide. Sodium molybdate is used as a coloring agent in 
pottery making, and in silk and woolen dyeing. Molybdenum 
tannate is used in coloring leather. "Molybdenum indigo," Mo50 7, 

is used in coloring rubber. 

MOLYBDENUM ORES AND MINERALS 

MOLYBDENITE: Molybdenum sulphide, MoS2 ; molybdenum 
60.0 per cent. 

Color: lead-gray. 
Luster: metallic. 
Diaphaneity: opaque. 
G-rystal fM·rn: hexagonal, tabular or short prismatic. 
Cleavage: one perfect, yielding flexible flakes. 
Tenacity: sectile. 
Hardiness: 1-1.5. 
Streak: lead-gray metallic, bluish-gray on paper. 
Specific gravity: 4.7-4.8. 
Occurrence: in ,foliated or scaly masses and fine granular. 

In grains and masses in granite, gneiss, zircon syenite, 
granular limestone, etc. 

Tests: Infusible, but at high heat gives flame yellowish-green_ 
color. On charcoal gives sulphur fumes and slight subli­
mate, yellow hot and white cold, and deep blue when 
flashed with reducing flame. Soluble in strong nitric. 
Gives blue solution with sulphuric acid. 

Colo1·ado: many places in the crystalline rocks, but not in 
commercial amount, except possibly in Pitkin. 

Eco1wrnic: molybdenum_ steel and molybdenum salts. 

WULFENITEt: A molybdate of lead, PbMo04 or PbO.Mo03 ; 

lead 56.3 per cent, molybdenum trioxide 39.3 per cent. 
OolM: wax-yellow to orange, pale green, red and yellowish-

gray. 
linster: resinous to adamantine. 
D·iaphaneity: translucent. 
C1·ystal (o1·rn: tetragonal. Thin, square, tabular crystals are 

commonest, but octahedral and prismatic forms occur. 
Cleavage: one good, two less distinct. 
Fmcture: subconchoidal; brittle. 
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Hardness: 2.75-3. 
Streak: white. 
Specific gravity: 6.7-7. 
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Assooiatio,ns: other lea(!. minerals, especially pyromorphite, 
and vanadinite. 

Occurs: crystals, more or less perfect, crystal crusts, massive 
granular. 

Tests: On coal fuses easily; with soda yields lead. With 
phosphorus salt gives yellowish-green glass O.F., dark 
g~een R.F. Strong hydrochloric acid gives green solution, 
which, when much diluted and stirred up with tin, 
becomes deep blue and finally brown. 

M:OLYBDITE, MoLYBDIC OcHRE, Fe20 3 • 3Mo03 • 71j2H 20; occurs as 
an earthy yellow powder or in hair-like crystals of pale-yellow 
color. · It has a dull luster, a straw-yellow streak, a hardness 
of 1-2, and a specific gravity of 4.5. It fuses on charcoal, 
yielding crystals which are yellow when cold. It is not im­
portant. 

It occurs in the Mona.rch district, Chaffee County. 

POWELLITE is a calcium molybdate, CaMo04 ; molybdenum 
trioxide 82.0 per cent. It is a greenish-yellow, subtransparent, 

· resinous mineral having no cleavage, an uneven fracture, a 
hardness of 3.5, a specific gravity of 4.52. Tests: Fuses with 
difficulty to a gray mass; reacts for molybdenum with salt of 
phosphorus; decomposed by nitric and hydrochloric acids. 

NICKEL AND COBALT AND THEIR 
MINERALS 

USES OF NICKEL: By far the most important use of nickel 
is in the manufacture of the various nickel steels, which include 
nickel steel, chrome-nickel steel, tungsten-nickel steel, moly­
bdenum-nickel steel, and others. The nickel and other steel­
hardening metals are added to the molten steel in the form of 
the alloys: ferro-nickel, chrome-nickel, molybdenum-nickel, etc. 
The nickel gives greater hardness, toughness, elasticity and tensile 
strength to the. steel. A common nickel steel, the Krupp steel, 
contains 3.5 per cent nickel, 1.5 per cent chromium and about 
0.25 per cent carbon. 

The uses of nickel steel are for armor plate, gun shields, 
turrets, steel rails, heavy forgings, marine engines, wire cables, 
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electric apparatus, etc. For a number of these uses the steel 
contains one of the other steel-hardening metals in addition to 
the nickel. The metal is also used for plating other metals and 
for ornamental purposes. 

Monel metal is a remarkably useful alloy of nickel, copper 
and iron, in about the proportions: nickel 68 per cent, copper 
26.25 per , cent, iron 3.25 per cent; with some manganese and 
carbon. Its strength, workability, resistance to corrosion, and 
wearing qualities make it eminently suitable for propeller wheels, 
marine pumps, mine pumps, mine screens, roofing, and many 
other purposes. Some alloys of nickel and aluminum have great 
strength and wearing qualities. The five-cent coin is an alloy of 
nickel and copper. German silver contains copper, zinc and 
nickel. 

The salts of nickel are not widely used. 
USES OF COBALT: The oxide of cobalt is used for coloring 

glass and porcelain. Smalt blue is a pigment made by coloring 
glass and other artificial silicate substances, and pulverizing the 
product. Cobalt blue is another cobalt pigment. Cobalt salts 
and cobalt test papers are used in chemical laboratories. 

NICKEL ORES AND MINERALS 

GARNIERITE, NouMEITE: . A hydrated silicate of magnesium and 
nickel, perhaps H 2 (Ni,Mg) SiO.+H 20. The percem:age of nickel 
varies from 20 to 45. 

Colo1·: pale apple-green to bright green. 
Luster: varnish-like to dull. 
Diaphane-ity: opaque. 
Crystal tor1n: non-crystalline. 
Cleavage: none. 
Fractu1·e: smooth, subconchoidal. 
Tenacity: brittle, friable. 
Hardness: 2-3; also soft amorphous. 
St1·eak: pale green to white. 
Specific gmvity: 2.27-2.8. 
Occurs: irregular masses, often showing concretion-like " 

forms of different color. 
Rocks: mainly serpentine. 
Tests: Infusible, decrepitates; yields water in closed tube. 

Colors borax bead red. Partially soluble in hydrochloric 
and nitric acids. 
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Rf3!mar'lcs: Found in New Caledonia in commercial amount; 
in United States in small deposits in D_guglas County, 
Oregon, and in North Carolina. 

NIOK:illLIFEROUS PYRRHOTITE is described under iron. 

MILLERITE, CAPILLARY PYRI'l'ES: Nickel sulphide, NiS; nickel 
64.7 per cent. 

Color: brass-yellow to bronze-yellow. 
Luster: metallic. 
Diaphaneity: opaque. 
Crystal for·m: hexagonal. Commonly in slender or capillary 

crystals, often radiating. 
Fracture: uneven. 
Tenacity: brittle. 
Hardness: 3-3.5. 
Streak: greenish-black. 
Specific gravity: 5.3-5.65. 
Occurs: commonly in radiating groups of slender crystals 

forming crusts and coatings. 
Tests: In the open tube gives sulphur fumes. B.B. on coal 

fuses to a globule. In R.F. the mineral forms a coherent 
mass, attractable by the magnet. Roasted mineral gives 
with borax and salt of phosphorus a violet bead O.F., 
becoming gray in R.F. from reduced metallic nickel. 

PENTLANDITE is a sulphide of iron and nickel, nearly 
2FeS. NiS; nickel 22 per cent. It is a light bronze-yellow 
mineral of metallic luster, light bronze-brown streak, octahedral 
cleavage, a hardness of 3.5-4, and a specific gravity of 4.6. It 
is an important mineral in the Sudbury nickel deposits of 
Ontario. 

Tests: The common nickel and iron reactions. The powdered 
mineral roasted on charcoal gives, with the fluxes, re­
actions for iron and nickel. 

NICCOLITE, CoPPER NICKEL: Nickel arsenide, NiAs ; nickel 
43.9 per cent; arsenic 56.1 per cent. 

Color: pale copper-red. 
Lttstf3!r: metallic. 
Diaphaneity: opaque. 
Cr·ystal form: hexagonal; crystals are rare. 
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Cleavage: none. 
F'ractu1·e: smooth to uneven. 
Tenacity: brittle. 
H aTd!ness: 5-5.5. 
Streak.' pale brownish-black. 
Specific gravity: 7.33-7.67. 
Occwrs: massive, very fine graular, also columnar reticulated. 

Associations: Accompanies other nickel ores, cobalt, silver, 
and copper ores, such as smaltite, cobaltite, native silver, 
argentite, millerite, chloanthite, chalcopyrite. 

Tests: In the closed tube gives a faint white crystalline 
sublimate of arsenic trioxide, As20 3 ; in the open tube, a 
subl1mate of arsenic .trioxide, the assay changing to 
yellowish-green. On coal fuses with white fumes to a 
magnetic globule which reacts for iron; cobalt and nickel. 
Soluble jn strong nitric acid and aqua regia. 

GERSDORFFITE is a: sulpharsenide of nickel, NiS. NiAs2 , 

usually carrying both iron and cobalt. It is a silver-white to 
steel-gray mineral of metallic luster, a hardness of 5.5, and a 
specific gravity of 5.6-6.2. It usually occurs massive. 'Pests: 
B.B. on charcoal gives sulphur and arsenic fumes, and fuses 
to a globule which with borax glass (fused borax) gives an 
iron reaction. When more borax glass is added, cobalt and 
nickel reactions are obtained. Dissolved by warm nitric acid, 
forming a green solution. 

ZARATITE, EMERALD NICKEL, Ni008 .2Ni(OH) 2 +4H20, occurs 
as emerald-green mammillary crusts and in compact masses. 
Reacts for cobalt and nickel. 

ANN ABERG ITE is a hydrous nickel arsenate, Ni3As20 8 • 8H20, 
with a little cobalt oxide. It is a soft, apple-green mineral, 
occurring in needle-like crystals forming crusts and mass~s, 
and in scattered grains. B.B. fuses easily, and on charcoal 
gives arsenic odor and yields a metallic button. A part of the 
bead dissolved in borax glass gives the cobalt-blue, and on 
further heating ,the violet or reddish-brown of nickel. In R.F. 
met'a:llic nickel is formed and the bead turns gray. Colorado 
localities: the Gem and other mines near Silver Cliff, with 
niccolite. 
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GENTHITE, a hydrous magnesium-nickel silicate, 2Ni0. 3Mg0. 
3S<i02 • 6H20 , of pale apple-green or yellowish color, resinous 
luster, greenish streak. It occurs in amorphous incrustating 
masses. 

SMALTITE-CHLOANTHITE : 1'he two minerals grade into 
one another. Smaltite is essentially a diarsenide of cobalt, 
CoAs2 ; cobalt 28.2 per cent. Nickel is aLmos t always, and iron 
commonly, present. Chloanthite is essentially a dia:rsenide of 
nickel, NiAs2 ; nickel 28.1 per cent. Cobalt is almost always, 
and iron commonly, present. 

(J,o,lo1·: tin-white to steel-gray. 
Luster: metaJlic. 
Diaphaneity: opaque. 
Crystal form : isometric, in distorted forms; massive. 
FTact~~re: granular and uneven. 
Tenacity: brittle. 
Hardness: 5.5-6. 
Streak: grayish-black. 
Specific gmvity: 6.4-6.6. 
Occurs: commonly massive ; also in r eticulated forms. In 

veins. 
Associations: ores of cobalt or nickel, and silver and copper. 
Tests: In closed tube a sublimate of arsenic. In the open 

tube, a sublimate of arsenic trioxide As20 3 • On charcoal 
gives arsenic odor, and fuses to globule, which, treated 
with successive proportions of borax glass, reacts for iron, 
cobalt and nickel. Soluble in nitric acid, yielding a 
red to green solution. 

COBALT ORES AND MINERALS 

00BADTITE, ·CoBALTINE1 CoBALT GLANCE: A ·Sulpharsenide of 
cobalt, OoAsS; cobalt 35.5 per cent. 

Color: silver-white inclined to red; a lso steel-gray. 
Luster: metallic. 
Diaphaneity: opaque. 
Crystal form: isometric-pyritohedral. Cubes. or pyrito-

hedrons, or combinations resembling forms of pyrite. 
Cleavage: good. 
F1·acture: uneven. 
Tenacity: brittle. 
Hardn(}Ss: 5.5. 
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Streak: grayish-black. 
Specific gravity: 6-6.3. 
Occurs: in veins with- ores of cobalt and nickel, silver and 

c~~~ . 
Tests: In closed tube unaltered. In open tube gives sulphur 

flilmes and sublima:te of arsenic trioxide, As20 3 • B.B. 
on coaJ yields sulphur and arsenic, and fuses to a 
metallic globule. With borax gives cobalt-blue color. 
Soluble in nitric acid with separation of sulphur. 

ERYTHRITE, CoBALT BLOOM: A hydrous cobalt arsenate, 
Co3AS20 8 + 8H20 , or 3Co0. As·20 5 + 8H20; cobalt 29.33 per cent, 
arsenic 35.05 per cent. 

Color: crimson to peach-red, to gray. 
Luster: adamantine to vitreous to pearly. 
Diaphaneity: transparent to weakly translucent. 
Crysta!l fo1·m: monoclinic, prismatic. 
Cleavage: one perfect. 
Tenacity: sectile. 
Hardness: 1.5-2.5. 
Streak: paler than the color of the mineral. 
Specific gravity: 2.9·5. 
Oc~urs: mainly in globulai· and reniform shapes with drusy 

surfaces and co lumnar structure; also as soft earthy, 
powdery crusts. 

Tests: Closed tube gives water and turns bluish; at higher 
heat gives off arsenic trioxide As20 3 , which forms crystals 
on the cool glass. B.B. in forceps fuses at 2 to a gray 
bead, coloring the flame a light blue (arsenic) ; on coal 
gives arsenic odor, and fuses to dark-gray arsenide, which 
with borax gives the deep cobalt-blue. Soluble in hydro­
chloric acid to rose-red solution. 

LINN AEITE is a sulphide of cobalt, Co3 S4, or CoS. Co2 S3 , with 
some nickel. It is a pale steel-gray mineral of metallic luster, 
but tarnishing to copper-red, having a hardness of 5.5, and a 
specific gravity of 4.8-5. It occurs in octahedrons and massive. 

Economic: an ore of nickel. 

GLAUCODOT is a sulpharsenide of cobalt a:nd iron, (Co, Fe) AsS, 
or (Co,Fe)S2 . (Co, Fe)As2 • The percentage of cobalt varies. 
It is isomorphous with arsenopyrite. It is an opaque grayish 
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or tin-white, mehtllic mineral having a fair cleavage, an uneven 
fracture, a hardness of 5, a specific gravity of 5.9-6.01. It 
reacts for arsenic, sulphur, iron and cobalt. 

LAMPADITE and ASBOLITE are described with manganese 
minerals. 

NICKEL AND COBALT MINERALS DESCRIBED ELSE­
WHERE ARE: Nickeliferous pyrrhotite and meteoric iron. 

NICKEL AND COBALT MINERALS NOT DESCRIBED: 
Breithauptite, Melonite, Ullmanite, Morenosite, Rammels­
bergite. 

TITANIUM AND TITANIUM MINERALS 
USES: The principal use of titanium is in the purification 

of steel, by the removal of oxygen and nitrogen. The removal of 
these elements, however, allows the steel to take on modified 
physical characters which are highly important in connection 
with the wearing qualities of the steel. Many metallurgists 
believe that titanium is beneficial to steel in other ways, partic­
ularly in increasing the elasticity. Steel purified by titanium is 
used for railway rails, rolls for shaping steel , steel castings, gears, 
tires, dies, stamp heads, propeller shafts, automobile frames, tools, 
ingot molds, car wheels, etc. Titanium is also used to improve 
cast iron in the same way. The titanium is added in the form of 
an alloy, ferrotitanium, as in the case of other steel-improving 
metals. Titanium is also used in the electrodes of arc lights. 

Salts of titanium find a number of uses: The chloride, the 
sulphate and other salts are used as mordants and coloring agents. 

Rutile gives a soft yellow color to porcelain tile. Certain 
salts are used in fireworks, and titanium ferrocyanide is used in 
pigments. 

Titanium is also used in the porcelain industry to give certain 
colors. The titanium ores produced in this country are mainly 
rutile and highly titaniferous iron ore. 

RUTILE: Titanium dioxide, Ti02 ; titanium 60.0 per cent. 

Col()ll·: commonly reddish-btrown to red and yellowish, 
bluish, violet and black. 

L~~ste1·: metallic to adamantine. 
Diaphaneity: transparent to opaque. 
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Crystallizat·ion: tetragonal prisms vertically striated; knee­
shaped twins aocl complex twins are common. It is 
occasionally massive. 

Cleavage: two distinct. 
F1·actu1·e: subconchoidal to uneven. 
Tenacity: brittle. 
H a1·dness: 6-6.5. 
St1·eak: pale brown. 
Specific gravity: 4.18-4.25 . 
Occun·ence: It is found in a great variety of rocks, such as 

granites, gneisses, schists, slates, dolomites, and others. 
It is commonly in crystals. It is rarely found in large 
quantities. 

Tests: B.B'. infusible. With phosphorus salt gives a color­
less bead which, when cooled from the reducing flame 
(inner flame) , becomes violet. .Sometimes the violet 
color comes only after bead is fused with tin on charcoal. 
Insoluble in acids, but soluble after fusion with soda. 
The acidulated solution boiled down with metallic tin 
gives a fine violet color. 

NIGRINE is a black varietY. of · rutile, carrying a considerable 
percentage of iron. 

BROOKITE is an orthorhombic form of titanium dioxide, Ti02, 

occurring only in crystals. It varies in color from yellowish­
brown to red, reddish-black and black. The lighter-colored 
crystals are translucent, while the black ones are opaque, and 
the streak varies from uncolored to yellowish or grayish. The 
cleavage is poor, the fracture subconchoidal to uneven; hardness 
5.5-6; specific gravity 3.87-4.01. The tests are the same as 
for rutile. It is not known in commercial quantities. 

OCTAHEDRITE, ANATASE). is titanium dioxide, Ti02 ; titanium 
60.0 per cent. 

Color: various shades of brown, passing into blue and black. 
Luster: submetallic to adamantine, even resembling the 

diamond. 
Diaphaneity : transparent to nearly opaque. 
C1·ystalli.zation: tetragonal crystals of octahedral habit, 

rarely prismatic. 
Cleavage: two perfect. 

/ 
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Fracture:· subconchoidal. 
Tenacity: brittle. 
Ha1·dness: 5.5-6. 
St·reak: uncolored. 
Specific gravity: 3.82-3.95. 
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Occurrence: generally in crystal form, along with quartz, 
chlorite, ilmenite, axinite, etc. 

Tests: same as rutile. 

ILMENITE, TITANIC IRON, is described elsewhere. This will 
prove to be the chief source of the metal in the fu.ture. 

TUNGSTEN AND TUNGSTEN MINERALS 
Uses: The principal use is in the manufacture of tungsten 

steel. For this purpose metallic tungsten powder may be added 
to the molten srteel in the crucibl~, or the metallic tungsten may 
be alloyed with iron forming ferrotungsten which is added to the 
molten steel in such quantity as to produoe the physical prop­
erties desired-such as toughness, hardness, superior elasticity, 
and self-tempering quality. Tungsten steels are used for edged 
tools, high-speed cutting tools, car springs, railway frogs, "perma­
nent magnets," such as compass needles and calibrating instru­
ments, sounding plates and wires for musical instruments. It is 
reported that car wheels and the wearing parts of heavy ma­
chinery, armor plate and heavy projectiles are being made of 
tungsten ·steel. 

Metallic tungsten is used for filaments in incandescent elec­
tric lamps. It is estimated that the use of the tungsten lamp is 
effecting a saving to power companies and consumers of not less 
than $240,000,000 annually. Many valuable alloys of tungsten 
are in use. Platinoid contains copper, zinc, nickel and tungsten. 
Wolfram-aluminum is an alloy of tungsten and aluminum. Par­
tinium is a light and very strong alloy of tungsten and aluminum. 
An alloy containing tungsten, aluminum and copper is used for 
propeller blades. Minargent contains tungsten, nickel and cop· 
per. Sideraphite contains iron, nickel, aluminum, copper and 
tungsten. An alloy containing 73-75 per cent tungsten, 23-25 
per cent nickel, a small amount of iron, silicon and carbon, is 
much used. Many alloys of tungsten with chromium, titanium, 
75rconium, columbium and tantalum are available. 
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Sodium tungstate and barium tungstate are used in glass­
coloring and pottery-glazing for the production of blue and yel­
low tints. Sodium paratungstate is used as a mordant in dyeing 
and calico-printing, and for fireproofing cloth. Various salts 
characterized by rich color tones are used in making stained 
papers, and others are used to weight silks. Tungsten bronzes of 
beautiful color and high luster are made from sodium tungstate 
und potassium tungstate. Calcium tungstate ts used as a screen 
to make the X-rays visible. 

TUNGSTEN MINERALS IMPORTANT AS ORES 

WOLFRAMITE, WoLFRAM: A tungstate of iron and manganese, 
(Fe,Mn)W04 ; with FeO:MnO chiefly 4:1 and 2:3; tungsten 
trioxide 76.4 arid 76.5 per cent. 

Color: dark grayish or brownish-black. 

Lttster: submetallic to metallic. 
Diaphancity: opaque; 

Crystal form: monoclinic, tabular to prismatic, long-bladed 
forms, often divergent. 

Cleavage: one very perfect. 

Fractu1·e: uneven. 

Tenacity: very brittle, friable. 

Hardness: 5-5.5. 

Specific gravity: 7.2-7.5. 
Streak: nearly black. 
Occu1·s: often as crusts and druses, also massive, granular, 

both coarse and fine. 
Associations: tin ores, tourmaline, fluorite, topaz, beryl, and 

other tungsten minerals, generally in quartz or higllly 
silicious gangue. 

Rocks: granites of Yarious kinds, including pegmatite and 
greisen. 

Tests: Fuses ·to a weakly magnetic globule. Soluble in 
hydrochloric acid, with formation of a yellow powder 
which, when boiled with zinc or tin, forms a fine blue 
solution. Reacts for manganese with soda on platinum 
foil. 

Remarks: It is sometimes pseudomorphic after scheelite, and 
sometimes alters to scheelite. 
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FERBERITE: A tungstate of iron, FeW04 ; tungsten trioxide, 
W03, 76.32 per cent. Manganese may replace a small part of 
the iron. 

Color: black to blue-black to faint brownish-black. 
Lttster: submetallic to briJ.liant metallic on cleavage surfaces; 

submetallic on crystal faces and granular surfaces. 
Diaphaneity: Weakly translucent in cleavage plates, but gen­

erally opaque. 
C1·ystal form: monoclinic, chisel and spear-head forms, prism~ 

and plates occur. 
Cleavage: one, perfect. 
F·racture: uneven. 
Tenacity: very friable. 
Hardness: 4.5-5.5. 
St1·eak:_ gray-black to black to brownish-black. 
Specific gmvity: 7.2---7.5. 
Occur.'!: in crystalline crusts, druses and vug-linings; also 

massive, fine granular. 
Tests: same as for wolframite. 
Rema;rks: Hiibnerite, wolframite and ferberite form a series 

in which iron increases and manganese decreases. Fer­
berite is the ore of Boulder Count y, Colorado. 

HUBNERITE: A tungstate of manganese and iron, (Mn,Fe) W04 , 

with manganese in excess of the iron; tungsten trioxide about 
75 per cent. 

Color: blackish-brown to seal-brown to hair-brown, occasion-
ally blue-black. 

Lustm·: submetallic to metallic and adamantine. 
Diaphwneity: opaque to translucent. 
Crystal to1·m: like those of wolframite. 
Cleavage: one perfect. 
Fracture: uneven. 
Tenacity: friable. 
Hardness: 5-5.5. 
St?·eak: grayish-black. 
Specific gravity: 7.2--7.5. 
Occtt1"S: in same forms as wolframHe, but radiating bladed 

forms are common. 
Associations: same as wolframite. 
Tests: same as for wolframite, but reacts more strongly for 

manganese. 
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SOHEELITE: A calcium tungstate, Oa W04 ; tungsten trioxide, 
W03, 80 per cent. Molybdenum is often present. 

Co lOT': white, yellowish, brow~ish, greenish, reddish. 

Lttster: vitreous to adamantine. 

Diaphaneity: transparent to translucent. 

C1·ystal form: tetragonal, pyramidal and tabular forms pre-
dominate. 

C'leavage: fa:ir. 

F1·acture: uneven. 

Tenacity: brittle. 
Hwrdlness: 4.5-5. 

' 
Streak: white. 

Specific grravity: 5.9-6.1. 

Occwrs: imperfect crystals, massive, granular; also reni­
form and columnar. 

Assoc'iations: cassiterite, topaz, fluorite, apatite, molybde­
nite, other tungsten ores. 

Tests: Fuses with difficulty to a semi-transparent glnss; 
soluble in hydrochloric acid, forming a yellow powder, 
which, when boiled with zinc or tin, gives a deep blue 
solution. 

Remarks: It is sometimes pseudomorphous after wolframite; 
and sometimes alters .to other tungsten minerals. 

TUNGSTEN MINERALS NOT IMPORTANT AS ORES 

S'TOLZITE, a tungsta1e of lead, PbW04 ; tungsten trioxide, 
wo3, 51.0 per cent, lead 45.4 per cent. 

Crystal fonn: tetragonal pyramids often in aggregates. 
Cleavage: two poor. 
F1·acture: Conchoidal to uneven, brittle. 
HanJ;ness : 2.75-3. 
Specific grcwity: 7.87 -8.13. 
Lustm·: resinous to subadamantine. 
Colo1·: green, yellowish-gray, brown a:nd red. 
St?-eak: uncolored. 
Diaphaneit;y: faintly translucent. 
Tf}sts: B.B. fuses easily to a crystalline, lustrous, metallic 

pearl; on coal with soda yields lead; decomposed by 
nitric acid, leaving yellow residue of tungsten trioxide. 
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TUNGS'l'ITE, TuNGSTrc OcHRE, ,W03 , tungsten 79.3 per cent, is 
a bright-yellow or yellowish-green, soft earthy mineral r·esuJt­
ing from the decomposition of wolframite, ferberite, s<:heeli te, 
and other tungsten minerals. 

Tests: B:B. on charcoal becomes bla<:k in inner flame, but 
does not fuse. With salt of phosphorus gives O.F. a 
colorless or yellowish bead, which in R.F., when cold , 
becomes a blue glass. Insoluble in acids. 

CUPROTUNGSITITE, a tungstate of' copper, CuW04 ; also a 
tungstate of copper and calcium, (Ca,Cu) W04 ; tungstic acid 
variable, copper variable. 

Color: various shades of green. 
Luster: highly vitreous. 
Crystallization: crystalline granular, and in crusts. 
Cleavage: one distinct. 
H Gll·dlness: 4.5-5. 
Streak: greenish-gray to greenish-yellow. 
Tests: B.B. fuses to black glass, giving flame the copper­

green color. On charcoal blackens, fuses with swelling, 
forming a black slag containing particles of copper. 
Soluble in hydrochlori~, with separation of yellow tung­
sten trioxide, which may be tested as described under 
wolframite. 

URANIUM AND VANADIUM AND THEIR 
MINERALS 

USES OF URANIUM: Metallic uranium and uranium 
carbide are used in the steel industry to increase the toughness, 
hardness and elongation of steel for special purposes-chiefly 
gun metal and possibly armor plate. It' is also used in the 
mantles of incandescent gas lamps, with thoria, ceria and zirconia, 
and in filaments of electric lamps. Various uranium salts are 
used in iridescent glass and pottery glazes. The trioxide is used 
in porcelain-painting and calico-printing. Certain uranium salts 
are used in medicine, and others in chemical determinations. 

Most uranium minerals are radioactive, and they are the 
chief source of radium, helium, and other rare elements now 
eagerly studied. The most important source of radium is ur~mi­

nite (pitchblende). 
USES OF V ANADIIUM: 'The most important use of vana­

dium is in the steel industry. It is said to improve the steel by 
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the removal of oxygen and nitrogen, by the formation of a solid 
solution with the iron, and by the formation of beneficial car­
bides. The vanadium added amounts to about 0.35 per cent, of 
which 0.1 per cent is lost in removing the oxygen and nitrogen, 
and 0.25 per cent remains in the steel. It is commonly used with 
chromium or manganese, or both, or with these and nickel. 

The pentoxide, V 20 5 , is used as a catalytic agent in sulphurie 
acid manufacture. Several salts of yanadium are used in chem­
ical processes, photography, glass- and porcelain-coloring, dyeing 
dlks and other fabrics, as an oxidizing agent, and in the reduc­
tion of organic compounds; in making certain bronzes, and per­
manent inks. 

URANIUM AND VANADIUM MINERALS IMPORTANT 
AS ORES 

Uranium-bearing minerals are very numerous, but only a 
few are likely to be of any commercial value. A large number 
are secondary minerals after the more important ones. A full 
list will be found in the Engineering and Mining JoWJ-nal) Volume 
87, page 257, 1909. 

URANIN'ITE, PITCHBLENDE: Mainly a uranite of uranyl, 
(U0 2 ), lead, etc. It may contain calcium, zirconium, iron, 
copper, bismutlf, the metals of' the lanthanum and yttrium 
groups, and the gases nitrogen, helium, argon, radium, etc. 
Uranium percentage variable. 

Co lot·: gray to olive-green to dark brown, somewhat shining. 
Luste~·: submetallic to greasy or pitchy and dull. 
Diaphaneity: opaque. 
Crystal ~o.nn : isometric, in octahedrons, cubes, dodeca-

hedrons; crystals rare. 
Cleavage: not definite. 
F't·acture: conchoidal to uneven. 
Tenacity: brittle. 
Hardness: 5.5. 
Specific grat~ty: 9-9.7; massive forms lower-from 6.4 up. 
Ocet~1-rence: in granitic rocks and in veins as a black mas-

sive mineral, often botr:xoidal in surface and of pitch­
like appearance. 

Tests: Infusible or slightly rounded on edges. When cop­
per is present, gives green flame . Borax and salt of 
phosphorus beads are yellow in O.F., but green in R.F. 
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Soluble in nitric and sulphuric acids. Commonly gives 
radio-photograph. 

Colo1··ado: Jefferson and Gilpin Counties, at various mines. 

Econornic: uranium salts for use in porcelain-painting, 
glass-coloring, etc. Source of radium. 

CARNOTITE: Mainly a vanadate of uranium and potassium, 
with other bases. A silicate of vanadium possibly related to 
Roscoelite is generally present. The avera:ge of several analyses 
gives: vanadium pentoxide 20.5; uranium trioxide 60.27; 
p~tassium oxide 6.63; water 6.5 per cent. 

Color and st1·eak: chrome-yellow. 
Luster: dull. 
Diaphaneity: opaque, in powdery mass. 
Crystal form: very minute crystals and powder. 
Cleavage: none shown. 
Fracture: obscure. 
Hardness: very soft. 
Occurrence: loose, as yellow, crystalline powder in cavities 

and seams and disseminated through sandstones. 
Tests: Gives tests for uranium and vanadium. Salt of phos­

phorus bead: O.F. amber hot, golden-yellow cold; R.F. 
green hot, fine green cold. Completely soluble in nitric 
acid with green solution, in hydrochloric acid with yel­
low solution, and in sulphuric acid with orange solution. 

Color·ado: Montrose, San Miguel, Dl()lores, Garfield, Rio 
Blanco, Routt, and other western counties. 

Econ10nnic: important ore of uranium and vanadium. 

GUMM:)ITE is a reddish-yellow to orange, red and reddish-brown 
alteration product of pitchblende, of doubtful composition, but 
mainly a hydrous oxide of uranium, containing from 60 to 75 
per cent of U03 • Greasy luster; yellow streak; hardness of 
2.5-3; specific gravity of 3.9-4.2. 

Tests: Yields much water and gives bituminous odor. With 
salt of phosphorus in O.F. gives yellow bead, which be­
comes green in the reducing flame (uraniuml, leaving 
undissolved skeleton of silica. 

THOROGUMMITE is a thorium-bearing gummite. Hardne~s 

4-4.5; specific gravity 4.43-4.54. 
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BROGGERITE, CLEVE1ITE and NIVENITE are varieties of 
uraninite. 

URANOSPHAEHITE" is described under Bismuth. 

P ATRONITE: Vanadium sulphide VS4 , (or possibly an even 
higher sulphide); vanadium by the formula VS4 would be 28.6 
per cent. The average of four analyses by Hillebrand gives 
vanadium 25.48 per cent. 

Colo1·: dark green, r esembling olivenite. 
C1·ystall'ization: apparently amorphous. 
l'racture: conchoidal to uneven. 
Hardness:· 3.5. 
St1·eak: greenish-black. 
Specific gravity: 2.65. 
Occur1·ence: The minerai was first found in Peru, where 

it occurs in a vein following the bedding of Cretaceous 
shales. (Eng. Min. Jour., Vol. 82, p. 385; Am. Jot~?". Sci., 
Vol. 14 7, p. 141.) It is reported from several localities 
in western Colorado, but the writer h~s not. been able 
to verify the reports. A vanadium mineral from near 
Newmire, called by the finder "patronite," did not 
answer the description. 

ROSCOEL'ITE, VANADIUM MicA: A complex silicate of doubt­
ful formula, but possibly H 8K(Mg,Fe) (Al,V) 4 (Si03 ) 12 ; vana­
dium trioxide, V 20 3 , ZO to 28 per cent. 

Color: various shades of brown and green, but olive-green 
is probably commonest in Colorado. 

Lttster: pearly when fresh, but often weakly pearly to 
earthy. 

Diaphane-ity: translucent to almost opaque. 
C1·ystallization: minute scales, in groups variously ar­

ranged-as fans, rosettes and stars, in which the scales 
a·re sometimes folded and crumpled. 

Cleavage: perfect, basal. 
Ha1·dness : 1-1.5. 
Str·eak: pale, earthy-greenish. 
Specific gravity: 2.92-2.94. 
Occtt1'rence: in Magnolia district with quartz, calaverite 

and other vein minerals; in western Colorado in the 
La Plata sandstone as minute scales, scaly bunches, and 
irregular grains of olive-green to brownish-green color. 
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Tests: Fuses easily to black glass; in O.F. wirh salt of phos· 
phorus a dark-yellow bead; in R.F. an emerald-greeu 
bead. Only slightly acted upon by acids. 

Colomdo localities: Magnolia: district and other places in 
Boulder County, San Miguel County; also reported from 
Montrose and Dolores Counties, and other localities in 
western Colorado. 

VANADINI'l'B: A chloro-vanadate of lead, 3Pb3 (V04 ) 2 .PbCI" 
or Pb5Cl (V0 4 ) 3 ; vanadium pentoxide, V20 5, 19.4 per cent, lead 
73.0 per cent. 

Oolor: deep red to .bright red to orange to brown and yellow. 

Lta~ter : resinous on fracture. 

DinphancUy: translucent to opaque. 

Crystal fonn: hexagonal-pyramidal. Crystals prismatic witlt 
sharp outlines; also in rounded forms and parallel group­
ings. Hollow crystals are common. 

Cleavage: obscure or none. 
F'ractu1·e: uneven to flat conchoidal. 
Tenacity: brittle. 
H aTdness: 2.75-3. 
St1·eak: white to pale yellow.· 
Specific gmvity: 6.66-7 .1. 

• 

Occun·ence: crusts and bunches of globular crystals, nnd 
frequently s}larp, well-defined crystals. 

Associations: wulfenite, pyromorphite, descloizite. 

Tests: On charcoal fuses easily to black mass, yielding yel­
low sublimate and metallic lead in reducing flame. Resi-

. due after lead is oxidized a\vay gives, with salt of phos­
phorus in R.F., emerald-green, in O.F. light yellow. 
Decomposed by hydrochloric acid. Nitric acid causes 
deep !"ed, then dissolves to yellow solution. 

Ec.onomic: Ore of vanadium, which is used in steel manu­
facture. Salts of vanadium are used in dyeing silks, 
making vanadium bronze and vanadium ink. 

ColMado: Montrose and San Miguel Counties. 

ENDLICHITE has less vanadium and more arsenic than vana­
dinite. 
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KENTSMITHITE, a dark, brownish-black, earthy-looking, vana­
dium-bearing mineral found impregnating sandstone, and also 
reported from a vein near Newmire, has been called Kentsmith­
ite after Mr. Kent Smith. The writer has found no printed 
description of it. 

DESCLOIZITE is described elsewhere. 

URANIUM MINERALS OF LESS IMPORTANCE 

TORBERNITE, CoPPER URANITE : A hydrous phosphate of uran­
iuiDJ and copper, Cu(U02 ) 2P 20 8 +8H20; uranium trioxide, U03 , 

61.2 per cent. 

Color: various shades of green. 
Luster: pearly to subadamantine . 

. Diaphaneity: transparent to weakly translucent. 
Crystal form: tetragonal, square tablets varying in thickness; 

sometimes in pyramids and micaceous aggregates. 
Cleavage: one perfect. 
Tenacity: brittle. 
H ardtness: 2-2.5. 
Streak: paler than color. 
Specific gravity: 3.4-3.6. 
Ocourrence: crystals and foliated masses. 

Tests: Fuses easily to black mass, coloring flame green 
(copper). Borax bead is green in O.F., but red and 
opaque in R.F. Soluble in nitric acid. 

Economic: possible source of uranium. 

AUTUNITE, LIME URANITE, a hydrous phosphate of uranium 
and calcium, in form, hardness and occurrence resembling 
torbernite, but yellow in color. Specific gravity: 3.05-3.19. 
Gives same reactions as torbernite, except that for copper. 

URANOPHANE is a hydrous silicate of uranium and calcium, 
Ca0 .2U03 .2Si02+6H20; uranium trioxide 76.0 per cent. It is 
a yellow mineral of vitreous to pearly luster, hardness of 2-3, 
specific gravity of 3.8-3.9, occurring in groups of radiating 
acicular prisms and fine fibrous masses, probably as an altera­
tion of uraninite and gummite. 
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ZEUNERIT'E is an arsenate of copper and uranium, Cu0.2U03 • 

. As20G. SH20; uranium trioxide, uo3, 56.0 per cent. It occurs 
in green, tabular crystals having a perfect cleavage, a pearly 
luster, an uneven fracture, a hardness of 2-2.5, a specific 
gravity of 3.2. 

Tests fM 1.waninm: 1. Salt of phosphorus bead: in O.F. 
yellow while hot, yellowish green when cold; in R.F. fine 
green when cold. 2. Powdered mineral is dissolved in 
HOI, or fused with soda, then dissolved in HCl. Add 
ammonia until solution is nearly neutral. (If precipi­
tate forms add acid slowly until it is dissolved.) AdJ 
powdered ammonium carbonate until no more precipitate 
i:s formed, let ·stand, filter, acidify with hydrochloric 
acid, boil, add ammonia in excess. Yellow precipitate 
indicates uranium. Filter and test precipitate with 
bead. Dissolve ·precipitate in little dilute sulphuric acid, 
add zinc. Blue solution turning green confirms other 
tests. 

Tests for vanadium: 1. Borax bead: i,u O.F., yellow when 
hot, .colorless when cold; in R.F. dirty green when hot, 
fine green when cold. 2. Salt of phosphorus bead: in 
O.F. yellow to amber when hot, paler when cold; in R.F., 
dirty green when hot, fine green when cold. 3. Fuse 
powdered mineral in 4 parts soda and ,2 parts niter. 
Dissolve mass in hot water, filter, acidify with acetic 
acid, and add lead acetate; pale yellow precipitate fading 
to white. If molybdenum or chromium is sus•pected, dis­
solve the fused mass in water and add powdered ammo­
nium chloride until it dissolves very slowly, and let stand. 
Faint yellowish precipitate indicates vanadium. Filter 
and wash precipitate with solution of ammonium chlo­
ride, heat slowly in porcelain crucible. Red residue is 
vanadium pentoxide. 

VANADIUM AND URANIUJ\l ORES OF WESTERN COLORADO 

l7ctnadium occurs in several ores of quite distinct appearance: 

1. A rather pale olive sandstone, graduating into a very 
dark green rock speckled with carnotite. The color is due to the 
vanadium-bearing mineral forming a cementing material between 
the grains. This mineral is closely related to roscoelite, but th r 
percentages of Al 20 3 and V 20 5 are reversed. 

2. Carnotite has been described. 
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3. A dark brownish sandstone in which the bonding mate­
rial is a mineral containing vanadium, and a little uranium. The 
rock strongly resembles an ordinary iron charged sandstone, but 
it contains very little iron. So far as the writer is aware no 
name has been given to this mineral. 

4. A very dark green or greenish black sandstone, the 
broken surface of which has a dull waxy or oily luster. The ce­
menting material is a vanadium mineral carrying little or no 
uranium, locally called Kentsmithite, but it is probably almost 
identical with the darker part of the ore described under number 
one. A sandstone of similar appearance carries a little vanadium. 

5. Calciovolborthite or possibly volborthite has been re­
ported from two or, more localities, but the writer has been unable 
to verify the reports. It is possible that the mineral came from 
Utah. 

6. The dark pitchy or coaly looking material carrying man­
ganese and much carbon does not appear to be a separate min­
eral. It is sometimes well charged with carnotite and possibly 
one of the other vanadium-bearing minerals. · 

Tests: The tests for carnotite and roscoelite are described 
under those minerals. 

The bt·own sandstone: When treated with acids the brown 
mineral is readily dissolved leaving the white sand grains. With 
hydrochloric acid the solution is first red, then brownish yellow, 
cooling to yellowish green. With nitric acid the solution is da:r;k 
red, fading rapidly to almost colorless. It reacts for both uran­
ium and vanadium. If the acid solution is made almost neutral 
with ammonia and hydrochloroplatinic acid is added a yellow 
precipitate shows the presence of potassium. Aluminum is also 
present. 

The dark gTeen sandstone: The vanadium mineral of this ore 
is not so readily soluble as that of the brown sandstone. But 
enough can be brought into solution with strong hydrochloric acid 
to yield tests for vanadium. The reactions are more positive if 
the mineral is fused with sodium carbonate. In most respects it 
resembles roscoelite. It contains little or no uranium, but gives 
a good reaction for potassium, and aluminum, and occasionally 
carries an appreciable amount of manganese. 

Uranium ore: Only the carnotite appears to carry uranium in 
commercial amount. 
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URANIUM MINERALS NOT DESCRIBED: Uranothalite, 
Uranopilite, Johannite, Uraconite, Uranospinite, Uranocircite, 
Walpurgite, etc. 

VANADIUM MINERALS NOT DESCRIBED: Vanadium-bear­
ing minerals are very numerous, but many of them are very 
rare. A few seem to be worthy of mention. They are: Vanadic 
ochre, Ardennite, Volborthite. 

COPPER AND COPPER MINERALS 
USES OF COPPER: The most important use of copper is 

as a conductor of electricity. Of the common metals only silver 
is a better electrical conductor than copper. Aluminum is also 
used as a conductor. In conductivity the three rank as follows:. 
silver 100, copper 96, aluminum 63. Brass is an alloy of copper 
and zinc. 'l'he use for which it is intended determines the pro­
portion of the two metals. The commonest proportion is about 
two of copper to one of zinc, but there are scores of brasses in use. 
Bronze, gun-metal, bell-metal, are alloys of copper, tin and gen­
erally zinc. The tone of the bell is· determined largely by the 
ratio in which the two metals are used. German silver is an 
alloy of copper, zinc and nickel. Statuary bronze contains cop-

. per, tin and zinc. Phosphor-bronze is a bronze purified by fluxing 
with phosphorus. Many alloys of aluminum and copper are in 
commercial use. That containing about 10 per cent of aluminum 
ir,> known as aluminum bronze. An alloy of copper, aluminum 
and tungsten -is used for propeller blades. Copper is extensively 
used in the arts and trades: covering ships' bottoms, roofing, 
domestic utensils, plumbing, copper-plate engraving. The salts 
of copper are also extensively used. The sulphate is used in elec­
trotyping, copper-plating, calico-printing, sanitary engineering, 
galvanic batteries, etc. Cupric oxide is used in oil-refining and 
in organic chemistry. Several salts of copper are used as pig· 
ments, especially green and blue. 

MINERALS IMPORTANT AS ORES OF COPPER 

CHALCOCITE, CDPPER GLANCE: Cu2 S; copper 79.8 per cent, 
sulphur 20.2 per· cent'. 

CoZ01·: blackish to lead-gray. 

Luster: metallic in the crystal, dull in soft Yariety. 
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Crystal form: orthorhombic, crystals commonly hexagonal 
in outline. 

Cleavage: poor. 
Fracture: conchoidal, brittle. 
H ar·dness: 2.5-3 for crystals; also soft, earthy. 
Streak: blackish to lead-gray. 
Specific gmmty: 5.5-5.8. 
Occun·ence: massive, granular to compact, also soft 

powdery form; often secondary from alteration of other 
copper minerals. 

Associations: other copper ores, pyrite, quartz, etc. 
Tests: Open tube, sulphur fumes. On coal, melts to a 

globule which sputters. The fine powder roasted O.F., 
. then heated R.F., gives metallic copper. 

COPPER: Metallic copper, C'u. 
Color·: Copper-red. 
Luster: metallic on fresh surfaces, but o'ld surfaces become 

dull. 
C1·ystal fo?·m: isometric, cubes, tetrahedrons, etc. 
Cleavage:- none. 
Fractu1·e: rough, hackly. 
Hardness: 2.5-3. 
Streak: meta:llic-shining. 
Specific gramty: 8.8-8.9. 
Occurs : strings, sheets, arborescent masses, lumps and scat­

tered grains in sandstone, conglomerate, amygdaloidal 
rocks, etc. 

Tests: Fuses easily; cooling, becomes covered with dark 
oxide; nitric dissolves it, and addition of ammonia gives 
deep blue. 

Rmnarlcs: Probably always derived from copper minerals by ' 
processes of alteration. 

ENARGITE: A sulph-arsenate of copper, Cu3AsS4 or 3Cu2 S. 
As2S5 (often contains antimony) ; copper 48.3 per cent, sulphur 
32.6 per cent, arsenic 19.1 per cent. 

Colo1·: grayish-black to iron-black. 
L~tste;r : metallic to submetallic. 
Crystal form: orthorhombic, crystals rat:e. 
Cleavage: one perfect and two distinct. 
Fractu1·e: uneven and ragged. 
HaTdness: 3. 
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Streak: grayish-black to iron-black. 
Specific gravity: 4.43-4.45. 
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Occwrs: as an ore, massive, g-ranular, showing good cleavage 
faces on broken surfa:ces. 

Associations: various sulphide ores of copper, pyrite and 
gold ores. 

Tests: Closed tube, decrepitates and deposits sulphur, and 
at higher temperatures fuses and deposits sulphide of 
arsenic. On coal, fuses and gives faint coating of oxrdes 
of arsenic, antimony and zinc. Soluble in a:qua regia. 

CHALCOPYRITE, CoPPER PYRITEs, YELLOW CoPPER OaE: 
CuFeS2 or Cu2 S. Fe2 S3 ; copper 34.5 per cent, iron 30.5 per 
cent, sulphur 35 per cent. 

Color: brassy-;rellow, often tarnished and iridescent. 
Luster: metallic. 

Crystal to1·m: tetragonal, crystals commonly tetrahedral in 
appearance. 

Cleavage: poor. 
Fracture.· uneven, brittle. 
Hardness.· 3.5-4. 
Skeak: greenish-black. 
Specific gravity: 4.1-4.3. 

Occurs.· compact massive, in sedimentary, igneous a:nd meta­
morphic rocks, in veins and contact deposits. 

Associations: pyrite, bornite, tetrahedrite, pyrrhotite, 
siderite, vein quartz. 

Tests: Closed tube, decrepitates and deposits sulphur on the 
tube. Open tube, sulphur fumes. Coal, fuses to mag­
netic globule. Fluxes, reacts for iron and copper. 

Differences: softer and deeper yellow than pyrite, brittle 
while gold is not, soluble in nitric acid while gold is not. 

PYRITE: Cupriferous pyrite is an importa:nt ore of copper in 
Arizona, Tennessee and elsewhere. The percentage of copper 
ranges from a fraction of 1 per cent up to that ,of chalco­
pyrite, 34.5. 

PYRRHOTITE is frequently copper-bearing, but is rarely im­
portant as an ore of copper. 
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BORNITE, PuRPLE CoPPER ORE, VARIEGATED CoPPER ORE: Mas­
sive forms vary, but crystals are Cu3FeS3 ; copper 55.5 per cent, 
iron 16.4 per cent, sulphur 28.1 per cent. 

Color: copper-red to pinc)lbeck-brown on new surfaces, but 
quickly becomes iridescent from tarnish. 

Lnster: metallic. 

Crystal form: isometric, ·tubes often with curved faces: 
Cleavage: seldom seen. 
Fracture: small conchoidal, une,·en, brittle. 
H ar·dness: 3. 
Stn;ak: pale grayish-black. 
Specific gravity: 4.9-5.4. 
Ocmws: massive, granular or compact. 
Association: other copper ores; especially the sulphides, ar­

senides, etc. 
Tests: Closed tube, faint sublimate of sulphur. Open tnbe, 

sulphur fumes. Coal, R.F. brittle metallic globule, mag­
netic. Coal and soda, metallic globule. Other copper 
and iron reactions. 

'J'E'l'RAHEDRl'rE, GRAY CoPPER ORE: A sulph-antimonite of 
copper. Composition varies, but is generally Cu8 Sb2S 7 or 
·!Cu2S.Sb2 S3 ; su lphur 23 per cent, antimony 24.8 per cent, cop· 
per 52.9 per cent. 

Colo1·: between flint-gray and iron-black. 
Luster: metallic, often sp len dent. 
Crystal fonn: isometric, _tetrahedrons. 
Cleavage: none. 
F'mcttM·e: subconchoidal, uneYen, brittle. 
Hardness: 3-4. 

f 

St1·eak : behYeen flint-gray and iron-black, but sometimes 
brown to red. 

Specific gravity: 4.4-5.1. 
Ocet~rrence: massive, granular, coar~e or fine, compact. 
Associations: chalcopyrite, pyrite, sphalerite, galena, siderite. 
Tests: Differs with composition. Closed tube usually gives 

red sublimate of antimony. Open tube, fumes of sul­
phur, fuses, and gives white sublimate of antimony oxide. 
Gives with roasted mineral reactions for copper and 
usually iron. 
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Coloraclo localities: in many mines- in San Juan, Clear Creek, 
Gunnison and Boulder Counties. Much that is called 
tetrahedrite is tennantite. 

TENNANTITE, sulpharsenite of copper, Cu8As2S7 or 4Cu2S. 
As2S3 ; copper 57.5 per cent, arsenic 17 per cent. Often con­
tains antimony and gTades into tetrahedrite. It is almost in­
distinguishable from tetrahedrite, except by analysis. The tests 
show arsenic predominating, instead of antimony as in tetra­
hedrite. Colo1·ado localities: Much of the ore called tetra­
hedrite (gray copper) in Colorado is tennantite. 

MALACHITE: CuC03 .Cu(OH) 2 or 20uO.C02 .H20; carbon di­
oxide 20 per cent, copper 57.4 per cent, oxygen 14.6 per cent, 
water 8.2 per cent. 

Color: bright gTeen. 

Luster: adamantine, inclining to vitreous, sometimes silky; 
often dull earthy. 

' Diaphaneity : sometimes translucent, but usually opaque. 

Crystal fonn: monoclinic; crystals rarely distinct, usually 
' slender, needle-like and tufted. 

Cleavage: seldom observable, but good in some directions. 

Fmctu1·e: subconchoidal. 

H a1·dness: 3.5-4. , 

St1·eak: paler green. 

Specific gravity: 3.9-4.03. 

Occu1·rence: commonly massive, or incrusting, with surface 
botryoidal, and structure divergent. Often delicately 
compact fibrous, and banded in structure and color. Fre­
quently granular or earthy. Found in upper, weathered 
parts of copper deposits. 

Associations: azurite, chrysocolla, melaconite and tenorite, 
cuprite. 

Tests : Closed tube, blackens and loses water. Coal, fuses 
at 2, coloring the flame emerald-green, and is reduced to 
metallic copper. Soluble with effervescence in the acids, 
giving off carbon dioxide. 

NoTE.-Finely colored malachite is cut for gems and ornamental stones. 



190 COMMON MINERALS AND ROCKS 

AZURITE: 2CuC03 .Cu(OH) 2, or 3Cu0.2C02 ; copper 55 per 
cent. 

Color: azure-blue to Berlin'-blue. 
Luster: vitreous, almost adamantine. 
Crystal form: monoclinic. 
Cleavage: good. 
Fracture: conchoidal, brittle. 
Hardness: 3.5-4. 
Streak: blue, lighter than the mineral. 
Specific gravity: 3. 77-3.83. 
Occut-rence: massive, often columnar structure; also dull and 

earthy. Mainly in upper weathered portions of deposits. 
Association: malachite, tenorite, chrysocolla, native copper, 

etc. 
Tests: same as for malachite. 

NoTE.-Choice pieces of fine color and concentric structure are cut for 
gems and ornamental stones. 

CUPRITE, RED CoPPER OxiDE: Cuprous oxide, Cu20; copper 88.8 
per cent. 

Color: red of various shades, sometimes almost black, and 
occasionally crimson. 

Luster: submetallic to earthy. 

Crystal fo rm : isometric, octahedrons, cubes and dodeca-
hedrons. 

Cleavage: poor. 
Ji'1·acture: conchoidal uneven. 
Hardness: 3.5-4. 
Str'tak: shades of brownish-red. 
Specific gravity: 5.65-6.15. 
Occurrence: massive, granular, sometimes earthy. 
Associations: native copper, azurite and ma:lachite, chalco-

cite, limonite, etc. 
Tests: Closed tube, unaltered; in forceps, fuses, coloring 

flame green. On coal, blackens and fuses to metallic 
copper. Soluble in concentrated hydrochloric acid. 
A strong sol,ution cooled and diluted with cool water 
gives a heavy white precipitate of subchloride of copper. 

Differences: softer than hematite, harder than cinnabar and 
ruby silver. 
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CHALCOTRICHITE is a variety of cuprite occurring in hair-like 
crystals. 

TENORITE (in lustrous scales) , MELACONITE (earthy, black, 
massive) : Oupric oxide, CuO; copper 79.8 per cent. 

Color: steel-gray to iron-gray when in scales; earthy-black 
or grayish-black, soiling the fingers. 

Luster: metallic when hard; dull and earthy when soft. 
Diapluvneity: opaque. 
C1·ystallization: rarely shows crystal form; thin shining 

flakes and flexible scales; earthy, massive a:nd powdery. 
Cleavage: one good. 
F'ractuq·e: conchoidal to uneven. 
Hardness: 3-4; mostly in soft, powdery masses. 
Streak: black. 
Specific gravity: 5.8. 
Tests: B.B. in oxidizing flame infusible. For other reactions 

see cuprite. Soluble in nitric and hydrochloric acids. 
Occtws: ma·inly in highly oxidized zones of copper ores, 

from alteration of other copper minerals. 

LAMP ADITE is a wad containing 4 to 18 per cen.t copper, and 
sometimes graduating into melaconite. 

BROCH,A;NTITE, a basic sulphate of copper, 4Cu0. S03 • 3H20; 
copper 56.1 per cent; is a transparent to translucent emerald 
to very dark-green mineral of vitreous to pearly luster, perfect 
cleavage, uneven fracture, a hardness of 3.5-4, and a specific 
gravity of 3.9. It occurs in stout orthorhombic crystals, often 
long and slender; also in crusts and druses, and rounded gran­
ular masses. It is formed as a: result of the alteration of 
sulphide ores of copper near the surface, and is very commonly 
intergrown with malachite. The sulphide breaks up, forming 
a sulphate solution, from which the brochantite is deposited 
by evaporation. It has been reported from several Colorado 
localities, particularly in the Monarch district in Chaffee 
County, and it is very probable that much that is called mala­
chite is, in reality, a mixture of malachite and brocha:ntite. 

COVELLITE: Cupric sulphide, CuS; copper 66.4 per cent. 
Color: indigo-blue or darker, often iridescent. 
Lttster: submetallic to resinous, to dull when massive. ' 
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Diaphaneity: opaque. 

qrystallizati.orn: hexagonal, but rarely in crystals; com­
monly massive or spheroidal, flaky or platy, and gran­
ular. 

Cleavage: one perfect. 
Fractu,re: irregular. Thin plates are flexible. 
I{a1·dness: 1.5-2. 
Streak: lead-gray to black. 
Specific gmvity: 4.59. 
Tests: In closed tube gives deposit of sulphur; in open 

tube, sulphur fumes. B.B. on charcoal burns with blue 
flame and fuses to globule, which reacts like chalcocite. 

CHRYSOCOLLA, CoPPER SILICATE: Varies through impurities, 
such as silica, alumina, copper oxides, etc. Pure mineral is 
CuS~03 • 2H20; copper 36 per cent, silicaJ 34.3 per cent, water 
20.5 per cent, oxygen 9 per cent. 

Color: mountain-green, bluish-green and almost sky-blue; 
brown, etc. 

Lus'ter: vitreous, shining, earthy. 
DiaphanfYity: transluceht to opaque. 
C1·ystal fonn: cryptocrystalline, often opal-like or enamel· 

like, and earthy. 
Cleavage: none. 
F1·actu1·e: conchoidal, rather sectile; translucent varieties 

are brittle. 
H wrdness: 2-4. 
Specific gmvity: 2-2.2. 
Occur•rence: incrusting or filling seams. Sometimes botry­

oidal, mainly in the upper part of veins. 
Associations: other copper ores, especially the ca:rbona tes. 
Tests: Closed tube, blackens and loses water. C'Oal, decrepi­

tates, colors flame green, but does not fuse. Fluxes give 
copper reactions. With soda; gives metallic copper. 
Soluble in acids without gelatinization. 

NoTE.-Choice pieces of chusocolla are cut and polished for ornamental 
purposes. 

COPPER-PITCH ORE is a name applied to a dark-brown to 
black substance, having a dull to resinous and sometimes 
gla·ssy luster, and a dark-brown streak. It breaks with a 
smooth, somewhat conchoidal fracture, and has a hardness of 

., ,, , ... 
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about 4. It shows no cleavage or other evidence of crystalli · 
zation. It occurs with azurite, malachite, chrysocolla, and 
other products of alteration of vein minerals. Analysis shows 
that it contains copper, manganese, iron, zinc, and other 
m:etals in the oxide form . A similar material, containing 
mainly black oxide of copper and limonite, occurs in the 
oxidized zone of a number of copper deposits. 

MELANOCHALCITE is very similar to copper-pitch in general 
appearance and mode of occurrence, but is shown by analyses 
to be a hydrous silico-carbonate of copper. 

COPPER MINERALS RARELY IMPORTANT AS ORES OF COPPER 

RICK'ARDITE is a copper telluride, Cu4Te3 or Cu2Te.2CuTe; 
copper 40.74 per cent. Col1o1· : deep purple, resembling tar­
nished bornite. Luster: metallic. Diaphwneity: opaque. 
Crystallization: massive. Fmctu1·e: irregular to rather 
smooth, brittle. Jlarclness : 3.5. Specific gravity : 7.54. Tests : 
Fuses very· easily to brittle globule, coloring flame pale azure, 
tinged with green and forming white coating of Te02 ; dissolves 
in nitric acid; with strong sulphuric acid gives reddish-violet 
solution. 

Colora,do localities: Vulcan. 

A1'ACAJ\1ITEi: Oxychloride of copper, Cu2Cl(OH) 3 ; copper 
59.45 per cent. 

Colo1·: green of almost all shades, to greenish-blaek when 
oxidized. 

Luster : adama-ntine to vitreous, and when fibrous, silky. 
D'iaphaneity: transparent to translucent. 
C1·ystallization: slender, prismatic, orthorhombic, striated 

crystals; more commonly in crystal aggregates and 
fibrous and granula-r mass_es, and as a sand. Sometimes 
the crystals are bladed parallel to the cleavage. 

Cleavage: one highly perfect. 
Fractu,re : conchoidal, britt le . 
Hcwdness: 3-3.5. 
St1·eak: apple-green. 
Specific gmvity: 3.75. 
Alterat,ion: frequently to ma·lachite, occasionally to chryso­

colla. 

(7) 

State H l$torical ana 
ural History Society, 

0 VER. COLORADO. 
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Tests: In closed tube yields much water and a grayish 
sublimate. B.B. on charcoal fuses to a metallic, copper­
red button, coloring the flame a persistent blue, due to 
the chlorine pr-esent. Soluble in acids to a green solu­
tion. 

Eaornornic: occasionally an ore of copper. 

A URICHALCITE is a: basic carbonate of copper and zinc, 
2(Zn, Cu)C03 .3 (Zn, Cu) (OH) 2 ; varying in color from pale 
green to sky-blue, and having a pale-green to bluish streak. H 
has a hardness of 2, a specific gravity of 3.54-3.64, a pearly 
luster, and is translucent. The percentage of copper varies · 
widel:y, but zinc commonly exceeds the copper in a:mount. 

DIOPTASE is a hydrous silicate of copper, DuO.Si02 .H20; 
copper 40.0 per cent. It is a transparent to translucent, vitreous 
minet:al of emerald-green color, perfect cleavage, conchoidal to 
uneven fracture. Ha1·dlness: 5. Specific graV'ity: 3.28-3.35. 
Occtws: in prismatic crystals, crystal aggregates, and massive 
forms lining cavities and forming crusts. Tests: In closed 
tube blackens and yields water. B.B. flies to pieces, colors 
fia:me copper-green. With · soda on charcoal yields metallic 
copper. Yields a jelly with hydrochlqric acid. 

LIBETHENITE, a hydrous phospha:te of copper, 4Cu0. P 20 5 • 

H 20, is a translucent, olive-green to very dark-green mineral 
of resinous to subviheous luster, poor cleavage, uneve:u frac· 
ture, a hardness of 4, specific gravity of 3.6-3.8. It occurs 
with malachite in and about bodies of chalcopyrite. It is not 
known as an importa:nt ore. 

OLIVE~ITE, oli,·e-green copper ore, is a hydrous arsenate of 
I 

copper, 4Cu0. As2 0 5 • H 20; copper 51.1 per cent; arsenic pent-
' oxide, As2 0 5 , 4,0.7 per cent. Color·: various shades of green, 

brown, yellow and grayish-white. Luste?".· adamantine to vitre­
ous and earthy. Translucent to ozJaque. 01·ystallization: ortho­
rhombic prisms and needles, fibrous masses of globular and 
kidney form. Clea,;age: poor . . F'racttwe: conchoidal to un ­
eYen, brittle. Hardness: 3. Specific g1:avity: 4.1-4.4. Rt·renk: 
olive-green to brown. Tests: B.B fuses easily, giving bluish­
green flame (arsenic and copper); on charcoal, yields arsenic 
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fumes and flames up; forms a globule which with soda gires 
metallic copper. Soluble in nitric acid. 

WOOD COPPER is a finely fibrous variety often having velvety 
surface. Specific gravity 3.9. 

I 

O~ALCANTHITE, CoPPER SuLPHATE, BLuE VITRIOL: Hydrous 
sulphate of copper, CuS0,~.5H20; copper 25.3 per cent. It is 
a blue, translucent to transpai·ent mineral of vitreous luster, 
imperfect cleavage, conchoidal fracture, a specific gravity of 
2.1-2.3, and a hardness of 2.5. It occurs in crusts of crysta ls, 
stalactites, botryoidal crusts and masses, resulting from the 
evaporation of mine waters charged with copper sulphate from 
the disintegration of chalcopyrite and possibly other sulphide 
ores of copper. It sometimes fills seams and small fissm·es. 
and occasionally forms large masses .. 

COPPER MINERALS NOT DESCRIBED: Algodonite, Dorney· 
kite, Whitneyite, Berzelianite, Chalcostibite, Emplecite, Clino­
clasite, Euchroite, Chalcophyllite, Gerhardite, Spangolite, 
Chalcomenite. -

LEAD AND LEAD MINERALS 
USES: Metallic lead in sheets and pipes is extensively used 

in plumbing, roofing·, and in the acid industry. It is a lso used 
for weights, ballast in small r essels, shot, bullets. Alloys of lead 
are numerous and very useful. Type-metal is an alloy of lead 
and antimony; solder is lea:d and tin; pewter is lead, tin, copper, 
and antimony or bismuth. Low-fusion alloys containing lead, 
bismuth and tin are used for fire plugs in automatic fire devkes. 
Alloys of lead are used as anti-friction metals for the bearings 
~f jleavy machinery. Organ-pipe metal is an alloy of lead. 

Salts of lead find many uses in the trades and industries. 
Litharge, PbO, and minium, Pb3 0,~, are used in glass-making. 
Litharge is used as a glaze for pottery, and as a collectmg agent 
in assaying. Dutch, French, English white lead is a hydrate­
carbonate of lead, 2PbC03 .Pb(OH) 2 , extensively used as a pig­
ment. Sublimed white lead is a mixture of lead sulphate, lead 
0xide, and zinc oxide. The composition is usually about PbSO. 
75 per cent, PbO 30 per cent, ZnO 5 per cent. It is an excellent 



196 COMMON MINERALS AND ROCKS 

. pigment. Sublimed blue lead consists of lead sulphate 50-53 
per cent, lead oxide 38-41 per c.;ent, with small amounts of lead 
sulphide, lead sulphite, and zinc oxide. Minium is used as a red 
pigment. Various mixtures of "white lead" and zinc oxide are 
used as white pigmeJ;J.ts. Lead chromates are used as yellow and 
red pigments. Lead acetale, sugar of lead, is extensively used 
in the arts. 

LEAD MINERALS JMPORTANT AS ORES 

GALENA, GALENITE_. LI!JAD SuLPHIDE, LEAD GLANCE: PbS; lead 
86Ji per cent, sulphur 13.4 per cent. 

Color ancl st·reak: pure lead-gray. 
Luster: metallic. 
C1·ystal fo1"'1n : isometric, cubes and cube-octahedrons. 
Cleavage: cubical, perfect. 
J.i'ractttre: flat, subconchoidal or even. 
Hani;ntess: 2.5-2.75. 
Specific gmvity: 7.4-7.6. 
Associa.tio~~t: other lead minerals, pyrite, zinc blende, siderite. 
Occu1·s: massive, cleavable, coarse or fine granular to pow· 

dery fineness. Broken surfaces of massive ore show 
cleavage faces. 

Alteration : Cerussite and anglesite form in the upper weath· 
ered portions of deposits. 

T ests: Open tube gives fumes of sulphur; on coal gives sul­
plmr and fuses to globule of metallic lead, coating the 
coal yellow near the assay, but while farther away . Sol­
uble in strong nitric acid, giving white, powdery pre­
cipitate. 

R ema1·ks: The very fine granular variety is called steel 
galena. The finer-graineu varieties may contain enoug.h 
sli l'Vea' to ma·ke them vah:uable Slilvea· oreJS. 

CERUSSITE, WHITE LEAD OnE, LEAD CARBONATE: Carbonate of 
lead, PbCO.; lead 77.5 per cent. 

Colo1·: white, gray, yellowish, gray-black, sometimes tiflged 
blue or green. 

Lu.ste1'.· adamantine, inclining to vitreous, . resinous or pearly; 
sometimes submetallic. 

nia1Jhancity: tran~parent to translucent. 
crystals. 
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Cleavage: one distinct. 

Ji'racture: conchoidal, very brittle. 

Hardness: 3-3.5. 

Streak : white. 

Specific gravity: 6.46-6.57. 
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Occurs : granular massive and compact; earthy and rarely 
fibrous, sometimes stalactitic, frequently in bunches and 
open masses of slender prismatic crystals. 

Tests: Closed tube, decrepitates, loses carbon dioxide, turns 
yellow, and at higher temperature dark red, but yellow 
again on cooling. On coal, fuses easily, and in R.F. gives 
metallic lead . Soluble with effervescence in diluted nitric 
acid. 

Remarks: It is formed from the alteration of galena. 

ANGLESITE, LEAD SuLPHATE: Sulphate of lead, PbS04 ; lead 
68.3 per cent. 

Clolor: colorless, white, tinged yellow, gray, and sometimes 
blue. 

L~tster: highly adarrnantine in some specimens, inclining to 
resinous and vitreous in others. 

Diaphaneity: transparent to opaque. 
a:ystal form: orthorhombic; crystals usua:lly prismatic, 

sometimes ta:bular. 
Clea.vage: in one direction is distinct. 
Fracture: conchoidal, very brittle. 
Hardness: 2.75-3. 
Streak: white. 
Specific gravity: 6.3-6.89. 
Ocmtr.'!: massive granular to compact stalactitic, nodular, 

often encrusting galena from which -it is formed. Found 
in upper parts of lead deposits. 

Tests: Decrepitates, fuses easily; on coal O.F. fuses to a 
clear pearl, becoming milk-white on cooling; with soda 
R.F. gives metallic lead and the soda is absorbed into 
the oo,al. On coa~ ialtone R.F. effervesces 1and is reduced 
to meta'llic lead. Difficultly soluble in nitric acid. 

Differences: Cerussite effervesces in the acids; it is heavier 
than barite or celestite, and gives different flame colora­
tion-. Yi,eldls Lead in R.F. on c01a:l. 
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PYROMORPHITE): Mainly lead phosphate, 3Pb4 (P04 ) 3 .PbU1 2 ; 

lead 76.28 per cent. 
Oo~or: gTeen, yellow, orange, brown, gray, white. 
Luste?·: resinous. 
Diaphaneity: weakly translucent to opaque, occasionally 

approaching transparency. 
Orysta~ form: short, stout .hexagonal prisms, often branch-

ing and tapering, sometimes hollow. 
Cleavage: poor. 
F?·act~~?·e: subconchoidal to uneven, brittle. 
Hardiness: 3.5-4. 
St?·eak: white to pale yellow. 
Specific gravity: 6.5-7.1. 
Occwrrence: commonly in veins as incrustations, showing 

poorly developed crystals, or interlaced fibers and slender 
crystals. Also botryoidal reniform and granular masses. 

Tests: On coal, fuses readily, coating the coal yellow near 
the assay, white fa-rther away. Globule cools to crystal 
form. With soda, reduces to lead; with salt of phos­
phorus saturated with copper oxide, gives azure-blue 
flame (chlorine). Soluble in nitric acid. 

Remarks: Probably secondary from galena. Rarely occurs 
in 1arge quantity. 

LEAD MINERALS LESS IMPORTANT AS ORES 

AIKINITE, NEEDLE ORE: Sulphobismuthite of lea-d and copper, 
3 (Pb, Cu2 ) S. Bi2 S3-sometimes PbCuBiS3 ; lead 36.0 per cent, 
copper 11.0 per cent, bismuth 36.2 per cent, sulphur 16.8 per 
cent. 

Color: blackish lead-gray, with pale copper-red tarnish. 
Luster: metallic. 
Diaphane;ity: opaque. 
Orysta~ form: orthorhombic, acicular, striated. 
F1·acture: uneven. 
Ha!J"dlness: 2'-2.5. 
Specific gravity: 6.1-6.8. 
Tests: Open tube, yields sulphur fumes, a:nd white subli­

mate which fuses. into dear drops. With bismuth flux 
(2 parts sulphur, 1 part potassium iodide, 1 part acid 
potassium sulphate) on gypsum plate gives yellow 
(lead) , ch{)colate and red (bismuth), coatings, and• green 
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flame (copper). Soluble in nitric acid with separation of 
lead sulphate and sulphur. 

Economic: Reported as ore of bismuth and lead from mines 
in La Plata Mountains. 

R&rnarks: Mistaken for cosalite and bournonite. Darker 
color than bournonite, and less lustrous. Cosalite con­
tains little or no copper. 

O'olMado localities: Reported in fa:ir quantities in La Plata 
Mountains. 

COSALITEi: A sulphide of lead and bismuth; 2PbS. Bi2 S3 ; lead 
41.8 per cent, bismuth 42.0 per cent, sulphur 16.2 per cent. 
Silver and copper may be present, replacing lead. 

Golo1·: lead-gray to steel-gray. 
Luste1".· metallic. 
Diaphaneity: opa:q ue. 
Crystal fon?t: orthorhombic; crystals rare. 
Fracture: uneven. 
Tenacity: brittle. 
Hardness : 2.5-3. 
Stt·eak: black. 
Specific gramty: 6.39-6.75. 
Occ~~rs: usually massive and indistinctly crystalline; fibrous 

to coarse radiating. 
Tests: Sa:me as for aikinite, except copper reactions. 
Economic: Reported as ore of lead and bismuth in La Plata 

quadrangle. 
Renwrks: Some of the ore from La Plata Mountains, called 

cosalite, is clearly aikinite. 
Colorado localities: La Plata Mountains. 

MIMETITE: A chlorarsenate of lead, (Pb Cl)Pb4As30 12 OJ 

3Pb3As20 8 • PbGl2 ; lead 69.5 per cent. Phosphorus may replace 
part of the arsenic, 3;11d calcium a part of the lead. 

Co~orr: pale yellow to brown; orange and white. Occa­
sionally color less. 

Luste1·: resinous. 
• Diaphaneity: translucent to sub transparent. 

C1·ystal fonn: hexagonal; prisms and pyramids like those 
of pyromorphite and vanadinite. 

Cleavage: one poor. 
F1·actwre: uneven. 
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Tenacity. brittle. 
H a;rdness: 3.5. 
·stTea.k: white to whitish. 
SpeciJic gTO!Vity: 7-7.25. 
Occur·s: crusts of crystals and rounded or globular aggre­

gates; also needle-like groups and coatings. 
Associations: other lead minerals; frequently mistaken for 

pyromoll'lphirte anldi varuadtinite. 
Tests: B.B. fuses very easily, giving in reducing flame odor 

of 'arsenic and yielding metallic lead. Coats coal with 
lead chloride and later arsenic trioxide and lead oxide. 
Soluble in nitric acid. Reacts for chlorine, as does 
pyromorphite. 

Econ01nic: rarely in commercia:! quantities. 
Colorado localities : Leadville. 

HINSDALITE, a hydrous sulphate and phosphate of lead and 
aluminum, with a little strontium replacing lead, 2Pb0. 
3Al20 3 .2S03 .P20 5 .6H20; lead 29.5 per cent. 

It occurs in rhombohedrons resembling cubes, and in 
coarsely crystalline gra:n ular masses. 

Cleavage: basal, perfect. 
Hardness: 4.5. 
Density: 3.65. 
Luster: vitreous to greasy. 
Color: colorless to greenish-gray. 
StTeak: colorless. 
Diapha;neity: translucent to transparent when pure. 
A.ssocia.tions: barite, pyrite, galena:, tetrahedrhe and rhodo-

chrosite. 
It occurs as an ore in the Golden Fleece mine near Lake 

City, Oolorado. 

LEAD MINERALS RARELY IMPORTANT AS ORES 

ALTAITE, lead telluride, PbTe; lead 62.3 per cent; is a tin-white 
sectile mineral of metallic luster, tarnishing to bronze yellow. 
I(is usually massive, but sometimes forms cubes. B.B. on coal 
colors flame bluish, fuses to globule, coating coal near assaj 
with lustrous metallic ring of lead telluride bordered by brown­
ish yellow. Volatilizes, leaving only trace of silver. In open 
tube fuses, gives fumes of tellurium dioxide, forming white 
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sublimate which fuses into colorless drops. Occurs in several 
Boulder County mines. 

CLAUSTHALITE, lead selenide, PbSe ;_ lead 72.4 per cent; is a 
bluish-gray, galena-like mineral of metallic luster, cubic cleav­
age, granular fracture, hardness 2.5-3, gravity 7.6-8.8- B.B. 
partially fuses, giving selenium odor (decayed horseradish), 
and coating of gray .bordered by red (selenium), and later yel· 
low (lead oxide); when pure, entirely volatile; with soda gives 
globule of lead. In closed tube gives selenium fumes and red 
sublimate. 

~I AMESONITE is mainly a sulphantimonite of lead, 4PbS. FeS. 
3Sb2 S3 ; lead 40.32 per cent, antimony 35.10 per cent; of gray 
color and metallic luster, usually occurring. in needle-like and 
fibrous crystals, but occasionally fibrous massive and compact 
massive. Cleavage, one. good and two fair; hardness 2--3; 
gravity 5.5-6. B.B. fuses very easily and volatilizes almost 
completely, coating the coal dark yellow bordered by white. 
With hot hydrochloric acid yields hydrogen sulphide, and lead 
chloride on cooling; in open tube, sulphur fumes and white 
deposit of antimony trisulphide. 

BOURNONITE: Sulphantimonite of lead and copper,3 (Pb,Cu2 ) S. 
Sb2 S3 ; lead 42.5 per cent, copper 13.0 per cent, antimony 24.7 
per cent, sulphur 19.8 per cent. 

Color: steel-gray. 

Luster: brilliant, metallic. 

Dia;phaneity: opaque. 

Crystal form: orthorhombic, short prismatic and tubular 
crystals, often having striated faces. 

Clea;vagg: one perfect ·antdl tw1o .fair. 
Fracture: subconchoidal to uneven. 
Tenacity: brittle. 
Hardness: 2.5-3. 
Streak.- steel-gray. 
Specific gravity: 5.7-5.9. 
Occurs: in crystals, and massive, granular, compact. 
Associations: many other complex minerals carrying lead, 

silver, antimony, bismuth, etc. 
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Tests: B.B. on coal fuses easily, giving white coating, and 
later coating of yellow lead oxide; residue of assay re­
duced with soda_ yields copper, which colors flame green, 
or, if moistened with hydrochloric acid, azure-blue. 
Soluble in nitric acid, forming blue solution, and leaving 
residue of sulphur and white powder containing. anti­
mony and lead. 

Economic: an . unimportant ore of lead. 

Remarks: Alters to cerussite, azurite, malachite. 
Colorado localities: San Juan, particularly Silverton area. 

ZINKENITE is a sulphantimonite of lead, PbS. Sb2S3 ; antimony 
41.8 per cent, lead 35.9. It is an opaque, steel-gray mineral 
having a metallic luster, a steel-gray streak, a Jpoor cleavage, 
a rather even fracture, a hardness of 3-3.5, a specific gravity 
of 5.3-5.35. It occurs in poorly defined orthorhombic crystals, 
and in columnar and fibrous masses and granular forms. 
Tests: B.B. flies to pieces, fuses very easily, and ~on coal is 
almost entirelJ' ,;olatilized, forming a yellow coating bordered 
with white. With soda in reducing flame yields metallic lead. 

PHOSG ENITE, a chlorocarbonate of lead, PbC03 • PbCl2 ; lead 
77.8 per cent. Tetragonal, tabular and prismatic; cleavage, 
three distinct; sectile; hardness 3.0; specific gravity 6; luster 
adamantine; colorless, white, gray, yellow; streak white; trans­
parent to translucent; B.ll. melts easily to yellow globule, 
which cools -white and crystalline; on coal ,R.F. metallic lead 
and white coating of lead chloride; effervesces in dilute nitric 
acid. Alters to cerussite. 

MINIUM, an ox'ide of lead, Pb80 4 ; lead 90.6 per cent; is a vivid­
red to yellowish-red, powdery or loosely compact mineral, hav­
ing a specific gravity of 4.6, hardness of 2-3, a dull to greasy 
luster, and an orange-yellow streak. Gives the usual lead re­
actions and a lead globule. The pigment, red lead, is of the 
same composition. 

DE·SCLOIZITE, (Pb,Zn) (PbOH). V04 ; lead 51.4 per cent, zinC' 
15.8 per cent, vanadium 12.7 per cent. Occurs as small pris 
matic or pyramidal, orthorhombic crystals, usually ha:ving 
striated faces; also massive, fibrous, radiated with mammil-
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lary surface. Cleavage: none. Fraot·u·re: smooth to uneven, 
brittle. Hardiness: 3.5. Speoifio gmvity: 5.9-6.2. Luster: 
greasy. Color: purplish-red, brown, black. Streak: orange to 
brown and yellowish-gray. Diaphaneity: transparent to sub­
translucent. Tests: B.B. on coal, fuses to black mass inclosing 
globule of lead; with borax and salt of phosphorus in R.F. 
forms green glass. Dissolves in cold dilute nitric acid. 

LINARITE, a sulphate of lead and copper, PbO.CuO.S03 .H20; 
lead 51.7 per cent, copper 15.78 per cent; is a deep azure-blue 
mineral occurring in elongated and tabular, translucent 
crystals of vitreous to adamantine luster, having one perfect 
and one fair cleavage. Fr·aot~~re: conchoidal. Ha1·dness: 2.5. 
Specific gmvity: 5.3-5.45. Tests: B. B. on coal t'ades; fuses 
easily to a glass, and in reducing flame yields globule of lead and 
copper, from which much of the lead may be oxidized away, 
forming coating of oxide of lead. The remainder, treated with 
fused boric a:cid, gives copper globule. Decomposed by nitric 
acid. Alters to cerussite. 

CROCOITE, lead chromate, PbCr04 ; lead 64 per cent, chromium 
16.2 per cent. M:Onoclinic prismatic crystals, and granular 
and columnar. Cleavage: prismatic, sectile. Hardness: 2.5-3. 
Specific gravi;ty: 5.9-6.1. Dustm·: adamantine. Color: hya­
cinth-red. St1·ealc: orange-yellow. Diaphaneity: translucent. 
Tests: B.B. in closed tube flies to pieces and blackens, but 
reddens on cooling; fuses very easily, and on coal is reduced 
to metallic lead, which burns, leaving residue of chromium 
oxide and giving yellow-lead coating. , With borax and salt of 
phosphorus gives emerald-green beads (cold). With nitri c 
ac;id forms yellow solution. · 

ZINC AND ZINC MINERALS 
USES: Metallic zinc, as it comes from the refinery, is known 

as spelter. Sheet zinc has many uses in the industries. The 
metal is used for galvanizing iron; for making brass, bronze and 
other alloys; in the manufacture of telegraph batteries and 
other fovms of b:atteries. Zinc oxide is used in the manufacture 
of rubber. Zinc sulphate is extensively used in dyeing and 
coloring yarns and fabrics. The chloride is used to some extent 
'as a preservative of wood which is to be placed in the ground. 
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Zinc pigments include zinc oxide, leaded zinc oxide, zinc-lead 
oxide and lithophone (described under barium). 

ZINC MINERALS IMPORTANT AS ORES 

SPHALERITE, ZINc BLENDE, BLENDE, BLACK-JAcK, MocK LEAD: 
Sulphide of zinc, ZnS; zinc 67 per cent. Often contains iron, 
manganese, cadmium, and other metals. 

Color: yellow, brown, black; also green, red, white. 

Luster: resinous to adamantine. 

Diaphaneity: transparent to translucent. 
Crystal form: isometric, often tetrahedrons. 

Cleavage: perfect, dodecahedral. 

F1·acture: conchoidal, brittle. 
Hardness: 3.5-4. 
Streak: brown to light yellow to white. 
Specific gravity: 4. 
Occurs: commonly massive, cleavable, coarse to fine gran· 

ular and compact, sometimes amorphous. 
Associations: lead minerals, pyrite, cha:lc"opyrite, barite, 

fluorite, siderite, silver and gold ores. 
Varieties: These are named for special colors and lusters: 

resin-Jack, ruby-blende (ruby zinc), steel-Jack. 
Tests: The ordinary zinc reactions, and sulphur. Greenish 

to deep-green flame R.F. with soda on coal. 

SMITHSONIITE, ZINC CiARBONATE, (DRY-BONE OF MINERS) : Car­
bona:te of zinc, ZnC03 ; zinc 52 per cent. 

Colo1·: white, greenish, grayish, brownish, green, blue, red, 
often iron-stained. 

Lustm·: vitreous to pearly. 
Diaphaneity: subtransparent to translucent. 
Crystal form: seldom well crystallized. 
Cleavage: good in one direction. 
F1·acture: uneven to conchoidal, brittle. 
Hardness: 5. 
Streak: white. 
Specific gravity: 4.3-4.4. 
Occu1·s: botryoida·l and kidney-shaped, stalactitic and in 

crystalline incrustations; granular. Often dry-bony­
looking and iron-stained. 
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Tests: Effervesces in hydrochloric acid, especially warm ; 
in closed tube gives off carbon dioxide, and is yell ow 
hot and white when cold. Other zinc reactions. 

R &mwrks: It is found more commonly in calcareous rocks 
in association with ga·lena, sphalerite, calamine and 
calcite. Resembles calamine. 

CALAMINE: A hydrous zinc silicate, sometimes called Smith· 
sonite, R 2Zn2Si05 or (ZnOH) 2 Si03 ; zinc 54.15 per cent. 

Golo1·: white, sometimes greenish to bluish. 
Luster: vitreous to almost pearly, etc. 
Diaphaneity: transparent to translucent. 

Crystal form: often tabular, often grouped in sheaf-like 
forms in cav-ities. 

Cleavage: good in two directions. 
Fractur·e: uneven to subconchoidal, brittle . 
H ardlness: 4.5-5. 
Specific gmvity: 3.4-3.5. 
Occur·s : massive, granular, botryoidal, fibrous, stalactitic, 

etc. Smithsonite is commonly present. 
'l'ests: Infusible, reacts for zinc, gelatinizes with acids. 

Does not effervesce. Heated in the O.F. with cobalt 
nitrate, becomes blue, while a· coating around mineral 
may be green. 

ZINC'ITE, RED ZINc ORE) RED OxiDE OF ZINc : Oxide of zinc, 
ZnO; zinc 80.2"4 per cent. 

Golo1·: deep re"d, also orange-yello.w. 
Lustetr: subadamantine. 
G1·ystal fonn: hexagonal; crystals very rare. 
Cleavage: good in one direction. 
F'ract~tre: nearly conchoidal, brittle. 
H ardlnes·s: 4--4.5. 
St1·eak: orange-yellow. 
Specific gravity: 5.4-5.7. 
Occwrs: foliated, massive, or in coarse particles or grains; 

· also granular. 
Tests: Infusible. On coal with fluxes R.F. coats coal yellow 

hot, white cold; soluble in acids; other zinc reactions. 
Rema1·ks: Found as an ore with willemite, franklinite and 

hardystonite in Sussex County, New Jersey. 
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WILLEMITE, TuoosTITE: Silicate of zinc, ~n2 Si04 or 2Zn0. 
Si02 ; zinc 58.5 per cent. 

Colo1·: white to greenish-yellow when pure; apple-green, 
flesh-red. 

Luste;r: vitreous to resinous, not marked. 

Diaplwneity: transparent to opaque. 

01·ystal fo?·m: hexagonal (rhombohedral), in prisms of' vary-
mg length. 

Cleavage: good in one direction. 
Fractur·e: conchoidal to uneven, brittle. 

Hardness: 5.5. 

Streak: not colored. 
Specific gmvity: 3.9-4.2. 

Occttrs: massive and disseminated in grains. 
Tests: In forceps, glows and fuses with difficulty to white 

enamel. Powdered on coal R.F. gives yellow coating 
hot, white cold. Reacts with cobalt nitrate. Hydro­
chloric acid dissolves it and gives gela:tinous silica. 

FRANKLINITE: 'Compound of oxides of iron, zinc and man-
ganese in varying proportions; ( Fe,~n,Mn) 0. ( Fe,Mn) 2 0 3 • 

Color: iron-black. 

Luster: metallic to dull. 
Crystal fonn: isometric, with edges of crystals rounded and 

passing into rounded grains. 
Cleavage: appa;rently in octahedrons, b"ut is not a true 

cleavage. 
Hardness: 5.5-6.5. 
Streak: reddish-brown or black. 
Specific gmvity: 5.07-5.22. 
Occu;rs: massive, granular, coarse or fine to compact. Octa­

hedrons. 
Tests: Borax bead gives amethyst color from ma:nganese 

O.F. Is green in R.F.; fused with soda gives blue-green. 
Reacts for zinc with cobalt nitrate. Soluble in hydro­
chloric acid. 

Remarks: Resembles magnetite, but is very weakly mag 
netic. Associated with zincite and willemite in Sussex, 
County, New Jersey. 
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~ICHOLSOJNIT'E (1) is a zinc-hearing aragonite containing zinc 
in varying amounts up to 10 per rent. When the mineral con­
tains several pe1· rent of zinc the luster becomes decidedly ada­
mantine, the svecific gravity may reach ~.99, and it shows a 
good pinacoidal cleavage. It occurs in radiating prismatic ag­
gregates. 

WOLFTONITE: (1) A magnetic oxide of manganese and zinc, 
contain\ng about -!7 per (·eut manganese and Hl per rent :1.inc, and 

a trace of iron. 
Colo1·: black. 

liuster: highly vitreous. 

Dic~phanl3'ity: OIJaque exce1>t in tl1in section:,;, when it shows 
a yelloyv to b1·own color. 

Ul<?ctvage: probably good. 
Tenacity : brittle. 

H a·rcl1~ess : about 5. 
8t1·ealc : brown. 
SzJecific gravity: 4.6. 

Occtwre;nce: It ocems in manunil huy or boh_yoidal aggre­
gates that m·e very brittle and readily yield needle-like 
fragments which reflect light brilliantly from all sides, 
indicating t!Je presence of many cleavages. 

ZINC l\1INERALt-; LESS IMPOR'rANT AS ORE!S 

\VUR'l.'ZITE is a: zinc >iulphide, ZnS, but diffehng from sphale· 
rite in crystal fol"llL It occurs in hexagonal crystals, and 
fibrous, and massive. It is a bro~mush-black miner·al, having 
a. ·res•inot~s luster, b1·own st1·eal~, one fair cleavage, a hardness 
of 3.5--4, and a specific gravity of 4.0. Tests: same as for 
sphalerite. 

GOSLARI'l.'E, zinc vitriol, is a hydrous sulphate of zinc,ZnS04 • 

7H20, of white to yellowish and reddish color, formed by the 
disintegration of sphalerite, zinc blende. Colomclo local·ity: at 
one time abundant on the old dumps containing zinc blendr 
at Leadville. 

1 I a m indebted to Professor G. l\J. Buller for the descriptions of these two 
new zinc minerals found at Leadville. Fuller descriptions are to be published 
in Economic Geology. 
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HARDYSTONITE, a calcium-zinc silicate Ca2ZnSi20 7 , or 
2Ca:O .ZnO .2Si02 • Occurs in limited amount as a fine-banded, 
granular ore associated with willemite, rhodonite and frank­
linite in the North Hill mine at Franklin Furnace, New Jersey. 

GAHNITE, ZINc SPINEL, is a zinc aluminate, ZnAl20 4 ; zinc 35.5 
per cent. Often contains manganese and iron. Color: various 
shades of gTeen to a lmost black, bluish-black, grayish-brown 
and yellowish-brown. Lustm·: vitreous to greasy. Crystalli­
zation: isometric, octahedrons, dodecahedrons and modified 
cubes; a lso granular masses. Poor cleavage, conchoida:l to 
uneven fracture, brittle. H a1·dness: 7.5-8.0. Spec-ific gmvity: 
4-4.6. Tests: With fluxes on charcoal gives coating of zinc 
oxide; alone infusible; difficultly soluble in sulphuric acid. 

HYDiROZINCITE is a basic carbona:te of zinc, perhaps ZnCD3 • 

2Zn ( OH) 2 • It occurs as massive, fibrous and earthy or frost­
like incrust ations as a result of the alteration of other zinc 
minerals. It was at one time found in the mines at Monarch 
a:nd Garfield. 

ZINC-BEARING MINERALS DESCRIBED UNDER OTHER 
l\1ETAT.;S : Aurichalcite, Descloizite. 

ZINC-BEAR.ING M[NERALS NOT DESCRIBED: Danalite, 
Hopeite, Voltzite . 

TIN AND TIN MINERALS 

USES: The most important use of tin is for plating metals, 
especially iron. Sheet iron coated with tin is known as sheet 
tin or tin plate, and is extensively used for roofing, for kitchen 
utensils, and for cans for preserving, storing and shipping foods, 
liquids, powders, etc. Many a lloys contain tin. Some of the 
more important are: Britannia metal, an alloy of tin, antimony, 
copper, and sometimes zinc; solder contains tin a:nd lead; bell­
llletal, gun-met al and bronze contain copper and tin. Phos­
phorus bronze is prepared by fusing copper and tin phosphide. 
An amalgam of tin and mercury is used in silvering mirrors. Tin 
oxide is used as a polishing powder. Stannic chloride is used as 
a mordant in dyeing. 
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MINERALS IMPORTANT AS ORES OF TIN 

UASSI'l'ERITE, 'l'r~ STONE, 1'rN ORE: Tin dioxide, Sn0 2 ; tin 
78.6 per cent. 

Co·lor: remarkably variable. The commonest color is black 
to brownish-black, but brown, rust-red,. yellow, gray and 
even white occur. 

Lttste~·: crystals usually brilliant, but the massive mineral 
is submetallic to adamantine. 

Dia.phaneity: varies from translucent to opaque ; common 
ore is generally ,opaque. 

C1·ystal fo·rm: low pyramids, and pri smatic forms with steev 
terminations. 

Cleavage: rather poor. 
Fmctu1·e: often smooth, subconchoidal, but commonly un ­

even, brittle. 
Hardness: 6-7. 
St·realc: varies with the color, but is rarely darker than pale 

brown. 
Specific gravity: 6.8-7.1. 
Occt~rs: As an ore it is commonly ma·ssive, granul3,r, but 

kidney forms with radiating structure and an almost 
woody fibrous texture and wood color occur. As a 
placer deposit (stream tin) , it is in angular, suban~lar 
and rounded grains, depending upon the amount of 
wewr. 

'Pests: On coal with soda reduces to metallic tin and gives 
a thin white coating near the ore. Acids act on it very 
slowly. 

R enwrlcs: Cassiterite is most commonly found in acidi c 
rocks, such as granite, greisen, and pegmatite, where it 
is commonly associated with qua:rtz, tungsten minerals, 
mica, topaz, tourmaline, apatite, fluorite, and others. 

S'fANNITE, TIN PYRITES, BELL-METAL ORE: A sulpho-stannate 
of copper, iron and sometimes zinc, Cu2FeSnS4 or Cu2 S. FeS. 
SnS2 ; tin 27.5 per cent, copper 29.5 per cent, iron 13.1 per cent. 

Color: steel-gray when pure; iron-black, bronzy when mixecl 
with chalcopyrite. 

Lttst6'r: metallic. 
Dictphwneity: opa:que. 
C1·ystal tm·n~: isometric-tetrahedral. 
O'leavage: poor. 
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F'mctwre: uneven, brittle. 

H M·dness: 4. 

Streak: blackish. 

Specific gravity: 4.3-4.5. 

Tests: On coal in O.F. fuses to globule, gives off sulphur 
and coats coal with dioxide of tin, Sn02 • Roasted min­
era:! reacts for iron and copper with borax. With nitric 
acid gives blue solution. 

TIN-BEARING MINERALS NOT DEISCRIBED: Cylindrite, 
Teallite, Franckeite, N ordenskioldine. Tin is often found in 
niobates, tantalates and tungstates. 

ALUM I NUM . AND ALUMINUM MINERALS 

USES: Metallic aluminum is extensively used for kitchen 
utensils and for ornamental purposes. Aluminum wire is used 
as an electrical conductor, but its efficiency is only about 60 per 
cent that of copper. A small amount is used for printing and 
lithographing. Powdered aluminum is extensively used in metal­
lurgical reduction, especially in the steel industry; and in the 
welding of large bars of steel, such as steer rails, etc. Alloys of 
aluminum and copper, zinc and other metals are in c9mmercial 
use. 

Aluminum sulphate is extensively used. as a mordant (in 
place of the alumf:i which were formerly used), in dyeing cotton. 
wool, silk, and other textile materials. It is also much used in 
carbonizing wool contaminated with vegetable matter. In the 
paint industry it is used in the manufacture of the lake pigmentR. 
Prnssian blue, Thenard blue, yellow, and Indian yellow. 

Much aluminum sulphate is used in the hide and leather 
industry; in paper-making, plaster-hardening, and lime washes; 
in rendering combustible materials non-inflammable; in purifying 
water, and in sanitary engineering; in bleaching, photography 
and medicine; in certain baking-powders, and in sugar-refining. 

Alums are double sulphate.<> of aluminum and a base, such 
as potassium, sodium and amlmonium. They were formerly much 
used as mordants in the textile industries, but aluminum sulphate 
has largely replaced them. They are used in h~nning, in the 
manufacture of hard plasters. and in the making of baking­
powders. 

Other aluminum salts are used to a less extent. 
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Aluminum is one of, the most abundant elements in the rocks 
of the earth, but comparatively few of the minerals containing it 
are, at present, possible sources of the metal. 

THE ORES OF ALUMINUM: 

BAUXITE, BEAUXITE: Probably variable, from Al20 3 .3H20 , to 
Al20 3 .2H20 , and .tU 203 .H20 . These would give, respectively, 
aluminum 34.6, 39.1 and 45.0 per cent. 

Color: whitish, grayish, yellowish, brownish. 
Luster: dull, earthy. 
Diaphaneity: opaque. 
C1·ystal fonn: none. 
Cleavage: none ; concentric parting frequent. 
l i'1·acture: smooth to uneven. 
Te1wcity: bri'ttle. 
Hardness: variable, but us;ually low, 1-3. 
Str·eak: white to pale yellowish. 
Specific gravity: 2.5. 
0 GGU1'"S: OOlitic, pisolitic, granular, earthy. 
Tests: Infusible; deep blue with cobalt nitrate. Yields 

water at high temperature in closed tube; difficultly 
soluble in hydrochloric acid. 

Uses : the chief ore of aluminum; the manufacture of alum­
inum sulphate, alums and other aluminum salts; re­
fractory linings for furnaces and crucibles; the manu­
facture of alundum, an artificial corundum used as an 
abrasive; alumino-ferric cake, a by-product of the metal­
lurgy of aluminum, used in sanitation. 

ALUNDUM is an artificial corundum (Al20 3 ) produced by cal­
cining and fusing bauxite. It is crushed and used as an 
abrasive; and lately as a refractory lining for furnaces. It 
fuses at 2,300° C. 

CORUBIN is an abrasive material produced from the slag result­
ing from the reaction between aluminum and chromium oxides. 
It contains only a trace of chromium. 

GIBBSITE, HYDRAGILLITE : Aluminum hydrate, Al(OH) 3 or 
Al

2
0

3
• 3H20 ; a luminum 34.6 per cent. 

Color: white, grayish, greenish or reddish, occasionally 
yellow. 
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Luster: vitreous to pearly. 
Diaphaneity: translucent. 
Crystal form: monoclinic, tabular, approaching hexagonal 

outline. 
Cleavage: one good. 
Fmcture: irregu'lar. 
Tenacity: tough to brittle. 
Hardness: 2.5-3.5. 
Streak: white. 
Specific gravity: 2.3-2.4. 
Occurs: thin crusts, stalactites, mammillary forms, some­

ti!lles poorly fibrous. 
Association: bauxite, limonite. 
Tests: Infusible, glows, exfoliates, becomes white, yields 

water in closed tube. With cobalt nitrate gives deep 
blue. Soluble in strong sulphuric acid. 

Rema1'ks: A very desirable ore of a:luminum, but not known 
in commercial quantities. 

UHYOLI'l'E : A fluoride of sodium and aluminum, Na3AlF6 ; 

aluminum 12.8 per cent, fluoriJi,e 54.4 per cent, ~odium 32.8 
]Jer cent. 

CoZ01·: snow-white to colorless, sometimes reddish, or 
brownish to red, and occasionally black. 

Luste1·: greasy to vitreous to pearly. 
Dtiapha1wity: transparent to translucent. 
Crystal fonn: monoclinic; crystals often cubical and 

grouped in paraJlel position. 
Cleavage: three, good. 
Fracture: uneven. 
Tenacity: brittle. 
H ardlness: 2.5. 
Streak: white. 
Specific gravity: 2.95-3.0. 
Occurs: mainly ma:ssive, cleavable, chiefly in granite. 

Tests: Very easily fusible, coloring the flame yellow. On 
coal, fuses to clear bead, opaque when cold. After long 
blowing, the bead spreads out and the fluoride of sodium 
sinks into the coal, and fluorine is given off and residue 
of alumina, A1 20 3, is left, which with cobalt nitrate O.F. 
gives blue color. Soluble in sulphuric acid, yielding 
hydrofluoric acid. 
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Rmnarlcs: The only cryolite deposit of commercial import­
ance in America is in Greenland. 

Uses: The most important uses are in the manufacture of 
opaque glass for enameling iron ware; in the production 
of aluminum from bauxite by the electric furnace, and 
as a flux in the manufacture of white Portland cement. 

Colorado localit'ies: It has been found in Pikes Peak region 
in such qua!ltities as to justify search for commercial 
deposits. Elsewhere in the state it is known only in 
rare crystals and grains. 

ALUMINUM-B:IDARING MINERALS. DES,CRIBED ELSE-' 
WHERE: Corundum, Diaspore, Feldspars, Nephelite, Leucite, 
Topaz, Cyanite, Kaolinite, and other minerals of the Kaolinite 
group; the Zeolites, Lazulite, Turquoise and others. 

GOLD AND GOLD MINERALS 
USES: The chief uses of gold are in coinage, gold plate, 

gold plating and jewelry manufacture. Coin gold is 9 parts of 
gold to 1 part of copper. The gold used in jewelry, watch-cases, 
etc., varies from ten carats to eighteen carats fine-that is, ten 
twenty-fourths to eighteen twenty-fourths fine. It is also used 
for vessels in the chemical industry. 

GOLD MINERALS IMPORTANT AS ORES 

GOLI): :Metallic gold, Au, but commonly alloyed with silver, 
and occasionally with copper, iron and the rarer metals. 

Color: gold-yellow, sometimes paler. 

Luster: metallic. 

Diaphaneity: ·opaque. 
Crystal fo?·m: isometric; perfect crysta:ls are rare, but dis· 

torted and skeleton crystals are not especially uncom­
mon. 

Cle(J,vage: none. 

Fracture: hackly. 
, Tenac-ity: very malleable and ductile. 

Ha1·dness: 2.5-3. 

Streak: gold-yellow, sometimes paler. 

Specific gravity: 15.6-19.3. 
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Occurs: (a) In sca:ttered grains, scales and plates in veins 
and other forms of ore-bodies in rocks of various ages 
and characters, from the most ancient metamorphic 
to the most recent volcanic rocks. Within the veins 
the commonest mineral-containers of gold are ·quartz, 
pyrite, arsenopyrite, chalcopyrite, stibnite. It is also 
found in sphalerite, pyrrhotite, a:nd in various copper 
ores such as chalcocite, enargite and others. (b) In 
placer deposits, the gold of which has been derived from 
veins, and concentrated by stream action. 

Tests : Fuses easily at 1100° 0.; not affected by fluxes or 
single acids, but completely soluble in aqua regia, if 
pure. If much silver is present, the sepa:ration is in­
complete. 

SYLV ANI'l'E, GRAPHIC TELLURIUM: A telluride of gold and 
silver; (Au,Ag) Te2 with Au :Ag = 1 :1, or gold 24.5 per cent 
and silver 13.4 per cent. 

Colo1· and streak: silver-white, occasionally steel-gray, tar-
nishing to yellowish. 

Luste1·: brilliant metallic. 
Diaphaneity: opaque. 
C1·ystal fonn: monodinic, prismatic and thin tabular. 
Cleavage : one perfect. 
F'ractun~ : uneven. 
Tenacity: brittle. 
Hardness: 1.5~2. 

Specific gravity: 7.9-8.3. 
Occu1·s: crusts and filling seams; arborescent forms resem 

bling written characters; bladed or platy crystals and 
granular-crystalline masses. 

Associations: other tellurides. such a:s calaverite, kren­
nerite; fluorite. quartz, etc. 

Tests: On charcoal, fuses to gray globule, depositing a white 
coating which disappears R.F., coloring the flame bluish­
green. Long heating will bring yellow gold-silver 
globule, soluble in aqua regia, forming curd-like mass 
of silver chloride. Open tube gives sublimate (gray near 

. assa;y), which melts to clear transparent drops. 

GALA VfEIRITE: A telluride of gold, AuTe2 , in which, as a rule, 
silver replaces some of the gold; gold about 40 per cent. 

Colo1·: silver-white to steel-gray to pale bronze-yellow. 
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Luste-r: metallic. 
Diaphaneity: opaque. 
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C1·ystal fo-rm: monoclinic, prismatic or lath-shaped, striated_ 
Cleavage: none. 
F-racttt1·e : uneven. 
Tenacity: brittle. 
Hardness: 2.5. 
Stt·eak: same as color. 
Specific gravity: 9.043. 
Occu1·s: crusts, druses or matted crystals, massiv.e, granular. 
Associations: petzite, sylvanite, fluorite, quartz and horn-

stone. 
Tests: On coal fuses, gives a white sublimate, and ultimately 

a metallic gold bead. The sublimate colors the R.F. 
green and disappears. In open tube forms white sub­
limate, which melts to clear transparent drops. Soluble 
in nitric acid and in strong sulphuric acid; the latter 
solution is intense purple. 

Remat·ks: Calaverite is much like sylvanite, but contains 
less silver. Krennerite has the same composition as 
calaverite, but crystallizes in the orthorhombic system. 

GOLD MINERALS LESS IMPORTANT AS ORES 

NAGYAGITE, a sulpho-telluride of lead and gold, with anti­
mony. It is a blackish lead-gray, opaque mineral, having a 
brillia:nt metallic luster, a hardness of 1-1.5, a ' specific gravity 
of 6.85-7.2, a blackish lead-gray streak, one perfect cleavage; 

·occurring· in tabular crystals with striated faces, and in foliated 
granular masses. Tests: B.B. on charcoal forms two coatings 
-one of antimonate, tellurate and sulphate of lead, and easily 
volatile; the other, near the mineral, consists of lead oxide and 
is less volatile. If heated a long time in 0. F., a gold bead 
results. Decomposed by aqua regia. 

KRENNERITE is a gold-silver telluride, (Au, Ag) Te2 , probably 
approaching calaverite in compo.sition rather than sylvanite. 
It is a silver-white to brass-yellow, opaque mineral of metallic 
luster, one perfect clea·vage, a subconchoidal fracture; occur­
ring in orthorhombic crystals having striated prisms. Tests: 
same as for sy1vanite; decrepitates violently. Colorado: Inde­
pendence mine and others in the Cripple Creek district. 
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PETZITE is a telluride of silver a:nd gold, (Ag, Au) 2Te, of steel­
gray to iron-black color, metallic luster, subconchoidal frac-' 
ture, a hardness of 2.5-3, a: specific gravity of 8.7-9; occur­
ring in fine granular to compact masses. Tests: the same as 
for hessite, but the globule contains both silver and gold. 
Colorado: several mines in Boulder County, especially the 

Red Cloud; and the Gold King mine, Cripple Creek. 

GOIJ)-BEARING MINERALS DlE·SCRIBED UNDER OTHER 
MEITALS: Pyrite, Arsenopyrite, Chalcopyrite, etc., are fre­
quently gold-bearing. See description of native gold. 

SILVER AND SILVER MINERALS 
USES: The chief uses of silver a·re for coins, domestic and 

ornamental objects. Pure silver is rarely used even in coinage. 
American silver coins contain 10 per cent of copper. Silver 
salts are much used in photography, in certain chemical pro­
cesses, and to a limited extent in medical science. A small 
amount is used for vessels of various kinds in the chemical 
industry. 

SILVER MINERALS IMPORTANT AS ORES 

SILVER: Met::tllic silver, Ag, usually alloyed with gold and 
copper. 

Colo1 · and streak: silvery-white, but readily tarnished. 
Luste1·: metallic. 
C1·ystal form: isometric, in acicular forms, distorted cube~ , 

etc. 
Cleavage: none. 
F'r-act~we: hackly. 
Tenacity: ductile, malleable. 
Hardness: 2.5-3. 
Spec·ific gr-avity: 10.1-11.1. 
Occu1·s: flakes, s~a:les, plates, wire and mossy forms in veins; 

also in minute grains in galena, etc. 
Tests: On coal fuses readily to white, metallic globule 

crystallizing on cooling. Soluble in nitric acid, and 
deposited again on metallic copper. Precipitated from 
solution by hydrochloric acid as curdy silver chloride. 

ARGENTITE, SILVER GLANCE: Sulphide of silver, Ag2S; silver 
87.1 per cent. 

CoL()If': blackish lea:d-gray. 
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Luste1·: dull metallic. . 
Crystal fonn: isometric, cubes, octahedrons. 
Cleavage: poor. 
F'ractu1·e: smooth, curved. 
T e;nacity: sectile. 
Hardness: 2--2.5. 
Streak: shining, blackish-gray. 
Spec-ific grOIVity: 7.2--7.36. 
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Occu·rs: crusts and coatings, :massive and arborescent forms, 
sometimes connected by threads of native silver. 

Tests: In open tube gives sulphur fumes. On coal, swells, 
fuses, gives sulphur fumes and globule of silver. Soluble 
in nitric acid. 

SILVER-BEARING GALENA, ARGENTIFEROUS GALENA: 
Much of the silver of commerce is obtained from silver-bearing 
galena, in which it is believed to occur in minute metallic 
grains, and in the form of argentite, Ag2 S. The finer-grained 
galena is more commonly silver-bearing than is the coarse­
grained. 

STROMEYERITE<, a1·gentiferous sulphide of copper, or sulphide 
of silver and copper, (Ag, Cu) 2S, or Ag2S.Cu2S; silver 53.1 
per cent, copper 31.1 per cent. It is a dark steel-gray, opaque 
mineral, having a metallic luster, a steel-gray streak, a hard­
ness of 2.5-3, a specific gravity of' 6.15 to 6.3, and occurring in 
orthorhombic prisms, also massive, compact. Tests: In 
closed tube fuses without sublimate. Sulphurous fumes in 
open tube. B.'B. on charcoal forms a bead which reacts for 
copper, and when cupelled with lead yields a silver globule. 
Colo1·ado: in certain Silverton mines. 

PYRARGYRITE, RUBY SILVER ORE, DARK RED SILVER ORE: A 
sulph-antimonide of si lver, Ag3 SbS3 or 3Ag2S. Sb2S3 ; silve"r 
59.9 per cent, antimony 22.3 per cent. 

Colo1·: black, deep red by transmitted light. Thin edges 
show the red. 

Ltbste;r: metallic, adamantine. 
D·iaphaqteity: transparent or translucent in thin splinters. 

opwque in thicker pieces. 
C1·ystal fonn: rhombohedral , prismatic. 
C'leavage: fair. 
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Fracture: conchoidal t'o uneven; brittle. 
Hardness: 2.5. 
St1·eak: purplish-red. 
Specific g1·avity: 5.77-5.86. 

Occw·s: massive, compact, commonly associated with prou­
stite, cerargyrite, other silver ores, galena, pyrite a:nd 
sphalerite. 

Tests: On coal fuses with spurting to globule of silver 
sulphide, which may be oxidized, O.F., or reduced with 
soda, R.F., to silver. ~orms white sublimate on coal. 
Closed tube, forms black sublimate, red when cold. 
Soluble in nitric acid, with separation of sulphur and 
antimony trioxide. 

PROUSTITE, RuBY SILVER ORE, LIGH'r-REn SILVER ORE: A 
sulph-arsenide of silver,. Ag3AsS3 ; silver 65.4 per cent, arsenic 
15.2 per cent. 

Color: scarlet-vermilion. 
Luste1·: adamantine. 
Diaphan&ity: transparent to translucent'. 
Crystal form: hexagonal ; rhombohedral or sca:lenohedral 

forms. 
Cleavage: rhombohedral, distinct. 
F'ractu1·e: conchoida-l to uneven. 
Tenacity: brittle. 
Hardness: 2-2.5. 
Streak: scarlet to aurora-red. 
Specific g1·avity, : 5.57-5.64. 
Occurs: crystals and cryst al crusts; also massive and corn­

pact. 
Associations: other silver ores and sulphides of other 

metals, such a:s iron, zinc and lead. 
Tests: On coal, fuses, giving odor of arsenic and sulphur; 

R.F. with soda gives silver globule. Closed tube, fuses 
and forms faint-red sublimate, yellow when cold. Open 
tube, sulphur fumes and crystalline arsenic trioxide. 

Rema1··ks : Found at Ruby in Gunni son County, in Ouray 
and San Miguel Counties. 

S'TEPHA.l~ITE, BRITTLE SILVER ORE : A sulph-antimonide of 
silver, Ag5SbS4 or 5Ag2S. Sb2 S3 ; silver 68.5 per cent, antimony 
15.2 per cent. 
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Color: iron-bla:ck. 
Luster : metallic. 
D'iaphaneity: opaque. 
Crystal forrn: orthorhombic, short, prismatic , talmlar. 
Cleavage: poor. 
Fracture: subconchoidal to uneven . 
Tenacity: brittle. 
Hardness: 2-2.5. 
S.tr·eak,: iron-black. 
Specific g1·avity: 6.2-6.3. 
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Occ~vrs : Crystals m•e not common, but disseminated grains 
and massive and fine-grained compact forms are most 
abundant. 

Associations: other silver ores, and sulphides of other 
metals. 

Tests : On coal, fuses readily, coating the coal and giving 
out white fumes ·with the odor of sulphur dioxide, and 
yielding a: silver bead. Open tube, fuses and gives sul­
phur and antimony fumes. Closed tube, decrepitates, 
fuses. ·Soluble in nitric acid, with separation of sulphur 
and antimony trioxide, Sb20 3 • 

POLYB:ASITE, a sulphantimonite of silver, Ag9 SbS6 or 9Ag2 S. 
Sb2 S3 ; silver 75.6 per cent with, usually, a little copper. It is 
an iron-black to faintly reddish-b lack mineral of metallic 
luster, black streak, imperfect cleavage, uneven fracture, oc­
cm·ring in short, six-sided, tabular prisms. Tests: Open tube 
fuses, gives sulphur and antimony fumes and a white sub­
limate of antimony trioxide. B.B. fuses and spurts, forming 
a globule, giving off sulphur fumes and coating of antimony 
trioxide. Decomposed by nitric acid. ColMado localities: 
Telluride and Rico mines, and a:t various places in the sulphide 
belt, particularly in Clear Oreek County. 

ARGENTIFEROUS TETRAHEDRITE, FREIBERGITE : The 
color is generaJly lighter than that of tetrahedrite proper, in­
clining to steel-gray, but is sometimes iron-black. The streak 
is often reddish. The percentage of silver ranges from 3 to 
30 or over. It is a somewhat common ore in the San Juan 
a·nd the sulphide belt in general, though much of the ore 
railed argentiferous tetrahedrite is argentiferous tennantite. 
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ARGENTIFEROUS TENNANTITE: The tennantite of Colo­
rado is commonly silver-bearing, and some flnalyses are said 
to show as high as 25 per cent silver. The argentiferous va­
riety is not readily distinguished from the common tennantite, 
except by analysis. 

CERARGYRITE, HoRN SILVER: AgCl; silver 75.3 per cent. 
Color: pearl-gray to yellowish-gray, to whitish, rarely 

violet; violet-brown on exposure to light. 
Luster: waxy to resinous. 
Diaphaneity: transparent to translucent. 
Crystal form: isometric, cubes. 
Cleavage: none. 
Fracture: somewhat conchoidal. 
Tenacity: very sec tile. 
Hardness: 1-1.5. 
Streak: shining white. 
Specific gravity: 5.55. 
Occurs: usually massive and resembling wax, often as 

crusts; sometimes as aborescent strings; mainly in 
upper workings of mines. 

Associations: oxidized products in the upper parts of veins, 
especiaUy with iron oxides, barite and calcite. 

Tests: Fuses easily, yielding acrid fumes and a silver 
globule. On coal with salt of phosphorus and copper 
oxide gives fine azure-blue flame. Not soluble in acids; 
soluble in ammonia. Rubbed on a moistened surface 
of zinc or iron, it swells, blackens, and the surface of 
zinc is silvered, and the mineral is reduced to spongy 
meta1lic silver. 

R&~na'l'lcs: It is probably always secondary, and may be de­
posited from solution by the chlorides of surface waters. 

EMBOLITE}, chloride-bromide of silver, Ag(Cl, Br), is a yellow 
to green, sectile mineral of resinous to adamantine luster, hav­
ing a hardness of 1-1.5, a specific gravity of 5.3-5.4, occur­
ring in concretionary, encrusting masses. It closely resembles 
cerargyrite, bromyrite and iodyrite, and occurs under the same 
conditions and from the same causes. 

SILVER MINERALS OF LESS IMPORTANCE AS ORES 

AMlALGAM is a native a:lloy of silver and mercury varying from 
Ag2Hg3 to Ag8 6Hg. It is an opaque, silver-white mineral of 
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brilliant metallic luster, poor cleavage, conchoidal fracture, a 
hardness of 3-3.5, a specific gravity of 13.75-14.1, a silver· 
white streak; occurring_ in scales, plwtes, crusts, and occasion­
ally dodecahedral crystals. Tests: Heated on charcoal the 
mercury is driven off and a globule of silver is left. Rubbed 
on copper gives silvery luster. 

HESSITE: A telluride of silver, Ag2Te; silver 63.28 per cent: 
gold often replaces part of the silver. 

ColOT: lead-gray to steel-gray. 
Luster: metallic. 
CTystal foTrn: isometric, in modified and distorted crystals. 
Cleavage: poor. 
FractuTe: even. 
Tenacity: slightly sectile. 
Hardness: 2.5-3. 
Streak: black. 
Specific grravity: 8.31-8.45. 
Occnrs: modified and distorted crystals; also massive com­

pact or fine-grained, in the Stanislaus mine in California, 
the Red Cloud mine, Boulder County, and the Kearsarge 
mine, Utah. 

Tests: Open tube, a: faint sublimate of tellurium dioxide, 
which fuses B.B. to colorless globules. On coal, fuses 
to black globule which sprouts points of silver on cool ­
ing. With soda, gives silver globule. The powder gives 
fine purple with strong sulphuric acid. 

EMPRESSITE: Apparently a mixture of Ag2Te and Te. The 
percentage compositioD; would give the formula Ag2Te.Te, silver 
45.83, tellurium 54.17. 

Color: pale bronze. 
Luster: metallic. 
Crystal forrn: none observed. 
F1"act~tre: finely conchoidal to uneven. 
Tena.city: brittle to friable. 
Hardness: 3-3.5. 
Streak: grayish black to black. 
Specific gmvity': 7.2-7.3. 
Ocmt1"S : very fine granular and compact masses associated 

with galena and native tellurium in the Empress 
Josephine minE' . in the Bonanza district, Raguncbe 
County. 
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Tests: B. B. fuses at 1 to a metallic globule of metallic 
luster. In O.F. gives heavy white coating of tellurium 
dioxide and a sprouting globule of metallic silver. 
Readily soluble in nitric acid; less ~·eadily in sulphuric. 
When the concentrated sulphuric acid solution is cooled 
a heavy deposit of minute colorless, tabula1· cr:ys1als 
forms. These are readily soluble in dilute sulphuric acid 
and in water. On charcoal they yield a globule of silver. 

Remarks: The foregoing statement is based on a hasty pre­
liminary examination. Empressite suggests a eutectic 
mixture of silver telluride Ag2Te, and native tellurium, 
Te, or, what is less likely, a mineral in which; telluriun: 
is monovalent or silYer is divalent. Analyses give an 
average of 44.25 per cent silYer, and 52.26 per cent tel­
lurium, and small amonnts of iron, nickel, and alumi· 
num, which ate probably impurities. The silYer and 
tellurium calcu lated on the basis of 100 per cent would 
give silver 45.85, tellurium 54.15 per cent which ate 
almost exactl? the pt>rc:eni"a ges of t;ilver and tellurium 
in Ag2 Te. 'l'e. (Very minute seams of non-metallic min­
eral matter \Yere present in t hl" mineral analy7~ed.) 

BROM·YRITE, silver bromide, AgBr; si lver 57.4 per cent, bromine 
42.6 per cent. It is a bright-yellow to greenish-yellow to grass­
or olive-green minetal, having a resinous to adamantine luster, 
a hardness of 2-3, . a specific gravity of 5.8-6, an uneven 
fl·acture, but no cleavage. It usually occurs in small concre­
tions. Like cetargyrite and iodyrite, it is sectile. Occurrence: 
essentially the same as iodyrite and cerargyrite. Tests: In 
rlosed tube and with metallic zinc reacts like cerargyrite. B.B. 
on charcoal gives irritating bromine· fumes and a globule of 
silver. In bulb-tube with potassium bisulpbate gives yellowish· 
brown bromine vapors. Insoluble in nitric acid. Difficultly 
soluble in ammonia. 

IODYRITE, silver iodide, Agi; silver 46 per cent. Color: vari­
ous shades of yellow to yellowish-green and brownish. Lttstc1·: 
resinous to adamantine. DiaplWJY~,eity: translucent. Crystal­
lization : hexagonal prisms, thin plates, and massive. Cleav­
age: one perfect. Tenacity: sectile, plates flexible; soft. 
Specific [J1'a11:Jity: 5.6-5.7. StreJalc: yellow. Occttrrence: 
secondary, from the alteration of ores of silver. Found in 
upper workings of mines as a result of the action of descending 
waters carrying iodine in solution. Tests: In closed tube 

.. 
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fuses and turns deep orange, but cools to its normal ·color. 
B.B. on charcoa:l gives purplish fumes of iodine and leaves a 
globule of silver. Fused with potassium bisulphide in bulb· 
tube gives iodine fumes. 

~ I LV E RBEARING MINERALS DESCRIBED UNDER 
OTHER METALS: Sylvanite, Calaverite, Krennerite, Pet­
zite, Galena . 

. 'l'he following minerals are frequently silver-bearing: Sphale· 
rite, Pyrite, Chalcopyrite, Chalcocite and other copper ores. 

SILVER-BEARING MINBRALS NOT DESCRIBED: Dyscra· 
site, Matildite, Miargyrite, Pearceite, Polya:rgyrite, Argyrodite, 
Canfieldite. · 

P L AT I N U M, I R I D I U M, 0 S M I U M, P A L LA D I U M . 

USES OF PLATINUM. : The most important use of the 
metal platinum is in the manufacture of ' chemical apparatus, 
such as crucibles, dishes, stills, spoons, wire, foil, etc. Platinum 
wire and foil or sheet platinum, an aHoy of platinum and iridium, 
are extensively used in the electrical industry for supporting the 
filaments and mantles of incandescent lamps, for electrolitic 
:-modes for cont~cts in induction apparatu~, electric bells, etc. 

In the manufacture ·of sulphuric acid, chlorine, a:lkalies, lyes, 
and chlorates, platinum is almost indespensable. In the con· 
struction of electrical furnaces, and apparatus for measuring 
high tempera1:ures, such as the resistance thermometer, platinum 
is much used. 

Potassium chloro-platinate is used in photography. Hydro­
chlor-platinic acid is much used in chemistry. As a catalytic 
agent, finely divided platinum is extensively used in the sul­
phuric-acid industry and other chemical work. The use of 
platinum in the jewelry trade is increasing. 

USES OF IRIDIUM: Most of the iridium produced is 
mixed \Vith platinum to form ::m alloy which is harder than 
platinum, and more resistant to aqua regia. An alloy containing 
:30 per cent iridium is not attacked by aqua regia. A small 
amount is used for making standaTd weights, pivots, contact 
points, points of fountain pens, and in certain high-temperature 
\vork. The oxide. iridium black, is used in china-painting. 

State Historical and 
.Society, 
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USES OF OSMIUM: The only present use is in the fila­
ments of certain for"!lls of electric lamps. 

USES OF PALLADIUM: It has many uses which require 
only a small amount, but if the supply were a:ssured its use 
would rapidly increase. Alloys used in dentistry take the bulk 
of palladium consumed in this country. Other uses are: for the 
circles of astronomical instruments, cert'ain delicate parts of 
watches, soldering platinum. 

SOURCES OF THE METALS OF THE PLATINUM GROUP 

PLATINUM!: An alloy of platinum, iridium, rhodium, pa:lla­
dium and often osmium, with varying amo-unts of iron, copper 
and gold. 

Co l01· and st1·eak: whitish steel-gray; shining. 
Lustm·: metallic. 
Diaphaneity: opaque. 
C1·ystal fo rm: isometric; crystals ra-re. 
Cleavage: none. 
Fmcture: hackly. 
Tenacity: malleable and duetile. 
Ha1·dness: 4-4.5. 
Specific grravity: of the native alloy, 14-19; pure platinum, 

21-2'2. 
Occt~rs: nuggets, grains and scales, chiefly in placer de­

posits. The Russian platinum placers are the result 
of the disintegration ·of platinum-bearing peridotite. 

Rocks: mainly peridotites. 
Tests: Infusible; not affected by borax or salt of phos­

phorus, except in state of fine dust, when reactions for 
copper and iron may be obtained. Soluble in hot aqua 
regia. 

SPERRYLITE: Platinum arsenide, P_tAs2 ; platinum 56.5 per 
cent. Antimony and rhodium are commonly present. 

Color : tin-white. 
LusteT: meta:llic, brilliant. 
Diaphaneity: opaque. 
C1·ystallization: isometric, cubes and cubo-octahedrons; also 

in irregular grains of small size. 
Fractu·re: conchoidal, brittle. 
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St1·ealc: black. 
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Spcc·ific gmvity: 10.602. 
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Occun·ence: mainly in small irregular grains, but abo in 
small well-formed crystals . 

.tlssociettions: pyrite, chalcopyrite, cassiterite, nic)reliferous 
pyrrhotite, covellite, etc. Palladium ores are found 
with it in the Rambler mine. 

'l'ests: In closed tube unchanged; in open tube readily yields 
sublimate of arsenic trioxide; if heated slowly in open 
tube does not melt, but when rapidly heated melts 
easily. M~lts r eadily when placed on red-hot platinum, 
forming small, porous sprouts. 

Economic: ore of platinum, saved at' Rambler minl~ in 
Wyoming, etc. 

IRIDIUM, alloyed with platinum and other related metals. It 
is a silver-white metal (or alloy), witll a tinge of yellow on 
the smface and a metallic luster. It occms mainly in irregulm· 
grains, but occasionally in cubes. It ·has an indistind cleav­
age, a ragged fracture, a hardness of 6-7, a · specific gravity 
of 22.65-22.84, and is somewhat malleable. Found in placer 
washings with platinum and occasionally gold. 

IRIDOISMINE is an alloy of the metals iridium and osmium, 
generally with more or less platinum and related metals. It 
occurs in lustrous, tin-white to steel-gr:;ty, irregular flattened 
grains of perfect cleavage, and occasionally in hexagonal 
prisms. It has a hardness of 6-7, and a: specific gravity of 
19.3-21.13. The proportions of the two metals vary widely. 
It occurs in placer washings with platinum and gold. 

LAURITE, a sulphide of ruthenium and osmium, probably es­
sentially RuS2 with a small percentage of osmium. It occurs 
in rounded octahedrons, spherica·l forms and grains. It is a 
bright, opaque, brittle, metalli c mineral of dark iron-black 
color, dark-gray streak, distinct cleavage, subconchoidal frac­
ture, hardness of 7.5, and specific gravity of 7.0. Tests: B.B. 
decrepitates, infusible, gives sulphurous and then osmic fumes. 
Not acted upon by aqua regia, nor by heating with potassium 
disulpbate. Found in platinum placer washings. Reported 
from Oregon. 

(8) 
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PALLADIUM is a malleable and ductile metal of metallic luster 
and whitish steel-gray color, commonly alloyed with a little 
platinum and iridium. It occurs in grains, sometimes com­
posed of diverging fibers, and in minute octahedrons. It is 
opaque, has a ha-rdness of -!.5-5, and a specific gravity of 
11.3-11.8. It is more fusible than platinum, osmium and 
iridium. Oxidizes at a lower temperature than silve1; and is 
not blackened by sulphurous fumes . It occurs in the Rambler 
mine, ''ryoming, with spetrylite and covellite. 

ARSENIC AND ARSENIC MINERALS 
USES: The trioxide, As,03 , white arsenic, is used in the 

manufacture of glass, and as a constituent of certain pigments, 
such ·as Paris green, Scheele's green, Paris purple, London purple, 
English purple, and others. It is used in various forms for de­
stroying insects and other animal pests. In tanning and taxi­
dermy arsenic salts ar~ used as preservative agents. Other 
arsenic salts are used in dyeing and calico-printing. Certain 
salts are used in medicines, and others in chemical preparation!' 
for laboratory use. R.ea:lgar mixed with saltpeter burns with a 
brilliant white light and is used in fireworks. 

ORES AND OTHER MINERALS OF ARSENIC 

REALGAR: A.rsenic monosulphide, AsR; arsenic 70.1 per <:ent. 

Golm·: aurora-red or orange-yellow. 

LusteT: resinous. 

D1iaphaneity: transparent to transluc~nt. 

01·ystal fonn: monoclinic, in short prismatic crystals verti-
cally stria ted. 

Olecwage: pinacoidal good. 

Ji'ract-Lt1·e: small conchoidal. 

Tenacity : sec tile. 

Hanl!ness: 1.5-2. 

Sh·ectlc: same a-s color. 

SjJecific gmvity: 3.556. 

Occtwrence: in crysta ls , but more commonly in coarse or 
fine granulru· masses, sometimes forming in crustations. 
In metalliferous veins and, hot-spring deposits. 

Associations: orpiment, ores of silver and lead, calcite. 
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Tests: Closed tube, melts, volatilizes, giving 'transparent 
red sublimate. In open tube, slowly heated, sulphur 
fumes and white arsenic trioxide. B.B. on char...:oal 
burns with blue flame and odors of sulphur and arsenic. 
Soluble in caustic alkalies. 

ColoTado locnlit-ies: La Plata quadrangle. 

Uses: mainly in fireworks. A mioxture of realgar and salt­
peter gives a brilliant white light. 

A.RS.ENIC, NATIVE ARSENIC:' Metallic arsenic, often containing 
a small amount of antimony and traces of iron, silver, gold 
or bismuth. 

Color·: tin-white, but tarnishing to a submetallic dark gray. 

Ltister: ~early metallic. 

Dinphaneity: opaque. 

C1·ystal fonn: rhombohedral; crystals are rare. 

Cleavage : basal perfect, rhombohedral fair. 

F'ract'ttre: uneven and fine granular, sometimes subcon-
choidal; brittle. 

Hardness: 3.5. 

St1·ealc: tin-white. 

Spcc'ifi,c gntvity: 5.63- 5. 73. 

Occun·mwe: usually granular, massive, often layered, and 
sometimes showing botryoidal surfaces. Found mainly 
in crystalline and metamorphic rocks. 

Associations: ores of antimony, ruby silver, realgar, sphale­
rite. 

Tests: B.B. on charcoa:l volati lizes without fusing and de­
posits white arsenic trioxide, As20 3 , to some distance 
from the assay. Gives garlic odor. In R.F. the coating 
volatilizes and colors the flame blue. 

Colo'f'ado localities: near Leadville; reported from Boulder 
County. 

Uses: In the oxide form (As20 3 ) it is used in dyeing and 
calico-printing; in the manufacture of va:rious paints 
and paper-colorings; in preserving biological specimens, 
particularly skins. T'his and other salts of' arsenic are 
used in medicine and for poisons. 

NoTE.-'l'he arsenic of comm erce is derived largely from arsenopyrite. 
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ORPIMENT: Arsenic trisulphide, As2S·3 ; arsenic 61 per cent. 
Color: lemon-yellow to orange-yellow. 
Luster: pearly on cleavage surface, resinous elsewhere. 
JJ-ictphaneity: subtransparent to nearly opaque. 
Crystal to1·rn: monoclinic; crystals small and rarely dis-

tinct. 
Cleavage: pinacoidal 'Perfect; cleavage faces striated. 
Fmctnre: cleavage plates flexible, inelastic. 
Tenacity: sec tile. 
H anl!ness: 1.5-2. 
Stn~ak: pale lemon-yellow. 
Specific gravity: 3.4-3.5. · 
Occtm·ence: commonly in foliated or columnar masses; 

sometimes . with kidney-shaped surfaces. Depositeu 
about volcanic or solfataric vents and hot springs. In 
clay beneath a lava flow in Iron County, Utah. 

Associations: ores of silver and lead. 
Tests: In closed tube fuses, volatilizes, and gives a dark­

yellow sublimate. Dissolves in aqua regia and caustic 
alkalies. On charcoal burns with a blue flame, giving 
arsenic and sulphurous odors. Easily recognized by its 
fine color, beautiful luster, easy cleavage and flexible 
plates. 

Uses: dyeing, and in preparation of a paste fo\· removing 
hair from skins, and to a limited extent as a: pigment. 

ALLEMONTITE-: Arsenical antimony, SbAs3 ; arsenic 65.2 per 
cent, antimony 34.8 per cent; is a tin-white to reddish-gray 
min eral of brilliant to dull metallic luster, often tarnishing 
to brown or black. B.B. gives out fumes of arsenic and anti­
mony, forms a metallic globule which burns, and forms coat­
ing of antimon~- trioxide on the coal. It is associated with 
sphalerite, antimony, siderite, etc. 

CI_,AUDITITE is arsenic trioxide, As20 3, in thin, platy aud 
tabular monoclinic crystals. It is colorless to white, trans­
parent to translucent; has a perfect cleavage, a fibrous frac­
ture, a hardness of 3.5, and a specific gravity of 3.85. 'l'he 
tests are like those of arsenolite. 

ARRENOLITE is native arsenic trioxide, As20 3 ; arsenic 75.8 
per cent; orcurring in r·rusts, botryoidal and stalactitic masse::;, 
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more or less compact, but generally composed of fibrous, needle­
like crystals. It also occurs in octahedral crystals and earthy 
masses. It is a white to yellowish or reddish mineral, having 
a vitreous or silky luster, white or pale-yellow streak, a spe­
cific gravity of 3.7, and a sweetish, astringent taste. It varies 
from t1·ansparent to opaque. Tests: In closed tube sublimes, 
condensing on upper part of tube in minute octahedrons. B.B. 
on coal volatilizes, giving out white fumes, an arsenical odor 
(onion or garlic), and forming a white coating. Weakly 
soluble in hot water. Oaaur·s: in upper workings of mines 
producing arsenical ores of any kind. 

ARSENIC-BEARING MINERALS DESCRIBED UNDER 
OTHER METALS: Annabergite, Mimetite, Smaltite, Lol­
lingite, Niccolite, Arsenopyrite, Enargite, Tennantite, Prous­
tite. 

ANTIMONY AND ANTIMONY MINERALS 
USES: Metallic antimony is used chiefly in alloys with 

other metals. Type-metal is an alloy of lead, antimony and bis­
muth. Britannia metal contains antimony, tin , zinc and copper, 
but lead, nickel a-nd zinc are generally present. It is also used 
for coffin trimmings, linings for acid tanks, toys, clock-cases, and 
other purposes where a fairly hard metal is to be gilded. The 
uses of antimony salts may be grouped as follows: (a) medicine 
-the arsenate, the arsenite, the trichloride, the iodide, the tri­
oxide, the trisulphide, the pentasulphide, the tartrate; (b) sur­
fa cing· fo,r iron, enamel, etc.-the trichloride; (c) coloring glass, 
rubber, porcelain, and as mordants-the antimonate, the sulphide, 
the chromate, some of the oxides, the fluoride, the oxalate, and 
the tartrate; (d) pigment-the trioxide is used in place of white 
lead, etc. ; (e) fireworks, matches, etc.-the trisulphide; (f) 
chemical uses as a reducing agent and detector-the trioxide. 

ANTIMONY MINERALS IMPORTANT AS ORES 

ANTIMONY, NATIVE ANTil\IO~Y: Metallic antimony, sometimes 
containing silver, arsenic or iron. 

Color·: tin-white. 
Lu.ste1'.· metallic, darkening on exposure. 
Diaphaneity: opaque. 
Crysta-l form: rhombohedral ; crystals rare. 
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Cleavage: one petfect, others distinct. 
F1·actunJ: uneven. 
Tenacity: brittle. 
Hwrcvness: 3-3.5. 
St1·eak: tin-white. 
Specific gmvity: 6.65-6.72. 
Occtwrence: usually massive granular in thin plates or 

crusts, cleavable and radiating subfibrous. 
Tests: - Fuses easily, giving flame pale-green color, and 

yields dense white fumes which tend to form crusts of 
prismatic crystals of white antimony trioxide over sur­
face. 

Econom'iC: ore of nntirnony, but rarely important. 

STIBNIT.E , ANTIMONITE, ANTE\lONY GLANCE, GRAY ' AX'l'IMO;"\Y: 

Antimony trisulphide, Sb2 S~; antimony 71.4 per cent. 

Colo1·: lead-gray to steel-gl'ay; tarnishes readily. 
Luste1·: metallic, highly ·splendent on fresh surfaces. 
Diaplwneity: opaque. 
C1·ystCLl fonn: orthorhombic, prismatic with vertical stri~ 

or grooves, often cunred or twisted. in aggregates and 
radiating groups. 

Cleavage: one perfect. 
Fracttwe: subconchoidal, small. 
Te?Wcity: slightly sec tile. 
Hardness: 2. 
Streak: lead-gray. 
Specific gmvity: 4.52_:_4.62. 
Occurrence: as an ore, mainly massive granular. often show­

ing radiation and cleavage. 
/ lssoaiations: <]Uartz, sphalerite, galena., cinnabar, barite, 

sometimes native gold and other antimony minerals. 
Roclcs: usually granite or gneiss. 
Tests: Fuses wr~- easil;v, giving flame greenish-blue color. 

In . open tube sulphur and antimony fumes form non­
volatile white sublimate. Soluble in hydrochloric acid. 
Decomposed by nitric acid, with separation of white 
antimony pentoxide. 

Colomdo: many places in the mining camps, but rarel;v in 
·commercial qnantit;v. Common in lead ores. 

Economic: chief ore of antimony. 
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ANTIMONY MINERALS OF LESS IMPORTANCE 

V ALENTINITE, antimony trioxide, Sb20 3 ; antimony 83.3 per 
cent. Oolo1·: snow-white to gray, and occasionally brown and 

f 

red. Ltt_ster: silky to adamantine to pearly. D·iaphaneity: 
translucent. Crystallization: fan-shaped or star-shaped groups 
of slender or tabular crystals; also in columnar, lamellar and 
granular masses, as the result of alteration of antimony-bear­
ing minerals. O'lenvage: two perfect. Ha1·d!ness: Z.5-3. 
St1·ealc: white. S]Jecific gmvity: 5.57. Tests: same as for 
senarmonite. 

SENARMONITE, antimony trioxide, Sb20 3 ; antimony 83.3 per 
cent. Oo~or: colorless to grayish. Lt~stm·: resinous to 'Yeak-

, ly adamantine. Diaplwneity: transparent to translucent. 
OrystnlliznUon: isometric, octahedrons; also granular mas­
sive; in crusts, as a result of oxidation of ores of antimony, 
and ores containing antimony. Olec~vage: only in traces. 
Fracture: uneven. Harclness: 2-2.5. StHXtlc: white. Spe­
cific gravity: 5.2-5.3. Tests: In closed tube fuses and par­
tially sublimates. B.B. fuses easily, coating coal white. The 
coating colors the reducing flame greenish-blue. Soluble in 
hydrochloric acid. 

~TIBICONI'l'E, antimony ochre, probably Sb20 4 • H 20; anti­
mony 74.5 per cent. A pale-yellowish to reddish-white min­
eral of pearly to earthy luster, having a hardness of 4.5-5, a 
specific gravity of 5.1-5.8, and occurring massive, compact and 
as powder, and in crusts. Tests: In closed tube yields water; 
on charcoal flies to pieces; fusei:l with difficulty to gray slag, 
giving white coating. 

CE-RV ANTITE, antimonous oxide, Sb20 4 ; antimony 78.9 per 
cent. A yellow to white or reddish-white mineral of variable 
luster-pearly, greasy and earthy-a white to yellowish streak, 
a hardness of 4-5, and a specific gravity of 4.08. Occurs in 
needle-like crystals, sometimes forming crusts; also massive 
and in powder. B.B. infusible; soluble in hydrochloric acid. 

KERMES'ITE, antimony ox,vsulphide, Sb2 S20, or. 2Sb2 S3 • Sb20 3 ; 

antimony 75 per cent. Occurs generally in tufts of cherry-red, 
needle-like crystals of adamantine to metallic luster, feebly 
translucent. Gi,·es ordinar:- antimon:_> reactions. 
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ANTIMONY-BEARING MINERALS DESCRIBED ELSE­
WHERE: Tetrahedrite, Pyrargyrite, Zinkenite, Jamesonite, 
Bournonite, Stephanite. 

BISMUTH AND BISMUTH MINERALS 
USES: The metal is used in making solders and alloys of 

low fusion temperatures, used for safety plugs in boilers, and 
fire plugs in automatic sprinklers. It is also used in making 
electric fuses, and in certain kinds of' optical glass. The salts are 
used in toilet powders and in medicines. Bismuth chromate 
(yellow) and the oxychloride (white) are used in paint. Other 
salts are used as chemical reagents. 

ORES OF BISMUTH 

BISMUTH, NATIVE BISMUTH: Metallic bismuth, commonly witb 
traces of aTsenic, sulphur, tellurium, etc. 

Co~orr : reddish silyer-white; tarnishes. 
Luster: metallic. 
Diaphaneity: opaque. 
C1·ystal fonn·: rhombohedral, usually in branching forms, 

rarely in distinct crystals. 
Cleavage: one perfect. 
F'ractU're: rather even. 
Tenacity: sectile, brittle, but slightly malleable when 

heated. 
Hardness: 2-2.5. 
St1·ealc: silver-white. 
Specific gmvity: 9.7-9.83. 
Oocu1·rence: mostly foliated or granular, in veins in gneiss, 

schist, clay, slate. 
Associations: ores of silver, lead, zinc, cobalt, molybdenum 

and tungsten. 
Tests: On charcoal fuses and volatilizes, giving an orange­

yellow coating which becomes lemon-yellow when cool. 
Soluble in nitric acid; wa1er added to solution causes 
white precipitate. On plaster slab with flux consisting 
of 2 parts sulphur, 1 part potassic iodide, and 1 part 
potassic bisulphate, gives a chocolate-brown and red 
coating, changed by ammonia fumes to red a:nd orange. 

BISMUTHINITE, BISMUTH GLANCE: Bismuth trisulphide, 
Bi2 S3 ; bismuth 81.2 per cent. 
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Ciolo1·: lead-gray to tin-white, with yellow tarnish. 
liuste1·: metallic. 
Di(uphaneity: opaque. 
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C1·ystal fonn: orthorhombic, rarel:y in needle-like cr:ystals. 
Cleavage: one perfect. 
F-ractu;re: uneven. 
Te-nacity: slightly sectile. 
Ha-rdness: 2. 
Strealc: lead-gray to tin-white. 
Specific gr·avity: 6.4-6.5. 
Ocm~n·ence: usually massive, foliated or fibrous. 
Tests: Fuses easily with spurting, yielding some sulphur 

fumes and white and yellow coatings on charcoal. On 
, plaster slab with sulphur 2 parts, potassic iodide 1 part, 
potassic bisulphate 1 part, yields bright scarlet coat, 
with chocolate and reddish borders. Ammonia fumes 
turn the brown red . . 

C'olomdo: Leadville and elsewhere. 

BISMITE, BISMUTH OcHRE: Bismuth trioxide, Bi20 3 ; bismuth 
89.6 per cent. Color: greenish-yellow, to yellow, to grayish­
white. Luster: adamantine to dull, earthy. Diaphaneity: 
The fresh mineral is translucent. C1·ystallizat·ion: amorphous, 
most commonly in earthy powder, but also massive and 
foliated. Fract~p·e: weakly conchoida l, crumbling. StnJ«,Jc: 
earthy-gray to colorless. Specific gmvity: 4.36. Tests: In 
closed tube generally yields water. B.B. on coal fuses, yield­
ing bismuth, wliich on continued heating in oxidizing flame 
is volatilized, forming yellow oxide coating. Soluble in nitric 
acid. 

BISl'111UTITE: A basic carbonate of bismuth, perhaps Bi20 3 •• 

C02 • H~O; with bismuth trioxide, Bi20 3 , 88 to 90 per cent. 
Colo1·: white, to grayish-yellow, to yellow and various 

shades of green. 

L~~te·r: vitreous to dull by exposure; center of a: mass may 
· be vitreous while smface is earthy. 

Diaphaneity: weakly translucent to opaque. 
Crystallization: amorphous, in crusts or earthy and 

powdery over the ~urface of other ores of bismuth and 
other minerals containing bismuth. 

Hard;ness: 4-4.5. 
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Streak: greenish-gra:y to colorless. 
Specific gravity: 6.86-6.9. 
Tests: In closed tube flies to pieces, yields water. B.B . 

. fuses easily, coating the coal with yellow oxide of bis­
muth. Effervesces weakly in nitric acid, and with 
hydrochloric forms a deep-yellow solution. 

Colorado localities: a part of the bismuth ore of Leadville 
is probably a mixture of mismutite and bismite in earthy 
form. It has been found on Mount Antero and is re­
ported from mines in Boulder County and from the 
La Plata M,ountains. 

BISMUTH MINERALS OF LESS IMPORT4NCE 

TETRAHYMITE consists of bismuth and tellurium, generally 
with traces of sulphur, and sometimes selenium. It is a pale 
steel-gray mineral of brilliant metallic luster, occurring in 
small rhombohedral crystals, and bladed forms and foliated to 
granular. masses. It has a perfect cleavage, a hardness of 1.5-
2, and a specific gravity of 7.2-7.6. It occurs in the Red Qloud 
mine, Boulder County, and is reported from others in the 
same county. It gives the usual reactions for bismuth and 
tellurium. 

URANOSPHAERITE, Bi20 3 • 2U03 • 3H20; uranium trioxide, 
U03 , 52.7 per cent, bismuth trioxide, Bi20 3 , 42.4 per cent. It is 
an orange-yellow to brick-red mineral of greasy to silky luster, 
having a hardness of 2.3, a specific gravity of 6.36, and occm· 
ring in minute, sharp-pointed crystals a:rranged in ha1f-globblar 
masses, sometimes showing rather smooth sublustrous surfaces. 
sometimes rough and drusy. Tests: When heated separatef; 
into mass of brown, needle-like crystals of silky luster. 

CUPROBISMUTHITE, sulphobismuthite of copper and silver, 
occurs in groups of dark bluish-black, slender, prismatic 
crystals, and compact masses, in the Missouri mine, 'Park 
County. The composition is probably 3Cu2S .4Bi2 S3 ; bismuth 
65.9 per cent, with silver and gold probably replacing part of the 
copper. 

BEEG ERITE is a sulphobismuthite of lead; bismuth 21.4 per 
cent. lead 63.8 per cent; occurring in granular masses of small 
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::;ize, and in indistinct crystals of gtay color and bright 
metallic luster, in several mines in Patk and Ouray Counties. 

BIH·MU'L'H-BEAR.ING MINERALS DESCRIBED ELSE-
WHERE : Cosalite, Aikinite. 

TELLURIUM AND TELLURIUM MINERALS 
USES: No commercial use for tellurium is known, but 

experiments suggest that it may prove useful in electrical work. 

TELLURIUM MINERALS 

TELLuRIUM, native tellurium, Te. It is a tin-white mineral 
of metallic luster and tin-white streak, occurring in minute 
hexagonal crystals and massive, columnar and fine granular 
forms, having a hardness of 2~2.5 , and a specific gravity of 
6.1-6.3. T0Sts: In open tube fuses readily, giving white sub­
limate of tellurium dioxide, which may be .fused to colorless 
drops. On charcoal volatilizes, tingeing flame green. The 
powdered mineral gives characteristic reddish-violet with 
strong sulphuric acid. 

'l'ELLUR~'l'E, tellurium dioxide, Te02 , is a soft-white or yel­
lowish-white mineral of adamantine luster and perfect cleav­
age, occurring in prismatic, orthorhombic crystals and small 
spherical masses in several Cripple Creek mines. 

EMMONSITE is probably a hydrated ferric tellurite. A clear, 
yello,v-green mineral occurring in cleavage scales of rhombie 
outline. H anlneS$: 5. A mineral resembling emmonsite 
occurs in a number of Cripple Creek mines. 

DURDENI'l'E is a hydrous fenic telluride, Fe20 3 .3T~02 .4H20; 
tellurium dioxide, Te02 , 67.1 per cent.. A greenish-yellow, 
translucent to nearly opaque, friable mineral of vitreous to 
dull luster, and a hardness of 2-2.5, occurring massive, in 
mammillary forms, and disseminated grains, associated with 
native tellurium. 

FERR.OTELLURITE, possibly Fe'l'e04 , is a greenish-yellow min­
eral occurring in delicate tufts of minute pt;ismatic crystals 
on quartz, associated with native tellurium in the Keystone 
mine, Magnolia, Colorado. The iron may have come from a 
deposit on the surface of the mineral , and the real composition 
may be tellurous oxide. 
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MAGNOLITE, possibly Hg2Te04 , is a white, silky mineral oc­
curring in tufts of needle-like crystals, probably from the de­
composition of Colora:doite, found in the Keystone mine, 
Magnolia. 

'l'ELLURIUM MINERALS DESCRIBED ELSEWHERE: Em­
pressite, Sylvanite, Calaverite, Krennerite, Nagyagite, Hessite, 
Petzite, Altaite, Coloradoite, Rickardite, Tetradymite_ 

TELLURIUM M~INE<RALS NOT . DESCRIBED: Melonite. 
Selen-tellurium, Montanite. 

MERCURY, QUICKSILVER, AND ITS ORES 

USES: The chief use of metallic mercury is in the extrac­
tion of gold and silver by the amalgamation process. The mer­
cury unites with the silver or gold, forming amalgams, from 
which the mercury is driven by heat, leaving the silver or gold 
behind. A small amount of mercury is used in barometers and 
thermometers, and in various laboratory processes in chemistry. 
An amalgam of tin and mercury is used for silvering mirrors. 
Salts of mercury, chiefly calomel, mercurous chloride, Hg2Cl 2 , 

are used in medical science. Cinnabar, or an artificial sulphide, 
is used as a pigment-vermilion. Other mercury salts are used 
in pigments. 

MERCURY MINE-RALS IMPORTANT AS ORES 

CINNABAR: Mercuric sulphide, HgS; mercury (quicksilver), 
86.2 per cent. 

Color·: Cochineal-red, scarlet, reddish-brown to almost 
black. 

Luste·r: adamantine, sometimes inclining to metallic; also 
dull. 

Diaphaneity: transparent to opaque. 
C1·ystal ~orrm: hexagonal, rhombohedral, or thick tabula!' 

and slender prisms. 
ClOOIIJage: one perfect. 
F1·acture: subconchoidal. 
Tenacity: brittle, sometimes friable. 
Hardness: 2-2.5. 
Streak: scarlet. 
Specific gravity: 8-8.2. 



~[lc'J'ALL!C ;\>llNERALS 237 

Occwrrence: veins in sla:te and shale, as incrustations, gran­
ular masses, etc.; also about solfataras and hot springs. 

Associations: pyrite, marcasite, sulphides of copper, stib­
nite, realgar, gold, calcite, quartz, barite, fluorite and 
bituminous minerals; slates, shales,· porphyries and 
granites. 

'Pests: Heated in closed tube forms black sulphide of mer­
cury; if soda is added, gives metallic mercury. In open 
tube slow heat gives metallic globules. B.B. on char­
coal pure mineral volatilizes. 

Colorado: various points in Boulder, Clear Creek and other 
counties, but not in commercial amount. 

Economic: principal ore or mercury. 

MERCURY, QUICKSILVER: Native mercury, Hg, with occasion­
ally a little silver. It is a tin-white liquid metal of very bril­
liant metallic luster, and a specific gravity of 13.59. It oc­
curs native, mostly in liquid globules scattered through the 
gangue, but sometimes in cavities in quantHies large enough 
to be dipped up. Mercury occurs in both igneous and sedi­
mentary rocks, but the commonest gangue seems to be clay 
shales and schists, in .regions of great crustal disturbance. 
Found sparingly in tellurium-bearing mines of Boulder County. 
Tests: B.B. readily volatilizes, forming grayish-white fumes. 
Readily soluble in nitric acid. 

MERCURY MINERALS OF LESS IMPORTANCE AS ORES 

METACINNABARITE is a mercuric sulphide, HgS, like cinna· 
bar, but crystallizing· in the isometric system. Colo·r: grayish­
black. Luste1·: metallic. Diaphaneity: opaque. Crystalliza­
tilcm: isometric, tetrahedrons ; also massive and amorphous. 
Fmcture: subconchoidal to uneven, brittle. H a1·dness: 3. 
Specific gra'!Yity: 7.7-7.8. Occtw'rence: associations, etc., 
same as cinnabar. Tests: same as for cinnabar. 

COLORADOITE, MERCURIC TELLURIDE: HgTe; mercury 61.5 
per cent, tellurium 38Ji per cent. Color: iron-black to grayish­
black. Luster: metallic. C1·ystal fonn: massive, granular. 
Cleavage: none. Fmcttp·e : uneven to subconchoidal. Ha?·d­
ness: 2.5-3. Specific gra'!Yity: 8.7 and higher. Occtws : in 
Colorado at Keystone, Mountain Lion and Smuggler mine!'\, 
Boulder County, with quartz, gold, native tellurium and syl-
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vanite. Tests: In the tulle fuse~ and :yields a mirror of me· 
tallic mer cury, and drops of t ellurium dioxide, and near the 
mineral metallic tellurium. Soluble in nitric acid. 

CALOMEL, HoRN QUICKSILVER: Mercurous chloride, Hg"Cl2 ; 

mercuD:y 84.9 per cent. Colo1·: white, gray, yellowish and 
brown. LttSte1·: adamantine. Diaphaneity : translucent to 
nearly opaque. Crystal fonn: tetragonal, tabular· and pri s­
matic crystals. Cleavage: one fair . Fractwre: conchoida l. 
Tenacity: sectile. Ha·rdness: 1-3. St1·ectk : pale yellowish . 
Spec•ific gmvity: 6.48. Occwrrence: generally associated with 
cinnabar, in shales, schists and leRs commonly igneous rocks. 
Tests: In closed tube yolatilize~:;, and condenses as white sub­
limate on cooler part of tube; with soda in the tube gives a 
ring or mirror of metallic mercury. Soluble in aqua regia 
(mixture of nitric and hydrochloric acids). 

AMALGA~f is described under silver ores: 

MERIOURY MINERALS NO'l' DESCRIBE-D: Onofrite. Ti eman­
nite. 

CADMIUM AND THE ' SOURCES OF 
CADMIUM 

USES: The principal uses of metallic cadmium are in 
amalgams and alloys. Dental amalgam contains cadmium 36 
per cent, and mercury 74 per cent. Cliche metal, for stereo· 
typing plates, is improved in hardness and wear by the substitu­
tion of cadmium for bismuth. The a lloy contains: lead 50, tin 
~7 . 5, and cadmium 22.5 per cent. Ua:ny low-fusion alloys con­
taining cadmium are used as solders, fu sion plugs, etc. 

S.alts of cadmium are used in glass- and porcelain-coloring, 
dyeing and calico-printing, photography, fireworks and dentistry. 

The "ammonio-sulphate" is used in electroplating, both alone 
and with si lver salts. The sulphide, cadmium. yellow, is a very 
desirable yellow pigment. 

The cadmium cell is used for measuring electromotivP force. 
The cadmium spectrum is used for standardizing measures used 
as units of length. 

GREENOCKITE, CADMIUl\I-BLENDE: Cadmium sulphide, CdS ; 
cadmium 77.7 per cent. 
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Colo·r: various ~hades of yellow from Yery lJale to rathc1· 
deep and bronzy. 

fAtster: adamantine to resinous and ea1~thy . 
Diaphaneity: neal'ly transparent. 
Cr·ystaZ forrn: hexagonal (hemimorphic), rar~. 
Cleavage: one fair. 
li'mctttre: conchoidal, brittle. 
H a1·dness: 3-3.5. 
Streak: orange-yellow to brownish-red. 
Specific gravity: 4.9-5 .. 
Occttrrence: generally a-s a yellow powder over the sm·facc 

of sphalerite and smithsonite. nnd occasionally other 
zinc minerals. 

Associations: zinc minerals. 
Tests: In closed tube turns cam1ine while hot, but fades on 

cooling. Infusible, but easily volatile in the reducing 
flame-inner blue tlame-coating the coal with a brown 
coat and iridescent tarnish . Soluble in strong hydro­
chloric acid, yielding hydro-gen f'ulphide. 

M·ANY ZINC\ ORES contain appreciable amounts of cadmium 
and are the chief source of the metal. 

MINERALS CONTAINING CERIUM, COLUMBIUM, (NIOBIUM}, 
DIDYMIUM, GLUCINUM, (BERYLLIUM), LANTHANUM . 
TANTALUM, THORIUM, YTTRIUM, ZIRCONIUM 

USJDS: Various metals and metallic oxides are now being 
used and tested in the manufacture of filaments for electric­
lamps and the mantles for incandescent gas lamps. These in · 
elude tb:e metals tantalum and cadmium and the oxides zirconia . 
thoria, yttria, -and those o:f cerium, lanthanum and didymium. 
The mantles for incandescent gas lights are composed largely 
of thoria, Th02 , with small quantities of the oxides of lanthanu111 
and didymium. The thoria is obtained chiefly from MONAZI'rE. 

Cerium fluoride is used in the arc of the flaming arc lamp. Tall ­
talum is drawn into a fine wire •and used as a filament in the 
tantalum lamp. The "glower" of the Nernst electric lamp is 
made of a mixture of zirconia and yttria:. Zirconium filaments 
are used to some extent. Mlost of the oxides of the ra·re earth 
metals are highly refractory, and it seems probable that use. 
may be found for those now wasted in the lighting industry. 
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The chief minerals from which these metals and oxide!> are 
obtained are ZIRCON, MONAZITE, GADOLINITE and COLUMBITE­
TAN'J'ALI'l'E- Many other minerals contain them, but are not yet 
found in commercial quantities. Some of these are ALLANITE, 
THORITE, THORIANITE and SAMARSKITE. A fuller list may be 
found in il1ineml Resotwces, TL S. Geological Survey for 1904. 

·OCCURRENCE: Many of the minerals of the rare earths, 
as well as others which find similar uses, occur in pegmatite 
dikes, granires and gneisses. They should be sought in the great 
areas of granite and gneiss in ·which are thousands of pegmatite 
dikes. 

ALLANITE, O'RTHI'l'E: A complex s~licate of calcium, iron, al­
uminum; certain of the cerium metals-cerium, didymium, 
lanthanum; and in smaller amounts those of the yttrium 
group, 4RO. 3R20 3 • 6Si02 • H 20; with R = Ca and Fe, and 
R 2 = Al, Fe, Ca, Di, La, etc. 

ColO?": brown to black. 

Luste1·: submetallic, pitchy or resinous. 

'D·iatJhan&ity : translucent to almost opaque. 

Orystnl fonn: monoclinic, in tabular, and long, slender to 
acicular prismatic crystals. 

Olecwnge: orthopinacoidal and basal rather poor. 

Vract1we: uneYen to subcon<:hoidal, brittle. 

Hcwclness : 5.5-6. 
St·realc: pale brown to brownish-black. 
Spec'ific gmvity : 3.0-4..2. 
Occtt l"':ence : in crystals and crystal grains, 

certain granites, syenites and gneisses; 
quantity in andesite, di01·ite and dacite. 
in impure white limestones. 

and massive, in 
and in smaller 
It also occurs 

A.ssocint•ions: the minerals of gl'anites, syenites, etc., and 
epidote, sanidine, sodalite, hornblende and magnetite. 

'l'csts: Fuses at 2.5 to a dark, vesicular , magnetic glass. 
With soda or borax reacts for iron. Most varieties gela­
tinize with hydrochloric acid, but if previously ignited 
ilre not decomposed by acid. 

Co lorado locu litics : DeYil s Head, Douglas County; in sev­
eral gneisses and granites near Boulder, where the 
crystals are flattish, tabular. 
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CERITE : A silicate of the metals of the ceriuw group with iron 
and calcium and water. Formula: doubtful. 

Colo1·: dull adamantine to resinous. 
Crystalli:wtion: orthorhombic, short prismatic. The min­

eral is generally massiv.e and granular. It resembles a 
red granular variety of corundum. 

Fracture: splintery. 
Tenacity: brittle. 
Hardness: 5.5; (corundum 9.) 
St1·eak : grayish white. 
Specific gmvity: 4.86-4.9. 
Occu?Tence: in gneiss with hornblende, allanite, chalcopy­

rite. 
Tests: In closed tube yields water. B.B. infusible a lone; 

with borax in outer flame forms yellow globule which 
pales· on cooling; in the inner flame gives wea:k iron re­
action. vVith soda fuses' to dark yellow slag. Gela­
tinizes with hydrochloric acid. 

MON AZI1'E is an anhydrous phosphate of the rare earths cerium, 
lanthanum and didymium, with from 1 to 20 per cent of thoria, 
(Ca, La, Di)P04 • The va lue of monazite depends upon the 
thoria present. Clo,lo?·: li ght yellow, honey-yellow, reddish, 
brownish, yellowish -green. and a !most color less. Lt~ster~·: vit­
reo us to resinous. Diaphaneity: translucent to almost opaque. 
Crystal fMrn: generally sm.all monoclinic crystals, sometimrs 
prismatic. The monazite of commerce is in rounded and sub­
angular grains, some of which show crystal faces. Cleavage: 
one good, one distinct. Fmcttwe: conchoidal to uneven. 
brittle. Hanlness: 5-5.5. Specific g1·avity: 5-5.2. Oc­
c·un·ence: in various rocks, but chiefly granites, gneisses, and 
schists. The monazite of commerce is obtained chiefl:v from 
North Carolina, South Carolina and Brazil. The Carolina de­
posits are monazite placers, in which ·running waters have con­
centrated the monazite grains. Ass,ociations: garnets, mag­
netite and quartz are the commoner constituents of the gravels 
and sands. Tests: B.B. infusible, turns gray, and gives a 
greenish flame (phosphorus) when moistened with sulphuric 
acid. Slowly solubl e in hydrochloric a·cid. It is generally 

, radioactive on account of the sma ll amount of uranium pres­
ent-not the thorium. 
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COLUMBITE-TA:KTALITE : Pure columbite, FeO .Cb20 5 , and 
]_Jure tantalite, FeO. Ta20 , . are rather rare, but a minerfrl con­
taining both columbium and tantalum, (Fe, ~fn) ( Cb, Ta) 20 6 , 

in varying proportions is commoner. Columbite would contain 
82.7 per cent of columbium pentoxide; and tantalite would 
)' ield 86.1 per cent of tantalum pentoxide. 

Co·lo1·: black, to iron-gray, to shades of brown; often irides-
cent. 

Luste1·: submetallic to almost metallic. 
Diaplw;neity: opaque, rarely translucent. 
Crystal forn~: orthorhombic twins of heart shape, sllort 

prisms, and in groups of parallel crystals and massive. 
Cleavage: one rather distinct and one poor, at right angles. 
Fracture: subconchoi<]al to uneven, brittle. 
Hwrdness : 6. 
St1·eak: dark red to black. 
Specific g1·avity : 5.3-7.3. 
Occwrrence: mainly in granite and pegrua·tite. Massive 

tantalite occurs in Yancey County, North Carolina. 
Jlssociations: the minerals of pegmatite veins and granite, 

such as feldspars. tin ores, mica, spodumene, lepidolite, 
monazite, etc. 

Tests: Tantalite: B.B. alone unaltered. With salt of phos­
phorus dissolves slowly to glassy bead, which cools from 
the oxidizing flame to pale yellow. 'Vith tin on ehal·­
coal becomes green. Fused with potassium hydroxide 
or potassium bisulphate, and boiled with tin or zinc, 
gives blue solution, which fades when diluted with water. 
Colurnbite: The blue color produced by same treat­
ment is more lasting. ~oiled with hydrochloric- add 
and zinc gives beautiful blue. 

Economic: Tantalum is used in the filament of the tantalum 
lamp. 

Colorado localities : on and in the microcline of PikeR Peak 
region, and along Turkey Creek in Jefferson County. 

SAMARSKITE is essentially a columbate (niobate) and tanta:­
late of iron and calcium with the cerium and yttrium metals, 
together with uranium oxide. The yttrium oxides vary from 
6 to 15 per cent, and the cerium oxides from 2 to 6 per cent. 
Tantalum pentoxide, Ta20 5 • and columbium pentoxide, Cb20 5 • 

make up a:bout 56 per cent. Coloq·: velvet-black. Luster: 
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vitreous to splendent and resinous. Crystal to1·1n: co mill_onl.r 
ma~sive or in fiattened, imbedded grains; occasionally in pris· 
matic erystals. Cleava.ge: one J:!OOr . F'ractt~1·e: conchoidal, 
brittle. Har·dness: 5-6. Specific gmvity: 5.6-5.8. Occur­
r·ence: mainly in pegmatite dikes, and especially in the mi · 
caceous parts associated with columbite. Colorado locality: 
A closely related mineral is found in the granite debris of 
Devils Head Mountain, Douglas County. T ests: In dosed 
tube flies to pieces, glows like gadolinite, cracks open, glows 
and turns black. B.B. fuses on thin edges to bla:ck glass. De­
composed on fusion with potassium bisulphate, yielding a yel· 
low mass which, when, treated with dilute hydrochloric acid, 
separates with t'antalic acid, anQ. on boiling with metallic zinc: 
gives a fine blue color. The powdered mineral boiled in strong 
sulphuric acid yields blue color when metallic tin or zinc is 
adrled. Economic: See general statement on ]'age ~3D. 

~OHLITE and VIETINGHOFITE a1·e varieties of Samarskite. 

THORIANITE. is a thorium-uranium oxide, containing about 7. 
pe1· cent of thoria, Th02 , and 12.5 per cent of uranium oxide. 
U30 8 • It occurs in cubical, black crystals, having a specific 
gravity of 9.3, and giving a black streak. It is associated with 
zircon, conmdum, topaz, tin oxide, spinel, etc. It is highly 
l'adioactive and yields a larger amount" of helium than any 
other known mineral. It should be looked for "·herever topaz, 
zii-con and mo·nazite a.re found•. The Pikes Pe~k region is 
suggested, and the m·anium areas in ''"estern Colorado. 
Econ10111ic: source of thoria and radium. 

TRORI'rE: Anhydrous tllotium silicate, Th02 • Si02 ; thoria 81.5 
per cent. The mineral is generally partially hydrated. 

Color·: brange, to yellow, to brown and black. 
L1tster·: fresh surface vitreous to resinous and greasy. 
Dictphaneity: transparent to nearly opaque. 
Crystal form: tetragonal prisms te1·minated by pyramids; 

also massive and compact. 
Cleavage: one distinct (prismatic). 
F'mctu1·e: conchoidal, brittle. 
Ha·rdness: 4.5-5. 
St1·eak: orange-yellow to lJrown. 
Specific gravity: 5.19-5.4. 
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Tests: B.B. on charcoal, infusible; with borax forms a yel­
lowish: pearly bead, fading on cooling, but if niter is 
added the orange color remains. In closed tube yields 
water. Powdered mineral decomposed by hydrochloric 
acid forming gelatinous mass. Does not gelatinize after 
ignition. 

Econorn·ic: Thoria is used in the mantles for incandescent 
gas burners, and the demand is increasing. It should 
be looked for in the vicinity of Pikes Peak, and St. 
Peters Dome. Thorite is radioactive. 

ORANGITE is a bright orange-yellow variety of thorite. 

QADOLINITE, a basic orthosilicate of glucinum (beryllium), 
iron and yttrium, 2Gl0.Fe0.2Y20 3 .2Si02 ; glucina (beryllia). 
GlO, 10.0 per cent; yttrium oxide, Y20 3, 51.8 per cent. Col01': 
black, greenish-black, brown. Lust&~· : vitreous to greasy. 
Diaphaneity: transparent to translucent. C'1·ystal {lorm: 
rough, coarse monoclinic prisms terminated by pyramids; also 
in amorphous masses. Cleavage: none. F'ractwre: con­
choidal, splintery, brittle. Hanlness: 6.5-7. Strec£k: green­
ish-gray. Specific gm·&ity: 4-4.5. Occun·ence : pegmatitr 
veins along with allanite and similar minerals containing 
cerium, glucinum, columbium, etc., in rounded masses or 
nodules inclosed by a reddish crust of altered material. .tls&o­
cic£tions: allanite, yttrialite, nivenite, gummite, fluorite, 
molybdenite, thorogummite, etc., most of which are radio­
active. Colo1·ado locaUty: Devils Head l\Iountain, Douglas 
County. Tests: The glassy mineral heated B.B. gives momen­
tary bright light, as if burning, swells, cracks open, and be· 
comes grayish-green, but does not fuse. The normal crystals 
swell, branch and become white. With borax reacts for iron. 
Decomposed by hydrochloric acid, with separation of gela­
tinous silica. The amorphous mineral, when heated, evolves 
much light and becomes denser. It is commonly radioactive. 

ZIRCON is described elsewhere. 



CHARACTERISTIC REACTIONS OF 
THE MORE IMPORTANT ELEMENTS 

(Symbols and atomic weights follow the names of the elements.) 

ALUMINUM, AI, 27. 

1. Cobalt N itmte: Light colored, infusible aluminum min­
erals, finely powdered, moistened with coba lt nitrate solution and 
intensely heated on coal turn beautiful blue. Zinc silicates give 
the same color, but react for zinc. 

2. Precipitation by Am-monia: Ammonia added to acid solu­
tions containing aluminum, precipitates cloudy white aluminum 
hydroxide. To prove: Collect the precipitate on filter paper, 
wash with water, place part of it in a test tube and add potassium 
hydroxide. If it is aluminum hydroxide it readil_v diRsolves. 
Test the remainder of the precipitate with cobalt nitrate. (See 
further under silicon, No. 3.) 

ANTIMONY, Sb, 120. 
1. Coating on Gypsum: Powdered antimony minerals mixed 

with three or four parts of bismuth flux, (1 part potassium iodide, 
2 parts sulphur, 1 part potassium bisulphate) , or moistened with 
hydriodic acid, and heated in the O.F. on a gypsum slab, yield a 
red coating, which disappears if exposed to strong ammonia 
fumes. 

2. Su,.bUmate on Charcoal: Many antimony minerals heated 
on coal, in the O.F., yield a dense, white, easily volatile coating 
near the mineral, becoming thinner and bluish farther away. The 
fumes have no characteristic odor, and the sublimate is easily 
driven about the coal by the blowpipe flame. 

3. Opern Tub e: Metallic antimony and antimony sulphides 
powdered and heated in an open tube yield a heavy white subli­
mate a1ong the under side of the tube, and possibly a ring near 
the mineral. The ring is easily driven along the tube by the blow­
ljipe flame. The other deposit is not volatile, and is pale yellow 
white hot, but white when cold. -

4. Flame color: Antimony when volatilized by strongly 
heating a mineral in the R.F. colors the flame pale greenish. 

245 
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ARSENIC, As, 75. 

1. Co.ating on Coal: Metallic arsenic, arsenic sulphides, and 
the arsenides of other metals, heated on coal yield white fumes 
of onion or garlic odor and a white, crystalline coating of arsenic 
trioxide far from the mineral. 

2. Coat'ing on Gypstt1n: Powdered arsenic minerals mixed 
with bismuth flux, (See No. 1, under antimony.), or moistened 
with hydriodi c acid and heated in the O.P. on a gypsum s lab, 
yield a volatile orange-yellow coating. 

3. Open 1'ube: Powdered arsenic minerals heated in an 
open tube form a ring of arsenic trioxide on the glass near the 
assay. The ring may be driven up the tube by the flame. 

4. Closed 1'1.1.be: Metallic arsenic and some arsenides heated 
in a closed tube yield a brilliant, black, metallic, ~rsenic mirror, 
which may appear gray near the assay. 

5. Fla;m e Color: Arsenic volatilized by strongly heating · 
mineral in the R.F. gives a: violet tinge to the flame. 

BARIUM, Ba, 137.4. 

1. Flarne Colo1·: Most barium minerals color the flame yel ­
lowish green. The color is sometimes intensified by ' moistening 
the powder with hydrochloric acid. ProYe b;-r other tests, as boron 
and phosphorus give green flames. 

2. Ba1·ium, S1.tlphate Pr·ec·ip,itnte: .·'.. fe\Y drops of dilute sul­
phuric acid added to solutions containing barium will precipitate 
white ba1·ium sulphate; which will give the flame test. ~finerals 

insoluble in acids are powdered and fused with three parts Roda 
and then dissolved in hydrochloric acid. 

3. Alkaline React·ion: Rome barium minerals, powdered 
and intensely heated give a brown color on moist turmeric paper. 

BeryUi1ttm, Be, 9. 

BISMUTH, Bi, 208. 

1. Coating on Gypsurn, a-nd Cha.'rroal: Powdered bismuth 
minerals mixed with bismuth flux or moistened with hydriodie 
acid and heated, in the O.F., on a gypsum slab give a chocolate­
brown coating, changed to bright red by ammonia fumes. On 
charcoal the coating is yellow near the assa:v and bordered by 
bright red. 

2. M etall-ic B 'ismuth and Coctt·ing on Cha1·coal: The pow­
dered mineral heated· with three volumes of soda on charcoal, 



REACTI0::\'1". OF THE IMPORTANT ELEi\lE~TS 247 

yields a brittle g lobul e o.f metallic bismuth, and a yellow coating 
bordered with white. Lea·d globules are malleable. 

3. 1iVhite P1-eC'ipitate in wc£te1·: If the mineral is soluble in 
hydrochloric acid evaporate the solution to a few drops, and pom 
it into a test tube one-third full of water. A white precipitate is 
form ed and may be t ested as in No. 2. 

BORON, B, 11. 

1. Flame Golo1·: The powder of many boron minerals color:; 
the blowpipe flame yellowish green. Some must be mixed with 
3 volumes of pota:ssium bisulphate. and 1 of fluorite and gentl)­
heated, to secure the green flame. 

2. Redd!ish B1·ow1t Go lo1· 011, T'Urmer ic Pc£zJct· : Turmeri c­
paper moistened in a hydrochloric acid solution of a boron min­
eral, and dried on a test tube containing boiling w.ater , is turned 
reddish brown, and the brown turns to inky black when the paper 
is moistened with ammonia. Insoluble minerals are first fused 
with soda. 

Gac/Jmit£m, Cd. 112. 

CALCIUM, Ca, 40 . 

1. P·recipitc£t·ion of Galcinm 8ulphatr: A fe ~· drops of dilute 
sulphuric acid added to a solution containing calcium, will pre­
cipitate mipute white crystals of calcium sulphate, readily di~> ­

soh·ed by adding water and boiling. If the soluti on supposed to 
contain calcium is very dilute concentrate it b~- boiling. If very 
acid, add a little ammonia before t es•ting with sulphuric acid. 

'~ Galciwn P·recipitatecl as Ga1-bonate : When ammonium 
r:arbonate is added to a: boiling solution containing calcium, made 
strongly alkaline with ammonia. a fine white precipitate of cal­
cium carbonate is formed. 

3. Ga.lcinm Oxc£l.atc P1 ·ecipi.ta.tc: If ammonium oxalate is 
added t9 a hot alkaline or s-lightl y acid solution containing cal­
cium a Yery fine white precipitate is formed. The solution must 
be acid if phosphorus, silica or boron is present. 

4. Alkc~z.ine R eaction on Ttwme1·i-c Paper: The powdered 
mineral after strongly heating gives an alkaline reaction 011 

turmeric ·paper. 
(See further under silicon. No.3.) 
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CARBON, C, 12. 

Ca1,bonates: The powdered minerals treated with dilute acid, 
warmed if necessary, yield carbon dioxide with effervescence. B;y 
slightly tipping the test tube the carbon dioxide may be poured 
off, as formed, into another tube containing barium hydroxide. 
On shaking the tube barium carbonate is formed as a white pre­
cipitate. 

Cer-·ium, Ce, 140. 

CHLORINE, Cl, 35.5. 

1. Chlor-ine G-iven Off: Many powdered chlorides, heated 
with a little manganese dioxide, or pyrolusite, with several times 
their volume of acid potassium sulphate, give off chlorine, a pun­
gent greenish gas which bleaches litmus paper held in the tube. 

2. Silver ChlCYride P1·ecipi.tated: When silver nitrate solu­
tion is added to a chloride solution in water or dilute nitric acid, 
it forms a white precipitate of silver chloride, 'vhich changes to 
violet when expos·ed to light. 

3. Flarne Color with Co1Jpe1· Oxide: Moisten a mixture of 
the powdered mineral with sulphuric acid, and heat slowly until 
red. The flam e is azure-blue. 

CHROMIUM, Or, 52. 

1. B01·ax Bead CalMs: Form a bead by burning borax in a 
loop of platinum wire. With the hot bead take up a little pow­
dered mineral and heat in the O.F. The bead is yellow while hot, 
yellowish green when cold. In the R..F. it is green bo.th hot and 
cold. iWith more mineral in the O.F., the colors are red when 
hot, yellowish green when cold. 

2. SaM of Phosphonts B ec£d Color-s: In O.F. the bead is 
dirty green when hot, clear gree:r;1 when cold. In the R..F. the 
colors are paler. Vanadium differ~ in giving a yellow bead in the 
O.F. 

COBALT, Co, 59. 

1. Bor·ax and Sa,lt of Phospho1·us Bead Co lors: The beads 
are fine blue, hot and cold, in both flames. If copper or nickel 
interferes, place the bead on coal with a granule of tin in a sn:ong 
R..F. The copper or nickel will be reduced to metal and the flux 
will become blue. 
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COPPER, Cu, 64. 
1. F'larne Colo1': All common copper minerals give an emer­

ald green fl ame. Moisten the mineral powder with hydrochlori c 
acid or add a grain of salt. The fl ame is azure-blue. 

2. Bltte Solution with A1nrnon·ia: When ammonia is added 
in excess to a nitric acid or hydrochloric acid solution conta ining 
copper it gives a deep blue color. Nickel gives a paler blue. 

3. Metallic Cop1Jer·: Most copper ores after roasting yieltl 
a copper globule when fused on coal with seyeral times their 
volume of a flux made of 1 part soda and 1 part borax. 

FLUORINE, F , 19. 

1. Etching Glass: Make a paste by moistening the· powdered 
mineral with concentrated sulphuric acid. Coat a glass with 
paraffin and make a few scratches in the paraffin exposing the 
glas-s. Spread the paste over the paraffin and let it stand a few 
minutes. Clean the glass and obser;ve the etching. 

GOLD, Au, 197.2. 
1. Solttbili ty: Gold is insoluble in any single acid, while 

all minerals of similar color are s-oluble in one or another of the 
common acids. 

2. 111 alleability: Even very small grains of gold may be 
hammered out without forming a powder. 

3. Specific Gravity: Much higher than that of any mineral 
likely to be mistaken for it. It ranges from 15 to 19.3. 

4. S ecti le: Gold will yield chips or shavings. not powder 
or grains, when cut with a: knife. 

5. Fr·ee Gold: Much gold occurs in metallic grains. An 
ore containing free gold in profitable amount may be crushed to 
a fine powder arid the rock dust washed away with care, leaving 
only grains of metallic minerals and gold. Practice will soon 
enable one to separate the gold grains, "colors," from the much 
lighter mineral .grains. Pyrite grains may be mistaken for gold, 
but they will crush to a powder under the knife blade. 

-A few drops of mercury may be placed in the pan and the 
mass shaken for some tim E'. The mercury will collect the gold, 
and the remaining mineral matter is easily removed. Place the 
mercury in a cavity on charcoal and heat gently with a blowpipe. 
The mercur;r is driven off in vapor, and the g-old may be formed 
into a globule by fus·ing with borax or soda. Do not breathe the 
mercury fumes. 
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6. Telltt1·ides: ~iuch gold occurs in the form of tellurides 
which may be detected as described under tellurium. Persistent 
heating with the blowpipe will drive off the tellnrium as white 
fumes and leave a globule of metallic gold. 

etc. 

H yckogen, H, 1. 

Iodine, I, 126. 

b··idium, Ir, 193. 

IRON, Fe, 56. 

Ree "Tests" under: ilfagnet•ite. He111atitc. Limonite. 8irlcr'itr· . 

1. M a.g?Jctism: . :\fagnetite, specular hematite, ilmenite, and 
pyrrhotite respond to the magnet-the last three very weakly. 
Hematite, limonite, goethite, turgite, siderite, pyrite, pyrrhotite 
and other iron minerals ma,Y be made magnetic by strongly heat­
ing them in the R..F. on charcoal, with or without soda. 

2. Bomx Bc(tel Golo·rs: With a small amount of iron the 
bead in the O.F. is yello"· when hot, and nearl,Y colorless when 
cold; with more iron it iR brownish-red when hot, yellow when 
cold. In the R.F. with little iron, the bead is pale green when 
hot, colorless when cold. ViTith more iron it is bottle-green when 
hot, and pale green when cold. Roast sulphides and arsenides 
before making bead tests. 

3. PrecipitMe of J.ron Hyrlrox irlr: Ammonia added to a 
dilute solution in nitric acid or hydrochloric acid in. which a few 
drops of nitric acid have been boiled, gives a brownish-red pre- . 
cipitate. Without the nitric acid the hydrocblorir arid Roln· 
tion gives a greenish precipitate, which turns brown. 

4. Fe·rrotts and Ji'e-r-ric I1·on: 

PotasRium fC'nicyanid(• addPcl to a ferrO/Is solntioll giq•s a 
dark blue precipitate; added to a ferric solution it merely deepen~ 
the color. 

Potassium ferrocyanide added to feT·rotts solutions gives ~t 

pale bluish white precipitate which quickly tumR blne; added t.1 
fer?·i.c soh1tions it gives a dark blue precipitate. 

Potassium sulphocyanide added to fenic solutionR gives '1 

c1ark red color. (Ree further 11nder Riliron, No.3 .) 

Lanthanum. La, 138. 
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LEAD, Pb, 207. 

1. Ooctt·ing on Gypsum: 'L'he JJOwdered min<>ral heated with 
three or four times its volume of bismuth tinx on a gypsum slab 
gives a coating varying from fine yellmY near t he assay to greenish 
:yellow on the borders. 

2. Metallic Lead and Coating o·n Oha'I"Coctl: A mixture of l 
part powdered mineral , 1 part charcoal dust and 3 parts soda, 
fused in the R.F. will give globules of metallic lead, and a coating 
of lead oxide, yellow near the assay and paling to bluish white 
on the borders. 

3. Prccipita.tes: S•ulphuri c or hydrochlori c acid added to a 
nitric aeid solution gives a white precipitate. 

LITHIUM, Li, 7. 

1. F'la,m e Color: 'Mix the powdered 111ineral with the same 
rolume of powdered gypsum and hold it in the flame on a platinum 
wire. The flame is deep crimson-darker than the strontium and 
calcium flames. 

MAGNESIUM, Mg, 24. 

1. Col01" 1u-itlt Colmlt N itmtc: Reveral light colored mag­
nesium minerals v;·!Jen moistened "·ith cobalt solution and strongl,l 
heated turn pink. 

2. R eaction with Tunncrio Pct1JC1': Some magnesium min ­
erals after strong heating give a brownish color to mois-tened tur­
meric paper. 

3. Prec·izyitation from Soltttion: Boil a dilute hydrochlorie 
acid solution with a drop or two of nitric acid, add excess of 
ammonia. filter, add ammonia and ammonium oxalate, filter if 
nece.ssar,1, add ammonium sulphide and filter if necessary. Add 
sodium phosphate. A c-rystalline precipitate shows the presence 
of magnesium . 

(See further under silicon, No. 3.) 

MANGANESE, Mn. 55. 

1. Sod:iwn CarbO?Iia-t e Bead Oolo1·s: Fu!'e soda in a loop 
(If platinum wire and take" up a sma.ll amount of thP mine1·al . 
In the O.F. the bead iR green when hot, and blue-green when cold. 
in the R.F. the bead becomes almost white. 'L'he test may be 
111HdP on a pieee of platinum foil. A littlr potassium nitrate fl'e­
qncutl~· inll)l'O\-eR the reaction. 
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2. Boram Bead Color-s: In the O.F. the bead is opaque 
while hot, and reddish violet when cold. In the R.F. the bead 
hecomes colorless·. A very small amount of the mineral is needed. 

3. Salt of Phosphor-us Bead Color-s: The colors are similar 
to those of the borax bead, but less distinctive. 

4. E'l/ol?ttion of Chlor·ine: When the higher oxides of man· 
ganese are dissolved in hydrochloric acid, chlorine, a pungent, 
greenish gas, is given off. Tes·t the chlorine by its bleaching 
effect on moistened calico. 

MERCURY, Hg, 200. 

1. Sel)(£1'"Cttion of Metallic Mercur-y: Mix 1 part of the 
powdered mineral with 4 parts of dried soda, place in a closed 
tube, add a covering of dry soda and heat gently. A gray coating 
of minute globules, or a darker coart:ing of larger globules will 
form on the tube. For amalgams the soda is not needed. 

Most mercury compounds yield a dark mirror-like ring when 
heated alone in a closed tube. 

2. Precipitation of Met(l,llic J.l!Jercur-y on Coppe1·: A piece 
of clean copper dipped into a solution containing mercury lie­
comes coated with silvery white metallic mercury. 

MOLYBDENUM, Mo, 96. 

1. Deposit in Open Tube: Finely divided molybdenite 
heated intensely in an open tube gives a ;yellow deposit of molyb­
denum trioxide on the \Yalls of the tube, and frequently delicate 
crystals. 

,2. Flame Color: If molybdenite is heated at the tip of 
tLe blue cone of the flame. a pale ye llowish-green color appears. 

3. Colo·r of Soltdion: Mix 1 part powdered mineral, 
(roasted, if a sulphide), 3 parts soda and 3 parts nitre, fuse a 
portion on platinum foil or make several beads on platinum wire, 
dissolve the fused mass in boiling water, pour off the clear liquid, 
add to it a few drops of hydrochloric acid and a small piece of 
copper, heat slightly. The solution becomes a fine blue. The 
blue disappears on strong heating, but reappears on cooling. 

4. Qolo1· on Gypsum: Moisten the powdered mineral with 
hydri odic acid, or mix it with bismuth flux, on gypsum and heat 
strongly in the O.F. A deep ultramarine blue appears near the 
a~sa;v. 
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NICKEL, Ni, 59. 

1. Bo1·aa: Beacl Colm·: Add a very small grain of the well 
!'onsted mineral to a borax bead. In the O.F. it is violet while 
hot, reddish-brown when cold. In the R.F. long heating makes 
the bead opaque. The bead heated on coal with a grain of tin 
becomes colorless. Iron, cobalt and copper in the mineral will 
obseure the reaction .for nickel. These may be treated as follows: 
Hoa.st the powdered mineral into a globule one-eighth inch in 
diameter. place it on coal with borax and heat in the O.F. When 
the borax becomes colored by iron, (See No. 2 under iron.) , 
remove it and repeat with more borax. After all iron is re­
moved, cobalt will give the borax a blue color. Continue adding 
and removing borax until nickel colors it reddish brown. 

Copper may be detected by treating the ~ead with salt of 
phosphorus in the O.F. Nickel a lone gives a pure yellow color, 
while nickel and copper give a greenish yellow, or, if copper is 
abundant, a green. To confirm the copper, heat the bead on coa l 
with tin in the R.F. It becomes red and turbid or opaque. 

2. Colo1· of Preci7Jitate: Nickel minerals dissolved in nitric 
acid give apple green solutions.. Ammonia gives them a, pale 
blue color. (Copper gives a deep blue when ammonia is added.) 

Niobium} Nb, 94. 

Nitrogen} N, 14. 

Oxygen} 0, 16. 

Pallaclium, Pd, 106. 

rHOSPHOR.US, P, 31. 

1. Flame Colm·: The powdered mineral give: a pale bluish 
green color to the flame. Some minerals must be moistened with 
!:: Ulplmri c acid before the color is shown. 

~. r ellow Precip·itate with Ammoniwm M olybclate: The 
mineral, (fused with soda if necessary), is dissolved in nitric 
m·id, aJld a few drops of the solution are added to a solution of 
~tmmonium molybdate. A yellow precipitate forms in a few 
minutes. 

rLATINUl\f, Pt, 195. 

1. Plati·11um is a gray-white metallic mineral, infusible, mal­
lrahl<'. imwlnhlP in any single arid, hnt forming a rc>rlcli:-:h ~·pl1ow 
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solution with aqua regia, a mixture of nitric and hydrochloric 
acids. 

Irid'hm1- and hidosrnine are insoluble in aqua regia. 

POTASSIUM, K, 39. 

1. F'lame Col01·: Many potassium minerals when powdered 
give the flame a rich, pale violet color. Silicates must be pow­
dered and mixed with an equal Yolume of powdered gypsum and 
applied to the flame on moistened platinum wire. The yellow 
soda flame, which may obscure the potassium flame, is cut out 
by blue glass. 

2. Alkaline Reaction: Some potassium minerals after in­
t_ense heating give an alkaline reaction on moist turmeric paper. 

3. Precipita,tion W'ith Platinic Chloride: When platinic 
chloride is added to a neutral or slightly acid solution containing 
{;otassium, a yellow precipitate is formed. 

Radiwm, Ra, 226.4. 

SELENIUM, Se, 79. 

1. Odor: Selenium minerals· when heated strongly giYe a 
very peculiar odor, thought to be similar to that of radishes o1· 
ciecaying radishes. When selenium is abundant, brown fumes 
form and the coal is coated with silver white, possibly bordered 
by red. 

SILICON, Si, 28. 

1. Gelat'inous Silica: Dissolve the mineral in nitric ar·id, 
(after fusion with soda, if necessary), and contjnue boiling. As 
dryness is approached a jelly-like mass of metasilicic acid, 
H 2Si03 , is formed. 

2. Separation of Silica Powder: Many silicates, when 
finely powdered and boiled in acid, decompose and go into solu­
tion, except the silica, which remains as a very fine powder not 
easily detected in the liquid. To determine whether or not the 
bulk of the mineral has been dissolved, filter, and evaporate a 
drop of the clear liquid on a clean glass plate. A considerable 
residue shows that the mineral has been decomposed. 

3. Detection of rllt~minwrn, J1·on, Calcit~rn wncl M agnesinm 
in .Silicates: Dissolve the mineral in dilute nitric a.cid, (after 
fusion with four parts of soda or borax, if necessary) , carefull:y 
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boil to dryness, and cool. Add a li.ttle strong hydrochloric aeid 
and heat gentl:v, add 5 volnmes of water, boil and filter. (The 
1·esidue on the paper should be silica, and soluble in potassium 
hydroxide.) Add a little nitric acid to the filtrate from the 
f.lilira. boil, add ammonia until the solution is just alkaline. A 
light colored precipitate is aluminum, a dark colored one con­
t·ains iron aHd possibly a luminum. Filter, save the filtrate, and 
if the precipitate is· dark wash it into a. test tube with water, 
add potassium hydroxide and boil to dissolve aluminum, Filter 
olf the iron, add hydrochloric acid to the filtrate, boil, add 
ammonia to precipitate the aluminum. Heat to boiling the 
filtrate saved from the iron and· aluminum, and add ammonium 
oxalate. Let it stand. 'l'he precipitate, if any, is calcium oxal­
ate. Filter with two or three thicknesses of filter paper, add 
1110re ammonium oxalate, and, if necessary, run it through the 
:-;ame filtee until a clear liquid is secured. Cool the filtrate, add 

I . 

sodium phosphate and strong. ammonia to precipitate magnesium, 
and let it stand in a cool place. A precipitate shows the preS€ncc 
of magnesium. 

4. Skeleton of SiUcct vn Salt of Phosphonts Beacl: When 
a powdered silicate is· fused in a salt of phosphorus bead an in­
>'uluble mass of s·ilica hang~;~ in the bead. 

SILVER, Ag, 108. 

1. Reduction to JlletalUc Silve•r with S:ocla: Powder Lhe 
-;ilrer minei·al and fuse it on coal with three parts of soda. A 
ln·ight, malleable, metal globule forms. Silver minerals contain­
iug only a.rsenic, antimony, sulphur or tellurium in addition to 
~ilveL· yield a metallic bead when roasted in the O.F. If lead and 
antimony are present a reddish to lilac coating is formed on tbe 
l·oal. 

2. Prccipitat·ion as Silver Chloride : Dissolve the powdered 
ruincral in strong nitric acid, add water and then a few drops of 
hydrochloric a.cid, or a little common salt. The white, or cmdy 
,,·hite pre<:ipitate of silv{'r chloride darkens on exposure to light, 
i::; soluble in ammonia, and may be reduced to metallic si h-m· 
with soda on charcoal. 

SODIUM, Na. 23. 

1. .F'larne Colo1·: Many sodium minerals powdered and ap­
plied to the flame give it a deep yellow color, invisible through 
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dark blue glass. Others musrt be powdered and mixed with an 
equal volume of po\vdered gypsum and applied to the flame on 
a moistened platinum wire. 

2. Alkaline Reactions on 1'unnm·ic Pa.pe·r: Some sodium 
minerals after srtrong beating giYe an a lka line reaction on moist 
turmeric paper. 

STRONTIUM, Sr, 88. 

1. Flume Colo1·: The powdered mineral gives a deep, in· 
tense crimson, intensified by moistening it with hydrochloric acid. 
It is much like the lithium flame, but is more intense and more 
persistent than the calcium flame. See number 2. 

2. Alka.line Reaction on1 1'nn;wric Pctpe·r: Some strontium 
minerals after heating give an a lkaline r eaction on moist tur· 
meric paper. Lithium minerals do not ghe an a.lkaline reaction. 

3. Precipitation of Stronti·um Sttlplwte: A little sulphuric 
acid will precipitate white strontium sulphate from solutions 
uot too dilute or too acid . The precipitate is not dissolved by 
toiling it in water. See simi lar test under calcium . 

4. s·trontium salts are heavier than most light colored min· 
erals, but lighter than barium minerals. 

SULPHUR, S, 32. 

Tests for Sttlphides. 

1. Sulphttr Fumes in Open 'l'ube and on Charcoal: Pow­
dered sulphides heated in the open tube, or in the O.F. on coal 
give the pungent odor of sulphur dioxide. Moistened blue litmus 
paper held at the end of the tube is· turned red. Some sulphides 
give white fumes of sulphur trioxide in the open tube. 

2. s-ublimate of Sulpl111M· in Closed Tube: Some' sulphides 
beated in the closed tube yield sulphur which forms a dark yel· 
lowish brown deposit while hot, but changes to yellow when cold. 

3. D ·isc.oloration of Silver: Fuse a powdered sulphide with 
soda on coal, and crush and moisten the mass on bright si lver. 
A. brownish black stain of silver sulphide is formed. Selenium 
and tellurium destroy this test. 

4. Separation of SulzJhur by Solntion in Nitr~c Acid. 
\Vhen sulphides are dissolved in strong nitric acid, brownish red 
fumes are given off, and free sulphur may rise to the surface of 
the solution. 
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Tests for S·ulphatcs: 

1. Ba1·iwn Sulphate PrecizJitat-ion: Dissolve the mineral in 
dilute hydrochloric acid and add a few drops of barium chloride. 
A white precipitate of barium sulphate is formed. It is not dis­
l:'olved by boiling it in water. See similar test under calcium. 

2. Discoloration of Silvm·: Fuse the powdered mineral 
with its own volume of charcoal dust and two volumes of soda. 
'J'he mass moistened and crushed on bright silver leaves a brown· 
i~h black stain. 'fhe su lphate is reduced to a sulphide. 

Tan.talwrn, Ta, 183. 

TELLURIUM, Te, 127.5 

1. V ·iolet Solution with Strong Sulphu1·ic Acid: The pow­
dered mineral heated gently in concentrated sulphuric acid gives 
u beautiful reddish violet color. When water is added, the cooled 
solution loses its color and grayish black tellurium is deposited. 

2. White Goetting on Charcoal : When a telluride is heated 
on coal in the O.F. a heavy white coating of tellurium dioxide 
forms, and the flame is colored pale green. 

3. V•iolet Sol·ut·ion After Fusion with Soda and Charcoal: 
Mix the 'powdered mineral with soda and charcoal dust and heat 
it in a rather wide closed tube. Cool and add water. The solu­
tion is redd·ish violet. 

Thalli'UIIn, 'fl, 204. 

Tho1"iutnt, Th, 232.5 

TIN, Sn, 119. 
1. Metallic Tin on Cha1·coal: The powdered mineral mixed 

with its own volume of charcoal powder and two volumes of soda 
and fused on coal in the R.F. gives globules of white metallic 
tin, which become dull on exposure to air. Long heating give~-; 

a white coating of tin oxide on the coal. 
2. Bead Coloration: Color a borax bead pale blue with 

copper oxide. Add a little tin mineral and heat a moment in 
the R.F. The bead becomes brown or ruby red. 

TITANIUM, Ti, 48. 

1. Salt of Phosph01"us Bead Col01·s: In the O.F. the bead 
is yellow when hot, and colorless when cold. In the R.F. it is 
yellow while hot, and beautiful faint violet when cold. Confirm 
by other tests. 

(9) 
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2. Violet Solution: Fuse with borax or soda, dissolve in 
hydrochloric acid, add tin and boil. A violet color shows the 
presence of titanium. 

3. Reddish Yellotv to Amber Color with Hyd1·ogen Pe:roxide: 
Fuse the mineral with soda, add a little concentrated sulphuric 
acid and an equal amount of water, boil until clear. Add col~1 

water, then hydrogen peroxide. The solution becomes reddish 
Jellow or amber colored if titanium is present. 

TUNGSTEN, W, 184. 

1. Blue Solut·ion with Tin: Dissolve the mineral by long 
boiling in hydrochloric acid, (after fusion with soda if necessary). 
A yellow powdery precipitate forms. Add a granule of tin and 
boil. The solution becomes blue, and with further boiling brown. 

2. Salt of Phosphonts Beacl Color: In the O.F. the bead 
i~ colorless. In the RF. it is a fine blue. 

URANIUM, U, 239.5. 

1. Salt of Phospho1·us Bead: In the O.F. it is yellow while 
hot, yellowish green when cold; in the R.F. it is green when cold. 

2. Yellow 1-'·reoipitate: The powdered mineral is dissolved 
in hydrochloric aci'd, or fused with soda, then dissolved in hydro· 
chloric acid. Add ammonia until the solution is nearly neutral. 
(If a precipitate forms add acid slowly until it is dissolved.J 
Add powdered ammonium carbonate until no more precipitate is 
formed, let it stand, filter, add hydrochloric acid until the filtrate 
is acid, boil, then add ammonia in excess. A yellow precipitat1~ 
indicates uranium. Filter and test the precipitate with a bead. 
Di~solve the precipitate in a little dilute sulphuric acid, add zinc . 
• \. blue solution turning green c.onfirms the other tests. 

VANADIUM, V, 51. 

1. Borax B ead Col01·s: In the O.F. the bead is yellow when 
hot, colorless when cold. In the R.F. it is dirty green when hot, 
fine green when cold. 

2. Salt of Phosph01·us B ead Colors: In the O.F. it is yellow 
to amber when hot, paler when cold. In the R.F. the bead is 
dirty green when hot, fine green when cold. 

3. A Faint Y ellow Prec·ipitate: Fuse the powdered min­
eral in 4 parts soda and 2 parts niter. Dissolve the mass in hot 
water, filter, acidify with acetic acid, and add lead acetate. ..A 



REACTIONS OF THE IMPORTANT ELEMENTS 259 

pale yellow precipitate fading to white indicates vanadium. If 
molybdenum or chromium is suspected, dissolve the fused mass 
in water and add powdered ammonium chloride until it dissolves 
very slowly, and let the solution stand. A faint yellowish pre­
cipitate indicates vanadium. Filter and wash the precipitate 
with a solution of ammonium chloride, heat s•lowly in a porcelaiE 
crucible. A red residue is vanadium pentoxide. 

4. Changing Color of Solution: Dissolve the mineral in 
sulphuric acid, (after fusion as in number 3, if necessary). Add 
metallic zinc. The solution changes to yellow, green, bluish green, 
blue, greenish blue, bluish violet and lavender. 

Yttrium, Y, 89. 

ZINC, Zn, 65. 

1. Coating on Charcoal: Make a paste of equal volumes of 
the powdered mineral and soda and a little charcoal dust, heat 
strongly in the R.F. for some time. Metallic zinc is separated 
as a dust, becomes oxidized and forms a coating of zinc oxide 
which is pale yellow when hot and white when cold. 

2!. G1·cen Color· tvith Cobalt N'itmte: Light colored, in­
fusible zinc minerals, (including light colored sphalerite), become 
dark green when made into a paste with cobalt nitrate solution 
and intensely heated on charcoal in the O.F. The coating formed 
in test 1, will give the same result. For zinc silicates see 3. 

3. Blue Colo1· with Cobalt So~ution: Zinc silicates pow­
dered and moistened with cobalt nitrate and intensely heated in 
the O.F. become blue. Spots of green 'may occur. 

4. Flame Color: When some zinc minerals are strongly 
heated in the R.F. metallic zinc is formed and burned at once, 
giving the flame streaks of pale bluish green light. 

ZIRCONIUM, Zr, 91. 

1. Alkaline Reaction on Tttnn e1·ic Paper: Powder the min­
eral and fuse a little in soda on a platinum wire. Dissolve the 
bead in a little hydrochloric acid. Turmeric paper is reddened 
by the solution. 



IMPORT ANT MINERALS GROUPED 
BY COLOR 

I. METALLIFEROUS MINERALS OF METALLIC 
LUSTER GROUPED BY COLOR 

The symbol indicates the important metal contained. 

BLACK 1\ielaconite, Cu..... . .. 191 
(Some of these appear in other 1\Ienaccanite, Fe, Ti . . .. ... 151 

groups) Metacinnabarite, Hg . . . . . . 237 
Alabandite, Mn... . .. 163 Molybdenite, Mo. . ... 164 
Allanite, Ce, Di, La . . .. . .. 240 Octahedrite, Ti .... ... . .. . 172 
Argentite (to gray), Ag .. .. 216 Perovskite, Ti .......... . . 
Arsenic ...... . .... . .. .. .. 227 Polianite, Mn..... . . . . . . . 163 
Bismuth (rarely), Bi . . .. .. 232 Polybasite, Ag.... . . . . . . . 219 
Bournonite, Pb, Cu, Sb .... 201 Psilomelane, Mn ....... , . . 160 
Braunite, Mn . ....... 161 Pyrolusite, Mn . ... . · .... . . ·159 
Brookite,Ti .. . . . ... . . . ... 172 Pyrargyrite, Ag . .... . . . .. 217 
Cassiterite, Sn. . . . . . . . . . . . 209 Rutile (to brown), Ti. 171 
Chalcocite, Cu ... ... ...... 185 Samarskite, U, Nb, Ta . ... 242 
Chromite, Cr. .. . .......... 158 Siderite, Fe .... : 151 
Columbite, Nb, Ta. . . . . . . 242 Stephanite, Ag..... . . . 218 
Cuprite (rarely), Cu. 190 Stibnite (rarely), Sb . 230 
Emery (Abrasive). . ..... 75 Stromeyerite, Ag.... . . 217 
Enargite, Cu, (Ag). . . . . . . . 186 Tantalite, Ta .. : . . . . . . 242 
Ferberite, W. . . . . . . . . . . . . 175 Tennantite, Cu (Ag) . . 189 
Fergusonite, Nb, Y, Er, Ce, Tenorite, Cu. . . . .. . . . 191 

Ta, etc. . ... . . . . . . . . . . . . Tetrahedrite, Cu ...... . ... 188 
Franklinite, Zn, Mn· ... . .. 206 Turgite, Fe.... . . . 151 
Galena, Pb..... ... . 196 Uraninite, U .... . ... . . . . . . 178 
Goethite, Fe . .. .•. . ........ 150 Wad, Mn, etc ....... . .. . .. 163 
Graphite, C . . . . ........ 86, 93 Wolframite, W.......... 174 
Hausmannite, Mn .. . ...... 163 BLUE 
Hematite, Fe ........ . . .. 148 Covellite, Cu... . .... . . . . 191 
Ilmenite, Fe, Ti. · · · · · · · · · · 151 BRAss, BRONZE, CoPPER-RED, 
Iron, native, Fe ... .. .. . ... 152 YELLOW 
J amesonite, Pb ..... . · · · · · 201 (Some of these appear in other 
Limonite, Fe ..... . . ...... 150 groups) 

Magnetite, Fe ............. 149 Arsenopyrite, Fe, As .... . . 154 
Manganite, Mn .... . .. . . .. . 161 Bismuth, Bi .... . . . .. . . . .. 232 

260 
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Bornite, Cu .......... ... .. 188 
Calaverite (when tarnished) 

Au, Ag ...... . ......... 21.4 
Chalcopyrite, Cu. . . . . . . . . . 187 
Copper, Cu . . . . . . . . . . . . . . . 186 
Domeykite, Cu .... . . .. .... 195 
Empressite, Ag .. . .... . ... 221 
Enargite, Cu, (Ag). . . . . . . . 186 
Goethite, Fe ... .. ......... 150 
Gold. . . . . . ... .. 213 
Krennerite, Au . .. . . .. . . . . 215 
Marcasite, Fe,... . . . 153 
Millerite, Ni. . . . . . . . . . . . . . 167 
Niccolite, Ni, As .......... 167 
Orpiment (non-metallic), As 228 
Pentlandite, Ni ..... . ..... 167 
Pyrite, Fe . . ... . . . .... . 152, 187 
Pyrrhotite, Fe, (Ni) . . . . . . . 154 

• 
BROWN 

(Some of these appear in other 
groups) 

Allanite, Ce, Di, La. . . . . . . 240 
Bornite (tarnish), Cu . . . . 188 
Brookite, Ti . ... . . .. 172 
Cassiterite, Sn.. . . . . . . . . 209 
Cuprite, Cu............. 190 
Enargite, Cu, (Ag)... 186 
Gadolinite, Be, Y, etc ..... 244 
Goethite, Fe ... . .. . .... .. . 150 
Hausmannite, l\1n.... . . . . . 163 
Hematite, Fe ....... . .. . .. 148 
Hiibnerite (to black) ,W,(lVIn) 175· 
Limonite, Fe .... . . . . .. ... 150 
Octahedrite, Ti. . . . . . . . . . . 172 
Perovskite, Ti . . .. ..... .. . 
Pyrrhotite, Fe, Ni.... . . . . . 154 
Rutile, Ti . . .... . ..... . . . . 171 
Sphalerite, Zn . ....... . . . . 204 
Turgite, Fe ..... .. .. .. . · . .. 151 
Uraninite, U . . .. . .... .. . . . 178 
Wad, Mn, etc . .. : . . . . . .. 163 
Wolframite, W . ....... . . . . 174 

GRAY (see also WHITE) 
(Some of these appear in other 

groups) 

Aikinite, Pb, Bi, Cu .. . .. . . 198 
Antimony . . . . . . . . . . . . . . 229 
Argentite, Ag .. . ... .. . .... 216 
Arsenic. . . . . . . . . 227 
Arsenopyrite, Fe, As . . . . . . 154 
Bismuthinite, Bi .. ... . . .. . 232 
Bournonite, Pb, Cu , Sb . . .. 201 
Chalcocite, Cu . . . . . . . . . . . 185 
Cobaltite, Co. ........... 169 
Cosalite, Pb, Bi.. .. . . . . 199 
Emplectite, Cu, Bi. . . . . . 195 
Enargite, Cu, (Ag). . . . . . 186 
Galena, Pb . . . . . . . . . . . . . 196 
Graphite, C . . . . . . . . . . . . . . 86 
Hematite, Fe.. . . . . . . . 147 
Hessite, Ag, Au.... ... 221 
Iron, metallic ... . . . . . . .. .. 152 
Jamesonite, Pb . ..... . . .. . 201 
Linnaeite, Co. Ni . .. .... . . . 170 
Lollingite, Fe, As. . . . . . . . . 154 
Magnetite, Fe... .. . . . . . . . . 149 
Manganite, lVIn . . . . . ... . . . . 161 
Marcasite, Fe. . . . . . . . . . . . . 153 
Melaconite, Cu .. . .. .... .. . 191 
Molybdenite, Mo ..... . . . . . 164 
Palladium, Pa . .. . . .. .. . .. 226 
Platinum, Pt .. . ..... . ... . 224 
Polianite, lVIn .... ....... .. 163 
Polydymite, Ni .... . . . . .. . 
Psilomelane, Mn . . .. . .. .. . 160 
Pyrargyrite, Ag .. . ..... ... 217 
Pyrolusite, Mn.. . . . . . . . . . . 159 
Rutile, Ti ... . . .. ... ...... 171 
Smaltite, Co , (Ag) . . . . 169 
Sperrylite, Pt . .. .. . .. . . .. . 224 
Sphalerite (rarely) , Zn ... . 204 
Stannite, Sn, Cu. . . . . . . . . . 209 
Stephanite, Ag .. .. . . .. .... 218 
Stibnite, Sb .... . ....... . . 230 
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Sylvanite, Au, Ag ......... 214 
Tennantite, Cu, (Ag). . . . . . 189 
Tetradymite, Bi .......... . 234 
Tetrahedrite, Cu, (Ag). 188 
Wad, Mn, etc... . ...... 163 
Wolframite, W . . .... .. 174 
Zinkenite, Pb, Sb .... ·. 202 

RED 

(Some of these appear in other 
groups) 

Bismuth . . . . . . . . . . . . . . . . . 232 
Bornite, Cu. . . . . . . . . . . . . . . 188 
Cinnabar, Hg.... . . . 236 
Copper, Cu . ... .. .... . .... 186 
Cuprite, Cu..... . ... 190 
Empressite (bronze), Ag. . 221 
Goethite, Fe.. ... . . . . . . . 150 
Hematite, Fe.. .. . . . . . . . . . 148 
Niccolite, Ni, As .. . . 167 
Proustite, Ag. ... . . . . . . . 218 
Pyrargyrite, Ag...... . . . 217 
Pyrrhotite, Fe, Ni . . . .. .. 154 
Realgar, As . . . . . . . . . . . . 226 
Rutile, Ti ... . . . . . . . . 171 
Turgite, Fe.. . .. . . . . . . 151 
Zincite, Zn . .. . . . . . . . . 205 

WHITE 

(Some of these appear in other 
groups) 

Allemontite, As, Sb . . . . . 228 
Altaite (to yellowish), Pb . 200 

Amalgam, Ag, Hg ... . ..... 220 
Antimony. . . . . . . . . . . . . . . . 229 
Arsenic, As . ... . ........... 227 
Asrenopyrite, Fe, As. . . . . . 154 
Bismuth, Bi .. . ... . . ... . . . 232 
Bismuthinite, Bi... . . . 232 
Calaverity, Au. . . 214 
Chloanthite, Ni, Co. . . . . 169 
Cobaltite, Co. ... 169 
Domeykite, Cu ... ... ...... 195 
Dyscrasite, Ag..... . . . 223 
Emplectite, Cu, Bi . . . . 195 
Galena, Pb.... . . . . . . . 196 
Gersdorffite, Ni .. . . . . . 168 
Iridium, Ir. . . . . . . . . . . . . 225 
Iridosmine, Ir, Os ... . .... . 225 
Krennerite, Au. . . . .. . . . . 215 
Linnaeite, Co, Ni .. . ..... . . 170 
Lollingite, Fe, As .. . ... ... 154 
Marcasite, As .. . . . . . . . . . . . 153 
Mercury, Hg ....... . . ..... 237 
Molybdenite, Mo .......... 164 
Palladium, P a . . . . . . 226 
Platinum, Pt. . . . . . . . . . . . . 224 
Silver, Ag . .. ...... . .... . . 216 
Smaltite, Co, (Ag) ..... ~ . . . 169 
Sperrylite, Pt ....... . ..... 224 
Stibnite, Sb. . . . . . . . . . . 230 
Sylvanite, Au, Ag .. ....... 214 
Tellurium, Te ............. 235 
Tetradymite, Bi .. . ... ..... 236 
Tetrahedrite, Cu, (Ag) .. .. . 188 

II. METALLIFEROUS MINERALS OF UNME­
TALLIC LUSTER GROUPED BY COLOR 
The symbol indica tes the 

BLACK 

(Some of these appear in other 
groups) 

Alabandite, Mn... . . . 163 
Columbite, Nb, Ta ... . . . .. 242 

. ·-"' 

important metal contained. 

Gahnite, Zn ............. . 
~'lelaconite, Cu ........... . 
Proustite, Ag .......... .. . 
Pyrargyrite, Ag . . . ....... . 
Samarskite, U, Nb, Ta ... . 

208 
191 
218 ~ 

217 
242 
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Tenorite, Cu..... . . .. 191 
Thorite, Th ............... 243 
Yttrotantalite, Ta, Nb, Y .. 

BROWN 
(Some of these appear in other 

groups) 

Gummite, U. . . . . . . 179 
lVIimetite, Pb. . . . . . . . . 199 
Olivenite, Cu, As...... .. 194 
Scheelite, W. . . . . . . . 176 
Scorodite, Fe, As....... . 156 
Smithsonite) Zn. .... . . . . 204 
Vivianite, Fe .... . ...... ·. . 156 
Willemite, Zn. . . . . . . . . 206 

BROWN TO BLACK 
(Some of these appear in other 

groups) 

Allanite, Ce, Di, La. 240 
Brookite, Ti. . .. 172 
Cassiterite, Sn.. . . . . . 209 
Descloizite, Pb, Zn. 202 
Gadolinite, Be, Y, etc.. 244 
Goethite, Fe ... . .. . . . 150 
Hematite, Fe.... . . . 148 
Hiibnerite, W, (lVIn) 175 
Octahedrite, Ti. 172 
(Proustite, Ag) ..... .. .... 218 
Sphalerite, Zn . . . . . . . . . . . 204 
Titanite, Ti...... . . 43 
Wolframite, W. . . . . . . . . . . 17 4 
Wurtzite, Zn. . . . . . . . . . . 207 

BLUE TO VIOLET 
(Some of these appear in other 

groups) 

Azurite, Cu ........ . ...... 190 
Cerargyrite (violet), Ag. . 220 
Chalcanthite, Cu ... 195 
Corundum, Al. . . . . . . . . . 75 
Vivianite, Fe. . . . . . . . . . . . . 156 

GREEN AND GREENISH 
(Some of these appear in other 

groups) 

Atacamite, Cu. . . . . . . . . . . . 193 
Brochantite, Cu ... .. . .. ... 191 

Bromyrite, Ag. ... . . 222 
Cerargyrite, Ag ..... . . . .. . 220 
Dioptase, Cu . . . . . . . . . . . . . 194 
Embolite, Ag. . . . . . . . . . . . . 220 
Gahnite, Zn ........ ..... . 208 
Iodobromite, Ag.. . . . . . . . . 85 
Iodyrite, Ag .............. 222 
Leadhillite, Pb ... . . . .. .. . 
Libethenite, Cu .. . . ....... 194 
Malachite, Cu. . . . . . . . . . . . . 189 
Olivenite, Cu, As ..... .. .. . 194 
Phosgenite, Pb . . . . . . . . . . . . 202 
Pyromorphite, Pb .... . . . . 198 
Scorodite, Fe, As... . . .. . 156 
Smithsonite, Zn . . . ... . . . 204 
Stolzite, W, Pb ... ....... 176 
Titanite, Ti... .... . . . . . . . . 43 
Torbernite, U, Cu.. ..... 182 
Uranocircite, U. . . . . . . . . . . 185 

RED 
(Soine of these appear in other 

groups) 

Cinnabar, Hg ....... . .. ... 236 
Crocoite, Cr, Pb . . .. ... .... 203 
Goslarite, Zn ... . ......... 207 
Orpiment, As ...... . ..... . 228 
Proustite, Ag. . . . . . . . . . . . . 218 
Pyrargyrite, Ag .. ......... 217 
Realgar, As .... . ....... . . 226 
Sphaerocobaltite, Co ..... . 
Titanite (rose), Ti. . 43 
Uranosphaerite, U, Bi .... 234 

RED TO BROWN 
(Some of these appear in other 

groups) 

Cerite, Ce .... . . ... . . ..... 241 
Corundum, Al. . ..... ·. . . . . 75 
Cuprite, Cu ......... 190 
Descloizite, Pb, Zn. . . . . . . 202 
Goethite, Fe. . .... . . . . . . . . 150 
Hematite, Fe... . . . . . . . . 148 
Hi.i.bnerite, W ..... . ...... 175 
l\Ionazite, Ce, La, Th . . .... 241 

State Historical ana 
.---Ho.~·ral History Society, 

0 ER. COLORADO. 
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Rutile, Ti . ... . ....... . .. . 171 Titanite, Ti . ......... . 346 
Sphalerite, Zn . .......... . 204 Valentinite, Sb ........... . 231 
Titanite, Ti .... : . ..... . .. . 43 - Vivianite, Fe.. . . . . . . . . . . . 156 
Valentinite, Sb ........ . .. . 231 Wolframite, W ............ 174 
Vanadinite, V, Pb . ....... . 181 Wulfenite, Pb, Mo ......... 164 
Wulfenite, lVIo, Pb .. . ..... . 164 Xenotime, Y .... . .... . .. . 
Xenotime, Y .......... . 

WHITE TO GRAY 

(Some of these appear in other 
groups) 

Anglesite, Pb ..... . ... . . . . 197 
Arsenolite, As. . . . . . 228 
Calamine, Zn ... . . . . ...... 205 
Calomel, Hg .............. 238 
Cerargyrite, Ag.. . . . . . . . . 220 
Cerite, Ce.. . . . . . 241 
Cerussite, Pb..... . .... . . 196 
Corundum, Al. . . . . . 75 
Erythrite, Co, As 170 
Gahnite, Zn, Al. . . . . . . . . . . 208 
Gibbsite, Al. . . . . . . . . . . . 211 
Goslarite, Zn ...... .... .. .. 207 
Leadhillite, Pb ........ . 
Octahedrite, Ti...... . 172 
Olivenite, Cu, As.... . . 194 
Penfieldite, Pb . ... . .. . 
Phosgenite, Pb. . . . . . . . . . . 202 
Proustite, Ag... . . . . . . . . 218 
Pyrargyrite, Ag. . . .... 217 
Pyromorphite, Pb ...... .. . 198 
Sche~lite, W..... . . . 176 
Senarmonite, Sb ... . . . . . .. 231 
Siderite, Fe . ....... . . . . . . . 151 
Smithsonite, Zn . ...... . . . 204 
Sphalerite, Zn .. . .. .. . . . . . . 204 
Stolzite, Pb, W. . 176 
Tellurite, ':l'e...... . . . . . 235 

YELLOW TO ORANGE 
(Some of these appear in other 

groups) 

Anglesite, Pb ..... . . . . . ... 197 
Autunite, U. . . . . . . . . . . . 182 
Bromyrite, Ag. . . . . . . . . . . 222 
Calomel, Hg. . . . . . . . . . . . . 238 
Cassiterite, Sn. . . . . . . . . . 209 
Corundum, Al. . . . . . . . . . 75 
Embolite, Ag.... . . . . . . . 220 
Goslarite, Zn. . . . . 207 
Greenockite, Cd...... . . . 238 
Gummite, U. . . . . . . . . . . . . . 179 
Iodobromite, Ag.. . . . . . . 85 
Iodyrite, Ag. . . . . . . . 222 
Leadhillite, Pb . . ....... . . 
!I'Iimetite, Pb.. . . . . . . . . . . 199 
Orpiment, As ..... ·. . . . . . 228 
Parisite, Ce.... . .. . . . . . . . 83 
Pyromorphite, Pb..... . 198 
Realgar, As . . . . . . . . . . . . . 226 
Scheelite, W. . . . . . . . . . . . . . 176 
Sphalerite, Zn .. .. ... . . .. . 204 
Tellurite, Te ........ . .... . 235 
Titanite, Ti . . . . . . . . . . . 43 
Uranocircite, U. . . . . . . . . . . 185 
Uranophane, U.. . . . . . 182 
U ran·osphaerite, U. . . . . . . . . 234 
Vanadinite, V, Pb . ........ 181 
Wulfenite, Mo, Pb ......... 164 
Xenotime, Y .... . ... . ... . 
Yttrotantalite, Ta, Nb, Y. 
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Ill. NON-METALLIC MINERALS OF ECO-
NOMIC VALUE GROUPED BY - COLOR 

BLACK 
(Some of these may appear in 

other groups) 
Asphalts... . . . . . . . . . . . . . . 105 
Bitumens .... . .. . ..... . .. 105 
Bort.. . . ....... ..... . .... 87 
Carbonado ... .. .. ........ 84 
Coals .................. . 92-95 
Graphhe. . . . . . . . . . . . . . . . . 86 
Plumbago.. . .. . . . . . . . . . . . 86 

BLUE TO PURPLE 
(Some of these may appear in 

other groups) 

Amblygonite. . . . . . . . . 115 
Amethyst . . .. . .. .. . . ..... 142 
Apatite . . .. . . . . .... .. ... . 120 
Barite .. . . . . . . . . . . . . . . . . . 79 
Borax... .. . ... .. .. .. .. . . 81 
Brucite .. .. . .. ........ . . . 
Celestite .. ......... . .. . . . 
Corundum ... . ... . ....... . 
Fluorite ................. . 
Gypsum ... . . .. . .... .... . 
Lepidolite .. .... . .... . ... . 
Sylvite .. . ............ . . . . 

BROWN 

118 
134 
75 

111 
65 

113 
122 

(Some of these may appear in 
other groups) 

Apatite ... . ... . .. . ....... 120 
Asphalts . . . . . . . . . . . . . . . . . 105 
Barite. . . . . . . . . . . . . . . . . . . 79 
Bitumens . . . . . . . . . . . 105 
Chili niter . . . . . . . . . . . . . . . . 129 
Lignite (some) . . . . . . . . . . . . 92 
Magnesite.. .. .. .. . .. . .. .. 117 
Strontianite. . . . . . 133 
Sulphur ...... . . . ....... 136 

CoLORLEss, WHITE, GRAY 
(Some of these may appear in 

other groups) 
Alums .......... . ...... 76, 210 
Alunite ..... ............. 125 

Amblygonite . . . ... . . . . . . . . 115 
Apatite ........... . 120 
Barite.. . . . . . . . . . . . . . . . . . 79 
Barytocalcite . . . . . . . . . . . . . 81 
Boracite . . ... .. .... . . ·. . . . 82 
Borax . . . . . . . . . . . . . . . . . . . 81 
Bort . ..... . ........ . ... . .. 87 
Brucite .. .. ... ..... . ..... 118 
Carnallite ...... . . .. . .... . 123 
Celestite ..... , . . . . . . . . . . . 134 
Chili niter. .. .. . .. .. .. .. .. 129 
Colemanite . . . . . . . . . . . . . . . . 83 
Corundum ........ . . ....... 75 
Epsomite . . . . . . . . . . . . . . . . 118 
Fluorite .. . .. . . .. . . .. : . . . . 111 
Glauberite ......... . ...... 130 
Gypsum . .. ..... . ... ... . . . 65 
Halite.. . . . . . . . . . . . . . . . . . 128 
Hanksite ...... . . . . . . . . . . . 132 
Kainite . ................. 123 
Kalinite. . . . . . . . . . . . . . . . . . 124 
Lepidolite . . . . . . . . . . . . . . . 113 
Lithiophili te . . . . . . . . . . . . . . 114 
Magnesite . . . . . . . . . . . . . . . . 117 
Mirabilite . ........ . .... . . 129 
Natron . .... .. . . ......... 130 
Niter ....... . . ........... 124 
Petalite .. .. .. .. ... .. ..... 116 
Saltpeter....... . . . . . . . . . . 124 
Sasso lite . . . . . . . . . . . . . . . . . 84 
Spodumene . . . .... .. ...... 113 
Stassfurtite. . . . . . . . . 82 
Strontianite. . . . . . . . . . . . . . .133 
Sylvite ...... ..... ........ 122 
Thenardite ... . . . . . . . . . . . . 131 
Triphylite ...... . .... ..... 114 
Trona ...... .. ........... 131 
UleKite...... ....... ..... 84 
Witherite . . . . . . . . . . . . . . . . 80 
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GREEN 

(Some of these may appea r in 
other groups) 

Amblygonite. . . . . . . . . . . . . 11 5 
Apatite ... . ..... . ........ 120 
Boracite. . . . . . . . . 82 
Borax . . ....... . . . ... . . 
Fluorite ....... . ... . 
Spodumene (yellowish) ... . 
Stassfurtite .............. . 

81 
111 
113 
82 

Strontianite.. . . . . . . . . . . 133 

RED AND REDDISH 

(Some of these Il!a Y appear in 
other groups) 

Alunite.. . . . . . . . . . . . . . . . . 125 
Apatite ..... . .... . .. . .... 120 
Barite .. .. . . . . . . . . . . . 79 
Brucite (pink). . . . . . . . . . . . 118 
Carnallite .. . . . . . . . . . . . . . . 123 
Celestite . . . . . . . . . . . 134 
Corundum........ . . . . . . . . 75 
Glauberite. . ... . . . . . 130 
Gypsum .... ............. 65 
Halite . . ..... . .... . ...... 128 

Kainite. .. . . . . . . . 123 
Sulphur...... . . ... .... . 136 

YELLOW 
(Some of these may appear in 

other groups) 

Aluminite.... . . . . . . . . . . . . 78 
Alunogen . .. ......... .. . . 
Amber . . ....... ... . ..... . 
Apatite ... . ........ . . . .. . 
Barite . ... . .. ...... . .... . 
Boracite ... .. ..... . ... .. •. 
Celestite ................ . 

78 
110 
120 
79 
82 

134 
Chili niter. . . . . . . . . . . . . . . . 129 
Colemanite. . . . . . . . . . . . . . . 83 
Glauberite. . . . . . . . . . . . . . . . 130 
Halite ............. . .. . . 128 
Hanksite...... ...... . .. 132 
Sassolite .... ... .. . .. ·. . . 84 
Stassfurtite . ...... . .. ... . ·. 82 
Strontianite. .. ........ 133 
Sulphur ......... .... . : . .. 136 
Sylvite........ . . . . . . . . . . . 122 
Thenardite ....... . ... . ... 131 
Witherite . . . . . . . . . . 80 

IV. GEMS AND SEMI-PRECIOUS STONES 

BLUE, PURPLE 
(Some of these may appear in 

other groups) 

Amethyst. . . . . . . . . 142 
Moonstone. . . . . . . . . . . . . 141 
Opal (bluish)... . . . . . . 141 
Sapphire ... .. ........... . 144 
Sapphire quartz ........... 143 
Spinel. . . . . . . . . . . . . . . . 144 
Topaz...... . . . . . . . . 144 
Turquoise . . .. . ....... .... 145 

GREEN 
(Some of these may appear in 

other groups) 

Amazonstone. . . . . . . . . . . . . 138 
Aquamarine.. . . . . . . . . . . . . 138 

Beryl. ... . 138 
Bloodstone . ............. . 143 
Californite . ... .' .. ..... . .. . 139 
Chrysoberyl .. ... ... : . .... 139 
Emerald ............. . : . 140 
Emerald (oriental) . . . . . . . . 141 
Epidote......... . ........ 49 
Heliotrope . . . . . . . . . . . . . . . 143 
Hiddenite. . . . . . . . . . . . . . . . 140 
Olivine . . . . . . . . . . . . . . . . . . 42 
Opal. .. .'.... . . . . . . . . . . . . . 141 
Plasma ............. ... .. 143 
Prase .. ........ .. .. .. . . .. 143 
Spinel. . . . . . . . . . . . . 144 
Turquoise .. ......... . .... 145 
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WHITE-GRAY, CoLORLESS 
(Some of these may appear in 

other groups) 

Californite. . . . . . . . . . . . . . . 139 
Chalcedony. . . . . . . . . . . . . 142 
Diamond . . . . . . . . . . . . . . . . . 140 
Moonstone ....... .... . .. . 141 
Opal............... 141 
Phenacite . ..... . .. ... .... 141 
Rock Crystal. . . . . . . . .• . . . . 143 

RosE, RED AND PINK 
(Some of these may appear in 

other groups) 

Garnet...... . .......... .. 57 
Hyacinth. . . . . . . . . . . . . . . . 140 
Jasper ..... . ... . . . .. ..... 143 
Kunzite. .. .. . . . . . . . . . . . . . 140 
O~al. ........ . . . ... . . . .. . 141 
Phenacite . . . . . . . . . . . . . 141 

Rose quartz ....... . .... 143 
Rubellite .. . . .. ...... . .. . . 143 
Ruby .... . . .. ........ .. 75, 143 
Spinel. ... ... ............ 144 
Topaz . . . ...... ..... .... . 144 

YELLOW 

(Some of these may appear in 
other groups) 

Citrine .. ........... .. .... 143 
Epidote ..... . . .. .... . .... 49 
Jasper . . . . . . . . . . . . . . . . . . . 143 
Olivine. . . .. .. . . .... ... . . 42 
Opal. . . ..... . .. . . .. . .. . .. 141 
Peridot . ..... . . . ... ..... . 42 
Phenacite ... . . . . . . . . . . . . 141 
Spinel. . .. . . .. .... .. ... .. 144 
Topaz ....... ..... .. .... . 144 
Topaz (oriental) .. . .. ·. . . . . 141 



THE COMMON ROCKS 

RocKs MAY BE DrvmED IN'.ro THREE GREA'.r CLASSES: 

1. IGNEOUS. 

2. SEDIM'ENTARY. 

3. METAMORPHIC. 

IGNEOUS ROCKS 

Igneous rocks are those which have resulted fi·om the solidi­
fication of molten rock matter. They make up by far the largest 
part of the solid earth. The solidification may have taken place 
under conditions which would cause the entire mass of rock 
matter to crystallize or form into interlocking mineral grains­
h~?locrystalline. Or it · may have taken place under conditions 
which permitted only a part of the mass to crystallize, while the 
balance solidified as an amorphous or unorganized matrix of 
rock glass in which the mineral grains or crystals are bedded. 
Again, it may have taken place in such a way that few or no 
crystals were formed, and the entire mass solidified as a rock 
glass. 

Analyses of thousands of igneous rocks show that they con­
sist mainly of the eight elements: oxygen, silicon, aluminum, iron, 
magnesium, potassium, sodium and calcium. The quantity of 
oxygen present is sufficient to unite with the other seven 
elements and form their oxides; thus: silicon dioxide or silica 
(Si02 ), aluminum oxide or alumina (Al20 3 ), iron monoxide or 
ferrous oxide (FeO) , iron sesquioxide or ferric oxide (Fe20 3 ), 

magnesium oxide or magnesia (MnO), potassium monoxide 
(K20.), sodium monoxide (Na20). calcium monoxide or lime 
(CaO). For convenience in showing the chemical composition 
of rocks, it is customary to write the analyses in percentages of 
the several oxides; thus, in the granite group, the average per­
centages of these oxides, as shown by several hundred an~lyses, 
are as follows: Si02 70.0; A.l 20 3 15.0; Fe20 3 + FeO 2.6; MgO 
0.64; CaO 1.7; Na20 3.2; K 20 4.0. These form 97.14 per cent of 

268 
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the rock. The remaining 2.86 per cent is composed of small quan­
tities of oxides of rarer elements. 

Analyses of rock-making minerals naturally show that these 
eight elements predominate, and, further, that the oxygen present 
is sufficient to unite with the other elements to form the oxides 
mentioned above. For convenience we may say that these oxides 
unite in definite proportions to form minerals, and that the 
crystallization of rock matter is the organization of the oxides 
into minerals. When the conditions are not favorable for com­
plete crystallization, there remains a quantity of' rock matter 
in which the various oxides (or possibly the elements) are not 
organized into minerals. This solidifies, by cooling, into an 
am~n·phous mass resembling glass. The chemical composition of 
the molten mass will decide what minerals may be formed when 
it solidifies. 

The conditions app·a:rently necessary for complete crystalli­
zation are: 

A. The cooling of the magma must begin from a tempera­
ture at _which the molten rockmass is essentially liquid. 

B. It must cool very slowly, and very uniformly. 
C. It must contain certain substances known as mineral­

izers, of which the most important are steam, hydrofluoric acid, 
carbon dioxide, boracic acid, chlorine and sulphur. 

TEXTURE 

The same factors, together with chemical composition, de­
cide the texture of the rock. If the initial temperature is com­
paratively low, or if the rate of cooling is rapid, the time required 
for solidification is short, and therefore the time for crystal­
growth is limited. Many centers of crystallization occur, and 
the resulting mineral grains are smaU, and part of the mass may 
even solidify as glass. On the other hand, a high initial tem­
perature and a long period of cooling give ·a: long period of 
growth, and larger crystals are formed. Certain minerals-such 
as quartz, hornblende, orthoclase and biotite--crystallize only 
when water vapor or more or less of the other mineralizers is 
present. The chemical composition of the magma decides its 
fusibility. In the common igneous rocks the higher the percentage 
of silica (Si02 ), the higher the temperature of fusion , and the 
higher the temperature at which solidification begins. Other 
things being equal, therefore, the period of crystal-growth in the 
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acid .rocks (those high in silica) will be shorter than in the basic 
rocks (those low in silica) . 

It is evident from the above facts that molten rock thrown 
from a volcano," or forced to the surface of the earth through a 
fissure or other vent, must cool very rapidly, while that which 
:remains covered by a great thickness of overlying rock will cool 
slowly. The first will be fine-textured and possibly glassy, while 
the second will be coarse-textured and completely crystalline. 

FORMS OF MINERAL GRAINS AND THE ORDER OF 
CRYSTALLIZATION 

In the solidification of a rock, if aU the minerals started to 
crystallize at the same moment, and completed their growth at 
the same moment, they would interfer'e with one another, and 
perfect crystal outlines would rarely occur. But a careful exam­
ination of the shapes of the mineral grains shows that certain 
minerals approach a perfect crystal outline much more commonly 
than do certain others. This results from the fact that some 
minerals. begin to form earlier than others, and may even com­
plete· their growth without interference. This is true of the 
phenocrysts of porphyries. Thus, in a granular rock such as 
granite we may find mineral grains with almost p~rfect crystal 
outline; others with one, two or three crystal lines; and others 
with entirely irregular outlines. In general, it is found that the 
order of crystallization of the important rock-making minerals 
is magnetite, olivine, pyroxene, hornblende, biotite, muscovite, 
plagioclase, orthoclase, quartz, microcline. 

TEXTURES AND TEXTURAL TERMS : For convenience 
in describing rocks, certain textural groups are used: 

1. EYE-GRAINED (phanerocrystalline) : All rocks composed 
of grains large enough to be seen with the unaided eye. 

2. LENS-GRAINED (aphanitic) : Rocks which are shown by 
the lens to be very largely or completely granular, though the 
grains may be too small to be very distinct. 

3. GLASSY: Rocks having a glassy luster and which are 
clearly composed, wholly or largely, of glass. 

4. PORPHYRITIC TEXTURE OR FABRIC: When a rock contains 
large crystals in a finer-grained groundmass, the large crystals 
are called phenocrysts, or porphyry crystals, and the rock is 
known as porphyry. The phenocrysts are the result of an earlier 
period of crystallization, during which comparatively few centers 
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of crystal-building existed. These crystals reached a considerable 
size before a change in the physical or chemical conditions of 
tl;te molten mass caused a more rapid and complete solidification, 
either by crystallization or by chilling to a rock glass, or both. 
The product of the later period of solidification is called the 
groundmass, and is usually of rather uniform texture. 

5. EvEN-GRAINED TExTURE oR FABRIC: When the mineral 
grains of a rock have about the same average diameter, the rock 
is said to have an even-grained texture or fabric. 

'The eye-grained rocks are divided into: (a) coarse-grained, 
when the mineral grains aTe one-quarter inch or more in diameter; 
(b) medium-grained, when the grains range from one-quarter to 
one-eighth inch in diameter; (c) fine-grained, when they rang~ 
from one-eighth inch in diameter down to the smallest the eye 
can detect. 

OCCURRENCE OF IGNEOUS ROCKS 

Igneous rocks are grouped, according to their mode of occur­
rence, into INTRUSIVE and EXTRUSIVE rocks. Intrusive rocks are 
those formed by the solidification of molten rock matter which 
has risen to a point near the surface, but has cooled under a 
cover of rocks. Extrusive rocks a:re those formed by the solidifi­
cation of rock matter which has been forced out upon the surface 
of the earth through volcanic or other vents. 

INTRUSIVE: Bodies of intrusive rock are classified ac­
cording to their form as: dikes, sheets, laccoliths, batholiths, 
necks or plugs, and stocks or bosses. 

DIKES are the result of the solidification of molten rock in 
fissures. They are, as a rule, many times as long as wide (or 
thick), and they commonly reach the surface in a direction ap­
proaching the vertical. 

SHEETS are masses of rock which in their ascent toward the 
surface have spread out between the strata· of a sedimentary 
series. Near Golden sheets have been formed by the burial of 
surface flows (extrusive) beneath sedimentary beds. 

LACCOLITHS : When a sheet is so thickened as to form a 
lenticular mass noticeably a-rching the overlying strata it becomes 
a laccolith. 

BATHOLITHS are great, irregular masses, often hundreds or 
thousands of square miles in area. They are mostly associated 
with the areas of very ancient rocks, and are frequently in con­
tact with schists and gneisses. 
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NECKS AND PLuGs are roughly cylindrical or spine-like 
columns of volcanic rock projecting from what are believed to 
be the conduits or throats of extinct volcanoes. They are sup­
posed to result from the solidification of the magma which filled 
the conduit, and their projection above the surface is due to their 
grea:ter resistance to erosion than the volcanic cone or the rock 
through which they project. Examples are to be seen in the Bear 
River valley near Yampa. 

STOCKS OR BossEs are rounded masses of igneous rock some­
what resembling necks, but usually of greater size. The openings 
through which the rock rose to its present position may never 
have reached the surface. Several stocks occur in the San Juan 
region. 

EXTRUSIVE: Extrusions of rock occur in three general 
ways: (a) wellings from fissures; (b) welling volcanic· erup­
tions of molten rock, sometimes more or less mingled with frag­
ments of solid rock; (c) explosive volcanic eruptions. In several 
parts of the earth large areas have been covered by sheets of lava 
which has welled up through fissures and flowed out over the 
surface of the earth. In some instances numerous sheets have 
succeeded one another and resemble the strata of a sedimentary 
series. The Snake and Columbia River areas and parts of the 
San Juan area furnish good examples of this mode M occurrence. 
Potosi Peak is carved out of a series of lava flows. Sheets of 
this kind are likely to be of fairly uniform thicknes~ and of wide 
extent. 

The eruptions of many volcanoes consist mainly of quiet 
upwellings of lava, until the craters are filled and the molten rock 
flows down the slopes, or until the pressure of the lava upon the 
crater walls breaks them and the lava flows out through the gap. 
8-heets or flows formed in this way are likely to be of irregular 
thickness, stream-like in cross-section, and of no great lateral 
extent. 

Some volcanoes erupt with explosive violence and send out 
vast volumes of solidified rock matter in fragmental form. Such 
material is classified, according to its degree of fineness, into 
dust, ash, lapilli, bombs, blocks. The finer material, when con­
solidated, is called tuff; the coarser forms, breccia and con­
glomera-te. 



---

ROCK FAMILY 
AVERAGE 

COMPOSITION 

ACJDIC 

SiOz 70.0 AhOa 15.0 
GRANITE-RHYOLITE 

Fe,O, ..... +FeO 2.6 
MgO 0.64 CaO 1.7 
Na,o 3.2 K,o 4.0 

ACIDIC 

GRANODIORITE- Sio, 64.3 AhOa 16.5 
DACITE F020a ..... +FeO 4.7 

MgO 2.1 CaO 4.4 
NazO 3.6 1(,0 2.3 

INTERMEDIATE 

DIORITE- s ;o, 59.0 AhOa 17.0 

ANDESITE Fe203. .+FeO 6.7 
MgO 2.8 CaO 6.0 
NnzO 3.6 K,o 2.2 

!NTERAIED! A TR 

SYENITE- SiO, 60.~ AhOa 17.2 
TRACHYTE I Fe,o, ..... +FeO 5.0 

MgO 2.0 CaO 3.1 I NazO 4.6 K,o 4.9 

CLASSIFICATION OF IGNEOUS ROCKS 
----

MINERAL EYE-GRAINED LENS-GRAINED 
COMPOSITION GROUP GROUP 

LIGHT-COLORED Rhyohte 
IN EXCESS Biotite gra.nite or Rhyolite porphyry 

granitite Granite porphyry Orthoc!Me, Quartz, ± Muscovite granite 
acid plagioclase, Hornblende granite 

Nevadite 

± muscovite, (or, and) Pegmatite 
Quartz porphyry 

biotite, (or, and) Aplite 
Granophyre 

hornblende 'fi'elsite 

LIGHT-COLORED 
Granodioril.e Latite 

IN EXCESS 
Quartz diorite Quartz latite 
Quartz-mica diorite Daeite 

Acid pla!/ioc!Me orth-
Monzonite Quartz andesite 
Quartz mo-nzonite Latite-phonolite 

odase, quartz, hornblende, · Adamellite Mica dacite 
(and, or) biotite, ± Tonalil.e M onzonil.e porphyry 
augite Quartz diorite porphyry Daeite porphyry 

LIGHT AND /)ARK Diorite Andesil.e 
NEARLY EQUAL Arf ica Diorite Hornblende andesite 

Plagioclase, horn- Augite dioril.e .ll1 ica andesite 
blende, or biotite, Hornblende-mica Pyroxene andesite 
±augite, diorite A ndesil.e porphyry 
± orthoclase Gabbro-diorite Diorite porp/iyry 

Trachyte 
LIGH-T-COLORED A ugil.e trachyte 

IN EXCESS Hornblende syenite Hornblende trachyte 
Orthoclase (snnidine), Mica Syenil.e Mica trachyte 
hornblende, p!agia- Augite syenite Trachyte porphyry 
dase, ± biotite Syenite porphyry 

Lam.prophyre 

GLASSY GROUP 

Obsidian 
Pitcluitone 
Perlue 
Pumice 
Scor·ia 

Dacite-obsidian 
(rare) 

A ndesite-obsid.ian 

Trachyte-obsidian 
(very rare) 

FRAGMENTAL 
GROUP 

Rhyolite t"ff 
Rhyolite breceia 
Rhyolil.e ~ow-<Jreceia 

Dacite tuff 
Dacite breccia 

A 1ulesite tuff 
A nde&ite breccia 
Andesite f!ow.JJreceia 

Trachyte tuffs and 
breccia-S ' 

-0 z 
t9 
0 
c 
U1 

~ 
0 
(j 

1:'1 
U1 

~ 
--1 w 



CLASSIFICATION OF IGNEOUS ROCKS-Concluded 

LIGHT-COLORED 
INTERMEDIATE IN EXCESS 

Orthoclase, p/~giocl~se N ephelite syenite 
NEPHELITE Sio, 55.1 Al ,Oa 20.3 nephclite, hornblende, Litchfieldite Phonolite Phonol·ite-obsidian 
SYENITE- Fe,Oa . .. . . + FeO 4.8 ±biotite Ditroite Leucite phonolite (very rare) 
PHONOLITE ~fgO 0.8 CaO 2.9 ± sodolite Sodalite syenite 

NnoO 8.0 J(,Q 5.8 ± leucite Leucite syenite 
± augite 

Diabase 
Gabbro Olwin< diabase 

BASIC DARK MINERALS Olivine gabbro Basalt, Quartz basalt 
IN EXCESS fl ornblende gabbro Mica basalt 

GABBRO-BASALT sio, 49.1 AhOa 16.6 Gabbro-dtorite Olivine basalt 
Fe,Oa ..... +FeO 10.8 Augite olivine Hypersthene gabbro Leucite basalt 
MgO 6.2 CaO 9.2 plagioclase, biotite, Norite N ephelite basalt 
Na,o 3.1 l(,Q 1.2 hornblende Anorthosite JlJelaphyre 

Dolerite Basalt porphyry 
Gabbro porphyry 

BASIC • 
MINERALS ALL 

Pyr. Peri. 
DARJ( Peridotite 

Pierite 
PYROXENITE-

sio, 50.5 38.0 
PYToxene Dunite LimLur(Jite 

AhOa 4.2 8.0 
PERIDOTITE 

FeO,Fe,Oa 10.3 12.5 
olivine Pyroxenite 

MgO 21.6 29.5 
hornblende flornblendite 

CaO 11.0 6.7 
bimite Serpentine rock 

1 NaoO &: K,Q very low 
f'IUl{lne#te 

' 

Phonolite tuffs and 
breccias 

Basaltic tuffs and 
breccias 

Doleritic breccia 

l-:1 
-l 
)j:>. 

(') 
0 • 
~ 
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0 z 
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FIELD AND GENERAL CLASSIFICATION OF IGNEOUS ROCKS 

'l'o anyone reasonably familiar with the rock-making mineral:;: 
as they occur in the rocks, the classification of the members of. 
the eye-grained groups of the various families presents compar­
atively few difficulties. But the members of the lens-grained, 
glassy and fragmental groups of the different famiUes are not. 
easily distinguished even with a good lens. For this reason it 
has been found desirable to adopt a general classification suitable 
for field use, and for use where the microscope and chemical 
analyses are not available. But it is always desirable to use the 
regular classification when possible. 

The following outline is a slightly modified form of a classi­
fication proposed in "Quantitative Classification of Igneous 
Rocks" (Cross, Iddings, Pirsson and Washington) ; elaborated 
by Pirsson in "Rocks and Rock Minerals;'; and restated by 
Iddings in "Igneous Rocks," Volume I : 

I. EYE-GRAINED ROCKS (PHANE-RITE.S): All rocks 
whose mineral grains are large enough to be recognized by the 
unaided eye. 

II. LENS-GRAINEn ROOKS (APHANITES): Rocks 
composed mainly or entirely of mineral grains so small that 
they cannot be seen and recognized without the aid of a strong 
lens. Here belong also porphyritic rocks having a lens-grained 

• groundmass. 

III. GLASSY ROCKS: Those composed so largely of glass 
that they have a vitreous luster. 

IV. FRAGMENTAL ROCKS: Including chiefly tuffs and 
breccias. Rocks composed mainly of volcanic detritus, ranging 
in texture from dust grain'> to fragments several inches in 
diameter. 

SUBDIVISION OF THE GROUPS 

I. EYEJ-GRAINED ( PHANERITES) 

1. GRANITE: Chief minerals are FELDSPAR and QuARTZ. 
Subordinate minerals may include mica, hornblende, pyroxene. 
The group will include GRANITE, GRANODIORITE, QuARTZ DIORITE, 
QuARTZ MoNZONITE. Granite porphyry may be included. 

2. SYENITE: Chief mineral is FELDSPAR. Subordinate 
minerals mg.ty include quartz, mica, hornblende, pyroxene aud 
nephelite. The group will include SYENI'l'E, ANORTHOSITE, MoN­
ZONITE, FELDSPATHIC DIORITES and FELDSPATHIC GABBROS. 
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3. DIORITE: Chief mineral i~ HoRNBLENDE. Subordinate 
minerals are mica, feldspar, pyroxene. The group will include 
DIORITES rich in the dark minerals, especially hornblende, and 
the HoRNBLENDE GABBROs. 

4. GABBRO: Chief mineral is PYROXENE Subordinate 
minerals may be feldspar, hornblende, olivine and mica. The 
group will include mainly GABBROS and DoLERITES. 

5. PERIDOTITE: OLIVINE is very abundant. Subordinate 
minerals may include pyroxene, hornblende, feldspar and mica. 

6. PYROXENITE-: PYROXENE makes up almost entire 
·rock. 

7: HORNBLENDITE: Rock is almost entirely HoRN· 
BLEND E. 

II. , LENS·GRAINED ROCKS ( APHANITES) 

1. FELSITE : All light-colored, lfll~s-grained 1·oclcs, with 
few o1· no pheno01·ysts. The colors may include white, gray, buff, 
yellowish-brown, pink and· greenish. The group will include 
most of the non-porphyritic, lens-grained rocks of the RHYOLITE 
group, many of the DACI'l'ES, QUARTZ ANDESITES, and ANDESITES, 
most of the TRACHYTES, many LATITES and PHONOLITES. . _ 

2. FELSITE-PORPHYRY, or LEUCOPHYRE: All light­
colm·ed lJorphy?"itic, lfll~s-grained rocks, no matter what the 
phenocrysts may be. The group will include most of the por­
phyritic members of the lens-grained groups of all the families, 
excepting the gabbro-basalt and the peridotite, pyroxenite, lim­
burgite, augitite families. \Vhenever the phenocrysts are recog­
nizable, the rock should be more definitely named, as QuAR'l'Z 
PORPHYRY, QUARTZ FELSITE-PORPHYRY. 

3. BASALT: All daq'lc-col01·ed, lens-gr-ained 1·ocks with few 
o1· rl{Q phenocrysts. The colors may be daTk gray, brown, dark 
green, black. The group will include chiefly BASALTS, DIABASEs, 
DoLERITES, and the dark-colored rocks of the other lens-grained 
groups. 

4. BASALT-PORPHYRY, or M'ELAPHYRE: All dark-· 
colored, pm·phyrit'ic rocks with lens-gra,ined ground/mass. The 
gTOUp will include chiefly PORPHYRITIC BASALTS, DIABASES, DOLE· 
RITES, AUGITITES, l\1ELAPHYRES, LAMPROPYRES, LIMBURGITES, and 
the dark-colored porphyritic rocks of the other lens-grained 
groups. Whenever the phenocrysts are recognizable, the rocks 
should be more definitely named, as OLIVINE BASALT PORPHYRY, 
and so on. 
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III. GLASSY ROCKS-=-THOSE COMPOSED OF GLASS OR HAVING A GLASSY 
LUS'£ER. 

1. OBSIDJAN: Non-1J0If"p lvy1 ·itic, glassy 'Oir vitreous 1·oclcs 
of any colo1·. The common colors are black, red, brown and 

· greenish. 

2. OBSIDIAN-PORPHYRY: Porphy1'it'ic, glassy 1·oclcs of 
any co lo1·. More definite names would be quartz obsidian por­
phyry, feldspar obsidian porphyry, etc. 

3. PITCHSTONE!: Non-po'rphy1·it'ic lf"Ocks of any co lo1·, 
having a Tesinous or sub·-V'it1'00tts lustetr. 

4. PITCHSTONE PORPHYRY: PoTphy1·it'ic 1·oclcs haV'ing 
a resin1ous o1· sub-vit1'eous luster. l\1iore specific n ames would be 
quartz pitchstone porphyr y, feld;:;par pitchstone porphyr y, etc. 

5. PERLITE: G~assy 1'0C7cs uAth peTlitic st1·uctu1·e. 

6. PUMICE : H ighl!y vesicuw'r 1·ock g~ass, ttsually ve1·y 
light-co~or·ed. 

VITROPHYRE is a general name for the porphyritic glasses, 
as QUARTZ VITROPHYUE, F ELDSPAR VITROPHYRE. 

IV. TUFFS AND BRECCIAS (FRAGMENTAL) 

These may be divided into FELSITE TuFF and FELSITID 
-BRECCIA (light-colored), and BASAL'l' TuFF, BASALT BRECC IA 
(dark -colored). 

STRUCTURES 

Under the term "structure" are included the larger features 
of rocks, such as the massive structure, jointing, parting, sunder­
ing, columnar structure, vesicular structure, amygdaloidal struc­
ture, and others. Sedimentary rocks are divided into depositional· 
beds or strata, and ar~ said to be stratified. The absence of this 
feature in igneous rocks has led to the use of the contrasting 
terms UNSTRATIFIED and MASSIVE in describing igneous rocks . · 

JoiNTING is the division of a rock mass into blocks more or 
less regular, by two, three or more sets of intersecting fi ssures or 

• cracks. The causes of jointing are many and complex, but tension, 
compr~ession, tortion and shearing are the most important. 
Tension; or the pulling stress, and compression are developed in 
practically every form of crustal moyement, and it is probable 
that earth movements are responsible for a very la rge part of the 
jointing of igneous rocks. As solid rock occupies less space than 
the molten mass from which it was formed, it is evident that 
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tension results from the contraction consequent upon cooling. 
This form of tension jointing is well illustrated by the columnar 
jointing of basalts and other rocks. In the case of a dike or an 
intruded sheet, the surface in contact with the solid rock cools 
rapidly, and contraction causes tension stresses about certain 
points. As the lava is homogeneous, and cooling is uniform 
throughout the contact surface, these stress points are likely to 
be rather regularly spaced. The smallest number of radiating 
fractures which will relieve the stress in all directions about a 
point is three. As the conditions are uniform, the radiating 
fractures are likely to be evenly spaced- lZO degrees apart. 
Fractures from other centers must meet these, and hexagonal 
columns are formed. 

The expansion and contraction of rock masses under the 
da'ily and seasonal changes of temperature are undoubtedly re­
sponsible for much minor jointing and fracturing, and for the 
development and opening-up of incipient fracturing or jointing. 
It is probable that much of the jointing show'n in the outer parts 
of intruded bodies had its beginnings in the contraction accom­
panying cooling. Tortional or warping stresses accompany prac­
tically all crustal movements, and are probably important causes 
of jointing. Shearing movements develop parallel joints. 

Occasionally one of the sets of fissures is so regular as to 
suggest stratification. When one set of joints divides the rock 
into thin plates, it is said to show platy parting. 

SPHEROIDAL SuNDERING is the breaking-down of blocks of rock 
by the separation of concentric layers from their surfaces. 

CoLUMNAR STRUCTURE is the subdivision of a rock mass into 
more or less regular columns by jointing. This is common in 
basalt flows and dikes, but is also formed in other lavas, and less 
frequently in coarse-textured rocks. 

VESICULAR STRUCTURE: Molten rock commonly contains 
water and other vapors much condensed by pressure. When it 
rises to the surface and the pressure is relieved, these vapor<; 
expand and escape, leaving the rock open and porous. In basic 
rocks, such as basalt, the vesicles are commonly bubble-shaped 
and smooth-walled, while in the acid varieties the rapid discharge 
of the vapors may give the rock the appearance of solidified froth 
or foam (pumice). Explosive eruptions may convert such a 
viscous, spongy mass into angular fragments, ash or dust. 

AMYGDALOIDAL STRUCTURE: Water charged with mineral 
matter circulating through a vesicular rock may deposit its load 
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in the vesicles a-nd gradually fill them. The mineral masses 
filling the cavities are called amygdules, and the rock is said to 
be amygdaloidal. 

FLOw STRUCTURE is a more or less regular, wavy banding, 
due to movement while the rock was fn a plastic or viscous con­
dition. It is most common in acid lavas, such as rhyolite, but 
occurs also in obsidian, pitchstone, andesite, trachyte, phonolite, 
pumice, and occasionally in the eye-grained rocks, such as 
granites and gabbros. In the rhyolites glassy bands frequently 
alternate with bands much more completely crystallized. The 
minerals are commonly arranged with their longer dimensions 
parallel with the direction of flow. Occasionally similar banding 
shows a predominanc~ of a certain mineral in one band and 
another mineral in the next. 

THE SPHERULITIC STRUCTURE is somewhat common in the 
acid lavas. Spherulites are generally of globular form, and 
consist mainl,v of extremely fine needles of feldspar radiating 
from their centers. Other minerals, such as tridymite (a form 
of silica) and quartz, are generally present. The spherulites 
range in diameter from a small fraction of an inch to several 
inches, and are generally arranged along flow lines in the lava. 

WEATHERING 

All rocks exposed at the surface of the earth are jointed or 
broken in"to blocks, and these blocks are cut by many subordinate 
joints or fractures. Most of the rock-making minerals have 
cleavage planes, along which they split easily when subjected to 
strain. The expansion and contraction of rocks, resulting from 
rise and fall of temperature from midnight to midday, and from 
season to season, cause strains which produce myriads of minute 
fractures both within and between the mineral grains. Water 
enters the rock by these joints and minute fractures. In freezing, 
water expands with a force of about one ton per square inch. In 
cold climates the water entering these joints and fractures of 
rocks freezes and thaws, causing crumbling and further fractur­
ing. The atmosphere contains oxygen, carbon dioxide and moist­
ure-three very important agents of rock decay. 'l'hese are alwa,vs 
in contact with the surface of the rock, and the water whir.h 
enters it carries oxygen and carbon dioxide far below the surfare. 
Decaying plant matter on the surface also furnishes carbon 
dioxide and humus acid to the entering waters, and the roots of 
plants aid in mechanical disintegration. 
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The most important chemical changes in the weathering of 
rocks may be grouped under the headings: carbonation, oxidation, 
hydration and solution. But they seldom occur separately. 

a. Carbon dioxide unites with certain elements of the rock, 
forming carbonates,. most of which are readily soluble and are 
carried away jn solution. 

b. Illj the pre~ence of moisture, oxygen unites with certain 
elements of the rock, forming oxides, which are often carried away, 
or redeposited in and on the rock. 

c. Water unites with the rock matter, forming hydrous 
secondary minerals which occupy more space than the original 
minerals, and so cause strain and fracture. 

d. Water charged with carbon dioxide and with the carbon­
ates formed is an active solvent for many rock substances. 

It is evident that weathering includes both mechanical and 
chemical processes, and that each aids the other. Some minerals 
yield more readily to mechanical chang'e, others to chemical 
change. 

Quartz rarely shows evidence of chemical change, but the 
grains become broken and separated from the rock mass, and 
are carried by gravity and the aid of water to the streams. In 
their journey down the stream the smaller grains may be worn 
down to mud particles, while the larger may reach . the sea as 
rounded sand grains. 

The feldspars yield rather easily to both mechanical and 
chemical forces. Owing to their good cleavages, they break 
readily under strain, and frequently fall away into fine, sand-like 
grains before important chemical changes ha've taken place. The 
fine fracturing aids chemical action, and, as a consequence, feld­
spar grains do not travel very far to,yard the sea before they are 
reduced to mud or clay. Plagioclase appears to alter more readily 
than orthoclase, but the changes in the two minerals are quite 
similar. Water very soon causes hydration, and the carbon 
dioxide it carries attacks the potassium oxide of the orthoclase 
and microcline, and the sodium oxide and calcium oxide of the 
plagioclase, forming the carbonates of potassium, sodium and 
calcium which are carried away in solution. These alkaline car­
bonates increase the solvent power of the water, and it dissolves 
out a part of the silica of the feldspar. \Vater unites with alum­
inum and the remaining silica, forming a very stable end product, 
composed largely of kaolin. This whole process is known as 
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kaolinization. Under certain conditions, bauxite and gibbsite­
aluminum hydrates-are formed. 

Another common chemical change in orthocla"se, and to a 
limited extent in plagioclase, is the formation of sericite-a fine, 
silky, fibrous muscovite. This change a lso involves the loss of 
potassium and silica, and the addition of water. The silica may 
crystallize as quartz, or may pass away in solution. In the forma­
tion of sericite from plagioclase, the necessary potassium oxide 
comes in from potassium-bearing minerals-possibly orthoclase 
or microcline-ap.d replaces the sodium and calcium oxides. The 
formation of -sericite probably takes place at a considerable depth 
below the surface. 

Plagioclases also alter into hydrous minerals called zeolites, 
and into zoisite, epidote, quartz and paragonite--a sodium mica 
similar to ·muscovite. The iron necessai'y for the epidote comes 
from other minerals. 

The micas, on account of their softness and their perfect 
cleavages, yield readily to mechanical forces, and are soon broken 
up into scales and flakes. The cleavage planes afford good open­
ings by which water enters mica-bearing rocks. Muscovite rarely 
shows much evidence of chemical change, and, next to quartz, is 
the most resistant of the important rock-making minerals. Biotite 
and phlogopite alter easily. Their iton is changed to a higher 
oxide and largely removed in solution. The potassium disappears 
in the form of a carbonate, a~d hydration changes the residue 
into chlorites (or vermiculites-minerals closely related to the 
ch lorites) . Epidote and quartz commonly accompany chlorite. 
The cleavage plates lose their luster, depth of color and elasticity; 
and crumble away. Kaolin results from the alteration of most 
of the aluminum-bearing silicates. 

The microscope shows that magnetite is a common alteration 
product of biotite. The discoloration of biotite-bearing rocks is 
commonly due to the iron leached from the biotite. 

The feldspathoid minerals weather very readily. Unaltered 
leucite is known only in recent lavas. In the older rocks it is 
found altered into a mixture of orthoclase and nephelite, ortho­
clase and kaolinite, orthoclase and muscovite, and into analcite. 
In these changes part of the potassium is probably carried away 
in solution as potassium carbonate. In the change to nephelitr, 
and analcite sodium must come in from other minerals. 

The analcite breaks up into orthoclase and prehnite, and the 
orthoclase weathers into kaolin. Prehnite yields chlorite by the 
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substitution of magnesium for calcium. Nephelite alters to zeo· 
lites, such as hydronephelite, natrolite and analcite, all of which 
yield kaolin·as an end product. (Sodalite and cancrinite weather 
in practically the same way as nephelite.) 

Epidote is a very stable mineral and rarely shows evidence 
of weathering, except by faded color and dimmed luster. But it 
probably alters to calcite, quartz, kaolin and iron oxides. 

Garnets are also very stable, but they are known to alter into 
a great variety of minerals, of which talc, serpentine chlorite, iron 
oxides and epidote are the most important. 

Olivine is one of the most unstable of the rock-making 
minerals. The most common alteration is to serpentine, which 
is often accompanied by quartz, magnesite and magnetite. These 
changes involve the hydration of the greater part of the magne­
sium, the separation of a part of the silica as quartz, the carbona­
tion of a part of the magnesium and the higher oxidation of a 
part of the iron. Sometimes a part of the hydrated magnesium 
forms brucite, and a part may be both hydrated and carbonated 
into hydromagnesite. Opal may take the place of quartz. The 
final product is usually a clay, but this requires the addition of 
alumina from outside. 

The amphiboles yield a variety of alteration products. Their 
good cleavage favors both mechanical and chemical disintegration. 
In the alteration of actinolite and tremolite the calcium and 
magnesium may be converted into carbonates and carried away 
in solution, or under favorable conditions they may be redeposited 
as calcite and dolomite. The magnesium sometimes unites with 
water and silica to form talc or serpentine. The iron is usually 
changed into a higher oxide and gives a red or brownish-red color 
to the residue. Occasionally magnetite is formed. The mosr 
important secondary mineral from hornblende is chlorite, but 
epidote, calcite, quartz, iron oxides and iron carbonate occur. 
The end product resulting from the complete decomposition of 
hornblende is a rusty-brown, sticky clay rich in iron. 

The pyroxenes are closely related to the amphiboles, and their 
modes of weathering and the secondary products are very similar. 
While hornblende occasionally changes to pyroxene, the ehange 
of augite to hornblende is very common. Actinolite and tremolite 
also form certain pyroxenes, and biotite forms from augite. The 
end product is similar to that derived from amphiboles. 



IGNEOUS ROCKS :t83 

GRANITE-RHYOLITE FAMILY 

In this family are included all igneous rocks of the same 
general composition as the granites proper. The family is divideo 
into four groups: 

A. The granites (eye-grained) . 
B. The rhyolites (lens-grained). 
C. The glasses (glassy texture and luster) . 
D. The tuffs and breccias (fragmental). 
The first three groups ar.e based mainly on the texture (size 

of grains) of the .rocks, while the fourth group includes rocks 
compo.sed mainly of fragmental material which belongs properly 
in this rock family. 

Analyses of 360 specimens give the following average compo­
sition and range of composition for the family: 

SiO, 

Average Composition 
(per cent)" 

70.00 
Al,O, . . . . . . . . . .. . . . 15.00 
Fe, O, ... . . . ........ } 
FeO..... . .. . .. . . . .. 2.60 
MgO . . . . . . . . . . . . . . 0.64 
CaO . . . . . . . . . . . . . . . 1.70 
Na, O . . . . . . . ... . . . . 3.20 
K,O . . . . . . . .. . . . . . . 4.00 

Range of Composition 
(per cent) 

80.00 to 60.50 
21.40 to 5.60 

9.80 to 0.00 

2.90 to 0.00 
5.40 to 0.00 
6.20 to 0.15 

11.00 to 0.18 

5102 

Fig. 48. Diagra m to illustrate the average chemical composition of the gra nite­
rhyolite fa mily. The a reas of the triangles are proportional to the percenta ges 
of the va rious oxides as shown in the average a nalysis above. 

COLOR: The color of the granites proper depends mainly 
upon the color of the principal minerals. Red or flesh-colored 
feldspar gives a red color tone to the rock. White feldspar with 
black mica gives a gray or blue-gray color tone. The prevailing 
colors are red and gray, but pinkish-gray and a lmost white are 
not uncommon. Tbe prevailing co lor tone of the rhyolites, rhyo-

• 

.. 
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lite porphyries and granite porphyries is light, but various stains 
and weathering produce a variety of colors, such as buff, red, 
brown, and occasionally almost black. Obsidian is most com· 
monly black, but brown, purple, green and red occ11r. Pitchstone 
ranges from black to brown, yello~ and green. Pumice is com· 
monly ash-colored to pale yellowish-gray. Perlite is commonly 
gray or bluish-gray to black. The color of the tuffs and breccias 
is much the same as that of the rhyolites, but the fragments may 
give the breccias a mottled appearance . 

. CRYSTALLIZATION: The granites, felsites, granite por· 
phyries, many rhyolites and rhyolite porphyries are holocrystal 
line (completely crystalline), though in the finer-textured rocks 
the mineral grains may . be too small to be distinguished without 
a microscope. Some rhyolites, rhyolite porphyries and related 
rocks consist of varying proportions of rock glass and mineral 
grains, while pitchstone, obsidian, perlite and pumice are com­
posed almost entirely of rock glass. In the granites the mineral 
grains are mostly irregular in outline, and complete crystal 
boundaries are rare, though mica, hornblende and occasionally 
feldspar may show one or more crystal faces. The minor minerals 
-such as magnetite, zircon, garnet and apatite-are commonly 
in complete crystals, but they are generally too small to be seen 
without a good lens. In the porphyritic members the phenocrysts 
(porphyritic crystals) commonly have complete, or nearly com­
plete, crystal boundaries, and the miscroscope may show many 
complete crystals in the groundmass. 

TEXTURE : There is a wide range of texture from the 
pegmatites, whose mineral masses, or crystars, may reach a 
diameter of several inches, to obsidian, in which few or no mineral 
grains can be recognized. Pegmatite, graphic granite, and a few. 
other granites are coarse-grained, while the majority of the 
granites are medium-grained. The aplites, the holocrystalline 
rhyolites, rhyolite porphyries, granite porphyries and felsites are 
lens-grained. In the glassy group come glassy rhyolites, glassy 
rhyolite porphyries, obsidian, pitchstone, perlite and pumice. 
The porphyritic texture occurs in the granites, but is not very 
common. It is characteristic of the rhyolite porphyries and 
granite porphyries, and is common in rhyolite, but less frequent 
in felsite, obsidian, pitchstone and perlite. In the finer-grained 
porphyritic rocks the phenocrysts often show rounded outlines, 
resulting from their partial solution by the molten mass in which 
they were formed. 
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MINERAL COMPOSITION: The members of the granite 
family vary widely in mineral composition, but quartz, orthoclase, 
plagioclase, microcline, biotite,,lllluscovite hornblende and pyroxene 
may be regarded as the chief minerals. Other minerals-such as 
magnetite, zircon and apatite-are almost always present in 
small, scattered crystals, and pyrite, titanite, ilmenite, garnet, 
tourmaline and fluorite are sometimes found. These are known 
as minor or accessory minerals. 

THE FELDSPARS: They are by far the most important minerals 
of the granite-rhyolite family, frequently forming as much as 
65 per cent of the volume of the holocrystalliue rocks. They 
rarely show complete crystal outlines, except when they occur as 
phenocrysts. But tabular and brick-shaped crystals, or grains 
having two or more crystal faces, are not uncommon in the even­
granular members of the family. Orthoclase is the most important 
of the feldspars occurring in the granite family. It is very com­
monly pink, but white and colorless crystals are not uncommon. 
Oligoclase is the chief plagioclase, but andesine is often found in 
the less acidic granites. The plagioclases are more commonly 
white, but pink and gray occur. Practically the only certain 
means of distinguishing plagioclase in the rock specimen is the 
twinning which is shown by fine parallel lines or striations' on 
the basal cleavage faces. 

Microcline resembles orthoclase in .color and habit, and is 
rather common in pegmatites and granites. 

QuARTZ rarely forms more than one-fifth the volume of a 
granite, and commonly less. It is generally in irregular, trans­
parent, colorless grains, but as a phenocryst it commonly possesses 
crystal form, though the points and edges may be rounded by 
solution. 

BIOTITE is by far the commoner of the micas, though it 
rarely equals the quartz in volume. When fresh, it consists of 
lustrous ·black or brownish-black, elastic plates or scales, some­
times showing an irregular hexago~al outline. Weathering gives 
it a rusty-greenish color. 

MuscoviTE may occur with or without biotite, but it is rarely 
an important constituent outside the even-granular members of 
the family. It occurs in thin, elastic, silvery-white, transparent 
scales, occasionally having a hexagonal outline. 

HoRNBLENDE is more common than muscovite, but much less 
common than biotite. It may occur as the only dark mineral, 
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but is very frequently accompanied by biotite. It rarely shows 
perfect crystal outline, but often bas two parallel faces. It is 
generally black or dark green, and usually shows good cleavage. 

PYROXENE is not at all common in the granite family, but it 
is occasionally found in both the even-granular and the porphy­
ritic members. The variety is usually regirite or malacolite, but 
augite occurs. The grains are usually stouter than those of 
hornblende, are rarely so dark-colored or lustrous, and the cleav­
ages are less perfect. 

TRANSITIONS AND RELATIONSHIPS: Within the 
granite-rhyolite family there are both textural and mineralogical 
transitions from member to' member and from group to group. 
Neglecting questions of origin and mode of occurrence, it is not 
easy to draw the line between very fine-grained granite and coarse­
grained rhyolite; rhyolite and felsite; rhyolite and rhyolite 
porphyry; rhyolite porphyry and granite porphyry. Very glassy 
rhyolite grades into obsidian. By decrease of biotite, a bi9tite 
granite grades into a binary granite. By the addition of horn­
blende, a biotite granite becomes a hornblende-biotite granite, 
and by decrease of biotite this grades into ]:wrnblende granite. 

By a ,decrease of quartz, the granites grade into the syenites. 
With an increase of hornblende (or biotite) and plagioclase, and 
a decrease in quartz and orthoclase, they grade into diorites. By 
a decrease in quartz and, an increase in plagioclase, the granites 
grade into the granodiorites and qpartz diorites. Similar tran­
sitions exist between the rhyolites and trachytes, the rhyolite~ 
and andesites, and other groups. 

OCCURRENCE: The granite-rhyolite family is one of the 
most important and widely distributed among the igneous rocks. 
The granites are intrusive and occur in almost all the variQus 
forms of intrusive bodies, but stocks and batholiths are especially 
common. 

In Colorado they occupy large areas iq. practically all the 
ranges. 

Rhyolites occur both as extrusive and intrusive rocks. Dikes 
and sheets are the commonest intrusive forms, while flows are 
the characteristic extrusive bodies. Rhyolitic rocks are especially 
abundant in the San Juan and Leadville regions, but they are 
found almost everywhere throughout the mountain area. 

Obsidian and pitchstone occur both intrusively and extru­
sively. They are found in comparatively small amounts in a 
number of localities in Colorado. Pitchstone (or obsidian) occurs 
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in the Georgetown area, and at Silver Cliff. Obsidian is found 
on Engineer Mountain, in the Silverton area. 

Perlite and pumice are extrusive. .Pumice has been reported 
from near the head waters of Elk River. 

Rhyolite tuffs and breccias are extrusive, and are found in 
great abundance in Colorado, particularly along the Front Range 
and in the San Juan region. 

Strata of volcanic ash, probably of rhyolitic character, are 
found in the eastern part of the state, and in Huerfano County 
and near Durango. These are frequently referred to as pumice, 
and are commercially known by that name. 

ECONOMIC: The granites are extensively used for building 
purposes, and are among the most durable of rocks. They weather 
slowly, but disintegrate readily in case of fire. 

Rhyolite tuff is quite extensively used for building purposes 
in Colorado. Volcanic ash, under various names-"pumice," 
"geyserite," "silica," etc.-has been sold as an abrasive and polish­
ing powder, and as an ingredient in mechanics' soaps. 

A. THE GRANITE (EYE-GRAINED) GROUP 

BIOTITE GRANITE OR GRANITITE is the commonest of the 
granites, and consists of orthoclase, quartz and biotite, with more 
or less plagioclase (albite, oligoclase and andesine). Magnetite, 
apatite and zircon are usually present in small amounts, but are 
seldom readily visible without a lens. 

MuscoVITE GRANI'.rE is similar to biotite granite, but contains 
muscovite instead of biotite. It is usually richer in quartz and 
poorer in plagioclase than biotite granite. 

Mttscovite-Biot·ite Gmnite contains the two micas in about 
equal amount. (This is sometimes called "granite proper," "two­
mica-granite," "binary granite" and "granulite." But these names 
are not in general use, and the last two are used for other rocks.) 

HoRNBLENDE GRANITE contains hornblende instead of mica. 
The proportions of quartz and orthoclase are usually smaller, 
while that of plagioclase is commonly greater. (Some authors 
give this name to a granite containing both hornblende and 
biotite.) 

Ho1·nblende-Bioti te Granite contains both hornblende and 
biotite, but is. otherwise like hornblende granite. It is sometimes 
called hornblende granitite. 

Bina1·y G1·anite is a name commonly applied to granites con­
sisting almost entirely of quartz and alkali feldspar. 
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Alasl.;ite is composed essentia lly of quartz and alkali feldspar 
(orthoclase and a lbite) . 

Aplite (granitic) is a granite of fine, sugary texture, contain· 
ing little or no muscovite or dark mineral, and occurring mainly 
in narrow dikes or veins cutting other granitic rocks. The mineral 
grains commonly have crystal boundaries. (The name "binary 
granite" is sometimes applied to muscovite-biotite granite.) 

PEGMATITE consists mainly of microcline or orthoclase, quartz 
and ·muscovite. Biotite is rare. _ The texture is very coarse, and 
much of the feldspar and muscovite of commerce come from 
pegmatite. It is a dike rock or vein rock occurring very commonly 
in the areas of ancient granitic rocks, such as those forming the 
cores of many mountain ranges. 

Graphic Gmnite is a special form of pegmatite in which the 
quartz occurs in long, parallel columns inclosed in the feldspar. 
When the rock is broken at right angles to the quartz columns, 
the cross-sections of the columns and their arrangement suggest 
Hebrew letters. (Hence the name "graphic granite"; Greek, 
gr-apho, "I write.") Rare minerals-such as tourmaline, beryl 
and garnets-are frequently found in pegmatite. 

G1·eisen consists of quartz and a white or gray or greenish­
gray mica which usually carries lithium. Tin ore (cassiterite) 
is commonly associated with greisen. Fluorite, topaz and tour· 
maline are sometimes quite abundant. Greisen proper is granite 
in which the feldspars have been replaced by mica and quartz 
through the agency of vapors accompanying or following igneous 
intrusion. 

Pyr-owene Granites are comparatively rare. They are usually 
poorer in quartz and orthoclase, and richer in plagioclase, than 
most of the granites. Biotite or hornblende, or both, may accom­
pany the pyroxene in variable amounts. The pyroxene may be 
augite (augite granite); or aegirite (ekerite and rockallite); or 
hypersthene ( charnokite) ; or enstatite, etc. 

The porphyritic texture occurs in a number of granites. The 
commonest phenocryst is feldspar. 

B. THE RHYOLITE (LENS-GRAINED) GROUP 

The rocks in this group have essentially the same chemical 
composition as the granite (eye-grained) group. The minerals 
are mainly feldspar and quartz

1 
but biotite, pyroxene and horn­

blende are frequently present. Magnetite, apatite and zircon are 
the commonest minor minerals, and occur in minute crystals. Tl.te 
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porphyritic texture is common, and quartz, orthoclase, plagioclase, 
and occasionally biotite, hornblende and pyroxene, occur as pheno 
crysts. 

Texturally, the non-porphyritic and the groundmass of the 
porphyritic members of the group are composed mainly of mineral 
grains too small to be recognized by the unaided eye. The lens 
brings out the fact that the rock is for the most part granular. 
Glassy or uncrystallized matter may be present, but not in 
sufficient amounts to give the rock a glassy luster. 

The vesicular and the spherulitic structures are common in 
glassy rhyolites, but not so common in the lens-grained rhyolites. 
The amygdaloidal structure occurs, but is not common. Flow 
structure is .more common in the rhyolites and the glasses of the 
granite family than in the corresponding groups of other families. 
The alternating bands commonly differ mark<::dly in texture___: 
glassy bands alternating with finer granular. 

RHYOLITE is the general na.me for the group, which includes 
rocks composea chiefly of quartz, orthoclase and albite, with small 
but varying amounts of biotite, pyroxene and hornblende. The 
phenocrysts of the porphyritic rocks are commonly quartz, ortho­
clase or sanidine, but albite and. the dark minerals occur. 

RHYOLITE PoRPHYRY is a rhyolite in which phenocrysts make 
up a very considerable proportion of the rock. 

Ap01'hyolite is a name applied to rhyolites which were once 
glassy, but have become largely or wholly crystalline by meta­
morphism. 

Liparite is another name for rhyolite. 
GRANITE PoRPHYRY is a rock in which the phenocrysts are so 

numerous as to give it the general appearance of a granite. ~he 

groundmass varies in texture and may grade into the eye-grained. 
The rock then forms a connecting link between the rhyolites and 
granites. 

NEVADITE is a granite porphyry. 
QuARTZ PoRPHYRY as now understood is a dike or sheet rock 

consisting of a dense groundmass carrying phenocrysts of quartz. 
When feldspar phenocrysts are present 'also, it is called a QuARTZ­
FELDSPAR PoRPHXRY. There is no essential difference between 
these and rhyolite porphyry. 

' GRANOPHYRE is a quartz porphyry in which the minerals of 
the groundmass are intergrown in much 'the same way as are the 
quartz and feldspar of graphic granite. This intergrowth can 
rarely be detected with a lens. 

(10) 
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1lf'ic1·ogmnite is essentially a quartz porphyry with a very 
dense (fine-grained) groundmass. 

FELSI'l'E is a non-porphyritic rock of very fine granular texture 
{lithoidal ), consisting mainly of quartz and alkali feldspar. Glass 
may be present in small amounts. The name "felsite'' is now 
used in a much wider sense, as indicated in the Field and General 
Classification of Igneous Rocks, page 275. 

Lithoid·ite is a textural term applied to rhyolites having a 
very dense, non-vitreous groundmass and a dull, stony luster. 
They may be porphyritic. 

Tordrillite, Alc£skite Po1·phy1·y, is a rhyolite composed almost 
entirely of quartz and alkali feldspar. The phenocrysts may 
include orthoclase, plagioclase, quartz and mica. H occurs in 
the Georgetown, Aspen and Boulder areas. It corresponds to 
alaskite in the granite group. 

To the rhyolite g-roup belong, wholly or in part: A'ilsyt€, 
Oomendite, Felso1Jhy1·e, Gro1·udite, QtuM·tz Tinguaite, K ewtophy1·e, 
Paisani•te, Pantelle1·ite, Q·uar·tz KeratophynJ, Qt£wrtz Bostonite. 
Q twrtz Porphyrite, and others. 

C. THE GLASS GROUP-GLASSY TEXTURE AND LUSTER 

OBSIDIAN (rhyolite glass) is a volcanic glass having approxi­
mately the chemical composition of granite. It is sometimes 
sparingly porphyritic, with the phenocrysts arranged along flow 
lines. A banded appearance occasionally results ftom the pres­
ence of clouds of minute crystals, or spherulites, or stone bub­
bles ( lithophysre), arranged along flow lines. The color ranges 
from black to brown, purple and red. It breaks with a smooth 
conchoidal fracture, and thin splinters are translucent or trans­
parent. It occurs as sheets and dikes, and as glassy surfaces 
oYer rhyolite or related lavas. In some cases the central part of 
a dike may be partially or completely crystalline, while the bor­
ders are typical obsidian, as at Georgetown, Colorado. 

The volcanic glasses of other rock families are called ande­
site-obsidian, trachyte-obsidian, etc. 

PITCHSTONE is very similar to obsidian, but has a dull, pitch­
like or resinous luster. It is generally richer in minute crystals 
and is more likely to be porphyritic than obsidian. 'l'lle crystals 
commonly indicate a partial change from the glassy to the crystal­
line condition ( devitrification). Pitchstone contains from 5 to 
10 per cent of water. Pitchstones occur in other rock famili es. 
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PERLITE is a glassy rock more or less completely broken into 
globules somewhat resembling pearls, and made up of concentrite 
shells. The structure is probably due to contraction at the time 
of cooling. A structure resembling the perlitic has been produced 
by rapid cooling. When the globules are crowded, they take on 
polygonal outlines. The rock is commonly of a gray color, and 
pearly or waxy luster. 

PuMICE is a spongy, highly vesicular, or froth-like glass. The 
color varies from white to gray to yellowish or brownish. The 
luster is silky or glassy. It occurs as a froth-like surface over 
more dense rhyolitic lavas, or as the product of explosive erup­
tions. The structure is due to the escape of steam or other gas 
ihrough the rock mass while it is still molten or viscous. Minute 
crystals are often abundant, and porphyritic texture occurs. 
Pumiceous structure occurs in the lavas of other rock families. 
The partially consolidated volcanic ash so common in Colorado, 
Nebraska and other states is often called pumice. 

Uses : Pumice both in block form and as a powder is exten­
sively used as an abrasive material, a filtering agent, a filler, and 
surfacer. Volcanic ash is used for scouring and cleansing pur­
poses in such preparations as scouring soaps, powders, and pastes. 
It is used to a limited extent for covering and packing steam 
pi]Jes and heat conduits. 

ScoRIA is a structural term applied to slag-like or cindery 
masses occurring on the surface of volcanic flows of any composi­
tion. Scoria frequently shows a ropy or twisted flow structure. 

D. THE FRAGMENTAL GROUP 

RHYOLITE TuFF is a rock formed of fine rhyolitic, volcanic 
ditritus-such as dust, ash or sand-resulting from explosive 
volcanic eruptions by which lava is blown into :fine fragments. It 
is usually grayish or whitish to buff or pale brown. The ma­
terials may fall on land and be carried to the sea by rivers, or 
they may fall on water and sink to the bottom. As a result, 
tuffs are frequently stratified and not uncommonly fossiliferous . 
Rhyolite tuffs occur in the San Juan, at Castle Rock, in Douglas 
County, and at many other points in the state. Tuffs occur in 
most of the rock families. 

RHYOLITE BRECCIA is a rock composed of angular fragments , 
mainly of rhyolite bedded in finer material , like that of tuffs. 
The angular fragments may range in size from a fraction of an 
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inch in diameter to a foot or more. Such breccias frequently con· 
tain fragments torn from the rocks through which the volcanic 
vent passes. They may be igneous, sedimentary or metamorphic. 

When the fragments are of different color from the matrix 
or groundmass, the rock has a ill'Ottled appearance. Rhyolite 
breccias are abundant in the San Juan region. 

RHYOLITE FLOW"BRECCIA is simila:r to rhyolite breccia, but 
the matrix or groundmass was molten when the fragments were 
caught up, and the rock reached its resting-place by flowing as a 
lava. Flow movement before solidification is frequently shown 
by the arrangement of the fragments or by banding. 

GRANODIORITE-DACITE FAMILY, INCLUDING QUARTZ 
MONZONITE 

The family is composed mainly of rocks which are inter­
mediate in composition between the granites and the diorites, 
though some which suggest transitions to the syenites and 
gabbros are included . As in the granite family, there are four 
groups: 

A. The granodiorite, quartz monzonite (eye-grained) group. 

B. The dacite, quattz andesite, dellenite (lens-grained) 
group. 

C. The glasses (dacite-obsidian, etc.) -glassy group. 

D. -The tuffs and breccias (fragmental) group. 

Analyses of 102 specimens give the following average com­
position and range of composition for the family: 

Fig. 49. Diagram to illustrate the average chemical composition of the rocks of 
the fa mily. 
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Average Composition 
(per cent) 

SiO, 
Al,O, ............. . 
Fe, O" ... .. .... .. . . 
FeO .......... . ... . 
MgO ............. . 
CaO .............. . 
Na, O ...... .. .... .. 
K,O .............. . 

64.27 
16.42 

2.77} 
1.98 
2.12 
4.40 
3.57 
2.25 

Range of Composition 
(per cent) 

75.71 to 52.03 
23.44 to 12.58 

12.66 to 2.15 

11.69 to 0.13 
8.50 to 0.35 
4.91 to 0.15 
4.12 to 0.09 

393 

COLOR: The color depends upon the mineral composition. 
The rock-making minerals of this family are the same as those 
of the gTanite family, but the proportion of dark minerals is 
usually greater, though the light-colored minerals are commonly 
in excess of the dark. In general, these rocks are darker tha·n 
those of the granite family, and a dark and light speckled ap­
pearance is common. The lens-grained group are, as a rule, 
lighter-colored than the eye-grained group. They vary from li ght 
gray to dark gray, and occa·sionally to almost black. Weathering 
causes li ghter colors, such as yellowish-gray, buff and brownish­
pink. The glassy members· are rare. The fragmental group 
resembles the lens-grained group in color, but the breccias are 
often mottled. -

CRYSTALLIZATION: The eye-grained group are halo­
crystalline. The lens-grained group are much more likely to be 
holocrystalline than the coresponding group in the granite 
family. Glass is, however, common in the groundmass, but is 
rarely present in large amount, and there are comparatively few 
rocks in the glassy group of this family. The porphyritic texture 
(fabric) is very common in the lens-grained group. The pheno­
crysts are chiefly plagioclase, quartz, sometimes orthoclase, and 
commonly · one or more of the dark minerals, biotite, hornblende 
and pyroxene. In the eye-grained group biotite and hornblende 
may have fairly complete crystal boundaries, and the feldspars 
may show one or more crystal faces. 

TEXTURE: The range of texture is hardly so great as in 
the granite family. Rocks corresponding to the pegmatites in 
texture are very rare in this family. The medium gra:in is by 
far the commonest in the eye-grained group. 

MINERAL COMPOSITION: Quartz and orthoclase are 
much less abundant than in the granite family, while plagioclase 
and the dark minerals are relatively more important. The plag­
ioclase includes albite, oligoclase, andesine and labradori-te. 

State Historical a11u 
ral History Society, 

0 VER. COLORADO, 
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Apatite, zircon, magnetite, titanite and other unimportant min­
erals are generally present, but are seldom visible even with_, a 
lens. The hornblende is the common dark-green to black variety, 
while the pyroxene may be augite or hypersthene. 

TRANSITIONS AND RELATIONSHIPS: As in the 
granite family, textural transitions lead from one group to an­
other, with no clearly drawn lines. By an increase of quartz 
and orthoclase the granodiorites and quartz diorites grade into 
the granites. By a decrease of quartz and orthoclase they ap­
proach the diorites, while an increase of pyroxene leads to the 
gabbros; a decrease of quartz and an increase of orthoclase, to 
the syenites. Similar transitions exist between dacites and 
quartz andesites, on the one hand, and trachytes, rhyolites and 
andesites, on the other. 

OCCURRENOE: This family is much less important than 
the granite, and no large areas are occupied by any members of 
the family in this· state. The modes of occurrence are the same 
as those of the granite family. 

ECONOMTO: Very little use has been made of the rocks 
of this family. 

A. THE GRANODIORITE, QUARTZ MONZONITE (EYE-GRAINED) 
qROUP 

GRANODIORITFJ (granite-diorite) is composed of plagioclase 
(andesine and (or) labradorite), a smaller amo~nt of orthoclase, 
quartz, and commonly one or more of the dark minerals, biotite, 
hornblende and pyroxene. 

QuARTZ DIORITE is similar to granodiorite, but the propor­
tion of plagioclase is greater, while orthoclase may be absent or 
present in small amount. The rock generally contains one or 
more of the dark minerals, and the name is commonly given to 
that variety in which hornblende is the chief dark m'ineral. When 
biotite is the most important dark mineral, the rock is a QuARTZ­
MicA DIORITE. When augite is abundant the rock is called 
QuaTtz-At~gite D·iMite. 

QuARTZ MoNZONITE is very similar to granodiorite, but the 
proportion of orthoclase is greater. It is more closely related 
to granite. 

QUARTZ :MONZONITE PORPHYRY is a fine-textured quartz mon­
zonite in which the phenocrysts are very numerous-equaling or 
exceeding the groundmass in amount. 
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Adamellite may be regarded as a quartz-hornblende-mica 
diorite, though the name is also used as equivalent to quartz 
monzonite. 

Tonalite is a similar rock, with andesine as the chief feldspar. 
QuARTZ DioRITID PoRPHYRY is a fine-grained porphyritic rock 

of the quartz-diorite group in which the phenocrysts exceed the 
groundmass in amount. When the rock is very fine-grained (lens­
grained), it should be placed in the quartz andesite-dacite gr~up. 

B. THE DACITE, QUARTZ ANDESITE, DELLENITE (LENS­
GRAINED) GROUP 

DACI'l'ID is a rock composed mainly of fine grains of quartz, 
plagioclase and one or more of the ferromagnesian minerals: 
biotite, hqrnblende and pyroxene. Orthoclase ( br sanidine) may 
be present in small amount, especially in the groundmass. In 
the porphyritic varieties plagioclase, quartz, orthoclase, biotite, 
hornblende and pyroxene may appea~· as phenocrysts, but the 
first two are commonest. \Vhen quartz is prominent as a pheno­
cryst, the rock is easily mistaken for a quartz porphyry. The 
presence of striated feldspa·rs in excess of non-striated would 
indicate a dacite. The groundmass often contains glass. 

QuARTZ ANDESITID is essentially the same as dacite. 
Dellenite may be classed as a dacite in which orthoclase is 

rather prominent and the ferromagnesian minerals are subordi­
nate. It corresponds to quartz monzonite of the eye-graineil 
group. 

'MICA DACITE is one in which biotite is the important dark 
mineral. 

B ·iot<ite-H 01'nbleJnde Dctc·ite, H o1·nb lende Dacite, and other 
varieties are named according to the prominence of the dark 
mri.nerals. 

DACITID PoRPHYRY and Dellenite Po1phyry are Yal'ieties in 
which the phenocrysts are very abundant. 

C. THE GLASSES (DACITE-OBSIDIAN, ETC.)-GLASSY GROUP 

Glassy rocks are much less common in this family than in 
the granite family. 

DACITE-OBSIDIAN is a rock glass ha\'ing the composition of 
dacite. 

VoLCANITID is a glassy rock of dacite composition, haYing 
phenocrysts of microcline, a·ndesine, augite, etc. It is very rare. 

Da<Jite-P•itchstone, Da<Jite-P•ttmice and Dacite-Perl·ite are 
known, but are very rare. 

.. 
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D. THE DACITE TUFFS AND BRECCIAS (FRAGMENTAL) GROUP 

DACITE TuFF is a rock formed of fine dacitic volcanic detri­
tus such as dust, ashes, sand or fine fragments resulting from 
explosive volcanic eruptions by which lava is blown into fine 
fragments. The fresh rock is grayish to dark gray to brownish, 
but the altered rock is light gray to buff and pale brown. It 
close ly resembles rhyolite tuff, and may be stratified by water 
action . 

DACITE BRECCIA is a rock composed of angular fragment:s 
mainly of dacite bedded in finer material like that of tuffs. 

T1fE DIORITE-ANDESITE FAMILY. 

To this family belong all igneous rocks having the same 
general chemical and mineral composition as the diorite group. 
As in the preceding family, there are four groups: 

A. The diorites (eye-grained) . 
B. The andesites (lens-grained). 
C. The glasses (glassy texture and luster) . 
D. The tuffs and breccias (fragmenta l ). 
Analyses of 140 specimens give the fo llowing average com­

position and range of composition for the family: 

Average Composition 
(per cent) 

SiO, 
Al,O, .... .. .. .. ... . 
Fe,o • . ..... ....... 
FeO ... . ......... . . 
CaO . . . .. ... . ..... . 
MgO ........... . . . . 
Na,O ............ .. 
K,O ......... ..... . 

59 .89 
16.78 

3.21 } 
3.54 
6.04 
2.78 
3.59 
2.21 

Range of Composition 
(per cent) 

65.94 to 45.11 
25.54 to 12.15 

16.20 to 1.05 

11.68 to 2.59 
11.70 to 0:40 

8.49 to 1.19 
4.49 to 0.00 

F ig. 50. Diagram to illustrate the nserage chemical composition of the rocks of 
the family. 
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COLOR: The diorites (eye-grained) are composed of about 
equal amounts of light- and dark-colored minerals, and conse­
quently present a speckled appearance. The prevailing color 
is gray-generally dark gray, and sometimes grayish-black. 
Weathering very commonly produces a greenish tone. The ande­
sites (lens-grained) vary from light gray to dark gray) and fre­
quently show pinkish, yellowish and brown tints·. The speckled 
effect is very common. Weathered andesites are very commonly 
light gray to buff and pinkish-buff. The glasses are similar in 
color to those of the granite family. The fragmental rocks are 
similar in color to those of the preceding families, but the 
speckled appearance is more common in the andesite tuffs and 
breccias. 

CRYSTALLIZATION: The driorites (eye-grained) and a 
very large proportion of the andesites (lens-grained) are holocrys­
talline (completely crystalline). A more or less glassy ground­
mass is common in finer-grained andesites, but those having 
enough uncrystallized matter to give the rock a glassy luster are 
rare. The glassy group rarely forms any large rock masses, but 
andesite-obsidian, andesite-pitchstone, andesite-perlite and ande­
site-pumice are known. In these, minute crystals or microlites 
may form a large proportion of the mass. The poryphyritic tex­
ture (or fabric) is common, and while plagioclase is the most 
abundant phenocryst, hornblende, biotite and pyroxene are com­
mon. They may be so numerous as to give the color value to 
the rock. The phenocrysts generally show complete crystal out­
lines, and the hornblende and biotite of the diorites frequently 
show two or more crystal lines. 

TEXTURE: The textural range of the diorite-andesite fam­
ily is large, but rocks corresponding to the pegmatite of the 
granite family are rare, and glasses are much less common than 
in that family. Andesites are very common rocks in America, 
and many of them are porphyritic. Diorites with phenocrysts 

. of plagioclase and occasionally hornblende are not uncommon. 
: Andesites are sometimes vesicular. 

MINERAL COMPOSITION: Plagioclase (chiefly andesine, 
labradorite and oligoclase) is the most important mineral of the 
family. Orthoclase is rather rare, and marks transitions to the 
granodiorites and to the syenites. Hornblende is next in im­
portance to plagioclase. but it may be largely or entirely re­
placed by biotite. Augite and 10ther pyroxenes are frequently 
present, but rarely in large proportion. Magnetite, apatite, titan-
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ite and other minor minerals are almost always present, though 
rarely visible. Quartz is not rare in the groundmass of the ande­
sites. 

The plagioclase is often found in crystals large enough to 
show the striations (or twinning lines)_ Crystal boundaries are 
rarely perfect except in phenocrysts. The common color is milk­
white, but glassy and gray feldspars are common. The horn­
blende is usually brownish-green to greenish-black. Complete 
crystal boundaries are very common in the andesites, but less so 
in the diorites. The cleavage is less perfect than that of biotHe, 
but more perfect than that of pyroxene. The broad angle (124°) 
between the cleamge faces will help to distinguish it from 
pyroxene, whose cleavage faces meet at nearly a right angle. 
The biotite of the family is mostly black or Yery dark brown, and 
commonly shows crystal boundaries. The pyroxene may be 
augite, hypersthene, or rarely bronzite or enstatite. Olivine is of 
rare occurrence. 

/ 

TRANSITIONS AND RELATIONSHIPS: By the increase 
of orthoclase and the decrease of plagioclase, the diorites 
grade into the syenites, and, with the addition of quartz, into 
granodiorites and granites. The increase of plagioclase (labra­
dorite) to the practical exclusion of other minerals gives anortho­
site, a variety of gabbro. When pyroxenes greatly increase,, 
the diorites grade into gabbro. Similar transitions connect the 
andesites and trachytes, the andesites and dacites and rhyolites, 
the andesites and the basalts. There is a textural transition from 
the diorites to the andesites, and from these, by increase of glassy 
matter, to andesite-obsidian, andesite-perlite, etc. 

OCCURRENCE: Diorites are ·not important in America, 
but andesites are very abundant, especially in the western moun­
tain states. In Colorado diorites occur in the Rosita Hills, the 
Engineer Mountain area, and elsewhere. Andesites and andesite 
tuffs and breccias occupy large areas and form many lofty peaks 
in the San Juan region. They are also important in the Cripple . 
Creek area, and at various places within the s1ate andesite 
detritus forms a very large proportion of widely distributed 
sedimentary formations, such as the Denver. The andesites oc­
cur both as extrusive and intrusive rocks. Sheets and laccolithi c 
bodies are Yery common. Monzonite and latii:e are common in 
the San Juan and along the Continental Divide in Chaffee, Gun­
nison, Boulder and other counties. 
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ECONOMIC: 'Practically no use is made of the rocks of 
this family, though diorite is occasionally marketed as granite. 

ALTERATION: 'rhe andesites seem to decay very readily, 
if one may judge by the highly kaolinized rocks of this group so 
abundant in Colorado. The altered rocks vary in color from ash­
gray to buff and rusty yellow and brown. 

A. THE DIORITE (EYE-GRAINED) GROUP 

DIORITE (or HoRNBLENDE DroRITE) : · The typical diorite is a 
rock consisting mainly of plagioclase and hornblende. But smaU 
amounts of biotite, pyroxene and orthoclase give character to 
many diorites. Magnetite, apatite, titanite and zicon are com­
monly present, and occasionally in appreciable amounts. 

MICA DIORITE is a diorite in which biotite is the mos·t im­
portant dark mineral. 

, AuGITE DIORI'.rE is a diorite in which augite is prominent, 
though hornblende may be the most important dark mineral. 

HORNBLENDE-MICA DIORITE is a diorite in which hornblende 
and biotite are present in about equal amounts. 

Kersantite contains both hornblende and biotite, and biotite 
sometimes occurs as phenocrysts. ·Orthoclase and pyroxene may 
be present. 

MONZONITE is a rock composed mainly of plagioclase and 
orthoclase, and one or more of the dark minerals. The rock to 
which the name was first given is essentially ·an augite syenite 
in which orthoclase exceeds plagioclase in amount. At present 
the tendency is to apply the name to rocks in which plagioclase 
predominates and which are dioritic in type. The plagioclase is 
chiefly andesine or labradorite. The monzonites show great 
variety of composition, and they may be regarded as forming 
connecting links between the granodiorities and syenites, on the 
one hand, and the diorites and gabbros, ·on the other. When 
orthoclase exceeds plagioclase in amount, and the plagioclase is 
mainly andesine, the monzonite is syenitic in type. When plagio­
clase is decidedly in excess of orthoclase, the monzonite is dioritic 
in type. When pyroxene is abundant and the plagioclase tends 
toward labradorite, there is a transition- to the gabbro group. 
When quartz is present and orthoclase equals or exceeds plagio­
clase, the rock is a quartz monzonite or a granodiorite. Varieties 
of monzonite are named according to the prominent dark mineral, 
as: hornblende monzonite, augite monzonite. 
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GABBRO-DIORITE is a rock intermediate between diorite and 
gabbro. It is possible that it is alwa()s derived from gabbro by 
the change of augite to hornblende. 

Oampton~te is a dike rock consisting of plagioclase, horn­
blende, pyroxene, biotite and sometimes olivine; all of which 
may form phenocrysts. Glass may be present in the groundmass. 
The rock is usually close-grained, and might well be placed in the 
andesite group. Its appearance, and chemical and mineral com­
position, suggest basalt. 

B. THE ANDESITE (LENS-GRAINED) GROUP 

ANDESITE: The general name includes those lens-grained 
rocks having plagioclase as the most important_mineraJ. Ortho­
clase is commonly absent, or present in very small amount. 
Hornblende, biotite, augite and hypersthene-one or more-are 
usually present aJUd, according to their predominance, give name:;, 
to the kinds of andesite. Olivine occurs, but is never prominent. 
Magnetite, apatite and other minor minerals are commonly pres­
ent. The plagioclase includes andesine as the most important, 
and oligoclase and labradorite. One or more of the important 
minerals may form phenocrysts. 

HoRNBLENDE ANDESITE is an andesite in which hornblende is 
the most important dark !mineral, though biotite and pyroxene 
may be present. -

Homblende-ll1ica Andesite (or hornblende-biotite andesite) is 
one in which both hornblende and biotite are prominent. 

MICA ANDESITE has biotite as the most important dark 
mineral. This variety ranges high -in silica, and occa_sionally 
contains a noticeable amount of orthoclase. It grades toward 
dacite. 

PYROXENE ANDESITE is one in which one of the pyroxenes­
most commonly augite-is the prominent ferromagnesian mineral. 
This variety is usually low in silica, and grades toward the b~salts. 
Olivine is more likely to occu.r in the pyroxene andesites than 
in the preceding varieties. 

Augite Andesite is a pyroxene andesite in which augite is 
the prominent dark mineral. _ . 

Hypersthene Andesite is a pyroxene andesite in which hypers­
thene is prominent. 

Ho1·nblende-Pyr-oxene Andesite is one in which both horn­
blende and pyroxene are prominent. 
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ANDESITE PoRPHYRY (or porphyrite) is essentially an andesite 
with porphyritic fabric. The varieties are named according to 
the phenocrysts. 

DIORITE PoRPHYRY is a rock resembling andesite porphyry, 
but containing. phenocrysts in excess of the groundmass. It may 
be regarded as forming a textural connecting link between the 
andesites and the diorites. The phenocrysts are of the same 
minerals as those of the andesites. 

LATI'l'E is a name given to the lens-grained rocks correspond-
, ing to the monzonites, and intermediate between trachytes and 

andesites. They are closely related to trachydolerite. Latite is 
composed of orthoclase, plagioclase, and subordinate amounts of 
one or more of th~ dark minerals: pyroxene, amphibole and biotite. 
Quartz may occur in small amount. The phenocrysts are plagio­
clase and the dark minerals. 

LATITE-PHONOLITE is a rock intermediate in composition 
between latite and phonolite. The 'latite-phonolite of Cripple 
Creek is composed of orthoclase, plagioclases from albite to labra­
dorite, rather abundant .augite, the feldspathoid minerals; nosean, 
sodalite and analcite; and frequently hornblende and biotite. The 
feldspars and augite form phenocrysts. 

MONZONITE PORPHYRY is a highly porphyritic rock of the 
monzonite type, but intermediate in texture between ordinary 
monzonite and latite. The phenocrysts may equal or exceed the 
groundmass in amount. 

LATITE PoRPHYRY is a richly porphyritic latite. · The pheno­
crysts are chiefly plagioclase and the dark minerals. 

Porphyrite is a name formerly applied to the more ancient 
(pre-T'ertiary) porphyritic andesites. American geologists seem 
to be avoiding the use of the name. · 

P1·opylite is an andesite in which the original hornblende and 
pyroxene have been altered to chlorite or secondary hornblende. 

C. THE ANDESITIC GLASS GROUP 

ANDESITE-OBSIDIAN 1 ANDESITE-PERLITE1 ANDESITilJ-PITCHSTONE 
and ANDESITE-Pu:t~ucm are rare glassy rocks of this family. They 
have the same appearance as :the ·corresponding rocks in the 
granite-rhyolite family. Phenocrysts of quartz and orthoclase 
may very rarely distinguish the glasses of the granite-rhyolite 
family, and phenocrysts of plagioclase those of the diorite-andesite 
family. 

Verite is a glassy porphyritic andesite with phenocrysts of 
biotite and olivine. 
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D. THE ANDESITIC TUFFS AND BRECCIAS (FRAGMENTAL) 
GROUP 

The tuffs and breccias of this family are not readily dis­
tinguished from those of the preceding families. The fragments 
of andesite in the breccias may be large enough to show the 
characteristic speckled appearance of andesite. If the fragments 
are porphyritic, plagioclase phenocrysts may aid in identifying 
the rock. 

THE SYENITE-TRACHYTE FAMILY, INCLUDING NEPHELITE 
SYENITES AND PHONOLITES 

Seynite has been called quartzless granite. The term is inac­
curate, but it suggests an important relationship in composition 
between the two groups. 

The family may be divided into the usual four textural groups, 
but glasses are very rare, and tuffs and breccias are by no means 
common. 

A. The syenites (eye-grained). 
B. The trachytes (lens-grained) . 
C. The glasses (glassy). 
D. The tuffs and breccias (fragmental ). 
Analyses of 153 specimens give the following average compo­

sition and range of composition for the Syenite-Trachyte Division . 
Average Composition 

(per cent) 
SiO, . . . . . . . . .. . . . . . 60.88 
Al, O, . . . .... ...... . 17.24 
FeO ........... .... . 
Fe, O, ...... .... · . .. . } 5.03 

MgO .... ......... . 1.95 
CaO .... ..... . .... . 3.12 
Na,O .. ....... .... . 4.57 
K ,O .............. . 4.86 

GaO 

Al203 

Range of Composition 
(per cent) 

74.12 to 48.94 
23.27 to 10.51 

14.25 to 0.00 

5.93 to 0.13 
6.97 to 0.30 

14.57 to 1.11 
11.67 to 0.34 

SiOz 

Fig. 51. Diagram to illustrate the average chemical composition of the ro cks of 
the syenite-trachyte division of the family . 
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A -comparison of the average composition of the syenite­
trachyte family with that of the diorite-andesite shows a decrease 
in the iron oxides, magnesium oxide and calcium oxide, and an 
increase in the ,sodium and potassium oxides. These changes 
indicate a decrease in the ferromagnesian minerals and the lime­
soda plagioclase, and an increase in the alkali feldspar ( ortho­
clase and albite). 

Compared with the average composition of the granite­
rhyolite family, the larger percentage of iron oxides and mag­
nesium oxide indicates a greater proportion of the ferromagnesian 
minerals, while the greater percentages of sodium oxide and potas­
sium oxide indicate a larger proportion of the aJkali feldspars. 

COLOR: The light-colored minerals are in excess of the 
dark-colored, and as a consequence the general color is light. As 
in the granites, the feldspar is the dominant mineral, and in 
large measure controls the color. White feldspar and black or 
dark biotite or hornblende give a gray color, while pink feldspar 
and biotite or hornblende give a pink or gray-pink rock color. 
The trachytes are gray to dark-gra'Y and buff to brownish-gray. 
The tuffs and breccias are of much the same color as those of 
the preceding families. 

CRYSTALLIZATION: Holocrystalline rocks are the rule 
in this family, but trachytes, with a more or less glassy gropnd­
mass, a·i·e known. Trachytic glasses are not common, but most 
of the types known in the granite-rhyolite family have their 
counterparts in the syenite-trachyte family. The porphyritic 
fabric is common in tt>achytes and phonolites. In the syenite 
group the ?rder of crystallization is generally: hornblende, bio· 
tite, feldspar; and the completeness of the crystal boundaries 
follows the same order. The minor minerals are commonly in 
crystals. 

TEXTURE: The syenite-trachyte family resembles the last 
two families. 

MINERAL COMPOSITION: Orthoclase is the most im­
portant mineral, but microcline, sanidine, soda-orthoclase and 
albite may occur in considerable amounts. Oligoclase and ande­
sine occur in those syenites closely related to the diorites and 
the gabbros. Muscovite occurs, but it is not common. Horn­
blende is the typical dark mineral, but biotite, augite and regirite 
are common minerals in this family. 

Lepidomelane, an iron-rich mica, may occur. Some rather 
rare syenites contain barkevikite, arfvedsonite and riebeckite. 
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Quartz occurs, but it is not at a:ll common. Olivine is rare. Iron 
oxides, titanite, apatite, zircon and other minor minerals are 
generally present. 

The orthoclase may be pink or white, or colorless (sanidine), 
but the plagioclase is commonly white or gray. Except as pheno­
crysts, the feldspars rarely show complete crystal boundaries. 
The hornblende is very commonly green, and crystal boundaries 
are not uncommon even in the non-porphyritic rocks. The pyro­
xenes are usually green to brown, though they often appear 
greenish-black. The soda-rich pyroxenes regirite (green) and 
acmite (brown) occur in the syenites having a large percentage 
of sodium oxide. The biotite is genera:lly dark brown, and 
weathers to green. 

TRANSITIONS AND RELATIONSHIPS: Within the 
family textural gradations connect the syenite, trachyte and 
glassy groups. The different varieties of syenites and trachytes 
grade into one another, and the family is natura:lly closely re­
lated to the nephelite syenite-phonolite division. The appear­
ance of quartz shows a relationship to the granite-rhyolite family. 
Increasing plagioclase, hornblende and biotite mark a transition 
to the diorite-andesite family, while an increase of pyroxene 
and the appearance of olivine connect the syenite-trachyte family 
with the gabbro-basalt family. ' 

OCCURRENCE: Syenite and trachyte occur in the Cripple 
Creek district and in Custer County. Trachyte is also quite 
abundant at several places in the state. 

ECONOMJIC: Syenite is used as a building stone in Ar­
kansas, and the rock quarried near Salida and known as "Salida 
granite" is a: syenite. 

A. THE SYENITE (EYE-GRAINED) GROUP 

HoRNBLENDE SYENITE, or syenite proper, is composed largely 
of orthoclase, but oligoclase is commonly present. Hornblende 
is the prominent dark mineral, but biotite and augite frequently 
accur. Quartz sometimes appears in small amount. Titanite 
a:nd other minor minerals are usually present. 

MICA SYENITE is like hornblende syenite, but biotite is the 
prominent dark mineral. 

AuGITE SYENITE is one in which augite is the prominent 
dark mineral. Ol,ivine is sometimes present. 

Shonkinite is a basic syenite- in which the feldspars are 
orthoclase and albite, but they are subordinate in amount to the 



IG~EOUS ROCKS 305 

da:rk minerals. Augite is sometimes the most important mineral. 
Biotite and olivine are commonly present. Nephelite and soda­
lite may be present. 

Q~wrtz Syenite is one in which quartz is present, though in 
subordinate amount. It marks a transition to granite. 

Syenite--Aplite is a fine-grained rock consisting of ortlwdase, 
and albite with subordinate amounts of soda-bearing pyroxene 
( regirite) and (or) soda-bearing amphibole ( arfvedsonite or ric­
beekite). 

Syenite-Pegmctt-ite is a very coarse-textured syenite generally 
containing muscovite, and' sometimes corundum. A syenite­
pegmatite is the source of the corundum of Ontario. 

Olivine Syenite is a syenite containing an appreciable amount 
of olivine. The olivine syenite of' Cripple Creek contains inter­
grown ·Orthoclase and a lbite, a little quartz, pyro~ene, olivine 
and the common minor minera:ls. -

Porphy1·itic Syeni.te is a syenite carrying phenocrysts-
usually feldspar. 

MONZONITE (syenite type) is a rock composed of orthoclase 
and plagioclase in about equal amounts, together with one or 
more of the dark minerals. (See fuller discussion of monzonite 
under Diorite-Andesite Family.) 

B. THE TRACHYTE (LENS-GRAINED) GROUP 

TltACHYTE is a general name for the lens-grained rocks cor- · 
responding to the syenites. The chief feldspar is ortho<:lase 
(sanidine), but soda-microcline, albite and oligoclase occur. M:jca, 
amphibole, pyroxene and olivine are common, and varieties of 
trachyte are named according to the prominence of these dark 
minerals. 

AuGITE TRACHY'l'E is one in which augite is the most imp-ort­
ant dark mineral. Sanidine is frequently the m~ost important 
feldspar. 

HORNBLENDE 'TRACHYTE is one in which hornblende is the 
chief dark mineral. 

MICA TRACHYTE, or Biotite T·rachytc has biotite ns the most 
important ferromagnesian mineral. 

jl!Jgi1 ·ite Tmchyte has regirite as the pyroxene. Other tra­
chytes haYe the _soda-bearing amphiboles (arfvedsonite and ric­
beekite) as the principal da:rk minerals, and are named accord­
ingly. 
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TRACHY'l'E PoRPHYRY is a richly porphyritic trachyte. The 
phenocrysts are principally orthoclase or sanidine, but the dark 
minerals may form porphyritic crystals. 

SYENITE PoRPHYRY is a fine-textured, highly porphyritic 
trachyte. It might equally well be placed in the eye-grained 
group (syPnites). The phenocrysts equal or exceed the ground­
mass in amount. The groundmass is frequently coarser than 
that of the average trachyte. 

Trachydole1·ite is a name which has been va'riously used for 
rocks intermediate between trachytes and basalts, and trachytes 
and andesites, etc. The trachydolerite of Cripple Creek is a 
porphyritic rock composed of orthoclase, plagioclase, pyroxene, 
biotite and analcite. The principal monor minerals are titan·­
iferous iron-ore a:nd apatite. The phenocrysts are oligoclase, 
andesine and pyroxene. Orthoclase and albite occur in the 
groundmass. 

Latites1 Latite Porph;yries nnd Monzonite Porphy?-·ies1 rich in 
alkali feldspars (orthoclase and soda-orthoclase), or high in 
potash a:nd soda, might be included here. 

Vulsinite is a variety of latite having phenocrysts of ortho­
clase, sanidine and plagioclase. Augite and biotite are generally 
present. 

Ciminite is a variety of latite containing phenocrysts of 
a·ugite, olivine and feldspar. Sanidine and labradorite are the 
feldspars. 

Banakite is a poryhyritic rock composed largely of the alkali 
feldspars, labradorite, and subordinate •amounts of augite and 
biotite. The phenocrysts are mainly labradorite. 

LAMPROPHYRES are rocks occurring mainly in dikes, sheets 
and small intrusive bodies. They are composed of orthoclase, 
plagioclase, biotite, hornblende and augite, with iron-oxides and 
apatite. The dark minerals commonly exceed the light in amount, 
and thus give a dark color to the rock. The porphyritic varieties 
contain phenocrysts of the dark minerals: biotite, augite m· 
hornblende. Biotite is the most abundant dark mineral of the 
common lamprophyres. Owing to peculiar conditions of crystal­
lization, complete crystal boundaries are very common even in 
the non-porphyritic rocks and the groundmass of the porphyritic. 

Minette (Mica Trap) is a mira la·mprophyre in which ortho­
clase is the chief feldspar. Biotite is frequently the most im­
portant mineral both in the form of phenocrysts and as a con­
stituent of the groundmass. Hornblende and augite when 
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prominent form Hornblende Mmette and Augite Minette. Olivine 
occurs, but not as a phenocryst. The color of minettes ranges 
from brown to grayish-brown, and almost' black. They weather 
readily. 

Kersantite is a mica lamprophyre similar to minette, but -
the chief feldspar is plagioclase. Biotite is very abundant in tlle 
groundmass, and hornblende is rarely an important constituent. 

Vogesite is a lamprophyre in which orthoclase is the chief 
feldspar, but hornblende or augite, or both, have largely taken 
the place of biotite. When the chief dark mineral is augite, the 
rock may be called A~tgite Lwmp1·ophyre) and when hornblende 
is dominant, Hontblende Lwmprophyre. The lamprophyres of 
the Trinidad area are mainly hornblende lamprophyres. 

C. THE TRACHYTIC GLASS GROUP 

The glassy rocks of this family include: TRACHYTE-OBSIDIAN, 
Traclvyte-Perlite) Trachyte-Pumice) and Hyalotrachyte--a tra­
chyte with glassy groundmass. They are very rare, and are prac­
tically indistinguishable, without chemical tests, from the cor­
responding rocks of the granite-rhyolite family. 

, D. THE TRACHYTlC TUFFS AND BRECCIAS (FRAGMENTAL) GROUP 

The tuffs and breccias of this family are not easily distin­
guished from those of the preceding families. Sanidine is 
somewhat characteristic of trachytes, and would be an aid in 
identifying the breccias. 

NEPHELITE SYENITE-PHONOLITE DIVISION 

The textural groups are as follows: 

A. The nephelite syenites (eye-grained). 

B. The phonolites and t.inguaites (lens-grained). 
C. The glasses (glassy). 

D. Phonolite tuffs and breccias (fragmental). 

In mineral composition the rocks of this division differ from 
those of the syenite-trachyte division in that they contain one or 
more of the feldspathoid minerals nephelite ( elreolite) , leu cite, 
sodalite, and others. In chemical composition they are lower 
in silica and higher in aluminum, sodium and potassium. Tile 
average composition of 145 samples and the range of composition 
are shown by the following tables: 
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Average Composition 
(per cent) 

SiO, 
Al, O, ............ . 
Fe, O, ...... · . . .... . . 
FeO .. . . . .. .... .. .. . 
MgO ............. . 
CaO . .. . . .... . . . .. . 
Na,O .. . . ..... . ... . 

55.09 
20.27 

} 4.78 

0.82 
2.88 
7.96 

K , O . . .. .. . .. . ... 5.75 

AIE03 

Range of Composition 
(per cent) 

60.29 to 50.36 
25.26 to 8.22 

11.60 to 1.86 

1.10 to 0.10 
9.05 to 0.25 

11.62 to 1.90 
10.05 to 1.08 

3i0E 

Fig. 52. Diagram to illustrate the aver a g e chemical composition of the rocks of 
the nephelite s yenite-phonolite di vis ion of the fa mily . 

A. THE NEPHELITE SYENITE (EYE-GRAINED) GROUP 

Nephelite s:renites (elreolite syenites) show a wide range of 
texture, and very coarse, almost pegmatite, grain is not uncom­
mon. Owing to the resemblance between nephelite and feldspar, 
it is difficult to distinguish fine·grained nephelite syenite from 
other syenites. In the coarse-grained forms the greasy or oily 
luster and less perfect deavage of 'rt:he nephelite are readily 
noticeable. Nephelite is quite commonly bluish or greenish-gray, 
while the associated feldspars rarely show these colors. Nephe­
lite and leucite may occur as phenocrysts, forming NEPHELITE 
PoRPHYRY and LEUCITE PoRPHYRY. 

NEPHELITE ·SYENITE is a rock composed· of alkali feldspars, 
nephelite, and one or more of the dark minerals: hornblende, 
biotite, pyroxene. One or more of the other feldspathoid min­
erals may be present. Zircon, apatite, titanite and magnetite are 
the common minor minerals, though zircon is sometimes present 
in such amount as to justify the name Zircon Syenite. Olivine 
is rare. 

Varieties of nephelite syenite are based upon mineralogical 
differences. Few, if any, of these varietal names have come into 
general use. 
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LITCHFIELDITE (Litchfield, Maine) is one in which albite 
forms probably one-half the rock. Orthoclase, microcline,. nephe­
lite, soladite, cancrinite and biotite (deep green) are present. 

F'oyaite is a name which has been variously used: 
1. A nephelite syenite, with hornblende as the chief dark 

mineral. 
2. Nephelite syenite, with mgirite · and mgirite-augite, and 

in some cases hornblende or biotite. 
3. General name for nephelite-syenite, etc. The second use 

is probably most satisfactory. 
DITROITE contains considerable blue sodalite . 
.Miascite is a biotite-nephelite syenite. 
Law·clal·ite is rich in dark minerals, such as brown mica, 

green hornblende, and brown or purple augite. 
SoDALITE SYENITE is one in which sodalite is the prominent 

feldspathoid mineral. 
LmuciTFJ SYENITE is one rich in leucite or pseudomorphs of 

orthoclase, nephelite, muscovite, and other minerals after leucite. 
It is sometimes called Pseucloleucite Syenite. 

B. THE PHONOLITE, TINGUAITE (LENS-GRAIN_ED) GFfOUP 

The phonolites are usually very close-textured or dense rocks, 
varying in color from greenish-gray to brownish-gray and gray. 
In the non-porphyritic varieties it is seldom possible to recognize 
runy of the component minerals, whieh, as a rule, include mainly 
orthoclase, sanidine, microcline, albite, nephelite. Leucite, soda­
lite, augite, occas·ionally plagioclase and hornblende, and rarely 
biotite and olivine, may be present. They -a:re practically always 
completely crystallline. In the porphyritic varieties sanidine, 
microcline, nephelite, leucite, and occasionally augite may form 
phenocrysts. When nephelite is very abundant, a fresh surface 
of phonolite shows a dull-glassy luster or oily-glassy luster. Phon­
olites commonly break into slabs or plates, which give a ringing 
sound when tapped with the hammer. 

PHONOLITE consists chiefly of sanidine or microcline, nephe­
lite, and commonly one or more of the other feldspathoid min­
erals: sodalite, hauynite and noselite. Pyroxene, hornblende and 
biotite are sometimes present. but rarely in large amounts. Phon­
olite is a common roc~ in the gold-mining camps where telluride 
ores prevail. The easiest method of identification is to powder 
a small fragment and boil it in dilute nitric acid for a few min­
utes, then pour off the clear liquid and boil it down almost to 
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dryness. If the rock is phonolite, a je lly-like mass will form in 
the test-tube. 

LEU CITE PHONOLITE ( leucitophyre) is one in which leu cite 
is present in considerable amount. The name is a lso used for a 
rock in which leucite takes the place of nephelite. 

LATITI~ PHONOLITE, rich in alkali feldspa·rs or high in the 
alkalies potassium and sodium, might be included here. 

Ting~wite consists mainly of alkali feldspar, nephelite, and 
considerable regirite or ::egirite-augite. Sodalite, leucite and 
biotite may be present. 

01"end'ite is composed of leucite, sanidine, diopside, phl@g­
opite (brown mica), and a little amphibole. The mica is almost 
phenocrystic. 'l'he rock is of a yellowish-gray color and vesicular. 

Wyomingite is much like orendite, but has a glassy base. 

C. THE GLASSY GROUP 

Rocks with a glassy luster are very rar•e in this division of 
the syenite-trachyte fami ly. PHONOLITE-OBSIDIAN occurs on the 
island of Teneriffe, PHONOLITE-PITCHSTONE is found near Weipert, 
in Austria, and LEUCITE PHONOLITE-PUMICE is reported from 
Olbruck. 

D. PHONOLITE TUFFS AND BRECCIAS 

Phonolite tuffs and breccias are not common. The noted 
"breccia" of the Cripple Creek mines consists of phonolite and 
latite-phonolite. While the term ''breccia"· is the most appro­
priate for the whole mass of rock, there are local bodies of tuff 
and agglomerate. In color the breccia ranges from blue-gray to 
reddish and purplish. The weathered rock is generally light yel­
low to brownish. In the greater part of the breccia the frag­
ments range in size from an inch in diameter down to dust par­
ticles. Occasionrully blocks three feet or more in diameter are 
found. 

Many other rare rocks might be added to the list of those 
more or less closely related to the nephelite syenite-phonolite 
division. Among the eye-grained are: Theralite1 Essexite, 
Teschenite

1 
UTt·ite, S~tssexite, Sodalite Rock, Tawite, ljolit e, 

N ephelinite, JJf·isSO'/,trite and others. Among the lens-grained are: 
TephTite, Leucite Teplvrite, Basanite, Le~wite Basanite, Leucitite, 
Monchiq1,tite, AZnoite1 etc. 
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THE GABBRO-BASALT FAMILY 

This family includes those basic rocks having, in general , 
the chemical and mineral composition of the gabbros. They mny 
be divided, as in preceding families, into the following groups: 

A. The gab bros (eye-grained). 
B. The diabases and basalts (lens-grained). 
C. The glasses (glassy t exture and luster). 
D. The tuffs and breccias (fragmental). 

The following t able, from analyses of 200 specimens, shows 
the average chemical composition and the range of composition : 

SiO, 

Average Composition 
(per cent) 

49.01 
Al , 0 3 • • • • . • • • • • . • • • 16.70 
Fe, O, . . .. ... .. . , .. . } 
FeO......... .. .. . . . 10.72 
MgO . .. . . . . . .. .. . . 6.25 
CaO . . . . . .. . . . . . . . . 9.32 
Na, O .... . .. . .. ' . . . . 3.08 
K , O .. . . . . .... . . . . . 1.17 

Range of Composition 
(per cent) 

61.19 to 41.28 
23.25 to 9.58 

20.86 to 3.35 

17.42 to 1.00 
15.74 to 2.47 

5.99 to 0.97 
5.04 to 0.04 

.Si 0~ 

F ig. 53. Diagram to Ulustrate the average ch emica l composition of the rocks of 
the family. 

The average analysis is characterized by an increase in the 
iron, calcium aud magnesium, due to the increasing importance 
of the ferromagnesian minerals and the presence of the lime-rich 

· members of the plagioclase series. The decrease in silicon, a lumi ­
num, s·odium and potassium is due to the decreasing importance 
of the a lkali feldspar s and the soda-rich plagioclases. The very 
wide range of chemica l composition is a noticeable peculiarity 
of the gabbro-basalt fa mily. It results Yery naturally from the 
presence in the fam ily of rocks so widely different in min era 1 
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composition as anorthosite, which may be almost pure plagioclase, 
and the pyroxene-rich gabbros which approach pyroxenite and 
may contain but little besides pyroxene. The very high upper 
limit of potassium is found in an orthoclase gabbro. 

SPECIFIC GRAVITY: The rocks of this family, especially 
the.dense basalts. are noticeably heavier than those of the preced­
ing famil~s. This is due to the abundance of the dark minerals. 

COLOR: As the dat'k-colored minerru1s predominate, the 
prevailing color of the gabbro-basalt fflmily is dark. In the gab· 
bro (eye-grained) group dark-gray to greenish-gray to greenish­
black a:re the commonest colors, while gray, greenish-gray and 
grayish-black are the prevailing colm·s of diabases and basalts. 
The glasses are very dark-colored, and the tuffs and breccias are 
noticeably darke,r than those of the preceding families. Rusty­
red or brown and dull, lusterless green are common colors in 
altered rocks in all textural groups of this family. 

CRYSTALLIZATION: Glassy rocks are not common in this 
family, but they are known, and an uncrystallized remnant is 
not uncommon in certain types of basalt. The low temperature 
at which final solidi.fication takes place (about 1000°-l100°C) 
affords a long period for cr:ystallizati9n, except on the immediate 
surface of lava flows and the contact surfaces in dikes and 
sheets. The porphyritic texture (fabric) is somewhat common,, 
but less so than in the preceding families. Complete crystal 
boundaries are rather common .in the groundmass of the basalts, 
and in the pyroxenes and olivines of all the textural groups. 

TEXTURE: 'rhe textural range of the gabbro-basalt family 
is \'ei·~· wide, and has led to the use of the names "diabase" and 
"dolerite" for rocks intermediate in texture between the gabbros 
and the basalts. Many gabbros are very coarse-textured. On 
the other hand, many basa Its are extremely dense or felsitic . 

STRUCTIURAL FEATURES: The vesicular structure is 
very common in basalts. The cavities or vesicles are bubble­
shaped and smooth-walled, and were occupied by steam or other 
gases during the earlier part of the solidification of the rock . 
The vesicles are commonly much more numerous and symmetrical 
in the upper part of a basaltic flow than in the lower part. When 
these vesicles become filled with secondary minerals as a result 
of alteration of the basalt, the rock is said to be amygdaloidal. 
The amygdules include calcite, quartz, zeolites, and other min­
erals. 
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Spheroidal sundering is particularly common in basalts, dia­
bases and dolerites. Columnar jointing is more common in ba­
salts than in any other rock type. 

MINERAL COMPOSI'l'ION: Augite, olivine and plagio­
clase are the most important minerals of the family. Hypers­
thene and bronzite occur in certain varieties of gabbros a!ld 
basalts, but are not generally important. Hornblende is rather 
-rare, except in altered gabbros, where it has resulted from the 
alteration of augite. Alkali feldspars, quartz and biotite are 
rare. Nephelite and leucite occur in a few basalts. ·:M:agnetite 
and apatite are the commonf>st minor minerals. Tile plagioclases 
are chiefly labradorite, bytownite and anorthite. Augite and oli­
vine are the commonest porphyritic crystals, but feldspars aud 
even quartz occur. 

TRANSITIONS AND RELATIONSHIPS: As pyroxene in­
creases, the pyroxenites are approached, and olivine-rich gabbros 
are closely related to the peridotites. The basalts show transi ­
tions to the au~ite andesites. 

OCCURRENCE: Gabbros are not widely distributed in 
America, but basalt is extremely abundant. Gabbros _are 
abundant in the 'Vhite and Adirondack Mountains, near Balti­
more, around Lake Superior, and are known in a number of the 
western states. In Colorado gabbros occur in the 'Delluricle, 
Engineer Mountain, and other parts of San Juan. ·Basalts are very 
extensively developEj!d in Idaho, \Vashington, Oregon, the Lake 
Superior region, and New England. Colorado bas many large 
areas covered with basaltic rocks in the form of sheets or flows .. 
Some of the most noted are the Table Mountains, near Golden ; 
Fisher's Peak, near Trinidad; Mesa de Maya, in Las Animas 
County; the Elk Head Mountains; large areas both east and 
west of the southern end of San Luis Park; areas on the divide, 
between North and Middle Parks; in the northeastern part of 
Engle County; on the White River Plateau, and on Grand Mesa. 

Gabbros occur mainly as intrusive bodies of large size, but 
also a.s dikes. Basalts occur as dikes, but much more commonly 
a,s sheets or flow-s. 

A. THE GABBRO, NORITE, ANORTHOSITE (EYE-GRAINED) GROUP 

GABBRO is a general name for eye:"grained or granitoid rocks 
composed essentially of pyroxene and plagioclase. The presence 
or prominence of other minerals gives varieties of gabbros. Coarse 
textures are common, but pegmatitic forms are rare. 
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OLIVINE GABBRO is one in which olivine is reasonably abun­
dant. 

HoRNBLENDE GABBRO is one containing hornblende. If the 
hornblende is a primary mineral, the rock may be regarded as 
intermediate between gabbro and diorite. 

GABBRo-DromTE is a name applied to gabbro in which horn­
blende is developed from the alteration of pyroxene. 

Qua1"t z Gabb?"o is one in which a small amount of quartz. 
occurs. 

Mica Gabb1"0, B ·iotite GabbTo, is one in which biotite is 
noticeably present. 

01·tlwclase Gabb1·o contains orthoclase in addition to the 
usual plagioclase. It occurs in the Lake Superior region, in the 
Adirondacks, and elsewhere. 

HYPERSTHENE GABBRO contains hypersthene, but not as the 
chief pyroxene. Hyperite is another name for this· rock. 

NoRITE is a gabbro having hypersthene, bronzite or ensta­
tite as the chief or only pyroxene. Varieties of norite are: 
Olivine No1"ite, Qua1"tz NM·ite, Homb~end'e NoTite, Mica NoTite, 
etc. ' 

ANOR'l'HOSI'l'E is a gabbro consisting almost entirely of 
basic plagioclase, most commonly labradorite, but ranging from 
labradorite to anorthite. Pyroxene, hornblende, olivine, biotite 
and magnetite-one or more-may be present in small amount. 
'l'he feldspar grains are usually large, and a roughly parallel 
arrangement is sometimes noticeable. Anorthosites are abundant 
in the Adirondacks, the Lake Superior region, Quebec, and in 
the Laramie Range, Wyoming. By the increase of augite they 
grade into the normal gabbros. 

DOLERITE may be regarded as a coarse-textured basalt 
or a fine-textured gabbro, from which it differs in no important 
particular in either chemical or mineral composition. (It might 
be placed in the next group.) 

B. THE DIABASE AND BASALT (LENS-GRAINED) GROUP 

Diabase and Dole1"ite form a textural transition from the 
gabbros to the basalts. In mineral composition the Basalts have 
not quite so wide a range as the gabbros. They are composed 
mainly of a finely crystalline mass of pyroxene, plagioclase, and 
more or less olivine, hornblende, biotite and magnetite. Leucite 
and nephelite occur in certain varieties, and quartz and orthoclase 
are sometimes present. Glass occurs in small amount in some 
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basalts. The porphyritic fabric is rather common, and while 
augite and olivine are the commonest phenocrysts, any of the 
other minerals may form porphyritic crystals. The fact that the 
dark minerals are commonly greatly in excess of the light gives 
the rock a uniformity of color which makes it very difficult to 
distinguish the component minerals of non-porphyritic basalts, 
even with a good lens. The porphyritic varieties are commonly 
named according to the phenocrysts. The non-porphyritic vari· 
eties, if distinguished at all, must be classified by aid of the 
microscope. 

DIABASE is a rock intermediate in texture between the gabbros 
and the basalts, and composed of the usual minerals of the gabbro 
group, but having certain textural peculiarities. The "diabase" 
texture shows long, a lmost rectangular crystals of feldspar, 
separated by irregular grains of pyroxene. The feldspar crystal· 
lized first, and took on almost complete crystal boundaries. Tl1e 
"ophitic" texture differs from the diabase texture in that the 
feldspar crystals are bedded in the pyroxene crystals. The diabase 
texture may sometimes be seen by the unaided eye, but the ophitic 
is rarely visible without a very strong lens. Weathered diabase 
is often called greenstone. 

Varieties of diabase depend upon the peculiarities of mineral 
composition, and include: Oliv-Vne Diabase) QuOI/"tz Diabase1 

Hyperstlwne Diabase) and others. The names explain themselves. 
BASALT is a general name for the lens-grained or felsitic rocks 

of the family. The varieties are based upon differences of mineral 
composition, as· in the gabbros and diabases. 

QuARTZ BASALT is one in which quartz occurs either as pheno­
crysts or in the groundmass. 

H01·nblende BasaJlt contains hornblende (commonly dark 
brown), in addition to the usual minerals. 

Hype1·sthene Basa,lt contains hypersthene, and as a rule 
augite and olivine. 

Mica Basalt adds biotite to the commoner gabbro-uasalt 
minerals. 

OLIVINE BaSALT is one in which olivine is present in fair 
amount, either as phenocrysts or in the groundmass. 

01·thoclasc Basalt (absarokite) is a basalt having phenocryst~ 
of augite and olivine in a groundmass containing orthoclase, and 
sometimes biotite, in addition to the usual minerals. 
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LmucrTE BASALT is one in which leucite or pseudomorphs 
after leucite are present. 

NEPHELITE BASALT contains nephelite. 
MELAPHYRE is a term used in a variety of ways: 
1. An altered porphyritic basalt in which secondary min­

erals, such as chlorite, serpentine, epidote, and others, may be 
developed; \ 

2. Porphryitic rock of dark color, containing phenocrysts 
of feldspar; 

3. A porphyritic olivine diabase. 
BASALT PoRPHYRY is a basalt in which phenocrysts compose 

a fairly large part of the rock. 
GABBRO PoRPHYRY is a rock in which the phenocrysts form 

such a large proportion of the rock that it has the general appear­
ance of an eye-grained variety. 

C. THE GLASSES (GLASSY TEXTURE AND LUSTER) 

Glassy rocks of the gabbro-basalt composition are very rare. 
They occur mainly as surfacings and borders of basalt flows, or 
at the contact of basalt dikes with the containing rock. These 
glasses cannot be distinguished from those of preceding families, 
except by theii' field relationships, or chemical analysis, or 
occasionally by the presence of phenocrysts of olivine and augite. 

Taclvylite (Hyal;o.melan) is a basa:ltic glass, and might be 
called .basaltic-obsidian. Hyalobasalt is another name for the 
same rock. 

Var·iolite is a spherulitic basaltic glass. 

D. THE TUFF AND BRECCIA (FRAGMENTAL) GROUP 

Basaltic tuffs and breccias are of darker color than those of 
the preceding families. 'l'he presence of olivine and augite crystals 
in the fragments will help to determine the breccias. The Hayden 
Survey reports a Dolm·it-ic Breccia in Middle Park, but it appears 
to be andesitic. 

PERIDOTITE, PYROXENITE-LIMBURGITE, AUGITITE AND 
RELATED ROCKS 

These rocks may be regarded as forming a family, although 
the relationships are not so close as in the other families. They 
are very basic, consist almost entirely of ferromagnesian minerals, 
and are consequently of dark color and high specific gravity. In 
many instances they may be regarded as extreme types of the 
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gabbro-basalt family. Transitions from olivine gabbro and olivine 
norite to peridotite by the increase of olivine, and from normal 
gabbro to pyroxenite by increase of augite are not uncommon in 
the field relations of these rocks. 

(The rocks of this family may be included in two groups: 

A. Peridotites, pyroxenites, dunite (eye-grained). 
B. Augitite, limburgites, monchiquite (lens·grained) . 

Table J gives the average of the analy~es of eleven pyrox­
enites, and Table II the average composition of thirty-eight 
peridoties. The diversity of the rock types in this family makes 
any statement of the range of chemical composition valueless. 

5i0 

Fig. 54. Diagram to illustrate the average ch emical composition of pyroxenites . 

Fig. 55. Diagram to illustrate the average chemical composition of peridotites. 

Table I 
(per cent) 

SiO, ....... ................... . 50.45 
A.l,O, . . . . . . . . . . . . . . . . . . . . . . . . . . 4.15 
FeO .......... ..... ...... . .... } 
Fe,O,. . . . . . . . . . . . . . . . . . . . . . . . . 10.30 

MgO ... .. .. ............... ..... 21.66 
CaO ................. . . . .. . ..... 11.00 
Na,O . . . . . . . . . . . ... . . . . . . . . . . . . . 0.30 
K,O.. ......... ... ... . . . . . . . . . . . 0.08 

Table II 
(per cent) 

38.00 
8.00 

12.50 

29 .50 
6.70 
0.075 
0.087 
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The low silica, alumina, soda and potash are characteristic. 
The high contents of iron, magnesium and calcium oxides are in 
keeping with the mineral composition. 

COLOR: The commonest colors are dark greenish-brown, 
greenish-gray, grayish-black and black. The presence of much 
enstatite, bronzite or hypersthene gives a bronzy tone, while the 
dunites may be light olive-green in color. Weathering gives most 
of these rocks a dull greenish color. They are, as a rule, extremely 
tough and hard to lireak. 

CRYSTALLIZATION: Complete crystalli;;o;ation is tbe rule. 
though augitite and limburgite are believed by many to contain 
glass in the groundmass. Monchiquite is doubtful in this 1·espect. 

TEXTURE: The range of texture is similar to that of the 
gabbro-basalt family. The porphyritic fabric is common in the 
lens-grained group, and occurs rarely in the eye-grained rocks. 

STRUCTURAL FEATURES: There are no marked peculiar­
ities of structure. Spheroidal sundering is not uncommon. 

MINERAL COM:POSI1'ION: Pyroxenes, olivine, horn­
blendes and biotite are the chief minerals, but plagio<:lase, 
magnetite, ilmenite, garnet, apatite, chromite, and other minor 
minerals are common. The pyroxenes indude mainly augite, 
hypersthene, bronzite and diallage, but others occur. Different 
varieties of olivine are found, but the common green variety is 

, the most important. Common hornblende and the soda-bearing 
varieties occur. 

TRANSITIONS AND RELATIONSHIPS: These have been 
suggested above, and in the chapter on the gabbro-basalt family. 

ALTERATION: By far the commonest alteration mineral 
is serpentine, but hornblende is in many instances an intermediate 
product. 

OCCURRENCE: They are commonly associated with the 
gabbro-basalt family, but independent occurrences are not uncom­
mon. Peridotites occur with the Cortland series on the Hudson, 
with the gabbros near Baltimore, in northern Michigan, and else­
where. In Colorado a peridotite containing hornblende and 
hypersthene occurs in the Rosita Hills. 

Pyroxenite occurs near Baltimore, in Maryland, in North 
Carolina and in California, but it is nowhere important in this 
country. In Colorado a pyroxenite dike occurs in the Tungsten 
area of Boulder County. 
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Dunite is abundant in North Carolina. Augitites and lim­
burgites occur in dikes. Limburgite is found in the Tungsten 
area of Boulder County, Colorado. 

A. PERIDOTITE, PYROXENITE, DUNITE (EVE-GRAINED) GROUP 

PERIDOTITE consists mainly of olivine, but small amounts of 
other minerals-such as pyroxene, hornblende, mica and minor 
minerals-are usually present. Many varieties are recognized by 
the aid of the microscope. They are based upon the minerals 
accompanying the olivine. Mica Peridotite contains considerable 
biotite with spinel and occasionally a little plagioclase. 

PrcRITE is a peridotite containing augite and occasionally 
biotite, hornblende, plagioclase. It is sometimes porphyritic 
(picrite porphyry). 

Hornblende Peridotite, Ho1·nblende Picrite, contain consider­
able hornblende. 

Kimbe1·lite is a peridotite containing a fair amount of biotite 
and some pyroxene. It is commonly porphyritic. It is the matrix 
of the diamond in the South African mines. 

DuNITE is very largely olivine, but small amounts of other 
peridotite .minerals occur. 

PYROXENITE is a rock composed mainly of pyroxene. But 
olivine, hornblende, feldspar and minor minerals may be present. 
Varieties are based upon the kind of pyroxene and the accompany­
ing minerals. 

·webster,ite is composed of augite and one or more of the ortho­
rhombic pyroxenes: hypersthene, bronzite, enstatite. 

Hon~blcndite is a rock composed mainly of hornblende, but 
pyroxene, olivine and biotite may be present. 

Co1-tlan!lite is chiefly hornblende, but augite and hypersthene~ 
and occasionally plagioclase, may occur. 

SERPENTINE (rock) is a secondary rock derived mainly from 
primary rocks rich in olivine. But pyroxenites, gabbro~ and the 
corresponding fine-gra·ined types may yield secondary rocks so 
rich in .serpentine as to be classed here. '~he rock commonly 
contains much mineral matter not changed to serpentine. 

B. THE AUGITITE, LIMBURGITE, MONCHIQUITE (LENS-GRAINED) 
GROUP 

LrMBURGITE consists chiefly of olivine and augite, in a more or 
less glassy groundmass. Magnetite, ilmenite, feldspar, nephelitE> 
and hauynite may occur. 
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Augitite is a porphyritic rock having a groundmass (believed 
to be glassy) in which augite, magnetite and other minor minera ls 
are bedded. Some petrologists think that what appears to be 
glass may be analcite. 

111onchiq~~ite is composed mainly of augite and a soda 
hornblende, in a groundmass of analcite or a glass having the 
composition of analcite. BiotHe and olivine are often present. 
Hornblende, augite and biotite may form phenocrysts. 

1J!I elilite Basalt consists of augite, olivine and melilite, with 
~ore or less magnetite, chromite and nephelite. 

SEDIMENTARY ROCKS 

Under this general name are included all rocks derived from 
pre-existing rocks or other materials, whether organic or inor· 
ganic. The agencies by which they have been brought to their 
present form and position include: wind, running water, life, 
chemical change, chemical precipitation, weathering processes, 
and others. Sedimentary rocks may be grouped as follows: 

I. Sand and Gravel Rocks-Arenaceous. 
II. Clay Rocks-Argillaceous. 

III. Rocks Ohiefiy of Organic Origin: 
·1. Calcareous. 
2. Carbonaceous. 
3. Siliceous. 
4. Phosphatic. 

lV. Chemical Precipitates, Chiefly. 

I. SAND AND GRAVEL ROCKS- ARENACEOUS 

The materials of these rocks ate derived from other rocks, 
and consist mainly of sand, gravel, rock fragments, boulders, 
and more or less cementing material. Quartz grains are by far the 
most important constituent of sand, but every mineral contained 
in the rocks of the outer part of the earth may be found in sands 
and sandstones. ~uartz, feldspar, mica, iron ores, zircon, rutile, 
garnet, tourmaline, hornblende and pyroxene are the commonest. 
But grains of gem min.erals, gold, silver, copper, platinum and 
many others are found in sand and sandstone. Since quartz 
grains compose by far the largest part of sands and sandstones, 
it is evident that the rocks containing quartz grains have been 
by far the most important original source of their materials. 
Gravel and boulders consist mainly of igneous rocks, butpebbles 
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of quartz and pebbles and boulders of sedimentary rocks are 
common. 'l'he physical condition of the materials will depend 
upon their history after they are separated from the parent rock. 
If their journey to the sea, or their stay on the beach, has been 
long, they will be rounded and smoothed by wear. But if these 
have been short, they may be sharply angular or subangular 
when they enter into the make-up .of the sedimentary rocks. 

The chief cementing materi als are silica, calcite, iron oxides, 
magnesium a'"nd iron carbonates, and clay. With the exception 
of clay, these cementing materials are deposited from solutions 
circulating through the rock material. The clay is deposited 
with the materials between which it forms the bond. 

SAND is mineral matter in grains resulting from the disinte­
gration of rocks. ·when first form e·d, the grains are sharp and 
angular, but when driv en by the wind or water they become 
subangular or round. Siliceo!Us sand is by far the commonest. 
but calcareous sands are abundant a long sea-coasts where lime­
stone, or shells, or coral rocks are being broken down. Fen·t~­

ginous sands (black sands) are common where the assorting 
work of water or wind has removed the lighter siliceous sand 
and left the heavier iron ore grains behind. 

Greensand, or glauconitic sand, contains more or less glau­
conite (green silicate of potash and ii·on) in small grains, often 
filling cavities in minute shells. 

Uses: Sand as a commercial article is classified according 
to uses as: building sand-for mortars, cements and plasters; 
molding-sand-for iron and other metal casting; fire sand-a pure 
silica sand used for fire purposes about blast furnaces and various 
other metallurgical furnaces, and for ladl e u.n,d cupola linings; 
engine sand-is a hard sand graded to definite size for sanding 
the rails of railways; filtration sand is used for large filter sys­
tems; glass sand is a ver;r pure silica sand used in glass making. 
Large amounts of sand are used for ballast, road building, filling 
and reclaiming water fronts. It is used as a fire-proofing ma­
terial, safe-filling, sound-proofing, wood filler, in paper making, 
etc., etc. 

GREENSAND: The greensands of New Jersey and elsewhere 
are extensively used as a fertilizer especially in the gardening 
district about New York City. 

GRAVEL is water-worn rock detritus, ranging in diameter 
from one-eighth of an inch to two inches. 

(11) 
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Uses: The principal uses of gravel are as ballast, road ma­
terial, concrete filler, grout, filtering material. 

BouLDERS are more or less rounded blocks of rock, ranging 
in size from coarsest gravel to masses several feet in diameter_ 
Boulders are formed from angular blocks by the work of running 
water, wave~, and by decay. 

SANDS'.rONE is sand formed into a solid rock by the cementa­
tion of the grains. The cement may be silice·ous, ca1cllreous, ferru­
ginous or argillaceous. The color of sandstones having siliceous 
or calcareous cement is generally that of the sand grains, while 
those having ferruginous cement are commonly yellow, brown or 
red. Argillaceous cement usually gives a gray or blue-gray color, 
and may be detected by clay odor when the rock is moist. 

VARIETIES OF SANDSTONE: Quartz Sa;ndstone) Sil·iceous Sand­
stone) is one in which quartz grains form practically the 
entire rock. Micaceo~ts Sandsto1w is one in which mica is 
present in noticeable amount. The rock may show a tendency 
to split into slabs along planes in which mica is abundant. Fmnt­
gino~ts Sandstone is one rich in iron either as a cementing ma­
terial or in grains, or both. Flagstone is a sandstone which 
splits readily into flags or slabs of uniform thickness. Glauconit•ic 
Scmclstonc contains grains of glauconite in sufficient quantity to 
give it a greenish color. .tl ·J1cos e) Feldspathic Sandstone) Gmn-itic 
Snndstone) is one composed of quartz, feldspar and mica deriveil 
from the disintegration of granite. The grains are usually 
angular, showing but little water-wear. AYgillnceo~ts Scmdstone 
is one in which clay is present in considerable amount. Gmy­
w<tclve is composed of quartz, feldspar and other mineral grains, 
together with romided or angulai· rock fragments of various 
kinds, in a cement which is more commonly siliceous, but may 
be calcareous or argillaceous or slaty. The commonest color is 
gray, but brown, black and p·een graywackes occur. 

Uses: Sandstones are extensively used as building stones, 
and in road construction. Those val'ieties which break readily 
into slabs are used for paving or flagging. Pure silica: sandstone 
is crushed for glass sand, and other purposes where pure silica is 
required. (See also the section on Building Stones.) 

BRECCIA is similar to conglomerate, but the fragments al'e 
angular, and must have been formed into a solid rock near their 
place of origin. 

G1·inclstone is a homogeneous, porous sandstone whose grain:; 
are cemented firmly enough to hold them up for cutting purposes, . 
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but not so firmly as to prevent a slow crumbling under use and 
cause the stone to "gum" and wear smooth . 

Pt~l]Jstones a'l'e very large grindstones used in grinding 
wood-pulp for paper manufacture. 

Colorado has first-class sandstones for these purposes in 
Ouunison, Boulder and other counties. 

·whetstones a1·e sharpening-stones cut from various rocks, 
f<twh as sandstone, quartz-mica schist, novaculite, and others. 
Tlt e texture and cementation are similar to those desirable in 
grindstones. In some I':Chist whetstones garnet forms the im­
vortant cutting grains. 

Oilstone is usually a finer-textured stone, with a fine but 
keen "bite," and a rather smooth wearing surface kept clean and 
sharp by means of oil. Novaculite and sand rocks of extremely 
fine porous texture and rather firm cementation are most satis­
f::~ctory. 

\ CoNGLOMERATE, PuDDINGSTONE, is a rock composed of gravel, 
.vebbles or boulders cemented together by finer material, such a:s 
consolidated sand, clay, quartz, calcite or limestone. The pebbles 
~n· boulders may be igneous or sedimentary, or both. 'l'he coarse 
n1aterials were carried to the sea by strong river currents, and 
then spread by waves over the shallower pa-rts of the sea-floor, 
wlJ e1·e the cementing material was deposited among them. Wide­
f<pread conglomerate is regarded as evidence of a migrating shore­
line due to the advance of the sea upon the land. 

II. CLAY ROCKS, ARGILLACEOUS ROCKS 

ClaJ rocks are composed of the finest sedimentary material 
reHulting fl-om land waste. The characteristic minerals are 
those of the kaolin group, but the percentage of true kaolin min­
erals in the different members of the clay family varies from 
less than five to nearly one hundred. For convenience. these 
minerals will be called Kaol-in. The materials commonly asso­
ciated with it include fine quartz sand, gra·ins of feldspar, mica, 
hnmblende, pyroxene and other minerals, minute grains of rock, 
aucl materials deposited from solution, such as silica, iron oxides) 
calcium carbonate (calcite), calcium sulphate (gypsum), iron 
sulphide (pyrite), and others. By the increa:se of sand, and the 
corresponding decrease in clay substance, the rocks grade into 
argillaceous sandstones and common sandstones. As calcium 
L: fl rbonate increases, there is a transition to clayey limestones 
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and limestones. With the increru5e of iron oxides, ochres and 
impure iron ores are formed. 

Clay rocks give out a; peculiar, characteristic odor when 
breathed upon. 

When clay rocks are subjected to pressure, heat and moisture 
c:rystallization begins, and mica, hornblende, pyrit'e, fibrolite, 
garnet and other secondary minerals .are formed. This crystal· 
1 ization may be rega:rded as-the beginning of metamorphism, and 
all possible gradations are found between the sedimentary and 
the meta-sedimentary groups. 

The chief source of kaolin is the alteration of feldspars, but' 
it is derived from practically all rock-making minera:ls containing 
alumina and silica. In rock decay the alumina and the silica 
may come from different sources. 

CLAY is a general name for :fine mechanical sediment, some­
times rich in hydrous aluminous silicates, such as koalinite, hal­
loysite, and other members of the kaolin group. Fine mineral 
and rock grains, more or less decompo·sed, frequently form a large 
percentage of common clays. These, and materials deposited 
from solution, furnish most of the so-called impurities, such as 
iron, lime, magnesia, potash and soda. The color varies from 
white to gray and bluish-gray, buff, brown, red and black. 

Mucl is clay softened with water into a semi-solid mass. 
Lowrn is a sallldy clay containing more or less organic matter 

derived mainly from plants. In color it varies from gray to 
yellow, buff, brown, chocolate and black. The cultivated soils 
are loams varying in mineral composition and in the content of 
organic matter. 

ADOBE is a silty, calcareous clay derived mainly from the 
decay of nearby rocks, and transported to its present position in 
part by sheet-wash and in part by wind. It is common in the 
valleys and on th.e lower slopes of mountains in the southwestern 
states. It is plastic and is used for sundried bricks. 

LoEss is a fine, sandy clay of light color. It is commonly 
calcareous, and sometimes contains many calcareous concretions. 
It is probably, in large part, a wind deposit, derived from finely 
divided water sediments and from residual clays and othPr 
detritus on weathering surfaces. It is found in practically all 
the Mississippi Valley states, but is especially abundant near 
the main drainage courses. It is abundant in eastern Colorado. 

TILL) GLACIAL CLAY) DRIFT) BouLDER CLAY) is a glacial de­
posit consisting of stiff, coarse, sandy, pebbly or stony clay, de-
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rived from the rocks over which the ice passed. It varies in com­
position according to the source from which it came. It is a mix­
ture of all the products of glacial erosion, from the finest rock­
flour to boulders. The color varies with the composition and the 
degree of weathering. It covers a very large . area in the northern 
part of the Mississippi Valley and in the northeastern states. 
In Colorado it is found in the moraines of the local glaciers and 
in areas once occupied by glaciers in all the higher ranges. 

Pipe Clay is a fine-grained, white, plastic clay, practically 
free from iron, but commonly high in silica. 

FIRE CLAY: The term is properly applied to those clays 
which will withstand high temperatures without fusing or fluxing. 
'!.'he composition varies widely, but they are commonly high in 
ka'olin, and must be low in the fluxing impurities, such as lime, 
ferric oxide, magnesia, soda and potash. Silica in certain pro­
portions reduces the refractoriness, although silica alone is almost 
as refractory as kaolin. Fire clays vary widely in plasticity_ 
texture and other physical properties. They are of both residual 
and sedimentary origin. Sedimentary fire clay frequently occurs 
under coal seams. In Colorado the best fire cla.y comes from 
the Dakota, but an inferior grade is associated with the coal of 
the Laramie and other formations. 

BRICK CI,AY is any clay which may be readily molded, and 
burned into bricks at comparatively low temperature. Brick 
clays vary widely in composition, plasticity, and in behavior 
when burned. 

KAOLIN, CHINA CLAY, is a hydrous silicate of aluminum, de­
rived mainly from the alteration of feldspars. In color it varies 
from pure white to buff, yellow, pink, rusty-brown and almost 
black. It is highly plastic, and when examined under the micro­
scope is found to contain crystalline kaolinite in the form of thin 
hexagonal plates. 

It is formed from the decay of rocks rich in feldspar, and is 
very likely to contain im'Purities derived from other minerals. 
Quartz is commonly present. 

H alloy site is very similar to kaolinite, and is used for the 
same purposes. It varies in the degree of plasticity. Indianaite 
is probably a varietY' of 'halloysite. It is found in Lawrence 
County, Indiana, and to a limited extent elsewhere. 

SHALE is a compact clay rock having a more or less perfect 
lamination, due to deposition, but sometimes emphasized, by pres­
sure. As a rule, shales split readily into thin plates. Kaolin is 
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commonly the most important constituent, but quartz sand, white 
mica (mainly secondary), and other mineral and rock grains 
are generally present. As sand increases, shales grade into in· 
durated silts and sandstones. They vary in color from gray to 
buff, yellow, brown and black. Varieties of shale depend upon 
differences of composition or physical characters. Some of the 
common kinds are : 

CalcaTeot~s Shale is rich in calcium carbonate, as shown by 
effervescence when it is tested with acids. 

Sandy Shale .contains much sand, and grades into sandstone. 

F'ern~g·inot~s Shale is rich in iron oxides, which give the rock 
a yellowish-brown, brown or red color. 

Carbonaceous Shale is one rich in carbon derived from plant 
(or animal) remains. 

BituminoHs Shale, Oil Shale, gives out a strong odor of 
bitumen when crushed or struck with a hammer; some shales 
are so rich in oil as to make their distillation profitable, and 
others will burn feebly. 

1Hum Shale is one in which soluble sulphates have developed 
as a result of the alteration of iron pyrite. They are a source 
of alum. 

Laterite is a red or brown, iron-rich, sandy clay of cellular 
structure, formed by the disintegra.tion of granite, gneiss and 
other rocks, in tropical regions where oxidation is rapid and 
complete. It is generally rich in ferric oxide and the hydrous 
oxid~ of aluminum: .hydrargillite, gibbsite and others. On ex­
posure to air it becomes hard and strong, and is used for sun­
dried bricks. The name is sometimes made to include all highly 
ferruginous clayey products of weathering. 

ECONOMIC: Almost every type of clay rocks finds a use in 
the industries. (See the section on Clays.) 

Kaolin (China Clny) is extensively used in the manufacture 
of porcelain. 

F'i1·e Clay is used for furnace and flue linings, crucibles, and 
other purposes where resistance to high temperature is required. 

F''ullers' Eat·th is used for scouring and cleaning cloth, and 
more extensively for cl_arifying fats, oils and greases. The 
coarser types of clay are used for coarse pottery, bricks, tiles, 
paving blocks, clay lumber, sewer pipe, drain tile, railway ballast, 
and various other m~wketable products. 
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III. SEDIMENTARY ROCKS CHIEFLY OF ORGANIC ORIGIN 

I. CALCAREOUS 

To this sub-group belong rocks composed wholly or mainly 
of calcium carbonate. The primary source of the lime of lime­
stones is the igneous rocks. In the weathering of igneous rocks 
containing lime-bearing minerals such a:s plagioclase feldspars, 
amphiboles and pyroxenes, the carbon dioxide of the atmosphere 
unites with the lime of the mineral forming the bicarbonate of 
calcium. This is carried in solution to the rivers, and by the 
rivers to the sea, where it changes to the common calcium 
carbonate. 

The weathering of limestones and other calcareous rocks, also 
furnishes calcium carbonate to the rivers and ultimately · to the 
sea. Many marine and fresh-water animals require calcium 
carbonate for their shells and other hard _ parts, and they 
have the power to separate it from the water for this use. 
At the death of the animals these hard parts accumulate 
in large quantities at the bottom of the comparatively shallow 
shore waters. ·waves dash them to and fro along the beach, 
breaking and grinding many of them into a mass wihch forms 
the matrix for others. In this way immense deposits of cal­
careous detritus are formed, and subsequently solidified into lime­
stone. In some cases the materials were completely ground up 
before burial; in others, perfect shells and other parts lie in a 
matrix of fine texture. Occasionally a very large proportion of 
the rock consists of almost perfect shells. Many limestones have 
undergone changes which have destroyed the fossils and left the 
rock evenly granular, with few or no traces of organic remains. 
Shells composed of aragonite (a form of calcium carbonate) dis­
integrate more readily than those compound of calcite-the com­
moner form of calcium carbonate. 

LIMESTONE is a general name for solid rocks composed main­
ly of calcium carbonate. rrhey differ widely in texture, hardness, 
purity, and the extent to which they show their organic origin. 
Some are coarsely crystalline and break with an uneven, granu­
lar surface; while others are amorphous and dense, and break 
with a smooth, conchoidal fractur€. 'l'he hardness varies with 
the degree of consolidation and the purity. Pure limestones are 
readily scratched vdth a knife, but si liceous and dolomitic lime­
stones are harder UJld not so readily scratched. The common im­
puriti€s are sand, clay, silica deposited ·from solution or derived 
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from silica-bearing organisms, iron carbonate, magnesium car­
bonate, iron oxides, and carbonaceous matter, such as bitumen. 
Pure limestones a.re readily soluble with effervescence in acids, 
but impure limestones are not so readily soluble. In color they 
vary from white to gray, buff, bluish-gray, brown and black. The 
specific gravity ranges from 2.6 to 2.8. 

VARIETIES: Litlwg1·aphic Limestone is named from its 
use in lithography. Tl).e essenti~l qualities are: uniformly 
fine texture, freedom from seams, veins, and inequalities of all 
kinds. It must be soft enough to take the engraver's tool, and_ 
porous enough to absorb the grease which holds the ink. The 
stone should be low in impurities, which are insoluble or slowly 
soluble in cold ·acids, as they cause unevenness in the etched 
surfaces when the stone is prepared for printing. 

Hydr·aulic Limestone is one which when burnt yields a lime 
or cement which will "set" or harden under water. This property 
is due to the presence of clayey impurities (alumina and silica), 
which unite with lime and water, forming calcium aluminates 
and calcium silicates. The rock is usually of a gray, bluish-gray 
or brownish-gray color, of fine texture and somewhat shaly appear­
ance. The cement made from it is called "natural rock cement," 
or sometimes "hydraulic lime." 

Dolo11vite, Dolonvitic Limestone, 111 agnesian Limestone: These 
names are applied to limestone containing magnesium carbon­
ate. Strictly speaking, dolomite should have the composition 
CaMg( 003 ) 2 or Ca003 • Mg003, which is equivalent to CaCO_, 
54.35 per cent and Mg003 45.65 per cent. A dolomitic limestone 
or a magnesian limestone might have the two carbonates in any 
proportion up to that of true dolomite. But as rock names the 
three terms are used interchangeably, with little reference to the 
percentage of magnesium carbonate. 

True dolomite is harder, of higher specific gravity, and less 
readily soluble in acids than pure limestones. It is more gen­
erally crystalline, and perhaps more commonly porous, than 
pure limestones. The lower the percentage of magnesium car­
bonate in the rock, the harder it is to distinguish the dolomitic 
limestones from other.s, even by the chemical test. In color, 
texture and other features they closely resemble pure limestones. 
Comparatively little dolomite was deposited as such. Nearly all 
of it is the result of a chemical change in which the magnesium 
chloride of sea water reacts with the calcium carbonate of common 
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limestone. The magnesium replaces a part of the calcium as 
shown by the following equation: 

2CaC03 + MgC12 = CaMg(C03 ) 2 + CaCl2· 
C1·ystalUne Lirnestone is one in which the calcium carbonate 

is crystallized into grains of calcite. 
Amorphous Limestone is one in which the calcium carbonate 

is in a finely divided, non-crystalline state. • 
B -ituminous Limwstone is one containing more or less bitum­

inous matter, probably derived from petroleum by oxidation. 
Argillaceous Limestone is one containing an appreciable 

amount of clay. 
Sandy 01· Arenaceous Lim~estone contains sand as an 

impurity. 
Crinoidal Limestone is one composed largely of crinoid 

fragments. 
Coral Limestone is one composed largely of coral and coral 

detritus. Coral sand is unconsolidated coral detritus. 
MARL is a soft, earthy deposit, consisting of more or less 

disintegrated shells and other calcareous matter, with varying 
proportions of clay, sand, and often iron oxides and organic 
matter. It varies in color from ash-gray to yellow, brown and 
black. It is formed mainly in lakes and other inclosed waters. 

Shell Marl is one in which shells or fragments of shells form 
a considerable proportion of the rock. 

Freshwater Limestone may be regarded as a consolidated 
marl. 

CHALK is a soft, friable rock_, composed wholly or largely of 
the shells of foraminifera, such as textularia and globigerina. 
The broken or ground shells furnish a paste or matrix in which 
the more perfect ones are bedded. Sponge spicules, diatom shells 
(silica), and fragments of larger shells are generally present. In 
some cases sand is rather abundant. The common color is white 
or gray, but bluish, brownish and even black chalks occur." The 
chert and flint nodules so common in chalk are formed from 
the siliceous material of sponge spicules, radiolarian and diatom 
shells. · 

Uses: The principal uses· of chalk are for cement and lime 
manufacture. Wl!_iting is finely ground chalk used in putty, and 
for scouring and polishing. 

UsEs: Limestones are the most generally useful sedimentary 
rocks. They have a very wide use as building stones, for which 
many of them are admirably suited, owing to the ease with 
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which they may be quarried and shaped, and their strength and 
durability. They are practically the only source of lime, and are 
indispensable in cement manufacture. In the smelting industry 
large quantities are used for fluxing. A. pure limestone is ex­
tensively used in sugar-refining. Marble, a metamorphic lime· 
stone, is used for building, decorating and sculpture. 

Magnesian limestone is extensively used in the manufacture 
of lime. Magnesian, or dolomitic marbles are not uncommon. 

Highly calcareous marls are used in-the manufacture of ce­
ment, and as fertilizers. (See the section on Materials of Cements, 
Limes and Plasters.) 

2. CARBONACEOUS 

To this group belong those rocks composed in large part of 
carbon, derived from plant and animal matter, in a more or less 
mineralized form. Under favorable conditions, immense accumu­
lations of vegetable matter are formed in ,swamp areas, and are 
preserved from complete decay by a covering of water, and later 
by burial beneath rock. fl'he plant matter undergoes a slow 
chemical change by which the proportion of carbon is increased 
and the proportion of the other elements is decreased. 

Depending upon the degree o~ change from vegetable tissue 
to mineral matter, these rocks form the series: Peat, Lignite, 
Black Lignite, Bitwminat~s Coal, Antlwacite or Ha1·d Coal, Car­
bonite o1· Graphite. They are more fully described as economic 
minerals. 

NATURAL GAs is a gaseous hydrocarbon compound occurring 
in much the same way as petroleum, and generally associated 
with it. 

PETROLEUM, Coal Oil_. jJiineml Oil: These names are applied 
to liquid hydrocarbons occurring almost exclusively in porous 
sedimentary rocks. The oil itself was derived by a process of 
distillation from organic remains contained in the porous strata 
or in associated rocks. Petroleums differ widely . in specific 
gravity, color, chemica l composition, and consequently in the 
uses to which they may be put. 

SoLID AND SEMI-SOLID HYDROCARBONS: These are substance!:' 
resembling petroleum in composition, but of greater density. 
Many of them are residues derived from petroleum by oxidation 
and evaporation. They occur mainly in veins and in porous rocks. 
The veins fill openings through which the petroleum welled up 
from the reservoirs at greater depth. Some of the more important 
solid and semi-solid hydrocarbons are: gilsonite, asphalt, gra-
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hamite, wurtzilite, albertite and ozokerite. They vary in color 
from gray or white to yellow, brown and black. Some are brittle 
at ordinary temperatures, while others are plastic. The lusters 
range from dull and earthy to brilliant. These are more fully 
described elsewhere. 

3. 'SILICEOUS 

The rocks of this group are composed mainly of silica derived 
from, or deposited by the aid of, plants and animals. Some of 
the rocks are made up of the hard parts of such organisms; some 
contain these hard parts and silica deposited from solution; while 
others are composed almost entirely of silica deposited by the 
aid of these organisms. 

GEYSEHITE) 'Sil-iceous Sinter: This is more or less pure silica 
deposited from the waters of hot springs or geysers. In many 
instances deposition is aided by minute algre, which have the 
power to separate silica from waters carrying it in solution. The 
loose, spongy, masses of geyserite characteristic of the geyser 
cones of Yellowstone Park are, in large part, due to the depositing 
work of these algre. Siliceous deposits resulting from evaporation 
alone are harder and denser. The roc~ varies in color from white 
to gray, yellow and brown. In the areas of active deposition by 
algre very beautiful tints of yellow, green, red and brown are 
common, but as the mass becomes old it fades to gray or yellowish 
white. 

DIATOMAC.l!JOUS EARTH (Infusoria,l Ea,rth): This is a soft, 
whitish, grayish or brownish, earthy rock composed wholly or 
in large part, of the siliceous shells of minute unicellular plants. 
These minute plants inhabit both fresh and salt waters, and 
deposits of their shells are found on the bottoms of lakes and 
oceans. It may be distinguished from chalk by its failure to 
effervesce in acid. 

UsEs: 'l'here is a growing demand for clean diatomaceous 
earth for use as a filtering agent in sugar-refining and other in­
dustries; as an absorbent for liquid fertilizers, and disinfectants; 
in the manufacture of glazes, artificial stone, water glass, certain 
cements; as a base for certain pigments; as a sizing for paper; as 
a scouring powder, etc. It has been used as an insulating ma­
terial for boilers, sound-proof partitions, floors, etc. It has been 
used as an absorbent for nitroglycerine in the manufacture of 
explosives. 

Oolon1do occu1·1·ence: A small deposit occurs near Denver. 
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Siliceous Ooze, Radiolaria;n Ooze, is similar to diatomaceous 
earth, but consists of radiolarian and diatom shells, and occurs 
only on deep ocean floors. 

FLINT, CHERT, H ornstone, are probably sometimes purely 
chemical in ·origin, but they are so commonly associated with 
organic processes that they are best classified with rocks of 
organic origin. 

FLINT occurs as nodules and concretionary masses in 
chalk and limestone. In some cases it was deposited with the 
containing rock, but in others the nodules were formed later. 
Sponge spicules and silicified fragments of crinoids and shells 
are sometimes bedded in the nodules. It is a very dense, dark 
brownish·gray to gray rock, composed of very finely crystalline 
and amorphous silica, and having a splintery conchoidal fracture. 

Uses: Flint pebbles are used as a:n abrasive material in tube 
mills and in other ways. 

CHER'£ is an impure calcareous flint, usually of light-gray 
color. It will commonly effervesce when tested with acids. 

Ho1·nstone is similar to flint and chert. 

TRIPOLI is the trade name of a porous, siliceous rock probably 
derived from the disintegration of chert. It is of white to pink 
color, and when firm and homogenous is cut into filtering discs. 
The softer rock is finely ground and used for polishing powder. 

4. PHOSPHATIC 

PHOSPHATE RocK, Phosphorite: This is a rock rich in cal­
cium phosphate derived from organic remains. The bones of 
vertebrate animals and the shells and hard parts of a few inverte­
brates are composed largely of calcium phosphate. The excrement 
of vertebrates also contains calcium phosphate. The rock occurs 
in: (a) well-defined strata alternating with limestone and other 
sedimentary rocks; (b) concretions and nodules, including copro­
lites ; (c) earthy lenses and masses. The rock varies in color from 
gray to blue to white, buff, brown and black. In some cases it 
is dense and compact, but in others porous or even cavernous. 
Some deposits probably occupy the original position in which 
the organic matter was deposited, while others are the result 
of the solution of phosphatic material and its redeposition at 
lower horizons. In a few instances phosphate rock represents 
the replacement of calcium carbonate by calcium phosphate. 
Phosphate rock occurs in Florida, Tennessee, Alabama, the Caro-
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linas, Idaho, Utah, 'Vyoming, and other states. It is extensively 
used in the manufacture of artificial fertilizers. 

Guano is a ·phosphatic deposit composed mainly of the 
droppings of sea birds. 

IV. ROCKS CHIEFLY CHEMICAL PRECIPITATES 

The rocks of this group are mainly simple chemical salts 
precipitated as a result of the concentration of solutions con· 
taining them. · 

RocK ·SALT, Halite, is sodium chloride occurring in beds or 
strata. It is the result of the evaporation of saline waters in 
inclosed basins. Deposits of rock salt vary in thickness from an 
inch or two to over 4,000 feet ( Sperenberg and Galicia). Since 
the .sodium chloride of sea water is only about nine-tenths of 
1 per cent of the volume of the water, it is evident that the volume 
of water evaporated must be about 112 times the volume of the 
salt deposited. Such a volume could be provided only by periodic 
or constant inflow from the sea to take the place of the water 
lost by evaporation. 

Pure rock salt is clear and colorless, but most deposits are 
somewhat colored by iron salts or other impurities, such as clay. 
It has a specific gravity of 2.5 and is very soluble. Other salts­
such as gypslL'TI, anhydrite, carnallite, etc.-are commonly as· 
sociated with it. Hock salt is abundant in New York, Michigan. 
Louisiana, Kan·sas, Texas, and other states . 

. NATURAL SoDA T1·onra1 Urao, is a mixture of sodium carbon· 
ate and sodium bicarbonate (Na2C03 .HNaC03 +2H20). It oc­
curs as a result of the drying-up of alkaline lakes, and is com­
monly mingled with clay and sandy sediments. It varies from 
white to gray and yellow, and from a !oose, unconsolidated mass 
to a rather crystalline rock. 

MmABILITE, Glauber Salt, is a hydrous sodium sulphate 
(Na2 S04 + 10H20), which occurs chiefly -in deposits resulting 
from the evaporation of soda lakes. vVhen pure, it is white and 
transparent to opaque. 

CoLEMANITFJ, Cal<Yilttm Borate (2Ca0 .3B 20 3 .5H20), is a 
colorless to milk-white, transparent to translucent mineral, or­
curring in crusts and strata, sometimes of considerable thick­
ness. It is the result of the drying of alkaline lakes. The prin­
eipal occurrences are those of the desert region of California. 
where it is extensively mined for the manufacture of borax. 
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GYPSUM is the hydrous sulphate of calcium (CaS04 +2H20). 
It occurs in strata in sedimentary rocks, and is generally a chem­
ical precipitate resulting from the empora.tion of inclosed sea 

waters or salt lakes. A few small deposits are due to the action 
of sulphuric acid upon limestone; and the hydration of anhydrite 
may be responsible for a small amount of gypsum. The color 
varies from pure white to gray, brown , pink and black. Massive 
gypsum is generally distinctly granular. It is· so soft as to be 
easily cut with a knife. The strata vary in thickness from a few 
inches to twenty, thirty or forty feet. It occurs at many points 
both east and west of the mountains in Colorado. 

TR.AVEl~TINE1 Calca?"eo~ts S·inter1 Ca.lcareotts T~t.fa1 is calcium 
carbonate rock, varying in color from white to gray, yellow and 
brown, and in hardness from loose, spongy masses to firm, gran­
ular or fibrous rock resembling common limestone. It is depos­
ited from waters carrying it in solution, sometimes by purely 
chemic:al processes, and sometimes by the aid of minute alg:::e 
which have the power to separate it from the water. It is com­
mon about springs and hot springs whose waters pass through 
limestone or rocks rich in caleium carbonate. Immense deposits 
occur at Mammoth Springs, in Yellowstone Park. The loose 
and spongy varieties often depoiSited about vegetation, and fre­
quently having a rude fibrous appearance, are known as cal­
careous tufa or calcareous sinter. 

ONYX (calcareous), lllexican Onyx1 Onyx Marble1 is a dense, 
banded travertine in which the bands are variously tinted, chiefly 
by metallic oxides. . lt occurs in Mexico, Arizona, California, 
Virginia, Utah, Colorado, and elsewhere, and is much used for 
decorative work instead of true marble. 

Stalagrnite and Stalactite: Caves in limestone regions are 
frequently made remarkably beautiful by deposits of calcium 
carbonate on the floors, walls and roofs. Those on the floor are 
formed by the deposition of the calcium carbonate canied in 
waters dropping from the roof and walls·, and are called stalag­
mites. Those .hanging like icicles from the roof and walls are 
called stalactites, and ate formed by the ev:llporation of calcium 
carbonate-bearing waters seeping tbrough the roof and walls. 
Cross-sections of stalactites usually show a radial, fibrous struc­
ture. The calcium carbonate is commonly in the form of 
aragonite. 
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Oolitic Lilmestone) Oolite: The rock is composed wholly, or 
in large part, of spherical concretions of lime carbonate built 
up in concentric layers or shells around nuclei consisting of sand 
g:r·ains, fragments of shell s, or other .·ubstances. In some ca..ses 
the oolites are bedded in a calcareous mah'ix several times their 
volume; in others the rock is composed entirely of oolites ce­
mented together in the ptocess of grmvth. 1'he grains vary in 
s!ize from the dia.metet of a pin to that of a large pea. Beaeh 
sands washed b:v waters charged with ca lcium carbonate are left 
expos·ed to the air with a fihn of water surrounding them. As 
the water evaporates, itR calcium ('al'bonate is depos~ted as a 
film over the sand gi·ain:. 'l'he ptoces" is l·epeated again and 
agam, as the grains are .rolled ba('k,Yanl and forward on tile 
beach, and the oolites a1·e built up. In some instances minute 
plants (algre) play an important part in the deposition of the 
calcium carbonate. Oolite sands a're now forming along the 
shores of Yello>vstone Lake and the Great Salt Lake. Oolitic 
limestone forms thick strata at various points in the Mississippi 
Valley, particularly in Iowa, where it is quarried for buildi.ng­
stone at Marshalltown. 

JASPER is a dense silica rock, commonly extremely, finely 
crystalline, and usually colored yellow, brown or .reel ·by iron 
oxide. · It is a chemical precipitate, and in places, as in the Lake 
Ruperior iron ranges, forms thick bands and strata. 

NovACULITE, rl'l'lcansas Stone) is a very dense silica rock, 
breaking with a smooth, conchoidal fracture. It is white to gray 
and yellowish-graJ in color, and in thin slivers is translucent. 
The rnicroscope shows that some of it iR fine-granular. Its mode 
of formation is unsettled. It occurs in Arkansas and is used for 
hones and whetstones . 

. Siliceo·us Ool•itc resembles oolitic limestone, and is like it in 
origin, although some is probably derived hom oolitic lime. tone 
by the replacement of' calcium carbonate by silica. 

11·01~ 01·es: These are fully discussed under economic min­
erals. They frequently form strata of considerable thicl~ness 

and wide extent, as in the various iron ranges of the Lake Ruperior 
reg·ion, and in the Paleozoic rocks of the .-\ppalachian area. 
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M E T A M 0 R P H I S M, A N D M E T A M 0 R P H 1 C 
ROCKS 

1. WEATHERING. 

2. METAMORPHISM (R-ESTRICTED). 

1. The rocks of the surface of the ea1ih a re constantly sub­
ject to the 10peration of a set of forces which cause their disin­
tegration and decay, and tbe formation from them of the ma­
terials out of which sedimentary rocks are made. These processe~'< 

of change are included under the term weathe1·ing. 

2. At a moderate distance below the surface another set of 
forces is more effective in causing, not 'disintegration and decay. 
but the rearrangement of materials, new textures, new mineral 
and chemical compositions, and new structures in both sedi ­
mentary and_ igneous rocks. These processes are known H·s 

metamorphism (in the restricted ·use of that word), and the 
rocks so changed are meta.mo·rphic 1·oclcs. (In reality, any 
natural process which profoundly changes the character of a 
rock, whether weathering or otherwise, is metamorphism.) 

Metamorphi1sm in this restricted sense is commonly dividPd 
into: 

a. CONTACT METAMORPHISM. 

b. REGIONAL METAMORPHISM, 

a. CONTACT METAMORPHISM embraces those effects 
produced by the contact of molten rock with solid rock matter. 
The extent of these changes depends upon the conditions of tem­
perature, moisture, pressure, and others under which the c<mtact 
occurs. The rocks into which intrusion takes place may undergo 
changes of texture, chemical and mineral composition, a change 
from the crystalline to the non-crystalline form, or from the non­
crystalline to the crystalline. The effects upon the intruded 
molt~n mass will, in the main, depend upon the same conditions. 

Along the contract zone th·ere may be partial or complete 
fusion of the wall rock, and a mingling of this with the intruded 
rock, forming a band quite unlike either of the original rocks. 
In the case ·of intrusion into sedimentary rocks, pure quartz 
sandstones may be changed into quartzites, or into ·dense flinty 
hornstone, showing no tra.ce of the original sand grains. If the 
sapdstone is impure with clay or calcareous material, various . 
metamorphic minerals may be developed, such as garnet, wolla­
stonite, feldspar, mica, and others. Or, on the other hand, the 



i\IE'l'AMORPHIC ROCKS 337 

whole mass may be converted into a dense hornfels, or a rock 
called porcellanite. Clay rocks may be hardened into argillite, 
or baked into porcellanite, or slagged into a mass resembling an 
overburnt brick. Or, under other conditions, the rock may be 
partially crystallized. Pure limestone is frequently converted 
into white marble, while impure limestones may form mottled 
and banded marbles of various colors. In the case of small in­
trusions, the intruded rock along the immediate contact will be 
quickly chilled and solidified into a fine-grained rock, not infre­
quently partly glassy, while that in the center of the mass may 
be completely crystallized, and eYen show a coarse texture. 
Gases, vapors and waters charged with various mineral sub­
stances commonly accompany intrusions and frequently add 
special features to the mineral composition along the contart 
zone. Fluorite, tourmaline; beryl, and a number of other min· 
erals occur in this way. 

b. REGIONAL METAMORPHISl\1 includes those changes 
brought about in large a•reas mainly as a result of heat, pressure 
and movement. Deeply buried rocks are subjected to enormons 
pressure, frequently at depths where the earth's heat is very 
high. When mountain-making m()vements take place, the mechan­
ical stresses develop great heat, and the movement causes shear­
ing and lamination. The results are frequently shown in more 
or less perfect lamination of the rock, accompanied by a re­
arrangement of the minerals with their longer dimensions par­
allel. Segregation is also common, and mica and other minerals 
are found partially or completely grouped in certain planes by 
themselves. Rocks composed alm()st .entirely ·of one kind of 
mineral, such as the limestones and sandstones, rarely develo]) 
true lamination, although shear planes may be so prominent ::J.R 

to cause easy splitting in certain directions. Among the rocks re­
sulting from regional metamorphism are gneisses, schists, quart­
sites, slates, crystalline limestones, marbles, dolomites, dolomitic 
marbles, serpentines, ophicalcites, and others. 

Metamorphic rocks may be classified as follows: 

I. METASEDIMENTARY (.DERIVED FROM SEDIMENTARY ROCKS). 

a. Derived from sands and gravel rocks. 
b .. Derived from clay rocks. 
c. Derived from calcareous rocks. 
d. Derived from carbonaceous rocks. 
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II. METAIGNEous (DERIVED FROM IGNEous RocKs). 

a. Derived from rocks rich in feldspar (and quartz). 
b. Derived from rocks in which ferromagnesian minerals are 

dominant. 
c. Derived from fine-grained 1·ocks of any mineral compo­

sition. 

But such a classification assumes the possibility of determin­
ing the origin of the metamorphic rock. As this is frequently 
impossible, a simpler classification, based partly upon composition 
and partly upon structure, will be used. 

A. FOLIATED. 

1. GNEISSES, GNEISSOID GRANITES, GNEISSOID SYENITES, ETC. 
3. ARGILLITES, OR SLATES1 AND PHYLLITES. 
3. SCHISTS . . 

a. J.lficct and Chlorite Schists. 
b. Talc Sclvists . 
c. Ho1"1~blencle Schist. 

B. NON-FOLIATED. 

1. QUARTZITE. 
2. MARBLE AND CRYSTALLINE LIMESTONE. 
3. SERPENTIN.E AND SoAPSTONE. 

A. FOLIATED 

1. THE GNEISSES 

The gneisses include those imperfectly foliated l'ocks in which 
the component minerals are more or less segregated and arranged 
in interrupted or discontinuous lamina:-. The segl'egations and 
lamination are in some instances due to the conditions under 
which the rock solidified from the molten state, but in a greater 
number of cases they are the result of the operation of forces of 
regional metamorphism acting upon the rock after its solidifica­
tion. The term "gneiss" was Ol'iginally applied to a more or less 
laminated rock of the mineral composition of granite, and it is 
still sometimes used in that way. But it is now more commonly 
used as a structural term and applied to rocks of widely varying 
mineral composition. 

GRANITE GNEISS is a gneiss of the mineral composition of a 
granite. It may have been derived by regional metamorphism 
fl'Oill a granite or from a feldspathic sandstone (granitic !;'land. 
stone or arkose). Highly quartzose sandstones yield Qna1·tzite 
Gneiss. Conglomerates yield Gonglomemte Gneiss. 
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SYENITE GNEISS is one ha:ving the mineral composition of 
syenite. As sandstones of the syenite composition are' a lmost 
unknown, it i<s probable that syenite gneiss i~ almost a lways 
derived from syenite. 

MoNZONITE GNEISS is one having the composition of mon­
zonite, and is probably always derived from monzonite. 

DIORITE GNIDISS, GABBRO GNIDISS, PYROXIDNITE GNEISS, PERIDO­
TITE GNEiss, need no, special definition . Most of the gneisses 
named from some prominent mineral-such as Hon~b\lende Gne-iss, 
Pyr·oxene Gneiss, Biotite Gneiss, and others-can be properly 
placed under the types already described. .-\. few rare gneisses­
such as Con'Uerite G1wis~ (one containing cordierite, iolite or 
dichroit'e) , CHLORITID GNmrss (one rich in chlorite, probably 
derived from biotite or hol"D blende) Si /.limanite Gneiss (one rich 
in sillimanite or fibrolite), Epidote Gn&iss, and others-cannot 
be readily placed under any of the first group. 

Auge;n Gneiss is one in which" t he segragation and foliation 
are in such form as to suggest eyes (German .ch~gen). I\ ot infre· 
quently the center of the "eye" is a dragged and partly crushed 
feldspar or quartz grain, while t he border is biotite or other platy 
mineral. 

GNEissom GRANITID : The term is used in two wa.rs: (1) fo r 
a gr anite showing an inqistinct gneissoid structure, due to mild 
metamorphism; (2) for a granite in which the gneissoid structure 
is due to_ segregation and partial foliation during solidifica tion. 
Gneissoid Syenite and Gneissoid D'io1·ite are similarly used. 

GRANULITE is a .fine-textured rock, composed main ly of feld­
spar, quartz and garnets. One or m01·e subordinate minerals­
such as mica, augite, cyanite, 1·utile and tourmaline-are usually 
present. Feldspar is t he most important mineml, and, as a ru le, 
gives a grayish-pink color to the r ock. The rock has a laminated 
or schistose structure, and a more or less complete segregation 
of the minerals into bands by themselves. It resembles aplites 
and felsites. The name "granulite" is a lso applied to rocks which 
have acquired a sugary, granular texture through crushing and 
movement. 

2. ARGILLITE OR SLATE, PHYLLITE 

These rocks represent stages in the metamorphism of clays, 
shales, and other fine argi llaceous sediments. They are composed 
of extremely finely divided kaolin, fin e grains of quartz, mica, 
feldspar, chlorite, calcite, r ut ile, pyrite, and other minerals. In 
'the less metamorphic varieties the kaolin and the mineral grains 
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are the original constituents of the clay rocks from which the 
metamorphic forms are derived, and in .such eases the altered 
rocks belong to the metamorphic series because of their structure 
and the rearrangement of the mineral matter, and not because of 
any important new mineral or chemical composition. In the more 
completely metamorphosed slates, and in the phyllites, new 
minerals as well as new structures and new arrangements of 
materials occur. 

The prominent cleavage or fissile structure of slates and phyl­
lites commonly crosses the planes of bedding of the original clay 
rock, and is due to compression and not stratification. The planes 
of easy splitting are developed at right,angles to the compression 
force producing them, and are due to a rearrangement of the 
mineral · grains with their greater diameters in these planes. 
\\'hen the metamorphism is accomvanied by the development of 
uew minerals-such as mica, hornblende and others-they are 
lil;::e ly to be formed in similar parallel planes. As mica, horn­
ulende and chlorite have prominent cleavage parallel to their 
longer diameters, it is evident that this· mineral cleavage aids 
the rock cleavage. In a few slates the cleavage is parallel to the 
bedding or stratification. 

CLAY SLATE is a clay rock in which compression and move­
lnent have rearranged the mineral grains into parallel planes, 
nnd developed the slaty structure and cleavage typical of slates, 
but have not caused important crystallization or the development 
of much new mineraL It is, as a rule, softer, less elastic and less 
durable than the mica slate. The color ranges from gray to 
black, brown, greenish and purple. The luster is sometimes pro­
nounced, but is due to pressure and movement rather than to 
the development of mica. 

MICA SLATE (Phyllite slate) is one in which much secondary 
mica has been developed. The structure, arrangement of ma­
terials, cleavage and other features are the same as those described 
above. It is harder, more elastic and more durable than clay 
slate. Its luster is due largely to the secondary mica. The colors 
are the same as those of the clay slate. The black color is com­
monly due to carbonaceous material, the green to chlorite, the 
purple to iron minerals, the red to hematite. The microscope 
shows that many mica slates contain from 35 to 40 per cent of 
mica, and from 30 to 45 per cent of quartz. Chlorite is commonly 
the next mineral in importance, but hematite, rutile, graphite, 
and other carbonaceous matter are often important constituents. 
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The full list of minerals found in slates would be very long and 
would include practically all those characteristic of metamorphic 
rocks. The mica of slates is mainly sericite, but biotite and others 
occur. 

Uses: Roofing slate makes up about 75 per cent of the value 
of the slate production of the United States. Mill stock includes 
blackboards, school slates, flooring, wainscoting, mantels, hearths, 
switchboards, vats, sinks, laundry tubs, sanitary ware, dough 
troughs, flour bins, gTave vaults, slielves, tops for la'boratory, bil­
liard and kitchen tables. 

A part of the waste from slate quarries is used for road ma­
terial and flagging, and a small part is ground and used as a min­
eral pigment. Rlate veneer, a !built up material , is recommended 
for roofing. 

PHYLLITE ( (( leaf-stone'' ) may be regarded as a slate in which 
a highly perfect cleavage has been developed through the for ­
mation of a large amount of mica, especially a long the planes of 
fissility. The mica is usually sericite and often gives a silvery 
luster to the fresh cleavage' surfaces. Between these planes, i11 
which the mica is so richly developed, other mineral matter may 
predominate. As a rule, the phyllites are more perfectly crystal ­
lized than the slates, and may be said to represent a more perfed 
metamorphism, and to form a connecting link between the slatef' 
and the schists. 

JI!I etctigneotts Phylli t es: Many phyllites l:lre derived from fine 
grained igneous rocks (such as rhyolites, andesites, phonolites. 
trachytes and the corresponding tuffs), by intense metamorphism, 
accompanied by shearing and a more or less perfect lamination . 
(Shearing is movement along certain parallel planes as a result 
of pressure or compression acting in such a way as to cause 
partial rotation within the rock mass.) 

PoTphy1·oid is a metaigneous phyllite derived from porphy­
ritic, lens-grained rocks. It shows evidences of their original 
porphyritic texture in fairly well-preserved phenocrysts of quartz , 
feldspar, and occasionally other minerals. 

3. SCHISTS 

In structure the schists are closely related to both slates and 
gneisses, and, like them, may be derived from both sedimentary 
and igneous rocks. They show a coarse texture and a more com­
plete crystallization than the slates. The variety of mineral~. 

which may appear in schists is greater than that in slates, and 
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the segregation of the mineral::; into ]Jlanes by themselves and 
their parallel arrangement are more complete than in either 
slates or gneisses. The schists split more easily than the gneisses. 
'l'he p1·oportion of secondary minerals is commonly greater than 
in the gneisses, and the lamination is generally more perfect 
Feldspar is less common than in the gneisses. Secondary mica, 
secondaJ.'Y homblende, talc and chlorite form the principal min­
el·als of as many important varieties of schist. The less common 
metamol'phic minerals-such as garnet, staurolite, fibrolite, chias­
tolite, cyanite, tommaline, graphite, cotdierite, and others--some­
times occur in such abundance as to form distinct varieties of 
schist. 

MICA Scms·.r is one in which mica is the most characteristic 
mineral. 'Yhen the mica is biotite, the rock may be called Biot·ite 
~chis t ). when it is muscoYite, ill uscovite Schist. Sericite gives 
::Je1·icite Schist. 

HYDROMICA ScHIST is a general or field name for fine-textured 
mica schists characterized by one or more of tlie wliite or light­
colored micas, such as seri ·ite and paragonite. Quartz, horn ­
blende, fe1dspar, and one or mOl'e of the less important secondary 
minerals-such as garnet, stauro lite, and others-are generally 
present. The color of the tock is dete1·mined chiefly by the variety 
of mica present. The rock splits easily along the planes in which 
the mica is segregated, and as very little other mineral appears 
on tlie split surfaces, the proportion of mica often appears greater 
than it really is. 

Usms: Fine-textured miea schists are used for wlietstones. 
Biot·ite-SW;i/Jnawite Sclvist is one in which sillimanite (fibro· 

lite) is an important mineral. .\.s it occms in the Georgetown 
area, the rock consist s of biotite, qua1-tz, feldspar (orthoclase and 
plwgioclase), and sillimanite in nearly equal amounts. Muscovite, 
garnet, tounna,line and cotundum are prominent locallJ'. Tlle 
rock is probably of sedimentary origin . _ 

TRANSITIONS: By the increase of quartz, and the correspond· 
ing decrease of mica, there is a transition to micaceous quartzite 
and quartzite. The Algonkian areas alc~ng the eastern foothills at 
Coal Creek, South Boulder Creek, the Big and Little Thompsons, 
and northward furnish beautiful examples of the passage from 
mica schist to quartzite. ' 

The original sedimentary rocks vatied in character from 
clays or shales to clayey and slightly feldspathic sandstones and 
pure sandstones. The former ga,ve the mica schists, and the lat-
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ter the quartzites, while the intermediate Yarieties gave the mica­
quartz schists, the quartz-mica schists, and the micaceous quartz­
ites. The calcareous p1icw schists are derived from calcareous 
clay rocks. Transitions from the finer mica schists through the 
phyllites to the slates are not uncommon. Good examples are 
to be found in the areas of contact metaonorphism in Gunnison 
County. Transitions from granite gneisses to mica schist arc 
common in metamorphism areas along t he mountain ranges of 
Colorado, especially where crushing, shearing and other moYe­
ments were profound. In the Lake Superior region volcanic tuffs 
have yielded good examples of mica schist. 

Chlo1·itc Schist is one in which chlorite is th e characteristic 
mineral. 'l'he chlorite is commonly derived from biotite or one 
of the other dark miuerals. The other minerals of chlorite schi sts 
may be practically t he same as those of mica schist s. It is more 
than probable that some chlorite schists were derived from clay 
rocks by the formation of biotite, and possibly hornblende, which, 
by alterartion, yielded the chlmite. Others show evidence of 
having been formed from basalt, dolerite, gabbro, and other basic 
rocks. The color is generally a dull . earthy green. 

GREENS'.rONE ScHIST: In the Lake Superior region and else­
where, ancient diorites, basalts, diabases, gabbros, and other rocks 
rich in the ferromagnesian minerals, have been altered into what 
are commonly called "greenstones"-rocks of dull-greenish color, 
rich in chlorite derived from pyroxene, amphibole, biotite and 
other minerals. In some of these "greenstones" movement and 
compJ.·ession have developed a pronounced schistose structure. 
In cases where it is impossible to decide from "·hat rock the _ 
schisrt was derived, the name "greenstone schist" is used; in 
others, the schist is named from the original igneous rock, as 
Diabase Schist , Gabbro Sclvist, and so on. 

TRANSITIONS: ·weathered mica schists and hornblende schistf': 
frequently show a considerable development of chlorite from the 
mica and the hornblende. The chlorite of chloritic slates is prob­
ably also secondary. It is very likel? that many c-hl orite schists 
are derived from other schists by alteration . Transitions from 
greenstone to greenstone schist occur. 

Talc Schist is one in which talc is present in sufficient amount 
to give the rock a soft, greasy feeling. The commonest color is pale 
greenish-gray, but darker colors occur. The talc occurs in mica­
like flakes and grains having a good cleavage, but the plates are 
not elastic or spring:- like those of mica. Quartz. mica, feldspar. 
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and other minerals common to schists, occur. As talc is a 
hydrous magilesian silicate, it is evident that the talc schists 
were derived from rocks containing botb. magnesium and silica. 
Siliceous dolomite and rocks rich in hornblendes and pyroxenes 
low in iron are probably the sources of talc schists. 

HoRNBLENDE ScHIST, AMP~IBOLITE: This sub-group of the 
schists includes a. number of varieties in which the amphiboles 
are the characteristic minerals. Orthoclase, plagioclase, biotite 
(less commonly muscovite), quartz, pyroxenes, garnet, pyrite. 
magnetite, and oth-er minerals common to metamorphic rocks. 
occur in varying amounts. They are common rocks in most of 
the metamorphic areas of Colorado and other parts of the coun­
try. In texture they range from those in which the main min­
erals are readily recognized without a. lens, to those in which it is 
di.:fficult to determjne the minerals even with a strong lens. The 
segregation of the different minerals into planes by themselves 
frequently makes the uaming of the rock easy. 

They sometimes form large bodies of rock, but more fre­
quently occur as bands and lens-shaped masses, associated with 
other schists and gneisses, into which they sometimes grade: In 
some cases their relations to the rocks with which they occur 
leave little doubt that they were derived from basic igneous 
rocks, such as diorites, gabbros, peridotites, and others. The 
pyroxene of the gabbros and peridotites has been changed to 
amphibole. Again, they are found in such relationships, and of 
such mineral and chemical composition, as to make it clear that 
they were derived from Yery impure limestones, ·or from cal­
careous clay rocks. It seems desirable to call the less schistose 
types amphibolites. 

Altm-atio,n: The hornblende and biotite alter to chlorite, and 
the rock becomes a chlorite schist. Serpentine is a common alter­
ation product. The feldspa·r becomes kaolinized, and calcite, epi­
dote, and other secondary minerals are formed. The iron min­
erals yield limonite, which gives the rock a brown, rusty appear­
ance. In some places, a.s in the Front Range of Colorado, the 
arnphibolites resist weathering remarkably well, and in many 
instances appear perfectly fresh even on exposed surfaces. This 
is true along the Clear Creek canyon and in the Sangre de Cristo 
Range. 

VARIETms: Actinolite Schist is one in which the amphibole 
is principally nctinolite. Glaucophane Schist has glaucophane 
for the amphibole. When it is possible to determine the rock 
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from which the hornblende schist was derived, the terms Diorite 
Schist, Gabbro Schist, and so on, may be used . Eclogite is a 
hornblende schist composed in large part of hornblende, a green 
pyroxene ( omphacite), garnets, cyanite, mica, and other less im· 
portant minerals. 

B. NON-FOLIATED 

1. QUARTZITE 

QuARTZITE is a metamorphic sandstone. 'L'he change has re 
suited in the almost complete filling of the intergranular spaces, 
and has bonded the grains together so firmly that the rock breaks 
as readily through the grains as around them or through the 
cementing material. The change may be produced in two princi· 
pal ways: (a) Silica deposited from solution may completely 
fill the intergranular spaces and so strongly cement the sand 
grains together that it is practically a homogeneous mass. (b) 
Intense heat, accompanied by pressure, may so deform and com- . 
press the grains that they form a perfectly close-fitting mosaic, 
occupying the entire space. In some cases the rock is convertel 
into a dense, flinty mass, showing no trace of the original grains, 
and breaking with a smooth, conchoidal fracture. 

'fhe impurities of the original sandstone will show in the 
quartzite formed from it. The metamorphism of a feldspathic 
sandstone may yield a feldspathic quartzite, or it may form a 
micaceous quartzite through the alteration of the feldspar to 
mica. A clayey sandstone may be changed into a quartzite in 
which biotite, muscovite, hornblende, feldspar, epidote, silliman· 
ite, garnet and variou~ other secondary minerals, may appear. 
The color varies from pure white to gray, brown, red, and even 
black. It depends mainly upon the impurities. 

Va;rieties may be recognized and named from the prominent 
minerals other than quartz, as Feldspathic Quartzite, Graphitic 
Qttartzite, Mica.ceottS Qttartzite, and others. 

Oolitic Quartzite is one composed of oolitic grains built up 
by the deposition of chalcedonic silica around minute grains of 
quartz. 

BUHRSTONE is a cellular rock composed of very dense siliceous 
material. It is probably derived from ru fossiliferous limestone 
by the replacement of the lime carbonate by silica. The cells or 
cavities may represent leached-out fossils. They were formerly 
much used for flour-making. In Germany cellular basalts are 
used as buhrstones. 
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TRANSITIONS from quartzite to quartz schist, mica schist, 
l:!late, phyllite and gneiss are known. 

2. CRYSTALLINE LIMESTONES AND MARBLES 

Crystalline limestones are common in regions where the as­
sociated rocks show little or no evidence of metamorphism. This 
is due to the fad that calcium catbonate shows a strong tendency 
to crystallize. As a consequence, when limestones charged with 
moistme (ground water) are subjected to the pressure of a con­
sidet able load of overlying rock, a.nd the hea.t resulting from 
that pressure, tlleir calcium carbonate and magnesium carbonate 
pass from non-crysta lline to th~ crystalline form, while the im­
purities they contain ma.Y 1·emain practicall.Y unchanged, 3Jnd the 
assoc:iated 1·ocks may show no evidence of metamorphism. Crys­
talline limestones thus formed are not (here) included with 
metammphic rocks. But when the change has been so profound 
as to cause the crystallization of the impurities of the limestone 
and the development of new minerals, from them, the rock must 
be called metamorphic. (In such cases the associated rocks will 
also show metamorphism.) 'l'he limestone becomes a mass of 
crJstal grains, s·omewllat resembling loaf sugar. The size of the 
grains will depend upon the conditions under which they were 
formed. In some rocks they are so small as to · be almost indis­
tinguisha.ble without the aiel of a lens, while in others they may 
reach a diameter of a quar-ter of an inch or more. ·whether such 
rocks are to be called marbles or merely limestone depends 
largely upon their beauty and purit.Y of color, their closeness and 
uniformity of textme, and their suitability for ornamental work. 

\Vhen pure limestones and pure dolomitic limestones under­
go metamorphism, the most noticeable change is- cr.Ystallization 
or recry~tallization. No new structmes are developed, but, on 
the contrary. old ones, such as bedding and lamination, are found 
frequently obscured or destroyed, and fossils may be partially 
or completely obliterated. The failure to develop lamination and 
c:leavage is probably clue largely to t he fact that calcite, when 
subjected to stresses, especially in the presence of heat and mois­
ture, will readily change its cr.Ystal form b.Y molecular r earrange­
ment. It is a lso worthy of note that rocks composed of a single 
mineral in grains whose length, width and thickness are about 
equal, are less like!? to develop platy or schistose structure tlum 
are those containing several minerals of irregular sir.es and un ­
equal dimensions. 
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The commonest impurities of limestones are magnesium car­
bonate, silica, iron carbonate, iron oxides, organic carbon, and 
clayey matter_ The magnesium carbonate is usually combined 
with calcium carbonate in ·tile form of the mineral dolomite, 
CaMg(COa) 2 • Hocks composed entirely of this mineral are known 
as dolomite. \'\Then calcium carbonate and the mineral dolomite 
are present in varying proportions, the rock is known a:s dolo­
mitic or magnesium limestone_ Silica may be present as sand 
grains or as a constituent of clay. Organic carbon is derived 
from plants or animals. Clayey matter adds to the rock, silica., 
alumina, and frequently other salts common to clays. 

When limestones containing these impurities undergo meta­
morphism, the possibilities for the formation of new minerals are 
very large. Among the minerals so formed are varieties of am­
phibole (tremolite and aetinolite), varieties of pyroxene (wolla­
stonite and diopside), varieties of mica (phlogopite and musr:o­
vite), varieties of garnet, varieties of feldspar (orthoclase aud 
anorthite), serpentine, chlorite, scapolite, epidote, vesuvianite, 
graphite from the carbon, and apatite. On the outer borders of 
limestone masses, wllere they grade into calcareous clay rocks 
and sandstones, these secondary minerals may be developed in 
such quantity as to give character and name to the rock. But as 
such rocks are comparatively rare, they are not fully describer1 
here_ Rome of the commonest are: malacolite rock, augite rock. 
wollastonite rock and garnet rock 

Llfalacolite R.ocl~ is composed mainly of fibrous or granular 
malacolite, with more or less other mineral matter. It occurs 
with crystalline limestone. .• 

A~tgite R.oclc is a granular rock composed mainly of augite, 
but generally accompanied by more or less tourmaline, apatite, 
titanite and scapolite. It is associated with li mestone in the 
metamorphic rocks of eastern Canada. 

·wollastonite Rock resembles marble, and in one or two places 
is quarried and used as marble, but it is distinctly harder, and on 
close examination shows many groups of needle-like or fibrouR 
crystals of wollastonite. Calcite, diopsi.de, hornblende and mica 
are other constituent minerals. 

Gwrnet Roclc occurs at the contact between intruded porphyry 
and a: limey shale or impure limestone at several points in 
.Arizona and elsewhere. It varies from almost pure massive 
garnet to a rock composed of grains and crystals of garnet in a 
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complex matrix of the other minerals characteristic of contact 
zones. 

MARBLES: In common usa-ge the term "marble" includes all 
·rocks composed largely of calcium carbonate or calcium-mag­
nesium carbonate that will take a good polish and are suitable 
for ornamental work. No distinction is made between those 
marbles derived from ma:gnesian or dolomitic limestones and 
those derived from pure limestones. The rock consists of grains 
of calcite, or of calcite and dolomite, and the various minerals 
derived from the impurities. The texture varies from fine to 
coarse, but is generally uniform in the same rock mass. The 
alteration is principally by solution, and the impurities, being 
less soluble than the ca-lcium carbonate and dolomite, are left 
behind as a residual clay. 

Pure limestones and pure dolomitic 'limestones form white 
marbles. Impure limestones of both kinds yield marbles in which 
the color and the distribution of color depend upon the nature 
and the final distribution of the impurities. Carbonaceous (bitu­
minous) limestones yield blue, gray and black marbles. Ferru­
ginous limestones yield gray, blue-gTay, yellow, buff, brown and 
red marbles, depending upon the form in which the iron occur,;. 
Green marbles, and the green banding and mottling of white 
marbles, may owe their color to the presence of serpentine, talc, 
chlorite, pyroxene or hornblende, while yellow tones may be due 
to epidote, iron oxides a:nd titanite. Garnets, vesuvianite, phlogo­
pite and other minerals may give brownish tones. 

Va1·ieties of Marble: ~orne varieties are named from the use 
to which they are put, while others are named on account of 
their composition or other f'baracteristics. 

Statuary Marble is a fine-textured, pure-white marble which 
will chisel satisfactorily, and will take a perfect and durable 
surface finish whether polished or dull. 

A1'"chitectural Ma?'"bles are those whose color, texture, work­
ing qualities a:nd strength suit them for architectural work. 

01'"natml7ntal or Finishing 1Jfa1·bles are those which, on ac­
count of their beauty of color, color patterns or banding are 
specially adapted to decorative work. 

Onyx Ma1·ble, Mexican Onyx, is a beautiful translucent rock, 
composed of calcite or aragonite deposited from solution in the 
form of travertine, stalactite or stalagmite. A beautiful color­
banding marks the deposition of successive layers, and often 
forms attractive patterns in the cut stones. 
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Ophicalcite} Oplviol!ite} Serpe11ttilne M a;rble} V erd A11ttique} are 
various names for a marble-like rock composed of white or gray 
calcite or dolomite, or both, with a mottling of serpentine which 
may vary in color from yellowish-green to black. The serpentine 
is, in some cases, derived from the alteration of pyroxene formed 
by the metamorphism of :m impure magnesian limestone. 

Cipol!i11t} Cipollino} is a marble rich in mica and sometimes 
talc. The mica may be irregularly l'cattered, or may be 
segregated in straight or wavy bands. Quartz, garnet, horn­
blende and other minerals may be present. 

Ruin Mctrble is a fine-textured marble having an irregular 
angular pattern, due to the intersection of straight lines, which 
may represent the fractures of a healed brecciation. The angular 
blocks for:med by the lines vary in color tone. It is sometimes 
called breccia marble. 

Breccia Marble is a name commonly applied to a marbleized 
pebbly limestone conglomerate found in Maryland. It is also 
called "Potomac marble." 

Shell Mctrble} Fossil Marble} is a- crystalline limestone in 
which the metamorphism has not gone far enough to destroy the 
fossils. The cut and polished surfaces of the rock show the out­
lines and cross-sections of shells and other fossil remains. A 
red, marble-like limestone of this kind is extensively quarried 
in the Appalachian states. 

Bird}s-eye MaTble is a va:riety of shell marble in which the 
patterns formed by the fossils on the cut surfaces suggest eyes. 
The fossils are chiefly crinoids and corals. 

3. SERPENTINE AND SOAPSTONE 

SERPENTINE RocK: When basic rocks-such as hornblendites, 
gabbros, pyroxenites and peridotites-undergo alteration at or 
below the level of ground water, the principal secondary mineral 
formed is commonly serpentine. Occasionally the alteration is 
so thorough, and the removal of other mineral matter is so com­
plete, that a mass of practically pure serpentine results. But 
yery commonly cores and fragments of olivine, pyroxene, horn­
blende and biotite remain. Magnetite, chromite and garnets 
(pyrope) formed at the same time 11:s the serpentine frequently 
occur as scattered grains in the rock. Seams or veinlets of cal­
cite, magnesite and other carbonates are not uncommon. Talc 
and chlorite also occur. The alteration of hornblende schist a·lso 
~- ields serpentine rock. but this is not an important source. 
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The rock varies· in color from a pale yellowish-green to 
greenish-bt·own, dark green and almost black. Small masses of 
almost pure-white serpentine are occasionally found. The pure 
serpentine is easily cut with a knife, but silica deposited from 
solution frequently makes the rock · rather hard. The texture 
raries from fine and dense to coarsely granular. Fibrous spots 
and bands are common, and veins of chrysotile (serpentine 
a~bestos) furnish much of the so-called asbestos of commerce. 
The luster is dull and waxy or oily, and the rock varies from 
translucent to opaque. In st ructure the serpentine rocks vary 
from massive to platy and almost schistose. 

UsEs : The rock is cut into slabs, polished, and used for 
interior decoration. 

SoAPSTONE, Steatite, is a rock consisting chiefly of talc de­
I·ived from the alteration of magnesian silicates or possibly 
siliceous dolomites. Quartz in sea ttered grains and veinlets, 
magnesite and chlorite are frequently present. The color ranges 
from white to gray and green. It is soft and easily worked, and 
finds many uses in commerce. It is often associated with ser­
pentine, ta lc schist a nd chlorite schist. 

BUILDING STONES 

BUILDING MATERIALS IN GENERAL 

The common building materials may be classed as natural 
and artificial. To the first class belong wood, stone and raw 
clay; to the second, brick, cement and iron. It is clear to every 
obs~rver that the consumption of the forest timbers of the 
United States far outruns the supply by regrowth. It is evident, 
therefore, that with a: rapidly growing population and a rapidly 
decreasing timber supply, there must come an increasing use of 
stone and artificial building materials. Of all building ma­
terials, stone is best suited to the main structural features of 
large buildings and great public works, because it a lone has the 
qualities of strength, durability and dignity of appearance so 
gene:rally sought in the erection of such structures. ·But many 
rm·ieties of building stone are well adapted to the building of 
residences. And, for the laying of foundations, whether for 
buildings, or for bridges and other public works, stone will prob­
ably continue for some time· to hold first place among buildin g 
materials. 
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ESSENTIAL QUALITIES OF BUILDING STONES 

The essential qualities of building-stones are: I, Strength; 
II, Durability; III, Workability; IV, Color and Beauty. 

1. STRENGTH. 

(a) Factors deter·mining the strength of a stone and the 
permanence of its strength: 
(1) Oompositi@n. 
( 2) Texture. 
( 3) Structure. 
(4) Mode of aggregation, and cementing materials. 

(b) Stresses considered. 
0 DuRABILITY. 

Agencies of disintegTai-ion and dec~y: 
(a) Mrechanical : 

(1) Tempei·ature changes. 
(2) Water. 
(3) Wind. 
( 4) Mechanical wear in duty. 

(b) Chemical : 
(1) Water. 
(2) Atmospheric gases. 
(3) Organic acids, etc. 

3. ·wORKABILITY. 

(a) Qu~rrying. 

(b) Dlr·essing. 
(c) Polishing and decorative working. 

4. COLOR AND FASHION. 

I. STRENGTH 

The strength of a stone is measured by its ability to with­
stand stresses. A stone in a wall is subjected to strains of 
yarious kinds. Of' these, the most important are the erushing, 
the tensile, the transverse a•nd the shearing stresses. 

1. FACTORS DETERMINING ~'HE STRENGTH OF A STONE AND 

THE PERi\IANENCE OF ITS STRENGTH : 

(a) Composition. 
(b) Texture. 
(c) Structure. 
(d) Mode of aggregation. 

(a) Compositi1oo~: The different minerals of which build­
ing-stones may be composed vary widely in hardness and resist-
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ance to crushing force. For example, quartz is harder and has 
a higher crushing strength than ca·lcite or feldspar. It is harder, 
but has a lower crushing strength than hornblende. Again, dif· 
ferent minerals have different coefficients of e;xpansion under 
changes of temperature; and the stresses resulting from differen· 
tial expansion and contraction are more important in a: rock 
composed of several minerals than in a rock composed of only 
one. Some minerals, such as· calcite and feldspar, have very 
pronounced cleavage; while others, like qua:rtz, have little or 
none. Cleavage renders a mineral weaker in certain directions 
than in others. 

The solubility of the materials of a rock is an important 
factor in the permanence of its strength. This is particularly 
true in the matter of the cementing material in sandstones and 
other clastic rocks, where the weakening or removal of the bond 
between the grai11s would leave a crumbling mass. 

(b) TewtttTe: Other things being equal, coarse-textured 
rocks are weaker than fine-textured rocks of the same compositio:n . 
'l'here is less interlocking of the component grains, more unoc­
cupied space, and the contact planes between the minerals are 
distributed in fewer directions. The degree of porosity has an 
important bearing on the strength of a rock, and will be discussed 
more fully in another place. 

(c) Structure: The structura 1 feature of most importance 
in building stone is lamination. In igneous rocks such as granite, 
lamination may be due to : 

\1.) Arrangement of the component minerals with their 
broader faces parallel. 

(2.). The segregation of the component minerals in parallel 
bands. 

(3.) Pressure and shearing, resulting in :fissility or cleavage. 
In sedimentary rocks the lamination is generally parallel to 

the 'bedding planes, and may be due to short pauses in the depo­
sition of the rock, to slight changes in the composition, and to 
difference in texture of the material of the rock. 

Stones showing a directional structure from any of these 
causes split more readily in one direction than in another. The 
vatio of absorption of water, the coefficient of expansion, and the 
solubility are unequal in the different planes. Such stones are 
stronger and weather better when laid with their lamination 
planes in a horizontal position. 
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(d) Modes of Aggregation of the Grains of the Rock: There 
are three common modes of aggregatjon of the grains or com­
ponent parts of rocks: 

( 1.) Chemical. 
( 2.) Crystal. 
(3.) Cementation. 
The chemical aggregation is exemplified by compact, non­

granular limestones and by non-crystalline igneous rocks. The 
mass may be called amorphous or homogeneous. There are no 
directions of unequal strength or liability to disintegration. 
Granites are rocks showing crystal aggregation; the various 
mineral grains are intimately interlocked as a result of crystal­
lization from the molten condition, and the bond is a strong one. 
The grains of sand in a sandstone are held together either by a 
cementing material or by simple pressure cementation. The com· 
moner cementing materials are: silica, calcite, clayey matter, iron 
oxides. Otf these, silica is the strongest and most desirable .. 
because it is insoluble, free from cleavage, and has the same 
coefficie-nt of expansion as the sand grains which it binds together. 
Calcite is soluble, has very pronounced cleavage, and has a 
different coefficient of expansion from that of the sand grains, 
all of which ar>e elements of weakness. Argillaceous matter is 
liable to disintegration. Iron oxide, particularly hematite, makes 
a fair bond. Pressure cementation alone is rather uncommon, 
though it is believed to exist in some quartzites. 

(2.) Sr.rRESSEs TO WHICH BuiLDING STONES ARE SuBJECTED. 

The ~rushing stress to which a stone would be subjected in the 
basal tier of a very high ~all is far within the initial crushing 
strength of any stone which would be .considered fit for building 
purposes. l\1errill 1 records the weight per cubic foot, and the 
crushing strength per square inch, of fifty-eight lim~stones from 
quarries in fifteen states. The lowest crushing strength recorded, 
6,500 pounds per square inch, was that of a stone weighing 147 
pounds per cubic foot. A one-foot "course of this stone would 
exert a press·tue of about one pound on each square inch of the 
surface on which it rested. If this stone were built into a wall 
of uniform thickness, the vertical strain would not be sufficient 
to crush the blocks of the basal course until the wall had reached 
a height of 6,500 feet. Making a liberal allowance for the weight 
of inside structural parts, for roof and for the load the building 
might be expected to carry, it is evident that almost any stone 

' "Stones for Building and Decoration," pp. 459-461. 

(12) 
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which would stand quarrying and shipment would have a crushing 
strength high enough for perfect safety in all ordinary. structures. 
Builders will rarely place a stone where the direct pressure upon 
it will exceed one-tenth of its crushing strength. 

The tensile strength of a stone is its ability to withstand a 
pulling stress·. It depends upon the cohesion of the particles of 
the stone, and h-as been discussed under "mode of aggregation." 
Stones in a wall are rarely subjected to direct tensile stress, but 
their ability to withstand transverse and shearing stresses depends 
largely upon their tensile strength. 

Transverse stress is stress applied at right angles to the 
length of the block. The cracking of stone and brick walls is 
usually due to transverse stress resulting from unequal support 
throughout their length. This is a1so true in the cracking of a 
single block. In the cracking and separation of the two parts 
of a wall there is usually a component of tensile stress, but it is 
seldom great. 

Transverse stress generally results from the settling of foun­
dations or from the failure of the builder to give the stone uniform 
support from end to end. As shearing is a change in the form 
of a mass without change of volume, it is evident that the tensile 
strength is an -index of the shearing strength, since no change of 
form can take place until the cohesion of the component particles 
of the rock is overcome-in other words, until the tensile strength 
is -exceeded. 

II. DURABILITY 

The durability of a stone depends chiefly upon its ability to 
withstand the climatic conditions to which it is exposed. The 
principal agencies of disintegration and decay ~!lay be divided 
into two classes: 

(1.) Mechanical, including: temperature changes, water, 
wind, mechanical wear in the place where it is used. 

(2.) Chemical, including: water, atmospheric gases, organic 
acids, etc. 

1. MECHANICAL AGENCIES: 

(a) Ternpe1·atu1·e Changes: Change of volume in response 
to change of temperature is one of the most important causes of 
rock disintegration. It is more effective in crystallipe rocks than 
in non-crystalline rocks of the same composition. The coarser 
the texture, the greater the strain. Rocks composed of several 
different minerals suffer more than those containing only one. 
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A granite may contain quartz, feldspar and hornblende. The 
coefficients of expansion of these minerals are proportional to 
36, 17 and 28, and as a result unequal stresses will be set up 
within the rock whenever expansion or contraction takes place 
in response to change of temperature. In a rock composed of 
but one mineral there is but one coefficient of cubical expansion, 
and the strain is more uniform. The larger the expanding grain, 
the greater will be the thrust in a. given direction, and the greater · 
will be the tendency to move the neighboring particles from their 
normal position. In other words, the coarser the grain of the 
rock, the greater the liability to disruption. · For example, the 
directions of thrust are fewer and the thrusts are proportionately 
greater from a single grain of ten cubic centimeters than from 
ten grains of one cubic centimeter promiscuously arranged. The 
strain in the latter case is more equally distributed and, there· 
fore, less destructive. For this reason fine-grained rocks suffer 
less than coarse. 

The coefficient of lineal expansion of a mineral grain is dif· 
ferent in the direction of the different crystal axes. Thus, quartz 
expands five and one-half times as much in the direction of the 
vertical axis as in a direction at right angles to that axis. Horn· 
blende expands ten times as much in the direction of one of its 
axes as in that of another. These unequal expansions create sim­
ilarly unequal stresses in the different directions. 

A porous rock will probably suffer less from this force than 
will a compact one of the same composition, owing to the fact that 
a part of the expansion will be accommodated by the intergranular 
spaces. On the other hand, the area of intergranular contact is 
less in the porous rock, and consequently the work to be accom· 
plished in separating the grains is less. In some parts of the 
United States the daily and seasonal range of temperature is very 
great, and changes are often very rapid. The particles of a stone 
are almost constantly acted on by this resistless force of expansion 
and contraction. The effects are much more marked on the south 
and west sides of buildings than on the north and east, owing to 
the fact that these sides are exposed to the sun during the hottest 
part of the day, and the changes of temperature are greater than 
on the other sides. 

Stone is' a poor conductor of heat, and under the influence 
of a midday sun the outer surface may be brought to a high 
temperature before the opposite side of the block has felt the 
effect of the sun. This causes a differential expansion which tend·s 
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to weaken the stone. The north wall, not getting the direct rays 
of the sun, heats up mJore slowly and "uniformly, and the resulting 
differential strain is much less. In winter the inside surface of a 
wall may have a temperature of 70° F. while the outside may be 
at -30°. The effects of this rapid and intense surface-heating 
are seen in the great talus streams of thin concavo-convex flakes 
and plates of rock which cover the slopes of many of our western 
mountains. A particularly good example of this is to be seen in 
the Dolores Peaks of Colorado. "Shelling" of the surface of rocks 
is a common phenomenon, and' is due, in large measure, to expan-

, s.ion and ·contraction from surface heating. E. R. Buckley 1 says 
that in many of the limestone quarries of Wisconsin thin beds five 
to six inches in thickness, when first exposed to the summer's sun, 
become heated entirely through and arch up on the quarry floor, 
and gene~ally break so as to be useless. In certain parts of 
India the quarrymen build a fire on the floor of the granite quarry, 
and, as the 'fire is moved slowly over the surface, a slab of stone 
of uniform thickness splits away from the underlying rock. The 
thickness depends upon the depth the heat penetrates, but slabs 
five to six inches in thickness and several hundred square feet in 
area are taken up in this way. The splitting is independent of 
the lamination of the rock2

• A familiar method of breaking large 
boulders in thi!; country is to build a fire over them, and, when 
they become intensely heated, dash cold water over them. In 
large fires, stone walls may become intensely heated. If water is 
turned on the hot stone, it splits in layers parallel to the outer 
surface. Under such conditions granite probably suffers most, 
and sandstone least, of the common building-stones. In the 
matter of durability of building-stones, when subjected to such 
heat tests as the burning of a large building, authorities differ 
widely, but there is a measure of agreement on the point that 
granite is about the least fire-proof of the common building stones. 
Limestones, dolomitic limestones and marbles suffer compar­
::.tively little up to a temperature of 900°-1000° F., providing they 
are not suddenly cooled. Above this temperature they are likely 
tobe changed to quicklime, and slacked when exposed to moisture. 
The behavior of sandstones under similar tests is usually good, 
though sudden cooling with water seems to cause a greater degree 
of disintegration than in the case of limestones. The fire tests 
made by Winchell 3 on the Minnesota building stones would seem 

• "Building and Ornamental Stones of Wisconsin," p. 19. 
'H. Warth, "Quarrying of Granite in India": Nature, June 17, 1895. 
a "Geology of Minnesota," Vol. I, pp. 185, 196-203. 
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to place the sandstones and limestones in about the same rank. 
But it is open to question whether the sandstones tested-the 
Potsdam, the St. Croix and the Jordan-as fairly represent sand · 
rock building stones in general as the limestones tested-the St. 
Lawrence, the Shakopee, the Galena and the Trenton-represent 
limeroGk building stones in general. 

(b) Water: As an abrading agent, water has very little 
effect upon the stones in the walls of buildings. River waters 
laden with sediments may, in time, cause appreciable wear on 
bridge foundatio~s, but even' here, except under rare conditions, 
the results are unimportant. But water within the stone may 
be the most powerful agent of mechanical disintegration to which 
building stone is exposed. All rocks are capable of absorbing 
water, but the amount depends upon the mineral composition 
and the porosity of the rock. Granite may absorb water to the 
extent ·of .37 per cent of its own weight; compact limestones, 
from .5 to 5 per cent; marble, about .3 per cent; and sandstones, 
from a very little up to 10 or 12 per cent. This water, apart from 
changes of temperature involving freezing, is quite unimportant 
as an agent of mechaJ;J.ical disintegration; but, in freezing, water 
expands about 9 per cent-100 volumes of water forming 109 
volumes of ice. The force of this expansion is equal to a pressure 
of about -one ton per square inch, and as it acts between the grains 
of the rock, its effect is to break the bonds holding them together, 
and so cause crumbling. It is a severe test of the tensile strength 
of a rock. Merrill 1 says: "No stone, however strong, can endure 
the enormous stl·a~n to which it would be subjected if frozen solid 
when holding any considerable amount of water within its pores." 

But the .destructive effects of freezing are not proportional 
to 'the amount of lwater ra stone can absorb and retain. Murh 
depends upon the character of the pores or openings containing 
the water, and upon the degree of saturation of the stone at the 
time of freezing. The ease with which water moves through a 
stone depends upon the size and continuity of the openings. The 
flowage in capillary tubes is proportional to the fourth power of 
the diameter, and this means that the flowage in one capillary 
tube would be sixteen times that in a tube of half the diameter. 
If two stones have the same percentage of porosity, but the open­
ings in the one have a greater diameter and are more continuous 
than those of the other, the water in the first will move many 
times faster than that in the second, and, in freezing, a part of 

1 "Stones for Building and Decoration," p. 438. 



::158 COMMON l\IJNERALS AND ROCKS 

the expansive force will lbe spent in driving the water along the 
openings, and possibly out of the ,stone. In the second stone 
the water will be more likely to freeze in place, and much more 
of the force of expansion will be spent in pushing the grains 
apart. Again, the stone with the larger openings will lose its 
water by evaporation more readily than will the other, and it 
is therefore less ~ikely to be destroyed by freezing, since the 
destructive effect depends largely upon the percentage of pore­
space filled with water. If the pores are only partially filled, 
and there ~sample room for the expansion of the water in freezing, 
comparatively little damage will be done. It must, however, be 
remembered that, while rocks with very small pores retain the 
absorbed water longer, they take it up much more slowly, and 
are less likely to become saturated with storm waters, than are 
those with larger pores. All things considered, it is well to avoid 
stones having a high absorptiO'Il ratio, and especially if they are 
of fine texture. 

Certain rocks contain measurable quantities of readily solu­
ble salts; in others, such salts are formed by chemical reactions 
between some of the constituents of the stone a.nd those of the 
atmosphere. Under ordinary atmospheric conditions, these salts 
are crystallized, dissolved, and recrystallized within the stone, 
and the mechanical strain accompanying the process loosens and 
separates the grains of the rock. 'l'his is a very important con­
sideration in connection with the laying of foundations in alkali­
rich soil. The ground water carries the salts into the stone, and, 
when the ·water evaporates, they crystallize with expansion, rl.e­
veloping a force similar to that exerted by water in freezing. 

Many minerals, when exposed to the action of water1 become 
more or less hydra.ted . As a rule, this change involves change of 
volume, and as each mineral has its own ratio of expansion from 
hydration, and as some minerals are more likely to become hy­
drated than others, it is plain that the process of hydration will 
cause unequal stresses. The mechanical effect is similar to that of 
expansion from rise of temperature, but there is not the alternate 
expansion and I contraction which accompanies temperature 
changes. The upper walls of a building are not likely to suffer 
appreciably from hydration, but the stones of the foundation 
may be saturated for long periods of time, and, as a result, be­
come partially hydrated. 

(c) Wind: Abrasion by wind carrying dust and sand is a 
matter of some importance in certain parts of Colorado. At Mar-
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shall there is a house built of the local Laramie sandstone, and 
said to be twenty-five years old. It is true the stone is of rather 
poor quality for building purposes, but it well illustrates the 
work of wind. The stones in the east and north walls still show 
the marks of the dressing-tool, while most of those in the west 
and south walls have not only lost a.ll traces of the chisel, but 
have been cut down in places three-quarters of an inch, as is 
shown by the projection of hard seams of quartz which were un­
doubtedly level with the general surface-of the stone when it was 
placed in the wall. The mortar is, in places, removed to a depth 
of an inch and a half. The hard, fresh dolerite of the Valmont 
Butte shows very pronounced erosion by the same agency. The 
surfaces of exposed boulders are covered with parallel grooves, 
many of which are nearly an eighth of an inch deep, and are 
beautifully polished. 

(d) Mechanical Wear in FZoo1·s, Steps, etc.: This is an im­
portant consideration in stones used for floors and steps. Of the 
commoner building-stones, granite and quartzite are most re­
sistant. . The wearing qualities of sandstones will depend upon 
the cement between the grains and the strength of the bond it 
affords. Those having a siliceous cement are most durable, and 
especially if the cementing silica is united with the grains by 
crystal growth. Limestones are, as a rule, unsatisfactory floor 
and step stones, owing to their softness. Some siliceous lime­
stones "~ear well, iand the 'DJOn-granular varieties outlast the 
granular. 

2. CHEMICAL AGENCIES: The principal agencies of chemical 
disintegration are: {1) the normal constituents of the atmos· 
phere-nitrogen, oxygen, carbon dioxide and wa-ter vapor; (2) 
the impurities, or accidental constituents-ammonia; nitric, sul­
phurous and sulphuric acids; (3) the compounds formed by re­
actions between members of groups (1) and (2), and the consti­
tuents of the stone; · ( 4) organic com1pounds derived chiefly from 
plant life. 

Of the firs•t group, oxygen, water and carbon dioxide are im­
portant. For convenience, their work is frequently referred to 
undier the headings: oxidation, hydration and solution, car­
bonation. But it is not likely that any one of these processes 
would be important without one or more of the others, and it 
may be doubted whether, under natural conditions, any one of 
these goes on separately. The chemical breakdown of a rock is 
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a very complex process, involving many reactions and interac­
tions. In a paper such as this it is possible to indicate only a 
few of the more evident changes which take place in the minerals 
of which building-stones may be composed. 

The work of water is manifold. But perhaps it is as a 
medium through which other chemlical reagents may work, that 
water plays its most important part in the chemical breakdown 
of rocks. From the air it gathers oxygen, carbon dioxide, sul­
phuric and nitric acids. From the soil and disintegrating rocks 
it derives organic acids and mineral salts. All these are carried 
by it to the rocks with which it comes in contact. But this is, 
in part, mechanical and in part chemicaL Solution and hydra­
tion are other important phases of the work of water. 

As a solvent, pure water has very little effect upon rock­
making minerals. But the waters which come into contact with 
building stones are rarely pure. They have become dilute acids, 
and their solvent power is greatly increased. 

Limestones and marbles, sandstones with ferruginous and 
calcareous cement, the feldspars· and ferromagnesian minerals 
of granites and other igneous rocks are most readily attacked. 
Ordinary pure, compact, non-grantUlar limestones are not so 
seriously affected. The texture prevents the acidulated waters 
from penetrating far into the stone before evaporation checks 
its course. But the porous, crystalline, granular limestones and 
sandstones offer more favorable conditions for the work of solu­
tion. The water penetrates the intergranular spaces, dissolves 
or weakens the bond between the grains, and prepares the way 
for crumbling. 

Under ordinary conditions, carbon dioxide is probably the 
most important aid water has in its work of solution. This is 
due to its universal presence, and to its very general, though slow, 
solvent action 111pon the rock-making minerals. In the break­
down of the feldspars, the carbon dioxide unites with the potas­
sium, sodium and calcium oxides, forming the corresponding 
carbonates, which are largely carried away in solution. At the 
same time, water aluminum oxide and part of the silica unite. 
forming kaolin. The remaining silica may be separated and de­
posited as quartz, or it may be dissolved and carried away by the 
waters holding the alkali carbonates. Feldspars which have 
undergone such changes are said to be kaolinized. They have 
lost their luster, hardness, and largely their strength, and are 
ready to break down into kaolin or clay. The fracturing re-
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suiting from expansion and contraction in response to tempera­
ture changes is a great aid in the process of chemical change. 

As a r~:Ile, the dark minerals_:__hornblende, biotite and 
pyroxene--of the granite breakdown before the feldspars and 
quartz. In this process many s·econdary minerals are formed and 
may completely fill the space once occupied by the dark minerals. 
Under certain conditions the new minerals forJ;lled require more 
space than the original, and so mechanical strain results from 
their formation, but in most cases a part of the constituents will 
be removed in solution. No matter what the P!Ocess may be, the 
result is generally the weakening_ of the stone. 

Hydration, apart from oxidation and solution, is probably 
of little importance, except where long-continued saturation oc­
curs. S•o far as building stones are concerned, only those used 
in foundations are likely to suffer. Even here the mechanical 
effects of hydration are more important than the chemical. 

The oxidation and hydration of the iron-bearing minerals­
such as iron carbonate, pyrite and the ferromagnesian minerals of 
the granites and other crystalline rocks-often result in objection­
able discoloration, and occasionally in some disintegration, 
though it is rarely important. . Under certain conditions the new 
iron minerals formed are deposited as a cement between the 
grains of the rock. 

Sulphuric, sulphurous and nitric acids are present in appre­
ciable amounts only in the atmosphere of large cities, where the 
consumption of coal ·is large. Careful tests were made on 
scrapings from the partially disintegrated surface of the Bedford, 
Indiana, limestone in 1he older buildings of the University of 
Chicago. Traces of sulphur were found in the scrapings from the 
outer eighth-of-an-inch ,of the stone. One · quantitative analysis 
has been completed, and others are under way. The material 
analyzed was taken from a building which has stood ten or eleven 
years, and the results show 2.33 per cent of sulphuric anhydride­
an amount almost incredibly large. Assuming that the anhydride 
is combined with calcium oxide and water in the form of calcium 
sulphate, 5.01 per cent of the surface material is gypsum. In 
the change from CaC03 to C3180 4 .2H20, 100 parts of CaC03 will 
yield 172 parts CaS04 .2H20. Making no allowance for loss by 
solution in the process of change, it is evident that approximately 
3 per cent of the surface of the original limestone has been con­
verted into gypsum. 
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Sixteen analyses of the Bedford stone recorded by Hopkins 
&nd Siebentha1 1 show no trace of sulphur. 

A microscopic examination showed that considerable inter­
granular IQ.atter had been carried away by solution, but it was 
impossible to determine satisfactorily the effective agency. It 
was found that the depth to which this disintegration bad gone 
was by no means 'proportional to the time of exposure. Compat·a­
tively little difference could be observed between the depth of 
surface weathering in the oldest buildings and that on those 
one-third the age. It was, however, quite apparent that the mode 
of dressing the stona and its position in the building were im­
portant factors in determining the rare of surface disintegration. 
The tooth-chiseled surfaces in horizontal position bad suffered 
more than any others. This was no doubt due to the shattering of 
the surface in dressing, and to the more favorable attitude of the 
stone for absorbing and retaining moisture. Solution is also 
aided by organic acids developed in the decay of plant material. 
Chemically, the formation of soluble salts, such as magnesium and 
calcium sulphates from the reaction of sulphuric acid on magne­
sium and calcium carbonates, has but little effect, and the mechan­
ical work has been discussed. The oxidation of iron pyrite may 
result in the formation of sulphuric acid and cause local chemical 
action of an injurious character. · 

Ill . WORKABILITY 

Stones suitable for building purposes differ widely in the 
ease with which they may be quarried and prepared for achi­
tectural use. Under workability must be included quarrying, 
dressing and decorative _ working. In quarrying, the larger 
structural features of the rock mass are of great importance. 
These include bedding, dip or attitude of the strata, and jointing. 
It is desirable that the beds should be well defined and of such 
thickness that all the stone may b~ marketable without an undue 
amount of labor. Beds too thin for use must oe removed at 
considerable expense of time and labor, while very thick beds 
make difficult and expensive quarrying on account of the necessity 
of splitting the blocks into the desired thickness. The horizontal 
position of bedding greatly facilitates the handling of the quarry 
product and makes the use of quarrying machinery more possible. 
Distinct and regular jointing, in at least one direction, is a boon 

1 Twenty-first Annual Report, Department of Geq!. and Nat. Hist. Indiana, 
1896, p . 320 . -
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to the quarryman. In many limestone quarries-as, for example, 
those at Stone City and LeClaire, Iowa-the rock is so distinctly 
and perfectly laminated that the split surfaces of much of the 
quarry product need no further dressing. 

In igneous rocks, the absence of true bedding·planes makes 
jointing of even greater importance than in sedimentary rocks, 
and unless there are rather well·defined joints in an approximately 
horizontal position, much expensive under~uttiug or "gadding" 
is necessary. 

Dressing is at best a slow and expensive process, and many 
otherwise desirable stones cannot be placed on the market because 
of the difficulty of dressing them. Many stones take the chisel 
with almost equal facility in all directions, while others have 
such pronounced bedding or grain, or both, that satisfactory 
working is very difficult. Fine decorative work on such rocks i1:1 
almost impossible. Again, certain stones readily take a beautiful 
and lasting polish, while others are difficultly polished and 
incapable of retaining a good surface. Easy quarrying, easy 
working and qurability make a desirable combination in building· 
stone. 

IV. COLOR 

The tone and permanence of color are of considerable im­
portance in building-stones, especially in large cities, where 
fashion rather than utility may be the determining factor in the 
choice of building material. It is a rare thing to find absolute 
uniformity of color in a quarry. Very commonly the color changes 
with depth and remoteness from exposure to atmospheric con­
ditions, and not infrequently tl1e same bed may show marked 
differences of color on the two sides of the quarry. The common 
coloring-matters of sedimentary rocks are carbonaceous material 
and salts of iron. Carbonaceous matter usually gives brown and 
black tones, while the iron salts give blues, grays, buffs, browns 
and reds-the shade depending largely upon the state of oxida· 
tion of the iron present. If the iron is present as a sulphide, 
weathering is likely to cause oxidation and a darkening of the 
color toward buff, brown and red. If it is in the protoxide form, 
the color is likely to be gray, blue-gray and blue. Further oxida­
tion may produce about the same tones of buff, red and brown as 
those from the iron sulphide. A rock colored brown or red by 
hematite is likely to keep its color, though in time some of the 
iron may be washed out and leave the stone of a lighter shade. 



364 COMMON li1INERALS AND ROCli:S 

The irregular distribution of iron compounds, particularly 
pyrite, may result in unsightly llllOttling and streaking of the 
surface of the wall when oxidation and solution take place. 

The color of igneous building-stones depends largely upon 
the important mineral constituents, rather than upon coloring­
matter proper. For this reason the color is more likely to be 
permanent. But if the percentage of the ferromagnesian minerals 
is large, weathering may result in a complete change of tone or 
intensity of the color, owing to the partial breaking-up of these 
minerals and the separation of iron salts, and a change in their 
state of oxidation. 

BUILDING STONES IN COLORADO 

Colorado is abundantly supplied with excellent granites. They 
occur mainly in the large pre-Cambrian areas along the great 
mountain ranges of the state. The quantity is unlimited, and the 
quality has been proved by laboratory tests, and by actual use to 
be equal to that of any granites on the market. In the same areas 
are many large bodies of mon~onite, syenite and other coarse tex­
tured igneous rocks equally suited to the purposes of building. A 
syenite is quarried near Salida, and is placed on the market as 
"Salida granite." It is a: very superior rock for building and 
monumental use. It is customary to class practically all coarse 
textured igneous rocks used for building purposes as granites. 

Among the places at which granite quarries have been opened 
a:re: Aberdeen, Arkins, Cotopaxi, Lawson, Lyons, Masonville, 
O'Neill Spur, Platte Canyon, Silver Plume, Salida, Texas Creek, 
etc. 

S•andstone of excellent quality for building purposes occurs 
in many geological formations, and in many parts ,of the state. 
The principal developments have been arong the foothills of the 
Front Range, simply because these deposits are nearer to the 
market. But for local use sandstones have been quarried in many 
parts of the western half of the state. 

Operating quarries are located at Arkins, Boulder, Basalt, 
Buelah, Lyons, Manitou, Morrison, Pueblo, Turkey Creek, Trini­
dad and many other places. 

Lava rock is quarried at ·Castle Rock, Del Norte, Gunnison, 
Howard and other places. The rock is admirably suited to many 
styles of architectural work. 

Marble is abundant in Colorado, and is being placed on the 
market by several companies. The most important developments 
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are those of the Colorado Yule Marble Company, at Marble, Gun-
nison County. · 

MISOELLANEOUS USE·S OF ROCK'S 

Road M ate1·ials: Crushed rock of various kinds, but chiefly 
granite, limestone, chert, quartzite, and sandstone, is extensively 
used in road construction and as ballast. It is used both with 
and without a true bonding materiaL In general it should have the 
qualities of toughness, elasticity, and resistance to crushing stress. 

The crushed cherty material of the Missouri lead and zinc 
ores, known as "chats" is much used f·or road-making. 

Paving blocks, sometimes called Belgian 'blocks, are shaped 
blocks used for paving where hea:vy traffic prevails. They are 
formed of various kinds of stone such as the dolerite (basalt) of 
Golden and Valmont, certain rhyolites and others. 

Disintegrated granite and other rock when not too badly 
decayed is extensively used for ballast and roa:d building. · 

Rotten stone is used as a gentle abrasive, and as a polishing 
powder. 

Morrisite is a name given to a pearly white volcanic product, 
occurring locally in the eastern part of the state. It possesses . 
properties which render it peculiarly fitted for use as a base for 
pigments of practically all kinds. Tests which have been carried 
on for several years have given most satisfactory results. 

T H E M A T E R I A L S 0 F C E M E N T S, L I M E S, 
PLASTERS 

PoRTLAND CEMENT is the product obtained by finely pulver­
izing clinker produced by burning to semi-fusion an intimate 
artificial mixture of fiuely ground calcareous and argillaceous 
materials, this mixture consisting approximately of three parts 
lime carbonate (or an equivalent amount of lime) to one part 
silica, alumina and iron oxide. The ratio of lime ( CaO) in the 
finished cement to the silica, alumina and iron oxide taken 
together shall not be less than 1.6 to 1, or more than 2.3 to 1. 

The Materials used in Portland cement manufacture include: 
(a) the calcareous material, which may be pure, hard limestone, 
chalk, argillaceous limestone ("cement rock"), marble or marble 
refuse, or marl; {b) the argillaceous material, which may be clay, 
shale O:P slate; (c) gypsum, which is added mainly to retard the 
process of setting. 
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a . The Oalcm·eous 111 aterial: Absolutely pure limestone is 
rarely found in large quantities. The common impurities are 
silica, alumina, magnesia, iron compounds, alkalies and sulphur. 

The silica may occur as: chert or flint, fine sand, or asso­
ciated with a lumina in the form of clay, or with other elements. 
in the form of silicates. As a component of clay it is least 
objectionable, and occasionally a limestone is found which con­
tains silica and alumina in proportions very favorable for cement 
manufacture. 

Alumina is a rare impurity except combined with silica in 
the form of clay. 

Magnesia occurs in the form of the carbonate. There is much 
difference of opinion regarding the effects of magnesia. As a 
general rule, it should be kept below 4 per cent. 

Iron occurs in the form of oxides, carbonate and sulphide. In 
the first two of these forms it is not objectionable up to several 
per cent, as it behaves in much the same way as alumina. In the 
sulphide form it should never exceed 2 or 3 per cent. 

Alkalies: Soda and potash are more likely to be present in 
the shale than in the limestone. They are considered injurious 
if the two together exceed 5 per cent of the cement mixture. 

A large proportion of the limestones used in Portland cement 
manufacture carry from 90 to 95 per cent of lime carbonate. 

When the mixture of finely ground limestone and clay is 
burned at sufficiently high temperature, the silica unites with 
lime (calcium o:ride), forming calcium silicates, and the a lumina 
unites with lime, forming calcium a luminates. These new sub­
stances have the power of taking up water and crystalizing 
("setting") into a firm cementing or bonding material. 

b. The A1·gillaceous llfatm·ial: The clay should be as free 
as possible from sand and gravel, and should contain from 60 to 
70 per cent of silica. Tl1e iron oxide and alumina together should 
not exceed one-half the percentage of silica. Limy clays (over 5 
per cent of CaO) are liable 'to be irregular in composition, and 
may cause trouble in securing a mix of the right composition. 
Clays rich in alkalies or in iron sulphide are avoided . 

c. Gypsum is used in such sma II amount that any impur­
ities it may contain are generally negligible. 

NATURAL CEMENT: The material used in the manufacture of 
natural cement varies widely in both physical and chemical 
character. In general, it is a clayey limestone carrying from 
13 to 35 per cent of clayey material, of which about 10 to 22 
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per cent is silica, while alumina and iron oxide together may vary 
from 4 to 16 per cent. (Eckel) The hydraulic cementing qualities 
are due to the chemical reaction between the silica, alumina and 
iron, on the one side, and the lime, or lime and magnesia, on the 
other. In this respect natural cement is like Portland. Many 
limestones used for natural cement are high in magnesia. 

RoMAN CE::I1ENT differs but little from the common natural 
cements, but, as made in Europe, rocks high in magnesia are 
avoided. 

PuzzoLAN CEMENTS) Slag Cements: Some volcanic ashes, 
when finely pulverized, possess hydrauiic properties, and, when 
mixed with lime hydrate (slacked lime), make hydraulic cements 
of good quality. Blast-furnace slag carrying 30 per cent or more 
of lime is used extensively in Europe in the manufacture of 
"Portland" cements. 'l'hey compa·re more favorably with natural 
cements than with Portland cement. 

HYDRAULIC LIME is made from limestone containing sufficient 
siliceous and aluminous matter to gi"lie the burnt rock (clinker) 
hydraulic properties, but not sufficient to prevent it from slacking 
in much the same manner as ordinary quicklime. The limestones 
carry from 70 to 80 per .cent of lime carbonate and from 13 to 17 
per cent of silica. Alumina and iron oxide together may form 
3 to 4 per cent. 

LIME) Qttick L'ime: vVhen pure limestone is heated to a 
temperature of 750° to 900° C., the carbon dioxide is driven off 
and calcium oxide remains. The reaction is represented as 
follows: CaC03 ( + heat) = CaO + C02 • Limestones containing 
magnesium carbonate in varying percentages are also used for 
making lime. When water is added to quicklime, it slacks, form­
ing lime hydrate, Ca ( OH) 2 , which is the form in which lime is 
used in masonry, brick-laying and plastering. 

Commercially the term "lime" includes high calc'ittm lime} 
containing 90 per cent or over of calcium oxide, CaO; magnesian 
l,ime} containing from 5 to 25 per cent of magnesia, MgO, and 
75 to 9·5 per cent of calcium oxide; and high magnesian to dolo­
mitic limes) containing 25 to 45 per cent magnesia and 55 to 75 
per cent calcium oxide. 

Broadly speaking} the uses of lime may be classed as: (1) 
building and structural uses; (2) .chemical uses. More than 
one-half the lime produced is used in lim:e mortars and plasters, 
Portland cement mortars, concrete and gypsum plasters, and 
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whitewash. The magnesian limes have their principal use in the 
building trades, but are a lso used in the chemical industry, while 
the high calcium limes are used in both building and chemical 
industries. 

The chemical uses of lime are so many that only the more 
important can be mentiQned. These are: in agriculture, as fer­
tilizer, insecticide and fungicide; in the bleaching industry for 
the manufacture of bleaching powder, and in bleaching paper 
stock; in the manufacture of soda, potash, ammonia, potassium 
dichromate, sodium dichromate, magnesia, grain and wood alcohol, 
bone ash, calcium carbide, rubber, glue, pottery-glazing, glass, 
soap, glycerine, candles, lubricants, paints and vamishes, lin­
oleum, paper, straw board; in the refining of fats, greases, butter, 
petroleum; in purifying illuminating and fuel gases, sugar, 
molasses, water and sewage; in the metallurgy of iron, mercury 
and other metals; in tanning, dyeing, etc. 

The most important chemical uses are: in agriculture, paper 
manufacture, chemical works, tanneries, sugar-refining, and glass 
manufacture. 

The lime used in the United States is estimated at 3,500,000 
tons annually. 

Sand-Lime B 1··iclcs: Clean, sharp, fine sand is thoroughly 
mixed with from 5 to 10 per cent of its weight of lime, molded 
and pressed into bricks, and allowed to "set" or dry. The process 
of manufacture varies, but the essential facts are as stated. 

Wall Plaster (common) is a mixture of slacked lime and 
fine sand, to which hair or other binding material is added to 
make it hold together until it sets. During and after setting a 
certain amount of carbon dioxide from the atmosphere unites 
with the lime, forming calcium carbonate. Cement plaster 
(gypsum plaster) is t aking the place of lime plaster in many 
localities. 

PuTTY CoA'r or H m·d Finish is a mixture of plaster of Paris 
and slacked lime, used for a smooth, hard sul'face coating on walls 
and for decorative work. 

PLASTER oF PARIS: When gypsum (CaS04 .2H20) is heated 
to a temperature somewhat less than 400° F., three-fourths of 
the water is driven off, and the material left has the composition 
CaS04 .lhH20. This is known as plaster of Paris. When 
moistened with water, it takes up enough water to supply that 
driven off in t he heating, and returns to the gypsum form again . 
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ln doing so it "sets," or becomes a firm and hard cementing 
material. 

Uses: Plaster of Paris finds many uses in the building and 
other trades and ari:s. The more important are: plaster, moldings 
and interior decorations of buildings, fireproof wall and wall­
filling material, stucco, molds for pottery manufacture and nri­
ous other purposes, whitewash, floor plaster, Keene's cement, et c. 

CEMENT PLASTER is made by adding certain substances known 
a·s "retarders" to plaster of Paris. The retarders make the 
plaster of Paris set more slowly, giving time enough to mix, mold 
and spread the plaster. Hair is mixed with it to hold it together 
until it sets. It is much used in place of ordina,ry lime plaster 
for interior finish. · 

FLOORING PLAS'l'ERS are made by heating the gypsum to a 
temperature above 400 ° F. and driving off all, or nearly all, the 
wa:ter. They must be ground very fine, or they will not set satis­
factorily. They set very slowly and form a smooth, hard surface 
suitable for floors. 

HARD-FINISH PLASTERS: These are similar to floor plasters, 
but their hardness is increased by the addition of alum or borax, 
or other chemicals, during manufacture. 

Stucco is essentially plaster of Paris. 
KEENE's CEMENT, Paq·ian Cemoot: Pure gypsum is calcined 

at red heat until all the water is driven off. The product is then 
immersed in a solution of alum, dried, and again burned at high 
temperature. It is then finely ground. 

PLASTER Bo"um is made of plaster interlaminated with sheets 
of cardboa·rd. 

CLAYS AND THEIR USES 
From the economic or commercial standpoint, clay is fine­

grained mineral matter which may be molded and baked into 
useful forms. It varies in composition from pure kaolin to a 
complex mixture of kaolin minerals, and the products of rock 
disintegration and decay. 

The kaolin minerals are not easily recognized or distinguished 
even by chemical tests and analyses. For this reason, only two 
or three of the more important are described. They are .all 
hydrous silicates of aluminum, differing in the proportions of 
water, silica and alumina, and in crystal form and molecular 
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arrangement. Some of them are in the form of well-defined but 
minute crystals, while others are amorphous. For descriptions 
see the section on rock-making minerals. 

The principal members of the group are:· 

1. Kaolinite, 2H20. Al 20 3 • 2Si02 • 

2. Halloysite, 2H20. A1 20 3 . 3Si02 + "'ater. 
3. Pholerite, 4H20.Al20 3 .3Si:02 • 

4. Rectorite, H 20. Al20 3 • 2Si02 • 

5. Newtonite, 5H20. 'Al 20 3 • 2Si02 • 

6. Allophane, 5H20. Al 20 3 • Si02 • 

7. Indianaite is a, residual clay believed by some to be 
halloysite; by others, allophane. 

The mineral and rock grains present in clays include a lmost 
every variety of mineral and many kinds of rock. The commonest 
minerals are quartz (in the form of saud), feldspar, mica, iron 
oxides, pyrite, siderite, calcite and gypsum; but hornblende, 
pyroxene, garnet, zircon and many others are found in common 
clays. 

ORIGIN: Clay is a product of the decay of rocks. Primarily 
it comes mainly from the igne.ous rocks, particularly those rich 
in feldspar, but secondarily also from sedimentary rocks. The 
agencies of decay are: (a) mechanical, (b) chemical. The 
purely mechanical changes would yield unaltered mineral and 
rock grains. The chemical changes cause both the breaking-up 
of existing minerals and the formation of new minerals. The 
processes of rock decay and the formation of clay have been 
discussed under weathering (p. 279) . 

CLASSIFICATION: The geologist groups clays as: ( 1) res­
idual, (2) transported. To the first group belong those clays 
which have not been removed from the place of origin. To the 
second belong those which have been carried by water, wind or 
ice, and deposited as sediments at a distance from their place 
of origin. 

Marine Clays are fhose which were deposited on the sea­
floor. The older marine c1ays have been consolidated into shales, 
and many of them have been raised above sea-level. 

Lake (or Lact~strine) Clays are those which were distributed 
over the floors of lakes and ponds. 

Glacial Clays, Drift, Botllder Clay, Till are names applied 
to clays which are in part the product of the grinding of rocks 
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by glacial ice, and in part the residual clay or mantle rock of 
the areas over which the ice passed. 

Rimer Clays are those deposited along river courses in flood 
plains, bars and deltas. 

JEolian Clay) Loess: When finely divided, dry clays are ex­
posed to the action of strong winds, large quantities are caught 
up as clouds of dust and swept along, and deposited in sheltered 
places, where the carrying_power of the wind is decreased. Flood 
plains, deltas, bars, dry lake-beds and areas of residual rock 
furnish the material for this work of the wind. Deposits of this 
character cover large areas in the Mississippi basin and in pla·ces 
reach a depth of 100 feet or more. In eastern and western Colo­
rado considerable areas of wind-deposited clay exist, but the beds 
are not thick. 

The uses to which clays may be put depend upon their physical 
properties and chemical composition. The most important phys­
ical properties are: plasticity) fusibil·ity) tensile strength and 
slvrinkage. 

Plasticity is that property through which certain clays, when 
moistened, may be molded and dried without crumbling or change 
of form. Plasticity is not well understood, but seems to be de­
pendent upon the texture, the presence of colloids, the beha:vior 
of the grains toward water, and the presence of combined water. 

Fusibility: The temperature at which clays become viscous 
depends mainly upon their composition. Ferric oxide (Fe20 3 ), 

lime (CaO), magnesia (MgO), potash (K20) and soda (Na20) are 
known as fluxing impurities, and, when present in any consider­
able amount, render the cla.y fusible at low temperature. Clays 
having little or none of' these impurities are generally fusible only 
at high temperatures, and are known as refractory clays. In 
fusing, three stages are recognized: (a) incipient fusion-the 
grains soften and stick together; (b) vitrification-the grains 
run together and close up all pores; (c) viscosity-the mass 
swells, softens and becomes viscous, or may even flow. 

Tensile strength is the tenacity with which the particles hold 
together. It is measured by the pull-strain which is required to 
rupture an air-dried sample of given form and size. 

Slvrinkage: ( 1) Air shrinkage: When clay is moistened 
for molding, thin films of water separate the pa-rticles and the 
volume is increased. In air-drying, the added water is evap­
orated, the particles come together again, and the volume of the 
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clay decreases. (2) Fire shrinkage: The air-dried clay is porous 
from the loss of the added water, and it still contains combined 
water. As the clay is heated, the combined water is driven off; 
the particles of clay mass together, fill the pores, and the volume 
decreases. By mixing clays having different shrinkage ratios, a 
satisfactory shrinkage can be secured. 

CHEMICAL CoMPOSITION: From what has been said of the 
origin and mineral composition, it is evident that the chemical 
composition is remarkably variable. Kaolin has the composition: 
Si02 46.3 per cent, Al 20 3 39.8 per cent, water 13.9 per cent, and 
high-grade clays should show these constituents in about the 
same proportion. 

Silica occurs as qua:rtz sand, as a constituent of kaolin, and 
in the silicate mineral grains, such as feldspar, mica, garnet, etc. 
The following table (from Ries) shows the range and the average 
silica content of several hundred clays by varieties. 

Range of per cent Average per cent 

Brick clays · . . . . . . . . . . . . . . . . 34.35 to 90.87 59.27 
Pottery clays ............. ." 45.06 to 86.98 45.83 
Ffre clays . . . . . . . . . . . . . . . . . 34.40 to 96.79 54.30 
Kaolins . . . . . . . . . . . . . . . . . . . 32.44 to 81.18 55.44 

In the form of sa:nd it decreases the air shrinkage, the plas­
ticity and the tensil strengih. It raises the fusion point of clays 
rich in fluxing ill)purities and silica, but lowers the fusion point 
of clays high in alumina and low in fluxes. 

Alumina, is highly refractory, and is very constant in itH 
behavior. 

Iron is commonly present in the oxide form, but may occur 
as a carbonate, or in iron-bearing silicates, such as biotite and 
hornblende. It is the most important coloring agent, and gives 
the brick or other product shades varying from buff to deep red. 
The depth of color depends upon the amount of iron present, the 
form in which it occurs, the mode of burning the clay, the modify­
ing effects of lime, carbonaceous matter, etc. Iron oxide lowers 
the fusion temperature of clay, and is therefore an objectionable 
impurity in :fire-clay. 

Lime may be present in the carbonate form as calcite, or as 
grains of limestone or dolomite; in the sulphate form as gypsum; 
or in the lime-bearing silicates, such as plagioclase. It acts as a 
fluxing agent, ca-using the clay to soften quickly in the kiln. If 
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present in large grains or pebbles, it forms quicklime, which 
slacks and breaks the brick. Gypsum seems to be a rather ob­
jectionable impurity. The suiphur is not all driven off in brick­
burning, and that which remains behind appears to unite with 
the lime and alumina, forming the sulphates of lime and alumina. 
These appear as a white crystalline powder coating the brick, 
and by their crystallization cause disintegration. If the burning 
of the brick is carried to vitrification, the sulphur is either driven 
off, or chemical changes a:re brought about which prevent the 
formation of these injurious soluble salts. Contrary to the gen­
eral opinion, good brick and other clay ware may be made from 
clays having a high lime content, providing .it is in· a very finely 
divided condition. The following table (from Ries) shows the 
range and a·verage lime content in several varieti'es of clay, as 
shown by analyses : 

Range of per cent Average per cent 

Brick clays . . . . . . . . . . . . . . . 0.024 to 15.38 1.513 
Pottery clays . . . . . . . . . . . . . . 0.011 to 9.90 1.098 
Fire clays . . . . . . . . . . . . . . . . . 0.03 to 15.27 0.655 
Kaolins . . . . . . . . . . . . . . . . . . . . Trace to 2.58 0.47 

Some Milwaukee brick clays contain over ZO per cent of lime, 
and the London maims or stock bricks often contain over 40 per 
cent of lime. 

J.lfagnesia acts as a flux, and makes the clay soften slowly 
when burning. 

The Alkalies : Socla and Potash, are derived mainly from the 
feldspars and micas, but glauconite, hornblende and other min­
erals may add a little. They are the strongest fluxing material 
contained in clays, and serve to bind the baking clay into a dense, 
hard body at comparatively low temperature. They ~re very 
detrimental in fire clays. Feldspar, the principal source of potash, 
is · used as a flux in the manufacture of porcelain, white earthen­
ware, and other products made from white-burning clays. 

KINDS AND USES OF CLAYS 

China Clay, Kaolin, Roclc Kaolin, Ind!ianaite, are non-plastic 
residual clays in which kaolinite and silica are the principal 
constituents. They are low in the fluxin g impurities, and are 
consequently refractory. They are seldom naturally fit for use, 
but must be washed and mixed with other materials, especially 

http://providing.it
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feldspar. They are used for the manufacture of whiteware, porce­
lain, tiles, insulators in electrical engineering, and for sizing and 
weighting paper. 

Ball Clay) Wa1·e Clay) is a white-burning plastic clay used 
mainly in the pottery industry for giving stre~gth and plasticity 
to the non-plastic clays used in whiteware manufacture. 

Fire Clays: Practically any residual or sedimentary clay 
possessing high refractoriness may be used as a fire clay. Plastic 
and non-plastic fire clays may occur in the same bed. Much of 
the sedimentary fire clay of this country comes from beneath the 
coal seams. An excellent fire clay comes from the Dakota forma­
tion of Colorado, and is not associated with coal. The principal 
uses of fire clay are for the manufacture of: fire bricks, furnace 
linings, retorts, crucibles, tiles, terra-cotta, paving-bricks, pressed 
bricks, etc. 

Brick Clays: These are impure plastic clays having, as a 
rule, a fairly high percentage of fluxing impurities, which cause 
them to burn to a hard product at low temperatures. Most brick 
clays contain sufficient iron to give the brick a red color. 

Paving-BTick and Sewer-Pipe Clays are generally fairly high 
in fluxing impurities, have fair plasticity, and vitrify at medium 
temperature. Some fire clay is generally added for sewer pipe to 
make it stand up better in the kiln. 

Term-Cotta Clays : Low-grade fire clays and mixtures of these 
with common brick-clays are mostly used. 

Stonewm·e Clay: A refractory or semi-refractory vitrifying 
clay of sufficient tensile strength and plasticity to be workable 
on a potter's wheel. These qualities ~re commonly secured by 
mixing clays of different properties. 

Slip Clay is used for glazing various types of pottery. It is 
mixed to a creamy consistency and sprayed over the pottery, or the 
pottery is dipped into it. It is a very fine-textured, easily fusible 
clay. 

F'irep1·oo(ing and Hollow-Brick Clay should have rather high 
plasticity, fair tensile strength, and should "burn· to a good hard, 
but not vitrified body at a comparatively low temperature." These 
requirements leave a rather wide range of choice of raw material. 

Gumbo or Ballast Clays are fine-grained, dense, plastic clays 
of rather high tensile strength. They have been burned in 
unmolded form for ballast, but their use seems to be declining. 
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Paper Clay: Washed kaolin and certain fine-textured, fairl y 
plastic sedimentary clays free from sand are used to give body, 
weight and firmness to various kinds of paper. 

Portland Cement Clays: These are discussed under cement 
materials. 

. Paint Clays: Certain highly ferruginous or ocherous clays 
and shales are finely ground, mixed with oil, and used as min era 1 
paints. 

Adobe is used for making sun-dried bricks. 

Fullm.Js Erwth is a clay having high absorption powers for 
certain substance·s, and consequently the power to remove these 
substances .from liquids containing them. It is so variable in 
color, composition and general appearance that the only certain 
means of identifying it is a test ·of its power of absorption. A 
few facts may, however, be of use in a search for fuller 's earth. 
The commonest colors are greenish-white, greenish-gray, olive and 
brownish. It is soft, friable and greasy to the touch. It is non· 
plastic, and when a piece is placed in water it crumbles down to 
a fine, easily disturbed mass, giving a slight milkiness to the 
water. Chemical analyses show that it contains more combined 
water than most clays. 

Uses: The principal use of fuller's earth is in deodorizing, 
bleaching, clarifying or filtering fats, greases, vegetable, animal 
and mineral oils. It is extensively used in the refining of petro­
leum. A small amount is iiltill used in the woolen industry for 
removing the natural oils from yarn and cloth. The average price 
for 1910 was $8.95 per ton. 

SUMMARY OF CLAY PRODUCTS 

1. Potter·y: Porcelain ware, china ware, granite or iron­
stone ware, yellow ware and earthenware. 

2. Stntcttt1·al and Or•namental: Brick-pressed, common, 
ornamental, hollow, glazed, paving; tile-flooring, roofing, wa ll 
and ornamental, drain, fireplace; chimney flues, chimney pots, 
door knobs; terra-cotta-moldings and decorations ; railway 
ballast. 

3. Agricult,uml: Tile-drain, irrigating and soil; tempering 
soils. 

4. Hyclmttlic and Sanitm·y EngineeTing: Water conduits, 
reservoir linings, sewer pipe, water closets, basins, absorbent 
brick, drain tiles, ventilating flues. 
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5. Industr·ial A1·ts: Crucibles, retorts, furnace linings, 
puddling hearths, smelting furnaces, stove linings, glass pots, insu­
lating materials in electrical engineering, fillings for walls, sizing 
and filling for paper; cement manufacture, mineral paint and 
paint adulterants. 
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ABRASIVES 

Abrasives are materials used for grinding, smoothing and 
polishing metals, stone, minera:ls, jewels, wood and various arti­
ficial substances. 

The qualities desired in an abrasive for grinding are: a 
hardness greater than that of the material to be ground, sharp 
cutting edges {)r points, the absence of fla:t or tabular grains, a 
tendency to break under wear and form new cutting points, and 
uniformity of texture, hardness and general shape. 

For polishing the material must be very fine, uniform and, as 
a rule softer than the substance to be polished. 

The following substances used a:s abrasives are described 
elsewhere. 

Alundum, 
Axolite, 
Bort, boort, 
Carbonado, 
Corubin, 
Oorundum, 
Diamond, 
Diatomaceous earth, 
Emery, 
Feldspar, 
Flint pebbles, 
Fuller's earth, 
Garnet, 
Grindstones, 
Millstones, 

Novaculite (Arkansas stone), 
Oilstones, 
Pul pstones, 
Pumice, 
Putty powder, 
Quartz, 
Rotten stone, 
Rouge, 
Sandstone, 
Steel (crushed), 
Tripoli, 
Volcanic ash, 
Whetstones, 
Zinc white, 
Zircon. 
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CHEMICAL MATERIALS 

Almost every element described yields some material used 
in the chemical industry. A few of the more important are men­
tioned in discussing the uses of the element and its compounds. 

FERTILIZERS 

These are substances used for three main purposes: a to 
enrich the soil and furnish plant food directly; or b to react with 
the substances of the soil and form plant food, and c to render 
the contents of the soil available to the plant by making them 
more soluble. 

The more important mineral fertilizers are listed below. 

Ammonium salts,, particularly the sulphate; 
Calcium compounds: 

Apatite, calcium phosphate, is converted into superphos-
phates, 

Calcium nitrate, 
Gypsum, calcium sulphate, ground, called land plaster, 
Lime, calcium oxide, 
Marl and chalk, both raw and calcined, 
Phosphate rock, calcium phosphate, is converted into 

superphosphates; 
Greensand, glauconitic sand; 
Guano, a phosphatic material; 
Potassi urn salts of various kinds; 
Slag from the basic processes of steel-making; 
S•ludge products from petroleum refining; 
Sodium nitrate, Chili saltpeter; 
Superphosphates, made from apatite and phosphate rock. 

FILTE-RING MATERIALS 

These are materials used for clarifying liquids of various 
kinds. The commoner mineral filtering substances are listed be­
low. They are described elsewhere. 

Coal slack and coke, 
Diatomaceous earth, 
Fuller's earth, 
Glass fiber or wool, 
Infusorial earth, 
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Pumice, both in blocks and in the form of powder and vol-
canic ash, 

Sand, 
Tripoli, 
Quartz, crushed. 

FLUXE.S 

Fluxes are used to aid in the process of fusion, to cleanse 
surfaces for welding, soldering, and brazing, and for the produc­
tion of a liquid slag which will gather and float off the impurities 
of ores, metals, alloys, etc. The commoner fluxes are: 

Fluorspar, fluorite, 
Garnet, 
Iron ores, 
Limestone, 
Manganiferous iron ores, 
Quartz, silica. 
In the metallurgy of steel various alloys are used to cleanse 

the steel from impurities by reacting with them a:nd carrying them 
to the top as slag. These include: aluminum powder, ferro­
manganese, ferrotitanium, feiTosilicon and other alloys. 

FUillLS AND ILLUMINANTS 

These are discussed in a section by themselves. They include : 

A. Gaseous: B. Liquid: 
Air gas, Petroleum, crude, and its 
Coal gas, products. 
Naturat gas, C. Solid: 
Producer gas, Coals, 
Water gas. Coke, 

Lignite, 
Peat. 

GEM MINERALS AND SEMI-PRECIOUS STONES. are 
listed and described elsewhere. 

GLASS, POROELAIN AND POTTERY MATERIALS 

A. Glass materials: 

Silica in the form of crushed quartz, quartz sand or crushed 
sandstone is the most important constituent; 

Sodium sulphate (salt cake); 
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Lime in the form of calcite, limestone, marble or chalk; 
Potassium nitrate and occasionally other potassium salts; 
Lead in the form of red lead, white lead and litharge; 
Cryolite; 
Fluorite. 

Special kinds of glass are made by using the oxides of 
antimony, arsenic, aluminum, barium, iron, magnesium, man­
ganese, zinc, etc., instead of potash, soda, lime and lead. 

The coloring materials are mainly oxides of the metals. 

B. Porcelain and Pottery Materials: 

E:aolin and kaolinite, 
-Feldspar, 
Silica, 
Pottery clays, 
Slip clay. 

The materials of glazes used in pottery manufacture 
include clays of various kinds, feldspar, oxide of lead, li_me, 
silica, salt, diatomaceous earth, etc. 

IN-f:::.ULATING MATERIALS 

Many mineral substances, both raw and manufactured, are 
used in architectural, civil, mechanical and electrical engineering, 
as obstacles to the passage of heat, sound and electricity, and as 
a means of saving heat, etc. The more important of these may be 
grouped as follows: 

A. Heat Insulation: 

As'bestos, and mixtures of asbetsos with various other ma­
terials such as: clay, sand, magnesium carbonate both 
calcined and raw, plaster of Paris, powdered limestone, 
sawdust, paper, hair, etc. 

Diatomaceous earth, 
Infusorial earth, 
Magnesia (calcined magnesite), 
Mineral wool, etc. 

B. Soundproofing materials: 
Asbestos and asbestos compounds, 
Mineral wool, 
Stucco, 
Diatomaceous earth. 
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C. Electrical insulation: 

Asphalt and bitumen, 
Glass and porcelain, 
Marble, 
Mica, micanite, 
Slate. 

LUBRICANTS 

381 

The following mineral 
facture of lubricants: 

substances are used in the manu-

Graphite, 
Mica, 

Oils from petroleum, 
Talc and soapstone. 

PAPER MAKING MATERIALS 

In the manufacture of paper of various kinds a number of 
mineral substances are used. Some of them are employed in 
chemical processes and others in weighting and sizing the papers. 

The more important chemical materials are the sulphites of 
calcium, magnesium and sodium, lime and chloride of lime, and 
sulphurous acid obtained commonly from pyrite. 

The weighting materials are barite, magnesite, clay free from 
sand, bauzite, etc. 

PIGMENTS AND PAINT MATERIALS 

A gTeat many mineral substances are used in the ·paint in­
dustry. Some of these are prepared from the raw lllaterials by 
mechanical processes such as grinding, and floating, while others 
are prepared by chemical processes. To the first group 'belong 
such substances as barite, graphite, gypsum, ochres, china clay, 
slate, natural ultramarine and others. To the second group be­
long the arsenic, cadmium, copper, cobalt, lead, mercury and zinc 
pigments. The following list includes a number of the more im­
portant sources of mineral paint materials. In many cases fuller 
discussions will be found by referring to the metal or other sub­
stance in the main text of the bulletin. 

Compounds of the following metals are used in the paint 
industry: 

Arsenic, (green, yellow and orange), 
Antimony, (yellow, orange, vermilion), 
Aluminum, (in the preparation of lakes, etc.), 
Barium, (blanc fixe, perman~mt white, lithophone) , 
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Cadmium, (yellow), 
Chromium, (green, red, orange, yellow, violet), 
Cobalt, (blue, green, ultramarine), 
Copper, (greens chiefly), 
Iron, (umbers, siennas, ochres, red, orange, scarlet, etc.), 
Lead, (white, yellow, red, orange, scarlet, etc.), 
Mercury, (vermilion), 
Zinc, (white, mainly). 

Among the non-metallic substances used are: 

Asphalts and bitumens, (rust-proof coverings), 
Barite, (See barium above), 
China clay, (chiefly in making lake pigments), 
Graphite, (weather-proof surfacings), 
Gypsum, (as body in many pigments especially those using 

water as a means of suspending the powder), 
I 

Hydrocarbons, solid and semi-solid, coal tar, etc., (weather-
proof coverings), 

Kaolin, (See china clay), 
Lamp ·black, (blacks, grays, etc.), 
Morrisite, (a white volcanic product used as a base for pig-

ments), 
Silica, powdered, (many outdoor paints), 
Slate, powdered, (out door use mainly), 
Ultramarine, (blue and green), 
Whiting, (whites, gray, etc., mainly in water-mixed tintings). 

REFRACTORY MATERIALS 

These are used for furnace linings, crucibles, chemical vessels, 
fireproofiing, and in other places where high temperatures must be 
resisted. They are discussed under the following headings : 

Alundum, 
Asbestos, 
Bauxite, 
Chromite, 
Dolomite, 
Fire clay, 

Fire sand, 
Graphite, 
Magnesite, 
Quartz, 
Silica and silica sand, 
'l'al1';, "tc. 

SALINES 

The various minerals commonly classed as salines are dis­
cussed under boron, calcium, magnesium, potassium and sodium. 
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STEEL-HARDENING AND STEEL CLEANSING MATE-RIALS 

These are discussed under: 

Aluminum, 
Carborundum, 
Chromium, 
Manganese, 
Molybdenum, 
Nickel, 

Silicon, 
Titanium, 
Tungsten; 
Uranium, 
Vanadium. 

STRUO'l'URJAL MATERIALS 

Geological products furnish a great variety of building ma­
terials used in all branches of engineering and architecture. They 
are discussed under building stones, clays, cements, limes, etc. 
The more important may be grouped as: 

1. Building stones : 

Granites (including other igneous rocks), 
Limestones, 
Marbles, and serpentine rock, 
Sandstones, 
Slate. 

2. Cements, Limes and Plasters: 

Portland cement, 
Rock cement, natural rock cement, Roman cement, 
Puzzolan and slag cements, 
Lime, quicklime, and lime hydrate, 
Hydraulic lime, water lime, 
Gypsum products, including: 

Gypsum plaster, cement plaster, 
Plaster of Paris, 
Stucco, 
Floor plasters and hard cement plasters; 

Filling materials for cements and mortars: 
Sand, gravel, crushed stone, etc.; 

Roofing asphalt, tar, cement, etc. 

3. Clay Products: 

Bricks for building, paving, etc.; 
Firebricks, 
Hollow clay materials, sometimes called clay lumber, etc.; 
Terra cotta, · 
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Tiling for roofing, flooring, etc.; 
Sanitary ware, 
Sewer pipe, conduits and drain tile. 

4. Road Materials: 

Flagging stones, 
Paving blocks, 
Crushed stone, 
DisinteoTated rock residual ()'ravel, rotten rock, 

~ · ' ~ 

Gravel, 
S-and, 
Aspbalt, bitumen, coal tar, 
Cements. 



GLOSSARY 

AJCicular crystals. Needle-like crys­
tals. 

Adamantine luster. The ~uster of 
the diamond. 

Allmlies. The important all,alies 
are s-odium and potassium. The 
wlkali-ne e:u·ths are calcium, mag. 
nesium, barium and strontium. 

Alkaline. Hiaving the behavior or 
taste .of an alkali. Soda has an 
alkaline taste. 

Amorphous. Without crystal form 
or structure. 

Amygdaloidal. Having almond 
s·haped or sub-globular masses of 
mineral filling bubble- holes or 
similar openings. Many basalts 
or amygdaloidal. 

Anhedral. Without crystal faces or 
boundaries. 

Arborescent. T!·ee-like. 
.Aisterism. A star-like arrangement 

of the rays of light passing 
through certain minerals, as phlo· 
gopite. 

A>Stringent. A taste which puckers 
the mouth. 

Bismuth flux. A mixture of one 
part potassium iodide, one part 
acid potassium suJphate and two 
pan:ts of flovyers of sulphur. 

Bladed structure. Consisting of 
parts resembling knife blades. 

Blebby. Bubbly. 
Botryoidal. Resembling the surface 

of a compact bunch of grapes. 
Capillary. Hair-like. 
Ohatoyant. A luster resembling the 

changing luster of the eye of the 
cat at night. 

(13) 
385 

Clastic. Co!IlJ)osed of fragments of 
minerals or rocks. 

Oolumn.ar. Composed of pencil-like 
bM"s in more or less parallel 
arrangement. 

Conchoidal fracture. A fracture 
having a , curved surface resem­
boJing the surface of a shell. 

Crypto - crystalline.. Composed of 
crystals ·or crystal grains so 
minute as to be indistinguishable 
to the unaided eye. 

Decrepitate. To fly to pieces. 
Dend1rites. Fern-like forms result­

ing from the crystallization of 
oxide of manganese and possibly 
oxides of iron in seams. 

Dendritic structure. A structure 
made up of branching fern-like 

• parts. 
Drusy. Covered with minute crys­

tals. 
Ductile. r:rhat may be drawn into 

wire. 
Earrtly &a.cture. A fracture re· 

sembling that of a lump of hard 
clay. 

Effervescence. The rapid bubbling 
due <to the escape of gas. 

Efflorescent. Tli.e property possessed 
by some crystaoJs of breaking down 
into grains or powder. 

Elastic. When a plate of fresh mus­
covite is bent and then released it 
will imjmediately straighten out. 
Suoh a mineral is elastic. 

Exfoliate. To swell up and open 
into leaves or plates like a partly 
op~ned book. 
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Ferromagnesian. Containing iron 
and magnesium. The important 
ferromagnesian minerals are the 
pyroxemes, the amphiboles, bio­
tite and olivine. 

Fibrous. Composed of fibers. 

Filiform. Thread-like or hair-like. 

F lame coloration. The color im-
parted to the blowpipe flame by 
the volatilization of certain ele­
ments, chiefly metals. 

Fluorescence. The giving out of 
light while the temperature is 
below the usual light-giving range. 
Fluorspar when moderately heated 
glows brightly. 

FoHated. Comp_osed of leaf - Jil{e 
piates. 

Fusibility scale. For convenience 
of description the fusibilities of 
certain minerals are taken as a 
scale of reference. The minerals 
are: 1, Stibnite; 2, Natrolite; 
3, Almandite garnet; 4, Actino­
lite; 5, Orthoclase; 6, Bronzite. 

Globular. Composed of rounded 
masses. 

Hackly. Rough and ragged like the 
fracture surface of steel. 

Idiomorphic. Possessing its own 
natural crystal out-line. 

Intergrowth. The interlocking of 
crystals due to their crystallr.dng 
at thJI'same time and in contact 
with one another. 

Intumescence. The swelling and 
sputtering due to the escape of 
water during heating. 

Iridescence. The appearance of pea­
cock co.JOTS 'on the surface of, or 
within, certain minerals. 

LameUar. Composed of thin paral-
lel plates. 

Laminae. Thin plates. 
Lenticular. Lens-shaped. 
Mlligma. A mass of molten rock be­

fore eruption. 
Malleable. That may be hammered 

out into plates. 

Maillllllillary. Consisting of low 
rounded masses. 

Massive. Without definite struc­
tural features. 

Meteorites. Masses of mineral or 
rock matter coming to the earth 
from space. Shooting or falling 
srtars are meteorites which have 
become heated by contact with 
the atmosphere. 

Native elements. Elements occur­
ring uncombined with others. 

Non-metallic. Minerals in which 
the metallic elements (metals) 
·are not prominent are said •to be 
non-metallic. 

Oolitic. Consisting of small rounded 
grains resembling fish eggs. 

Opalescence; The peculiar luster 
and translucence of the opal. 

Opaque. Not permitting the passage 
o,f light. 

0. F. 
Oxidizing flame. The outer cone of 

the blowpipe flame. 
_ Pearly luster. The peculiar glim­

mering luster charaCJteristic of the 
inner surface of a fresh oyster 
shell. 

Percussion figure. A figure consist­
ing of radiating lines farmed in 
such minerals as mica and chlor­
ite by a blow with the point of a 
somewhat sharp instrument. 

Phenocryst. A large or prominently 
showing crystal in a finer grained 
ground mass. 

Pisolitic. Consisting of rounded 
grains like peas or beans. 

Porphyritic. Containing ph en o­
crysts or large crystals in a fine 
ground mass. 

Pseudomorph. A crystal taking the 
form of the crystal of another 
mineral. 

R. A general symbol used for me­
tallic elements where any one of 
two or more may occur. 

Radiated. Diverging like the spokes 
from the hub of a wheel. 
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Reaction. The action of one chemi­
cal substance upon another ac­
companied by the formatian of a 
new substance. 

R. F. 

Reducing flame. The inner blue 
cone of the blowpipe fl ame. It re· 
I!l·oves oxygen. 

Reduction. The action of removing · 
oxygen. 

Sectile. That may be cut without 
crumbling, as a piece of metalli c 
lead or a piece af wax or horn. 

Stalactite. A mineral in the form 
of an icicle. 

Striations. Very fine parallel lines 
marking the surfaces or cleavage 
faces of minerals. 

Strike fi gure. See percussion figure. 

Sublimate. A coating or deposit 
formed in a glass tube or on 
charcoal as a result of heating 
certain minerals. 

Subvitreous. A luster less glassy in 
appearance than th&t of common 
gl·ass. 

Tarnish. A change of color result­
ing from exposure to atmospheric 
action. 

Test paper. A chemically prepared 
paper which· changes color when 
brought into contact with certain 
substances, particularly acids and 
alkalies. 

Turmeric paper. A test paper 
colored yellow by turmeric, and 
used for detecting borates, etc. 

Vitreous luster. The luster of 
broken gJ.ass. The glassy luster. 
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