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PUBLISHER'S PREFACE

In making plans for new editions of our handbooks in mechanical engineering and in
electrical engineering, 1t soon became clear that engineering science and practice had
developed to such an extent that handhooks were growing beyond all practical bounds.
They had become both bulky and inconvenient and céntained much duplicated material.
In order to solve the problems presented by these conditions, the editors of our various
handhooks were asked to serve as an advisory editorial board.

This board recommended, first, that the fundamental matenal underlying all engi-
neering be published 1n a separate volume, and, second, that the existing handbooks as
they are revised be 1ssued 1n several volumes contaiming material closely related to the
speciahized branches of engineering.  As a result of these recommendations, the Wiley
Engineering Handbook Seres has been imtiated, which i the beginning will comprise the
following. Fshbach's ‘“‘Handbook of Engineering Fundamentals”, Kent's * Mechamecal
Engineers’ Handbook™ 1n two volumes, viz, “ Power” and * Design and Shop Practice’:
Pender’s * Electrical Fngineers' Handbook™ m two volumes, viz , ““ Flectric Power’ and
“Communteation and Eleetronies”, Pecle’s “Miming Engineers’ Handbook.”

This division has also made 1t possible to devote more space to the various topies so
that the entire new seties of handbooks contains more complete information on all topics
than heretofore has heen possible It 18 our hope that this new plan will give engineers
mformation that 1s more useful, more complete, and in more convenient form.

Joun WiLey & Sons, Inc.






PREFACE TO FIRST EDITION

There is a considerable hiterature of mining, comprising treatises, textbooks, mono-
graph-, papers published 1n the transactions of engineering societies, and the contents
of the miming periodicals. The treatises and texthooks are largely descriptive, and are
mtended chiefly for students. Among the best known are those of Foster, Hughes,
Haton de la Goupilliere, Kohler, C'ambessédes, Callon, Ponson, Bulman and Redmayne,
Bailes, Boulton, and Pamely. Though many of these books are antiquated m therr
engineening features, some of the older ones (as those of Cuallon and Haton) contain
much that 1 still of value, and minmng engineers would do well to have acquaintance
with them. Besides the general tieatises there are the more recent monographs of
Truscot, Hatch and Chalmers, and Denny, on the Witwatersrand goldfields, Chatleton's
*“Tin Mines of the World,” Hoover's ** Principles of Minig,” I'inlay's ©* Cost of Mimng,”
and a number of useful books on specific subjects 1elating to mining, or to the mechanical
engineering of nunes.

A valid reason for bringmg out a new Mining Engineers’ Handbook may be found
in the fact that the two already 1n existence either omit, or treat too briefly, many sub-
jeets which constitute important parts of the professional equipment of the present day
mining engineer. It will be apparent, even on a cursory examination of the following
pages, that a handbook of miming must include a greater vanety of subject matter than
books on other branches of engineermg, and that the field to be covered is too wide to
be dealt with satisfactonly by a single wiiter within any reasonable period of time.

In Pebruary and Maich, 1913, the Editor of this book outlined the table of contents,
and mvited a nwnber of Associate Editors to contubute sections on their respective
specialties.  Besides those sections dealing with nuneralogy, ore deposits, methods of
prospecting, exploration and nuning, and mining plant of all kinds, there are others on
certain branches of envil, electiteal and mechameal engineering. It may be thought by
some that this eollateral matenal occuptes too much space 1n a book on nuning. But,
m view of the maportant part played by the allied branches of engineenng i equipping
and operating modern mines, the Editor believes the allotment of space is reasonable.
He has endemvored to meet the demands not only of engincers concerned with the devel-
opment and management of mines, but also of the laige number of those who have more
to do with, and gicater interest m, the constiuction details mvolved in the mstallation
of plant  ‘Theiefore, the aim has been to supply such data on machinery, power plant,
electiie transimission and <truetural design, as the mining engineer may need when i the
field and out of reach of Ins personal notes and techmeal hbrary. Tor office use, there
15 at the end of each seetion a ibliography of the moie mportant books and papers on
the subjects dealt with

In practice, no well-defined boundary exists between the fields of work of the mming
engimeer and the metallmgist.  While, under some conditions and m some regions, the
mming engineer’s functions end with the winning of the ore and 1ts delhivery to a custom
reduction works (null or smelter), m other cases the mining company’s plant includes
u concentrating mull, amalgamating or cyamding works (as at many gold and silver
mines), or even a smelting establishment.  In planning the book, the question arose as
to how mueh space should propeily be given to the processes of ore treatment. To
cover any considerable part of the great ficld of modern metallurgy would be imprac-
ticable, without extending the work beyound the hinuts of a single volume. Reahzing
that the urgent need of a compamon Handbook of Metallurgy must soon be supplied,
1t was deaided, as a compromise, to furmsh condensed summaries of those processes of
treatment which me fiequently earried on by mining companies themselves. The book,
theiefore, contains sections on ore-dressing, ore-testing, gold amalgamation, an outhne
of the cyumide process, the preparation of anthracite, bituminous coal and coke, and a
brief résumé of certain facts 1especting the selling, purchasing, and metallurgical treat-
ment of otes, that are of unmediate interest to the engineer in control of mining
operations

The relatively small space allotted to coal mining is due chiefly to three considerations:
first, a Coul-mumng Pocketbook 1s already m existence; second, metal-mining methods

1X



X PREFACE

are more varied than those for coal, due to the greater diversity in form and occurrence
of metalliferous deposits; third, having discussed in Section 10, under Metal-mining
Methods, the operations common to nearly ail mining, the articles on coal mining are
properly confined to the methods and data peculiar to that branch of the industry.

The question of supplying cost data is difficult. A large number of i1temized tables
are mncluded in the sections on Cost of Mining, Exploitation of Mineral Depostits, Boring,
and other subjects, but costs of machines and apparatus are given sparingly throughout
the book. This has been judged best, because of frequent price changes, and the great
diversity of types of mechanical plant. In any case, to make close estimates, the engineer
must apply to the makers for current prices. In some paits of the book, the names of
machinery builders have been used freely, but without intention to indicate a preference
for the product of any particular maker.

While the Editor has aimed to make the style and arrangement uniform, he has had
good reason to realize the difficulty of securing consistency in these matters, considering
the heterogeneous nature of the subject matter, and the fact that 1t has heen written
or compiled by so large a corps of Associate Iiditors. In these circumstances, unity
and evenness of treatment can hardly be expected, but an endeavor has been made to
observe a reasonable proportion betwoen the length of each section and 1ts relative
importance. To save space, abbreviations are employed for a few words m common use
by engineers, and chemical elements and compounds are generally represented by their
symbols.

The thanks of the Editor are due to members of the staff for their painstaking work,
in many cases carried on 1n tho intervils between pressing professional engagements
in the field, and to the Publishers for their hiheral spirit of cooperation in faciitating
the preparation of the book. The Editor desnes to express his especial appreciation
of the valuable suggestions and assistance 1n revising manuseript and correcting proof,
of Professor Edward K. Judd, of the Columhia School of Mines. It was planned to
publish this book 1n 1916. The breaking out of the Great War, about one year after
the work was begun, is responsible 1n large measure for the delay.

RoBrrT PrELE

CoLuMBIiA ScHOOL Oor MINES,

New York, December, 1917



LIST OF CONTRIBUTORS

Arthur P. Ackerman.— Rock Ezcavation.

Theodore Baumeister, Jr, Associate Professor of Mechanical Engineering, Columbia
Umniversity, Consulting Engineer.— Power and Power Machinery.

Clinton L. Bogert, Consulting Engineer.— Earth Ezcavation.

Charles B. Breed, Professor of Raillway and Highway Engineering, Massachusetts
Institute of Technology.—Surveying.

Philip B. Bucky, E.M., Associate Professor of Mining, School of Mines, Columbia
University.—Hotsting Plant, Shaft Pockets, and Ore Bins.

C. H. Burnside, Late Associate Professor of Mechanics, Columbia University.—
Engineers’ Tables and Mathematics and Mechanics.

F. Ernest Brackett, Late Mining Engincer —Mzine Ventilation.

Ralph H. Chambers, D.Eng, Consulting Civil Engineer —Shaft Sinking in Unstable
and Waterbearing Ground.

Homer L. Carr, Mining Engineer.—Shaft Sinking in Rock.

John A. Church, Jr., Mining Engineer.—Shaft Sinking tn Rock.

Walter M. Dake, Research Manager, Mining Publications, McGraw—Hill Publishing
Company.— Underground Mechanical Loading, Conveying, and Handling.

Richard T. Dana, C.E., Late Consulting Engincer.—Compressed Air Practice, Earth
Ezcavatton and Rock Ezcarvation.

D. H. Davis, Chief Chemist, Pittsburgh Coal Co.— Preparation and Coking of
Bituminous ("oal.

John V. N. Dorr, Metallurgical Engineer, New York City.—Gold Amalgamation and
Cyanidation.

Archibald Douglas of Douglas & Armitage, Counsellors at Law, New York City.—
Mning Laws.

Edward L. Dufourcq, Late Consulting Engineer.—Gold Amalgamation and Cyanidation.

Edward B. Durham, Mining Engineer — Aerwal Tramways and Cableways.

Howard N. Eavenson, Mimng Engincer.—Coke.

J. K. Finch, Renwick Professor of Civil Engimeermg, Columbia University.—
Elements of Hydraulics and Elements of Structural Design.

J. R. Finlay, Consulting Mining Engineer.—Cost of Mining and Mine Organization
and Accounts.

Halbert P. Gillette, C.E — Earth Ercavation and Rock Ezxecavation.

E. J. Hall, Late Professor of Assaying, School of Mines, Columbia University.—
Assaying.

V. D. Hanson, Preparation Engineer, Pittsburgh Coal Co.—Preparation and Coking
of Bituminous Coal.

H. G. Haskell, E.M.— Ezplosives.

Robert E. Hobart, Mecchanical Superintendent, Lehigh Navigation Coal Co.—
Drainage of Mines.

Edwin C. Holden, Consulting Mining Engineer.— Underground Transport.

Fletcher B. Holmes, A.B.— Ezxplosives.

Charles F. Jackson, Mining Engincer.— Tunneling.

Edwin S, Jarrett, C.E. (The Late).— Shaft Sinking in Unstable and Waterbearing
Ground.

Edward K. Judd, E.M., Formerly Assistant Professor of Mining, School of Mines,
Columbia University.—Chemical and Physical Notes and Tables; Prospecting, Develop-

X1



Xii LIST OF CONTRIBUTORS

ment and Ezploitation of Mineral Deposits; Underground Surveying; and Wages and
Welfare.

James Furman Kemp, Late Professor of Geology, Columbia University.—Geology and
Mineral Depostts.

Edward F. Kern, Formerly Professor of Metallurgy, School of Mines, Columbia Uni-
versity.— A ssaying.

Paul F. Kerr, Professor of Mineralogy, Columbia University.—Geology and Mineral
Deposits and Mineralogy.

Arthur LaMotte, Ph.G., B.Sc.— Ezplosives.

Frederick W. Lee, Chief, Section of Geophysics, U S Geological Survey.—Geophysical
Prospecting.

F. J. LeMaistre, Ph.G., B.Sc.— Ezplosives.

Robert S. Lewis, Professor of Mining, University of Utah.— Boring.

A. W. Loomis, Mechanical Engineer, Ingersoll-Rand Co.—Compressed Air Practice.
W. W. Lynch, E.M.— Prospecting, Development, and Ezxploitation of Mineral Deposits.

James F. McClelland, E.M., Vice President, Phelps Dodge Corporation.— Prospecting,
Development, and Ezplostation of Mineral Deposits and Engineers’ Tables.

George E. McElroy, Senior Mining Engineer, U S Bureau of Mines.— Mine Ventilation.
Charles M. Means, Consulting Engineer, Pittsburgh — Electric Power for Mine Service.
Alfred J. Moses, Late Professor of Mineralogy, Columbia University — Mineralogy

Arthur Notman, Consulting Engineer.—Cost of Mining and Mine Organization and
Accounts.

Robert Van Arsdale Norris, Late Consulting Mining Engincer.— Drawnage of Mines

S. M. Parmley, Prepaiation Engineer, Pittsburgh Coal Co.—Preparation and ('oking
of Bituminous Coal.

H. L. Parr, Professor of Mechanical Engineering, Columbia University — M echanical
Engineering Miscellany.

Robert Peele, Professor Emeritus of Mining Engineering, School of Mines, Columbia
University.—Chemical and Physical Notes and Tables and Engineers’ Tables.

George S. Rice, Formerly Chief Miming Engineer, U S Bureau of Mines — Yine Aar,
Gases, Dusts, Hygiene, Explosions, and Accidents

Samuel R. Russell, Explosives Dept, E. I. DuPont de Nemouis & Co —-Rock Exca-
vation.

Rend H. Sales, Geologist to the Anaconda Copper Mining Co, Butte, Mont.—Mine
Geologic Maps and Models.

Walter I. Slichter, Professor of Electrical Engineering, Columbia University.—
Electrical Engineering.

S. F. Shaw, E.M., Consulting Engineer, Westgate 01l Co, Anglo-Canadiun Oil Co,
Ltd, ete.— Petroleum Production Methods.

Paul Sterling, Mechanical Engineer, Lehigh Valley Coasl Co.—Preparation and Storage
of Anthracite Coal.

Arthur F. Taggart, Professor of Mineral Dressing, School of Mines, Columbia
University.— Boring; Breaking, Crushing, and Sorting of Ores; and Testing of Ores.

Edward D. Thurston, Jr, Formerly Associate Professor of Mechanical Engineering,
Columbia University.— Engineering Thermodynamics.

Arthur L. Walker, Formerly Professor of Metallurgy, School of Mines, Columbia
University.—Selling, Purchasing, and Treatment of Ores.

William M. Weigel, E. M.—Hoisting Plant, Shaft Pockets, and Ore Bins.

William Young Westervelt, Consulting Mining Engineer.—Mine Eraminations,
Valuations, and Reports. .

Horace V. Winchell, Late of the California Bar.—Mining Laws.
George R. Wood, Electrical Engineer.— Electric Power for Mine Serrice.

T. R. Woodbridge, Late Consulting Metallurgical Chemist, U S Bureau of Mines.— -
Ore Sampling. '

]



TABLE OF CONTENTS FOR VOLU.‘~ME I

Detarled tables of contents are gwen at the beginning of each section.

appears following Section 14

SECTION 1. MINERALOGY

PAGE

Identification of Minerals. . .... 02- 10
Oceurrence und Association of Min-

erals. 10- 11
Uses and Products of Minerals. 12- 14
Descriptive and Determinative Tables, 16— 52

SECTION 2. GEOLOGY AND
MINERAL DEPOSITS
Geology* Rocks, Composition and

Occurrence L02- 17,5
Mineral Deposits, Metalliferous cotap 8 39
Minersl Deposits, Non-metallic . ty, -

SECTION 3. EARTH Excavaf. N
Economics, Physics, Mechanies gi: (1);
Excavating Equipment and Methode 18
Embankments and Dams

SECTION 4. ExpLO- *IVES
)
Chemistry ar.d Composition (1)6 (lm
Transport, Storage, Handhin ; Sun- °
Charging and ining, Blo 7 g Bup 19- 31
phes '
SECTION 5. RC »CK EXCAVATION
02- 03
Rock Characteris® :
Drill Bate, Hand ar. ¢ A\luo‘hmc Dnlling. 03 11
" and Ping 11 21
Blasting, Charginy 1 Mael 91 23
Loading by [{age * t0¢ Alacne b .
Quarrying, Ope, -cutting, Urenching, 23~ 28
SECY ION 6. TUNNELING
- o ap, * OTERIMZAtION 02~ 06
}—,1;::?')“:‘3 ;4" quipment 06- 08
la~ting, Muching, Tram-
Drlhng, B 08~ 20
ming . . -
Ventihay & Limbenng, Work 1
Loose siround 20- .26
Costy 26- 23
sECTION 7. SHAFT SINKING
IN ROCK
o v and size of Bhafts 02 03
‘P];Xl‘ll\) t and Orgamzation 03 - 06
l)lill tng, Blasting, Muehing, Ventilat-

" .. 06~ 11
Wo rhing Shafts, Rusing of Shafts. 11- 12
Wa I Support  Tumber, Steel, Con-

¢ rete, Ite e 12- 22
K ad Chhadron Method oL, 22- 23
sp ed and Costy 23 - 32

SECTION 8. SHAFT SINKING IN
UNSTABLE AND WATERBEARING
GROUND
E dients "t 02- 06
D N - Honigmann  06-- 20
a- .

Fr

9. BORING
SECTION

gers, Spring-pole,

P

Shallow Work: Au,
Empire Drill, Etc Cggi Sampling;
Oul-well Dnlhng,mlin:%%ats P
Directiona’yny for Prospecting; for
Churn Dy

s

Blasting_qriluing Equpment, Meth-
Diamor Gogtg . .

. °d% or Calyx Drilling
SRurveying of Boreholes;

Choice of
Bormng Method... e

OF MINERAL DEPOSITS

Definitions; Surface Prospecting .

Exploration by Boring, Sampling and
Estimating

Exploration by Shafts, Tunnels, Ete;
Equpment

Development Entry, Drifts and Cross-
cuts, Raises, Winzes

Lxploitation. Classification of Meth-
ods, Breaking Ground

Open Stopes: Gophering, Breasting,
Room-and-pillar, Under- and Over-
hand, Sub-level Methods

Square-set  Stoping, Mitchell and
other Systems, Timber Preservation

Filled Stopes, Horizontl, Inchned,
Reswng, Crosscut Method

Shrinkage Stopes

Caving Methods Top-sheing, Sub-
level Caving, Block-cavang

Combined Methods  Boston
Rav, Miami, DeBeers, Ete

Mining through Boreholes, Ieaching
Ore 1n Place; Chutes and Gates;
Mech~nic d Handhing, Sand Filling;
Chotee of Minmg Method

Open-cut Mimng, Hand- and Machine
loading; Glory-holing; Coal Strip-
ping....

Coal Mining. Room-and-pillar, Rob-
bing Pillars; Longwall

Ground Movement and Subsidence

Placer and Hydrauhe Minmg, Sluices
and Riffles, Elevators; Dredges and
Dredging, Dnift Mining; Thawing

Mining Alluvial Tin in Malaya

Con,

PROSPECTING
Gravimetrie, Magnetic, and Electrical

Methods

Seismic Prospeeting

Temperature, Radioactivity, and
Micro-gas  Surveys; Choice of
Method. .. ..o .

An alphabetical ndex

PAGE
02- 09
09— 40
41- 44
44- 61
61~ 63
63~ 69

SECTION 10. PROSPECTING,
DEVELOPMENT, AND EXPLOITATION

02- 33
34~ 75
76~ 80
81-123

123-132

132-197
197-236

237-274
274-297

297-371

371-398

398-430

430-472

472-519

519-533

533-619
619-629

SECTION 10-A. GEOPHYSICAL

02- 21
21- 26
26—~ 29



xiv TABLE OF CONTENTS

PAGE
of Rocks and Min-
Pl:s;s;;fl. Properties e 30- 41
UNDERGROUND
SECTION %A\NSPORT

General Considerati®?®} Primitive 02- 03
Methods. . ‘ps.. .. 03 32

Mine Cars, Track, Dun!P® .

Hand Tramming; Ammﬂ Haulage. " gg: if

Locomotive Haulage . H ula

Rope and Miscellaneoifm suloge; 41- 46

Costs; Accidents. .

SECTION 12. HOISTING PLANT,
SHAFT POCKETS, ANy ORE BINS

Hoisting Systems; Drums, Brakes nd 02 18
Clutches; Sheaves. 19— 29

Hoisting Ropes: Vegetable-fiber; Wn‘e

Hoisting Cycles: Cylindrical, Conical, .

Cylindro-conical Drums. . 29—;40
Hoists, Types and Calculations. Elec- .
tric, Steam, Comp-air, Etc........ 42- 56
Windlass and Whim. 57- 58

Hoisting in Deep Shafta Examples

and Costs. . 58- 60
Headframes: Designs in Wood Steel,

and Concrete. . . 61- 82

PAGE

Guides and Tracks; Signal Systems, 82- 91
Buckets, Cages, Skips. Design and

Construction; Overwinding. . 91-119

Shaft Pockets . 119-125

Ore Bins. Design and Construction.  126-135

SECTION 18. DRAINAGE OF MINES
Sources and Control of Mine Water;

Prevention .. . 02- 04
Sumps, Dams, Tunnels, Siphons;

Hoisting of Water . 04- 11
Mine Pumps. Steam, Comp-air, Air-

hft, Electric .., .. 11- 21

SECTION 14. MINE VENTILATION
Mine Atmosphere; Ventilating Sys-

tems. 02- 07
Air Distribution; Velocity and Control 07- 14
Auxihary Ventilation; Leakage; Effect

of Mining Method 14- 21
Measurements; Air Flow; Mine Re-

sistance 21- 34

i' ing Methods and Equipment-
Ver‘{ urg tal; Mechanical 34- 44
Mine Cans Characteristics, Appheca-

tlonsvﬁelectlon 44~ 54

Cooling m\d Air Conditioning . 54- 64

-

Adh

For contents of other h

ks of this series, see pages fol

powing Index of this volume.



SECTION 1

MINERALOGY

BY

ALFRED J. MOSES
LATE PROFESSOR OF MINERALOGY, COLUMBIA UNIVERSITY

REVISED BY
PAUL T. KERR
PROFESSOR OF MINERALOGY, COLUMBIA UNIVERSITY

PAGE

16

21
24
25

27

32

36

50
51

IDENTIFICATION AND STUDY DESCRIPTIVE AND DETERMINATIVE
OF MINERALS TABLES
AR PAGE General Diwision
. Definitions ..... 2 | GrRoOUP
;‘ &m,f,;’xm, by Aid Of Crystula 2 1, 2. Minerals of Metallic or Sub—metalljc
3. Important Physical Tests not Directly Luster, Black or Neatly Black in
Dependent on Crystalline Structure 6 Color
4 Testing with the Blowpipe 7 3,4. Minerals of Metalhc Luster, Tin
6 X-ray Methods of Study 9 White, Silver White, Lead-Gray or
6 Pohshed Surfaces of Metallic Ores 9 Steel-Gray in Color . ..
7 Examination of Fragments of Non- 5, 6. Minerals of Metallic Lunter. Metallic
opaque Minerals. 10 Yellow, Bronze or Red in Color
8. Exanunation of Thin Sections... . 10 7.8,9,10 Minerals of Non-metallic Lus-
ter, with Decided Taste. .
11, 12, 13, 14, 15. Minerals of Non-metallxc
OCCURRENCE AND ASSOCIATION fhster, Tasteless, with Colored
trea .-
OF MINERALS 16, 17, 18 Minerals of Non-metalhc Lus—
9 Minerals of Rocks and Veins . . 10 ter, Tasteless, with White Streak,
10 Mincrals of Saline Residues 1t Yielding Reactions on Charcoal with
11. Minerals of Gravels, Clays, and Marls 11 Sodic Carbonate ...
12 Contact Minerals......... 11 19, 20, 21, 22, 23, 24 \hnemls of Non-me-
talhic Luster, Tasteless, with White
Streak, Yielding no Tests with Sodic
(‘arbonate ...........
USES OF MINERALS 25, Mineral Substances not Easily Deter-
13. Uses of Minerala in their Natural State 12 minable by a Scheme . PN
14. Products Extracted or Manufactured Index to Determinative Tnbles ......
from Mimnerals.................... 12 Bibhography...ovvvvvnainniann.. .

101



IDENTIFICATION AND STUDY OF MINERALS

1. DEFINITIONS

On the basis of several thousand analyses the crust of the earth for a depth of about
ten miles 1s estimated by Clarke, ** Data of Geochemustry,” to be composed almost entncly
of compounds of fourteen elements:

—

Per Per l Per

cent cent cent

Oxygen.... 49 78 | Sodium 2 33 | Chlormne . 0 21
Sibdon ... . 26 08 | Potassium 2 28 | Carbon 619
Aluminum 7 34 | Magnesium 2 24 | Phosphorus 01l
Iron. . .. 4 11 | Hydrogen 0 95 | Sulphur 011
Calcigpay , . 3 19 | Titamum 0 37 —_———
i Total 99 29

These great elements, and the sixty or so others which form the remaining fraction of
1%, occur in approximately 1500 different chemical combinations, known as minerals;
that 18, as homogeneous substances of definite chemical composition, found ready-made in
nature, and not directly a product of the life or decay of an organism

The two conditions in which minerals may occur. A mineral, ke other chemical
substances, usually occurs either 1n crystals of characteristic shapes or in masses made up
of many crystals so crowded together that the shapes are not evident, although m each
gran of the aggregation the crystalline structure will be shown by the constancy of the
properties in parallel directions and their variation in directions not parallel.

Any mineral may 1 sohidifying fail to assume a crystalline stiueture, beecause of too
great viscosity, or too rapid cooling, or other cause. If this condition 1s invanable, the
mineral 18 said to be amorphous. Opal 18 the best example. Amorphous minerals are
few in number.

2. IDENTIFICATION BY AID OF CRYSTALS

The forms of crystals are often a great aid in mineral identification Svmmetry,
interfacial angles and crystal habit are also of value. Cleavage and markings on crystal
faces are significant.

Symmetry. In every complete crystal there 18 some repetition of angles and similarly
grouped faces. By considering this so-called ' symmetry " crystals may be grouped
divisions, and as all crystals of any one mineral have the same grade of ‘‘ symmetry,”
they belong to the same symmetry division.

In identifying an axis of symmetry imagine or actually cause the crystal to revolve
about some prominent line through 1ts centie. Note the groupings of faces at the imtial
position. Note whether at any stage of the revolution the crystal faces appear to be all
coincident (rarely), or all parallel to the imitial positions of other faces. Or, in other words,
note whether groups of faces are replaced during the revolution by other groups containing
just as many faces at exacily the angles of the first set. If so, a probable axis of symmetry
has been determined. If by measurement the angles of one set correspond in value and
order with those of the other sets, then the existence of the symmetry axis is confirmed.
According to the number of times corresponding groups or faces recur during a complete
revolution about a symmetry axis the axis 18 known as two-fold, three-fold, four-fold, or
gix-fold. These are the ordinary axes of symmetry.

If a plane so divides the crystal that on each side of that plane there are grouped the
same number of faces at the same angles to it and to each other, this plane is called a
Plane of Symmetry.

1-02



IDENTIFICATION BY AID OF CRYSTALS 1-03

Divisions or ¢‘ systems " based on symmetry. The following seven divisions result
readily from this partial determination of symmetry, the statements not implying the
absence of other symmetry elements:

. More than one axis of three-fold symmetry. (Often also more
1. Isometric ....... { than one of four-fold.)
2. Tetragonal....... One axis of four-fold symmetry and one only.
3. Hexagonal ..... { Rl:)(:lr:}())tr)]lll}c:dral division—one axis of three-fold symmetry and
4. Hexagonal. . ..... Hexagonal division—one axis of six-fold symmetry.

Three axes of two-fold symmetry, but nothing higher than two-
5. Orthorhombic. .. . fold; or one axis of two-fold symmetry at the intersection
of two planes of symmetry.

6. Monoclinic. . .. ... One axis of two-fold symmetry and one only, or one plane of

symmetry, or both.
7. Trichmie ... . .. Without axes or planes of symmetry.

Distinguishing species by angles. Although different crystals of the same substance
may differ 1n shape, angles, and number of faces, the angles between corresponding faces
are constant and charactenstic.

Corresponding faces on the same crystal, or on different crystals of the same substance,
occupy corresponding or analogous positions with reference to the symmetry axes and
usually correspond 1n lustre and markings. They frequently do not correspond in shape.

The measuring of a few selected angles will, therefore, usually serve to differentiate
the crystal from others in the same symmetry division.

Angles may be determined within one or two degrees by a very simple apparatus, such as the
Penfield No. 2 gomome ter, tonsisting of a cardboard on which 1s printed a graduated semicircle,
with an arm of celluloid swiveled by an eyelet 1n the centre of the senucircle, or better a similar
apparatus of metal with removuable and adjustable arme  In using, the crystal 1s placed so that the
card edge and the swinging arm, or the two metal arms, are each m coatact with a face and perpen-
dicular to the edge of intersection of the two faces, and the mean of at least three readings 1s used.

The *“leavage’” directions, obtaimed as described later, are of great service 1n orientating the
crystal.  I'hese and the angles between them wie used 1in the hists which follow each system.

Zones are composed of faces all parallel to the same hne  Their intersections are therefore
parallel to this hine and to each other.

Isometric crystals. If a crystal shows more than one axis of three-fold symmetry
1t 18 an 1sometiic eiystal, and not otherwise. There will always be present, also, axes
of two-fold or four-told symmetiy  The faces are often squares and equilateral triangles,
or these modified by cutting off corners  The dimensions are usually approximately equal
in several directions, the forms approaching sometimes to the sphere. Repetitions 1n any
crystal of equal angles and ** corresponding ' faces are more frequent than in other crystal
systems.

Angles. These are of the same series whatever the species. The 1mportant species may be
classed by their “‘habit”’; that 1s, the dominant forms of the crystals, us follows.

Tetrahedral. (Tetrahedron angles, 70° 31’) boracite, aphalerite, tetrahedrite.

Cubic. With casy cubic clearage cobaltite, galena, halite; with octahedral cleavage. fluorite,
smaltite, without markhed clearage argentite, boracite, cerargyrite, cuprite, pyrite.

Octahedral. (Octahedron angles, 109° 29’) chromite, cobaltite, cuprite, fluorite, franklinite,
galena, gold, linn®ite, magnetite, pyrite, spinel.  Cleavages galena, cubic, fluonite, octahedral.
Partings frankhnite and magnetite, octahedral

Dodecahedral. (Dodecahedron angles, 120°) boracite, cuprite, garnet, magnetite, sphalerite.

Trapezohedral. (2i-faced trapezohedra, approximating spheres, common angles, 131° 19/,
146° 27/) analeite, garnet, leucite.

Pyritohedral. (12-faced pyritohedra; most common angles, 126° 53/ and 113° 35’) cobaltite,
pyrite, smaltite

Tetragonal crystals. TUf the crystal shows one axis of four-fold symmetry, and only
one, it 18 a tetragonal crystal, and not otherwise. A section taken at right angles to the
four-fold axis is usually square or octagonal, or more rarelv the angles are agamn truncated.
The dimension 1n direction of the four-fold axis 15 usually notably greater or less than in
directions at right angles thereto.

Angles. In the zone of faces parallel to the four-fold axis there are no variations in angle
dependent on the species. Between prominent corresponding faces the angles are almost always
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90°, and between prominent adjacent faces either 90° or 135°. The characterizing angles lie in
other zones.

The principal tetragonal minerals may be classified by angles and cleavage as follows: Angles
between corresponding faces oblique to the four-fold axis: chalcopyrite, 71° 20’; wulfenite, 99° 38’;
scheelite, 100° 5’; apophyllhte, 105°; braumte, 109° 53’; cassiterite, 121° 41’; rutile, 123° 8’;
zircon, 123° 19’; vesuvianite, 129° 21’; wernerite, 136° 15’,

Braunite, scheelite, and wulfemte cleave at the angles mentioned. Wernerite and rutile cleave
parallel to the four-fold axis, giving angles of 90° and 135°. Apophyllite cleaves at right angles to
the four-fold axis,

Hexagonal crystals. If the crystal shows one and only one axis of three-fold symmetry
it is a hexagonal erystal, rhombohedral division. If the crystal shows one and only one
axis of six-fold symmetry it 18 a hexagonal crystal, hexagonal division. A section taken
at right angles to the axis of three-fold or six-fold symmetry is usually a hexagon, or 1its
most prominent edges form a hexagon or at least an equiangular triangle. Not infre-
quently each angle is replaced by one or two smaller edges. The dimension parallel to this
axis is usually notably greater or less than the dimensions at right angles thereto.

Angles. In the zone of faces parallel to the three-fold (or six-fold) axis there are no varations
in angle dependent on the species. The angles between prominent corresponding faces are chiefly
120° or 60°. Other angles in this zone are usually large and their occurrence leads to an apparently
rounded, often nearly circular, cross-section. The characterizing angles lie in other zones.

erystals of important hexagonal minerals may be classified by angles between corresponding
faces and by cleavage as follows.

I. With evident axis of three-fold symmetry and usually rhombohedral habit:
o

An‘les' which are both interfacial and between cleavage directions. Soda nitre, 73° 30’; chaba-
zite, 85° 14’; hematite, 86°, calcite, 105° 5’; dolonute, 106° 15/, rhodochrosite, 107°, siderite,
107°; magnesite, 107° 24/; smithsonite, 107° 40’; proustite, 107° 58’,

Angles which are interfacial only. Ilmenite, 85° 31’; alunite, 90° 50’; cinnabar, 92° 37;
willemite, 115° 30’; phenacite, 116° 36’; tourmaline, 133° 8’ or 103°,

II. With real or apparent axis of six-fold symmetry, and usually prismatic habit-

Prisms capped by faces oblique to axis and at angles, for example, corundum, 86° 4’ or 128° 2/;
quartz, 04° 14/ or 133° 44/; apatite, 142° 15/,

Prisms usually capped by single face at right angles to axis. Beryl, 10dyrite, mimetite, nephelite,
pyrargyrite, pyromorphite, vanadinite.

Tabular. Graphite, molybdenite, iridosmine

Orthorhombic crystals. If a crystal shows either three axes of two-fold symmetry or
one axis with two planes of symmetry, and nothing of higher symmetry, it belongs to the
orthorhombic system. Cross-sections taken at right angles to the axes of symmetry are
unlike in angles, and tend to rectangles and rhombs or to these combined.

Angles. There is no zone of faces which has a constant series of angles for all species.

The interfacial angles in the zones parallel to the axes of symmetry are unlike (except when 90°)
and vary with the species. The orientation 13 best obtained by reference to cleavages, and on this
basis the 1mportant species may be tabulated as follows.

1. With one direction of cleavage which bisects prominent angles, for example* stibmite, 00° 26/;
sillimanite, 91° 45’; goethite, 94° 52’; manganite, 99° 40’; brochantite, 104° 32/, atacamte,
113° 03’; staurolite, 129° 20’. Topaz, with one direction of cleavage, has prominent angles 124° 17*
and 90° 11/, not bisected by the cleavage.

II. Crystals with two directions of cleavage or more than two in one zone, and common angles
between faces parallel to two such directions: columbite and olivine, 90°; andalusite, 90° 48’;
natrolite, 91° 15’; enargite, 97° 53’; hemimorphite, 103° 51’; arsenopyrite, 112° 27/, cerussite,
117° 14/; strontiamite, 117° 19’; aragonite, 118° 12; chalcocite, 119° 35’,

III. Crystals with three or more directions of cleavage not in one zone, and common angles
between faces parallel to such directions: anhydrite, 90°; barite 90° and 101° 38’; anglesite, 90°
and 103° 44/; celestite, 90° and 104° 10’; stephanite, 90° and 107° 44/,

Monoclinic crystals. If a crystal shows one and only one axis of two-fold symmetry,
or one and only one plane of symmetry, or both, it 13 a monoclinic erystal. Any face in
the zone of the symmetry axis makes a 90° angle with the symmetry plane (or a face
parallel to it). No other 90° angles occur. The cross-section of the zone of the symmetry
axis is never rectangular, rarely rhombic and usually markedly unsymmetrical.

Angles. No zone has a constant series of angles for each species. In this system the one
symmetry plane, the one symmetry axis and the cleavages, all assist 1n the orientation leading to
the following tabulation:
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. . Angles in zone of Angles bisected by
Lasiest cleavage Species symmetry axis symmetry plane
° ° 3¢ 107° 56, 140° 12,
Colemamte. ... ... .. 110° 9, 111° 36 {1 265"
Parallel to symmetry Gypsum ... . .. | ..ol . '3: 383"0,4'01 43° 48,
plane......ocunne Realgar . . . oo | aeeeeeinnn. . 74° 26, 132° ¥
Vivianite .. .... e e 108° 2
118° ¢, 124° 18 100° 37, 98° ¢/,
Wolframite. . { 17°¢ 117° 49
. 135° 14/, 137° 107, 99° 197, 119° 1%,
Azurite.... . ........ { 132° 45 90° 5%
Borax 106° 35 87°, 122° 33, 96° 32
~, o ’ o ’ o U o ’
Perpendicular to sym- || Cryolite e | 124058, 1240 43 91°'58, 71° 32
. 115° 2%, 128° 19 70° 4, 70° 29",
metry plane .. Epidote. .. .... { 125" v ) ' 63°'5’
140° 48, 87° 17, ° 9¢s
Monazte . 126° 29/ 93° 26
Orthoclase . . . 99° 42/, 129° 44’ 118° 477, 90° 7/
L| Polybasite 90° 119° 58
Amphibole 130° ¢’ 124° 11, 148° 28
Angle between easiest Crocoite . P 93° 41/, 119° 10/
cleavages bisected by ot ° 87° 107, 120° 49,
plane of symmetry Pyroxene. 1057 507, 1487 40 { 131° 31
Spodumene. 110° 20 87°,°9|° 26
° 42/ o 113° 31, 136° 1V,
| Sphene 140° 43, 159 i)
No cleavage .......... Datolite 90° 9, 135° { ”?:5'.:3’2"”00 56,

The micas and chlorites are usually pseudo-hexugonal

Triclinic crystals. If the crystal shows no axes nor planes of symmetry it is a triclinic
crystal. There will be no right angles either between faces or edges. The only correspond-
ing faces will be opposite (parallel) faces. The crystals of some of the most prominent
trichmic minerals, however, approximate in angles monochimec crystals but are usually
distinguishable by the occurrence of faces which have no symmetrically placed associates.

Angles. No angle will occur more than twice in any crystal.

There are comparatively few
common trichnic species

The following table records a few of their most important angles.

Angles between the two easiest cleavages or the faces parallel Other angles between common
to the cleay ages ad)ucent faces
The Plagioclases:
Albite 93° 3¢ 127° 44, 120° 46
Anorthite 94° 10 116° 3, 98° 467, 120° 31’
Labradornite 93° 56’ .
Oligocluse 93° 28’ 128° 3, 98° 8, 120° 54’
Amblygonite 104° 3¢/ 120° 54’
Chalcanthite 123° 10’ 110° 107, 70° 22/, 103° 27"
Cyanite 101° 30 74° 10/, 131° 42/, 78° 58’
Rhodonite 87° 32 107° 24

Cleavage and its value as a test. In any crystal, whether with characteristic external
form or not, the cohesion varies in different directions. Under strain there 1s frequently a
tendency to split or cleave perpendicular to the directions of weakest cohesion in definite
planes, which are always parallel to possible faces of simple crystals characteristic of the
substance. All crystals of the same substance yield like cleavages. The number of
directions of cleavage and the angles between the cleavage planes are characteristic; more-
over the cleavages serve to orientate the crystals in many cases. If the individual crystals
are large enough, cleavage is obtained by placing the edge of a knife or chisel upon the
crystal and striking it a sharp, quick blow. If the individual crystals are very small the
cleavage directions can usually be developed by crushing with pressure or a blow, and
examining the fragments with a hand glass. In pyroxene, spodumene, corundum, mag-
netite, and some other species, some specimens break easily in definite planes, while others
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do not. This is not true cleavage, but a secondary phenomenon due to pressure, and is
called *‘ parting.”

Cleavage and parting shapes may be microscopically determined. To do this, sieve
the crushed material through a 100-mesh screen upon a 120-mesh screen. Crushed frag-
ments of transparent minerals may be placed on a slide, covered with a transparent liquid,
and examined by the petrographic microscope, as described by E. S. Larsen and H. Berman,
USGS, Bull. 848 (1934) (Bib). Thin sections of massive, transparent minerals or rocks
may be examined as described in Thin-gection Mineralogy, by A. F. Rogers and P. F. Kerr,
McGraw-Hill, N Y, 1933.

3. IMPORTANT PHYSICAL TESTS NOT DIRECTLY DEPENDENT ON
CRYSTALLINE STRUCTURE

The most important of these tests or characters are Luster, Color and Streak, Hard-
ness, and Specific Gravity.

Lustre. The luster of a mineral is dependent upon 1ts refractive power, 1t
transparency, and 1ts structure. It may be called the kind of brilhancy or shine of the
mineral.

In determinative work minerals are broadly divided into Metallic and Non-metallic.
Metallic luster is the luster of metals. It s exhibited only by opaque minerals, and these,
with the exception of the natire mctals, have a black or ncarly black streak. Opaque dark-
colored minerals not distinctly non-metalhie are said to be sub-metallic. Non-metallic
luster is exhibited by all transparent o1 translucent minerals. It may be vitreous or
glassy, adamantine like the cut diamond, resmous hke sphalerite, peatly hike mother of
pearl, silky hke fibrous seipentine, greasy hke nephelite, o1 waxy like chalcedony.

Hardness. The 1esistance of a smooth plane surface to abrasion is called its hardness
and 18 recorded 1n terms of the followmg scale

1 0 Tale 6 0 Orthoclase 8 5 Chiysoberyl
2 0 Gypsum 7 0 Quartz 9 0 Sapphire

3 0 Calcte 7 5 Zircon 9 5 Cwborundum
4 0 Tluonte 8 0 Topaz 10 0 Diamond

5 0 Apatite

Approximations may be reached by use of finger nail (2 1/2), covper coin (3) and knife
(51/2). Some smooth surface of the mineial to be tested 1s selected, on which a point of
the standard is pressed and moved back and forth several times one-eighth of an inch or
less. If the mineral 1s scratched it 1s softer than the standard. Two muncials of equal
hardness will scratch each other. Pulverulent o1 splintery munerals are ** broken down "
by the test and yicld an ‘‘ appairent ” hatdness often much lower than the true hardness.
Rough surfaces also yield doubtful results.

Color and streak. The color of minerals of metallic luster and the color of the powder,
or streak, when not white, are very much used mm sighe recognition.  Minerals with non-
metallic luster often vary greatly in color. The color 1s most safely obtained on a fresh
surface. The streak 1s usually obtamned by rubbing the mineral on a smooth but not
glazed white or black surface, such as a porcelaun ** sticak plate 7 or a prece of touchstone
(black quartz). The excess of powder should be brushed away and the thin adhenng
layer considered.

Specific gravity. The specific gravity of a substance is equal to its weight divided
by the weight of an equal volume of distilled water at 4° C.  Ordinanly room temperature
is used. Pure compact material 1s needed The most accurate 1esults are obtained by a
delicate chemical balance, but for determinative purposes the following are more rapid and
sufficiently accurate.

The Jolly balance. Two scale pans are attached, one below the other, to a spiral spring, parallel
to which is a mirror with a graduated scale. The lower scale pan 13 kept submerged 1n distilled
water. The coincidence of a bead on the wire and its image 1n the mirror give.

A= Read.lng with nothing in either scale pan.

B = ‘ mineral in upper scale pan.

C= “ ‘“ same fragment 1n lower scale pan.

SpGr=(B— 4) + (B -0

The Westphal balance. More accurate results are obtained by substituting for the thermometer
float of a Westphal balance a double scale pan, the lower pan of which must be immersed in distilled
water.,

A = Weight needed to balance apparatus.

= “ ¢ “ “ “ wn,h mineral in upper scale pan.

C = .“ “ .“ “ . " ‘ lower scale pan.
SpGr=(4 - B) + (C - B)
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Special specific-gravity balance. An improved form, suitable for non-porous solids, has been
described by Kerr. It s useful for rapid and accurate determinations. Though based upon the
usual chemical balance, 1t has a notched beam with rollers for weighing.

Heavy liquids. If a fragment of a mineral 1s floating 1n a liquid of higher specific gravity and a
diluent is stirred in, drop by drop, until the fragment if pushed down will neither sink nor rise but
stay where pushed, the specific gravity of the hquid as determined by a Westphal balance will be
the specific gravity of the mineral The heavy liquids most used are: clerici solution, a mixture of
thallium malonate and thallium formate (4.25), diluent, water; methylene iodide (3.32), diluent,
benzol; bromoform (2.90), diluent, xylol or benzol; solution of mercuric iodide and potassic 10dide
(3.2), diluent, water.

4. TESTING WITH THE BLOWPIPE

Apparatus. The essential pieces of apparatus for all the tests given are:

1. Either a gas blowpipe, or some form of burner for gas or heavy oil and a plain
blowpipe.

2. Platinum wire about 0.25 mm diameter. Six inches of it will make four wires. A
holder is needed.

3. Platinum-pointed forceps.

4. Charcoal in convenient sizes and with smooth surfaces (say 4 by 1 by 5/g in).

5. Tubes of hard glass about 3 by 3/1¢ in, closed at one end.

6. Pocket lens of good quality.

7. Simple goniometer.

8. Merwin Color Screen (G. M. Flint, Cambridge, Mass).

For the other apparatus considerable latitude 18 possible and substitutes can be impro-
vised for the regular stock article. The needed list would be. watch glasses, bottles (1 og)
for reagents, hammer, anvil, and magnet.

About ten reagents are used, the principal being borax, salt of phosphorus, sodic car-
bonate, potassic bisulphate, cobaltic mitrate, and hydrochloric acid. Two others are
needed 1 preparing the bismuth flux and there will be needed occasionally metallic tin and
nitric or sulphuric acid

A continuous blowpipe blast is obtained by distending the cheeks and using the mouth
as an air reservorr, breathing regularly thiough the nose and from time to time admitting
more air from the lungs through the throat to the mouth.

Any luminous flame may be used and, by regulating the relative amounts of air and
flame, may be ‘‘ blown " as a clear blue flame or a yellow flame, both of which owe their
color to mcomplete combustion (CO or C) and therefore tend to reduce, that 1s, to take
oxygen from substances placed therein. Hereafter this flame 1s designated by the letters
R F. A practically non-luminous coloiless envelope surrounds the blue flame and less
distinetly the yellow flame. In this there 18 an excess of oxygen and 1t therefore tends to
oridize substances placed thereimn. Hereafter this flame 1s designated by the letters O.F.

Fusion or fusibility. The case of fusibihty and the phenomena during fusion are con-
venient tests.  The hottest portion of the flame is just beyond the tip of the blue flame.
Some substances, noticeably certam iron ores, which are infusible in the oxidizing flame
are fusible 1n the reducing flame.

The test 18 most safely made by first heating on charcoal a fragment of the substance
the size of a pin’s head, to prove presence or absence of volatile or easily-reducible elements,
which are likely to alloy with platinum. If these are present the fusion test must be
limited to the test on charcoal. If reducible metals or volatile constituents are absent,
a small sharp-edged fragment 13 heated 1n the platinum forceps, at the tip of the blue
flame, directing the flame upon the point. Fragments long enough to project beyond the
platinum should be used and it is always well to examine the splinter with a magnifying
wlass, before and after heating. Fragments for comparison must be approximately of same
8ize and shape.

The degree of fugibility is stated either in terms of a scale of fusilnlity, suggested by von Kobell,
or more simply as easily fusible, fusible, fusible with difficulty, or infusible:

el .{ 1. Stibnite, coarse splinters fuse in a candle flame.
Eusily fusible: { 2. Chalcopyrite, small fragments fuse in the Bunsen burner flame.

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

Fuslb]e:{ Not fusible in Bunsen burner.

4. Actinolute, fine splinters fuse easily before the blowpipe.

5. Orthoclase, fused only in fine splinters or on thin edges before the
Fusible with diﬂiculty:{ blowpipe.

6. Hemimorphaite, finest edge only rounded in hottest part of flame.

Infusible: 7. Quartz, infusible, retaining the edge in all 1ts sharpness.
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The result of the fusion may be a glass or slag, which is clear and transparent, or white and
opaque, or of some color, or filled with bubbles; during the fusion there may be a frothing or intu-
mescence, or a swelling and sphitting (exfohation). In certain instances the color and form may
change without fusion, or the substance may take fire and burn, or fusion may follow the loss of
some volatile constituent.

Solubility. Acids, especially dilute (1 : 1) hydrochloric acid, are used not only to deter-
mine composition but also to determine the ease or degree of solubility. This test fails
only from carelessness. The substance must be selected as nearly pure as possible, finely
ground and added to the acid in successive small quantities. A clear solution should be
aimed at, acid being added 1f more 1s needed until everything has dissolved. If complete
solution cannot be obtained, the hquid must be filtered and the clear filtrate slowly and
partially evaporated until separation commences. If doubt exists as to solubility the
liquid must be evaporated to dryness. a residue proving solution to have taken place. Solu-
bility may be accompanied by effervescence with or without odor 1n cold acid, or only on
heating. The evaporation may be difficult and incomplete, or there may be separation
of a perfect jelly, or of separate lumps of jelly, or of powder, or of crystals. The solution
may be of a characteristic color.

Testing for chemical components. The tests used are described in place 1n the deter-
minative tables following Art 14. The manipulations and precautions are briefly as
follows:

I. Testing in closed tubes. A narrow tube of hard glass, about 3 in by 3/ in and
closed at one end, is best. Enough of the substance is slid down a narrow strip of paper,
previously inserted mn the tube, to fill 1t to the height of about 1/4 in; the paper 18 with-
drawn, and the inclined tube heated gradually at the lower end to a red heat. Soda or
other reagents are sometimes mixed with the substance. The results may be: evolution
of water, odorous or non-odorous vapors, sublimates of various colors, deerepitation,
phosphorescence, fusion, charring, change of color, and magnetization.

II. Testing on charcoal. A shallow cavity, to prevent the substance from slipping,
is bored at one end of the charcoal, and a small fragment of the mineral 18 placed 1n 1t. The
charcoal is held in the left hand, the surface tipped at about 120° to the direction in which
the flame is blown, and a gentle O.F. is blown on the substance. If no sublimate forms
the heat is increased, still keeping the flame oxidizing. Another fragment 18 tested 1n the
R.F., the substance being kept covered for several minutes with the yellow flame.

The sublimates, their color, position on the charcoal, ease of removal by heating in the
O.F. or R.F., and the colors imparted to the flame are all noted. Chemical changes may
also be indicated by reduced metal, magnetic residues, alkalinity, etc.

IIl. Testing with soda on charcoal. Sodic carbonate (‘‘ Soda’’), heated on char-
coal, acts as a flux; it also exerts a reducing action, attributed to the formation of sodic
cyanide, nascent sodium, and carbon monoxide. It combines with many substances,
forming both fusible and infusible compounds. The most satisfactory general method
is to mix one part of the substance to be tested with three parts of moistened soda and a
little borax, and treat with a good R.F. on charcoal until everything that can be absorbed
has disappeared.

IV. Testing with bismuth flux on charcoal and on plaster tablets. Sublimates of
brilliantly colored iodides and sulpho-iodides are obtained if bismuth flux (two parts
sulphur, one part potasstum iodide, and one part acid potassium sulphate) is mixed with
certain powdered minerals, placed on charcoal, or a plaster tablet, and heated gently.
The larger series of tests are obtained on plaster, the sublimates differing in position and to
some extent in color from those obtained on charcoal. Plaster tablets are prepared by
spreading a thick paste of plaster of Paris and water upon a sheet of oiled glass, and smooth-
ing to a uniform thickness (1/g in to 1/4 1n). While still soft, the paste 18 cut with a knife
into uniform slabs, 4 in by 11/2 in. It is then dried, after which the tablets are easily
detached from the glass.

V. Flame coloration. A number of minerals when heated color the flame, some at a
gentle heat, some only at the highest heat attainable. Repeated dipping of the mineral
in hydrochloric acid usually assists by forming volatile chlorides. A good method to
cover all cases is as follows: Arrange a black background, such as a piece of charcoal,
powder the substance finely, flatten the end of a clean platinum wire and dip it in dilute
acid, then in the powder, and hold it first just touching the flame near the blowpipe and
then at the tip of the blue flame; again dip in the acid and again heat as before.

Concentrated sulphuric acid, and also a paste made of water, 41/3 parts acid potassium
sulphate and 1 part of calcium fluoride, are also used to release certain flame-coloring
constituents, especially boron, phosphorus and lithium.

Red flames of calcium, strontium, lithium, and the violet flames of potassium in the
presence of sodium, are most conveniently studied by Merwin’s Color Scale (Science,
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Vol 30, p 671), consisting of three colored strips of celluloid; No. 1, blue, No. 2, over-
lapping blue and violet, No. 3, violet. These absorb different portions of the spectrum
as follows:

No. | No 2 ' No. 3
Sodium .. R Absorbed Absorbed Absorbed
. Violet and Violet and
Potassium R Blue-violet { Violet-red Viclet-red
Calcium. . . . . Greenmsh yellow Absorbed Faint crimson
Strontium or Lithium Absorbed Absorbed Crimson

These elements are still more exactly distinguished by use of a small pocket spectro-
scope. The mineral is moistened with hydrochloric acid and brought on a platinum
wire into the non-luminous flame of the Bunsen burner. This 18 viewed through the spec-
troscope and bright lines are seen  The yellow sodium hine 13 almost invanably present
and the position of the other hines 18 best fixed by their situation relative to this bright
yellow line.

VI. Bead tests with borax and with salt of phosphorus. The oxides of certain clements
dissolve 1n borax and salt of phosphorus and impart characteristic colors to the mass,
which may differ when hot and cold and according to the degree of oxidation or reduction.
Prelimimary to bead tests, sulphides, arsemides, arsenates, ete, may be converted into
oxides by treating in a shallow cavity on chaicoal at a dull red heat; first with a fecble
oxidizing flame, then a fecble reducing flame, then again an oxidizing flame, and so on as
long as odors or fumes are noticeable.

To make a bead. Make a loop n platinum wire by bending 1t around a pencil point
80 that the end meets but does not cross the straight part.  Heat the loop, dip 1t into the
flux, and fuse to a clear bead the portion that adheres. Add more flux until the bead is of
full rounded shape  With salt of phosphorus the bead should be held a hittle above the
flame so that the ascending hot gases will help to retamn the flux upon the wire. Touch
the warm bead to the substance, place 1t mn the O F, and treat until clear. Note the
colors, hot and cold. Then treat in the R F and note colors as before.

Flaming. Some substances heated with a strong flame will give clear glasses until
saturated; butf heated slowly and gently or intermittently, will yield opaque or enamel-
like beads before saturation.

VII. Testing with cobalt solution. Certain substances become colored, when moist-
ened with a solution of cobalt mtrate i ten parts of water and then heated to a white heat.
The test 1s usually made on charcoal. Certain other substances yield colors if strongly
heated, cooled, and then moistened with the cobalt solution without reheating. Certain
minerals boiled with cobalt solution are colored thereby.

5. X-RAY METHODS OF STUDY

Recent years have witnessed the development of X-ray methods of mineral study.
X-ray powder photographs may be used to aid in i1dentifying many minerals Clays,
bauxite, fine micaceous silicates, poorly crystallized metallies and other natural products,
not readily 1dentified 1n other ways, are often readily 1dentified by comparison of X-ray
diffraction photographs with known standards. The methods of X-ray study applicable
to minerals have been deseribed by Hull, Davey, Wyckoff, Bragg, and others.

Single crystals are most frequently used for X-ray studies, to yield information regard-
ing internal structures. The earliest to be developed was the method of Laue, making
use of a pinhole beam of X-rays passing through a small crystal. The Braggs later devel-
oped the X-ray spectrometer, which depends upon the reflection of X-rays from single
crystal faces. Lately, students of crystal structure have found the Weissenberg X-ray
goniometer especially useful.

6. POLISHED SURFACES OF METALLIC ORES

Many textures and mineral combinations, not readily visible to the unaided eye, may
be observed with the reflecting microscope. Polished surfaces must be prepared in
advance with considerable care to produce flat, nearly uniform surfaces, as free from
acratches as possible. Such surfaces may be etched and observed under the microscope
and also examined by reflected polarized light.

Microchemical technique is also applied to small fragments of metallic minerals,
removed from a polished surface with a needle while the surface is under microscopic
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"observation. Among the comprehensive treatments of microscopic examination of
.metallic ores are the works of Van der Veen, Schneiderhohn and Ramdohr, and Short.

7. EXAMINATION OF FRAGMENTS OF NON-OPAQUE MINERALS

Fragments of non-opaque minerals, about 100 to 120 mesh in size, may often be
studied and identified by the polanizing microscope. The fragments are placed on a
glass slide and immersed i an mert hquid of known refractive index, the indices of the
mineral being compared with the index of the immmersion hlquid. Repeated mounts, made
with liquids of different indices, by comparison yield the indices of refraction of a mineral
with a fair degrec of precision. Other optical propertics may be determined at the same
time. The methods may often be applied to examination of non-opaque constituents of
tailings. The optical properties of many minerals observable with the microscope have
been listed by Larsen and Beiman.

8. EXAMINATION OF TEHIN SECTIONS

The structures and textures of non-opaque minerals are best examined in thin sections
beneath the microscope. The polanzing microscope of the types manufactured by
E. Leitz, Zeiss-Winkel, Bausch and Lomb, o1 the Spencer Lens Co, are useful for this
purpose. Many optical criteria not obvious in ordinary specimens may be used in such
an examination. The methods have been outlined by Winchell, Johannsen, and Rogers
and Kerr.

OCCURRENCE AND ASSOCIATION OF MINERALS

9. MINERALS OF ROCKS AND VEINS

Associates. Most minerals are found under a variety of conditions, and with different
groups of associates. The most probable associates of any mineral in any particulur
occurrence are: 1. The common minerals of that deposit. 2. Minerals containing some
prominent element or elements of the given mineral  In the following hsts, which include
the rock-forming minerals, common minerals, and those of economic importance, the species
in 1talics are relatively rare.

Minerals of the igneous rocks. These minerals 1n general have either separated from
a fusion solution or * magma ”’ (each separating whenever for the existing temperature
and pressure the magma 1s supersaturated with it), or they have formed later, as secondary
minerals, by the decomposition or alterution of the primary minerals.

Principal primary minerals of igneous rocks. Amphibole (hornblende), biotite,
chrysolite (olivine), enstatite, hypersthene, leucite, muscovite, nepheline (claeohite),
orthoclase, plagioclase, pyroxene (augite), quartz, sodalite.

Minor primary minerals of igneous rocks. Analcite, apatite, chalcopyrite, chrysoberyl,
chromite, cinnabar, corundum, epdote, garnet (almandite, andradite, pyrope), gocthite,
gold, graphite, hematite, ilmenite, lepidolite, magnetite, millerste, molybdenite, monazte,
pyrite, pyroxene (diopside), pyrrhotite, rutile.

Secondary minerals in igneous rocks. Alhute, alunite, analcite, apophylhte, aragonite, azurite,
barite, calcite, chabazite, chulcedony, chalcanthite, chalcopyrite, chlorite, chrysocolla, copper, datolite,
epidote, kaolin, lepidolite, imomte, magnetite, malachite, muscovite, natrolite, opal, pyrargyrite,
quartsz, serpentine, siderite, sphalerite, stibnite, talc, tetrahedr ite, turquots, wernerite.

Minerals of pegmatite veins. Vein-like portions of granites or other 1gneous rocks in which the
minerals of the rock are found i1n much larger crystals and 1in which many other minerals oceur not
noticed 1n the adjoining rocks.

Albite, amblygonite, apatite, beryl, biotite, cassiterite, chabazite, chlorite, chrysoberyl, columbate,
cryolite, diamond, galena, garnet (almandite and spessartite), graphite, leprdolite, mngnetite, micro-
cline, molybdenite, monazite, muscovite, nepheline, orthoclase, pyrite, pyrrhotite, quartz, spodumene,
topaz, tourmaline, uraninite, zircon.

Minerals of ore veins. For convenience these have been listed under two headings:
Minerals 1n zone of weathering or oxidation, and minerals of unoxidized zone. In zone of
oxidation. Anglesite, azurite, brochantite, calamine, celestite, cerargyrite, cerussite,
chalcanthite, chrysocolla, copper, ctocoite, cuprite, embolite, erythrite, goethite, gold,
iodyrite, limonite, malachite, manganite, mimetite, pyromorphite, rhodochrosite, siderite,
silver, smithsonite, strontianite, sulphur, vanadinite, vivianite, wulfemte. In unoxidized
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zone. Antimony, argentite, arsenic, arsenopyrite, barite, bornite, braunite, calcite, calav-
erite, chalcocite, chalcopyrite, cobaltite, copper, dolomite, fluorite, galena, gold, graphite,
jamesonite, linnzite, marcasite, millerite, niccolite, orpiment, orthoclase, pentlandite,
proustite, pyrargyrite, pyrite, pyrrhotite, quartz, realgar, smaltite, sphalerite, stannite,
stephanite, stibnite, sylvanite, tetiahedrite, uraninite.

Minerals of tin veins. Albite, amblygonite, apatite, arsenopyrite, bismuth, calcite, cassiterite,
chlorite, columbite, fluorite, galena, kaolin, lepidolite, molybdenite, pyrite, pyroxene, quartz, scheelite,
wernerite, wolframte.

Minerals of apatite veins. Albite, amphibole, apatite, biotite, calcite, enstafite, hematite,
1lmenite, magnetite, oligoclase, pyrite, quartz, rutile, sphene, tourmaline, wernerite.

Minerals due to volcanic exhalations. Alunite, sassolite, sulphur, and relatively small quanti-

ties of other specics, as amphibole, hematite, sal-ammomac, ete, occur as the result of gases given off
during volcanie action.

10. MINERALS FOUND IN SALINE RESIDUES

These exist as sediments precipitated from solution in natural waters, springs, rivers, marshes,
lakes, seas, and oceans.

From springs. Alunogen, aragonite, barite, bauxite (?), calcite, celestite, chalcedony, cinnabar,
fluorite, hydrozincite, halinite, hmonite, pyrite, sassolite, siderite, sulphur.

From soda and borax lakes and lagoons. Anhydnte, calcite, borax, celestite, cerargyrite, cole-

mamte, dolomite, embolite, gold, gypsum, halite, mirabilite, sassolite, soda nitre, sulphur, trona,
ulexite.

From oceans, seas, lakes, and marshes. Apatite, anhydrnite, bauxite, boracite, calcite, carnalhite,
celcstite, cerargyrite, dolomate, epsomite, gy psum, huhite, kainite, hieserite, imomte, siderite, wad.

Local saline residues (often incrustations or eforescences). Aluuite, alunogen, chalcanthite,
coplapite, epsomite, halinite, nurabilite,

11. MINERALS IN GRAVELS, SANDS, CLAYS, AND MARLS

Minerals common to all. Biotite, calate, ehlorite, garnet, hematite, kaohnite, hmonite, mag-

nefite, muscovite, orthocluse, plagiodlase, pyrite, pyrophyllite, pyrorene, rutile, siderite, sphene,
tourmaline.

Gem muinerals and ores in gravels and sands. Cassiterite, chrysoberyl, chrysolite, corundum,
dirmond, gold, ilmemte, monazite, platinum, spinel, tourmihine, topaz, zircon.

Minor minerals 1n gravels and sands. Amphibole, andalusite, apatite, cyanite, dolomzte, ensta-
tite, eprdote, hypersthene, mierecline, seprolite, serpentine, stllimanite

Ores in clays. Galena, hmonite, manganite, psilomelane, pyrolusite, wad.

Minor minerals in clays and marls. Amplibole, aragonite, barite, celestite, gy psum, halloysite,
o1 prment, realgar, strontnanite, nriantle

Minerals 1n sandstones. Chiefly quartz, orthoclase, plagioclase, himonite, muscovite  Mnor
mrnerals are carnotite, gulena, gold, marcasite, manganite, pyrite, pyrolusite, siderite, sphalerite

Minerals in sedimentary limestone. .Aragomte, caleite, dolomite, fluonite, galena, limomte
(bog vre), nitre, opal, stdarite, soda nitre, sulphur, sphalente.

In serpentine and soapstones. Amplibole, aragoiate, arsenopyrite, calcite, chlonte, chromute,
chry~olite, cimnaber, divmond, dolomite, enstitite, epidote, gurnet (pyrope), garmerite, ilmemte,
maguesite, magnetite, phlogopite, platinum, pyrorene, pyrophy llite, quartz, se prolite, serpentine, tale.

12. CONTACT MINERALS

When an igneous rock penetrates a preexisting 10ck the heat, pressure, and evolved
vapots frequently produce new minerals at and near the suiface of contact.

Contacts with limestone. Amphibole (tiemolite), anoithite, biotite, bornite, chon-
drodite, clinozosite, corundum, danbui e, enstatite, eprdote, fluorite, garnet (grossular and
andradite), graphite, lazurite, molybdemte, phlogopite, pyrite, pvroxene (diopside),
scheelite, spimel, tomrmaline, resurtanite, wernente, wollastonite and zowsute

Contacts with silicate rocks (clay, shale, slate, or crystalline schists). Amphibole
(hornblende), andalusite (chiastolite), biotite, chlorite, corundum, kyanite, epidote, garnet,
ilmemte, magnetite, pvroxene (augite), quartz, rutile, slhimanite, spinel, staurohite, sphene,
tourmaline, topaz, wernerite, zircon,

Minerals of Metamorphic Rocks

The minerals of the metamorphic rocks include many species of the original rocks,
and many species already bsted under contact munerals. A partial list follows: In
Crystalline limestones, and dolomites: amphibole (tremolite), apatite, aragonite, calcite,
chondrodaite, corundum, dolomite, frankhinite, molybdenite, phlogopite, pyroxene, pyrrho-
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tite, rhodonite, serpentine, smithsonite, spinel, tale, willemite, zincite, zircon. In Gnetsses
and Schists: the contact minerals of the second list (contacts with silicate rocks). Also
actinolite, apatite, beryl, biotite, calcite, chalcopyrite, chrysoberyl, datolite, fluorite, gibbsite,
graphite, hematite, molybdenite, monazite, muscovite, orthoclase, plagioclase, pyrite,
pyrophyllite, pyrrhotite, talc, tetrahedrite, vesuvianite, zeolites.

THE USES OF MINERALS

This list includes only the principal uses of the minerals as such, and their uses as the
material from which other substances are directly extracted or manufactured. The
secondary products derived from these primary products are not mentioned.

13. USES OF MINERALS IN THEIR NATURAL STATE

Abrasives. Quartz, garnet, opal (tripolite and diatomaceous earth), corundum and emery,
diamond (bort), orthoclase ILeucite and alumte rocks have been used as millstones.

Building stones. Quartz, orthoclase, plagioclase, muscovite, biotite, pyroxene and amphibole
in varying proportions, forming igneous rocks commercially known as granite and trap; talc and
pyrophyllite (soapstones), serpentines, calcite and dolomite (limestones and marbles), quartz
(sandstone).

Electrical insulators. Muscovite, phlogopite, calcite (marble), andalusite, kyanite, silimanite,
and dumortierite.

Fertilizers. Carnallite and kainite for potash; soda nitre for nitrogen; gypsum and caleite
for ime; apatite (phosphate rock) for phosphoric acid. Muscovite and biotite as retainers of mois-
ture.

Fluxes. Calcite, fluorite, borax, pyrolusite.

Glass. Chiefly quartz (sand and sandstone) and calcite (Iimestone); to a less extent orthoclase,
plagioclase, cryolite, and pyrolusite.

Lubricants. Graphite, tale, muscovite.

Paints and pigments. Hematite and imonite as ‘“metallic paint”’; the same minerals associated
with clay, “‘ocher ’ Calcite (chalk) as “whiting’’; wad, barite, gypsum, asbestos, muscovite, talc,
kaolin, quartz, magnesite, azurite, graphite, asphaltum, rutile

Paper manufacture. Tale (fibrous), gypsum (selenite), as constituents of sheets. Barite, cal-
cite, kaolin, magnesite, bauxite, muscovite, for weight and glaze,

Porcelain, pottery, etc. Kaolin and other clays, quartz, orthoclase, albite, halite, gypsum and
pyrophylilite.

Precious stones. Diamond, beryl, emerald, corundum (sappbire and ruby), chrysoberyl
(alexandrite), garnet (demantoid), spinel (ruby spinel) Semi-precious stones Other varicties
of beryl, corundum, chrysoberyl, spinel, and garnet  Also opal, chrysolite (peridot), quartz (ame-
thyst and yellow), topaz, tourmaline, turquoise, zircon, spodurnene (kunzte, hiddenite), orthocluse
(moonstone). Ornamental stones. Amber, chalcedony (onyx, carnelian, sard, agate, etc), quarts
(rose cat’s eye, aventurine, smoky, etc), orthoclase (amazon stone), plagioclase (labradorite and
sunstone). Amphibole (jade), lazurite (lapis lazull), inalachite, azurite, calamine, smithsonite,
chrysocolla, fluorite, gypsum (satin spar), serpentine, hematite, pyrite, rhodonste, tale.  Occasional
faceted stones are cut from apatite, andalusite, cassiterite, chondrodite, cyunite, pyroxene (diopside),
enstatite, epidote, prehnite, staurolite, sphene and vesuvianite.

Refractory materials and heat insulators. Asbestos, bauxite, chromite, dolomite, graphite,
ilmenite, kaolin, magnesite, muscovite, opal (diatomaceous earth), serpentine (chrysotile), quartz,
pyrophyllite, tale (soapstone), silllmamte, andalusite, kyamte and vermiculite

Rubber manufacture. Sulphur, stibnite, barite, calcite, tale, pyrophyllitc.

Soap and washing powders, toilet articles. Borax, opal (diatomauccous earth), tale, quartz,
magnesite, orthoclage

Sundries. Coloring or decolorizing pyrolusite, psilomelane, rutile  Condiments: halite
Ezxplosives nitre, sulphur  Falters: opal (tripohite). Enamels fluorite, borax.  Matches: stibnite
sulphur. Optical quartz, caleite, fluorite, gypsum, muscovite, Pencils. graphite, tale, pyro-
phyllite. Pipes. sepiolite (meerschaum), succinite (amber).

14. PRODUCTS EXTRACTED OR MANUFACTURED DIRECTLY
FROM MINERALS

Aluminum from bauxite, possibly gibbsite, with cryolite as flux.

Alundum (Al;03) from bauxite.

Aluminium sulphate and alum from alunite, cryolite, bauxite, kaolin.

Antimony from stibmite and 1ts alteration products and lead ores carrying antimony.
Arsenic from arsenopyrite and sometimes from smaltite, cobaltite, enargite, etc.
Barium hydroride and barium sulphide from barite.

Beryllium and beryllium oxide from beryl,

Bismuth from native bismuth, bismutite, and bismite.

Borazx and boric acid, from colemanite, ulexite, borax, and sassolite.
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Bromane from halite (salt brine).

Cadmium from sphalerite and smithsonite containing greenockite,

Calcium oxide (lime) from calcite (limestone).

Calcrum sulphate (hemi-hydrate) or plaster from gypsum.

Calcium superphosphate from apatite,

Cements from calcite and clays.

Carbonic acid from magnesite and calcite.

Chlorine from hydrochloric acid and pyrolusite, the former being derived from halite.

Chromwum alloys, especially ferrochrome from chromate.

Cobalt oxide and cobalt arsenate (zaffre) from smaltite, cobaltite, and cobaltiferous himonite.

Copper principally from chalcocite, native copper, chalcopyrite, bornite, cuprite, malachite, and
azurite, although enargite, tetrahedrite, atacamite, brochantite, chalcanthite, and chrysocolla are
all sources of copper 1n certain districts. In addition to these the iron sulphides often carry copper
which 15 extracted after burning for sulphuric acid.

Copper sulphate from chalcopyrite.

Gold from gold and the gold tellurides (sylvanite, calaverite, petzite), from silver and copper ores
and from pynite, arsenopyrite and pyrrhotite, and sphalerite and other sulphides or tellurides.

Hydrochloric acid from halite.

Hydrofluoric acid from fluorite and cryolite.

Todine from sodium 10date obtained from soda nitre.

Irvdium from iridosmine,

Iron from hematite, limonite, magnetite, and siderite, goethite, and turgite (commercially in-
cluded with limonite), some 1lmenite, and rarely residues from the roasting of pyrites.

Iron sulphate (ferrous) or ‘‘copperas’ from pyrite and chalcopyrite,

Iron manganese alloy from franklimte and certain mangamferous hematites and siderites; also
from pyrolusite, psilomelane, manganite and other manganese oxides.

Lead, chiefly from galena and cerussite. Anglesite and pyromorphite sometimes occur in
quantity.

Lead sulphate (sublimed white lead and blue lead) from galena.

Laithium carbonate from spodumene, lepidolite, and amblygonite,

Magnestum from carnallite.

Magnesium carbonate from dolomite. Basic carbonate from kieserite.

Magnesium oxide from magnesite, and indirectly kiescnite.

Magnesium chloride from carnallite,

Magnesium sulphate (epsom salts) from kieserite and less often from magnesite and dolomite.

Manganese alloys from pyrolusite, psilomelane and braunite, or with intermixed rhodochrosite
and rhodonite.

Manganese salts from pyrolusite.

Mercury from cinnabar.

Molybdenum and ammonic molybdate from molybdenite.

Nackel from pentlandite, garnierite, nickehferous pyrrhotite, and to a less extent from millerite,
niccolite and the cobalt minerals, cobaltite and linnaite.

Nitric acid from soda-nitre and nitre.

Palladium from copper ores and platinum.

Phosphorus from an impure calcium phosphate (sombrerite), or from bone ash.

Platinum from native platinum and sperrylite, and from some gold and copper ores.

Potasstum from carnallite

Potassium dichromate from chromite.

Potasstum sulphate from haimte

Potassium nitrate from soda mtre and carnallite.

Radium chloride from uraninite, carnotite, and autunite.

Rhodium from platinum.

Selenium from sulphur, chalcopyrite, and pyrnte.

Silicon carbide (carborundum) from quartz and coke,

Silicon alloys (ferro-silicon) from quarts.

Sulver from native silver, argentite, cerargyrite, embolite, proustite, pyrargyrite, and less im-
portant, hessite, polybasite, and 1odynte. Included m other minerals, notably, galena and
cerussite, but also in copper ores, manganese ores and with gold 1n pyrite and arsenopyrite.

Sodium borate (borax) {rom colemanite, ulexite, sassolite, kernite, and native borax.

Sodium stannate from cassiterite.

Sodium sulphate (snlt-cake) from halite, and from this, caustic soda, carbonate, bicarbonate

Strontium nitrate and chloride from strontianite.

Sulphuric acid, sulphurous acid, from native sulphur, pyrite, marcasite, chalcopyrite, sphalerite,
pyrrhotite, and other sulphide ores.

Tantalum from columbite.

Thorium nitrate and thorium oride from monazite, thorite, thorianite.

Tin and sodium stannate from cassiterite.

Tutanium, titanium oride, and ferro-titanium from ilmenite,

Tutanium carbide from rutile.

Tungsten, ferro-tungsten, from wolframite and scheelite,

Tungstate of soda from wolframite.

Uranium yellow or sodium diuranate from uranimte, carnotite.

Vanadium, and ferro-vanadium from carnotite, patronite, roscoelite, vanadinite, descloizite,

Vanadic oxude from mottramite.



1-14 MINERALOGY

Zine, “zinc dust,” and 2inc oxide from sphalerite, smithsonite, and calamine; and in New Jersey,
willemite and zincite.

Zwne sulphate from sphalerite.

Zirconium oxide from zircon.

DESCRIPTIVE AND DETERMINATIVE TABLES

Rare species without economic value are omitted. Their inclusion would greatly
increase the complexity of the tables and also increase the difficulty of determination.

Rare minerals require special methods beyond the scope of a simple set of mineral
tables; chemical analyses, optical, and X-ray determinations are usually necessary.

Due to the hmited space the species are described only in the tables, and the
accompanying diagrammatic index will enable the user to find a brief description of any
species. (For example, scheelite. A reference to 22 i the diagram will give composi-
tion, crystal system, hardness, specific gravity, colors, solubility, flame coloration, behavior
with fluxes and general appearance.)

The uses and occurience of minerals are summarized in separate tables. In using the
tables the customary precautions are understood to be taken:

1. Tests must be made upon homogeneous materials, and lusters and colors observed
on fresh fractures.

2. Classifying tests must be decided; not weak, nor indefinite. If undecided, the
species on both sides of the dividing line must be considered.

3. Hardness tests should be assumed to be within say one half; that is, a determination
H = 5 should for safety be taken as 4.5 to 5.5.

As shown by the accompanying key, the principal subdivision 1s between metallic and
non-metallic luster. The blowpipe test is made subordinate for minerals of metallic
luster and minerals of non-metallic luster with colored streaks, but, for mmerals of non-
metallic luster with white streaks, experience proves that the blow pipe o1 the mieroscope
lead to a determination with less repetition than such qualities as color and hardness.

A novel feature of the tables is the * scheme within a scheme,”” hy which the order of
testing may be varied. For instance, in 16, 17, 18 the arrangement 1s by blowpipe tests
in order of hardness, but the parallel columns permit color to be used as the classifying
test; that is, the order of testing may be color and hardness or blowpipe test and hardness.

Similarly in 5, 6 the artangement of the metallic white and gray minerals is by streak
and hardness, but the paiallel columns permit the behavior on charcoal 1n oxidizing and
reducing flame to be used as the classifying test; that s, the order of testing may be color,
streak and hardness, or color and hehavior on chaircoal.

Chemical symbols are used only for the formulas of the species and for the common
solvents, HCI, H,80,, HNO;g, KOH, ete.  Aside from these a few abbreviations are used,
the principal being

Systems of crystallization are indicated by the letters: I (Isometric), T (Tetragonal),
O (Orthorhombic), M (Monochmie), Tr (Tuchinie), H (Hexagonal).

Terms in blowpipe tests. Roda for sodic carthbonate, S Ph. for salt of phoaphorus,
O. F. and R. F for oxidizing and 1educing flame, Co. Sol. for cobalt solution, coal for
charcoal.

The + sign in any column opposite any mineral indicates that the quality indicated
is a character of that mineral.

The following diagram furnishes at a glance the procedure to L followed in identifying
an unknown mineral;



1-15

DESCRIPTIVE AND DETERMINATIVE TABLES

~ ~ ~ =l — — ] =1 =1 1=1 T=I T= =1 1 T [
g e - S ©° @ ~ o v S w ~ - o © d ~N
® o 7 . o — = e
852 12 |9 |sE =2 |gpZ (2% R HERE R R = |5l g |2
Y o S 2Z 5z Eoa 5= ] = 2 = = 3 ] B
& 5 3 53 28 cBE g R g S 5 2 2 3 P
o 8 = @ SEE 35 » ° - - s,
z =13 A2 Ze 85| |E® S I 5
52 S > 3= 8z g2 2 g c T g
is i ” 53 sg Iz 2 z g 2 A
5 5| 3 | f 23 iz = ABE i
= < L H 2 = =
uonnjos 3[8qod 35 @ 5 ] 2 4 B 4
yiw pajeay - I o i s g z w 3
3E !lT!I 89jBUITGNS 7 < (= b1 3
_ a[qsnjuy m 23 p—1 Apises pasn g 10 sauiny ON = T 3 2
I T : 0 1 z | 3
= =
ﬂoEdc eniq jo du ju sdaosoy ut dejuids :E,—L . m H r_l._ I_i IWI L ~l - —
1 B R L
409 d PaAIISqo ON 399449 PO 1IBA() L _
[ -
@Ew:o uo EO)DSBN ‘esh ] ~
1
— |
NredlQ aku~— PUB adln ULINUBEB]]) BWE] |
I
s391° 15 _ Iales ULI[QRIOR "2IFE], _
] i
[eaoN 9]  [rovia ¢ Posoon v [oug ¢ [emaox gl [yoe1q Apeeu sosperg | |
] i

| R |
]

N

L R | 7

Aﬂ;._:rlﬂ_ M Heaniy ﬁ
!

[po1 10 ozuoaq “wopp4 oEIaly |
1

[Reancyine 10 S o-prof osigs-do i .e.ES.:.E

[ L R L A

T
YOoP[q AJIvau 10 Youlg] *
_ 1

H OT[elaW-UO N ]
[l

!
_W oIEIdUI-gNS 10 oﬂﬂw—ﬁ
i

T

M Iaysn]
_ [elauar]y _

SATIV.L JALLVNINYILIA 40 INITLIO



MINERALOGY

1-16

*sqno 91vm _
0jUT 9ABI[ [OIYM 2jewIqNs MO[[PA [-Tqne Agu 9LO¥¥L=D $T=H
-8410 01qNO pue €38LVW | STUIIIF 8IA1E [8OD MM v 1DOH 199 “ g ¥ wo[Pax sad
S[qBABI[D PUB JBMURBIN A0  XN[J Yynwsig,,| §91831daIod| ©830X3 “[oQ s + T ooyl o+ | e Baarey) °I
“on | | -
-JuIq Inq 3jJog “ST8IsAI0 3dd o3uzio 9jsur (enpisaz _ €90179=D ¢7017=H| *
SOWTRWIOG "PIIBUIWae [s0Al [DH "HOM -fqns pal 31gM) ; sUappal 3qee3Y -]
-S1p Wejjo ‘poureid-oury|Aq pevodwooagigsNs ‘seen gl *ONH IS + 19318] Iy snuegdess O m
*Burarys et o
¥vol)§ °PeI[ O1relewt (IO T n
o €D  "S(EINAD dg 8 9L0I7L=D §T%I=H| o
Aprey -sayvd pejsu |uoroesr § pus 3y smrqns anpay) 22" ]
-IUIeWIp PU®  8BUNEODO[EIW ‘BPOS UM oN -sesng| *ONH [°§ + + ot ANUIRIY ] m
*S[BISAIO 2
o[paeu Jo seyouNq Paoe] -3dd g
~I2)UT IO §[B}8AI0 o'W {a3uBlo 89A18 [DH m
-sud ut £[juanbalj 883] | poAJOSSIp A[[B13 |pP[Od pal ‘joq 9§0ICHE=D Z=H =
‘sossewl poursad-ouy Jo |-xed pus HOM [M9®lq 938w | (STH Iopo 1358 w
Pape[q ‘I8unImMod 1q3ug|Aq MO[[e4A 9pBIN|[-TqNg ‘8asN i) ‘108 + ugaesud(y| + | 0 | ottt 9uqnsg "0 "
~3aded uo m
JIeW [M(Y ‘So8FeW NP 1978 10 30 8y Ly=D CTNI=H|
10 813qy IO SA[PAdU | *J "Q W ounsAY3 WIj0 pUB | UOHINOAI) 0uy ]
pasmiq Anewe  ‘IyIug|-oms XBIOQ SI0[0)|UIBAXO SPRIX mgest oswyyay 4+ 4 b e o3IsN[oILg H
>
(porerd ]
~1aded uo jr8w BUTAIGS |ATMO[S ST 33TUIPA]
“yonog ay3 03 pod pue [-oly) ‘pojeid-zod
Awgoad ‘jjog -sessew |-doo Apyoind ourz 179 12=95 Zoli=H
omdut ‘[Mp J0 SI8EBW (g3l 3OBIUOD UI fo)
pus® #3e[} Jururgg(uonnes ogn) uj ajqniosu] Trot creyydeID TH
2 =z
2Z|BE(ES W w08 | sv
g aia el e sjsmrnqng Ayawiad ourdads puwr sseupasy
eouBredd aqnj pasop £ m I3 : ‘aonjtsoduiod ‘smivu
av 593 B0 ut pajed ITanes ¥ anpreay 0p0 1we)84s [83841D)

‘d "§ PU® " 'O Ul [800 WO

30100 uI Jovlg A|IBI) J0 JOU[G ‘I0ISNT SN[EISN-GNS IO IVIIIY JO S[EIIBIN

(199€N] MJIGNOP JO S[BIFUTW PAIO0V-J{IEP W08 A[1IBIjIqIe Furpniou])



1-17

DESCRIPTIVE AND DETERMINATIVE TABLES

S[RISAID
BWs ApIey 19380
oNI-goitd Ig[nusid

10 [BPIOAIIOq dAISSEIY

8188410 [RUOTBXAY IB[
-nqe} pus pusvs ‘sured
pappequit ‘sayeid wiq,

"pAZIISAIO
JBAIN "0131}08[BIE
X0 ‘8308lIN8 papunol
Yjoows Yiim ATEEBI\

*03IAdoo[RYD YIM
Pe1802 sWnAOg I1¥Y
-8AI0 |, 18IpOY8I] ,,
PUs SIBFBW POUTBIB-IUT

597808
Burtuigs puv Jopmod
‘sosgvmr AyjrIve [InQ

Junrip
-81 sowr)owos ‘swsird
pus gosswma  joedmiod
PUs Ienueld ‘rsuwnio))

‘8[e18A10 APIvyY
*9318U0QqIBD uas313
943 [yitv paivod ualj)
*P31BUNIIISSTP PUR S3[N
-pou ‘sesev¥wr jovdwo)

3431} PIYITUSURI}
Aq pPox A13Yo St $10
—jurgds uigy uy  sa3e(d
POPE-XI8 Ul UMOUY 382g

‘A8
-gem smoiqy pus j08d
~TWO0D 098 ‘PaIaf 10 oNT]
-JT8Y 10 ‘S[B}8AI0 APIN

UOTIRINIBS IBIU
[PUWIBUd MOJ[3A
o Sowrey,, " O
xglog wvluow
-ws s 3dd wog
-[2£ 8a13 suonnOR

19[01A "] "y pad
A0 Peq yd «

YOS'H qatw
1dd slym oa1d
A1gsnsn sgoring
-0 I O 2unssyy
-awe XBIOQ €10[0))

2)1318Ud BYI']

931818U0 BYI']

auvy
an[q aInze 3113

IOH iw pormusdt
INPI8dL OI[[BI\

IOH 4q enjq
dINZE PP JwWry
us°18 preIdW

Eleig:ied
anpq oanzw 8IA13

1DH i pairust
ANPIS3T DI[[BIBIYV

BUWIQNS MO]
-[o4 qs1uaaid 89413

[0 wo XNy 1,

RERLTN
pug uadAx(

BRI

-1[qns pol

MIB(] 898N
soymydorvaq

qns pazx
33413 puw
98N] uay}
1Gne Ao {
s938ydardoag

2)puIqns
oN 8esn g

ayewrqns
oN 808N J

ajeruTIgNs

pa1 ysrawolg

(wopps)
SONI 18

(391018
St Un s

poriod) 108

a

uouN[0Ad)

IOH o8

tONH 1°S

siquyox

EONH 108

N v:ﬂ:mw.:
EONH ¢

o
qrem ad g

TONH R

(S 20pO

qun) [og]

snju]

iR
yip  sng
4 0 snjuf

‘snju

Sl

T4 8y
I O syup

TN

+

1

i

1y W IBUI(]

Y W ANIV[O |

UM 2xUI(]

Mo[p € dwog
g™ ISUB(

somIn
- ::Z

|83 mN
—sv 0N

£6°16=1 G c=1i
210 ‘0qd "*00-t00
DA 041515 50 TN |

§ONEH="D 90¢=1
EOrag

ceseeeees Syuouny W

COGy=D 901¢g=1

232 ‘0H ‘OTdg “TOuIy
-+t - -euspwopsg

1g0igy=0D GyO0lg=H
Ig?qg8ngy

<+ eesescgqupoyBIAL ]

79018°6=D €=H
ond

R o N

yy=90 ¢=H
rgeying

R TERRRRE . Tt e it}

86016g=D ¢9GT=H
SHe)

< e aim00reRD 'O

79019=9 €0I7=H

$8q56(nD- 8Y)
Tt oeegAOd 0

90316¢=9 ¢T=H
ssiastad

.......... ‘ *Ijmosewsy ‘()

AVIILS AOVTId XTAVEAN YO AIVId HIIM T



MINERALOGY

1-18

umoay
I8P YBAIIg  QUINI0E[
-8)8 JO JE[nuBIZ ‘IAIS
-spw A[9dva ‘sa[punq ut
padnoid we3jo s[eIsh1)

‘umolq sred
¥BAIIS "SIETBW Pouledd
-[uyg 0} Q—Aﬂ»}dwﬁv @ﬂd
8818410 AvI3 pue Y>e[g

‘par-ysnd
-md yeang S[BISAI
oxey sIoA®[ uwiy) ut
‘3un pal Mﬁ:ﬁOJm 13380]
unuBWEpP. jaequq
¥ YLK SISNI0 I0 SUW\

aunsiyl
-ws g () Xelog

uornyos 1eqod
- woniudt Aq
133.3 1yJuq apsu
[B0d WO 3jeWIQNS

1dd 93uvio sa0np

-o4d IDH  HOM
£q pesodwodag

ua3d
-£X0 9] ¥
29184 qonI\

BWTqNS ON

Ploo paz 3oy
Fo81q QR

o
83.1047])

DH o8

STH
.5_00 LEANE) v
83083419 " |

anp
-1821 DI 4y
fONH I8

*OLI}OWIOST 3SOW[E §PITI
-81Ad ([B'US [BUOIEBIDID
puB 8988BUI POUIBIZ-duL ]

IATS
-ggwr OS]y  S3NIp 2N}
-ewdad Ur ‘JUlVSIPLIT
U93JO ‘S[8}18A10 O1BWISII

(au01s3poy)
joudewr v P8I sawW)
-owrog ‘1PuIewW (3918 B
Aq paroeIlie L[3uony
‘S[BISAID  [BIPAYRIIOO
pus purs pUT SISEBW
paurels-ouy pus -98I80))

LAt oM 8ppoIk
u93}jo uorIn[og
o O ut auneiyl
-dwe XBIOQ SI0[0))

Inyq dadp 2413 Un

pue [OH Ppanoq
pus YOSHM Posn

g0
a1 uwsrjoudsul
saso} ng Bunwey
21039q or38uIBIY

uag{xo ou
191em O ¥

a0
uoNNO 131

WH o

Gﬁn—ﬂﬂOmﬂw

DI o8

PIOO 91y
‘yoy moqaxt  +

Mg VU] <+

|
|
|

LyoyLe=9D t=H

1$036¢=D +0S5t=H

£601L6=D S{=H

(HO) OuIX
“eeeecs CmymEduEly ‘O

Suz
: **9juepeydy |

259883V
281814 'Y

SPOILp=D 69039=H

| Jov1a ToN Ivauls HLIM s

07Uy

M Quas.ﬂhm I

901y =9 9=H
203(8140)9 4

totre apqunio) ‘0

30V1d ATIVIAN 4O

§N6F=D §90Cc=H
KOk
St Uaugaudwyy ]

ousrseddy

889} 3330

aqn} pasopd
ur pavafy

Agniog

papnjo
Cut JoN

s 20 2| 2

ERIFE B . o8
o yeuqng

anpieay

10p0

‘4 g PUB g O Wl [900 UQ

AnAaei8 og1oads pug sssUPIET]
‘go1380dwoo ‘aurex
JUWIPSAS [BIFAL)

panuru0,)—30[0)) Ul JIBlg A[1Ba)N J0 YI®V[g ‘I9ISNT OM[BIP-qNS 10 IN[BIA JO S[BISTIN

JOVId AVAALS



1-19

DESCRIPTIVE AND DETERMINATIVE TABLES

uwoiq }I8p
Neong ‘ourjuadias i
wd3jO ‘19380] OFI-YOIJ
*8[B)ELID [BIPIYB)
-00 [BWS Wl Api8l IO

goedwod IO I¥UBIY
‘uslIB JIVp

Jeong  'o[RI8AI0 OU

~}oWOST [T8S Ul A[2I8Y

+3918M] ay-yod {Itm
asmueid Io peproinog

‘Pel YETaMOIq YeINg
“S[¥184A10 [BUOFEXIY JIV]
-nge) I A[PIey "puss
8 10 SUTRI3 pappaquut
a0 soye1d UTq} W JO ‘81
-sggw j08dwod A[ens))

“Yow[q yst
-TMOI(q XEINS "SISEBW
Jemusi3 pus PpPapE[q
‘o1qBABO  pue ST}
-8£10 orurpouOW AAESY]

TMoIq JnuIsAYd
Yea1lg sprmvidd
pauung ur  AqBuoIs
-8000 S98FBW JY[NUEIN)

*87STI0 AY9A
-]oA pue oYI-19418d)
ojuT 2pBYS 289YJ, UON}
~wod oqrsaed ur 10 ‘O]
-9[peou IO ‘S3[vOo8 AT
pousyey  UdYo  'sp
-84I10 S8 umouy 1isaq
ST 9Nq OAISBW €IMOI()

“UMOIq
~g8IMo[[eL JuoIly
“PazI[[B}8AI0 I2ABN
*8308IN8  ANI[-YSITUIBA
YW pus d113oeeIs 10
POIBIPBI UI}JO S98SBUL
q08dwod §8 IO 3UI|

J

Ploo U913 prere
-we W Y 10°] O
‘yg 'S 1o xviog

SUINOV[q UOIBIN
-J88 ITOU ‘uadIB
‘) X®BIOog ®WoOW
e gt 3dd mog
-[e4 83.13 wonNOg

13[0TA 83WI0D
-5q U yjw pajioq
uorN[o8 PaIII]

390q 1O ur
praq g4 S Jouon
-njog un jo uon

-1ppe uo anyq daap
ou1009q SUOIIN[OR]

sunsAy}
uws ' QO X®Ilog

(u2a13
qsm[q *Jq "0 pe3q
vpog) aseus3urwr
10] 830831 U330

onprsal
Aol 2A13  Avw
pus 9ssus3uvwW

19384 SPIAT
SUIppIY

LEL-TN
qonuu Spat Y

arvAnnasy

a[qujosuy

(pmby
MO[[PA 03)
fFONH ‘I°S

renseg

renaeg

(e}
83A10A7)
DH ©R

arqnpos

K

~a

d
Apy3ns

I aKe)
Irqsnyuy

(A3mo

-Wp qirw
pasny J10)

a[qsnjuy

KA
APY3S
O snjuj

1proq oul|
-[emi)

¥ ¢

aqqisnjuy

Feys 01
§5 ¢

Fers

oy

+ posmy gy 4

9y 0IEY="D ¢¢=H
Yor1y9 g
Ciceanac e SuIoIy) I
L'6916=D $'¢=H
213 20N1-20N
.............. aymruenn
§0¥I6H=9 901¢=H
toLLag
................ ajrusTyy
SLOYIL=D §S0I¢=H

oM (UNag)
....... 21ruIBIFO M IV

gy OILb=D 6¢O0I¢=H
Fotuy
.......... IjuuswWsNeYy ‘Y,

FPOIP=D 6GO0I¢=H
(HO) 0”4
e 213900 O

$019¢=0D G¢G0I¢=H
0% 9(HO)%

* asmmromrry

JAOVId LON JAVIVLS HLIA '8

I—2



MINERALOGY

1-20

“Morpe4 ared Yrang
*aBun} umoiq Yith Ae
-nen ‘s[EIsAI0 jusBIuIg

“mof£ ored Jeanig
19980 [(EIIPISU0D
YL S[eISAI0 pus 8988\

‘unoiq
JIVP NBa1;K *SIIVI08EE
I8 JIUIW U3
03} MoO[pA pu® JjuIZ
Ppay roneudew Apy3ng
“81838410 [BIP2YEBIGO
pus suresd popunol
‘soggew joevdwo)

“pal YIrp
82138 ‘S[BI8AI0 duyrwW
-sud ‘yuaosepur uajjo

uon}
-N[08 3[EqOd JILM
uontadt £q uosid
ysmiq epeuwr ‘prod
034 ‘J0y MO[PPA
1qns ® 389y 3uoxs
ur [voo uo inyd
-[ns 10 BPOS YTy

19[014
I qupseq q §

ua313 yst
N 470 PeRqEPOS
uornjos aniq
soA18 uny pue [DH
yum paploq pus

aqniosay

spInosu]

10 3wt

-4[043 [OH

ur £[no[g

ERicdetishty
211y n aard
3aNTIPA 2WOL]

M YA

JOVId LON AVIHULS HLIM T

1203189=D L99=1
coug

s © aueymse) '

(y0¥IL =D €69039=H
oL

ceeeescomny g

7601¢=D ¢€9019=H
fOF(IINAA) O (UZUIN3Y)

. oI uUBL] ‘]

§901¥°6=9 9=H
°0%(®190) o

uBqUq  put  SaeRIY|HOM WM pesmg| tcccccr | elquiosuy Sttt enqumiod 0
po1 st
-umolq yvaxlg padeys
-foupiy A[[vuors
-800() IISN| JuURI[Lq
UM SMEAId  J08IB0D €6016F=D §90I¢¢=H
JO I8MQe} puv SILSBUI 0%
snosooTar Ay 0} 08I0 R T o1qnfos S auBwal g
2 = 2
czl8 8=zl § ‘o8
S&IRTIE| ® | soyewmmqng £j1av13 ogwods pue sseupIey
eousIEaddy 81809 19730 oqn3 pesOd | gymqniog 25 : ‘gonrsodmon ‘oureu
ul pejeoH ' snprsay 10p0 1urejeAs [ey84I)

‘A Y pus "J "Q Ut [800 WO

PINUKUO,)—I0[0) UI HIB]Y AJIea N JO HIBIG ‘I9ISNT OMBIO-GNS 10 O[BISIY JO S[BISUIY



1-21

DESCRIPTIVE AND DETERMINATIVE TABLES

(ap z
1831 o3I M 3
“gsIuIe] Pol B udyj() S[rIsAId yuw  pay) 7 LA (elaT)
9jIYM-UI} PpuUB SIESBW ABIY) juul 9y podaiBU[fONH  [08] 4u8: + ajqa a0 | + +
(enpsadl
*S[BISAL [BIp mydmns
-9q8100 [[BWs I0 ‘83ssBW Jord *d Y puv yBUNQNS [YIm  Pal)
-wod 10 Jupnueld Aeid-[pals| f O oniq deep xuiog|wo[peA YIUSEONH  [0% z + T +
uonny (enprsar (30y a0
*gp1£doorwyd |08 3180 [itw uol} ayn -104) 938w
MOT[RA QILs PIXIWIIUI Ualj() |-lud £q wedld ysmq qIrn us9ld) -1gns 9y u
“IB[MUBIZ ‘9AEBUI ‘ABIF-[03)F(S9UI09Q [BOD UO "[qNY et CONH 198 S -+ Juvoa-uoON| +
awey
anyq ainze 82.13 9jmul
‘S[BISAID [BIPOYBIIG) PUE ([DF[ YW  poyudt -1 qne pal BOUITY
£988BUI pourei3-ouy ABIN-[20)QaNPILAL DI[[BIDI\[-YIe@ ®sn]| LONH O8] €| + g osUL([l  + | -duos
EXVE)
-8BW 8NOIqy pug jovduuoy osye MITIOA Cwo]
£Pa3[e) 10 AI[-I18Y 10 ‘S[B}S LI PIOY P2l yst | (<EF] 1opo BEREILON
o[posu ABI3-NIep 0} ABIF-[93)N QIURIEA YU -UMOIQ  [I|  Yliw) [ON | +  Jourgw wstta(ql +
wm
‘8aqNO OJUI BAWI[D YoryW -[qns gy Autrod ao
mwuum.ﬂhu 2IQNO PUE SITSVW [T [XNJ 1 W [R0Id 10 AN\ e ) J M WO
-ABI[ pus Jenuwid Lvid-pea ]| (s wop2f yswsolry savndoloo(| 10T IDIT O z + | + 11 oo oyl +
*sjudur uontod FUA[OSSIp  [PIOd PIT o1
-881y podRys-qiT] 0JUI §3ARI) W) O[] £q 9FUTIO -uUwoIq ‘Joy
csusuud 10 sossewr pouread (98 paddar aqny 1891 OP[Q [qDS | (SFI] Jupo, } amery ! ]
-ouy Jo Isuumod Avig-pwa-y|rard 1addn ut uounogSpEIL  ‘sasn oy [DH 1O “ | A + 'ongw wm:qu + i
1 ) IS S
I ,_ *
gl &l 2 [ i
amq 12EIT20 % v POS 5y
aqma pasep —eng 13 v ....uL Z 0 samungne H
eousaveddy §)89) 19 Lupgnjos I i !
v %91 W0 ur paigdyg ranies Supsa;] 10pry _
! ( 1 3 Pu®B " ‘() Tl TROD UM) !

B

19039=9D

ceeeeee e 0u8QOD T

CNgy=0 §6=H
YE(IN - ©0)

©eeees T yruury 1

Sy=0 y=H
S (84-u§ 1)

cee e T Syuumig T

goigk=0 Cyoie=H
LSis e

© et ayIpayBIPRL T

901¢e=D ¢T=H
fstagad

LOYy [=D St=H
sad

SN

cy=D =H
£3%q8

cs=H
28y0D

2)uosdwWBf ()

. - mans O

AVIYLS AOVIE HLIM '€

£11a®w13 oywads pus S8UPIEY

‘uo1godmod ‘suwred
wajsss [BIBAL)

JO[0) Ul ABIN-]931S 10 ABID-PBIT ‘UG -I3AIS

QI M -UIL ‘I9ISNT OB JO S[EIIUII



MINERALOGY

1-22

‘aNgM
JoA[IS BoI)g Sureid Ppaje] [39[q¥3 Ioise(d uo xny (Ien  Aq ST 860°1L6=D €SIT0I=H
-081 UT 10 , 3uryouwiq,, UJO [ YIm [qns pal 1dd a3iga) -[[qNs Y% SIUIT} (8Y qawa ua3jo) 1g
“a8ur) gSIPpad YILM YK JAA[IF|PUE UB0Iq 8IP[020Yy) SONH 108 ] + | + |pue mo[Px —Lwogl - e qpnusg H
39[01A ST ardind
-Ael3 01 9JIYM IoA[I8 YBAIIS [porulewn pue YQOQI[ PORT oy
*SUPA [[BWS Ul 0 3UNSNIO | dU0d YITM Ppausd) uy (anp 6016°L=D STNGI=H
-u] "MO[jPA 03 paurpur saw [-sour  urgpolod uwo -1891 plo3) LAY nY) ~
~QUIO8 ‘9}IyMm JIA[IS 0 A8I3 (393G padeld ayewrqns ay | = - .ONH 108 | -+ ajyMm ysifeln) : ottt ettt gpUMA PIOD M
ey 3
-9010d pozE[3 U0 LBI3-ystuseid o]
seonyg  sayerd  ousePE-uou pauap (snounuuny) 6t 9M9p=1D ¢10|=H »
9[qIXay 03} BUIAES[D SISSTIU [-Pal ST pU® UIIIB (St SONH 37U0Iq puw SOIV u
PoI8I0] pUR 8o[Bo8 ABIF YSIM[Y|-MO[[94 dwwy 8I0[0)) Tt oo Quoy fox| snpuy onyw 9y + co cecccccc lmepqAPRIY Hl
>
“Ieqeuurd yiru 19N wmojpeA puw s3Mqod 9¢l=5 —=H A
S91)1ABD UI JO S3[NQO[3 Padd} [18[aB08 ‘S[Ie[OA ‘1) orrelow 8971 3q 2
~)B28 Ul punoj pinbiy ajtym-un} yi-svd uo xnyg 1¢f Yy ([[ews jo (qug| QNI [08]-[e[0\ + Terereereser st AINDIDTY m
w
2npIsax 0.@#"0 N Seum =
SeI8LI0 |ASuods pus  [qns 9yBwIrqNs 8vId “
9)nuUTH pue SUreld NIYM-UL][a3igu aqn} uedo uj s|qnosuy| Aseip + 104 3Y3] : + croereresccccoALRdg Tl
“rem3uvjosl pus | 3dd moqped puv Y oe[q
2IqUIOYI 18 YOIgM JO SUOTI0A8 |j0 I0p0 Yiw [DH |pU®  Jomw (anprsax 790319=5 90i1¢¢=H
oy} ‘pPoIBLI}S UAYO S[EISAID |ur SOA[OSSIP ‘[8BOD WO [I3)B] NS aydns) JyewIqns ISt |
30 8assBWl A®IF 0} oJIgw-Ul] juonuBl JIoys JIAJY|ped yswmolgi EONH [0S z + auyw aeop| -+ + o reer et s gyuhdoussIy Q)
UYL qIm Ehl:2eid (ua013 990} p9=15) 901¢=H
ua)j0 ‘saqno Arensn s[vjsfio -1[q8  }ov[q 0} pel) 9yBuwITQNE SsVOD
9)IYM-UI} PUB BFFBUI AB13-[3018 ayreuur oIy |pue  Joanmy| (ONH °I08| A8y | + )TgqM [1IB[O0 \ . + AR 11 1) e (N ¢
2l 2 2
=g~ 2z g
£ saelze| § 08 v
._M_MM sT|°E 5 sejyBuIqng Ayaed ogu I8 pue sssuprey
gouwsrsadd 8 Ia 24Ny PIBOR | 0y ) . ‘uoyyreodwrod ‘awrzuU
\4 1899 19730 w poywry mqniog S—— 200 e ot

‘4 Y pus ‘g ‘O ul [e00 UQ

PInuU0,)—I0[00) UL £BIN-[I3)S JO ABID-PBIT “9IYM -J0ATIS ‘OITYM -UT], ‘I93Sn’T ONBISI JO STBISUIN



1-23

DESCRIPTIVE AND DETERMINATIVE TABLES

K813 [0935 yBoNg 89)eld
reuodexoy puw suid vy
pasy A1A ‘A8I8 10 djym-uly

*£813-19038
Juruys Yeollg ‘joudsw oY)
£q pejosBI}}e SAWIPWOS puv
S[qBI[[B]\ 8)93Fnu pus 81[BIS
‘suteid 9)IqM-ur} 0} ABIB-]9dIQ

pal A115Y0 Yvaljg
*8[8}84L10 [BIpPOY®I}d} puUB
§3898W paulvBId-duy £8I3-199)8

YN uny
Heang ‘SI9A8B[ JNUIDUCY Ul
SOWITOWOG  SIVBJING PopUNOL
gim ‘earssvul A[Bns)) Nov[q
qsow s SUIYSILIB) ‘@)rywM-ul],

IMIIq A1y poE
-~Ipel 10 poursId-auy ‘dyymn-uLy,

Y M-I3A
T8 Yuallg  SIqEdIEIY "YUBlq
0} UMCIQ SOUSINIB], SIESEW
pu® S3YEB[} °It4 ‘S[e)sLId
Burgousiq a3y s ,, JDA[IS |, ABJ

‘91 M-UT}
eaxyg -swsud rguodexay ajnu
- JO pauleld-ouy ‘oiryu-uij,

*Aeld yeong  s[e}
-8AI> OLIJOTUIOST Wl 10 pIuiBid
~38IB00 03 poulsdd-ouy ‘Sfedn)

Iopo jusseajdun
‘juadund ‘aqny wadQ

oQuIBy an[q 9Inzs [DH
Yijs pajruldt anpisal
paIsvoy  WIuOWwE
Yiw anq suogynjog

sy
IN[Q-IY31 YIM suing

owrep Usa1d
-a0[pPA  Yu  suing

1DOH i add ajigw
Lpino 2413 pus
Iaddoo 9781d suonnjog

apumyp3 piod avr]

apHn[3 Pos axry|*

ceseeecanen

aywir

-1qns pat

gsuuwnolq
83381d0109 (]

Jourrpy

s[qnjosu]

Aquo vidaz
snbs [og

(anp
1801 931 W
I udaad)
fONH I8

fONH [o8

a[qnpog

YOSTH 10
EONH 198

afdand

1 IOSH
Joq uf

opdind

YOSTH

joq Uy
fONH IS

(10po
yuesea(d
-u)

snjujy

snjuy

Sl

8071
UL CRY

£suy]

A58

2I118[0A}TYM

331g M 9[13B0A

a[13e10A
o)y 98uUA(T

ERHOUTLT]
L8181y

aipuIgNe

£ead ydig

sawT)
~autog

Solun
~aut0g

© eeeeses s oagrmsopu] H

SyoIy=H
[CF oK
EEEEEERERRRRE ¢ 1 (61 F i |

610 ¢1=D

16016 y=D SyOe=H
5eagtng
T

L§919¢=D S'e=H
sy

ceeeeeseopmuemIy g

£903169=D 6¢0¢=H
q
++ - Lgowinyuy

11103101=D €9§7=H
3v

T

€99119=D STNI=H
§-99 TyM 2T,

ceee e mungRL H

9803¢g=9D GTNI=H
AL(3V-1Y)
creeeeeenn s gusmapy o

JOVId LON MVIYLS HLIM ¥



MINERALOGY

1-24

*9ju14d Jo y%Y) Uy}
I9jIgAM 8INjoBY ysalj paje pio»
-IP8 WO S[BISAD Jv[nge} Mo[pL ‘joy 6Y%9r=D 69°19=H
odwie pus ,, qUOISNO0d ,, pal ejBw |(S enpisal) |[(suing) Sog
Te3d8, MO[oA-88BIq O[5 2uAd oxry|-qns ajquny| EONH o8] €¢ | e e e oymmoamyy S0
ONTI0B[B)S 18]
-npou ‘Ie[nqo[3 aAsseUW O8]y pIOD
*§9BUI 8 BUIPUNOQ J0 8)8NIO UT SPH |Mo[BA ‘104 T16016¥=D €999=H
Ppodnoid Jo poys[ost 'S[RISAId [IOPO YIMM [DH Ul 83D pal 9jeur ((Y enpsar) |(Suinq) Igoq
IO 10 BIQRD MO[[OA-8981I( 9[BJ|-89AJa[j0 S8R Pasnj|-f[qns d[qing| SONH [08| §7 + M AR + I A R 117 % & ¢
pedusy o
ST XBIOQ §B A[OAISS0D °
38010 o1 |-ONS  ‘Umolq ‘udvud LLOITL[=D 6§6016=H m
l—.uaws NAgM UT PIsO[oua souln} .05—3 9A13 181133 s YM BVIN -3
~QWIO8 £389BW PaI-13ddod JyeJ[-BW PIISLOIPUT XBIOY {-I[qNS JOII[\ enaeg F4 -+ ‘O3B A + <ccgqmooaN |
“jouseur pays ¥ Aq 9ro1cy=0 grorce=H B
PRjoRIIe I9pMog umolq 3ut uosny 3I0j (P dopo; Sed >
-JSTulIe) ‘SoSSBW MO[[a£-2Zuodg]|-aq d13udew A[3y3iy S O[N v| sessaaraynyl Lsey | + . + : Tttt tenoylsd 'H m
‘TeIpaqe}d0 93eAra]D) 1]
*joudBw [99)9 ® Aq pojowa)}B |uwolq Ysppal J O §019¢y=D $NGe=Hl =
90U Inq IoYLIAd Buiqmues [XrIog  dInjouly uo S (IN-34) “
-3J 89888 MO[[94-0ZU0lq 3y | wOPA aMmqo[3 pesn g : 29161} + ettt + Tttt eyipuspusd If b
*810[00 2098 d yBmnqNs crorip=0 1posce=p R
ur 3uigstuie} ‘s[uisAIo  pue . eInoery | Aerd [wo[pf sud |(g onprsan LSEX ile)
gosgewr  Asselq  Mo[RA-jydug|ideoxa oyumioq oy [Avw ‘suddie(| SONH 10857 03 7| + Tt + N MR- 118 2.0 (o1 -1 f0 TR
*89[padu Jurysiper jo dn PIO2 9601¢€6=D ¢¢0e¢=H
OPBW §8NI)) S[BI8AI0 a[pseu |umolq ‘oY pal J Q BI13a1 SIN
10 OYI-TBY U polojod SSBIf|XEIOq SIO[0D POISEOY . “enbe [oglz 03 ¢ || + B R s . et UBN H
surep an[q
‘QAIBIBW A[[ENSN [0INZE 83AIB [DH Yils
PuUB 9[}juq A10) Uy yoe[q |pejiudr pue aing $G0Iep=0 ¢=H]
pus o1dand ‘enjq ur seyswIR], |-0BIJ PAI YA PIq (g onpisol) JSX se)
*3INJORI} YS31} UO SZUOIY P (St 9[NQO[3 O1duUIe[y suaxoeld| EONH [08| ¢ + o : + oottt rejmulog T
’ sl _zl z
supq |2RI5&] 8 | ¢ o 08 | sV Apaead oywads pus SLBUPIBY
sousIvaddy 1893 1BYIQ oqny Pasow | gymgniog | -teng |© mm 5 | SesuHmHTAnS ‘motjisodwod ‘owed
ur prvey 1urs)84s [83841)
anpsay 10p0
‘4 ¥ PUB *J Q Ul [800 UQ

10]07) UI Py 10 IZUOIG ‘MO[[oX OB ‘I3ISNT MBI JO S[BISUIR



1-25

DESCRIPTIVE AND DETERMINATIVE TABLES

uoyngq €TAIT=D ST=H
8)8NI0 Iajem |1addoo 03 20U9082AIY;D OH ¢ YOSnD
pus supa ‘sfeysfro  ALsev(d onig §[LI84I0 SN[ [SP[AIX "SUINYM ‘S[PMS[GIIM §ONPIY 898N SNOIENEU omeRRIy| T TenyjuBoey) UL - Hm
by ot
¥'i=9 I=H | m %cﬂ
spealy? RIUOW 85%[T JBd[> 0} 20U tO0dtH n.V.. 2
-sayud JO 83[808 A[reed 931qAy [PUB 593¥[d POpIS-XIG|-WIE O[IIT] B PUB I2)E | [-SoWNIUL LY T= g pwy| - . teccc QgrjossRg WL B2 WM
]
€56 1=D ¢=H| o |28
2)rue[o8 BurquIdSsT ‘S18ISAI0 suo3Ajod 1918M sev[3 13 ® aysm) O%H ¢ + LO'g%eN o 9“
§891I0[00  ‘9[qBABIO ‘quaredsuel] [eoewwAsu | yonuw 82413 ‘dn BYNJ|83A1d pUT S[[AMy | = | YSE119IM8 jo 0BIL) R 5111 85 g A\ H m ﬂ
= Rt
£1=9n  §TMI=H o=
go9§FEW ENO suo3Ajod RERLAN 88u]3 1r9|D 3913 O%H 01 +:O'd%eN o0
-10d 0 §ISNID ‘S[BIBAID 3JTYM MOUR [eojowwAsu Yoty 821 AN SYNJ|PUB SIPMG ¢ | 01 1= J| UBY[E YsLoIMG ceeovt s xwiog IV 1]
- -3
1g=5 s7=H o5
onau ! O%H 81 S*O8) 2(HO) 8] . “ﬂ»
$9998WI IT[NUEBIB JO 3188 MO][dY uonBZIBISAINION I0jvs PR Yonjy|-Few  80WI009Q  ‘SI8N }| BNOISNTU ‘onreIeIN . - - copderdo) "IN by ma
(o]
Li=0 szoz=H | 8% mm
aanjeiddual 108 00 Yirw O%H £ OS2IV o= o
$)8TUI0 10 813y AIYAY pedugs Jie[ydy je PRy 1a1vy iyuid ng usBounie ayry g . roywosdy ‘O ﬂﬁ MD
o2 |80
108 0) YW anq 81239 1=D 7915 1=H Q| ¥z
qeay iy 3w Qg [dod(  e[qenjul §AWOY OH 81 £*O]) v - (2]
9180 SNOIQY JO S0UAVSIIOND Y Y A£134383 ] |puk S ‘JO1EW YoMy |-9¢ 1ITw SISO[ ‘sneny Ewm::.ma. uagounyy ‘Jy
193es Jo doip © _ m £1avi8 oyeds pue ssaupley
N E SOJO UL 3:2° ROJIT uo par s I8P, ‘uonisodwod ‘awreu
ouuraddy ur wonwznmyssaony | M posoR M pyRH Y 1 o P ! o u wajsAs [8)841)
(1338 UL [qNIOS) 9ISBYL POPIA YA PUB 13}S0 [ JV[BIIA-UOA ;O S[BISTIN
Buruys pue pas :ddod jealn}g . . W _ h
*a[qBa[[BJY "§[8}SLI0 But Elestii i : | . | ! o
-gouwlqpuEpapudxajosdnold laniq aInze saald ! ! i | i | 680188=DH €0167Z=H
20 8oSEBUI JEINFLN PUB 199U |[DH YA PoIust (u9213, ! | | ! i _ n)H Wm
‘SUTBIS PIJBUIWOSSTP ‘Paliaddo)|pus Pal T SSEW PIsN, | SONH I8 € " -+ “ * _ * ©ocrrcrxeddo) g Lm
MO[[24 ared 01 M0 t _ : * mS
-1o4 WaPI03 YBING S[qEIEIL s »3
*SWIO] JES] PUB UId] ‘DIM | ~ Oﬂ
oqur Buissed ‘8[8)SAI0 P I0ISTP i . 1€°61039°61=D €0167I=H XV
Jo §9[Bo8 pue sureid ‘sjedinu Moy 81301 ; ~ _ ny ]
B oo o1 vwr posng g+ <+ wmbspos] gz |-+ | 4 | oo g




MINERALOGY

1-26

. 1Z2=9 €0167=H 2
O*H 7 +200H®EN f00°N :

838010 3uTua)syB A TY A onjrnsydg I2)B A\ Ajsea gasn g ELtas g AR 140X § S (M EH M

>
938ABO[O OIqNO YA 97Ny T=D si=H MW ﬁ
8[8384I0 PUB SOSSBW PAd IO MO[[oA 108N ou (=]
‘usmoiq 2InduIr 10 8SI[IOI00 JO AITY A (saqno) eaenbg I938M [ ¥ s1=d 5} N Ty ‘1 MM .“a
= ]
s1=0  zogi=H || 2
18n10 FEYN O%H 01 +08%eN a¥| o
A1opmod 10 B0UBISAIOMYS ANYM padeys yje] JI3)B M |-[16 UTE)S [[IM PUEB SISNY g aypqeny JU ﬂm mm
) ]
‘2310789 JO =9 L9 i=H Nﬂ =]}
89[3ue pUB SULIO] YA 8[8}8410 pue Jodea SONEN b KW
83888 MO[[94 3[ed 10 pazafed ‘Oyy | soupIno oiquioyy| umolq YOSHY 9MM sajeidspge( ‘|= g 3urpoo)) ‘enu 8pOS H w] M 3
~
6610426 1=9 =H 29
'PaI YSIMO[[RL 10 Joded 1803 j810W 10M HH
ysm[q 9q AeJy SS9[I0[00 IO YA (s3qno) eaenbg| uO BUIEY[E INPISAIY si=d RE431{s | *IAl4g L4 Wm
R RE1v]

REYN{T] 710 7=D €016¢7=H ﬂ M

“gosgE ure}s A EpOS [ItM O%H ¢ +H1OMFOS3IX o Wm
IeNURI3 POl [ETUMOIQ O} 9)TYAY 8913uB)00Y] J97® A\ |pASN} J1 pUE A[1982 BO8N ]|  19991q pUB A}[EQ ‘9juBy I\ mi Mm

<
(suoB£od L= $T=H mm mm
popIs-1noy pus -x18 980y gy JBATIS UTEYS [T O%H 71 +%(*0Q) T¥Y wt | Bz
*90UIBIIO[PO A[BOW IO SIOQY 9JIYA [-921Y]) UOIPAYBIO((38 PRV ‘IogeMm UYONN'sYj0I] ‘S[IdmMg ‘|= J Juadulr}sy coottrr ejmurey Y mm (2}
IR
1T=9D (=H |®Ex| %
aodea tONY 2w| O
*§98TI0 UIY) JO SA[PIRU AIYM pedeys yreTlumorq FOSHI WM §978188ge ‘1="J| Bumoodo puv L3S " T AN O M fV
Q| =2
91=9D I1=H m o

‘Juaogenbrap AaA yud ‘jos 0D i O%H 91021 " 10N
*S089BUI JB[NUBIE [eIppol 03 9IYAN| 83[3ue}09y] I9j8M YoM [paIuB] ¢ | 03 |=°J| I9331q puw Lysgl - " °° CUteeuIe) O
1098 Jo dorp ® £114813 0y103ds pue 88UPIBY

sousigeddy

ut UO13BZI[[BI8AI03]

eqn} pesoro I petuef]

[800I8YD UO PAJBI]

988,

‘aonisodwiod ‘swred
JwAysAs [83841D

ponuruo)— (3938 M UI I[qN[OS) 91Se], PIPIIA( YILM PUB JIISNT ON[BION-UON JO S[RISUTIN



1-27

DESCRIPTIVE AND DETERMINATIVE TABLES

‘puss 8 88 punoj A[ISWIO §338WI] 8€01LE=D 6G¢01¢g=H
-gmsud 19pUA(S pue £21€301F38 |-qNE Pal PUB ANGAM (1eddo)) (usa1n) 10%(HOY ™MD -
pesnyuod .ﬂvo.—wnﬂ—dkoaw QOOQ couiely an[q 2aNZY| JIIBM PRV poygl ot + ceenan P s wﬁaagdﬂ ‘0 .‘

0P IYSNT "8I pus m
sosevw uooId-roed pus  A[q 13984 (woris jo 8701¢7=D €01z=H| =3
~UINID AJ9A pUB JBN[[30 UI}JO PIOo uso1q spp1x | (oneudely) uorysredag) 0%H + PO1S(@IN-IND*H o
‘899981  WAAIR-p[EIOU  YIv(]|‘}0{ 31[01A " J () ¥uI0g suaIB[g -a[qenjuyi - + e RS 214 118579 n!w

*S[BISUTW m
ylo w jmowdd ® s OS[y F]
saqe(d onsype jou nq oquernd »
3JO8 uUIg) OJUT JABI[D YIIYM GOSN H u
8dnoi3 pedegs-us) pus s[8IgLI0 3I01goour[d €€ Yons &[8lid s
popIs-X18  pajismm}  L[Fnoumnd -UIW UII3-}IBp SNOIIBIN]Y ) “
puB IB[NQB], 8988 suy A1 | FOSTH PoPBIIUIdU0D (pol010)) 679197= 670 1=H
0} 98I80D JO §9SSBW UQ9IS-}Ie(]|Y31W SUOTIN[OS AN[I[A | J2I8M YN\ 898N, ¢ -+  dnoa3d aju0g)
s[BJouIux
19430 YA  POXIWLIAUT  PUB wo[3 679197=9D ¢S s=H
2judd qym pordusds Lqsnsn ugaly) [CRERIY) (S%H 10P0) £POIQ) IV (IV'SEN)TEN -
‘sessBwl pourerd-ouy onjq-dedq dwey MO[PX RERLHNN [ + + NUNZBT ]| =
"SISSTUW %&uhd@ vrgowurg I31%M g€E=0 $ 01 G¢g= H m
I0 [Mp ‘A39A[3A ‘8ISTUID BN[Q I3 [{ITM BN SUOnN|Og HYEIRE (Yoeld) 2(300D) Y HO)EMD m
-1431] ‘S[eISA10 A8sB[3 9N[Q-FIB(]| FWEY UIIIS-pEIauIf] suayoelg € -+ jumzy ‘| »
I9384 (BOIT'8 JO €T017=5H yo1Z=H m
‘s9ssBUl SpPIx | (suayoeld) uonsIvdoy . O*H 7 tOIsND
J0 ‘SUPA  ‘S)ISNI0  OYI-[wsu|” N suayoulg] Iqsnyuy + ®[[020SAIYD — m
el
‘anyq 3urwod oyepqaow W
-3q Aqenpeid ‘s[esAIo Asse[d |owomwr Y  3d =
J0 S8I[I0[0D0 8B A[pavy 939 |[MO[[dX " (0U0D) amolq [799T=D 791§I=H
‘uioy ‘S[PYS 3uI[[y puv Aqired [FOSTH YItm duleyy swmy, |(onaudeiy) O*H 8 + 2C0d)%d
ua3J0 ‘IN[q JIBp 03 UdBIF-gsmyglanjiq LI18IUIWO I\ 1338 AY STMY + s o . yuwIAty I\
A3t jo 30u3d
50 800 UO aynjosuy MNMH_MW anprsal v -89A199 £11av13 doyads pue e8UPIBY
sousIraddy 87893} 19Y1() .VM,:M%.MSW .ﬂ“:.n_mzh = ST 343y J, §1319Y ], ‘aorjrsoduiod ‘swed

proe 210[qo0IpAY ity pajioq Japuod Ufp

{WREAS [BIBAID

HBoI}S PaIOjo) YIM PUB SSI[ISBL, ‘193SNT OI[BISW-UON JO S[BISUIN



MINERALOGY

1-28

9yBIIIqNs
-Moqe4 93uBIo Yvang ysrarsy pIo2 uwnolq _ c0leb=D GE¢O0I¢=H

*6[BIOUIW JWIZ YITA UOIS [PaIBZares 8 O8[8 [MoOP{ ‘104 mnq . (S5 10pO) SpO P

-npour Jo Surysod MO[E4A jyBuIg|Moys LBW [BOd YL QUIULIB) orqngu] ' e . _ + © ottt 9IDRoudlAI) " ]
o[ ‘19 (awvy * ! i €
-1o4 oped Ymang  s03880188v uooe1d 'y (O €89 19189 -8 {1 pur i M 7¢01¢=H 670 {=H 3
PaIBI[0] PUB 83[BO8 PUE §[M}8LI0 [-10100 XBIOE 91UV SPjot | Jovye) (uaain)) _ OTH 8 +2(F0d) *CG01 eD| X
olenbs A[IBdU JIB[NQE} MO[[RX |-lata ut st jdd mofpe Y $9pe | Ssv7g + © ot /suumny ‘Q M.A
(aumreyy Om
“MOJ[oA UOWIO] }BAIIY S[BIBAID ajvuIqns enyg Mm
|[sws 88 puy ‘IEMUBIZ OS[B mydms | wo[P£ jus 10po 9'¢ 0 p'E=D TOIGI=H MM
‘S9[e0s A[qIXAY 03 9[qBA®IP [jo uoyeirdas Wum | -redsuely, [BOTUBSINY ENEA m -
pue Ppe3BIO] ‘MO[PL UOWT,plow OUJU UI N[O spog 1 + . * ymuntdi0) O g o
*MofpA ared Yeang “Iepmod (avrey; “.A
PUB 8931308[3FS ‘9IENID ‘SISTBTU pPId MoP L enigq Xﬁ
1e[ndalit ‘s{BISAI0 JuUadM| ‘101 TN0IG 10p0 g 1720307=5 ¢TSS I=H|
-8UBd} ‘UmMoiq 03 mo[pRA ingdmng 1qns ayqisn g 1 + cer g 'mgdpg) O
‘mofeS | uns Aq pedumrpou ) m
Weanyg IgBuns £q Pperodyr | plod MO[PA ‘30 pax pIo° ! M

j0u ST pue XBM oY1 sIn) ‘sv) |deep ainqo(d puw |woyaf oy _ £6019'6=D 1=H| &

-8£10 10 s91wyd 9|qIXap J0 SUWL [10d®A J9I0A VOSHM s3urio (1A 1 13y

uty) ‘UIS-YSTMORA IO MO[PY|Yliu dqn) pasoy) ‘898N [ EERE ¢ “+ i : trroyuhpol ‘H|
‘XEM JO 1OH Yitw angq FEILEN ) i §7997=5 9=H|

198N M ‘SURA IO SOMNPOU |‘QUIZY UIAIL) IUE sppLY (wwo1g) | O*HYO4E(HO) ¥V :
oubedo A[1vou U0IS 03 ON[G-ANS|-1a1a Ul v 3dd so[P Y suayoe[gg Jqqisnjuy -+ . . ©+  glonbmj m
amjerad -
A8 | -wa) ySig =
surejs ‘8pos [irw 1% pY 6'¢=9D vOIGE=H W
‘g3STLID PUR SULA SNOIQI] |posng [OH WM “UdNIRIq (1addo))) S(HO) NO ¢ OSND 1
*S[R)SAI0 O[PdU UIRIA-pleIOWIlen|q ‘9UIB[] UIIINARIY IBA\ sasn § + . . ** rausyoold "0 M
*S[B)SAI0 JOpUals ‘A[pIey] ®»
*AqiIBa pur uwedid [Mp O8[Y =1
*O1}130%8]8)S SAWIBWOS ‘UIIB JO $p016g=DH $016¢=H n
SopBYF Ul PapuUT(q UdIJO ‘S1SNI0 IDH WM | 1918A youy 200%*HO) D >
30 813qy Suyywiper weerd-1qBuy | enyq ‘swsyy uwdair)| -sueyorig| (YoeId) ¢ - + . s ajmgosrely IN| W

At jo Eblech]
wonnos - r £31a818 oyweds pus esoupIey
aqny pasopd 800 wo | 21qnIo8U] orduny anprsal 8 LY ENE] oo e toared
oouszseddy WSS PBO | uypeysoyy | AImqEEng stony | & enqy aonods 00 o

Pro® DUOIYOOIPAY qiT Pajioq Jop wod uy

ponuuo)—IN 8IS PAJO[0) [IA PUB SSI[3}SB], ‘I33STT MBI -UON JO S[EIPUTIY



1-29

DESCRIPTIVE AND DETERMINATIVE TABLES

‘umouaq oared jyvanyy  surcad
P31BUITWIASSIP PUB ‘S[B}SAID
jquenyg  '891qQqad  papunol
pus padsys-Aaupiy ‘1\ng
*Yoev[q A[1®OU PUB Pal 0} uwvolg

umoIq
ored Yovolly -dalssewl ApoITi
910]y "P933eu Jo [B[vied usljo
3318N] JUBIIIq qIM  S[RIsdo
sovlq 48U 03 pal yswumolg
*S9SEBTU J}OOWE SNOIqY UdIJO
‘joelq AdedU 03 umolq Asni
jo suonppruod oyi-odid puv
0131308[®)8 IB[N[[20 ‘@10 Foq sno
~0ud301999Y PIAWISN[-[INP wMoIg
*UNOIq YSTUO[dA O} Mo
-PA Yealig  §)1SNId  £IAAPA
pue so[BOS ‘SS[pIoU Pdl puw
uwolq O} YSIno[[af 8T umouy
989q ST JNQ  SAISSBUI  SINID()
uwoxq oped Yvong -vuad
QI SISAT] O1I3UIIUOD IJEUIDI[E
J0 sassBW pauterd-suy joeduiod
pus  ‘I10918n] SnoOUIsAI Suoxys
Y  SISSBWL  J[BABI[O pue
spesfIo queonjsusly 03 1udIvd
-SUBI} JOT[q 10 UMOIG-MO[[d Y
‘mof4 ofed Yeanlg  Ivm
-uBI3 10 ‘701 3¢ 9FLARIP Yumu
QAISSBW 10 ‘S[BISAI0 ([BIpayoq
~WOYI) PIAIND JO §3SNI0 UMOIg
‘guonesdaidde
OYI[-S¥OW pUE papunol Os[y
-wonisod prEIEd ur sdnoid
Sutzede} puv swsud [Euo
-38x0 "ABIZ I0 UM0IQ ‘G3IL)

~morpe4 ared Yrang
“83SS¥UI JE[NCO[3 OS[Y  “ MO0y
sowrnjewos ‘swisud [euoSvYay
dicyg umoiq JI0 woppRf ‘pay

uunnos IEgqov
Y14 pajudt jr uasad
ysmpq ‘proo  ‘aigm
‘l0q  MoeL qns
pus uwojng €A
mydms 10 epos Aq
popie pus payedy
A13uoxis [BOD U()

IR
13[01A 9pBRW ‘MO[PPA
03 18018 ] 'O Ud 'S

9IqIe0d Ay

omoudv.ar A
-Juoxs " "y [80d U

uonnjos
11eqOod [gita pajiu
-3t U weaad 1yRuq
‘Prod 9rIgw ‘qoq

Wo[P4& [qns [roy uQp
{UOI1 SNOIIY)
IpIUBAIIIN] 2188%)
-od yyw 3dd enyq

-jIep €9a1F uwonNoQ

0P I qIrn
[¥00 uo [MS MO[
-]94 yswaalr)  due
-tata urse 3dd woqe g

u3913
A ‘rquE g 0
4d § WA xng
g witw  [qns Mo

-P4 ysiuaald [rod uQ

Suoppay
Ijen qonyy

suappay
J9)B A\

EILHETe

-I[NS ON

onaudvul
$31U0(|

‘suaor(g

|
w
|
|
|

p1od worp €
0y pay
TOSIT

LAY

ajqsnjuy

U—D—m:wﬂu

(on3ou

B 130N
Yosid,
[ ]

(an3u

-8vIy

HovleD)
§601¢

Lynowyrp
i 1o
BIGICiNited

(dnausni
puvr
v

S

S371]

-181e $100y]

N

RIS
s

fonprsayy)
+

(aNpIEAY)

+

ST 10D
|
_
{pLv pio2
ur {[BO[R

'
'

120389=9D

LM9=1
20Uy

Tt TejuRaeEs) t,

TEOLLP=D G¢9019=H
2oLy,

C e oy L

yo19¢g="n ¢gO0i¢=9
9(F0) BL-20% [

<o T oy

PPOIp=0D ¢gOIg=H
(HO) 0”4

Ly016€=9

6£018¢="0

1Lol66=9

3£03199=5

©T9gyeen 0

yor16¢=H
sz

- 9yepeydg |

to1g¢e=H
0029
©tot eluIepIS H

yorce=H
£ Fod) 10°ad
ojydiowols g "H

€= H
£F0.A) 10549
ojupeaE) ‘H

AVHYLS NMOYE-HSIMOTTIX OL MOTTIIX HLIM ‘8T



MINERALOGY

1-30

‘umolq
qSIppad Y8a2)g  “I998N[ Ul [[n({ STOHI=D ¢€01l=H w
*oqT[-AB[0 10 SUIRIS pepunol JO | WOTINOS J[BqOd YItM | Jesy Yy F{(HO) O »
80S8BUI UMOIQ-USTppad 0} Ppay|pojudt ju enjq deay| jv ojepy|  o[qsnjuy ' + T s v ayxneq) o
~
pa1 ysydand Yeang M
*S[e1SA arey  -sIvke] Uy (1dA1S o
ut Je3uUol}8 jJuy pay  JIajemy P1oo pal qns * g§6=0 ST=H| &
SUNUBWEPE JUBIQ 8 M aduelo st 3dd | “oy yovlq Ay yy) | ’3q883Y )
SISNIO 10 FWRA pal ysT{oe[ging jusnoxd Ytk sy| [qng 8esn 1 + oufireisy H m_
1911808 Yeallg  “Jejsu| 10H 4q 3dd mof PIOd %01 (32A11Q “
QUIUBWEPE  JUBIUQ  Guw [|-[24 ¥ pue O 3ur | -l qus I0po L§?96=D 6CIOI=H| g
swisud pap-xis orwy ‘sesstw |-foq Aq pesodwos | pal 1ySig orEny) sy 2y g
I0 §)SMID UOHIWLAA 0} 9o[IBog|-sd EQNH 9[qnog S9SN J | + v C o ssnold Hi 7
o
®1da1 enbe &
qnes *89[nqo(3 4
‘J9[Ie08 YeaNQ [[qIsta 03Ul Polaa| S
*818N10 dUWI[[B}8A1) sIsSBIT |-[00 Bq UBD YoIgn pagqul uorsny 78018=D ¢7017=H M
pouIBIF-dUT} PAL-YSIUMOI] [IOIITW IT[[€II UL Jupal INOYIM S3H
JITP PUB 3I[IBOS ‘UOI[IWUIS | [BPOS Y}T1M 8N} PISO[)| * [(NS Yov[g| SIZI[LIT[O A + Tt T Isqeuw) “H m.-
ek
ToSWILI 0 (1opo 67=9D CT9M¢I=H n..m
yurd eang 813qy UOSWLID 1o ‘A Mpueg O J1pIen)) (pal 1gdr O 8 S(FOsY) f0) [l
npmod Jo 8I8NI0 AYlreo Jurgl'enyq dasp xwviog 178 898N ] + : augyAry TN
wonnpos Apaf Jo 20UId
Q ajqnjosuy opdung onpisal v -82.41919 118 ogroads pue sseuplrey
souBIvaddy 8189} 2010 aqny pasopy | TP02 uo 819407, sta1ay], ‘wonsodulod ‘owsd
ut peyedyy | Appiquenyg wajeds (818410

PIo® JLI0[Yo0IPAY iTw pafioq Jepmod uf

PoNULUO)—HBII)S PAIO[O)) UM PUB SSI[9ISBY ‘19)SNT JN[[BI9IN-UON JO S[BISUI



1-31

DESCRIPTIVE AND DETERMINATIVE TABLES

*MO[[94 93UBIO YEal}g

‘8898410 9181 A13\ 9[qBAEI[D uaa18 3q3uq st (ayewr [§01pC=D) GO}y =H
J0 Je[NUBID) ~ SISBUI  QUI} [UOIIN]O8 3[BYOD YIIM -1qng) Quy -
-ugmgpe pol-youq o) pal day|pajtudt sjvwiqng suayovld aqusnyuy| cree + RN IR R EERCELERRERRRRE ALty A< | I~
MO[R4 ystueald m
*93uRIO YSWIMOIG XNy 1 Y}M  [80D 790166=5 ce=H -
Yeong Cs[EIsAI ewnurw jo ju) w3 g Y (peo]) (uz 'qd) YO\ (HOAd) o
genI pel Io umolq “yomig|uequm g O uq § up| 103em owog gosng| s + LT LR R R e € e O m
PIo9 yst W
Mopa£ ystuaald | -uaaid 'joy @
xng g [800 u() |jafora JIvp 190366=D ¢ogr=H| ¥
‘mofef aSuvio | uoddd Auq g Y YOSHM (pea]) Y010 m
eang .msmra pal cum:oﬁnm puv 'y O Yd 'S up [y <l Coee + feeees v . . e eeees 1100000 (IN “
>
[ pIod (ausy o]
ofurio Yrong  s[v)sLI0 Jus SONTH °Iqn[og pa1 10y an|q 9¢0pg=0 70¢I=H
-1pdsucl) pue JI21SN| SnowsdI | seywy Mo[PA -s)dd | yos|q [qns sung) Qisy
jo sosswTu Jemnuuid par-o8uvi)[DH "HOM Qqnos| seaid ‘spog | + et oo o .t BRI L:2-11:23} 8 A
Ppal ysruuolq M
¥eollg 'snoiqy pue padeys aplue (ouau €6016F=D G6901¢c6=H ]
-Koupry SoUINAWOS ‘AY1Ied 1o |-Ad0119) o1ssejod -gey) 0% Gﬂ
‘ON)T[Q0 ‘9AISSEBWI ‘pal YIevp [ |yiw “ydd enig-yiBQg . s[qisnjuy : + IR B C 9INBURH "Hi°
ik
Poa ystumoiq orjaudrut I 49 £ino ws
¥gallg 6[8ISAID IB[NQE} UIy} |SI BPO| YILM PISnY -gp gitw §01¢p=0 90g=H MH
pusB £3s58W puv sUIBld ‘s3jvd | 19j01A 83W00IQ UMY 10 (£[m018) Nty MH
UMO0IG-A)STI 09 OB[Q-YSTUMOIE|Y3Iw Po[ioq uounpog| *  * ° ° a[qsnjuy v + IARARARASEAN R torer ottt nmewW(l ‘H NM
Bururgs ‘pad ysIIMO0Iq Jeang wm
‘OYI-MTY  SAWIPWOS ‘S[8ISAID 190186=9 $036¢=H ﬂ
OUIJOWOST UOSUINID 0} Pal-dad(q sulsy anjq-aInzey (18ddo)) (unorg) om) >
‘G0REBWI POI-Yolq 03 PANITQ|IDF UM pejudpltc . ¢ eee + R IERRTE T T FERRRERRERRRRRNEEY 18 (oW (1]




MINERALOGY

. .1-32

L°Y[9=D ¢€=H
fooad

<o ce--oyrueNmAY L

$9°319=D €=H
rosad

tr9sd3uy 'O

9¢=9D €0167=H
t0%as
©C eyunmeey ‘O

8€019¢=D STOI=H
Y(HO) f00%uz
9}1UZOIpAH—

12017=D §T%SI=H

<
©c cranydmg O

SALVIWITEAS 40 SHNAL ITAVLION ‘9T

anq s1un It |
pajtoq peainlip uonnoe |
*1978N] SNOUWISAT Jo |‘pajood  ‘uonnios | saieirdaroo(y u3213
6[818AI0 a18NbS IB[NGBJ |OS[Y 3)E[TuB ONI7| suaydv(q . 03 [BIIR] + |+ + ]+
BUS[Ed paxru .
-I9jUt WOolj I0[00 £BIA
Jo s3ssew Ie[nueld
joedwod pue sIsSRW
913711q 9jIYA 883 xny
-10[00 pus juasedsuel) [1g YIM [BOD UO
u9ljo ‘sfeisfio spdun@y [(qns mofp4 jydug) sorendarde(q N a|qujosuj o+
(4 1 M
s1aqy ®oD)
Junwipel 10 S[vISAD 180D UO sawrnqns RERRE .
ejnurw AY[15 331 M | [qn8 93iga ane[o | Apaud ‘sesn MO[P Y aqnios +
wonn[os 9yBq H
-00 g uonrudt
‘SfereuwIWl  |Aq udeld jyduq
oUIZ I3GJ0 UO ®SNID [IpvUI [qNS ByYM 307 WO[P X 90UIBINIILO
Jo §98SBW JdNI[-Y[8YD|La8aYy J 3 [B00 UQ 1938 A\ qIw [ox +
*1318N] [[np I0 107 UMOIq
SNOUSdr yjm Ispmod 08 ojeuItiqng
IO §38SBWl pUB S§[B) |{JOPO UM SuInq a[qeny
-8410 Juadn[suUBY) JyILIY pue a1y saye], Mo I onig a[qnyosu] + 4+
£ 8lel=z|F2]9
aqny paso[Y  {UOIIRIOI0D AN 2|2 = m
sousrsaddy §1891 BYIQ w payeal] owep[ Lnpqniog R = z =

aneg

‘ST [eJoTTW 3y} JO I0[0D YT,

£314813 oywods pus s8aUpIRy
‘uonisodwod ‘swsu
BUCHTVR 317, ¢ /)

SATIIX ILVNOHEVD DIAO0S HLIM TVODUYHO NO qIsQi

9J8U0GIB) OIPOS UM [BOIIBYD UO SUONOBIY JUIP[AIX PUB ‘YBONS

SITUM YA pURB SSA[33SB], ‘J9ISN’T ON[EISN-UON JO S[BISUIN



1-33

DESCRIPTIVE AND DETERMINATIVE TABLES

Po28J-931y3 Jureq
Spu® [8)8410 3Y) ‘8308}
-IN8 ASIIpP [BUOIEBID()
*8§30vJINS papunol
yoows yjre  §ISNI)
*sassew JE[N{[30 ‘SN0IO0J

813qy [
-1ed oI S[TISAI )
SMOYS  2INIBI}  dYJ,
*ga3p11  3unulioy ‘pAIe
-1ed Aqjensn ‘spus Luo
Furnoys uajjo  ‘s|Yy
-8AI0 3M paur] 831}
-1ATD Y} ‘SISSTW AFIY W

~pwod ayu
€ f([aasy Buajed
I SIRAE] 9)FUId}[B
I0 sessewl  josdwo))
“I338N[ SNOUIBI BUOI}S
YW BIVSBUI I[qEABI]D
pue s[{e}s8£10 juUad
-n{susl) 03 jussedsueiy,

*suon}v3au3sv
SYI[-880UI PUE Papunol
osy  ‘uonmsod (I E
-IBd ur sdnold 3 wadv}
pue swsud [EUOIBXIH]

euored
Y4 UI)JO ‘S98SBUI I8N
-UBIF 10 §I3QY PIOB[Id)}
-Ul 10 S[B}SAI0 pauuLy J,

*8988vW IB[NQO[3 pue
sdnot83 (ofeIBd OS]y
*MO[[OY S2WI}3UWIOS
‘swstd [suoBexay divyg

yua[eyds I

(uonru
-81 Ul papp® X8BI0Q
PuUB BPOB JU 389q)
djtaaivyds oy

:OCS—CM eq
-0) Yitm uoyIust
£q wea1d jyBuq
Jpew “[qNS IIyn
£a83Yq " [ Y [P0 U()

8190¥] 8wy Jurjood
uo puv J () sesnj
OSly 3189[3us oNI ]

ERCainhoE 1o

uelid ' 'y

‘eque g0 ‘ud §

amd n
‘10q mo[[2 %

J9)U A\

wor[a4 §[00d

‘Pol uayy
Mmoo sumn,

PI0o moO[[a4

10y pal

03 mo[Pg

YOSHM
EEIY

EAIEN]
-89AJI Y0
yia o8

ESICIRU RIS (BN

KTH 20po

PUE 30U

-89 13 1J9
yus o]

EONH o=

Furjood

uo §1e}skl)

IOH 0y ut

JOUIIEIAIBYD
qirs g

uonnios
morpf

03 fONH [°8

_+.

SYOIey=90 ¢=H
200Uz
* *amosqyuug ‘H

SrOIEP=D CANCy=H
£O1SE(HOUZ)
(durwie[rd) 3jrydIOWTWIY

1y96€e=D $0IGe=H
SuzZ
* 93 J3[eyds ‘I

1£9%65=D $35¢=H
£(t0d) 10%4d
aygdiowolfy H

990369=D CE¢ON¢=H
t0049d
9WENII) ")

TL9199=D ¢€=H
E(*0A) 10544

©++ oymipeuey 'H

SELVIITEAS 4O SN ITIVION ‘9T

SATIIX ALVNOEYVD DIAOS HLIM TVOIYVHI NO ddsad



MINERALOGY

134

o201 #[3ue adeAvd[)
*8[8384£10 paAIND
[eipagoquoygl pue oaneu PIO® PIoo Ut 6£018€=D yOISE=H| .
9888 9[(BABS[ pu® |-3vW puU® YOB[q orjeuIBUWr 30U208I\ £0094 a3
poursid-ouy  ‘}pedwro))[§3U1009q [800 U pue jovlg ~Iago Mmo[S <+ + ‘PP H muﬂ
»nQ
878} By
-BAID I9AQN SISSYW €T0IZ=D $017=H nVuHﬂ
798dwWw 00 I0 SUTIIA uoyng J3ddod ¥ | I9yBM SPATY 9913 anpisal O%H Z-801 0D MGW
“8318NIQ ANI[-[9WBUL|'[600 UO BPOS YIiy ‘sueyorlg| PpPredswy I o] + | + t B[[0208417 ) mmw_
uns ur usdad Mﬂm
J}1ep ‘ploo X MNS
MO[[R4 FIvp 8601€6=D I NI=HHZ
‘30q pa1 yIvp wd 1) 3y S8%
"33 18190 NI 9114818330 ary| YOSHI U3TAL o[qniosuy + TTUoeyqoquuy Y mmm
=
>
“3uyy ﬁﬂu
-)no J33je 20vymMe Jur une ur 39[01A Mﬁ
-uTge qjms Xem oYI] 4o ‘prod 211y §601¢=D G¢1N|=H @
pus 3q3uns Ul USJIep | UO}INQ ISA[S pue ‘30 MO[RA& 108V
goIyM 838NJIDd Uiy, |I0p0 puse [vod u)| YOSHM UM arqniosuy + e juL3rers) I
aIn)
-onng 3uneipel Yim -
w930 pue [Mp s[qqed uonn[os 118q0d 0.9
AAvoy popunol pus |yim woniudt £q =
SUIBIS POIBUIWASSIP [Udvid YsM[q apsw 1£0389=D LO9=H| ,0
‘J9)8N[ SUIJUBWEPE [ [qNS S[1IE[0A-UCT toug M“
JUBII YILM S[BISAID[EPO8 [IM [B0D Q| ccrcttttcttcf ottt s[qnosuy| + + | + ueywEse) | By
-~
*SNOUIBAT I938NT mm
“g[BI8AI0 Ystumolq Io0 <T=]
yemppax o3iv] APIey MMW
‘surerd pol pusv }owv[q 1y016€=D ¢¢=H| "W
gy Afunen  poxrm roistug @
-JojUl 8ISFEW Ie[nUEBI) EXECI GL O 16 § RN R Ayl y3m 108 + 1+ + ]+ Tt T oI 'H
=2fleiz ¥ 2|2z oo
B S] 2 =1 e I3 A3ABI3 O § puB SSaUpIBY
aqnj peso[?  [uoryBIO[0D s |lzile| & g |E|6 h "
eousrgaddy §199} B_YIQ £igniog Lo k=3 € B worisoduwtod ‘awreu
ur peeay Elu i € g8 - wosde (98410

6T [BIIUTUX 97} JO JOJ0D IY L,

SATAIX HLVNOEYVD J1dOS HIIM TVOIIVHD NO agsad

ponur0)—3)BUOGIR)) IIPOS A [BOIIBY) UO SUONIBIY SUIP[SIX PUB ‘YBaXS 9)IM YjlM PuUB SSI[)ISBL ‘I9ISN’T OJNBio W-UON JO S[BISUTIN



1-35

DESCRIPTIVE AND DETERMINATIVE TABLES

*sTeIoUTA 19730
Yje  paxuuIeiul pus
juAd [y pafBusds
Ajjensn ‘pauteid-aury

[eL13)8W SN0
-8 ‘pley YiLu paxiw
Aqrensn ‘sproqno [swe
10 IB[PWIB] 10 SNOIqLY

*,06 78 suon
~00JTp 307} UL 89AEI]D)
‘gossyu paulsvid
-9uI] Pu® 3[qBABI[D

*9L Jo soyeld arquiogl
0} SUOVOANP  9AIY)
up 89489 S98SBW
1snueid pusw IB[[d
-ure| ‘snolqg puw s[el
-84I0 9)Iqm 0O} SSALI0[0D)

‘o 318L
jo 8aje(d srquoyr
03 SuUOHOBIP  d1IY}
U $9ABO[)  UOWWOD
e[e3}8L1) -snolrqyy

PUs 9[qBARA[d ‘FeMmuBl)|”

*599 jo ae(d orqmoyl
€ 0} SUOLPAIP RIY)
ur 3uaBep ‘S[VIBAIO
pue sesswm oq AvwW
Jo 3o8dwod IO SNOIQY
A8 ‘A8o8 9q Asur
YoM ‘sesFBTT  pIjUIY
A[3qBs 10 883[I0[00 ‘3J08

paod euy ur anig
uoyn[os 0)) YIM

uor3tudr £q angg

mop3
uo913
puB J23B M

j83y yBig
18 1918 AL

10784 PRI
“suB I AL

MofRPx

(uaa10g
1010D)
R CARY

pal
YSMo[d §

uosuI)

LEESY)
G ENS (CRY

pax
ysiao[ey

SPH 10po
pue Ajpef
UL

enteg

oy ynn
jdd a3y Ay
aqnioy

arqniosuy

arquiosuy

uonerodesd

uo 8azI[e}

-84103Yy
a1qnIos

y7z=9D §56=H
EFOIQ) AV
(Iv*geN) ¥8N

(ynze-] side]) 9yumzey |

L70197=9 S¥OISE=H
O%H ¢ +2(08) (COIV) M
. T ey H

£€016¢=D $€0I¢=H
YOS®D
........ .Qu%hﬂﬂ:ﬂ .o

y=D SEOI¢=H
0838
....... ceret e uRIPRD "0

9pOIgy=D §¢NRST=H
fos®ed
............. g O

€7=9 T9CI=H
0*H 7 'OS®D

wnsdf I

. YHATIS NIVIS TTIM dINALSIONW dI
LOg ‘STTOILYVd d300ddy Y0 SHLVINITLAS ‘STWAJd ON 8T

SATHIA TLVNOHYVD OIAOS HLIM TVODYVHD NO aisad



MINERALOGY

1-36

*a8eA®Op A883 dUQ
*IR[PWB] A[[BUOISBIO() "3OUND
-89[edo [BUI}UI Y)IM S[BISAID
pxyutod J0 | 01qno,, 10 IBMABL

uorsny
Juump  89RIOJX ]

I2BM ONJY

(190108
10[0))
FETENETE 2 ¢

Lot sdwng
s 2Iqueg

‘saqno
A[180U I [orgm S[BISAI wowsny 3ut Ayt sdwny
[81pegoquIoy L [rews Jo sdnosn)|-INp 20U3VEIWNJUT 138 YINY ira d[qno|
*a0e] A1eed
TeojdWWAR SUTA1Z 988A [0
£88d du( -Jumi JO SN
® 3JuruIoj s[B}sfI1o [[ews uosny Jut aupsal
Auew 10 ®dnoid oI-JBayS|-Inp A[jrald s[a.mg Ie 4 I d[gnjog
‘pepuRq sewrrjowiod  jueIl] aqn] s9Yo)e
-[uq Afensn 100D 1€ 0L FOSHM
€9[3uB 3B SUONAIP JINOJ UL I
9ABO YOIyM 19)3n] AssE[3 JO FLEALE] a3urlio
80898 pUB saqno Juaredsuvly| U -1oydsorjJ 03 payy a[quog
‘8aqno A[Iwdu §[8)SAI0
OIUIOOUOW pIpIs-X18 [[ewus
APpIgy “mous AI1gvM Fuiq wonnos 00
~WOSOI SOSSBUI  JUIIN[SUBLY |YIIA PIPUILJIAN(E | AqN) S2YIIGH LGHERS AqR[ON
‘s9)8[d 13U
~urg) 03Ut 98eABI A583 IIM IDH
SO[B0S SUY JO 98180 JO BISSVIY UOSUINL) ut ysug
aqn1 paso[d | uor}PIo[od
souereaddy §1893 19730 w poyeayg aureyy Ayqniog

|

YM 10
€80]4010,)

+
i
+
-~ +
i
+ o+t ]+
_
+ T+
+
el Mgl
Ql= ¥l x| =
s E12|5F ¢
S| =lz1g|=|°®

391014 40

|+

ardang

YT0IET=D CNcy=H

O%H 6 1¢Q1) 88D TH
oyiaydody -,

170107=D Sy=H

O%H 9 2(018) IV (FeN®D)
Tt rezEqRy) 'H

(7917=0 $06¢=H
O*H ¢ +%C0®) UVAUrH

’ © o oqms I

€€01¢=D v=H
230

e aquonyg T

€03671=9 SI=H
*A*ENIV

e T

7€0I87=D ST%[=H

EEOS) TVE(rTY)
Tt 0 eymopideT N

TAWVNYT ¥0 SSVIO TLIHM OL (¥ 01 T) XTISVA SISNA “6%

£31av13 oytoads puw esduUpIvy
‘uorjisoduwrod ‘somrew
193848 838410

.81 [BIOUINL 37} JO JOJ00 9y,

ANWVIL 90719
J0 dIL LV Sd30¥04 WANILVId NI AELVAH LNIWOVYA NIHL V

218U0qIEB) JIPOS TIA SISL ON JUIPOIX PUB ‘HBINS UM UM PUB SSI[9ISBL ‘I19ISN'T O[BIOW-UON jO S[BISUINY



1-37

DESCRIPTIVE AND DETERMINATIVE TABLES

*5]8}8410 Ager(d AnuUIy

*UOTJ09s-88010 UT 1¥[M3UB
-1y Ag8nor pue owgdiour
~IUIY UA}JO S[ISAID OV VWS

‘spr1sf1o podwys
-[21i8q UT SAWNPWOS  'S[PY
-8A10 18Mqe) jo sdnoid ayy
-J898 §8 IO §)SNIO papunol
qioows €8 SAIAGD  Bumur|

*988ABID A880 QU() "S[BISAID
gadnox pue sasseUl J[QTAEI])

*Jusdseredo sown
-9uI0g  "SUONIBILS Prresed
MOYS U 06 A[10EX3 20U
Inq A[Igeu ‘seBvABI[D A8Ed

oM) )M §[eISLI0 pue SasSBIY|”

s91030153¢
PAUTBIZ-OUY JO JBEUWN[OD JATS
-seur A{a1BI BI0TY €N0IqY A|
-3ure} 838TATD) *,06 10 ,C€ 1
go[3us o3vABS])  WONIOAE
-§8010 aIenbs o [¥u0deId0
I eBIsil YoIqy 98Ie0)

uon
-NJO§ 3[8qOD YIIM
pajwudr ju 33[01y

Aqpt
3urano] saAjo8
-s1p uonytudr Jagy

Aqat
3uiAgd] 83408
-§Ip  UOIEN} IOV

YOSTH

1M omey Uaaad
-anjq Algjuswoyy

[BuRBW

pasnj ut se[qqngy

e A
RITU A
aqm)

103Uy
pue I3\

cerese e

u31d
YSLAO[[R Y

e+
FORHM
YUY UL

pas
HSIHOYAL
0} uoswl )

WO X

MOT[R T

a[npog

apqnposuy

O—J 31«./4

ayqniosuy

[enae g
orqnposu

309j1dru]

i+

€0367=D [=H
S aqueiog |

670187=D ¢9019=H
YE01S) sty
aursmInOy, “H

670187=9 6'9019=]]
§018) fvEROtH

S ey o

1€0lg=9 9=H
*Od 41 T

cU ot uodAlquy WY
* (s1u0pRIgEeT)
(onqry)

LT™97=9 L016=H
ORIy B

+8ofierveNu
‘ 3sT[0IBR]] U]

L7=D 90¢=H
TVEDEN Jo sajeong
..... **dnour) gquauIe gy "L,

TANVNEA 40 SSVIO TLIHM V OL (¥ O T) XTISVHE SHESNA "6T

ANVIL INTE 40 dIXL LV
SddJ¥0d WANILVId NI A4LVIH LNINOVIL NIHL



MINERALOGY

1-38

*93vA®S[D ASed ON ‘sossBRMWI
urg[ao1od osfe ‘£31A8d B
Burury s§[BISAI0 Assv[3 POy jeay y3rg Ayt
-powr A[y3ry [[eWs JUBIUIG 3% 1998 uaaIn |y I[qnjox| +
Iemueid 9180
ApIey Sumar 8 Junuiog uoIsny aI0jaq sdeay A9t sdwny
A[[ensn 8783410 [BIpayozadel] [onbedo sowosag| NG ‘I93BAY MOTBX [YIwm dIqniog| -+ +
pus 38 prux
-814d )8y PUB UOIIDIES-SS0ID Aqpat
orenbs Yy swsud I9PUSQ I93e A\ MOTRY [PIW arquiog! -+ -+
“§I8TBW INI[-N[BYD
‘9800 10, eYIf-uivjadIod,, (Burnood
q08duiod paureid-sutlj JI0 uo s[v)
9[qEBABI ‘9FvABO[d A¥BO SUO Jusny 810} 8410 gITw)
YIm e[e38A1o paypowr A3y | -oq sejpendarod(q 1918 A\ usIn) sIqniox| +
S 8D PUSFOSHM mops
*819qg A}[18 JO SOSSBW JUNPON (I JWBY USIIN)|IdIBM [YONY ystppay srqnios| +
ERe o =1 A
S5 slslf2]8E
AN b 3 c |2 g
aqn) pasop | woyeIood | o AR - ) ] 5
ooueisaddy $389) IO w poysag el npqnpog 3 2 A

|

J90TA 10

oidang

O%H §-1'0%g%)
Tt eyuRwR0) IV

$91=9D I=H
OFH 8-50°deN®D
t T 93]

£0167=D c¢og¢=H| 8
FOIS(HOD) ®0 :
.. . . .w.:—OuﬂQ .H/: m
[2]
£19377=9H <sso¢=gHl 9
OH %01V eN v
N Tow[BUY I >
o
TT=9 ¢co¢=H|nl
OFHTZ +ITOBISHV RN @
o olon
MOHBN "0 mL
>0
ne
€rozz=n ¢yoip=Hl 3
Q
o)
[
)
w
1

*ST [RISUIUT 9T} JO JOJ0D Y,

A31awI3 0y109ds pue SSBUPIBY
‘uoryisodmoo ‘Quvu
Jwaehs 1eyssa)

SdIDY0d WANILVId NI QELVAH ILNIWOVIA NIHL

PanUIN0)—a)BUOQIRD JTPOS UIIA S)S8T, ON SUIP[SIX PUE ‘YBINS 9IIYM YIIM PUB SS3[9)SBY, ‘I93snT MBI -UON JO STBISUIY



1-39

DESCRIPTIVE AND DETERMINATIVE TABLES

paud
-y3nol o payo3d put pojELs
uayj0 “(3[3ur 93vAve Bul
-19051q) 89)8[d pBOIq Ul )uI
-edas UBIJ() /8 IV 9FTARIP
yim swsad pausyvy ‘95100

10100 jo fud

mnneeg SUORLI}S  POoY)
*(duojsung)
padueds soujowog  suon

-BII}8 POOY) 893BABID proly

81838410
Ja3re] ojryMm-ysifeld 10 S}
-8£10 AssB[3 poyrpowr A[yIryy

8308 JINR 938
-A®3[0 PIAIND YItM JEnusld
wajjo ‘9yyw and AqEns))

Juagsaprdo soury
-swog  ‘suonBu}s jorravd
A0Ys U 06 A[30eX3 jou
qnq A[IBou ‘safeaws(d £8va
0] Y3im S[BISAI0 puE SIESBIY

oFZ1 38 98eawd)
‘uondds  pIpIE-Xis8 IO cVN—
JO quOoyI ® ‘UOT}IVS-SFOID
YIM E[818410 OS]y Bunyvrpeil
T)J0 ‘JRUWNIOd put SNOIqLJ

o8 3O 913ue adeawd)
L8 10 06 8308} d)BUIN[E
usemiaq 89[8us puv uon
-038-88010 PIpIE-IYTIR  YIwm
8[838410 osr3vwsiad A[pens))

“S[8ISAID 3JIYM
Tfews pagrpow A[ydy Aaaes
QIO 98N] Aswaid ley
-noad giim S[BISAL [BUOIBXIY
981800 PUE 898¥BUI JU20N[EUBLY,

woisnj Juunp
onbedo s3wood
-oq puw sjnoxdg

FORTT
yiw -3dd 21y \y

uonN[Os IEqod

Y3ta poyrudjronig

uoswL)

MOJ[P X

sofRy

ESYICRY

ajqniosuj

Tenae g

oqunosuy

At
RIS LGN

afyniosu]

a1qnposuy

a[qnjosuy

Aot

YIM d[qnjoxN

10N E=DN  [0I69=H
WO VT
ceve s uwdwnpodg Y
t 03 Tuyqy (aju0pBIqey)
uy 9 93 qy (ase[e02nQ)

Bolgive) (uirouy)

©t SOMSIVEN (A1qIV)

LTO9T=D LO¢=H
Q%8
yeDW +30tIgIvEN U
: "esEpOIEld UL
$E0I6T=D 903¢=H

F(EOTS) $31 B
(aowayy) sjoqmduy ‘I

9¢017€=9 9°23¢=H
3(EQ1) 31\ 8D
* * (epsdorp) auaxolLg

9€01Tg=D 90gc=H
ROoESyBeN
Ce e SineydaN H

SSVI9 $SITH0T00 V OL (¥ OL T) XTISVE SIS 0%

HNVIL 30714 40 dIL LV SdE0¥04d WANILYId NI AALVIH ‘LNEWOVEd NIHL



MINERALOGY

1-40

*8[e18 €10 Jouustp ur Apuenb [ ~nm.u Mﬁu; ] mwx 9=H
-91j §507] °S0[podU IO SUIEIS O N :O'w/«q
§8 [BIaUT'U [BUIBWIO 8y} YIm ozryB[R3 3®vaq g3y A1vau 10 < .‘ I Wwo «mO -,
U9)JO [eloUrW AIEPUOIs VI[[LM UWOWH) I3}y, B Idjeyy |rqniosuy + - Pdd "IN .
-g[e1s£I0 [nd
Ul S9WIRWOY  "9PIXO YoB[q _ _ oy
® [JM PoIBOD US}JO ‘SUTBIF enptsor LEOIYE=D nmvwam“/.wl H m
POJBUTUWISSIP puUB  SIS8EW eunsfyl 2w . SUIN ]
a[qBA®A[® I0 poulvif-auijj-owe J (O ‘Relog; - . LN LS + |+ sjuopoyy UL “
*jo87a Afread 10 IO, bEL CEOYY muno. o wmou‘vm =H| ¢
zerpnoad yarm sowiy |-Bew £q perowvll apquyoes . A.wwm WE&WM . 2]
-ouros  893¢JaIF3e  PIIPNO J|-1® UWOISNJ 133FY senasg) - -+ q H "0 M
wIOY JO IIEN] YITW 8IWT} =
-owog  ‘edssew  jordwod -
pus enorqg os(e ‘. g|| pue i ; °
b7l so[Bue ﬁEo ‘ao1joes Apreau o R o 019 .Wm%%uﬂww ) -
-88010 PApPIS-XIg S[B}SAIDH] "rrerrrne et M spqnposuy! 4 _ puelq H “
sa[nUBI3 . ; 3
pug s19qy jueBIATP ‘S|¥) . . Feow) ﬁ@,%&h.f@ﬁ%anv NS
M - eceaueeanneea = cees apqniosT] !
SAI0 PI)BUIULING-UOU DPIPE[T 190§ beor6z=5 ot e T %
EOQY spoqudmy CIN| &
ggorze=n  9org=H| O
*,[8 d[BUs oFeABID (v mbquW.M.WLM vwmv M
* ay 8708, 218U
vwmw—d vnev.&wmw mm_m:.w 1N Ayteau 10 sanawres Auvpy 8OIQY c m
swstad  papig-jyFre  A[ensyfccctcccct st ct erquosuy, + + S Quex0o1fg W
sadwys 12101A 174
owrpouowr  9AId  §33v..vspd | ¥ ‘9ITyM Y[ _ . _
A8 "oAlSSRW OS[Y  I938N| (uorjIod pasjos geNbeE=HD ¢'g016=H
ouUNUBWEPE YItM ‘S[PISLId |-8IPU])  -J[qN{08 aorpL Lynors _ . . .ADMW ﬁ.wn,_u !
ag[nqe) 1o padeys-a3pa A\L[WO[8 ] O UJ K}2W029q Aefy s[anpog + 4+ + |+ audg IV
an
b = < N
vM 25 mD 212 mr... 3|z Apaeas oyrads pus ssoUpIBy
" agn1 Pesofo | WOHIOT0d 2 |1E5i & | &) F 8| ‘aonsedod ‘oW
souersaddy 81893 15430 ut pejeaq ourely Lmauies | & 158 5 | % oeks (OISAID

.81 [BISUIW Y 10 JO[0D Y,

FNVIL 40719 40 dIL LV Sdd0304 WANILVId NI dILVIH LNIWOVEd NIHL

panuLuo)—a38U0QIBY) JIPOS YA SISO Y, ON SUIPJRIX puUB ‘qeons

9JIYM UM PUB SSI[9ISBL ‘IIISNT JNIBIIN-UON JO S[BISUIN



1-41

DESCRIPTIVE AND DETERMINATIVE TABLES

= =}|@?
sno1qy A1aa8y uoy o=y ST Mz t=H|5 -
“1q8a 131 AI9A JO SIBSTW |-DJOS I[EGOD JILK At . .c.ﬂ.c‘m.._w.@w;vﬂ 2R |
Burpeay yioows ‘Yordwod ‘4J0gpairudt Jr yuid ESELENY L eI + + aordeg — mm g
“g[eIouIuI 1B ®w
Tgjo ur juewdid ® BB OS]V . 62703 @Am.ﬂnmn - »w qux v_ =H MS pﬂ
‘sajeld ousee jou nq Aquerd 1978M djuIoTY? FSTVEAINH. et 2
9308 ‘UIY) OJUI FABI[D YOIGA yongy ~oad ayrp _ + (2101y20UT)) >3 =
sdnotd padeys-usj pur e[e} FORTH “ rorez=5 — NH B
-8£10 POPIS-XI§ pajsimg A[snor i du0d # ’ 6 ey %w:l«.m A mﬂ =5 i b=
-UMO pue JEMQB], "S0[8O8 qire uon i : N _ - (or0]p001) .Aﬂ o
aug AIoA 03 98I¥0D JO SASSTIY )T YonJy -njos Sy “ _ t dnoas w:wm m. . Mm W
“ D o "IN ﬂm n
*837eld onswv[e-uon ojut | | _ _ .28
S0ABS[> O[8) pOTEIO] o], uon i | 67916 ~|-.w " mm_ oﬂu I=Hg5 m
‘Burea) Adeos Yitw S989BWI |-MOS I[EQOD YIM | A R COW) ¥IN*H - 15| &
snoiqy pue joedwod pajero](pajiuldt Jr yurg 10184y jqniosuy + | + | w + 9IR], O Qo ny
gl &
“o[e) 9YI[ 3j08 pur wory | _ " 670187= GNQ..D_)VN o |=H MO 2
qioowrg  -sassvul  30vdulod (-NJOS I[BQOD YIIw _ | _ | Lo Waw “® me| 2
pue sIoqy J0 Jr[0] PAITIPRYPIJTUIT Jrongy 10)¥ \\ erarg + + ! | vk NMAqdoIL | ¢ &
R (RSN PR FOV J P — 2
*gogsRw 108d U0 UT PUB 83383 M ! m ! -
-21338 Junjerprl OS]y  ‘[{aYs “ A | | »| O
I9jN0 pu I13)T30 IO SPUd ” . _ e mu
oywoddo 18 JuUdIaPIP SI J0[0D . ‘ w | | _ . B ml o
2y} ud ‘wisud  Jendue Sqe) | ! ; 7€9¢€=9D ¢Lo¥l=H| 4| =
) WO n | | Quw

3 YO8 ! | PO 2gely 2]
-1} 8 3urmoys W93JO U003 azune[33 OSHM | i _ el ] >
-S8010 9Y) ‘S[BISSId ONBWSUJ|[IA UOWNY IdY I U apquosuy, -+ ; -+ _ ” + m QuI[ewWINO Y 'H mm et
| | A ! | oy M
o e e o | | gg| 3
punoj os[y  sessEW Joedurod | _ “ cporl n«nm..owoﬁmv a.m:mnwn u mm m
pue Igpewe| ‘avmusid pue ~ | .»A.. egad e w
SOSTIP W 0 [eorayds A[1edu azmureE3 : : ) o , | O S oaeg M
ud)jo  ‘S[eISAI0  poppeqUIIf[i4 UOWN] 131y afqnosay| + o+ + pwey 100 | g
! | AN
‘opet Burquasal ! Ll £
39vduros 10 mowwaﬁ F?aauw w _ w.w‘wu £E=D ‘?m 9=H| © m
0 IYUWN[Od pPO3IBIPEI PUB arruyv(ed | 3weqy ydig Asau 10 ‘ ’ ) Q,ﬁv (1-HO) fv¥8D . =]

smeud [suoBejdoo pus oIenbgiw UOISN] 3T 18 1978 A\ sjqnjosuy + + (93TUBIANSIA) 98BIDOP] "L |




MINERALOGY

1-42

aniq ur} £q aniq
'898NI0 AsnIp pue [dedp g Y UM opew onp 190166¢=5 ¢0lsy=H
sprursifd axenbg "199eN[ SNOU [Jjlur 03 883 -1831 MO[RA FOALBD
1801 )14 9989BW LAy AIOA(-10100 f O Ud § pax ared [y a[quiog + |+ + Tttt TTTITIOIRIg L
*AIO[BO I pOXTIIINUL L[ 67°187=D SOly=H “
-ns() "sTeIsAIo Je[nqe) ApIey Aqpat 01580 o
‘sassv 0vdw0d 03 SNOIGL] Pal a[ed Y dqniog + | + cteott 2)IUOISBIIOM IX m
‘remueld suy A[olel 10T\ uowsny spios 9Ny Lg€=D CEolE=H M
‘8[838AI0 o[padu  09jiedwil (UnInp ARSUI)UI -1p pIoo ut 20018 €
Buryerped 1o [B[reaed Jo s9ssR]y |8mO[8 puE synoadgi - T UOSWILI)| SAISAIIYH | " E D T N B ?jruBlUONS ‘O W 5
~
“peYer[o} 1o s12qy AN jo uornjos mw
SURA YJM U9)Jo ‘[99) A8aI3 |1[8QOO YIM PIjIU 97 0167=9 y01g=H e =1
J8MaWOS [}00WS PuB 1938N] |-31 Jopmod jJu pal anpisax 80%QEINWYH e
o[ Y soseew joedwo)iysramolq 1o Juig Jore M Qs squog| + | + + i+ |+ + o - sunusdiag — Mm
=]
*89391d O18R[3 UIY} 0FUT A[18ed Mm
§2A%3[() "SI[BOS POIBUIUIISEID 87=D € 01¢7T=H| ==
OS[y °SUOT}0d8 OIqWIOYI 10 3897 Y3y 9jLI0TYd SCOWR) TVEIINE(H - M) Mm/.
euosexay Y swend ganoy| c ccrecererec yB ey e ~oxd x| + 14 S PRI -ondoBoTqd ‘N A
~1=]
“Aead Ioysury Qe
‘gage[d onEB[E Uy} ojur Ayt =9 €916¢7=H MS
-5€9 Suried[o s[8}sL10 [puoe EPOW) v o
-xay opnesd 10 §393y8 931y] j89q ydg 9)UIoTYd 2(30-3N) *GI- H) 2
%hé .8&“”@.—3“ Jo gﬂﬁom ........... Qﬁ hSﬁs& ..... Io.—AH Oé + + ............... 3—0°Mm E m
-
'8998[d O1SE[e UIY} O3uUr B
Aevo AI2A oFBARSp ‘Alreed ﬂ
J918T'] "UOI}298-88010 [BUOTEB
-Xay IO JIqUIOYL YHM ‘gInol fOS*H €M8T=D CT%I=H
pus 9318] U230 ‘S[BISAI0 pUE 38aq y3rq a1 usad YOISTV (SIH)
§3[BOS JO €asSeWl pu® SBJ| 18 J9IBM aqniosuy|’ + o B i A A I 93140080y ‘N
Q
w|Sg i<l o|lw
5 R R-A N o £
R Q & = £314%813 ogads pus esouprsy
aouslesddy 8189} Y10 ﬁsmoﬁo nﬂwﬂﬁg fymqueg | & |2 >l & S g ¢ m d ‘uory80dWI0D ‘OWIBU
) 38 IUIYIRAE [B18K1D)

$81 [eIOUTW 37} JO I0]0D BYT,

INVI1 INTE 40 dIL LV SdI0Y0J WANILVId NI dZLVIH LNIWOVEI NIHL

ponULu0,)—3}8T0qIE) JIPOS M SISIY, ON SUIP[AIX PUB ‘YBAXS NYM [IM PUB SSO[93SBY, ‘193SNT OM[[EeI9-UON JO S[RISUIY



143

DESCRIPTIVE AND DETERMINATIVE TABLES

*8988BW
JgMuBId IO JBUWM[Od Ul
osfe  sewjewioy  "gj3ud)
ul }99] [BIFA9S 0} SPBAIY)
arw wolj ‘sweuid [Buodexsy

‘89888 W
qoedwod Ur pus §93830133¢
Buvipel 08[y  [[PYS 1IN0
pue I9)usd I0 spua ojsod
-do y® Jagrp ABW JO[OJ dY],
‘wsud IBnBusuy 8 Juinoys
wajo  ‘s[eysdIo  onrwWsug

Ju8d
~go[edo sowjomwoOg  PI.AovId
qou oJ8 Junmear 89%J
-8 27} UIPOOINTW AJ3LIEA
oy} ur 3deoxy - 06 A[198Xd
98 SUOI}AITP 0N} UL JATI]D
YoIgyw S[BISAI0 pUB SISST]Y

+199emy Aprsad Y udijo
‘sossel  §NOIQY 0} JIe[PWE|

*3INJINIE SUOQ MOYS
0 onoo 9q Ay  wioj
9NOY)IM PUB SAISSBW A[[ENS))

+93eydsoyd suoq sarssBW
‘IInp ‘pordwiod osTy  paIdfe
JU P ‘8893 PofIo Jo IojEny
‘smeud [euodexay  Aq[Ensy

uotsnj Uo 3}YM
$3UI009q UD}}()

?ziu1ye[a3
[14 wowny I3y

surjuadies a1

a18p
-qA[ow wnraow
-wie pue (ONH
qim 3dd MofRx

1dd moa4 3q3uq
82413 93BPQA]
-ow WNoWws
Jo woynjos ouU

0} poppe uonng

1998 44

LI®D
YOSHM
SITNREET ¢

(u3a108
10003)
PoLy

YOStH
Y3t udeld
Kivyuowx
O\ pad
qS1MO[[3 X

YOsH
g udaId
Krsyuawr

oIV Pl

YsLaoRg

aqniosu]

agqnyosuy

a[qniosuf

AuIsau 10
Jnjosu

a[qnos

a[quiog

87°197=D g0%¢/=H
9(EQIS) Ty tog

R A

T€0¢=D Gl [=H
Y(EO1Q) gty

A GGJNESO.H ‘H

9701¢I=D €90I9=H
80TV

ITBPOYUO

€E011g=D $¢=H

t018(3d 21V
© aneIsuy 'O

6791=D S-I=H
YOS J-%00 Wit

OFH 80%d%e)) Al[enuasse

(snoydiowe) sueqdofo,)

1¢=D §O0¢y=H
£(F0d) (d-10) %80
R e . Quﬂ—ﬂnﬂum

STOAT ONIANNOY X TIYVH
SINILIWOS (9 O 9) ALTINDIAJId HLIM SISNA ‘T8

AWVIL 307149 40 dIL 1V
SdIOY0Od WANILVId NI E4LVEH LNINOVIA NIHL



MINERALOGY

1-44

*aIm3y payodsyd 10
88010 B MOUS SUOI}0BE-B801)
Jov[q ABIOyIadns  ueljQ
*smetrd papunod ‘esiso)nyf U s|qnosuy +
*S[BISAID [[BWS UL A[PIeY
*9INJONI8  SNOIqy  A[[euisl
-ur M ‘S)SII0 qloows 3unsayq
‘urg)  J0  89I10E[EBI8  [[BUIQ| U0 SAJEOJXTY 1938 A\ qnos
*Aed Jo sassBWI SN[ REEL2'S
-xem Jo Adeos Ul 8IN0J0 UIQ|UT S[aME8 U0 RERL:YTY a[qniosuy 4+ L+
‘[09) AsBolr)  S9SSBUW I93EM A
Asaw J0 oYI-AB[ (M| ouseld uO RERLETY a[qnosuy + I+ 4+ +
*1038n|
ON  -oft[-Ae]d 10 AyuIsd R
Io (syroo Jo  s9grjosid) ur onjeudsw [189Y yIry Lymors
Sureld pIpUNOI o SaESB]y|  dW003q Aey| B 19)BA s[quios + 1 +
ANSUIBE M {508 10O
*199J (1938aur) ysieq ‘Jermoad (ssewr jnq epos 19)8M
Y4 £38S8W AY[eYd POPUNOY [ITA [GIENJUT|PIOB YONIY a[quog +
20
|78 o = il )
Flag| §1F13 2|3
aqny 2 ......m. & a = 3 I
gousreaddy 83833 PYIQ pasopd Anpiqniog =8 ] s
ut paBal

|

onig

Jo[01A
10 apdang

17=9 ¢0y=H
OISV
(dmsery))

?jm|OEPUY 'O

¥I=D SENSI=H
tHONY
e amaqu) IV

=9 7o =H
OFHN 20186 EOUY ‘O (8D131N)
Tttt 9)IUO[[UOWIUOTY T\

97=" €70 I=H
SOUSUVYH
oy "W

NOILATOS LIVHOD HLIM NOILINOI A9 40714
dd3d AAVI ST ¥AdMOd NI LNdg ITHISAIN]I "§8

ANVIL 3071d

STNFTI=D €91 1=H
F(HO) O8IV
TC o oyEneg —
91=9D {9 1=H
O%H 6 "'OSUIV
yuTmnyy I\
£)yarad oywads pus sssaupley
‘uonsodwod ‘omsu

{WIR)SAS [8)841)

81 [eIun 3Yq) JO JO0d A,

PINUILO)—S}BTOQIBY) OIPOS T3A S)SOY ON SUIP[OIX PUE ‘YBING AMYM HHA PUE SSO[9ISBL ‘IOISNT ONBIOW-UON JO S[BISUI

J0 dIL LV SdE0Y04 WANILVId NI AALVIH LNIWOVId NIHL




1-45

DESCRIPTIVE AND DETERMINATIVE TABLES

‘380dop [BLAN[[E Ul S[8)SAID
ulom-19384 puE ‘sajedaidde
JBUWN[Od O8]y ‘9FBAEBIO
A58 U0 YA S[RIBAID LSHT[N)

*8[e)8AI0 SNOIqY IO IYI-opY[

ga8sBIU JeMm
-ugi3 10 IRUWR[OY ‘Y3N0} 10
swstid argnbs A[1Bou ‘a8I80)

s93¢3
-o1332 snoiqy Y3noj puwe
swsud snoiqy jsow]e ‘uryy,

"800l d1uBY
-]0A uI SUBI3 pue S[RISAID
[eoutoyde A[I83U JUIDN[SUBI],

*199u9d 3uole 19dadp 10
-100 998} }8a31¥[ [d[[v1ed Bur
-A%3[0 ‘83SERW AYT-0P¥[q PUB
S[8I84I0 9YI[-ePY[q OIUIPIL],

8s%¢[3
LCUCECIN
Pasnj yia aqny
uado ut payvey

J3718 \\

(33108
1010,))
3091014

ajqnosuy

®~A_§~Qm:~

s|qniosuy

s[qnosu]
anpt

-831 TN
olqniog

a[qnosu|

9¢0%ive=D 8=H
01 192 ONQTY
. - zedoy,

9€ € 0197 €= D (=H
O*H-2018 9-£0%d - B Y §
N ° .00503.—04.:59 o

$LOV[=H
YO18 (OIV) IV
...... - aymnpupay O

7e01'e=D

7¢=9 L0 9=H
SISV

sjmewRg O

STNPT=D 901¢¢=H
3EO) IVM

..... D ane

LECI9E=D Lois=H
OISV

ccc oymuedy Wy

NOILATOS LIVEHOD HLIM NOILINOI A9 401€
d3dq AV ST ¥3AMO0d NI 104 T14ISQINI "sT

ANV 40714 4O dIL LV Sd3dDJ04
WONILVId NI QEZLVIH INTFWOVI NIHL



MINERALOGY

1-46

‘nsudenr 10 NN
-BUWIY YIIM PAxTWI A[9)BUIIIUT
‘arnpuntoo Iemurid ‘onbed()

‘810102 dUY
Jo pue S[eISAI wr A[ensn
‘yusonsusl} 03 jusredsuesy

‘juaonysUer) AJ3usis
‘Ienuvi3d Io ‘ /¢ pue 9Q
Je SUONIANP oy uy s3unired
YA SISTEUT JO STBISAID 98180

*a0u908318d0
[BuIjul ue Moys sajqqad
owos ‘pa1 ysidind oaxv jydiy
peYIuIsued) £q STe18410 19918
plesowryy ‘sd3[qqed o S[B}SAID
[euodexagopnosd A[[ens)

*89[qqed por[ox pue s[B3sf1d
TBIP3Ye}00 pauurn} Io ajdung

Buneey £q
pasdurey J0[0))

-383Y U0 I0[02

8aRUBYD U ()|

+

sousrgeddy

£189) oY)

ur pajea|

aqm
pasopd

uorieI0[0d

QUIR] Y

iy

2)ym 10
889[10[0)

»
@
o
I e e N I ) ....Assmv “N
L]
=1
W
| 1m
+ + 1+ o (4quy) 20 (armgddsg) mm
w
<
= =qplong
L§0leg=D e =T8S
OFY £
+ + .......... gvﬂeoo m mmu
L
oO%
220
2%
-
BEOIGE=D ¢g=H| S
Yofrvag W=
+ 1+ " 1hqoski) o S
w
SroIge=H 8=H ww
, ORI 2y
+ |+ + | Tt opudg 1)
“ g
ole|F|2|5le|ss
E|8&|=|¢ m £ lae £1as18 oywods pue esouplvy
it g ] ‘uonrsodurod ‘swreu
JWI8AE [8ISAL)

181 [BIOUNT 8Y} JO I0[00 YT,

ponutjuo,)—a)BU0GIRY JIPOS YA S)SA], ON SulpeIX pus

‘AUINS ONYM UM PUB SSI0)STL JOISNT RIS -UON JO S[BISTIIY

HNVI4 4019 40
dIL LV SdEDJ04d WANILVId NI AAZLVIH INIWHVEL NIHL




1-47

DESCRIPTIVE AND DETERMINATIVE TABLES

S[218410 SNOWSAL
Pappaquul [[Rws puy Spucs

ajepqAjow o
owwEe Jo uon
-n[os oI 03
pappe uonnjos

qwos ut suresd juoonsusipip 3dd moppx

I8N0 B §B sowiy

aun

-QwWog SISSEW Je[nueld pus |[-sAyvwWe J ()

SIqBABI[D 833PI PIAIND YILM

‘xglog uonu

Ud}J0 S[B38LI) [BIPOYOqUIOYY -B1 WO SUINIB(]

o1
-BABOD A[2IBY  9INJ0BIJ B[
-[PYS aunuddias Ul suLA
10 sompou qnp ‘jovdwo)

%901 30
UOIPIYOqUIOYI 03  SUONIOIL
-Ip 9343 UI 83ATI[D)  SOSSTLW
PpautBIS-auy 0} I8IBOD 10 ‘S[T)

931wI0[op ax1T

uonnjos
PQOY N

-8{10 [BIPYOQWOYd PaAIM)Pajrudl jr yuid

(2T '5911) L071 Ivau
s9[Fus [uw seFeawopd Asuva
oM], OYI-[¢I00 PUB LT
-[e38 ‘O[O0 ‘8IFTBW I[PIU

uonn[os jjeq

PUB IBUWN[OI OS]Y  §[¥IS4AID 100 YITM PIloq

Teuodexayopnasd Jo opdung!

*891130€[8)IS ‘S1SNI))
‘SOSSEUT  JUBIIYOY  A[3S00[
pus sholqy ‘paursiB-auy
PUB 98I180D ‘3[qBARID) G0
JO UWOIpIYOqUIOYI 03 8UOY}

11 OB[] Sawodagy

uoynjos
BQOD YIIn

-09Ip 93IQ) UL JABIP [IIY#
sodeys Ausw  Jo  S[EIELL),

pay 0q uayw

padusyou ),

YOSt

LEIEY
Gavdd | onpeat
£18y EHURY

st ~UdWOy!  A(NIOK

Jjua

pue
urIvm
ur Aquo
890894

pwe an[
-1p plov
UL 53083 %
-1249
pol ‘Awors

paI ERIS]
aJunyy-[ed ANl

|

|

prE an]
-1p ploo

'ur 592831

| -1age
_vﬁfbva«._

- o[op Ayt

~10442f

ATuUMI() sdwmn |

i

i
!

|

adusl(y sdwny 4

G601 ¢=H

Yod 1@ ¥ 3D)

a)IZRUOIY I\

S¢=H
20U
NE0IPIUPOYY "H

SpoIge=H
20BN

..... vv—uoﬁwd«ﬂ ‘H

yse=H

UEGD) BINE)

apwojoq ‘H

y 0 ¢e=H
E00ED

cee eeaymogeIy Q)

¢=H
£00®D

s - amE) H

NOILATOS 1LIVE0D HIIM
NOILINOSI A€ HN1d JH3d AAVIN LON SI ANV TTLISQANI '¥%
ANVId 2019 dO
dIl 1LV SdE0404d WOANILV1d NI QElVEH INIWOVId NIHL



MINERALOGY

1-48

B[u38.010 UL I8.a9N \
“I93SN] ONI-XBM [iM SIILR]
OLIJUIOUOD UL WAIJO ‘S3DEJINS

popunol gioows G s3urur

m
!
|

£31A%0 pue §)SNID JUIIN[SUEBL], aquosu]
"3AI98BUL A[918I IO\
‘peyeu  Jo  [3[feled udnjo Jo[01A £aA1T
§Q=~ JUBI[[Uq qilv Q—mumhho J Y 4d {1 ynosu]
-sse(d pojpewr jo sdoip m X
oyt pue somund oY1 [P m
oS[y aInjor) II-[[3YS puv !
‘I9180] £XBM Y34 PUB 30U enhvdn | w
-go[edo,, Jnowym 10 ‘suon} - nry £0U10)3C, H
-99Pel JIO[00 [BUIIIUL [iw |-[® dUSAT)Y Wl ‘191v W |
3umr IO SULA JUBIN{SUBLYI(NOS  A[MOfy 9 ¥ apnposuT,
‘pues o ‘suread .
Asse[3 10 sossBW IENUEII fuvuag st |
juaon[sues} 03 jusivdsued], U0 SUNUYAY| s [ox]
ssr(d m
‘Ayrxa(dmod 38318 (831019 Yy J « '
Jo S[B)8AI0 pUB SUIEIS PaleRU |pasnjylwagny At
-twessp  ‘sessew  jovdwo)juado ul pojvel FITONR 01
8001 §NO
~ouSt Ul SONIIATO pUE SYOBIO
Bull[y puUnNOJ J9ISTi| ONI[-XBM @)
YA [euejBlI onbedo AWAN| 9jtzruOMI AU WRINIEONH 10S!
oqn uonBIOIOd
souereeddy 81893 19730 pasop omﬁ 1991 fagrqupog
ur parvey &

-+

1
|
|
.
|
!
|
+ N
i ! .
|
| i :
+
[
[
{ i
i H
i |
I i
: ‘ .
| | !
+ JFEE U I
. . .
|
|
| |
- LuA
¢
;
]
'
1
|
+ 1+ !
H
i
+
M
Fw
IO S D N S
s M
20 olal2l2lgl
FC| = g ) = s
s2| 2| &35 |3
Sy < | & E 2|38
° ®

3o[01A
10 opding

t

f

P

|

%

|
|

97=9 €9=H
o

Luopaareq)

Zpmip=D  §909=H
oL

Ny "L

‘Zzmiz=0 €99¢¢=H
OFHUOS

T8dO

fagmgg=0 { $9=H
FOISTISIN)

aposLIy) 0

LElre=n $9=H
FIHOSSSIBINGH

NPOIPUOY] ‘I

97=9 99¢6=H
OFHYOdE(HO) @V

. stonban g,

$§T [RISUTW 8Y) JO 10[0D YT,

AT9ISNANT °¥8

NOILN10S LIVE0D HLIA %OIJ.INE)I

14940719 d33d HAVIN LON SI AN

£yavid ogroads pus sseuplsy
‘uonsodwod ‘awrsu
11848 [BI8L1)

IWVIL HATH 40 dIL LV SdFDY04d WANILVIA NI dILVAH INIWOVIEA NIHL

pPonuII0)—IBTOQIB) JIPOS YIIM S)SOY, ON JUIP[AIX PUB ‘YUallS UM YiM PUB SSI[3)SBY ‘103sNT IMIBIS-UON JO S[BISUIA



1-49

DESCRIPTIVE AND DETERMINATIVE TABLES

L€ G0L 38 sUon
~03I1p INOj ut m%?ﬁ_o puw cg=9 ol=11
‘gee]3 pojio BunseBane 1Wisni 1)) 03 paling N Ie)
Y4 PIPUNOL WAYO §[v)eAL))  sraepmod upftccccctop vt sqniosugi + | + +1+ |+ et ** 'puourel( ‘|
*a[dusu} B 838933n8 (%] vemb c1on
U3YJO  UOIOIS-E80I)  SpUI YORHM 1g0rg=" =}
oM} A} 38 paov) A[IudIdj PEICY —.Goﬁwywmzﬁ
-pip suisud [suofTxay Aswpnl vt vt s UdIIN) d[qnjosu] + + R e i T duIBIInO Y, I
pazae ‘ L£039¢=D ¢CL=H
-un jt 4q3uq svimg 071 . (o)
pue 06 ¢ Juwssord ‘sadiy) 19T ) .«,m.omﬁ..«o?v g .
up I0 ‘pouuls) uajo swsug; vt oo amy vt a|gniosu] _ B R Y A B ajomesg 0
*ga[qqad
pepunor of[y  £swa1d o
sunuswype {[ensn JIajeny _ | )
[BIOUTWI POIBINOSSE By} UI i ; H I'y=D $Ii=H
poppequir A[[ensn ‘11078 Io Junieay uo i ; : . -0..n._N
Juof ‘swsud arenbs jno-dreyg| {[asuajut 8wy, " °” e a[qnyosu] R R S " -, ; e aoliz "y,
‘ ! | , !
o Lo gworig=n [=H
i : ! I ] ' . | §(FO1R) G1)fe)
*A[uo SpeIsAI1y| ¢ ettt e ©oo0 ot | drgnjosu] : | | - : © T (uaoleang) puren
| : ! |
‘8UTWM[E PUT WO o ; |
gonm SUrurejuod ‘[eudvW | ! | | !
anbedo Apmeau Os[y  S[CID ! | | f i
~UTI 13730 JO S[YISAIO UM} _ ﬂ | _ m _ | | 97=5 [=H
-aq [suRyew 8safaduys (ssed ﬂ m . ! ! _ _ L . 018 )
ﬁﬂa nﬁaomg ﬂdﬂowﬁnwa .hmmdﬁu sesesresevenrafosrenane cee o e o?ﬁ:cﬂ: + X + | +. .+. i + _ + m + ! .T + _ R g:@ m

NOILNTOS LIVHOD HLIIM
NOILINOI A9 ANTH d3dd IAVIN LON ANV dTHISAJINI %%
dNVI4A IN1d 30 dIL
1V Sd30Y0d WANILYId NI dI1VIH LNIWOVEL NIHL




1-50 MINERALOGY

MINERAL SUBSTANCES NOT EASILY DETERMINABLE
BY A SCHEME

The following mineral substances of economic importance have not been included in the
determinative tables, some because they lack fixed characters, others because their characters are
lost in those of their associated substances and others because they occur only 1n one known locality.

Amber, once the most prized of gems, now used sometimes 1n jewelry, oftener as a mouthpiece
for pipes, 1s a name given to those fossil restns which contain succinic acid and were derived from a
particular extinct species of pine.  The amber of the Baltic Sea and the Sicillan amber are the most
valued. Color, garnet red, reddish, yellow, brownish, sometimes with blush fluorescence. Luster
resinous, streak white, H = 2 to 2.5 G = 1.096. Melts quietly at 125° to 150° C. and gives off
a choking vapor.

Asphalts are rather indefinite mixtures of hydrocarbons and their oxidized products. They
vary from thick, highly viscous hquids to solids, are generally black in color with pitch-hke luster,
and burn easily with a pitchy odor. They are shightly heavier than water. Examples the pitch
lakes of Trimdad and of Bermudez, Venzuela, the manjak of Barbados, the elastic eluterite of
Derbyshire, England; the albertite of New Brunswick, and the gilsomte of Utah. Sandstones
and limestones impregnated with asphalt occur 1n many locahties

Brucite Mg(OH);. A white, compact, finely-crystalline muneral, with shghtly greemsh tint.
Soluble 1n dilute HCI, yielding tests for Mg; also yields water 1n closed tube Found in a large
deposit on western side of Paradise Range, Nevada, assoctated with magnesite and dolomite, along
a contact of granite with a magnesite-dolomite series.  Other forms, of non-commercial 1mportance,
sometimes associated with serpentine, are apt to be micaceous or fibrous.

Carnotite, 2UO03V2051520 3 H20 (?) A canary yellow, pulvuralent mineral, 1n minute scales,
filling the interstices of sandstone 1n several counties 1n Colorado  Rarely compact and wax-like.
It contains radium, and 1s an impure vanadate of uramum and potassium, or uramium and hime,
or both, Is a commercial source of radium, uranium, and vanadium.

Clays are mixtures of mineral fragments, due to rock decay  They are usually plastic when wet,
can be molded, and harden on heating. By analysis they are principally sihea and alumina, with
some iron oxide and small amounts of other elements. Mineralogically they contain hydrous
silicates of alumina, free quartz, and varying amounts of many other minerals In origin they may
bave resulted from decay in place (residual clays) or may have been transported by water, 1ce, or
wind (sedimentary cliys) The most important clays are

Kaolins. White-burmng, residual clays, often not plastic, approaching haolinite 1n composi-
tion, but not necessarily composed chiefly of that mineral. They are the basis of white wares and
porcelain, etc.

Ball clays. White-burning sedimentary clays. They are highly plastic and are added to
kaolin to give plasticity.

Fire clays. Either sedimentary or residual clays, which stand high degrees of heat without
fusion. Composition very variable and apparently best with Little free silica, lime, magnesia, or
alkalis.

Fuller’s earth. A montmorillonite-beuring clay, greenish 1n color when moist. Is a natural
adsorbent for coloring matter in oil

Stoneware clays. Clays sufhciently plastic and tough to be turned on a potter’s wheel

Terra-cotta clays. Usually buff-burning clays, with low shrinkage and dense-burning character

Sewer pipe and paving-brick clays. Vitrifiable, high in fluxes.

Brick clays Low-grade clays, with considerable plasticity, which harden at a comparatively
low temperature,

Ship clays. Melt at a comparatively low temperature and form a glaze

Paper clays. White clays free from sand, used for muxing with pulp fiber

Bentonite. Composed essentially of the mineral montmorillonite, usually formed by alteration
of volcanic ush. Many bentomtes swell in water.  Some bentonitic clays extensively used for
clarifying ol

Diatomite. An extremely light porous, white, mass of microscopie, opaline, organisms (dintoms),
chiefly silica, but yielding much water in the closed tube. Used as a heat insulator, also for brick
or 1n filtration.

Gilsonite. An asphaltite. Sp gr = 1.01 to 1.10; melting point, 230° to 400° I; found 1n veins
in NE Utah. Was probably distilled by heat from the underlying Green River shale. Used for
varnishes and japans, printing and rotogravure inks, and 1n various commercial products; 32 227
tons reported mined 1n 1935.

Grahamite or Glance Pitch. An asphaltite. Sp gr of about 1.15 or more. Largely mined in
Cuba, where found 1n sedimentary and serpentinous rocks. Formerly mined in Pushmatoka Co,
Okla, and Ritchie Co, W Va.

Kieserite (MgSO4 4+ H30) is the source of Epsom salts, and an important source of magnesium
oxide and basic carbonate (magnesia alba). It occurs at Stassfurt, Prussia, as about one-fifth of a
layer 190 ft thick, chiefly halite and carnallite, and as one of the constituents of the overlying mixed
salts. Exposed to the air it becomes epsomite. After removal of associates there remains a mass
slowly soluble in water and easily fusible. H = 3 to 3.5, G = 2.5. Rarely orthorhombic crystals.

Livingstonite (HgSbsS7). Found in Mexico at Huitzuco and Guadalcazar and said to have
been used as a source of mercury. It resembles stibnite in appearance, has metallic luster, lead-
gray color, red streak, H = 2, G = 4.81, and occurs in groups of slender prismatic crystals.
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Mottramite (CuPb)sV2019-2 H20). The vanadium of commerce was formerly obtained from
thin, blackish incrustations of mottramite upon the Keuper sandstone, Cheshire, England. Streak
yellow, H = 3, G = 5.9,

Ocher, commercially, 18 a golden-yellow intimate mixture of clay with 209, or more of hydrated
ferric oxide. Mineralogists use the name also for pulverulent yellow iron oxide (xanthosiderite)
and for pulverulent red hematite.

Ozocerite, or mineral wax, 1s essentially a parafline, colorless to white when pure, but oftener
greenish or brown, and possessing all the properties of beeswax except 1ts stickiness. A little is
mined 1in Utah and about 3 000 tons are imported annually from Galicia and Moldavia. Used in
crude state a8 msulation for electric wires. By distilling 1t yields ceresine, used for candles, burning
ois, parathne, a product like vaseline and a residuum which, with india-rubber, constitutes the
insulating material called okonmite

Patronite (vanadium sulphide). At the one locahty of Cerro de Pusco, Peru, there is a vein
7 or 8 ft thick of a nearly black material resembling slaty coal. About two-thirds of this is patronite
and one-third metalhic sulphides und free sulpbur.  Belowit1s 1 to 2 ft of coke-hike material, chiefly
carbon, which blends into a lustrous black material 4 to 6 ft thick, containing more sulphur than
carbon, but known as asphaltite  The ashes of these two associates ure also rich in vanadium, and
the roasted or burned matenal 1s exported.

Petroleum 1s a mixture of hydrocarbons, obtained from the earth. It varies from a light, easily
flowing liquid, to a thick viscous oil, and 18 usually of a dark brown or greemsh color, with a distinct
fluorescence  Chemically the American petroleum consists principally of hydrocarbons of the
paraffine series CpHon 42, with smuller amounts of the sertes CpHgp und CpHan_g. The oils from
Baku, on the Caspian, Rangoon, Galicia, and the Caucasus, contain more of the CpHzp or olefin
series.

Roscoelite (vanadium mica). A mucen of brown to brownish-green color, long known as an
associate of gold in certain mines of Califorma, and contamng approximately 25¢, V3Q0y, is now
commercially obtained from a soft Colorado sandstone of greenish color, 1n which the roscoelite
fills the interstices between the grains

Thonanite (‘ThOUs0g). Small water-worn blackish cubie crystals found in the Ceylon gem
gravels and used as a source of thorta. H = 533to 6, G = 93. Itis radioactive

Thorite (Th~0y)  Black or orange-yellow, zircon-hke crystals and masses, occurring in Nor-
way 1n small quantity, used as a source of thoria H =45 to 5, G = 48 to 5.2. Infusible;
gelatinizes with acids

Tripoli. A fine, sihiceous powder, contaimng chalcedony or opal; used as abrasive; clay-like
I appearance, but quite gritty.

Umber 1s drab-colored mixture of iron and aluminum silicates, containing manganese oxide.
It becomes reddish brown on burming. Sienna 1s similar, but with less manganese and lighter 1in
color

Vermiculite. Various forms of soft, pliable or inelastic mica, when heated, slowly expanded
material useful 1n heat 1nsulation

Wad. FEarthy to compact indefinite mixtures of oaides, especially of manganese, cobalt or
copper, are known as wad. They have no constant characters, but may be valuable ores.  Usually
dark brown to black 1n color.,

INDEX TO DETERMINATIVE TABLES

INDEX TO DETERMINATIVE TABLES *

(Numbera indicate the sections in the tables)

Actinolite (see Amphibole)
Albite (see Plagioclase)
Alununite, 23

Alunite, 18

Alunogen, 7

Amber, 25

Amblygonite, 19
Amphibole, 20, 21
Analaime, 20

Andalusite, 23

Angleaite, 18

Anhydnte, 18

Anorthite (see Plagioclase)
Antimony, 4

Apatite, 22

Apophylhte, 19
Aragonite, 24

Argentite, 1

Arsenic, 4

Arsenopyrite, 3

Asbesios (sec Amphibole)
Asphalt, 25

* Mineral names correspond with recommendations of Commnittee on Nomenclature, of Min-

eralogical Soc of America.

Atacamite, 12

Augite (see Pyroxene)
Autunite, 13

Azurite, 11

Barite, 18

Rauxite, 14, 23
Bentouite, 28

Beryl, 22

Biotate, 22

Bismuth, 4

Boracaite, 19

Borax, 8

Bornite, 5

Braunite, 1
Brochantite, 12
Brucite, 25

Calamine (see Hemimorphite)
Calaverite (see Gold telluride)
Calete, 24
Cuarnallite, 9
Carnotite, 25
Cuamterite, 2, 13, 16

Celeatite, 18
Cerargyrite, 17
Cerusatte, 16
Chabazite, 19
Chaleanthite, 8
LChalcedony, 24
Chalcocite, 1
Chalcopyrite, §
Chiastolite (sce Andalusite)
Chlonite Group, 12, 22
Chondrodite, 24
Chromite, 2
Chrysoberyl, 23
Chrysocolla, 17
Chrysohte (see Olivine)
Chrysotile (see Serpentine
Cinnabar, 14
Clavs, 25
Chinochlore (see Chlorite
Group)
Cobaltite, 3
Colemanite, 20
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Collaphane, 22
Columbite, 1, 2
Copiapite, 7
Copper, 6
Corundum, 23
Crocoite, 15
Cryolite, 19
Cuprite, 14
Cyanite (see Kyanite)
Datolite, 20
Descloizite, 15
Diamond, 24
Diatomite, 23
Diopside (see Pyroxene)
Dolomite, 24
Dumortierite, 23
Elaeolite (see Nephelite)
Embolite, 17
Emerald (see Beryl)
Emery (see Corundum)
Enargite, 1
Enstatite, 22
Epidote, 21
Epsomite, 7
Erythnite, 14
Fluorite, 19
Franklinite, 2
Fuller’s earth, 25
Galena, 1, 3
Garnet, 21, 24
Garnierite, 12
Gibbsite, 23
Gilsonite, 25
Glance pitch, 25
Goethite, 2, 13
Gold, 6

Gold tellurides, 4
Grahamite, 25
Graphite, 1
Greenockite, 13
Gypsum, 18

Halite, 10
Hausmannite, 2
Hematite, 2, 14
Hemimorphite, 16
Hessite, 4
Hornblende (see Amphibole)
Hydrozincite, 16
Hypersthene, 21
Idocrase, 21
Ilmenite, 1, 2, 14
Iodyrite, 13
Iridosmine, 4
Jamesonite, 1, 3
Kainite, 9

Kalinite, 9
Kaolinite, 23, 25
Kernite, 8
Kieserite, 25
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Kyanite, 23

Labradorite (see Plagioclase)
Lapis Lazuli (see Lazurite)
Lagzurite, 11, 18
Lepidolite, 19

Leucite, 23

Limonite, 2, 13

Linnaeite, 3

Livingstonite, 25
Magnesite, 24

Magnetite, 1

Malachite, 12

Manganite, 2

Marcasite, 5

Mercury, 4

Microchne (see Orthoclase)
Millerite, 5

Mirabihite, 10

Mispickel (see Arsenopyrite)
Molybdenite, 4

Monazite, 24
Montmorillonite, 23
Mottramite, 25

Mundic (see Pyrrhotite)
Muscovite, 22

Natrolite, 20

Nepheline, 20

Nicceolite, 5

Nitre, 9

Ocher, 25

Ohgoclase (see Plagioclase)
Olivine, 24

Opal, 24

Orpiment, 13

Orthoclase, 22

Patronite, 25

Pentlandite, 5

Petroleum, 25

Phlogopite, 22

Pitchblende (see Uraninite)
Plagioclase, 19, 20
Platinum, 4

Polybasite, 1

Prochlonte (see Clinochlore)
Proustite, 14

Pailomelane, 1
Pyrargynite, 2, 14

Pynite, 5

Pyrolusite, 1
Pyromorphite, 13, 18
Pyrophyllite, 22

Pyroxene, 20, 21
Pyrrhotite, §

Quartz, 24

Realgar, 15
Rhodochrosite, 24
Rhodonite, 21

Roscoelite, 25

Ruby (see Corundum)

Ruby silver (see Proustite and
Pyrargyrite)

Rutile, 2, 13, 24

Sapphire (see Corundum)

Sassolite, 8

Scheelite, 22

Sepiohte, 22

Serpentine, 22

Siderite, 13, 17

Sillimamte, 23

Silver, 4

Smaltite, 3

Smithsonite, 16

Soda nitre, 10

Specular iron (see Hematite)

Sperrylite, 3

Sphalernite, 2, 13, 16

Sphene, 21

Spinel, 23

Spodumene, 20

Stanmte, 3

Staurolite, 24

Stephanite, 1

Stibnite, 3

Stilbite, 19

Stieam tin (see Cassiterite)

Strontianite, 22

Sulphur, 13, 16

Sylvamte (see Gold telluride)

Sylvite, 9

Tale, 22

Tellurium, 4

Tenorite, 1

Tetrahednte, 1, 3

Thoriante, 25

Thorite, 25

Titanite (see Sphene)

Topaz, 23

Tourmahne, 19, 21, 22, 24

Tremolite (see Amphibole)

‘Tripoh, 25

Trona, 10

Turquos, 12, 24

Ulexite, 20

Umber, 25

Uraninite, 1, 2

Valentinite, 16

Vanadite, 13, 16

Vermiculite, 25

Vesuvianite (sce Idocrase)

Vivianite, 11

Wad, 25

Wernerite, 19

Willemite, 16

Wolframite, 2
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Zincite, 15

Zircon, 24
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GEOLOGY

1. INTRODUCTION

A rock is a mineral or aggregate of minerals, forming an essential part of the earth;
but many important mineral bodies, such as ores of metals, are not to be considered as
rocks. Of about 1 500 species of minerals, only 20 or 30 are important as rock constituents.

The three great classes of rocks are. IaNeocrs, solidified from fusion; SEDIMENTARY,
deposited in water or air, MrTaMORPHIC, recrystallized or otherwise altered 1gncous and
sedimentary rocks, such that their onginal character has been obscured Igneous rocks
are believed to have been the predecessors and source of all others (1, 2, 3).

An analysis, 1llustrating «RrROss coMrosITION of the outer 10 miles of the earth, 18 given in See I,
Art 1 Compared with the percentages there stated, mckel and iron probably become mereasingly
abundant toward the earth’s center

Most abundant elements of rock-forming minerals are silicon, oxygen, aluminum, iron, mag-
nestum, calelum, sodium, potassium, and hydrogen, sccondanly, carbon, chlorine, phosphorus,
titanium, manganese, and sulphur  All other elements, even the familiar copper, lead and zine,
and the precious metals, or an abundant atmospheric gas, as nitrogen, are small in amount

2. CHEMICAL COMPOSITION OF ROCK-FORMING MINERALS

Rock-forming minerals comprise silicates, oxides, carbonates, sulphates, chlorides,
phosphates, sulphides, and native elements.

Silicates are the most important, whence silicic acid, 1in various toims, 1~ the foremost
acid in Nature. Three principal forms of silicic acid are represented m the rock-making
minerals: HSi0; (metasihicie), H 8104 (orthosilicie), and HS1305  Pyroxenes, ampbi-
boles, and leucite are salts of metasilicic acid.  Mieas, ohivine, anortlute, nephelite, garnet,
and many minor minerals are orthosilicates. Oirthoclase and albite are salts of Hysi,04
Some silicates have only the usual bases, aluminum, 1ron, magnesium, ealerum, and the
alkalies, and are called aNnmryprOUS, others, usually formed by weathering or alterntion
of the first, contain hydrogen and oxygen in such proportions as to be driven off a~ water,
and are called HYDRATED 8I1LICATES. This distinction 18 rendered important by the gen-
eral secondary character of hydiated sihicates. The chief anhydrous silicates m igneous
rocks embrace the following muneral groups feldspars and feldspathoids, pviosenes,
amphiboles, micas, and olivine. Rarer and less important are  zircon, sphene, tourmahne,
and analcime. On weathering or other alteration, the hydrated siheates, haolhmte,
chlorite, and serpentine, usually result Metamorphie rocks contain a few characternistic
silicates, besides the common ones of 1gneous 1ochs, viz  staurohite, silimanite, hyamte,
andalusite, scapolite, and epidote.

Oxides arc next important, of which quartz (S10;) stands first, being abundant in the
great classes of rocks The related forms of silica, chaleedony, cristobalite and tridymate,
and the hydrated variety, opal, should also be noted. Next are the oxides of iron, magnetite
and hematite, and the hydrated form, imonite.  With magnetite are associated chromite
and i1lmenite (FeO-T10,). Water, whether liquid or 1ee, 13 techmieally a muneral.

Carbonates are calcite, dolomite, and siderite, with their intermediate mixtuies,
They are of chief importance in sedimentary and metamorphie rocks, occurning rarely 1in
igneous rocks, except as products of weathering. There are two common sULPHATES,
anhydrite and gypsum. One CHLORIDE, common salt, alone mernts attention. The
PHOSPHATES are apatite and collophane Two scrrmipes, pynte and pyrrhotite, are
widely distributed. The one NATIVE rocl.-forming element is graphite.

3. ROCK-FORMING MINERALS (1, 2, 3)

Minerals of the igneous rocks are grouped according to their usual order of crystalliza-
tion into: 1. Iron ores and minute associates. 2. Ferromagnesian silicates (olivine,
pyroxenes, amphiboles, and micas). 3. Feldspars and feldspathoids (plagioclase, ortho-
clase, nephelite, leucite, and analcime). 4. Quartz, in acidic and higher medium rocks
only. For descriptions, see Sec 1, Determnative Tables.

209,
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Minerals of the sedimentary rocks are ordinarily fragments of minerals from igneous
rocks. Quartz is most resistant to solution, alteration, and abrasion, and therefore appears
in almost all sands and sandstones. The others are less frequent. After quartz, carbon-
ates are of chief interest. Calcite and dolomite constitute the himestones, sometimes with
slight admixture of siderite. Kaolinite, montmorillonite and hydromica enter the fine
scdiments. The two sulphates, gypsum, the morc abundant, and anhydrite, appear only
in sedimentary rocks. The same 18 true of the chlonde, rock salt.

Minerals of the metamorphic rocks. The components of both sedimentary and igneous
1ocks, when deeply buried, with attendant heat and pressure, recrystallize at times to
distinctively metamorphic minerals. Silica, being ommipresent, survives as quartz.
The aluminous components afford andalusite, sillimanite, and kyanite. Magnesian, iron,
and aluminous compounds yield abundant biotite and occasional epidote. ILime, in asso-
cation with ferric iron or alumina, makes garnet possible, but orthoclase may become
muscovite. The feldspars are important components. The ferromagnesian minerals
(chlonte and serpentine) are derived from magnesium- and iron-bearing originals.

Summary of Rock-forming Minerals

Igneous Rocks. QUARTzZ
Frupvsrars orthoclase, plagioclase
FeLDpsraTHOIDE nephehine, leucite, analcime, mehhte
PyroxeNEs hypersthene, diopside, augite, soda-pyroxenes
AMmpHIBOLES hornblende, soda-amphiboles
Micas biotite, muscovite
OTHER MINERALS' olivine, magnetite, 1lmenite, apatite, zircon
Sedimentary Rocks., Fragments from 1gneous rocks, especially quartz and feldspars; kaolinite,
montmorillonite, hydromiea, caleite, dolomite, siderite, limonite
Metamorphic Rocks. Quartz, feldspars, biotite, muscovite, hornblende, epidote, garnet,
silhmamte, andalusite, caleite, dolomite, serpentine, tale, chlorite

4. IGNEOUS ROCKS

Structures and textures. In a broad way, 1gncous rocks, as contrasted with sedimen-
tary and metamorphie, have a massive structure; that 1s, their minerals are not arranged
in parallel or distinet layers.  Massive 18 1n many respects a synonym of 1gneous. Exam-
med more 1in detail, as i hand-specaimens, they have 4 common textures. Whele the
molten mass has been too quickly chilled to erystallize, the texture1s cLassy. This texture
appears on outer borders of thin masses, on upper surfaces of lava flows, and, n relatively
nfusible varieties, 1t may extend through an entire flow. It 18 most frequent in sihiceous
tocks, which have high fusing points, 1t 1s rare in the medium, and scarcely known in the
basie.  Where molten masses have cooled rather rapdly, and yet not so quickly as to
prevent erystallization, very fine-gramed textures result, called rewsitic. But, if older,
larger, and already well-formed erystals at the time be swimming i the magma, which
then erystallizes in relatively small components, the texture 1s called rorruyRITIC. The
large crystals are called PHENOCRYSIS and the matiix the GRoUND-MAss.  Phenocrysts of
acidie rochs are chiefly quartz and feldspars, the dark terromagnesian silicates are much
less common.  In mediam 1ocks, quartz practically fails, and feldspars are associated
with more of the ferromagnesian minerals.  In basie porphynitic rocks, feldspars decline,
while augite and olivine, and very rarely biotite and hornblende, gradually replace them.
When a molten magma erystallizes into an aggregate of fairly coarse components of about
the same size, the texture 1s araxttoip (like gramte).  Rarely, 1in these coarsely crystalline
rocks, the feldspars become unusually large and stand out 1n contrast with the rest.

Ar a result of explosve outbreaks at voleane vents, igneous rocks are sometimes blown out as
frugments of ull sizes, from impalpable dust to large bombs  The fragments settle down on the sides
of the cone or at greater distnncees, and yield rocks with marked fragmental texture, alhed to sedi-
menta  If coarse, they are called BRECc1As, 1if fine, TUFES

Chemical composition of igneous rocks. SiLicA ranges from about 809, to a theoretical
mininum of 09 1n certam igneous ron ores, only 1 rare cases does 1t fall below 40%.
Ignecous rocks contamning above 659, silica are called acipic; those with 55 to 65%,
MEDIUM; below 509, sasic.  Of art MINA the superior it 15 25 to 30%, general range,
12 to 189, nunimum, nearly 0 TroN OXipESs are low, 1% or less, in the most acidic
rocks, but mcrease in the basie to 10 to 209%; in rare extremes, 90 to 959%,. MAGNESIA
sinhs to a mere trace 1 the acidie, 1ising with fall of sihca to 30% in the extremely basic.
I.mEe is low in the acidie, gradually increasing to about 159, maximum in certain basic
rocks. DPoTasu is highest in the rare leucite rocks, reaching 10 or 12%,; it ranges from
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4 to 7% in medium rocks with much orthoclase, and disappears in basic types. Sopa
has a similar maximum in the rare nepheline rocks, and the same range in medium rocks
rich in albite, approaching extinction in the extremely basic. WATER, of 0.5 or 19,
usually indicates weathered rocks.

It is important to connect chemical compositions with the resultant minerals and vice versa.
Chemuical composition obviously determines the minerals, and, in so far as extremely acidic rocks
have relatavely bigh fusing points and chill more easily, 1t also influences texture.

Classification of igneous rocks shown in Table 1 has general acceptance by geologists.
Rocks range from acidic on left of table to basic on right; from quickly-chilled rocks above
to slowly-cooled rocks below, a still lower line of fragmentals marking transition to sedi-
ments. The forms assumed in Nature are in extreme left-hand column; to be defined
after the descriptions. The rocks are further subdivided 1n vertical columns on basis of
mineralogy. Feldspars and feldspathoids are the fundamental basis of subdivision;
other minerals are subordinate.

The table gives a general view of the igneous rocks and defines those commonly met 1n mining.
For close determination greater refinement may be desirable In some mining districta in the
western U S are found the «RANO-DIORITES (intermediate between granites and quartz-diorites),
not mentioned 1n the table, they have about the same amounts of orthoclase and plagioclage  Inter-
mediate between syenites and diorites are the MonNzoNiTEs If they bave a little quartz, but not
as much as grano-diorites, they are termed quartz-monzonites. Butte granite, containing the
copper veins, 18 usually described as quartz-monzonite. Several great bodies of ‘‘porphyry coppers”
are in monzonite-porphyries. The virieties of gabbro containing hypersthene instead of common
augite are called NORITE, important because they contain the nickel-copper ores at Sudbury, Ont
(For meaning of names of other rare igneous rocks, sometimes appearing in reporta, see glossary in
later editions of Kemp’s ‘'Handbook of Rocks.””)

Glassy rocks are the most evident results of cooling from fusion. They are almost
always acidic and are represented by the rhyolites and dacites, desenibed later.  More
basic varicties are known, but are less frequent. Commonest glasses are the OBSIDIANR,
black, red, and brown, with 0.5 to 1% water. They may be assumed to he quickly-
chilled rhyolites or dacites. PtMICE 18 an excessively cellular obsidian. .\ rarer glass,
which chills 1nto an aggregate of shot-like spheroids, 13 PEARLITE or PEARL-81ONE, usually
containing 2 to 40, water. The last glass deserving mention 13 the rare, resinous rrrciu-
STONE, having 5 to 109, water and 18 mote easily fusible with blowpipe than the others

Rhyolite-granite series embraces igneous magmas contamning: silica, 65 to 807 ;
alumina, 12 to 159, iron oxides, 1 to 3¢, magnesia, less than 1¢;, hme, 1 to 2¢;;
potash and soda, 5 to 87%,. They are common 1n Nature, and on erystalbzing yield finely
to coarsely crystalline rocks, consisting chiefly of orthoclase, acidie plagioelase, and quartz,
together with relatively small amounts of the dark sihcates, hiotite, hornblende, and
augite, stated in order of ficquency. Light-colored minerals are 1n great excess.

Rocks of this series are: REYOLITE (syn, hiparte), felaitic or partly glassy texture, few pheno-
crysts, RHYOLITE-PORPHYRY (syn, quartz-porphyry), felsitic ground-mass, abundant phenocrysis;
GRANITE-PORPHYRY, predominant phenocrysts, subordinate ground-mass; GRANITE, gramtoid tex-
ture, components of about the same size, but feldspars sometunes abnormally large  ProsariTes:
crystallization of granite 18 often accompanied by separation of portions of the magma, 1n association
with abnormully large admixtures of dissolved gases  These portions pass out ward into wall-rooka
as dikes, often for great distances and in large size, on crystalhizing, they yield very coarse aggre-
gates of same minerals as appear in gramte itself, with many rare elements concentrated in them,
and are called pegmatite

In this series the promment minerals are feldspars and quartz; dark silicates are subordinate
They are closely related to the dacite-quartz-diorite senes, from which to distingwish them mero-
scopic examination may be necessary  The distinetion 18 practically of small moment  ‘Ihis series
18 very abundant and widely distributed Its tuffs and breccius are also frequent

Trachyte-syenite series embraces 1gneous magmas contamnmg: silica, 55 to 6577
alumina, 15 to 20%,; iron oxides, 1 to 3%,; magnesia, 1 to 205; hme, 1 to 3" ; potash and
soda, 7 to 129,. They are much less common than the rhyolite-granite series. On
crystallizing they yield finely to coarsely crystalline 10cks, consmsting of orthoelase, acidic
plagioclase, and usually notable proportions of the dark silicates, biotite, hofnblende, and
augite, one or several. Quartz fails, or, at most, 18 extremely subordinate. Light-colored
minerals are in excess.

Rocks of this series are: TRACHYTE, felsitic texture, few phenocrysts; TRACHYTF-PORPHYRY
(syns, porphyry, orthoclase-porphyry), felsitic ground-mass, abundant phenocryste; syesiTe-
PORPHYRY, predominant phenocrysts, subordinate ground-mass; sYENITE, granitoid texture, some-
times varied by abnormally large feldspars Syemtic-pegmatities are known,%ut are less frequent
than granitio.
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2-06 GEOLOGY AND MINERAL DEPOSITS

In this series, feldspars are most prominent, dark mlicates, subordinate Lack of quarts 1s the
chief distinction from rhyolites and granites Tuffs and breccias are known

Phonolite-nepheline-syenite series embraces 1gneous magmas containing silica, 50 to
60%, alumina, 18 to 229, 1ron oxides, 1 to 3%, magnesia, 1 to 2%, hme, 1 to 29,
potash and soda, 10 to 159, They occur infrequently ~ On crystallizing they yield finely
to coarsely crystalline rocks, consisting of orthoclase, less abundant plagioclase, nepheline
(more rarely leucite), and pyroxene Though rare, they are of great scientific interest

Rocks of this series are PHONOLITE, felsitic or porphyritic, with few phenocrysts, PHONOLITE-
PORPHYRY, felsitic ground-mass, abundant phenocrysts, of which orthoclase 18 chief, nepheline being
usually confined to ground-mass, NEPHELINE-SYRNITR-PORPHYRY, predominant phenocrysts,
subordinate ground-mass, NEPHELINE-SYENITE, gramtoid texture, from rather fine to extremely
coarse varieties, shading 1nto pegmatites

In most of these rocks, orthoclase 18 most prominent, but in the last-named, nepheline 18 at times
abundant Many varieties have been recogmzed, depending on entrance of minerals less usual
than those named, and the decline of normal components  Sodalite 18 sometimes very promnent
Biotite and hornblende are not so frequent as pyroxene  Rocks with leucite are known, but are far
less common than those with nepheline

Dacite-quartz-diorite series embraces 1gneous magmas contamning sihca 60 to 709,
alumina, 12 to 159, wron oxides, 1 to 39,, magnesia, 1 to 3%, hme, 2 to 4Y;,, soda and
potash (soda 1in excess), 4 to 7%  They are common in eruptive centers  On crystalhizing
they yield finely to coarsely erystalline rocks, consisting of plagioclase, less orthoclase, and
quartz, as the most prominent minerals, with biotite, hornblende, and pyroxene, one or
several The hght-colored minerals are 1n excess

Rocks of this series are DITE, felsitic or partly glissy textures, few phenocrysts, pacrte-
PORPHYRY, felsitic ground-mass, with abundant phenocrysts, QUARTZ-DIORITE 1ORPHYRY, pre-
dominant phenocrysts, subordinate ground-muss, QUARTZ-DIORITE, gramtoid texture

Andesite-diorite series embraces igneous magmas contaimng siica, 50 to 659,
alumina, 15 to 189, 1iron oxides, 4 to 9%, magnesia, 2 to 79, hme, 3 to 8¢,, soda,
3 to 5%, potash, 2 to 39, They are very widespread On crystalhzing, they yield
finely to coarsely crystalline rocks, consisting of plagioclase, a little orthoclase, and hiotite,
hornblende, or augite, one or several The hight-colored mincialy are 1in excess and are
the chief phenocrysts The rocks have usually hight gray colors

Rocks of this series are ANDESITL (varieties, mica-andesite, hornblende-andesite, augite-
andesite), felsitic textures, few phenocrysts, ANDFSITE-1 ORI HYRY fclsitic ground-mass, with abun-
dant phenocrysts, DIORITE-PORPHYRY, predominant phenocrysts, ground-inass subordinate,
pIORITE, gramtoid texture Andesites are important 1n many western mimng districts 1n the
recently extinct and active volcanoces along Pacific coast, in Mexico, and 1n other parts of world

Basalt-gabbro series embraces 1gneous magmas containing  silica, 40 to 55, alumina,
16 to 209, 1ron oxides, 6 to 159, magnesia, 5 to 10%, hme, 6 to 12¢,, soda, 2 to 477,
potash, 1 to 29 They are very widespread On crystalizing they yield finely to
coarsely crystalline heavy rocks, consisting of plagioclase, little o1 no orthoclase, and large
proportions of pyroxene, ohvine, and magnetite  The dark sihcates are in excese and give
rocks dark gray or black colors

Rocks of this series are BABALT, felsitic textures, few phenocrysts, BASALT-PORPHYRY, felaitio
ground-mass, abundant phenocrysts, GABBRO-PORPHYRY, predonunant phenocrysts, subordinate
ground-mass, DIABASE, granitoid texture, feldspars long rectangular, pyroxene irregular, in spaces
among the well-crystalhzed feldspars, GaBBRO, gramtod, components as broad as long

Basalt-gabbro rocks are very abundant Phenocrysts are almost entirely olivine and pyroxene
The peculiar texture of diabase, due to feldspars completing their crystallization before the
pyroxenes, contrary to rule, gives 1t a special place  Varieties of pyroxene afford special vanetics
of both basalts and gabbros Hornblende and biotite are rarely observed, ncpheline, leucite,
analcite, and mehihite sometimes appear and may displace the plagioclase All feldspars and
feldspathoids may fal, giving the rare basalts, hmburgite and augitite, and the rare gabbros,
peridotite and pyroxemte (Table 1)

Ultra-basic rocks There are a few rare igneous rorks with less than 409 silica and corre-
spondingly high bases The most important are the i1gneous magnetites, often titaniferous, in
some places they are independent dikes and sheets, 1n others, segregations 1n 1gneous rocks

Determunation of igneous rocks  Their crystalline, massive character usually serves to identify
them as 1gneous, but a warning may be given respecting certain dense contact-products, called
HORNFELS First decide on predominance of hight- or dark-colored minerals, next, on texture If
light-colored minerals are 1n excess, feldspar 1s determined as orthoclase (no striations on cleavage
faces), or plagioclase (striated) Quartz s looked for Having thus decided general name, the dark
sihicate 18 determined  If dark-colored minerals are in excess, and phenocrysts are also dark, the
rock 1s placed 1n the basalt-gabbro series and i1dentified more sharply by 1its textures A rock so



SEDIMENTARY ROCKS 2-07

finely crystalline that no minerals can be identified is called felsite, if light-colored; or basalt, if
dark. Microscopic examination is necessary for further refinement Greatly altered rocks, such
as are commonly adjacent to mineral veins, can often be determined through surviving characters
only discernible with microscope. If stained with chlorite, they are called GREENSTONES.

6. SEDIMENTARY ROCKS

There are 4 groups (Table 2): (a) Breccias and mechanical sediments, not limestones;
(b) Limestones; (c) Organic remains, not limestones; (d) Precipitates from solution.

Table 2. Sedimentary Rocks

Transi-
Fragmentals, not tion to Limestones
Limestones Lime- Organic Rocks, Precipi-
Breccias stone not tates from
Laimestones Solution
Consol- | Consol- Consol-
Loose | \guted | idated | T-00se 1dated
Fault- Lame- Rock salt,
breccius Calea- stone-  jRubble- ° gypsum,
E Con- reous rubble lime- £ stalactites,
3 Gravel glom- con- Gravel stone E stalagmites,
& erate glom-  |Coral Caleiru- =z “‘Mexican
erute heads, dites onyx,"”
Talus- ete travertine
breccias  |-——-| - —_—
Sund- .
. Lime- ] h()if.uaorlal- " Silicified
Sund- Shell or tone 2 1atoma.
Sands y coral stones g | ceous earth | W
atone sands L‘oqulmx = [Some cherts Some cherts
Caleare- 7 |Some sinters Some sinters
nites
2 Calea- -
-i Argilla- | reous Mud H
. b ceous sand-  |Shell or hme- S |Some hmo- |Some hmo-
Eruptive- o (Mud sand- stone coral stones ‘é" Tute nite
breccias - stone  |Calea- muds Caleily- o
& Shale reous tites It
[ shale
Calea- Tatho- g Ee;;“e
[
St Clay Marl :ﬁ‘l‘::a fll;::‘)fnc 5 B;(t):;nmous Asphaltites
or ouze stone é Anthracite
o

Determination of sedimentary rocks. Almost all may be recognized on aight It 13 important
+o make effervescing tests with acid, to identify hmestones, calcareous shales, etc  Scraping up a
little heap of powdered rock favors effervescence  Warming a corner or edge of the rock even in
flame of a match doea the aame, and may make stubborn dolomite yield to acid.

The rocks of group (a) mav be arranged from coarse to fine, as follows.

Coarse to Tine
e —
Argillaceous Silt and
Breccia Gravel and Sand and sandstone, Shale, Clay,
Conglomerate Sandstone Caleareous Calearcous Marl
sandstone shale

Breccias consist of angular fragments and are of 3 kinds* fault, talus, and eruptive,
the names being equivalent to defimtions. Mechanical sediments, or gravels, contain
rounded or water-worn fragments, and when consolidated are CONGLOMERATES. They
pass nto SANDA as the boulders or pebbles disuppear, and when consolidated, sANDsSTONES
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result. Sands, with admixture of clay or mud, become sHALES; as the sand disappears,
s1urs and cLAYs; if calcareous, they are calcareous sandstone, calcareous shale, and MARL.
Limestones may be coarsely or finely fragmental, but are almost always derived from
remains of organisms. Other organic remains yielding rocks are the siliceous diatoms and
sponges, and carbonaceous plants in coal seams. Precipitates are rock salt, gypsum, and
stalagmitic marbles. Certain ferruginous rocks also are probably of this nature.

6. METAMORPHIC ROCKS

These are of 3 great classes: CcONTACT ROCkS, produced by intrusive igneous rocks
from their immediate walls, REGIONALLY METAMORPHIC TYPES, which extend over great
areas, and PRODUCTS OF WEATHERING.

Contact rocks ecmbrace both the chilled border facies of intrusive (internal or
ENDOMORPHIC), and the recrystallized products from shales, slates, or limestones (external
or exomorrHIC). Other rocks, such as sandstones and regionally metamorphic varieties,
are much less influenced by intrusives. The general name for densely crystalline, altered
shales is HORNFELS., From hmestones a series of lime-silicates results; among them,
garnet, pyroxene, epidote, and vesuvianite are commonest. Copper ores and magnetite
often occur with them.

Regionally metamorphic rocks embrace representatives of both 1gneous and sedimen-
tary types, mineralogically resembling sometimes one, sometimes the other. They include
gneisses, mica-, hornblende-, and chlornte-schists, quartz-schists, quartzites, slates, mar-
bles, ophicalcites, serpentines, and soapstones. GNE1sses are banded or foliated rocks
of the granitoid-igneous types, but are most cormmonly like the granites. Mica-scHIsTs
are more finely foliated, and richer in mica than the gneisses. HORNBLENDE-8CHISTS are
finely foliated, roughly parallel aggregates of prismatic hornblende, with relatively few
other minerals. CHLORITE-S8CHISTS, QUARTZ-S8CHISTS, etc, are finely foliated, with the
charactenstic mineral prominently developed. QUARTzITES are sandstones hardened
and solidified with newly deposited silica. SLATES are derived from shales and clays, with
a new cleavage produced by pressure, but having no definite relation to original bedding.
Irregularly breaking, metamorphosed, sandy shales, and volcanic tuffs and breccias, are
called GRAYWACKE. MARBLES are recrystallized limestones, often dolomites mineralogi-
cally. They may be mottled with serpentine, forming OPHICALCITES. SERPENTINES
are usually metamorphosed peridotites. SoarsTONES are higher 1n silica, and consist of
talc. They may be old pyroxenites or siliceous magnesian limestones.

Products of weathering constitute the mantle of decomposition products, resting upon fresh
bedrock to a greater or less degree, which 18 due partly to mechanical breaking up of the original
rock, partly to alteration and disintegration by removal of soluble ingredients. Quartz and alumi-
nous hydrated silicates, with ferric hydrate, become relatively enriched, while the other oxides go
off 1n solution. Soils and subsoils result, and sediments are afforded for making sedimentary rocks.
General names for the mantle of weathered products are. SAPROLITE or rotten rock, LATERITE,
residual soils, ete Latenzation 18 most pronounced in tropical climates

Determination of metamorphic rocks is rarely difficult. Definitions convey the idea of char-
acters Dense hornfelses sometimes resemble felsites, and may require microscopic determination.
Gneisses, with 1ncreasingly fine fohation, shade into mica-schists and mica-schists into slates, so
that distinctions muay be matters of judgment The other rocks of this series give hittle difficulty

7. FORMS ASSUMED BY IGNEOUS ROCKS

i the field, igneous rocks are found in dikes, necks, bosses, stocks, surface flows,
intrusive sheets or sills, laccoliths, and batholiths. The size and shape of these bodies
exercise an important influence on texture of the component rock. Small bodies chill
quickly and are glassy or felsitic; large bodies cool slowly and are porphyritic or granitoid.
Designating one honizontal dimension as length (L), the honizontal dimension at right
angles to L as breadth (B), and the vertical dimension as depth (D), a mathematical
expression can be roughly formulated for each type.

Dikes are long, narrow hodies of igneous rock, filling fissures in older rocks, into which
it has entered in molten condition. In dikes, L and D are great, B relatively small; they
vary from less than 1 in wide and a few yards long, to fractions of a mile in width and
many miles in length. They usually have steep dips; are often intimately associated with
orebodies, and in one place or another embrace all varieties of 1gneous rocks. They
may mark the last outbreaks in a series of eruptions in a particular district, and are then
usually very basic, as at Cripple Creek, Colo.

Dikes may radiate from an igneous center for miles into the surrounding atrata, as in the Crasy
Mts, Mont, or the Trimidad coal region, Colo. They may appear hundreds of miles from other
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known igneous rocks, as in the coal measures of S W Pennaylvania. A dike derived from solidified
molten rock, even though a magma be regarded as a solution, practically all of which crystallizes
in situ, is contrasted with a vein, sumilar in shape and 1n relations to the walls, but which is deposited
from solution, the solvent passing on. Yet, 1n the case of pegmatites, it 18 not clear whether the
term dike or vein should be used; they may be considered the result of aqueo-igneous processes of
Jfusion.

Neck is the solidified mass of lava that remains in the throat of a volcano after its
last outbreak. When first congealed, it connects the lava that has poured from the crater
with the unerupted residue in depth, just as a human neck connects head and trunk.
As seen in the field, it is usually a decapitated neck, in that it 18 exposed to view only after
removal of the lava flow and much of the cone by erosion. L and B are small, D great.

In volcanoes, which yield both lavas and explosive products, the neck may be part solid lava
and part breccia. Necks project 1n a rudely columnar manner from remnants of the old crater and
from débris furnished by their own disintegration.

Bosses are roughly cylindrical masses of igneous rock, projecting above surrounding
wall rocks like the boss on an old-time circular shield. Coarse granite or pegmatite,
because of its relative resistance to erosion, often projects from surrounding mica-schirts
or other softer rocks. Bosses differ from necks in not being due to volcanic activity. As
in case of necks, however, L and B are relatively small, D great.

Stocks are large, roughly cylindrical masses of intrusive porphyritic or gramtoid rock
in the midst of older walls. They do not necessaiily stand 1n relief, but otherwise resemble
bosses; L and B are small with respect to D, although absolutely rather large.

The name ‘“‘stock’” is the German word for floor or story 1in a house, and was applied to masses
of igneous rock of cylindrical shape, because certain granite bodies of rounded outline, containing
disseminated cassiterite, were formerly mined in horizontal slices or floors. Finally the niaas of
rock itself came to be called a stock. For good 1llustrations, see Telluride folio of U S Geol Surv

Surface flows are produced when lava wells out from a vent, and flows over surface 1n a
relatively thin sheet; L and B are large, D small. In upper and under portions are many
cavities, caused by expanding gases; the muddle part 18 usually dense, and 1n a thick flow
may be comparatively coarse-grained. The cavities are flattened and 1ounded hke an
almond, whence, from the Greek, they are called AMYGpALOIDS.

The top of a flow may be a rough, slaggy scoria, even consisting of cakes of chulled and broken
crust. Where dissolved gases have all escaped before consohidation and while lava 19 3et molten,
the final chilled surface may be comparatively smooth  Surface flows may bury one another in
sucoession, or be covered with later sediments. They are distingmished from intrusive sheets,
because their heat can at most affect only underlying rocks, not those formed above them after
cooling; whereas intrusive sheets bake both walls. More than 100 successive surface flows of bagalt
have been cut by deep shafts in the Lake Superior copper district

Intrusive sheets or sills are masses of igneous rock which have been forced between
strata of older rocks, and have solidified parallel with them. L and B are great, [ small.
The shape resembles that of a surface flow, and when a surface flow resting on sediments 13
buried under subsequent beds the result is much the same. The heat of intrusive sheets,
however, always affects the sediments above and below them, and sometimes produces
important contact zones.

Intrusive sheets vary from a few feet thick, and of no great known extent, to such u sill ag the
Palisades of Hudson River, visible 50 miles, traceable by drill 25 nules more; 1ts thickncss reaches
600 ft, but 18 usually less  Intrusive sheets doubtless rise from the depths along fissures, like dikes,
but then turn sidewise between strata along a line of least resistance They are sometimes asso-
ciated with ore-deposits, as at L.eadville, Colo, and Mercur, Utuh

Laccoliths are a varation of the intrusive sheet and are lenticular in shape. If a sill be supposed
to start from 1ts feeding dike, sidewise between strata, and to find 1t easier to rmse the overlying
beds of a limited area than to force i1ts way with uniform thickness far and wide, a lenticular masa
will result, tapering from a central maximum thickness to a thin edge Hence, L and B are rela-
tively large, D smaller but varable Laccohths which are fcd outwardly from a central supply
fissure are symmetrical, but this fissure 18 sometimes a fault, with hard strata opposite soft ones, so
that the intrusive can penetrate outwardly only on one side. Unsymmetrical masses, practically
half-laccoliths, result. Laccoliths heave up overlying strata in domes, and when these are eroded the
laccohith is exposed in midst of outwardly dipping beds The entrance of laccoliths may have
been aided by incipient folding or arching of beds under comnpression Iaccoliths are widespread
in the western states. The name was coined by (3. K. Gilbert from the Greek word for cistern, as
the shape suggested the ancient dome-covered vaults for storing water.

Chonoliths are irregular intrusive bodies, either filling a pre-existing cavity, or rending apart
the rocks to make a way for itself The name was coined by R A. Daly from the Greek word for a
mould in which metal is cast. No definite expression in terms of L, B, and D is possible.
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Batholiths are huge masses of intrusive rock, of irregular shape and great extent; L, B, and D
are all great. Granite masses, square miles in area and sometimes cubic miles in volume, are
illustrations. They are specially abundant in pre-Cambrian strata.

8. FORMS ASSUMED BY SEDIMENTARY AND
METAMORPHIC ROCKS

The distinguishing feature of sedimentary rocks is their arrangement in parallel layers,
during formation. Variations in deposition of sediment from high and low tides, storms
and calms, floods and droughts, produce contrasts in coarsencss and fineness. At the
outset they are flat, except for the slight inclination of the sea bottom, and irregularities
due to delta formation and swift currents. The inclined position often seen in exposures
today is due to subsequent disturbances.

Stratification. The smallest division of a sedimentary rock is a LAYER or LAMINA. It
may be a fraction of an inch thick and marks one period of especially abundant deposit.
Layers go together to form BEDS, the natural units of sedimentary rocks. Bedding planes
are recognizable and thick- and thin-bedded sedimentaries are distinguished. Beds
combine to constitute a STRATUM, or tabular mass of one kind of sedimentary rock between
others which are different. A stratum may range from 1 to 1000 ft thick. Thin strata
are called sEaMs, as of coal. Limestones, shales, and sandstones afford thick strata.
In geological mapping, a thick and persistent stratum 1s often called a FORMATION.

Sedimentary rocks present all the features of the bottom, or of the strand between high and low
water as ripple marks, tracks, stranded shells, nil-marks, mud-cracks, flow and plunge from swift
currents, irregular beddings, and cross-bedding 1n individual layers, as 1n deltas  Since the greatest.
thickness of sediments gathers along subsiding shore hines, with attendant advances of sea over
lund, there are found in normal succession conglomerates, which represent old shore shingle, fol-
lowed by sandstones, representing off-shore shallows, next shales, corresponding to deeper, quieter
water, lastly, as representing still deeper water, frec of mechanical sediments, are limestones,
consisting largely ot organic remains  Thie normal succession 18 not always found, since estuanes
and nivers destroy umformity, but it 18 not infrequent There are also desert accumulations,
wherein wind-blown particles are 1mportant, and are associated with beds from temporary streams,
lakes, and floods, Land accumulations are charactenistically red, from oxidation of iron.

9. ROCK DISTURBANCES

World-wide observation has shown that the rocky outer portion of the earth has been
subject to many disturbances. Great masses may rise or sink without changing the local
attitude of the rochs. These continental movements are of scientific interest, but seldom
of importance to the engimeer. Localized movements, due to elevation of a long and rela-
tively narrow belt in & mountain chain, and disturbances mncident to intrusive entrance of
bodies of 1igneous rock, are more impoitant. 'The results of these movements are termed
roLps and FAU LTS,

Folds are bendings n strata, whereby each layer assumes a curved form, approximat-
ing a portion of a cylinder. W hen classified in order from least to greatest, folds embrace
MONOCLINES, ANTICLINES, and SYNCLINES of several types, also
DOMES AND BASINS.

Monoclines (Fig 1) are terrace-like bendings of strata,
with mchnation varying in amount, but always in same direc-
tion, as the name nnplies. A roll at top of the terrace marks a
belt of especial strain in the strata affected, and may be accom-
panied by numerous cracks. At foot of the terrace is a second __ X
roll 1 reversed diection, with attendant strains and cracks. F‘gsl Monachne, in a

uccession of Beds
In the upper 10ll, overlying beds aie subject to tension, under-
lying to compression: in the lower roll, the upper beds are compressed, the lower tense.
Between these areas is necessarily a surface of no strain.

Monoclines which involve porous beds, such as open-textured sandstones between tight shales,
are sometimes important places for accumulation and storage of natural gas and petroleum. The
search for these 18 essentially an endeavor to locate, with the dnll, favorable monoclhines or gentle
anticlines  Monoclines have been described as arrested anticlines  In a series of sediments com-
priring shales or other soft strata, monochnes or even more violent folds 1n stiffer strata may at
depth disappear entirely in the adjustment of soft underlying shales, the plastic movement of which
takes up and distributes the fold until it is diffused and lost The name monocline (or monoclinal
structure) 18 sometimes applied to a remaining half of an eroded anticline or syncline, the other half
of which is not apparent; inclination of the beds 1s all 1n one direction,
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Anticline and syncline (Fig 2) are complementary terms; one rarely appears without
the other. An anticline is an arch-like bend, a syncline a corresponding trough. The
upper part of an anticline is called the crEsT; its sloping sides, LIMBS or LEGS; the central
portion, running parallel with the axis of the concentric partial cylinders, the surfaces of
which are represented by each folded bed, is the axis. The bottom of a syncline is the
trough. Beneath anticlinial crest and synclinal trough the beds are especially strained
and cracked; the cracks tending to gape upward in the antichne and downward in the
syncline. The limbs of each type of fold are less stramed than crest or trough. Thus,
good building stone will be found on the limbs
rather than at crest or in trough. On the
contrary, veins and mineral deposits from
circulating waters find natural resting places
in crest and trough.

Fig 2 Anticline and Syncline, Fig 3 Pitching” Anticline, Sh;)wing Concen-
with Horizontal Axis trically Curving Outcrops of Eroded Beds

Anticlines and synchnes, when followed for a mile or more, seldom have horizontal axes as
shown in Fig 2  The axes usually pitch downward (Fig 3), though they may afterward rise again.
In Fig 2, the component beds, if eroded, would appear at surface 1n parallel bands  When pitching
folds are eroded, the several beds appear at surface as concentric curves (Fig 3) In antichnes the
upper or later beds are outside, the under or older, inside; 1n synclines the under or older beds are
outside, the upper or later, inside Because of these relations, geologic structure may sometimes
be inferred from a colored geologic map

Antichines received their name because the observer was assumed to stand at the crest, from which
the beds inclined outwardly in opposite directions, hence the prefix “‘ant1,”” for ““opposed '’ Stand-
ing in the trough of the synchine the observer sees the inclined beds sloping toward him, hence the
prefix ‘‘syn,”’ for ‘‘together '’ Antichines and synclines of which the inclination 1s the sunie on both
sides of axis (see diagrams) are called sByMMETRICAL Symmetrical folds may
vary from those of comparatively shight disturbance to tightly compressed folds.
In the former, where the limbs of a bed are separated by other beds, the fold 1s
called oPEN; but where from extreme compression the limhs of a single bed are
brought tightly together, the fold 18 cLosen  Fig 2 shows open symmetrical folds;
Fig 4 closed symmetrical folds A hmiting case of the antichine, speaking mathe-
matically, 18 the poMr, 1n which the beds pitch radially 1n all directions from a
central point. The variable direction of the inchination has suggested the name
GQUAQUAVERSAL. A dome is an antichine of which the axis 18 reduced to a point
Domes are chiefly developed above laccoliths, seldom in other relations. A

Fig 4 Closed BASIN 18 a syncline the axis of which 18 a point, toward which the strata con-
Fold verge. Basins in this strict sense are rare, and result from local removal of sup-

port and collapse of strata The term 18 also used 1 the geology of coal for a

synclinal arrangement of strata, wherein a nsing pitch of the axis 1n opposite duections brings the
measures to the surface. The seams thus form concentiic canoe-shaped or spoon-bowl syneclines.

Unsymmetrical folds. Strains which caused a fold may have pushed one hmb under
or over the other, thus producing unsymmetrical imchnations. From relatively shght
differences, the overturn may incmase;unnl the overturned portion
rests on an underlying portion. Such folds may even be S-shaped
(81IGMOID) or RECUMBENT. On a small scale, these often occur
in metamorphic districts; on a large scale they occur mainly mn
regions of violent disturbance.

Type names may be used, such as the Jura type for symmetrical
folds; Appalachian type for those steeper on one side than the other
(Fig 5). Closed folds are those of which the hmbs are squeezed so
tightly at one spot as to cause a great bulge of an upper or under core of 5
rock. When the surrounding strata inchne away radially from the Fig 5.  Overturned
compressed area, like ribs of a fan, the fold 18 called a fan-fold l‘(ﬁd of Appalachian

Folds vary in size from small wrinkles and puckers, as in schists, to Type
arcs having chords of yards, miles, or hundreds of miles, Folds are
sometimes designated as of the first, second, third, or higher orders. A mountain range, consisting
of an anticline or a syncline, 18 respectively called an ANTICLINORIUM or BYNCLINORIUM, the Greek




FAULTS 2-13

word for mountain being added to type of fold. When great flat folds occupy an appreciable part
of earth’s surface, they are called respectively GEANTICLINES and GEOSYNCLINES, prefixing Greek
word for earth to name of fold. Folds are of great importance 1n engineering work, not only in
mimng bedded minerals like coal, salt, and some 1ron ores, or 1n the discovery of petroleum and gas,
but also in connection with rallway tunnels, aqueducts, and other engineering work.

Dip and strike. Dir is the angle of inclination of a vein or bed below horizontal.
STRIKE (course or bearing) 1s the direction of line of intersection of an inclined vein or
bed with a horizontal plane.

The dip angle is the angle between two perpendiculars, one in the inclined plane, the other in
the horizontal, let fall from a common point on their line of intersection (the strike) The strike
18 stated in degrees and minutes, E or W of N or 8, for example N 25° 30’ E. Since plane of dip is
at right angles to ine of strike, 1t 18 recorded 1n degrees E or W of strike; thus, a strike of N 25° B
and dip of 50° N W signifies that the plane in which dip 18 measured runs 65° west of north  Some
observers note exact direction and amount of dip, leaving strike to be inferred Thus, a record of
a sandstone bed dipping 50° 1n a direction N 65° W, 1mnphes a strike of N 25° E  First mode of
statement 18 customary 1n America A GEOLOGIST'S coMpass has one flat side, and usually a pen-
dulum, swinging around a graduated semi-circle, 80 as to give direct dip reading. In plotting, each
observation of strike may be corrected for variation of needle, or, in more elaborate compasses, the
graduated circle may be turned to read directly observations referred to true north,

10. FAULTS

A fault is a dislocation in otherwise continuous strata or masses. It results when
rocks are 8o excessively strained that they yield along a crack or seiies of cracks, one side
altering 1ts position with respect to other. One side may rise, sink, move laterally, or
(as resultant of all 3 movements) diagonally, with respect to other side. In nearly all
cases the fault plane or planes are inchined to horizontal, the upper and under sides being
designated by the miner's terms, HANGING WALL and FOOT waALL. Limiting cases are
vertical and horizontal faults.

Classification of faults (11, 12). The commonest are normal, reverse and shift
faults (Fig 6, 7 and 8). In NORMAL rauLr (‘‘normal’” here meaning ‘‘usual” or ‘“‘com-
mon’’) the hanging wall has shpped down with reference
to foot wall. The movement 1s rarely directly down
line of dip of fault plane, but usually on a diagonal.
The positton of any point in dislocated portion 1s
referred to the 3 axes of sohd geometry. the vertical

<J
Fig & Shift Fault in Vein Dip-
ping 50°  Same Effect would be
Produced by Normal Fault, wath

Fig 6 Normal Fault, Fig 7 Reverse Fault, Diagonal Displicement Involv-

Displacing Flat Coal- Begun as an Over- ing Shift Component Away from

seam  Cross-section tuined Fold  Cross- Observer, or by a Large Throw,
section Straight Down the Dip

component 1s the THROW; horizontal component perpendicular to the strike of the fault
plane 1s the HEAVE, and horizontal component 1n fault plane is the spirr.  These mathe-
matical factors assist 1n deternuning direction and amount of movement, the line of which
15 the diagonal of the rectangular prism the edges of which are the heave, throw, and shift.

Fault-breccia. Movement of fault walls, or of one wall on the other, often crushes
adjacent rock to a mass of angular fragments, mixed with more finely comminuted material.
Circulating waters may cement the whole into a solid mass, by depositing new nunerals,
sometimes producing valuable ore. This mass 18 & FAULT-BRECCIA. Fragments of any
bed, dike, or vemn, involved in the fault movement, will be dingged along from stationary
side 1n direction of movement; or will be left behind by moving side; and if followed along
fault plane, will indicate direction of movement. Such fragments furnish valuable evi-
dence and by I'. T. Freeland have been aptly termed the TRAIL oF THE FAULT. Should
a vein be cut off by a fault, with attendant brececia, fragments of the vein should be sought
in the brececia and thoe trail followed to pick up continuation of vein,

Drag. Faults often cut relatively soft beds, as shales or shaly sandstones. Friction
of the walls upon each other causes a downward bend in the beds of stationary or hfted
side and an upward bend in those of the moving or dropped side. These bends, called
DRAG, show the direction of movement (Fig 6). Drag 1s not found in strong rocks, like
granites or heavily-bedded himestones.
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Slickensides are polished and usually grooved surfaces, often caused by movement of
walls of a fault or vein. Upon the wall-rock the grooves indicate direction of movement,
but do not necessarily show which side has gone up, or down, or laterally.

Some observers have thought that by scraping finger nail or finger across the grooves, one side
of them will be found steeper than the other. If the grooves are tested 1n slickensides on underside
of plane of movement, such steep ridge is considered to be the lower side of groove, or the side which
resisted bearing down of hanging wall while moving diagonally downward 1n fault plane It will
thus indicate the actual direction of movement. Should the steep ridge be on upper side of grooves,
an upward movement of hanging wall is indicated. Others have thought that when the finger is
moved along the groove the greater roughness 1s felt in the direction of movement of the part felt.
Slickensides on fragments 1n fault-breccia are of little significance, since they are not 1n situ.

Horses are large disconnected masses of wall rock, involved in faults, or produced
by forking of a fault fissure around a split-off fragment, and especially when related to
subsequent vein-formation along fault.

Shear-zones. When a fault movement is distributed along a number of parallel
planes not widely spaced, the wall rocks are broken into parallel tabular masses, and are
said to be sHEETED. The resulting fault is * distributed,” and the sheeted strip is a
SHEAR-ZONE. GOUGE is a sheet of clay, often occurring along the outer edge of fault
breccias, especially those subsequently mineralized by circulating waters. Other names
are: BELVAGE and FLUCAN.

Fault-scarp. If a fault involves an appreciable vertical component, the relatively
lifted side may stand out as a terrace or escarpment, the fault-scarp. FErosion soon wears
it down, so that fresh fault-scarps are rarely recogmzable. Faults have sometimes aided
the deposition of ore bodies by furnishing waterways. When they are developed acioss
an older mineral deposit, serious displacement may be caused.

Rules for solving faults have been formulated by Schmidt (13), Zimmermann (15),
Freeland (9) and others. In studying a fault, observe trail, drag and slickensides. Strati-
graphical succession, if known, will reveal amount of displacement. Bore-holes are useful.
Models assist, and are sometimes superior to projections on paper. If there be no evidence
to contrary, the assumption that fault is normal 1s justified, because most faults are such.
Nevertheless, experience shows that a reverse fault occasionally appears in a series of
normal faults, that shift faults may occur, and that fault movement may be rotational
(normal at one extreme of fault plane, reverse at other). On encountering a fault, a
mathematical solution is attractive, but, despite many text-book discussions, the necessary
data are seldom obtainable. Attention should be concentiated on the fault plane and the
movement along it (14). The dislocated portion of a tabular body 18 to be sought, pre-
senting a broad suiface, if rightly attacked. As a rule, 1t 13 easier to drift horizontally,
than to sink or raise; the procedure is largely determined by the way the vein or bed hes.

Assume a series of stratified rocks, the succession and thickness of which are known by
previous mining operations, by study of the surface, or by borings. If a bed on far side
of fault is recognizable, and 1ts place in the scries known, the direction and amount of
movement may be determined. As gulches often occur on faults, because of easy erosion
of crushed rock, faults may sometimes be solved more readily by study of surface exposures
than by observation solely underground. Directions of slickensides, drag, and tral,
commonly found in faulted stratified rocks, are highly significant. If none of these evi-
dencesis decisive in dealing with a muneral deposit cut by a fault, there s strong probability
that the fault is normal. On this assumption, if a fault be encountered on its under side
the rule is to cross 1t and sink; 1if on its upper side, to cross it and raise. This 18 expressed
in the old rule: ‘ follow the obtuse angle.”” But, if the fault happens to be reverse, the
rule would lead in wrong direction.

In dealing with steeply dipping veins in massive rocks, or steeply dipping stratified
rocks containing coal seams or other interstratified deposits, the succession of strata
must be known to determine the movement. Then, solving tentatively as a normal fault,
due weight must be given to throw and shift, as possible components of diagonal move-
ment. That is, besides the heave and throw of a normal fault, a large shift-component
might cause displacement opposite to that anticipated, instead of straight down the dip.
The occurrence of slickensides, trail, and drag may then be essential to correct solution.

Zimmermann’s rule (15), for steep faults, cutting steeply dipping veins. Suppose (Fig 9),
in driving a level on vein so, striking N 30° W and dipping 60° W, a fault f/1s met, striking N 80° E
and dipping 45° S. At intersection o, draw ob perpendicular to atrike of fault, and prolong 1t toward
1, beyond the fault. Project upon plane of level the intersection og of fault and vein. Line og s
horizontal, and passes obliquely through o, into unexplored ground, toward k, on one side or other
of ol. Then, if exploratory dnift on far side of fault be turned from ok toward ol, and parallel to
strike of fault, the displaced segment zy of vein will in most cases be found

The horizontal projection og is found as in small diagram of Fig 9. Draw horizontal line mn,
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Jay off ma and mb to represent dips of vein and fault; draw mo perpendicular and ob parallel to mn.
Then oa and ob are the distances by which, in descending a vertical distance mo, the planes of vein
and fault depart horizontally from vertical In main part of Fig 9, oa and 0b are drawn respectively
perpendicular to strikes of vein and fault; and ac and de, passing through g, are parallel to those
strikes. Whence g lies 1n the horizontal projection of intersection of vein and fault.

In Fig 1018 shown a similar relation of vein and fault, except that the vein lies east and explora-
tory drift should turn east, as shown Both solutions depend on assumption that the hanging wall
of fault (z ¢, 1ts south wall) has shipped with hittle shift down on its foot wall With strongly diagonal
movement the fault might still be normal, but the solution might lead miner 1n wrong direction.
Therefore check all rules by trail, drag, shckensides, etc.

n_Censtruction 1m0 |

Fig 10 Zimmermann’s Solution of a Fault.

Construction as 1n Fig 9, but Vein Dips

Fig 9 Zimmermann'a Solution of a Fault East, whence Lxploratory Drift Turns
(Projection on Honzontal Plane) Last

The following additional terms apply to faults. In tilted, stratified rocks, faults
striking parallel with the strata are STRIKE-FAULTS, often resulting when folds pass into
faults. IFaults 1unning acioss strike and parallel wath hine of dip are pie-raviTs. StEP-
FAULTS are seties of parallel faults, dipping 1n same direction  The HADE 15 the angle
made by a fault plane with a vertical plane, hence, hade 1~ the complement of dip, and 1s a
superfluous term.

Various puzzhing cases of faulting have become classic  Fig 11 shows a Cormish case, from de la
Beche, Fig 12, a cage of two contrasted pegmatites in Sweden, observed by A i Hogbomi  Two
parallcl veins may be so faulted as to bring disloeated part of one opposite sundered end of another,
and tewporanly conceal the ewistence of a fault  In a certain shft fault, cutting a vein at right
angles to vein's strike, the amount of shift was ob-
served to grow gradually less 1n depth, leading to
wference of & HINGE-FAULT, or possibly @ ROTATIONAL Yom Vem A
FAULT

Normal faults are often expliined as due to ten- Vein
ston strains 1n earth's crust, leading to drawing apart
of the two mdes of fault, and the shpping down of s
upper portion on lower, hence, they have been ealled %
tension or gravity faults  Revcrse fuults, by contrast, \'mnl = Vem t Van A
are called compression or 1grusT faults, they often a3 ’T—“T
begin as averturned folds  If these stresses do pro- - o
duce thewr respective faults, then reverse taults  Jig 11 Two Veins, Fig 12 Two Veins,

Vem B

WBL

ashould customarily have low dips, since, on approach- with Converging with Converging
g the perpendicular, friction would inerease pro-  Dips, Normally Dips, Dropped Be-
hibitively But, if tensional atress were rcheved Faulted low their Inter-
by o series of parallel faults, and one fault block scction by a Nor-

Y,
were to drop below 1ta neighbors, there would be a mal Fault

normal fault on one aide of diopped block and a reverse fault on the other.

Compressive striuns along the strike can easily develop normal faults by downward bulge of
hanging wall and upward bulge of foot  Where comparatively short faults die out at cach end, this
explanation has weight  Agaimn, assuming that in depth rocka are capable of viscous flow and
transfer, pressure transmitted upward from such moving masges mav caure faults from stresses
wholly different from any previously mentioned  Where faults are inchined, fault blocks with the
larger base would be relatively hfted, as compared with those having smaller base. Foot-walla
would therefore rise relatively, causing normal faults (6, 7, 8, 10).

11. JOINTS, UNCONFORMITIES, OUTCROPS, EROSION

Joints are cracks which cross strata and masses, without producing dislocation of walls.
Notwithstanding absence of dislocation, there may be difficulty 1n diseriminating between
joints and distributed faults of shght displacement, which produce sheeted structure.
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All joints are due to easing of some kind of strain; as contractions in cooling of igneous rock,
expansion of cold rock under the sun’s heat, shrinkage from drying of water-soaked sediments,
tensional strains at crests of anticlines or in outer layers in bottoms of synclines, and torsional
atresses produced over wide areas by warping of earth’s crust. As a result rocks break into poly-
gonal columns of greater or less regularity. In joints produced by contraction of 1gneous magmas
during consolidation, the long axes of the prisms are theoretically perpendicular to cooling surface.
If the magma be homogeneous and transfer of heat uniform, regular hexagonal columne result,
parted also across their axes by cup-shaped joints. Occasionally, as at Giant’s Causeway, theoret-
ical perfection is almost attained; usually, the columns are of all numbers of sides, from 3 to 8.
Similar forms result from drying.

Strong heat of sun and weathering cause massive rocks to shell off in thin layers. Angular
blocks produced by jointing may become rounded boulders. In granite quarries the SsHEETING
in great concentric curves, like a huge onion, has probably been caused either by contraction strains
in cooling, or compression strains in earth’s crust. Cracks which yawn upward at crests of anti-
clines, and gape downward 1n troughs of synclines, are common features of folds. In certain dis-
tricts of flat sedimentary rocks (as 1n southern central New York), joints in two series, intersecting
each other at nearly right angles (usually about 80°), run with remarkable regularity; probably
due to torsional strains from warping. In areas of massive or metamorphic rocks, while a principal
series can be traced, other joints show no regularity  Observed strikes may be plotted over a wide
area, as lines intersecting at a common center like a clock-face, resulting in detection of prevailing
strikes. The predominant joint is called a MaSTER JOINT; the others, minor joints. Joints are of
great practical importance in quarrying and 1n mining.

Unconformities. Tilted strata may subsequently be eroded, and buried under later
sediments, with great discordance of dip; the lower strata being steeply inclined, the upper
flat (Fig 13). A great time interval is thus indicated and an important break in the geo-
logical record. Unconformities are the best bases for division of geological time.

Practically flat strata may be carved by erosion into gorges
of narrow valleys; which, if again submerged, may be filled with
new, flat sediments, showing no discordance of dip with older
strata, but perhaps bringing sandstones sharply against limestones
or other strata  This relation 18 a pisconrormiTY (Fig 14).
Should the sea, because of gradual submergence of shore, creep
gradually upward and bring younger flat strata on top of much
older ones, a SEDIMENTARY OVERLAP 18 formed.

Outcrops are portions of solid rock IN PLACE, projecting
at surface. By observations upon them questions are solved
regarding structure and stratigraphic relations. Regions
without outcrops must be explored by trenches, pits, or
bore-holes; in northern latitudes glacial dnift is the chief

ﬂznﬁ& ngg:gﬂégm!\llt ugf obstacle; in southern, the products of rock weathering or
son River Orqof,mia‘:) Sang. decay. Heavy vegetation may increase difficulty.

stone, Marking a Time
Interval of nearly a Geol
Period Sandstones were
Deposited Flat, then Tilted, .
Eroded, and Covered by 5 A

Limeatones, which were at Fig 14. Disconformity, Vert 8ec Older Sandstones Eroded,
first Flat. Near Rondout, and Resulting Valley Filled with Conglomerate, with no Discor-

NY dance of Dip

i

Erosion, the wearing down of land and transfer of loose particles by water, wind, or
ice, to places of deposition at lower altitudes, is in one sense destructive; in another,
constructive, for sedimentary rocks are thereby composed.

Water erosion by streams, waves, or currents along shore lines, is the most important.
Matter carried in suspension facilitates wear of rock masses exposed to moving grit. Of
the same substance, larger particles require swifter currents for their removal than do the
smaller, the surfaces of which are relatively greater compared to their masses. Small
particles of high specific gravity may require as great velocity of current as large particles
of low specific gravity. As velocity decreases, sorting action takes place; the large and
the heavy small particles sink first, small particles remaining in suspension, though presence
of solutions of mineral salts or of acids facilitates clearing of fresh water emulsions. The
transporting ability of a current increases with sixth power of velocity. Thus, if a cur-
rent can move a 1-in cube of quartz, by doubling its velocity it can move a 4-in cube, or
64 cu in; because, twice as much water strikes the cube, with twice the velocity.

Competence of a stream refers to the maximum size of particle of given sp gr which, at a given
velocity, the stream will move. Thus, a small, rapid stream can move a relatively large particle.
Its competence is great, but total transported material will be small. Conversely, a large, slow-
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moving stream might carry in suspension a great quantity of small particles. Its competence is
small, but its capacity 18 great. These principles are important in the development of placers; they
also underhe the artificial concentration of ores.

Waves on a shore line batter cliffs, and with the ammunition provided by boulders do great
execution during storms. In creeping across a subsiding shore they may ultimately level every
eminence in their way. Off-shore currents are vehioles of transport, building up bars, spits, eto.
In association witb sedimentation by rivers, such currents wear away points and fill coastal bays.

Winds are specially effective in desert regionr, the loose surface materials lacking protection
of vegetation. Small particles as dust are carried by milder winds; while by storms even gravel
may be swept along. The march of sand dunes 1s one of the results.

Glaciers are powerful agents in carrying away loosened pieces from cliffs, and grinding smaller
particles from rocks on therr sides and bottoms. Depomted products of glacial action are called
MORAINES, with terminal, lateral, and ground moraines as varieties. The material is rarely sorted,
8o that very coarse and very fine are mingled. Unsorted glacial deposits are usually associated
with others worked over by water.

12. SUMMARY OF STRATIGRAPHIC GEOLOGY

Definite periods of time are assignable for the formation of strata of earth’s crust, and
each period 18 characterized by presence of remains of distinctive organisms. During the
19th century, geologists succeeded in classifying according to geological age nearly all
strata of earth's surface, however remote the region, provided properly preserved organic
remains or fossils were present. Strata without fossils, or so metamorphosed as to destroy
their fossils, were either classified by their relations to determined strata, or else proved
insoluble problems. Recognizing the importance of uniformity of usage in time divisions
and their corresponding strata, the International Geological Congress, Paris, 1900, adopted
the following:

TiME STRATA TiMB STRATA
1 Era No equivalent 4. Age Stage
2 Period System 5. Phase Zone
3. Epoch Series

This table signifies that, during a period, strata constituting a system were formed;
during the shorter epoch, a series, and so on. A system may embrace several series, each
of which has stages, in turn divisible into zones. In the geological mapping of a district
it is customary to work primarily on basis of periods-systems, and then under each to
apply a local, geographical name to any stratum sufficiently persistent and well defined
to be recognizable over an extensive area. The following table summarizes the generally
accepted conclusions. For periods the older names are given, but it is now common to
terminate periodic names in "' ic ’'; thus, Carbome for Carboniferous, ete.

Eras Periods Eras Periods
Quaternary Recent Permian
or . .. { Plestocene, or Carbomferous
Paychozoic Glacial Pal . Devonian
- @OZOIC. . v\ vt e Silurian
X 1ocene Ord
Tertiary M rdovician
10c€ene Cambrian
c or X } ..... IEEEEEEEE e ()llgo('ene
enosolc Eocene
Cretaceous Pre-Cambrian ;}ﬁ‘:::::;“n
. Comanchean or ..
Mesozoio. .oovvniiuiiiiiin Arch Laurentian
JT\qw}c rehean Keewatin
riassic

Pre-Cambrian. Igneous rocks and metamorphic sediments predominate; including gneisses,
schists, quartzites, alates, and marbles, with associated deep-seated and voleanic igneous rocks.
In North America the most extensive exposures are 1n Canada, constituting a vast V-shaped area,
with Hudson’s Bay in the opening and the point at the Great Lakes Underlying the entire con-
tinent, they also appear i backbones of the Appalachian and Rocky Mountains, and occasionally
project elsewhere 1n small patches., Though almost devoid of fossil remans, sponges, alge, and
trails of moving organisms have in recent years been discovered in the Huronian, in Lake Superior
region and Montana Pre-Cambrian strata are very productive of metals, especially iron Kxg-
WATIN greenstones contain the gold veins at Porcupine, some of the Cobalt silver veins, and iron ore
of Vermilion Range, Minn. LAURENTIAN coneista of intrusive igneous rocks, poor in ore deposits.
HURONIAN embraces a great series of metamorphosed sediments, with some 1gneous rocks, and
yields the chief American iron ores in the Lake region. It has also most of the silver veins at
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Cobalt, Ont. KEWEENAWAN is largely a succession of basaltic rocks and minor sediments; it
containg the copper mines of Keweenaw Point, Mich,

Paleozoic. Around the edges of pre-Cambrian areas are the earhest Paleozoic strata (unless
from overlap later ones have crept inward over the earlier). The successive strata of the 6 periods
are often marked off by unconformities, upturned by disturbances, and are sometimes missing in
individual cases, where land conditions prevailed In North America they are in greatest develop-
ment in the U S, east of the Mississippi, and 1n states just west of it. In the Cordilleran region the
areas are smaller and scattered. The Clinton iron ores appear in the east in the SiLURIAN; the
eastern coal supply comes from the CARBONIFEROUS; the eastern oil and gas are mainly in the
OrpovICcIAN, DEVONIAN, and CARBONIFEROUS

Mesozoic strata are chief components of western half of North America; are of vast develop-
ment in the Great Plains, the Cordillera, and Mexico. The western coals are chiefly in CRETACEOUS
strata, but appear also in EocENE beds of next era. The mountuin upheavals at close of CRETA-
CEOUS, with attendant 1gneous outbreaks, are largely reponsible for the western ore deposits

Cenozoic strata appear in the east in a coastal fringe. In the west they are represented by
old land or lake deposits 1n the Great Plains, and marine strata along the Pacific. Because of the
great development of mammals, the fossil remains are of great interest, especially 1n their bearings
on doctrine of evolution.

Quaternary (sometimes called Psycuozo1c)1s the era of man’s especial development. It is marked
by the continental 1ce sheet in 1ts early portion in the north; 1n the south, by products of weathering
and recent sediments. The strata of the closing GrLaciaL or PrLeistrocene (Pleistocene is term
especially used for regions south of glacial dnft) pass gradually into coastal deposits now forming.

Note.—For full discussion of eras and periods, see Bibliog, numbers 17 to 22,

MINERAL DEPOSITS: ORES
13. INTRODUCTION, DEFINITIONS OF ORE

Mineral deposits include both ores and non-metallic minerals. In earlier years the
metals were chiefly mined, but in recent time non-metallic minerals have greatly increased
in relative importance. Metalliferous minerals only are included under the head of ‘‘ore
deposits,” non-metallics being treated separately.

Scientifically, the word ‘‘ore’’ comprehends all metal-bearing minerals which are com-
mercial sources of the metals, percentages not being considered. Technically, an ore 1s a
metal-bearing mineral, or aggregate of such minerals, mixed with barren matter, called
‘ gangue,”’ and capable of being mined at a profit. By contrast, where the element of
profit is uncertain or impossible, the term *‘ mineral deposit '’ may be used instead of ** ore
deposit.” Thus, pay ore or commercial ore 18 contrasted with an orebody of uncertain
yield. The richer part of an ore deposit 18 the ‘‘pay-streak’’ or ‘“‘ore-shoot;”’ very rich
parts, ‘‘bonanzas.”” The phrase ‘‘the ores’’ 13 sometimes employed by students of the
microscopic characters of igneous rocks, to designate the group of minute minerals which
first crystallize in the cooling of a molten magma. Magnetite is 1ts most conspicuous
member (25).

14. METALS IN THE EARTH'S CRUST

Ore deposits are portions of earth’s crust enormously enriched with metals as compared
with the rest. On basis of composition of the crust given in Sec 1, Art 1 (fuller details in
Bull 491, U S Geol Surv, pp 27, 33), 1t 18 seen that among percentages down to a minimum
of 0.03, a few common metals are named, viz: aluminum, 7.28; iron, 4.12; manganese,
0.08. In igneous rocks, considered alone, nickel, 0.023, and chromium, 0.033, are also
found. Copper may reach 0.01%,, but all others, lead, zing, silver, gold, quicksilver, tin,
ete, are expressed in very small decimals of 19%,. An ore deposit, therefore, is a relatively
enormous local concentration of metals, from a minimum of 4 times for low-grade aluminum
ores, 7 times for low-grade iron ores, and 200 times for low-grade copper ores, to a concen-
tration which, for the other metals, may reach thousands or hundreds of thousands. Ore
deposits are largely produced by concentration by circulating waters in earth's crust.

156. CAVITIES IN ROCKS; GROUND-WATERS

Cavities in rocks. From the point of view of physics, the smallest cavities are those
below capillaries, 1 ¢, below tubes 0.0002 mm diam, or tabular spaces 0.0001 mm across.
In these, under ordinary conditions, adhesion prevents circulation. Capillaries range
from the above dimensions to 0.5 mm for tubes and 0.25 mm for tabular spaces. In rocks
these small cavities, called voids, appear as surviving and unfilled pores of crystals, contact
spaces b”een minerals or grains, and cleavage cracks. They are expressed in tenths of
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1% of the volume in dense rocks, up to 109 or more in porous sandstones. Cavities of
larger size are found in pumice, amygdaloids, jointed rocks, faults, and caves.

Ground-waters, or waters which are below the earth’s surface, are of 3 kinds: meteoric,
connate, and magmatic. METEORIC water descends as rain and snow, in part soaking
into the ground, and forming the standing body of water which requires pumping in mines,
etc. CONNATE water is contained in sediments deposited beneath sea or lakes, having
been carried down with the sediments as they were buried beneath later stiata. MacMaTIO
water is set free in the cooling and consolidation of molten masses of 1gneous rock, becom-
ing manifest at volcanic vents and presumably in hot springs, which nearly always accom-
pany expiring vulcanism.

Formerly, in discussing the formation of orebodies by underground circulation, only meteorio
waters were consdered. They were believed to descend to the general inut of cavities, to migrate
extensively through small cavities 1n rocks, and, when heated from below and charged with ore
and gangue, to return by larger channels towards the surface, forming veins and other orebodies.
Connate waters were recognized in brines, often pumped to surface for salt. But, as experience in
deep mines proved that meteoric water 18 almost always limited to the upper zone of about 1 000 ft,
geologists have attributed more and more 1mportance to magmatic waters to which the primary
introduction of ore and gangue can be referred with fewer difficulties. This view is strengthened
by the common association of ore deposits with intrusive igneous rocks, by study of contact zones
and pegmatites, and by observations upon volcanic emissions  Apparently, magmatic waters or
vapors or gases emerge from the i1gneous mass charged with the components of ores and gangue;
but 1n subsequent circulation, they make take up more minerals, and bring all to a place of precipi-
tation The heat of an intrusmve, 1gneous mass 18 a powerful agent i promoting underground
arculations It 18 more efficient than the normal increase of temperature with depth, or than
natural head from high pointa of entrance and low pointa of emergence, the friction of small passages
being considered (29).

16. MINERALS AND LOCALIZATION OF ORE DEPOSITS

Ore minerals are primary and secondary. The rRIMARY are those originally deposited
in forming an orebody, the 8ECONDARY are produced by alteration of primary minerals
under certain conditions. Except aluminum, iron, manganese, chromium, platinum and
tin, all primary ore minerals are sulphides, arsemdes, sulpharsenides, sulphantimonides,
or simular compounds. Sulphides are of chief importance. Though secondary minerals
are largely oxidized compounds, they also comprise a few very important sulphides.

The importance of the distinction hies 1n the following relations to the surface  Ground-waters
stand at varying depths, depending on local ranfall, rock texture and local geological structure.
Between ground-water level and the surface, 18 a zone called by Posepny the vadose zone, by Van
Hise the zoue of weathering, through which the oxidizing and dissolving rain waters freely descend.
Within this vertical range, sulphides become oxidized to sulphates, and pass extensively into solu-
tion  Migrating downward, the solutions merge into the standing and protecting ground-waters,
and often precipitate their dissolved metals in a zone of BECONDARY ENRICHMENT, at or near ground-
water level The reaction 18 especially important in copper mines.

Gangue minerals comprise quartz, caleite, fluorite, barite, rhodochrosite, rhodonite,
and adnuxed minerals of the country rock. Decomposition or alteration under influence
of thermal waters gives rise to much sericite, kaohnite, and related species.

Localization of ore deposits. Ore deposits resulting from processes outhned above are developed
where circulating mineral-bearing solutions find favorable places to precipitate their contents.
One method of clussification 18 to arrange 1n a logical scheme the favorable geological places for this
reaction. For the formation of some kinds of ore depost, however, circulating solutions are not
required. Ores may crystallize directly from molten magmas, and, either by sinking in the flud
mass because of higher specific gravity, or for some reason not well understood, may enrich the
rock mass to the requirements of mining  Again, und in contrast with the reactions above indicated,
moving waters 1n streams, or by wave action, may liberate and concentrate heavy minerals in
sedimentary deposits, to tho point of profitable miming  Again, 1n residual deposits, heavy and
remstant minerals may be left behind in a concentrated condition by removal of products of
weathering. In a few cases, chiefly iron ores, the processes of sedimentation, or associated precipi-
tation, have given rise to bedded ore deposits. Ixperience shows, therefore, that 1t 18 difficult
consistently to classify orebodies on any one of these subordinate principles  But, as compared
with old-time schemes, based on shape, the broad principle of MopE OF oR1GIN has become increas-
ingly important. In the following classification, the endeavor has been to pass from igneous
phenomena, pure and simple, to surface reactions not conneoted with igneous phenomena, empha-
szing especially the rLace where orebodies originate

Zonal distribution. Closer study of mining regions in the Cordilleran region of North America
leads to following conclusions. (a) Ore depostion follows intrusions of igneous rocks, most fre-
quently those related to granites or species intermediate between granites and diorites (as, grano-
diorites and quartz-monzomtes). The ores are products of the cooling stages, precipitated in largest
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part from magmatic waters (30). (b) Ore and gangue minerals are distributed outwardly from the
igneous center, in a series beginning with those requiring high temperatures and high pressures
for their formation, and passing through varieties precipitated under diminishing temp and press
until surface conditions are reached (31). Some persistent minerals, as pyrite, have a wide range
of conditions. (c) It results that around an igneous source, both vertically and laterally, when the
original magma produced several metals, zones characteristically containing certain ores may be
recognized. In the igneous intrusive may be magmatic segregations (Art 17). Next come pegmatio
dikes and contact zones; then, gold-bearing quartz veins related to pegmatites, dike-veins; then
copper-bearing pyrite-quartz veins, passing into zinc-blende bearing phases in which zinc replaces
copper, while pyrite persists. Farther out, galena replaces zinc-blende, and yields in succession
to high-grade silver ores, gold tellurides, antimony ores, and others Finally, gangue minerals
alone survive (32) This principle 18 called the zonal distribution of metals, and 1n many districts
has proved of great value as a guide to mine development.

17. CLASSIFICATION OF ORE DEPOSITS (37)

I. Primary magmatic origin.

(a) Masses produced by crystallization and segregation in cooling and soldifying igneous
magmas: titaniferous and non-titaniferous magnetites, chromite, corundum, platinum, and prob-
ably sulphides of iron, nickel, and copper. A few dikes and sheets of 1gneous magnetite are known.

II. Deposited by emissions from cooling and solidifying magmas.

(b) Veins of nature of pegmatites, varying from the mineralogy of granite to fairly pure quartz;
often with tourmahne, fluorite and minerals containing boron or fluorine, productive of tin, rare
elements, and exceptionally gold, and intermediate 1n nature between dikes and veins, sometimes
described as aqueo-igneous (¢) Contact deposits, produced from limestones by emssions from
adjoining igneous magma, and consisting of hme-silicates, as garnet, diopside, wollastonite, vesuvi-
anite, epidote; also, magnetite, specular hematite, sulphides of iron, copper, and other metals.

III. Deposited by circulating ground-waters.

(d) Deposits in or along faults, with replacement and impregnation of the walls; often called
“‘true fissure’”’ veins They vary from the filing of an open and clean-cut fissure, to impregnation
and replacement of closely spaced faults of small individual displacement (¢) Saddle-reefs:
precipitations of quartz or other minerals, at crest and between layers of an anticline, and extending
with diminishing thickness for varying but usually moderate distances down its flanks Inverted
saddles appear in synclines Apparently arching of the strata has aided preaipitation  (f) Deposits
in joints with greater or less replacement and impregnation of the walls; often called ‘‘gash veins,’”
because hmited to a single stratum or sheet (¢) Impregnations of volcanic agglomerates in the
conduits of extinct explosive volcanoes (&) Impregnations with greater or less replacement of
permeable rocks, as. amygdaloids, volcame tuffs and breocias, open-textured sandstones and
conglomerates, autoclastics, etc Supply conduit may be obscure. (:) Replacements of lime-
stones, calcareous shales or other beds, which have yielded to circulating ground-waters. Supply
conduit may be obscure

IV. Deposited or concentrated by aid of surface waters.

(3) Surface precipitations, which may later be involved in stratified series Bog iron ores.
(k) Resistant or insoluble minerals, concentrated as a residuum by weathering and removal of the
matrix. Residual deposits; Cuban brown hematites. (I) Placers or concentrations of heavy
minerals in sands and gravels by action of moving water Gold placers; stream tin.

18. IRON ORES

Four minerals are chiefly productive of iron: lhimonite (brown hematite, brown ore)
2 Fe,03-3 H,0, Fe 59.8%; siderite (carbonate, spathic ore) FeCOj, FFe 48.3%,; hematite
(red and specular) Fe;O03, Fe 70.09,; magnetite (magnetic ore) FeO-Fe;04, Ve 72.4%.

Associated with limonite, but less common, are other ferric hydrates, as: turgite (2 Fe;O3-H0);
goethite (Fe303-H,0). Hydrated silicates may also occur, as: chamoisite (hydrated ferrous
aluminum silicate); thuringite (hydrated ferrous or ferric aluminum silicate); greenalite (hydrated
ferrous silicate). Siderite may have its iron partly replaced by magnesium and calcium. With
brown hematites, manganese minerals are not uncommon. Pyrite (FeS;) may appear with all the
ores, and, when largely freed of ita sulphur, may yield a residue possible of utilization for poor
grades of iron, Pyrrhotite (Fe;Ss) 18 frequent with magnetites. 1llmenite (FeO-T10y) is mecham-
cally mingled with many magnetites. Objectionable ingredients of iron ores are 8 and P; defimte
limits of these for merchantable grades of ore are variable, due to possible admixtures in furnace
practice; in general, the less the better. In ores for acid bessemer pig, permissible phosphorus max
is 0.001 part of the percentage of iron. Roughly, therefore, about 0.06%, is max with richest ores.

Magnetites and specular hematites are the richest iron ores. In America lump magnetite ores
have in the past exceeded 859 iron, but today practically only magnetically concentrated ore
reaches this figure. Kiruna, Swedish Lapland, however, can furnish a great tonnage of this grade,
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even to American furnaces. Average of all iron ore mined in the U 8 in 1925 was not far from 50%,
iron. The grade will doubtless gradually decline. Alabama Clinton red hematites run 36 to 37%.
Some crude orc 18 even lower. The principal local supply of continental Xurope, from the minette
ores, averages about 30%. The nearness of good fuels, markets, mixtures, etc, determine limiting
percentages

In the U 8 about four-fifths of the ore comes from Lake Superior region  Next 1n order are the
red hematites of Alabama and Tennessee, the brown hematites and the magnetites of Appalachian
belt. Individual mines in Wyoming, Colorado, and New Mexico have fed the iron and steel plant
at Pueblo, Colo. Magnetites will be produced in time on the Pacific coast for a future industry to
be located presumably in the Puget Sound region.

Lake Superior iron districts. In order of productiveness in the Lake Superior region
are Minnesota, Michigan, and Wisconsin. Ontario has one productive range, and possi-
bility of developing others. The ores of this region are all in pre-Cambrian strata:

Keweenawan sandstones, basalt flows. Copper Huronian. Upper, Middle and Lower:
sedimentary and some 1gneous rocks Iron ores in the sediments Laurentian: gramtes. Keewatin:
green schists, from ancient basic eruptives. Some sediments with iron ores.

As now mined the ores are chiefly soft, partially hydrated hematites, their percentage
of water not reaching that of hmonite. They have been produced by alteration of great
beds of cherty carbonates of iron, of hydrated ferrous silicate, and of associated pyrite,
under the general processes of weathering. Soft earthy masses of ore have thus resulted;
of enormous volume, accessible, cheaply mined, and of relative purity as regards phos-
phorus and sulphur. They occupy synclinal basins, troughs produced by intersection of
igneous dikes with each other or with impervious strata, or other minor places where
circulating and oxidizing meteoric ground-waters have been temporarily obstructed in
their flow. Besides soft ores there are lenticular bodies of hard specular hematite, pro-
duced by metamorphism of ancient soft-ore bodies, also great bodies of jaspery or siliceous
iron-bearing strata, of 35% and above in non, which, partly as concentrating ore, partly
as low-grade lump ores, with the gradual exhaustion of better grades, will be available for
a long time to come.  The grade 1s well above that of present European ores. These ores
originally formed beds precipitated at surface (Art 17, 1V, 7). They became bured in a
stratified seties, and afterward by weathering yielded residual deposits (Art 17, IV, k), some
of which extend to great depths and are cases of secondary enrichment. Some have been
metamorphosed to specular hematite, and even magnetite. In northeastern Minnesota
gabbros occur with igneous titamiferous magnetites, not yet shown to be valuable
(Art 17, 1, a) (38).

Clinton red hematites are next m productiveness. They appear as beds of
oolitie, often fossiliferous ore, associated with ohive-green shales and subordinate lime-
stones of the Clinton stage, at base of Silurian system. They outerop m 8 E Wisconsin,
western Ohio, central Kentucky, western New York, south of Lake Ontaro, and farther
east at town of Chinton (whence their name), in Pennsylvania, Virginia, eastern Tennessee,
Georga, and Alabama. Their greatest development 15 in Alabama, where they form an
inner terrace, called Red Mountamn, in the Birmingham anticlinal valley. Good coking
coals and hmestone ate near, so that low-cost pig can be produced even from 35 and 409,
ores. At outcrops the ores are sihceous, below ground-water level, they become basie.
All are moderately high in phosphorus. They are probably oolitic beds, precipitated in
shallow estuaries, fed by non-bearing dirainage (C. H. Smyth). Although utilized in
Tennessee and (ieorgia, they are most important in Alabama.  In tune those m New York,
Kentucky and Wisconsin are destined to be of greater moment than now.

Brown hematites (“'brown ores’™) of the U S are produced chiefly along that portion of the
Appalachian mountans formed by early Paleozoic strata, and just west of the earlier crystallines.
They are products of weathering of ferruginous rocks, especially hmestones. In almost all the
mines they must be freed of ochers and clays by washing

Magnetites occur in two chief types of deposits. The commoner 13 a lenticular or
pod-shaped mass, in gnewsses, parallel with the fohation. They appear widely i the
ancient Appalachian crystallines, but are most productive in the Adnondacks. The
second type appears in the contact zones (Art 17, 11, ¢), produced by intrusive igneous rocks
on limestones or imey shales.  The greatest deposit of this type in the East is at Cornwall,
Penn. The igneous rock is diabase and the limestone, Cambro-Ordovician. In the West
many such deposits are known, in Utah (Iron Springs Dist), Nevada, California, and
along the northwest coast.

In Europe, Germany, England, and France follow the U 8 in order of production of iron ores,

the greatest single source being found 1n a series of Jurassic beds in and near TLuxemburg, and in the
northeast of England. The ores (called ‘‘minette”) are of 30% or a httle higher, and are brown
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\ematites, carbonates, and various silicates. Minor orebodies are in veins, of carbonates, and in
veds of clay iron-stone and black-band. Spain ships from Bilbao great quantities of partially
iydrated hematite, the weathered product of spathic ores in depth. Sweden is a heavy exporter
f magnetites, especially from the igneous sheet of magnetite at Xiruna, Lapland. Many lenticular
nagnetites have been worked in middle Sweden. Great bodies of igneous magnetites exist in the
Jrals. Algiers ships important amounts of red, partly hydrated hematites.

Large orebodies have recently been developed in N E Cuba, where ancient serpentines have
veathered for ages, leaving a residual soil, rich enough 1n iron to form ore Great reserves of specular
lematite, of ancient geological age, occur 1n eastern Brazl, state of Minas Geraes. With the opening
f the Panama canal, 1ron otes reached American furnaces from Chile. In S E Newfoundland, at
¥abana, extensive beds of red hematite have been developed in recent years (39).

19. COPPER ORES
The minerals in Table 4 constitute the common ores of copper:

Table 4. Copper Ores

Sulphides %% Cu Sulphates % Cu
*halcopyrite, Chalcanthite, Cu$0;- 5H0 25.38
CuFeSy(CuyS-FesSy) 34 60 | Brochantite, Cug(OH)gSO04.... ... .. | 56.1
Sornite, CugFeSa(2 CusS - Feotty) .. | 55 50 | Brochantite, Cus(OH)6SO4 sees) 36410
Jovellite, CuS . .| 66 48 Carbonates
halcocite, CugS..... e e e 79 80 | Malachite, CuCO3-Cu(OH)g . .. . 57.27
A te, 2 CuCQj3-Cu(OH)q.. . .. 55.
Sulpharsenides and Sulphantimonides 2unte u : ; “(t 2 510
Inargite, CuzAsSq(3 CusS-AsS;) .. . | 48 40 wrcate
‘margite, CuzAsSu(3 Cual:Aey) Chrysocolla, Cu$i05-2H,0 . . | 36.00
CugSb2S7(4 Cus2S -SbaS3) oo 52 06 Ozxychloride
Orrdes Atacamite, CuaCl-(OH)3 . . 59 29
Jelaconite, Cud . .. . . .. . 78 86 Natwwe Metal
“uprite, CuQ . 88 80 | Native copper, Cu.. . 100 00

The distinction between primary and secondary minerals is more important with
sopper than with any other metal. Some copper minerals appear i both groups. Pri-
fARY: chalcopytite, bormite, chaleocite, enaigite, tetinhedrite (some native copper in
.ake Superior mines). SECONDARY: chalcocite, covellite, melaconite, cuprite, chalcan-
hite, brochantite, malachite, azurite, chrysocolla, atacamite, and native copper. Possibly
shalcopyrite and bornite are sccondary in some cases. As a primary mineral lean copper-
»earing pyrite is very important, especially in imntrusive rocks.  When oxidized by meteoric
vaters in the vadose zone (belt of weathering), all copper-bearing sulphides yield some
orm of sulphate. This soluble salt, in deposits in siliceous rocks, tnckles downward
mtil, in contact with some reducing agent, ke pyrite, the copper 1s precipitated as chal-
wocite. This causes great concentration of copper, at or near ground-water level, termed
JECONDARY ENRICHMENT. From bodies of copper-bearing sulphides, in regions of abun-
iant rainfall, as at Ducktown, Tenn, an upper zone or GossAN of biown hematite results,
which may form an iron ore. Below this, near ground-water level, a belt of rich chaleocite
‘black ore) appears, containing most of the copper once distributed thioughout upper part
»f deposit. Still lower are unaltered, primary sulphides. In a comparatively arid region,
vhen copper-bearing sulphides, usually in form of cupriferous pyrite, arc disseminated in
ntrusive igneous rocks, or quartzites, or schists (which may be crushed or rendered open-
extured along a zone of movement), descending waters of the vadose zone develop an
1pper leached belt, underlain by a chalcocite-bearing section of maximum richness; and
selow this is a belt of slight secondary enrichment. Thus have originated the disseminated
opper ores, now being extensively mined in the southwest. If oxidizing reactions occur
n open-textured tuffs, or contact lime silicates, chrysocolla often results, instead of chal-
wocite; if in presence of limestone, the blue and green carbonates and cuprite are
sharacteristic products. In North America most of the copper produced comes from
shalcocite. The region of Northern Rhodesia, with adjacent portions of Katanga, con-
tains the largest copper-beariug area known.

Examples of copper deposits (letters in parentheses refer to Classification, Art 17).

A. Bodies of copper-bearing sulphides, chiefly chalcopyrite or lean, copper-bearing
pyrite in igneous rocks (a). Chalcopyrite may be associated with a nickel-bearing sul-
phide, pentlandite, and with pyrrhotite, in basic intrusives (Sudbury, Ontario). Lean
:opper-bearing pyrite of igneous intrusive masses, usually monzonites, requires secondary
snrichment for profitable operation (Bingham Canyon, Utah, and near Ely, Nevada).
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B. Irregular masses of copper-bearing sulphides in contact zones (¢) and associated
with lime silicates. Secondary enrichment, incident to oxidation, may be necessary to
increase percentage to mining requirements. Various minor forms of deposit may be
associated. Bisbee and Morenci, Ariz, are best illustrations.

C. Veins along faults, with greater or less replacement and impregnation of the walls
(d), as at Butte, Mont, where walls are granite. Innumerable other veins are known
in all parts of world.

D. Lenticular or pod-shaped bodies of pyrite or pyrrhotite, with chalcopyrite (usually
of later introduction). The lenses favor schists or slates, and lie parallel with the foliation.
These rocks may be sheared eruptives, or may be sediments (Ducktown, Tenn, and
many orebodies along Appalachians). Other examples appear in foot-hills of Sierra
Nevadas, Cal. Rio Tinto, Spain, 18 one of the largest bodies yet discovered.

These orebodies were probably originally veins (d) parallel to structural planes of wall-rocks,
and subsequently pinched into lensea by pressure. The type called ‘‘Kieslager’”’ may be of sedi-
mentary onigin, or introduced as veins and pinched by pressure. Some have been considered
1gneous 1ntrusives, as at Sulitelma, Norway, and Bodenmais, Bavaria.

E. Native copper in nodules, sheets, minute scales, and sometimes large branching
masrses, 1n amygdaloidal basalts, and associated conglomerates (h). Keweenaw Point,
Michigan, is chief example. Introduction of the copper 1s a disputed subject, whether a
product of expiring 1gneous activity, or of circulating meteoric and connate waters.

F. Impregnations of sedimentary rocks with sulphides or their oxidized products,
often deposited on organic 1emams (k). Mansfeld, Germany, 1s best known example,
whete a black shale, with abundant organic remains, 1s impregnated with copper minerals
for a width less than 1 ft, but over a great arca. It 18 uncertain whether the copper was
precipitated from Permian sea-water along with the sediments, or mtroduced by cireulat-
ing ground-wateirs long after sediments were deposited.  Triassie strata of the U S have
many copper unpregnations, mostly small.

The percentage of copper for successful mining depends on widely varying conditions. Native
copper rock, on Kewcenaw Point, AMich, yiclding only 063 (13 Ib per ton), has been treated
successfully  The disseminated chaleoaite of Bingham Canyon, Utah, has yielded average assays
over 3 months’ periods ar low as 177, with approx a seveu-cighths rccovery  Raw smiclting ores,
of slightly above 2/¢ and with hittle aid from precious metals, have been worked at Ducktown,
Tenn In early daysin western U S, ores of 10 to 2077 were frequent in oaidized and enriched parts
of deposita  Vast quantities of 107 ore are now reported from 8 IX Congo State, Central Africa.
T'o be valuable, all luw-grade deposits must be of great size (10).

20. LEAD AND ZINC ORES

Lead. TFollowing mincrals constitute the common ores of lead: galena, PbS, 86.6%
lead, anglesite, PHROy, 68,367, cerusaite, PhCO;, 77 59,; pyromorplite, 3 (PbO-1,04)
PbCly, 76 29, (much 1arer than the others) Other compounds sometimes appear in
smull amount, as wulfenite, ctocorte and yvanadmite,

Galena 15 the ehiof primary lead ore, of which others are ovidation products. Tt is
frequently associated with zine blende and pyrite.  All Jead ores are commoner in lime-
stones than with other wall rocks.  Many lead ores earry silver in commercial amounts,
especially m regions charaeteristically productive of precicus metals. Gold is a rarer
associate.  The oxidized product ot galena is oftener cerus<ite than anglesite.  All oxi-
dized ores are mingled with hmonite in varymng degree, and with silica and earthy minerals
from alteration of wall rocks.  Lead and zine ean best be discussed together.

Zinc. Following nmunerals constitutie the common ores of zine' sphalerite or zine
blende, ZnS, 679, zine, hemumorphite (calanune), 2 Zn0-H,0-810;, 54.2¢%, smithsonite,
ZnCO;, 52.1%; willente, 2 ZnO-S102, 58.6%¢: =zincite, Zn0O, 80.3%.; franklinite,
(Fe,Mn,Zn)0(Fe,Mn);04, vanable, about 6.0¢. Willemite, zincite and frankhnite,
exceptional i thewr oceurience in northern New Jersey, form a group by themselves.

Zine blende 18 the almost universal primmary mincral, cal umne and smithsomte are its oaidation
products. The latter two are often mseparably naaed, and together are known as “‘galmel” 1n
Europe  “Dry-bone” 18 a Jocal name mn Mississippt Valley, the oxdation products suggesting
old bones. (The sigmficance of the names ealunune and sunthsomte 1n 'ngland 18 the exact reverse
of the American meamng, smithsonite being used for the hydrated silicate)  The oxidized com-
pounds are charactenstic of the vadose zone  They may coat bedrock benesth a cap of residual
products. The depomts are summanized from those wmith lead alone to those with zine alone.
Intimate mixtures of hoth ores afford one of the great metallurgical problems today. Neither
lead nor zinc deposits have been found in immediate associntion with 1gneous rocka, such that a
direct igncous origin could be ascribed to them, They reach their places of precipitation in solution.
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Examples of lead and zinc deposits. (Letters in parentheses refer to Art 17.)

A. Disseminated and sometimes coalescing deposits of galena with associated sul-
phides, in sedimentary strata. The galena impregnates the older sediment; believed to
have been introduced in solution, and to have replaced preexisting minerals; source is
conjectural (k and 1). In S E Missouri, the chief American source of lead for lead alone,
Cambrian limestones are impregnated.

Near Laurium, Greece, galena replaces limestones involved with mica schists. At Leadville,
Colo, Carbomferous limestone has been replaced with silver-bearing galena, pyrite, manganese
compounds and sometimes zinc blende, along under sides of sills of rhyolite-porphyry (‘“‘white
porphyry”). Extensive oxidation developed carbonate ores for the early miners Galena may
yield to zinc blende 1n amount  In Belgium, Luxemburg, and near Aix-la-Chappelle, huge amounts
of subordinate lead ores have been mined im Devoman and Carbomferous himestone along great
faults Zinc blende was doubtless the original mineral In Silesia the zinc and lead ores are in
Triassic limestones

At Commern, Germany, knots of galena are disseminated in Triassic sandstone In Ceour
d’Alene district, Idaho, silver-bearing galena, with siderite, appears in great bodies 1n pre-Cambrian
quartzite, along or near extensive faults  Zinc blende has been met 1n some mines, copper ores 1n a
few others. Siderite seems to have first replaced the quartzite, and then yielded to galena. The
reaction is much the same as with original hmestones.

In 8 W Missouri zinc blende and subordinate galena impregnate breccias of chert,
interbedded in Lower Carboniferous himestones.

B. Galena, zinc blende and associated sulphides in joints (‘‘ gash veins ’’) and related
cavities (f). In S W Wisconsin and neighboring states of Upper Mississippt Valley the
Ordovician ** Galena '’ limestone has numerous vertical gash veins, with horizontal *‘ runs ”’
and inchined ‘‘ pitches,” containing galena, zinc blende, marcasite, and calcite.

C. Galena and zinc blende in fissure veins, often together, often separate, usually
with other sulphides (d). Precious metals are frequently associated. Such deposits are
world-wide, and in all kinds of wall-rocks.

D. Lenticular deposits containing willemite, franklinite, subordinate zincite and many
lime silicates, are folded in pitching synclinal troughs in pre-Cambrian limestones. It 1s
difficult to classify these deposits. Their zinc-bearing minerals are unique. The
mineralogy suggests contact zones (c¢), but the actual metamorphosing igneous rock is
not apparent.

21. SILVER AND GOLD ORES

Though deposits are known containing either gold or silver alone, these metals are
generally associated and must be discussed together. Both are extensively obtained in
connection with copper and lead. Lead ores are often called ** wet ores,”’ because metallic
lead, freed in smelting, acts as a solvent for the precious metals, the distinctive ores of
which are called ‘‘ dry ores.” Zinc deslverization for base bulhion, electrolytic refining
for copper, and the substitution of cyanidation for amalgamation, have greatly facilitated
treatment of silver and gold ores.

Silver-bearing minerals: argentite (‘‘silver glance’’), Ag:S, 87.19, silver; hessite,
Ag:Fe, 62.8%; proustite (‘light ruby ore”), AgsSsAs or 3 Ag:S-AsS;, 65.5%;
pyrargyrite (‘‘dark ruby ore’), AgsS;Sb, or 3 Ag:S:-SbyS;, 59.8%; stephanite (‘“‘brittle
silver ore”), AgsSiSb or 5 AgsS-SbeSs, 68.5%; cerargyrite (“horn silver), AgCl, 75.3%;
native silver, Ag, 100%.

Galena almost always contains at least a trace of silver, which probably occurs as an
isomorphous sulphide, but not appearing separately in polished plates. Silver is a compo-
nent of certain varieties of tetrahedrite, and in this form is often found in copper ores.

Galena is probably a base for other copper minerals Silver is sometimes found in zinc blende,
but rarely in pyrite. Modern silver production is chiefly in connection with base metals.
Cerargyrite and native silver are habitually secondary minerals, resulting from alteration in the
vadose zone of other minerals mentioned above, or from silver-bearing, base-metal minerals. Argen-
tite is sometimes secondary, 1t certainly is also primary. The others are generally primary.

Gold-bearing minerals: calaverite, AuTe, 44.59% gold; sylvanite (* graphic
tellurium '), (AuAg) Tes, variable; native gold, alloyed with silver, ete, variable. Gold
most commonly occurs in quartz veins, both as native, and as scales and wires mechanically
mixed in pyrite. It may be set free by oxidation and removal of the pyrite. It also
accompanies mispickel, chalcopyrite, and rarely galena. In some of these minerals, when
the ores are refractory, it may exist as an involved telluride, or as a bismuth compound
gchhard Pearce). The tellurides of gold (a number of rare mixed tellurides of gold and

sother metals are not mentioned above) are primary minerals. On oxidizing and losing
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tellurium, they yield extremely fine particles, not readily panned and resisting amalgama-
tion; called ‘‘ rusty "’ gold. Gold, presumably as chloride, sometimes descends in solution
from oxidized portions of veins containing manganese minerals, and is reprecipitated at
or near water level. Presence of calcite may interfere with the reaction. The high sp gr
and resistance of gold to natural solvents greatly favor the formation of placer deposits.

German writers sometimes classified precious metal deposits into an older series, in geological
age, and a later series. The great silver-gold veins associated with mountain upheaval and igneous
outbreaks, at close of the Cretaceous and in the opening Tertiary periods, can thus be distinguished
from older ones. Each group can then be subdivided on associated minerals, of which a series of sub-
types can be established. Other writers have pluced less emphasis on variations in time and
mineralogy. Admitting some characteristic mineral associations, which might make possible finer
subdivision, the following large types are pernmissible (see Classification, Art 17).

Predominant silver. A. Fissure veins, with distinctively silver minerals in quarts
gangue, often amethystine and associated with manganese minerals and some calcite.
Galena, zinc blende, pyrite and copper minerals, are very subordinate. Many great veins
of Mexico, as at Pachuca, Real del Monte, and Guanajuato, exhibit these characters.
The Butte silver veins are similar, but now, in instances, have developed copper in depth.
In general, argentite is the chief source of silver (d).

B. Fissure veins yielding silver with little gold, in association with galena, zinc blende,
copper minerals, and pyrite, 1n gangue of quartz, calcite, barite, fluorite, one or several (d).
Veins of this mineralogy are world-wide in distribution.

C. Native silver and minor silver minerals, with arsenides of cobalt and nickel, in
shrinkage cracks or fissures involving slight displacement (d and f). Cobalt, Ont., 18 best
example, where veins are predominantly in Huroman conglomerate, associated with a
diabase sill, which has some veins, and Keewatin green schists, which contain a few.

D. Impregnations of porous rocks, sandstones, tuffs, etc., with argentite, cerargyrite,
and native silver; supply fissures obscure; some copper minerals may occur. (Silver
Reef, Utah, Silver Chiff, Colo.)

E. Impregnations and replacements of crushed rocks along faults (silver-bearing
galena in Coeur d’Alene, Idaho, Art 20, A).

F. Replacements of calcareous rocks with silver-bearing galena and associated sul-
phides. Leadwville, Colo. (See Art 20, A, for other cases.)

Predominant gold. A. Fissure veins containing native gold, alone, or mechanically
mixed 1n pynite and much rarer base-metal sulphides, in quartz gangue. Gray, greasy-
looking quartz seems to accompany best values. The common association of quarts
with gold makes this type of world-wide distribution. Veins appear most frequently in
schists, slates, or other metamorphic rocks, and in association with intrusive rocks, of
which granite 18 commonest.

B. Impregnations and replacements of open-textured rocks with gold-bearing pyrite.
The ‘“banket’” of gold-bearing conglomerates of Transvaal, the chief producers today,
is the best example.

C. Saddle-reefs, or arch-like deposits of gold-bearing quartz at crests of anticlines (e)
(Bendigo, Victoria, and gold reefs of Nova Scotia). Saddle-reefs may succeed one another
in depth. Slates or slaty schists are common wall-rocks.

D. Veins carrying gold tellurides. At Cripple Creek, Colo, they are associated with
an eroded Eocene volcano, often favoring neighborhood of minor dikes of phonolite and
basaltic rocks, with which volcanic activity closed. Purple fluorite is a characteristic
associate. In Boulder Co, Colo, veins are in gneisses; at Kalgoorlie, Western Australia,
in amphiholites; in Hungary, altered andesitic rocks, called propylites. Once considered
extremely rare, tellurides have been very productive in Cripple Creek and Kalgoorlie.

E. Lateral impregnations and replacements of calcareous shales, with tellurides along
supply fissures, called verticals. Example, so-called '* Potsdam * or ‘‘ refractory ores,”
of the Black Hills, 8 Dak, the walls of which are of Cambrian age.

F. Contact zones, on the border of intrusive igneous rock and hmestone, containing
gold-bearing mispickel 1n lime silicates (Nickel Plate mine, B C). The usual contact
zone of this type carries copper sulphides with a little gold (Art 19, B).

G. Placer deposits of gold-bearing gravels, which may be- residual, from weathering
of rocks tn situ, river gravels in active streams; river gravels in abandoned and often
buried channels; alluvial fans; sea-beaches with active surf; sea-beaches now elevated
and inland. Gold in streams favors places where current has been checked, as the inside
of bends; junctions of tributaries; heads of quiet reaches. Gold favors gravel next the
bedrock, or next a ‘“‘false bedrock’ of clay, but fine particles may be genecrally distributed
in a thick vertical section. Magnetite, gircon, garnet, and various resistant, heavy min-
erals are characteristic associates, yielding *‘black sands” (42).
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22. MINOR METALS

Aluminum is obtained today from bauxite, hydrous aluminum oxide, which is trcated electro-
lytically in a bath of cryolite (3 NaF-AlFg). Bauxite is developed by weathering of aluminous
rocks, and may appear as a residual product. It may also be produced by solvent action of sul-
phuric acid, from oxidizing pyrite, upon aluminous rocks, such as shales. The resulting acid
solution of aluminum sulphate may be neutralized by limestone, with precipitation of aluminum
bydrate, which may then form concretionary masses. In America bauxite 1s largely produced in
Georgia, where the last named reaction is believed to explain its occurrence In Arkansas, 1t is
associated with syenitic eruptives, to the alteration of which its formation is attributed Cryolite
is commercially obtained only on west coast of Greenland, where it constitutes a large, flat vein in
gneiss. Siderite, galena, zinc blende, and a few other minerals are sparingly mingled with it

Antimony is obtained from its sulphide, stibnite (SbeS;); sometimes from the oxide, senar-
montite (Sb203); and as an alloy from antimonial lead ores. Characteristic occurrence of stibnite
is in quartzose veins, but less regular deposits in sandstone are recorded The industry 18 small.

* Argenic is produced largely as a by-product in smelting arsenical lead, copper, gold or cobalt ores,
chiefly enargite (CusAsS;). It is sold as oxide, but much more could be saved were there a better
market for it.

Barium 1s chiefly consumed as the sulphate (BaSO,). Barite characteristically appears in
veins in limestones; is also a frequent gangue with lead and copper ores, regardless of nature of vein
walls. Chicf output 1n U S comes from deposits in Georgia, Missour:, and Cahforma

Bismuth is a rare by-product in lead-silver refimng. A few districts, as Leadville, Colo, and
Cobalt, Canada, produce bismuth ore.

Cadmium 1s a minor associate of zinc, and whenever separated 1s a small by-product in zine
metallurgy, or in treatment of zinc-bearing lead ores. Greenockite (Cd3) 1s the chief mineral.

Ceesium is a rare alkaline element of much the same associations as rubidium.

Cerium, with didymium, erbium, lanthanum, thorium, and yttrium, constitutes a group called
the cerium group of rare earths. Their compounds, especially those of thorium, have incandescent
properties when heated, for which purpose they are sought. They are obtained as phosphates in
monazite and xenotime, and are charactenstic of pegmatites They may appear in normal granite.
Being resistant and heavy, monazite and xenotime have accumulated 1n placers 1n the drainage of
pegmatite and granite areas of the Carolinas; also on sea coast of Bahia, Brazil

Chromium (FeO :Cr;03), sometimes (Fe:-Mg)O-(Cr-Al-Fe)s03, 18 a characteristic associate
of richly magnesian, basic 1igneous rocks, usually altered to serpentine The chromte 18 beheved
to be a direct crystallization from molten magma. It forms irregular, sometimes large, distrnibuted
masses, and being extremely resistant may be freed and concentrated as a residual product in
weathering Commercial chromite should contain at least 40, Cr;03 Rhodesia 18 a great pro-
ducer of chromite ore

Cobalt forms a variety of arsenides and sulphides, practically always in association with nickel.
Linnzite (CosSy), smaltite (Co.\sp), cobaltite (CoAsS), and the oxidized product erythrite or
‘‘cobalt bloom” (CogAsgQg-8 He0)). Cohalt has long been derived from the ores of Cobalt, Ont;
Belgian Congo, Rhodesia, and French Morocco are also umportant producers.

Didymium (see Cerium).

Erbium (see Cerium).

Iridium (see Platinum).

Lanthanum (see Cerium),

Lithium is obtained from amblygonite Li(AlF)POQy, lepidolite, the hithia-mica LiK [Al(OH, F);]
Al(8iOg)s, with lithia (1120) 2 to 5¢¢; and spodumene (LiO-Al20Og-4 $109) with lithia 7.5%  Both
are pegmatite munerals, occurring mainly in Black Hills, 8 Dak. The commercial importance of
lithium has increased 1n recent years

Magnesium is chiefly used as the earthy carbonate, magnesite, a refractory material. In
Washington, magnesite lenses are found in metamorphosed dolomite Magnesite alao favors nsso-
ciation with serpentines, in the alteration of which it is formed in veins in Califorms  Russia,
Austria and the U S have recently been the chief producers

Mangunese. The chief minerals are pyrolusite (MnQg), psilomelane (MnOj:-NH,0, plus
K, Ba, etc), wad (an earthy Mn mineral), manganite (MnzO4-H,0), rhodochroate (MnCOyg) and
franklinite (FeZnMn)O:(Fe Mn)20; Rusaia, Gold Coast, India, Brazil and Cuba supply most of
the manganese used in the U 8. In geological relations of 1ts ores, manganese 18 similar to the brown
hematites (Art 6). The ores are usually resdual products of weathering, and are found as nodules
in clay or as masses on surface. They should be relatively low in phosphorus, for use 1n spiegel-
eisen, and not too high in silica (43)

Mercury has one chief ore, cinnabar (HgSp), with which a little native mercury may be asso-
ciated. Cinnabar appears in veins with quartz, calcite, altered wall-rock and bitumen It may
also impregnate porous beds, such as sandstones In practice mercury is called quckmlver or
“quick.” In the U 8, cinnabar i1s mined in Calif, Nev, Ark, and Texas.

Molybdenum is obtained from molybdenite (MoSs). Wulfenite (PbMoO,) has attracted
some attention. The molybdenite deposits at Climax, Colo, are among the largest known in the
world. The ore occurs 1n a large circular stock of granite. The bottom of the mineralization has
not been determined.

Nickel has 3 varieties of ores: (a) sulphides and arsenides (millerite, NiS, niccolite,
NijAs) and related minerals, all of small moment today; (b) pentlandite, (Fe Ni)S, the
nickel, iron and sulphur being each about one third. (Although nickel was formerly



MINOR METALS 2-27

thought to replace iron in pyrrhotite, it is now considered to be in mechanically inter-
mingled pentlandite); (c) a series of hydrated silicates of nickel and magnesium, somewhat
analogous to serpentine in general composition and forming veins in serpentine, or pro-
duced in the alteration of very basic igneous rocks.

The nickel industry today is practically hmited to 2 localities. At Sudbury, Ont, and vicinity,
pentlandite with pyrrhotite and chalcopyrite are concentrated at bottom of a huge intrusive sheet,
which varies from norite at the base, where the ores appear, to acid, micrographic granite at its
upper surface The sheet is folded into a huge basin, 40 miles acroes, and is buried 1n center
beneath overlying sediments and volcanice The ores favor embayments in the underlying older
rocks, and one offsetting dike at the outer periphery. The underside of sheet dips inward at 60°,
and is 1mpregnated with nickel and copper ores up to widths of 100 or 150 ft. The gangue is self-
fluxing The ore bodies are gencrally classed under a, Art 17, but the 3 sulphides seem to have
crystallized 1n senial order, and at times to have undergone some redeposition. The bydrated
sihicates of nickel are found, 1n workable richness, 1n the serpentinous district of New Caledonia.
They constitute veins, and are the second but much smaller factor in the world’s supply (44).

Osmium 18 a characteristic associate of platinum, in the placers of which its one source, iridos-
mine, 18 found, 1n scales or scaly nuggets and ‘‘colors.”

Palladium 18 a characteristic associate of platinum in placers, and in the few cases where plati-
num has been discovered 1n copper ores. In latter case careful assays are necessary to avoid mis-
taking palladium for platinum

Platinum appears in metalhic grains and nuggets, more or less alloyed with iron, palladium,
and rarer metals of the platinum group It 1s characteristically associated with peridotites and
pyroxenites, 1n which 1t 18 a direct crystallization from the original fused magma. Platinum 1s
frequently intergrown with chronute Aside from natural alloys, 1ts one compound is sperrylite
(PtAes), a nunute associate of the Sudbury nickel-copper ores, and rarely elsewhere (45). Russia,
Canada, Colombia and So Africa are the chuef producers

Potassium 1s treated as a saline (sce Non-Metalhie Minerals).

Radium 15 an extremely rare associate of the more abundant uranium, from the minerals of
which 1t 18 separated (see Uramum).

Rhodium 15 a minor associate of platinum

Rubidium 15 a rare alkaline element, associated in minute amounts with lithium in lepidolite
and other hthium mnerals

Ruthemum 1s an extremely rare associate of platinum.

Sodium 18 treated as a saline (see Non-Metallic Minerals).

Strontium 18 obtuined from the sulpbate, celestite (SrS0y), occurring hike barite, but less abun-
dant (sec Barium)

Thorium (see Cerium). Thorianite is also found commercially in Ceylon and Australia.

Tin has one ore, cassitenite (Sn0,), and one rare sulphide, stanmte. Cassiterite is
almost always associated with granites and pegmatites, or veins closely akin to pegma-
tites. In weathering and erosion of these, being heavy and resistant, 1t 18 concentrated 1n
placers as pebbles and finer particles, called stream tin Cassiterite 1s obtamned both by
deep muning and placer working It has been observed associated with rhyolites. Tin
18 also obtamed in mmportant quantities from Bolivian silver veins. Bolivia is now one
of the largest producers of tin.

Titanium appears 1n the titamferous magnetites, in which 1t has hitherto been a disadvantage
to the wron. The nelsonite rocks of Virginia furmsh titanium oxide 1n the form of rutile. Large
amounts of 1lmenite, (FeT1)O3, are found 1n the sands of Travancore, India.

Tungsten, now an important metal in steel manufacture, 1s obtained from several
tungstates, 1tz. wolframite, (FeMn)WO,; huebnerite, MnWO,; scheehte, CaWO,.
In the U S it 18 found chiefly in contact metamorphic deposits, where scheelite occurs
associated with garnet and epidote, as at Mill City, Nev. The quartz vemns at Atolia,
Calf, have had an important history of scheelite production. The wolframite ores of
China aro extensively produced.

Uranium has gained great prominence as the associate of radium, but has also uses of
its own. Pitchblende or uraninite, (UPby)3U30;, the earlier and still prized source, 18 a
rare but characteristic minernl of pegmatites and related veins, A series of phosphates,
torbernite, autunite, ete, have similar geological relations. Carnotite, a vanadate,
K30-2 Us0s- V204 3 H 0, with 15 to 18¢; vanadium oxide, 18 found impregnating sand-
stones in westetn Colorado and eastern Utah. The uramum-bearimg vems of Katanga,
Belgian Congo, are an important source of radium. The Great Bear Lake district of
Canada is also important.

Vanadium is a minor component of titaniferous iron ores, and of the uranium-bearing
carnotite, and, in a series of vanadium sulphides and their oxidized denivatives, appears in
asphaltito veins in Perd. Vanadium is also found in the carnotite ores of western Colo
and Utah.

Yttrium (see Cerium),

Zirconium has one mineral, zircon (ZrSiQy), nn associate of granites and other {feldspathic
rocks and pegmatites, from which on weathering 1t 18 freed and concentrated 1n placers.
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NON-METALLIC MINERALS

Here is included a miscellaneous series with no fundamental relations; hence, arranged
alphabetically. The carbon series is the most important (46).

23. ABRASIVES; ASBESTOS; ASPHALT

Abrasives. Corundum and emery (emery is a mixture of corundum, spinel, magnetite and
other bard and heavy minerals) are found in two principal geological relations. cORUNDUM crystal-
lizes from rare 1gneous magmas containing excess of Al;O3 above requirements of ordinary rock-
making minerals Most of the world’s supply of corundum comes from the Transvaal, where the
mineral is found in syenite pegmatites. KMERY is commonly found at 1gneous contacts or where
inclusions of aluminous sediments are involved and partly digested in igneous rocks. A vein
or bed at Chester, Mass, containing emery 1n metamorphic rocks, is still different. GARNET, erther
in hornblende schist, as in the Adirondacks, or in mica schist, as at Reading, Conn, is a minor
abrasive. Crushed, angular fragments of QUARTZ are used for sand-paper. DIATOMACEOUS EARTH
and decomposed chert (TRIroLI) are soft abrasives. WHETSTONES are made of gritty slates, which
sometimes owe their “tooth” to minute garnets or other hard minerals; or of novaculite, a fine-
grained siliceous rock in which the solution and removal of minute rhombs of calcite have left
sharp-edged cavities. Coarse varieties are sandstones, or sandy schists, in which are set rutile,
garnet, etc. GRINDSTONES are made of sandstones sufficiently friable not to wear smooth (50).

Asbestos of commerce, a vanety of serpentine, called chrysotile, appears as veins with cross-
fibers 1n some serpentine districts (most important is 1in southern Quebec). Poorer grades appear
along slips 1n the serpentine and 1n the mass of the rock. Some beheve the Canadian asbestos to
be a deep-seated alteration product of basic igneous rocks; others, that 1t is developed from serpen-
tine 1n fissures near intrusive dikes of aplite, a vanety of granite (51).

Asphalt (see Carbon Minerals).

24. BUILDING STONE, CLAY, LIMES, CEMENTS

The granite industry 18 mainly developed along Atlantic seaboard; secondarily, in Wisconsin,
Missouri, and Cahformia  Among 1gneous rocks, granite breaks best 1n the quarry  When of good
grade, 1t 18 homogeneous in texture, though sometimes suffering from black inclusions, local coarse
crystallizations, and development of gnewssoid structure SANDSTONES are widely quarmed The
“brownstone’’ of eastern U S 1s a Triassic sandstone, from Longmeadow, Mass, Portland, Conn;
Avon, N J, Hummelstown, near Harrisburg, Penn. ‘‘Bluestone," of Hudson River region, 18 a
Devonian argillaceous sandstone, specially adapted to flagstones, curbing, sills, and hintels Pota-
dam red sandstone or quartzite 18 Cambrian; quarried on western side of Adirondacks A softer
stone of nearly the same geological horizon is produced on south shore of Lake Superior Medina
pink sandstone of the Silurian 1s extensively obtained along the Erie Canal, between Rochester and
Lockport, N Y. Cleveland or Ohio sandstone 18 a gray or pale-blue stone, of Mississippian (Lower
Carboniferous) age, developed 1n outskirts of Cleveland LimestoNes Preeminent s the Indiana
or Bedford oolitic stone, of Mississippian (Lower Carboniferous) age, which outcrops in an extended
N and 8 belt in S W Indiana. MARBLES, of Cambrian and Ordovician age, are extensively devel-
oped along the border of Western Vermont, Eastern Tennessee, and Gieorgia; of other age, in Colo
Srates appear in 8 W Vermont and neighboring parts of N Y, and in the Lehigh Valley, Penn.
They are 1n less degree produced in Virgima, the Lake Superior region, and Newfoundland Wales
is a famous source of slate and of skilled workers 1n slate. SERPENTINE 18 quarried in southeastern
Pennsylvania and the neighboring parts of Maryland (52).

Clays belong to three general groups: (1) kaolin group, in which the chief mineral is kaolnite,
Al302-2 8i02:2 Hy0; (2) montmonllonite group, in which the chief mineral in montmorillomte,
Ca0-MgO, Al03-3 Si02-nH30, (3) alkalhi-bearing clay mineral group Kaolin is chiefly of two
kinds, residual, or transported, which are the finest sediments of still water. Residual clays are
commonest south of the terminal moraine of Glacial epoch. They are impure and variable. Trans-
ported clays were extensively deposited by the floods which followed the melting of the continental
glacier. They are very abundant in the valleys of the Connecticut and Hudson rivers, and are the
basis of a great brick industry. Fireclay for refractory materials should be as free as possible from
other ingredients than S102, AlyO3, and H0. It is often found beneath coal seams In these
relations fireclays are mined in Pennsylvania, Maryland, Ohio, and at Cheltenham, Mo. Other
fireclays of Cretaceous age are developed at Woodbridge and its neighborhood, N J, and near
Golden, Colo (53) Clays of the montmorillonite group are extensively derived by the alteration
of voleanic ash and find an important application 1n the purification of petroleum products.

Shales often possess properties which fit them for vitrified brick. They are then ground,
moulded, and hard-burned. They are useful for pavements, especially where no good rock 1s avail-
able for macadam.

Limes and cements. For quicklime, calcium carbonate should be pure, free from coloring
ingredients, such as iron compounds, and is preferred with little mgnesium carbonate Silica and
alumina together develop hydraulic properties, and injure ‘‘fat’’ limes. Kilns are widespread and,
for local use, any r bly pure limest answers, Rockland, Me, is the principal American
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producing district. As limestones contain increasing amounts of alumina and silica, they develop
hydraulic properties when burned, and in varieties of special excellence afford natural rock cement.
The crude stone 1s called a ‘“water-lime.”” Although important 1n former years, the natural cements
have given way to ‘‘Portland” cement, which is an artificial mixture of himestone and clay or shale,
entirely under control of the chemist, and being therefore more uniform in properties. In Portland
cement magnesia is kept very low, not over 2 or 3%. 'The Lehigh Valley, Penn, is chief center of
manufacture 1n U 8, but plants are widely distributed (64).

25. THE CARBON MINERALS

These embrace Coals and their relatives, and the Petroleum series, including Natural
Gas, Maltha, Asphalt, and Asphaltites.

Coals and their relatives are vegetable remains so preserved in sedimentary strata as
to become progressively enriched 1n carbon. They begin as some form of woody tissue,
perhaps also m part spores, algee, and resins; under conditions of retarded oxidation they
pass toward a theoretical limit of nearly pure carbon, and finally to mineral ash. Cellulose,
the principal original contributor, is C¢H¢Os (approx, C 50%, H 69,, and O 449,), but
there was always also a hittle N, S, and mineral matter in original deposit. If vegetable
tissue accumulates under a protecting layer of water, oxidation is retarded and relative
enrichment 1n carbon ensues. On subsidence of the land, or, in case of lakes and swamps,
as result of heavy floods, sediments bury the accumulated vegetable tissue. The com-
plete process comprises several stages. PEeAT 1s still brown; a visible aggregate of stems,
leaves, ete; high in O and H and relatively low in C. LiaNrrE 18 firmer, often black, but
has a brown streak, and usually still shows evidence of vegetable tissue; has less O and H
than peat and relatively more C. Sub-bituminous coals or black lignites are a stage
beyond typical lignite, but are not typtcally bituminous. BrrumiNous coars (Sec 35)
are black, solider, lower in O, higher in C, and at times possess coking properties. SEMI-
BITUMINOUS and SEMI-ANTHRACITE mark passages to ANTHRACITE (Sec 34) in which the C
is greatly enriched and the coal hard and firm. Still further stages toward graphite are

known.
Table 5. Characteristic Chemical Composition of Coal Series
Cellulose Peat Lignite Bituminous Anthracite
C 50 59 69 0 820 950
H 6 6 55 45 2.5
O 43 33 250 130 2.5
N 1 2 05 05 trace

Sulphur is also present in varying percentages, up to several units, and mineral ash never fails.

Coals are analyzed commercially 1n 2 ways, proximate and elementary. In prROXIMATE
ANALYSIS, moisture, \olatile matter, ixed carbon, ash and sulphur are usually determined. Sample
13 dried, weighed, 1gmted until lames cease or for a standard time over a standard Bunsen burner,
weighed, 1gnited again to consume the carbon, after which residue 1s weighed for ash. Sulphur s
determined 1n a separate sample This analyss shows if the coal 1s high or low 1n water; 1s high or
low in volatiles, has a long or short flame, cokes or not, 1s high or low 1n ash, is sulphurous or not.
These are the most important points regarding a fuel. Dividing the percentage of fixed carbon by
the percentage of volatiles gives the '‘fuel ratio,” characteristic for each particular coal. Anthra-
ates gave high, and 1ichly bituminous coals low ratios. Ratios vary from less than 1, to about 30.
ELEMENTARY ANALYRIS of a8 dried sample gives the C, H, O, N, S, and ash. It affords a better idea
of the heat units in the coal, a matter of growing importance each year, but does not indicate coking
properties nor volatiles It is known that the O 1n coals 18 already combined with C or H, and is as
mert as ash, besides reducing the available C and H. Since H has a high calorifie value, the neces-
sary proportion to yield HsO with the O present 1s often called combined hydrogen; the excess,
disposable hydrogen. Relatively high values of the latter are esteemed.

Table 6. Characteristic Proximate Analyses

Moiature | Volatiles ci:_ﬁi Ash Sulphur
Peat . .. . . . i 20 22 52 31 24 52 295
Lignite. . 17 75 37 85 37 40 6 20 0.80
Sub-bituminous 13 43 3715 45 57 385 .
Bitununous 126 30 11 59 62 8 23 0.78
Semi-biturmnous 123 15 47 73 51 9 09 0.70
Semi-anthracite. . 1.29 8 10 83 35 6.23 1.03
Anthracite........ . .. .. ... .. 4.12 308 86 38 5.92 0.50

I—4
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Table 7. Characteristic Elementary Analyses

Mois-
e | C | H o | N S | Ash
Peat (airdried)............. ...t .] 13.60 | 40,78 | 555 | 30.95| 1 40 0 58 | 20.74
Lignite...... . ....covvnnnnn.. ... 2263|5491 ] 639 | 3259 102 059 4.50
Sub-bituminous. .......ovi i 11.05 | 59 08 | 5.37 | 21,52 | 1.33 173 10.97
Bituminous. .. ......c.iiiiiiiniennn 3.36 | 68.69 | 4.84 11.49 | 1.54 1.01 12.43
Semi-bituminous. ...........00i.. .| 1.53 ] 82.87 | 4.76 499 | 168 0.65 5.05
Anthracite. . ... . e 1.97 | 91.40 | 2.81 183] 0,21 0 71 3 04

Heat units are expressed as British thermal umts (B t u), or as French (calories). High ash
or high-oxygen coals give low thermal values. The usual range is as follows, the peat being excep-
tionally good (Sussex Co, N J):

Peat Lignite Bituminous coal Anthracite
High Low High Low High Low High
8 260 7 204 10 143 10 242 13 790 12 047 14 686

Moisture in coal is a serious drawback, and varies so much in unprotected samples, especially
of lignites and sub-bituminous coals, that the sample, as soon as cut 1n the mine, should be put into
an air-tight glass jar, and analyzed as soon as possible after top 18 unscrewed.

Classification. Many attempts have been made to classify coals, but for enstern coals the
scheme suggested by H. D. Rogers, State Geologist of Penn, about 1853, 1s still widely current:

Bituminous Volatiles, greater than 18
Semi-bituminous N 18 to 12
Semi-anthracite “ 12to 8
Anthracite “ less than 8

More recent schemes are those of* M. R. Campbell, based on C + I ratio, as shown by elementary
analysis; F. G. Grout, who employs ratios based on sum of volatiles and fixed carbon of a proximate
analysis, and the elementary carbon of ultimate analysis, and D. B. Dowhing, who employs what he
calls the split-volatile ratio.  All these give greater attention to western hgnites and sub-bituminous
coals, which in earlier years were practically unknown Elaborate clas«ifications are unimportant
commercially. The B t u's and the physical and coking properties are the essentials

Geological associates of coal seams are almost always shales and sandstones. They
often have a fireclay floor; are seldom associated with limestones. A seam may be broken
up into benches by a ‘‘ parting ”’ of shale, called *“ slate” by rminers. A parting may
increase in thickness and separate a seam into 2 distinct seams.  Seams may be cut out by
old drainage channels, either contemporancous with the old swamp, or later and long after
coal was formed. Pot-holes and channels 1n Carbomferous coals were developed even in
the Glacial epoch and filled with gravel. Coal seams may be pinched by the upward bulge
of a relatively plastic clay floor, and may have cracks filled with clay gouge.

Coal seams are subject to faults and folds; are very often in synclines (*‘ basins '),
left disconnected by erosion of intervening anticlines.  IFolds may be violent, as in middle
anthracite fields of Penn, and in Belgian and French areas. Coal seams are of all thick-
nesses from a fraction of an inch to many feet. The thickest single seam, reasonably free
from thick partings, recorded in America, 1s at Adaville, Western Wyoming, with 86 ft of
clean coal (except for one parting of 1 in of sandstone). A thickness of 1 ft is ordinarily
considered the minimum of workability.

With increase of ash (209, ash is the usual commercial maximum) coals pass into
“bony " coals, then mnto * bone” and into bituminous shale or slate. Ioreign matter
may be minutely interstratified with thin layers of relatively pure coal; or be invisibly
mingled. If the layers are sufficiently coarse, crushing and washing may greatly reduce
the ash (Sec 34 and 35). In a cross-section of a good seam can be recognized: bright
lustrous *‘ glance "’ coal and dull, lusterless * splint "’ coal. The proportions vary, one
variety may be in great excess. There is a third variety, porous, tender, and often show-
ing plant structure, called * mother of coal " or * mineral charcoal.” 1t affords an
unfortunate place of precipitation for gypsum, pyrite, and other undesirables. The
sulphur in coal is partly in pyrite, when half passes off in burming; partly in gypsum, when
all passes into the ash; and partly in sulphurous hydrocarbons. In coking or other
combustion, roughly one-half the sulphur passes off.

In geological age coal ranges practically from Carboniferous period through Tertiary. Anthra-
cite is even reported in remote pre-Cambnan strata of Finland, but no seams of importance are yet
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known older than Carboniferous  The oldest seam in America is in the Pocono sandstone series, of
the Mississippian (Lower Carboniferous) strata of S W Virginia (Altona and elsewhere). The
really important coals begin with the Pennsylvanian. In eastern half of North America, they range
up into the Permian and even Triassic in Va and N C). In the western U 8, coals range from early
Cretaceous to Phocene. The Laramie of Cretaceous and Eocene Tertiary are most productive. The
later coals are often hgnitic, especially if in relatively undisturbed strata (55).

Petroleum series. Coals are residual accumulations; petroleums are evolved, and move
from their sources elsewhere for storage. The petroleum series embraces gases, liquids,
and solids. The chemistry is very complex, but most of the members belong to the marsh-
gas or paraffine series of compounds, CpHzpys. Up to CiHjyo they are gases at ordinary
temperatures; from CzoHyz up they are sohids. The gases are called natural gas; the liquids,
petroleum; the thick, black, tarry liquids, maltha; the solids at ordinary temperatures, of
tough leathery character, asphalt; the brittle, coal-like substances, asphaltite; the
natural paraffines, ozocerite. Shales impregnated with bituminous matter are called oil
shales. They may be rich in paraffines. (See Sec 44.)

Natural gases are chiefly CH,, but have some higher members, with a little of the
olefine series C,Hz,, more or less of H3S, N, O, CO,, and others rarer.

Petroleums include the hiquida at ordinary temperatures. Some are of low sp gr,
some high. These characters are expressed in degrees BBeaumé, a scale in which 10°
Beaumé is sp gr 1. Others are calculated by the formula. (140 + sp gr) — 130. Light
petroleums range from 35° B up; the heavy drop below 20° 3. Lighter oils give higher
percentages of 1lluminants and are the most valuable. Heavy oils have an asphalt base.
Some oils contain sulphur compounds. Malthas are much rarer than petroleums, and
have different uses, asphalts are employed for paving; asphaltites for varnishes, etc.

Origin of petroleums. There are two radically different views: the inorganic (now discarded)
and the organic.  There 18 some support for the theory attributing hydrocarbons to 1gneous sources,
but most geologists favor the organic explanations. These assume original plant or amimal matter
in the sediments, by decomposition in the rock (T. S. Hunt), or distillation from internal heat
(J. 3 Newberry), or, the modern view, by bacterial decomposition while freshly deposited, the
hydrocarbons being later squeezed out of the shales and mud-rocks, by pressure of overlying accumu-
lations, 1nto porous beds for storage. The lutter genesis certainly applies to CHg, but has not been
proved for ouls.

Storage in the rocks is better understood. The most extensive pools are found under low
antichnal folds, 1n which an 1mpervious shale rests upon a porous sandstone or limestone, so as to
imprison the gas and oil, which, from some source of the hydrocarbons rise through the heavier
ground-waters and are finally caught beneath the crest. Theoretically, and sometimes actually,
there 1s an uppermost layer of gas, a layer beneath of oil, and a bottom layer of water or connate
brine. Usually either gas or ol rests on brine. Other deposits fayor lenticular or pod-hike bodies
of sandstone 1n shales, apparently old sand-bars, or similar accumulations. Prospecting 1s usually
guided in recent years by the antichinal view. The axes of antichines rise and fall, and pools are thus
non-continuous along their trend. A very gentle anticline or even a slight monoclhine may suffice.
Pools sometimes seemn to hie to one side of the obseryved anticlinial erest (Sec 44)

Geologically, the oldest gases and oils are tapped from Ordovician (or Lower Silurian) strata,
of which the Trenton limestone 1s very productive in Ohio and Indiana.  Higher in the Paleozoie,
the Silunan (or Upper Silurian), Devoman and Carbomiferous strata are all productive n the
Eastern States. A sandstone at base of the Coal Measures (Carboniferous) 1s very productive in
Ilinois, Kansas, and Oklahoma. Cretaceous sandstones carry oil in Wyoming, and Cretaceous
limestones are the appareni source of Mexican petroleum, even though tapped from overlying
Tertiary beds. Varnous Tertiary horizons yield oils in different parts of the world, but the Miocene
18 especially rich  In America are the following fields: Appalachian, Lima-Indiana (western Ohio
and Indiana), Ilinows, Mid-Continental, in Kansas, Oklahoma and northern Texas; Gulf, n
Louistana and Texas, Mexican, in the coastal plun or tierra caliente, west of Tampico and farther
routh, and Cahforma. There arc many smaller areas in Colorado, Wyoming, Alberta, and Alaska.
‘Trinidad is productive, also Venezuela Abroad, Rumania, Baku on the Caspian Sea, Dutch East
Indies, and Japan are the chief producers, but some oil has also been found 1n Germany (56).

Maltha 18 a rather unusual product, but appears at times where oils with an asphaltic base rise
to surfuce and lose their more volatile constituents. Maltha may impregnate porous sandstone.

Asphalt, a further stage in the process, may accumulate 1n pools, or impregnate porous
sandstones or limestones. Sometimes oils have risen 1n fissures and have changed with
loss of volatiles to brittle substances, suggesting coal. Illustrations: albertite, of N B;
grahamite, of West Va; uintaite and wurtzihite, of Utah. Qils with a paraffine base have
left behind the natural paraffine, ozocetite, in fissures in sandstone (57).

Graphite is the final metamorphic stage of all carbon minerals. It appears sometimes
1n pegmatite veins, but more often impregnates sandstones, schists, and crystalline lime-
stones, from which it may be separated by concentrating the light components (58).



2-32 GEOLOGY AND MINERAL DEPOSITS

26. MISCELLANEOUS NON-METALLIC MINERALS

Gems are objects of mining, but the geological relations are very diverse. Diamonds seem to
be original crystallizations 1n very basic igneous rocks, in South Africa and in westein Arkansas.
They are elsewhere obtained from placer deposits. Sapphires may be 1n contact zones, or com-
ponents of an igneous dike, as at Yogo, Mont. DBeryls are pegmatite minerals, but the variety
emerald may be 1n contact zones. Turquoise appears in small veinlets 1n various 1ocks, where
copper salts have circulated. No brief summary can include more than a few of the widely con-
trasted associations (59).

Graphite (see Carbon Minerals).

Gums (see Carbon Minerals).

Gypsum (see Salines).

Mica, in commercial quantities, occurs as a constituent of coarsely crystallized pegmatites;
both muscovite (white) and phlogopite (amber) are utilized, the former produced mainly 1n India
and N Carolina the latter in Ontario and Quebec provinces, Canada. Market requirements are
(a) minimum size of rectangular trimmed sheet, 2 sq in (larger sizes bring higher prices). Demand
for pulverized mica 1s amply supphed by trimmings from sheet-mica mines. (b) Softness, thcsofter
the mica the better adapted it 1s for electric commutator insulation. (¢) Freedom from inclusions,
which are generally iron minerals and diminish insulating properties. (d) Flexibility. Value of a
given mica can be ascertained only by submitting samples to a dealer. Electrical manufacturers
are the largest consumers.

Limes (see Building Stone).

Natural Gas (see Carbon minerals).

Ozocerite (see Carbon Minerals).

Paints (mineral paints, pigments), or the bases for them, are sometimes the objects of mining.
Practically all are minerals of iron. ILimomnite, deposits containing iron carbonate, and red hena-
tite, are all utilized. The crude product 1s usually calcined to insure umformity of color or shade.
Fine clays stained with limonite yield ochers. Barite and even refuse slate are ground for “fillers '’

Petroleum (see Carbon Minerals).

Phosphates are dug or quarried for fertilizers. They are of 2 kinds. (a) Crystalline
apatite, which generally appears on borders of 1gneous intrusive rochs and 1s especially
associated with pre-Cambrian hmestones, along the Ottawa River in Ontario and Quebec.
Apatite in different geological relations is obtained as tailings in magnetic concentration
of richly phosphatic magnetites, at Mineville, N Y (1) Earthy phosphates, such as
fossil bones, coprolites, and replacements of CaCOj 1n himestones by phosphate of lune.

Along the seacoast of South Carolina, Tertiary beds have long been dug for fossil phosphates
and replaced limestone nodules. More recent discoverics of Florida rock phosphates, and of pebble
phosphates in deltas in the drainage of rock-phosphate areas, ha.e afforded very low-cost product.
In the Peace River, Fla, 13 done much dredging and concentration similar to that in placer gold
deposits. Beds of rock phosphate 1n sedimentary series have been still more reccntly discosered
and utilized in Tennessee. Other beds have been discovered by prospectors in N I Utah, but have
been withdrawn from location by the Federal Government These phosphates form interstratified
beds, probably produced by reaction upon limestone of phosphoric acid from organic remains.
Guano, formed by the droppings of wild-fowl in regions of shght rainfall, 13 now practically
exhausted (60).

Resins (fossil) (see Carbon Minerals).

Salines. When circulating ground-waters have traversed rocks containing alkah
salts, and have afterwards been impounded and evaporated to dryness, or when bodies of
gea water are isolated and evaporated, the dissolved salts are precipitated in the inverse
order of solubility. From sea water, gypsum precipitates first, then common salt, and
then rarely the less abundant potasstum salts. In general, potassinm-bearing final
mother-liquors scem to have escaped, or else their very soluble precipitates were removed
in next inrush of salt water.

From isolated bodies of the ocean, cut off perhaps by a barrier cast up during a storm, relatively
thin beds of salt and their associates have been derived. Thick beds of hundreds of feet 1n section
are difficult to explain 1n this way. A substitute explanation 1a the ‘‘Bar Theory"” of Ochsentus.
A dcep estuary 1s assumed to be isolated by a broad bar from the open sea. KEvaporation on the
bar leads to the passage down inner side of bar, of heavy concentrated brine, until salt 18 deposited
in the estuary’s depths. Thick beds may also be precipitated 1n salt lakes, in deep depressions
without outlet, yet so situated as to be fed by salt-bearing streams  Great Salt Lake is an 1llus-
tion. Salt deposits at Petite Anse, Louisiana, and elsewhere along Gulf of Mexico, appear 1n
columnar or chimney-like form, crossing sedimentary strata as great cylindrical masses, above
which are domes or mounds, and around which the beds turn up. These are best explained by
uprising salt springs and the expansive force of growing crystals, which may have thrust the strata
aside and upward. Important beds of potassium salts occur in the Stassfurt region, western
Germany, and large deposits have been found in the I’ermian rocks of New Mexico and Texas.
Beds of NagSOy are not infrequent 1n arid regions, and l8ss often waters or even beds charged with
NagCOj and sodium and calcium borates, likewise occur in a few districts (as southern California



BIBLIOGRAPHY 2-33

and western Nevada), where local drainage contains these rare salts. The soils of the northern
Chilean desert have become charged with sodium nitrate, also in a few other arid localities (61)

Borax is obtained, by chemical treatment, mainly from 2 minerals: boracite, occurring
in fumaroles in northern Italy, and in dry-lake deposits in many desert regions of the
world, and colemanite (borate of lime) occurring as headed saline deposits in southern
California. More recently, Kernite (NasB4O7-4H30), has been found in great quantities
in tabular deposits in the Mojave desert region of Calif.

Sulphur. In native state, sulphur is found in 2 types of deposit: (a) In or near volcanic
craters, expiring or largely dormant. Emtted as vapor, sulphur condenses on walls of
cavities and impregnates porous tuffs and breccias.  Itis possible, but not highly probable,
that SO, and H:S when mingled hot react to deposit sulphur. (b) In association with
gypsum in sedimentary strata, as in Sicaly, Louisiana, and Texas. The sulphur was
formetly believed to result from reduction of gypsum (CaSO4-2 H,0), by organic matter
in circulating ground-waters. There 13 at present a disposition to refer 1t to minute organ-
1sms now known to secrete elementary sulphur, and to favor its precipitation amid deposits
of decaying organic matter, at bottom of certain bodies of water. Gypsum is a universal
associate (62). The sulphur deposits in Louisiana and Texas occur with limestone, in
the capping above salt domes,

BIBLIOGRAPHY

Rocls and their Minerals  All good treatises on geology have chapters on rocks

1. Harker, A. DPetrology for Students. Longmans, Green & Co, London and N Y. Revised ed.
(Based on microscopic study)

2. Kemp, J. F. Handbook of Rocks 5th ed. D. Van Nostrand Co, N Y

3. Irsson, L. V. Rocks and Rock Minerals. John W lle¥ & Sons, Inc, N Y. Iddings, J. P.
Igneous Rocks. 2 vol John Wiley & Sons, Inc, N Y, 1913

4. Alhng, H. L. Interprctative Petrology of the Igneous Rocks. McGraw-1ll, 1936

5. Grout, F. F. Petrography and Petrology. McGraw-Hill, 1932

Faults Current textbooks on ore deposits, mining and geology, usually have a chapter on faults
6. Church, J. A. Cause of Fauling Trans AI M E, Vol 21, p 782
7. Dannenberg, Robert  Ueber \crwerfungen. Freiberg, 1884
8 Emmons, 8 F Faultingin Veins £ & M Jour, Vol 53, p 548
9 Freeland, F. T  Fault rules Trans A T M E, Vol 21, p 491. A clear exposition
10. Koehler, G Die Storungen der Gunge, Flotze und Lager. Leipzig, 1886. Trans by W. B,
‘ll’hlllths, as. lrregularities of Lodes, Veins and Beds. E & M Jour, June 25, 1887, p 454,
uly 2, 1887, p t
11. Ransome, F §.. Directions of Movement and the Nomenclature of Faults. Econ Geol,
Vol 1, p 777, discussion in Vol 2
12, Read, H. F.,, W, M. Davis, A C Lawson and F. .. Ransome, Committee on Proposed
Nomenclature of Faults. Bull Geol Soc Amer, Vol 24, pp 163-181
13. Schmdt, J. C L. Theone der Verschiebung nlterer Gange  Frankfurt, 1910
14. Tolman, C. F., Jr. Graphical Rolution of Fault Problems_ Min & Sci Pr, 1911. A pamphlet
15. Zimmermann, C  Die Wiederausrichtung verworfener Gange, Lager und Flotze.
16. Stoces and White. Structural Geology. Von Nostrand, 1933

Stratigraphsc Geology

17. Chamberhn and Sahsbury. Geology. 3 vol. Henry Holt & Co, N Y, 1906

18, Chamberlin and Salisbury  College Geology. 1 vol, 1909

19. Dana, J D. Manual of Geology, American Book (o, N Y, 1895

20, Geikie, A. Textbook of Geology. 2 vol. Macmillan, l.ondon and N Y, 1913

21. l.e Conte, J. Elements of Geology, revised by H. L. Fairchild. D. Appieton Co,NY
22, Scott, W. B. Introduction to Geolog&. Macmillan, N Y

23, Moore, R. C. Historical Geology. iley, 1932

24. Schuchert and Dunbar. Historical Geology. McGraw-Hill, 1932

Mineral Deposits: Ores

25, Kemp, J. F. What 1s an Ore? Mn & Ses Pr, Mar 20, 1909, pp 419-423

26. lindgren, Waldemar. Mineral Deposits. McGraw-Hall, 1933

27. Lllla{). E. Economie Geolog{}of Mineral Deposits. Holt & Co, 1936

28. Ore Deposits of the Western United States. Trans A I M E, 1933

29. Kemp, J. F. The Ground Waters, Trans AI M E, Vol 45, p 3. Van Hise, C R. Some
Pnnci})les Governing the Deposition of Ores. Idem, Vol 30, p 27

30. Kemp, J. F. Role of the Igneous Rocks in Formation of Veins. Trans A1 M E, Vol 31,
p 163; Vol 33, p 699 .

31. Lindgren, W. Relation of Ore Deposition to Physical Conditions. Internat Geol Cong,
VoT X, Mexico, 1908; Econ Geol, Vol 2, p 105 (1907)

32. 8Spurr, J.LE, A 'i'hoogty of Ore Deposition. Econ Geol, Vol 2, p 781; Vol 7, p 485; The Ore

agmas. 2 vols, Y (1923)

33. Billinmlex. P. and Grimes, J. W. Ore Deposits of the Boulder Batholith of Montana.
Trana AT M E, Vol 51, p 31

34. Textbook of Mining Geology. James Park. 4th ed .

35. Outlines of Qcourrence and Geology of Petroleum. 1. A, Stigand

36. Tolman, C. F. Ground Water. McGraw-Hill, 1937



2-34 GEOLOGY AND MINERAL DEPOSITS

87. Beck, R. Lehre von den Erzlagerstiitten. Berlin, 1909, 3rd ed. Trans of 2nd ed, ‘* The
Nature of Ore Depoaits,” by W. H. Weed, 1905. Beyschlag, Krusch und Vogt. Die
Lagerstitten der nutzbaren Mineralien und Gesteine. 2 vol, 1909. Trans by 8. J.
Truscott, Macmillan, 1914, 3 vol. von Cotta, B. Die Lehre von den Erzlagerstéitten.
Freiberg, 1859-61. Trans f)y F. Prime, Jr, as Cotta’s Treatise on Ore Deposits, N Y, 1870.
De Launay, L. Traite de Métallogeme, Paris, 1912, 3 vol. Fuchs et De Launay.
Traite des Gites Minéraux et Métalliferes, Paris, 1893, 2 vol. von Groddeck A. Die
Lehre von Lagerstatten der Erze. Leipzig, 1879. XKemp, J. F. Ore Deposits of United
States and Canada. N Y, 1901, Krusch, P. Die Untersuchung und Bewertung von
Erzlagerstitten. Berlin, 1911. Lindgren, W. Mineral Deposits, N Y, 1913. H.
Ries. Economic Geology of Umted States. N Y, 1911. Stelzner, B. Die Krzlager-
stdtten. Leipzig, 1906, 3 vol. Thomas and MacAhster. The Geology of Ore Deposits.
London, 1909. Whitney, J. D. Metallic Wealth of United States, 1854. For occurrence,
technology, and statistics of ores and minerals, see Mineral Industry (ann), McGraw-Hill,
N Y; also Mineral Resources (ann) U S Geol Surv, Washington

38. Geology of Lake Superior Region. Monograph 52, U S Geol Surv, 1912

39. Iron Ore Resources of the World. Tenth Internat Geol Cong, Stockholm, 1910. 2 vol and
atlas  (Greatest single work on iron ores)

40. Weed, W. H. Copper Mines of the World. MecGraw-Hill Book Co. N Y, 1907

41. Copper Resources of the World. X VI Internat Geol Congress, 1935

42, Day, D. T. and Richards, R. H. Investigations of Black Sands fiom Placer Mines. RBull
285, U 8 Geol Surv, pp 150164, 1906. Emmons, W. H  Agency of Manganese in Super-
{i/cllazzAltegatxon and Secondary Enrichment of Gold Deposits m the US. Trans AIME,

0! 1)

43. Penrose, lg A. F., Jr. Manganese, 1ts Uses, Ores, and Deposits. Arkansas Geol Surv,

44. Argall, P. Nickel, Occurrence, Geology, Distribution and Genesis of its Ore Deposits.  Proe
Colo Sci Soc, Vol 4, p 395

45. Kemp, J. F  Geological Relations and Distribution of Platinum and Associated Metals.
Bull 193, U 8 Geol Surv

Maneral Deposits: Non-metallic Minerals

46. Mernll, G. P. The Non-Metallic Mmerals. John Wiley & Sons, Inc. Ries, H.  Economic
Geology of the United States, Macmillan & Co. Stutzer, O. Die Nichterze. Berlin,
1911-14

47. Ries, H Economic Geology. 7th ed. Wiley, 1937

48. Industrial Minerals & Rocks. Trans A1 M L, 1937

49. Ladoo, R. B. Non-metallic minerals, Occurrence, Preparation, Utilization. McGraw-Hill,

50. Griswold, L. R. On Whetstones, etc. Ann Rep Ark Geol Surv, 1890, Vol [II. King, F. P.
Corundum in Georgia. Ga Geol Surv, Bull 2, 1694 Pratt, J H and Lews, J. V. Corun-
dum and the Peirdotites of Western N C.  Geol Sury of N €, 1905

51. Cirkel, F, Asbestos. Dept of Mines, Canada  Buil No 69, 1910

52. Mernll, G. P.__ Stones for Bulding and Decoration  John Wiley & Sons, Ine, NY  Mernill,
G. P. and Hawes, G. 8. Rept on Building Stones. Tenth Census U 8, Vol 10, local
Reports of State Geol Survs

53. Ries, H. Clays, their Occurrence, Properties and Uses John Wiley & Sons, Ine, 1906,
Ries, H. and Leighton, H. History of the Clay-Working Industry in the U S, John
Wiley & Sons, Ine, 1909  See State Geol Survs, notably of New Jersey; 1880, by J. C.
Smock, and 1904, by H. Ries )

54. Eckel, E. C. Cements, Lames and Plasters. John Wiley & Sons, Inc, 1905. Literature on
cement 18 extensive

55. Coal Resources of the World. Eleventh Internat Geol Cong, Toronte, Can, 1913, 3 vol and
atlas (important work). Campbell, M. R. and others. Methods of Testing, Sampling
and Classifying Coals  Prof Paper 48, U S Geol Surv, 1906. Dowling, D B  Classifica-
tion of Coals on Spht-volatile Ratio  Jour Can Min Inst, Vol 11, p 220  Giout, F F.
On Classification of Coals. Econ Geol Vol 2, p 225  Porter, J. B. Investigation of the
Coals of Canada. Ottawa, Govt Punting Office, 1912, Stevenson, J J. FProc Amer Phil
Soc, \{)ol 50, pp 1 and 519, Vol 51, p 423, Vol 52, p 376 (Best review of geology of coal
extan

86. Engler, C. and Hoefer, H. Das Erdol, semne Physik, Chemie, Geolome. Ieipzig, 1909.
Hoefer, H. Das Erdol und seine Verwandten. Braunschweig, 3rd ed, 1912, Orton, E.
Geol Surv of Ohio, Econ Geol, Vol 6, Geol Surv K¥ 1892, Bull 30, N Y State Museum,
1899; Bull Geol Soc Amer, Vol 9, p 83, 1898. Lompaon, A. B, Petroleumn Mining.
D. Van Nostrand, 1910. Peckham, S. F." Tenth Census, U S, Vol 10, Rept on I’etroleum

57. Eldredge, G. H. Asphalt and Bituminous Rock Deposts of the U S. 22nd Ann Rept,
U S Geol Surv, Part I, p 209 .

58. Cirkel, F. Graphite, its Properties, Occurrence Refining and Uses. Can Dept Mines, Bull
No 18, 1907, ~ Stutzer, O. Nichterze. PartI, p 1, 1611

59. Kunz, G. F. Gems and Precious Stones of North America. MeGraw-Hill Book Co

60. Eldredge, G. H. Sketch of Phosphates of Florida. Trans ATM E, Vol 21, p 196. Hayes,
C. W. Tennessee Phosphates. 17th Ann Rept, U 8 Geol Surv, Part II, 1898. Trans
AIME, Vol 25, p 19. Stutzer, O. On Phosphates. Nichterge, Part I, p 265, 1911

61. Clarke, F. W. Data of Geochemistry. Bull 770, U 8 Geol Surv, 1924, ﬁahn. F.F. The
Form of Salt Deposits. Econ Geol, Vol 7, p 120, 1912

82. Stutzer, O. On sulphur. Nichterze, Part I, p 185, 1911



SECTION 3
EARTH EXCAVATION

FIRST EDITION BY
HALBERT P. GILLETTE, C.E.

SECOND EDITION BY
RICHARD T. DANA, C.E.

THIRD EDITION LARGELY REWRITTEN BY
CLINTON L. BOGERT, CONSULTING ENGINEER

ART PAGE ART PAGE
1. Economics . 02 6. Stripping e e 16
2. Soil Physies and Mechanies . 03 7. Hydrauhe Excavation .. 16
3. Earth-moving Equipment. . 05 8 Dredging . 17
4. Methods of Excavation 11 9. Embankments and Dams . .. .. 18
5. Trenclung and Iitehing 15 Bibliography ..o .19

Note.—Numbers 1n parentheses in text refer to Bibliography at end of this section.

This section deals only with open-cut excavation, embankment and dredging. For earthwork in
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EARTH EXCAVATION
1. ECONOMICS

Factors in economical handling of earth: (1) organization and management; (2)
effic of workmen; (3) type, condition and interchangeability of equipment; (4) lost time;
(56) weather conditions. Wet or freezing weather adds to costs of handling and transport;
freezing may convert loose earth into a solid mass, and thawing, into sloppy mud. Lib-
eral allowances should always be made for LosT TIME.

Management. LABOR-UNION RESTRICTIONS. Kxamples: a truck driver can do no
other work, an oiler is paid for double time if he must wait until a power shovel is idle
after 5 P M; these and similar regulations add greatly to costs and must be provided for
in estimates (For extent of unionization, see Eng News Record, Jan 24, 1937, p 943). Coor-
dination between loading, transport and dumping 1s essential to effic. Much small-scale
work must still be done by hand or munor equipiment, at relatively high unit cost. 1t is
important that sizes of shovels are economically correct, that picks are sharp, and that
rest periods are coordinated with work of equipment units.

Costkeeping. Much equipment used 1n earth moving is utilized also for moving rock,
handling concrete, etc. The cost of equipment should be apportioned to its several uses.

Comparative cost data of other jobs should be used cautiously; allowances should be
made for date, locality, length of haul, horse or motor equipment, labor conditions and
unionization, delays due to rock, structures or traffic, and the character of material.
Soils differ greatly in wt, cohesiveness, capacity for holding water, natural slope under
quiescent loads, and final slope under moving loads.

Lost time. Construction may be discontinued i1n winter, only because 1t costs more.
Rain and mud, next to winter idleness, are the chief causes of lost time, due to storms
and waiting for ground to dry. Water-soaked soil hampers work by increasing weights to
be handled, and hindering movement of men and machinery.

Saturation affects soils differently, sand and gravel give a firmer footing when wet; clayey soils,
gumbo and alluvial silt become mud. Drainage should be provided to divert surface water from
workings, or dispose quickly of that which enters. Employ machines capable of traveling over soft
ground; provide equipment that can operate say a third of the time 1n rainfall, or 1n water-soaked
material.

Machinery maintenance. Failure of any one machine may mean stoppage of others.
One man should be in sole charge of maintenance. With a dozen or more machines, he
should have a special repair and blacksmith shop, welding equipment and all necessary
tools and spare parts; for small tools, duplicates should be kept on hand. In the Culebra
cut of Panama Canal, machine shops mounted on cars were highly profitable in keeping a
large fleet of steam shovels in repair. Inspection of machinery, oiling and other routine
gservicing may well be done at lunch time, between shifts, or at might; if not done n
working hours, unions demand payment for overtime Motor trucks may be required
to report regularly to gasolene stations having water, compressed air, o1l and tires  For
less mobile machines, as power shovels and cableways, supplies should be delivered by
trucks on regular trips. Road maintenance 1s especially important now that rubber tires
are widely used. Roads should be kept well surfaced (19).

Economics of power shovels (1). In earthwork handled by machinery the following
principles are fundamental: (a) the shorter the time required to fill dipper and the longer
the arc of swing to dumping point, the more important 1s size of dipper or bucket, width
of cutting edge, and ability to fill it properly; (b) effort should be made to increase both
number and size of bucket loads; (¢) OPERATING CYCLE comprises. loading time, swinging
and dumping time, time to return bucket to loading point. Time losses can be reduced
by moving trucks or cars forward during cycle of dipper or bucket operation; (d) height
of lift should be minimized. In bucket-crane work, the shortest feasible length of boom
should be used, with minimum arc of swing; (e) if digging is hard, blasting 1s done when-
ever its cost is less than that which would be due to delays to shovel and hauling equip-
ment, plus extra repairs to shovel; (f) every organization should determine its output
multiplier, which depends upon management of work, placing, handling and upkeep of
equipment, balance maintained between the types of equipment used, effic and coordina-
tion of personnel.

Choice of equipment. No definite rule applies. Equipment for doing work at lowest
cost depends upon: investment for capac sought; labor and operating cost; facility of
instructing operating men; adaptability to future work (ignored if equipment will not
survive the job). To minimize loading cost, use self-loading machines where soil condi-
tions permit. Self-loaders cannot be operated in rocky or sticky soil, in soils with stumps
and roots, or below water line, Scarifying certain hard soils (Art 4) prior to loading may
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be required, especially for large self-loading scrapers (2). For data on DEPRECIATION OF
EQUIPMENT, sce Contractors & Engineers Monthly, July, 1931.

Time losses of power-shovels. Studies by Keystone Driller Co list as UNAVOIDABLE
LossEs: checking grade, moving, blasting, broken cable, mechanical trouble, stumps and
roots, frozen material; as AVOIDABLE LOssES: insufficient supply and inefficient operation
of hauling units, inefficient operator, refueling.

2. SOIL PHYSICS AND MECHANICS

Recent studies (3-6) are of value respecting: (a) slopes for unsheeted excavations;
(b) closeness to which excavation can be carried to a building; (c) distance or width
of berm between working face and spoil bank; (d) water required for backfilling;
(e) degree of compacting and settlement to be expected 1n rolled earth embankments;
(f) suitability of material for hydraulic fill dams; (g) design of sheeted trenches.
‘‘Soil mechanics in present stage of development can be more a liability than an asset to
an engineer, unless he has imtiative and opportunity to keep abreast of latest develop-
ments by personal contact’ (6).

Classification of soils by U S Bur Public Roads is based on plasticity, moisture equiva~
lent, grain size, shrinkage and swell.

Aver increase of vol of earth when first loosened: clean sand and gravel, 14%/; loam,
loamy sand or gravel, 20%; dense clay and dense mixtures of gravel and clay, 35%;
unusually dense gravel and clay, as from river beds, 509,.

Voids. If hard spherical grains P . .
are thoroughly compacted, the voids Table 1. Voids in Different Soils
amount to 26, ; if massed as loosely (D C. Henny)

as possible, the voids are 487,. When Percentage of voids
measured loose, pit sand or gravel has 5 i

35 to 407, voids. Sand of umform Soil Wet-
s1ize has 459, voids, measured loose, Loose | Compact [ ,ommeq
but only 369, when watered and

rammed. Uniform pebbles have 447, Surface (organic) 59 49 44
voids measured loose; 399, when Fine subsoil . 54 43 45
watered and rammed. Clay allowed Gravel. - 42 3; 34
to secttle 1n water has 50 to 799, Coarse subsail 35 4 46

voids; measured loose in the ordinary state, the voids are about 507, (1).

Quicksand is a hydraulic condition of granular material, where there is sufficient
movement of ground water through 1t to lift the particles, so that they tend to flow upon
one another. Fine-grained sand becomes ‘“‘quicksand’ much more readily than a coarse
sand.

Table 2. Average Weights of Soils

Sail Condition I;l‘)l [;:r I;S gf{ Sail Condition Lc?x x;:r I&g 53!’
Sand .. . Wet 122 3294 || Clay . . Loose, dry 70 1890
Sand .. .... Dry ! 100 2700 |{ Clay..... . . In place 16 3132
Sand....... . Packed 110 2970 || Clay .. Compressed 130 3510
Gravel..... Wet 125 3375 || Clayey earth... Rolled dry 110 2970
Gravel Dry 112 3024 || Mud . .. . 112 3024

Angle of repose. The face of a mass of earth when exposed for a time to the elements
assumes 8 NATURAL SLOPE, the angle of which with the horizontal 18 called the ANGLE oF
REPOSE. Valuesin Table 3 are average, 1n cohesive materials, they may change markedly
when the water level against a saturated slope is rapidly lowered (7). Slopes may slough
due to seepage toward an open cut, and may change when height and wt of bank become
great enough to displace underlying materials.

Table 3. Slopes and Angles of Repose

_ Slope of | Angle of Slope of | Angle of
Kind of earth repose | repose Kind of earth repose | repose

Sand, clean, loose. . L. ns 34° Clay, wet . oo 3500 16°
Sand and clay, loose. . . . 133:1 37° Rock, hard (riprap) .. ..... 1:1 45°
Sand, wet..... ... e 25 21 22° Sand, clay, gravel (suction-

Gravel, clean, loose ....... 1.33:1 37° dredged) ... . ..... .... 2:1 26°
Gravel and clay, loose...... 1.33:1 37° River mud (suction-dredged). 3:1 18°
Clay, dry, loose......... R 1.33:1 37° Gravel and sand on shores,

Clay, dry, natural 1:1 45° exposed to waves......... 7.5:1 1 2.5°
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Stability of cohesionless materials
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EARTH EXCAVATION

There is a rather wide range of uncertain

behavior between the loose unstable
and the compact stable state. SHEAR-
ING RESISTANCE OF SOILS, important
in all problems of stability, is influ~
enced largely by water content (Fig
1, 2). In general, it depends upon
combined effect of cohesion and in-
ternal friction, the cohesive resistance
being independent of any applied
pressure. Tests to measure shear re-
sistance may be made by the Krey
shearing box, obtaining values for
cohesion and angle of internal fric-
tion (8).

Landslides and slips are often due
to geological causes, such as unfavor-
able strata with moist surfaces. Con-
ditions leading to landslides: (1) cuts
in tilted strata on downdipping side
of sandstone, limestone and solid
shale beds; neaily vert face left in
cut in shale or sandstone, from which
material is precipitated by frost action,
or slippage on interbedded scams of

water-softened clay; (2) accumulations on hillsides of clay silt from decomposed rocks

which become fluid when wet; (3)
beds of plastic clay not far below

H

surface; (4) plastic clay coatings
formed on slopes beneath detritus
by wetting and softening of shales.
‘Water lubricates surfaces and in-
creases wt of materials. A homo-
geneous soil may slide when geo-
metric shape of the mass becomes
unstable, as when a trench reaches
a certain depth. For each angle
of slope there is a max height where
part of the mass slides along a
surface, which 18 always curved,

Void ratio

AN

Finec-grained sofls

.~ Loose sand

Loose sand

compression

—Vold ratio at which continuous

- detormation possible

never plane (5).

Slips in embankments resemble
landslides. The principal soil pro-
perties governing safety of embank-

Dense sand
cxpansion

L

ol ,—Dense sand

ments are: shearing resistance;
coef of permeability; difference in
consistency between undisturbed
and remolded states; and extent
of stratification and fissures,
which influence creation of hy-
drostatic pressure (6). Compac-
tion is aimed to control shearing

Shearing stress

B ,-Sudden failure

resistance, stratification and per-
meability (Art 9).
Corrective measures against

of dense sand

landslides. Ordinarily, removal
of the shifting material is too
costly. Good drainage is first

» Flow of loose sand and

Displacement of shearing strain

preventive. Landslides have been
halted by draining away the water;

more effective than piling, blast~
ing or rock-facing slopes (9, 11).
From 1931 to 1934, slides and
elips of embankments caused 3 000

of all fine grained solls

Fig 2. Displacement and Volume Change, as Functions

of dhearing Stress of San

deaths in 13 major disasters, and cost millions of dollars (13).
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,Shrinkage of embankments has long been a subject of discussion, due to lack of experi-
mental data and of an accepted meaning of the term. Shrinkage may be expressed as the
relation of: vol of fresh fill to that of the same fill after settlement; or, as the vol of an
excavation to that of the settled fill made from it. A cu yd of earth measured in place
will occupy less space ultimately in compacted embankment. The usual allowance for
shrinkage, 8-129%,, does not apply to gumbo, cemented gravel, or materials from beds of
streams, all of which are dense, and their shrinkage can be determined only by actual
measurement. Investigations by ‘“‘Bur of Valuation,” of Interstate Commerce Comm,
indicate that 9.1% is a minimum, and 14.49%, is a closer final aver. These figures were
modified by a Comm of the ‘‘Railroad Presidents’ Conference’’ which, on basis of 12 million
cu yd of earth embankment, found an aver of 10.4%, initial shrinkage (Table 4), and, after
complete settlement, 14.4% (sce Eng News-Rec, Mch 10, 1921, p 434).

Table 4. Shrinkage of Earth in R R Fills, as Determined by Measurement and by the
Rule of *‘Bur of Valuation,” Interstate Commerce Comm (18)

Shrinkage | Shrinkage | Method of | Vol. of
Railway State Material by measure-| by the construc- |excavation,

ment, 7, rule, % tion cu yd

Il Cent. m Dune sand, fine and dry . 8 81 91 A 256 408
Nor & West .. | Taght clay, considerable sand,

some mica . 8 897 91 C,D 124 059

Cent Vt RI Fine, dry sand . 777 91 A 96 767

Nor & West Some quicksand . ... 10 3 9.1 C, D 77 120
So Pac Ore | Silt and coarse gravel, bot-

tom of large fill , . 10.3 91 B,C, D 64 160

Nor & West . .. | 6095 dry sand . 61 91 C,D 44 360

So Pac .. Ore | Clayey slt, gravelly in spots 10 1 9.1 B 31 660
So Pac .. Ore | Cemented materal, clayey,
mostly cuts; 2 59 rock in

fill. . . 151 8.6 E 26 781

So Pac ... Ore | Borrow-pit earth, very clayecy 18 9.1 B 11016

So Pac . . Ore | Clayey mlt . . . 1mi 87 A, C 9 648

So Pac ..... Ore | Very clayey . . . cee 3.5 9.1 C,D 5572

Cent Vt. . R T | Stiff blue clav 12 27 91 3047

A Unloaded from trestle B Teams and acrapers C Steam shovels. D. Dump wagons.
E Carts and horse-drawn cars, dumped from sdes and ends of fills.

3. EARTH-MOVING EQUIPMENT (17)

Operations: (1) loosening surface; (2) loading; (3) transport and dumping;
sometimes (4) compacting. IFor rooseNING hard ground. scarnfiers, rippers, rooters,
dipper shovels, backhoes and skimmers, pneumatic spades, dredges, steam jets, ex-
plosives, and hydraulic sluicing. ¥or vroapiNg. mechanical shovels with clamshell or
draghne dippers, push shovels, backhoes, elevating graders, cableways, belt conveyers.
For TRANSPORT. wheelbarrows, carts, trucks, cars, graders and scrapers, cableways,
conveyers, hydraulie sluieing. FOR coMrAcTING: rollers, vibrators and drainage operations.

Hand labor and horse-drawn vehicles have been generally superseded by mechanical
equipraent, except for minor operations. For large-scale work, the trend is toward com-
plete mechanization.  Cars and trucks are usually mounted on low-press pneumatic tires,
involving more attention to haulage roads. Power scrapers arc more used on short-haul
work, and their radius may be extended. Diesel is supplanting gasolene power for all
except very small umts (17).

Hand work. Few soils can be shoveled without picking or plowing. Light blasting
is often advantageous. )

Picking is costly. Table 5 shows fair aver
Table 6. Rates of Picking, duty per man-hr (19).

Cu Yd per Hour A man shoveling 1.4 cu yd per hr of the loosened
material mentioned in Table 7 oan handle only about
half that amount if he does lis own picking.
Advantage of cheaper means of loosening 1s obvious.

Plowing is satisfactory for preceding shovel
or smaller scraper work. Table 6 shows fair
aver duty of horse-drawn plows.

Stiff clay or cemented gravel. .
Strong heavy soils
Loam... . .. ...
Iaght sandy soils.........

v

NN —-
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Table 6. Rates of Plowing

Soil i Labor Cu yd per hr
Loam ........ . . «cooiivnnn . | driver, 1 holder, 2 horses. . .... 50
Gravel and loam...... R I 1 2t L . 35
Fairly tough clay I 1 “ 2. 25
Very hard soil............ e | I 1 R e . 15-20
. 2 men on plow beam of rooter plow
Ordinary soil ......oovuvnennen . { 1 driver, 6 horses, on gang plow } 40

Wheelbarrows, of wood, steel or aluminum alloy, generally have steel wheels, some-
times pneumatic tires; the latter, with large-diam wheels, reduce traction on soft ground.
Loads are 2-2.5 cu ft. The hghtest barrows weigh 35 1b, empty; the larger, over 90 lb.
The man holds 1/5 to 1/3 of the load (17).

Carts. One-horse, 2-wheeled, dump carts hold 0.3-0.5 cu yd. On ordinary road loads
seldom exceed 0.4 cu yd (place measure). With hauls of 300 ft or less, 1 driver can attend
2 carts by taking one to the dump while the other 1s being loaded. Co0ST OF CART WORK
per cu yd = 1/99 hr wages of team, driver and helper on plow; + 2/3 hr wages of labor
shoveling; + 1/4 hr wages of cart horse and driver for ‘‘lost time’’; + 1/20 hr wages of cart
horse and driver for each 100 ft of haul.

Wagons. Horse-drawn, bottom-dump wagons have nominal capac of 1-2.5 cu yd.
Speed of travel per min (not including delays and rests): poor roads, 130 ft; fair dirt
roads. 175 ft; best roads, 220 ft.

Table 7. Loading by Shoveling

Method pp: xl;x:x(li«hr Authority

Mud mto wheelbarrows .. 038 M Ancelin
Gravel “ P 1 7-27 “
Earth " .. I 648 “

w “ “ aver 22 “

“ “ “ . 28 Callespie
Earth (all kinds) into wagons.. .. 21 Cole (a)

o . . e 20 D K Clark
Sand into cars from high face. 18 Gallette (b)
Plowed gravelly soil into wagons. .. . 13 “ (0
Iowasoll . . .. 1520 J. M. Brown

“e . 28 “ @
Clay and gravel into carts ... 10 E. Morris
Loam mnto carts ... ...... .. e 12 “
Sandy earth intocarta....... .. .... 14 o
Loose sand into carts......... 20 G A. Parker
Clay, tenacious, Chicago. . . 125 . (e)
Hardpan into low dump cars 15 Gillette
Aver earth ** “ “ 175 v

(a) 10 miles, Erie Canal. (b) 10 000 cu yd bank measuiement. (¢) 20 000 cu yd in embank-
ment. (d) A rush job. (e) Spaded out and handled with forks.

Railroad cars. Air-dump cars must discharge their loads quickly, with as small air
press and consumption as possible, and leave dumped material so that the cars can be
righted and backed promptly, with minimum labor for track shifting and mecidental work
at dump. Car should be simple in design, rugged in construction, with few operating parts,
all easily accessible (19).

Industrial railways are for extensive hauling over a long fixed route, as for R R con-~
struction, highways, dams, tunnels, aqueducts, large ditches and canals. Greater flexi-
bility is obtained by use of locomotives, though grades of over a few per cent seriously
limit wt of cars hauled. Track gage is usually 18, 24 or 36 in; some 42 1n. Rails weigh
8-20 lb per yd, and are in 20, 30 or 33-ft lengths. Second-hand rails and ties often
gerve for short job. Portability of track is important where there is much shifting and
relaying. Light track is economical, in which ties and rails are assembled in lengths of
15-20 or even 30 ft, that can be carried by 2 or 3 men; with curved sections, switches and
turntables, and joints readily fastened and unfastened. Units can be laid on firm ground
with little if any grading. Ties may be of wood, but steel saves shifting t'me (19).

Track grades. If a locomotive alone can operate on 879, grade, it will haul a train of
its own wt on only a 4% grade. Hence, practicable grades are determined by the relation¢
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(grade % X wt loco) + (wt loco + wt of loaded train). Under favorable track conditions,
the operation of locomotives may approach theoret fric coef, but a little water or grease
on rails seriously reduce 1ts tractive power (see Sec 11).

Tractors (see Sec 27) are mounted on caterpillars or rubber tires; draw-bar pull, up to
22 000 1b 1n first gear. Rubber tracks, claimed to be good for 5 000 miles, are offered in
place of metal. Principal tractors (1939): International, Caterpillar, Cletrac and Allis
Chalmers. Horsepower, 22-96; the smaller sizes have gas or Diesel drives; the larger,
Diesel only. Wt, 5 000 to over 30 000 Ib, but unit ground loads for crawler-traction are
hnuted to 6 b per sq in.  Draw-bar pull varies with speed, grade and ground conditions.
Load should not exceed 75% of max diaw-bar pull of tractor in second gear (2). Allis
Chalmers, Model I-U, 1s a fast, powerful wheel tractor for hauling and road building at
low cost. Speeds, 21/3-25 mules per hr. OpreraTiNGg costs. Studies of Dept of Agri-
culture, Cornell Univ (1935), on about 70 machines, of 16-30 brake h p, showed costs from
25¢ to $1.12 per hr; aver 50-70¢ (19).

Motor trucks for earthwork are power-dumping. Nominal capac, 1.5-18 cu yd. The
rear end may have wheels or caterpillar traction.

Dump trucks. Speeds were formerly kept down by governors to about 15 miles per
hr, but are now generally unrestricted. Wt, 11 000-14 500 1b, h p, 75-100. Recent
special types (‘‘dumptors” and “iron mules’”) have a short wheel-base, making possible
quick turns within 15 ft, driver sits belund body and has unobstructed view to rear for
reverse running; speed, 10-13 miles per hr in high gear and 3.5-4 1n low, 1n both forward
and reverse gear (19). Powgr. Steam has been mostly replaced by gasolene and Diesel
engines. Diesels have igher first cost and more complicated mechanism, but use cheaper
fuel and 1/9-1/3 the quantity required by gasolene machines. Elec operation is sometimes
employed for large-scale work.

Crawler wagons, developed since 1920, are desirable in soft, wet ground, where soil is
sticky. They roll and smooth the road surface, instead of cutting it into ruts, as i1s done
by motor trucks. As many varnable factors affect wagon operation, cost estimates must
be conservative. Skill of operators of the loading machines, and the wide variations in
character of the matcrial excavated, directly affect yardage output. For crawlers hauled
by tractors, costs are: 5-cu yd wagon, 45¢ per hr, 10 to 13-cu yd wagon, 69¢ per hr, exclud-
g depree (2).

Pneumatic-tired, bottom-dump wagons, of 20, 25 or 30-cu yd capac, will haul greater
distances, at lower cost, than crawlers or other equipment, providing scale of work justifies
the investment, and road surfaces are good, with grades less than 59,. A Cletrac No 80
tractor, with 25-yd wagon, will haul an aver of about 72 cu yd per hr to a distance of
2 000 ft, the rate of work being affected by size of shovel, skill of operator, extent of swing,
vert hft, and soil conditions. A 25-yd wagon costs about $8 750 f o b; cost of operation,
about 84¢ per hr, including deprec (2). Two wagons are sometimes hauled in tandem.

Scrapers drawn by tractors can dig economically to depth of 24 in and transport
several hundred ft, provided ground has been cleared and grubbed (Art 4) and is free of
boulders. There are many forms: as wheeled and carryall scrapers, bulldozers, trail-
builders, self-loading wheelers. Limit of haul, 200 to about 1 400 ft (2) (see also Sec 27).

Graders have a cutting blade between front and rear wheels. Capac, 1-12 cu yd.
They may be pulled by tractors of 15-80 h p, or propelled by their own power (usually
about 50 h p). Mounted on 4 steel wheels, or 4, 6 or 8 rubber-tired wheels. Blade or
moldboard, 7-16 ft long, 12 ft being usual, with a height of about 18 in, is adjustable in
height and tip. Wt, from 1 400 Ib for towed graders, to 17 000 Ib for power machines.
Speeds of power graders, usually 2 miles per hr 1n low gear, 19 miles in high gear, with two
mtermediate gears and reverse (2).

Bulldozers are tractor scrapers with a very strong blade, arranged to be lifted 3-3.5 ft,
and lowered 5-6 ft below ground level. W¢t, 3 500-6 000 Ib. Capac when loaded for
shoving, 2-4 cuyd; h p, 30-70. Speeds, 120-240 ft per min.  After depositing load, return
is made with blade raised, at about 240 ft per min. Cost, $750-81 825, f o b. The blade
18 movable only up and down. ‘“‘TRAILBUILDER' blade can be angled horiz, vert or moved
up and down (2). Cost, $900-$2 750.

Carryall scrapers, on pneumatic tires, pick up loads singly or in tandem, and travel at
high-gear speeds. They are operated by a power-control unit, which obtains power from
tractor drive shaft and transmits it by cable to the working parts. Single carryall scrapers
require 2 drums; cable from one drum raises or lowers bowl in loading and unloading, the
other operates front apron and tailgate 1n unloading and spreading. For tandem opera-
tion, a 4-drum unit 1s needed (2). Lk TOURNEAU CARRYALL is mounted on large pneu-
matic tires, and has Timken bearings. Alloy steels of great strength and resiliency are
used, minimizing the wt. Capac is large because: (a) the expanding bowl carries the soil
back into the bucket during loading, so that the tractor can put more effort into cutting;
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(b) entire wt of body can be applied to the cutting edge; (¢) front apron, tailgate and
telescoping bucket facihitate loading; (d) the operator can instantaneously adjust cutting
depth, or raise the blade to avoid stumps or rocks, or avoid stalling motor in deep cuts.

Self-loading, single-unit scraper will load seamed rocky material without blasting.
It is adapted to hauls of 500-2 000 ft. Sizes, 5, 6, 10 and 12 cu yd when heaped. Cost,
$2 400 for 5-yd size to $5 225 for 12 yd, f o b.

Self-loading wheel scrapers are adapted to longer hauls than ordinary scrapers; up to
200-1 000 ft. Capac is small, 1.5 and 2 cu yd. They are hauled singly, in tandem, or,
under favorable conditions, in threes. Cost, $800-$1 150, f o b (2).

Fresno scraper, the oldest type of wheel scraper, was formerly drawn by horses, now
usually by tractors. Capac, 0.75-3.5 cu yd. Cost (1938), $130-$450.

Spreaders. Western spreader car is hauled on 36-1n track by locomotive. Designed
for spreading material dumped from R R cars. Body and frame are of wood, strongly
braced and ironed; trucks, of I-beams. It has steel-faced oak wings or blades, 15.5 ft
long, with removable cutting edges, and will spread 7 ft from outside of raill. Long wheel-
base of Model U carryall, with split-second cable control. gives great accuracy 1n spreading.

Belt conveyers (see Sec 27 for detais of construction and apphecations). For earth
work they are important as accessories to dredges, trench excavators and elevating graders.

Power shovels (Fig 3) were first mounted on crawlers instead of R R trucks in 1911.
In 1939 practically all except those for R R service have crawler mountings, which exert
bearing press on ground of only 0.72-1.08 ton per sq ft, and require no auxiliary mats.
Dirpers usually have capac of 2-3.8 cu yd; occa<ionally up to 15 yd. Manganese steel
is largely used for lips and dipper teeth. By welding to the teeth hard wearing surfaces
of stellite, or an alloy of cobalt, chromium and tungsten, lhife 1s increased more than ten
times. BuckgeTs are self-filling (clamshell or orangepeel); or hand filled (turnover or
bottom-dump). The orangepeel may exert more digging force and 1s heavier than the
clamshell. Capae, 0.5-3 cu yd, corresponding weights 2 000 and 7 000 1b. Clamshells
of 16.5 cu yd have been built. Turn-over buckets hold 0.5-1.5 cu yd, shape, cylindiical
or cubical. Exact placing of material is impossible with them. DBottom-dump buckets
are of 1-3 cu yd; seldom used. Dredge buckets can be used with any type of engine
having 2 drums. Advantage of orangepeel or clamshell bucket on a crane over a dipper
shovel is that there is practically no imit to digging depth, whereas the depth for dipper
shovel is imited (Fig 3).

Excavators with booms. Most power shovels with dippers smaller than 2.5 yd have
interchangeable booms, so that with delay of a few hours they can be converted in the field
to plunger shovel, a backhoe, dragline, or clamshell. Plungers are highter than dippers
of same capac and hence have greater cycle speed. Dipper shovels fill buckets by a
“crowding”’ (pushing) motion; backhoes (backdiggers, pullscoops, ditchers), by pulling
toward the machine, the bucket being thrust forward by an auxihary handle. Skimmers,
plungers and scoops fill bucket by pulling 1t away from shovel under the boom by a cable,
and carry load to dumping point by raising and swinging the boom. Operations are more
restricted than those of a dipper shovel. See Sec 27.

Table 8. Operating Speeds, in Seconds, of Dipper Shovel

Loading | Swinging Dumping | Returning Total
Maximum 16 7.5 5175 72 36.5
Average . 96 60 2.4 62 24 2
Minimum 7 525 2 55 19 75

Minimum may be expected in poorly blasted rock and max 1n dry earth (21).

Table 9. Digging Radius of Revolving Shovel, 24-ft Boom; 14-ft Dipper Handle;
Caterpillar Tread; 1 yd Dipper (Fig 3)

Height of Center
Boom angle dump, Radius of Digging Radius rotation to
with honz, | dipper door dump radius floor level point
deg open cut to boom
A C D E G
45 14 27 2% 6" 26’ 117 19 9 217 1
55 17/ 27 21 37 25 37 16/ 77 18 97
60 18 ¢/ 19 11”7 24 57 15 0" 17707

Clamshells and orangepeels, suspended from a crane, fill the buckets solely by dead wt
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and impact; dragline fills by the pulling motion of cables toward the machine. Modern
equipment is designed for quick change from clamshell to dragline.

Push shovels can dig compact soil, where draglines, clamshells and orangepeels would
be uneconomical. Their ‘‘crowding’ motion is of first importance. ‘“HirLL-Biry”
(Insley Mfg Co, Indianapohis) will work on steep hillsides. Back-nor (pullscoop, or
trench hoe) is an inward-are digging bucket, carried by a handle pivoted on a boom, and
dumps by raising handle until contents discharge by gravity. It is used for excavation
below grade; especially adapted to trenching. Capac, 0.75-2 cu yd. Will dig to depth
of 25 ft, but can be swung honiz hike a shovel for excavating level areas. It can cut through
hard slate, shale, blasted rock, or a foot of frozen soil.

Fig 4 Erie Dragline Scraper

A (angle of boom) 20° 30° 40° 50°

B (clearange hift of 3/4 yd buckct) 1wy 19 5 260 27 | 32 O
C (radius of boom)......... . 46’ 7 A3 47 | 38 9 3% 3
D (height boom). .. . 19 87 2772 | 3407 | 39 10
E (approx depth below gradb) .. 200 07| 200 0 20007 | 200 07
F (approx digging radius) . 54 771 511 4 48 9 | 43 37

Dragline scraper (17) is widely used, but cannot dig accurately to grade. The bucket
is operated from a crane boom, and 1ts digging radius 1s considerably greater than boom
length (Fig4, 6). There are several types of scoop, and, as they are hghter than clamshells,

Good operator can throw bucket .
10 to 40 ft beyond end of boom, Ny
depending on size of machine
and working conditions,

Fig 5. Possible Reach of a Large Dragline

less power is required. Advantages: (a) the wide reach of a long boom; (b) reduces
amount of labor and equipment by combining digging, elevating and conveying in a single
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machine controlled by one operator; (c) small lifting force needed while bucket is filling,
power for loading being applied in a nearly straight line from winding drum; (d) nearly
all the engine power is available for cutting through obstructions while filling the bucket.
Range of digging with 0.75-yd bucket is about 14 {t horiz and 17 {t vert; dumping height,
about 18 ft. Booms up to 160 ft have been used. Draglines are especially useful for
moving soils say 500 ft, with a tower excavator, or belt or other conveyer, close behind.
Under aver conditions, a 150-ft boom dragline can excavate and place for 10¢ per cu yd
on 300-ft max movements; for 500 ft, 14¢. With belt conveyer, cost is a little more to
excavate and place, but less to haul. Cable replacement is a large item of expense; may
be 50-80% of total; careful handling is essential. Plow-steel cable, 6 X 19 Lang lay
(see Sec 12) is recommended. Drum diam is 400-500 times that of individual wires.

Table 10. Dimensions of Dragline Scrapers
(Averages from catalogs of well-known mfrs) Trautwine, 1937 Ed

Capac, cuyd . .. 05 075 | 125 25 5 10

Boom length, ft . e e e 30 38 40 40 85 155 160

Dumping reach of boom at 25°, ft ... 32 39 42 42 92 164 R
Added throw beyond dumping reach, ft 13 13 13 13 [ 40

Dumping reach of boom at 40°, ft ..... 15 20 21 22 45 Y B
Max height, boom lowered, ft .. ... 115 12 12 15 . T
Depth of cut, ft Coeeee 16 18 19 21 58 75
Pull on bucket, ton Coee . 6 8 10 5 1254¢(. | ... ...
Draghine speed, ft per mn. . 1o 100 116 110 . . ..
Rotating speed, rev per nin 5 25 35 35 2 25 0 85

Trenching machines are of wheel or ladder type, the buckets in both revolving towards
the machine. Buckets deliver to belt conveyer, discharging on one side of trench. Depth
of trench for bucket-wheel machines 18 8-12 ft max; width, 12 1n up. Speed 1n ordinary
soil 18 claimed by makers as 1 25—4 {t of trench per min; 1n exceptional cases, 5 ft; partly
frozen ground may slow 1t to 0.5 ft. Depth of trench for ladder trenches is 12-20 ft;
width, same as for bucket-wheel machines. Trenching machines are especially suitable
for widths to 4 ft (see Art 5).

Cableways for trenching are strung over line of trench, handling a number of buckets loaded by
men 1n trench.  Formerly much used, and are still useful for deep digging, and where excavated
material cannot be stored alongside,

Elevating grader (17) is a combination of plow and belt or bucket conveyer, on frame
carried by wheels or caterpillars. Plow cuts a furrow about 1 ft wide, and 6-7 in deep.
Moldboard delivers material onto lower end of a small conveyer or elevator of changeable
inclination, 1425 ft long, belt being usually 42 or 48 1n wide. Conveyer is at right angles
to direction of motion, extending to right or left, and upward for loading wagons moving
alongside and keeping pace with 1t. The machine may be hauled by tractor, and con-
veyer operated either by separate power umt, making belt speed control easier, or by a
“power-take-off”’ from wheels or tractor, which is simpler and lighter (for details, see
Sec 27).

4. METHODS OF EXCAVATION
(For dredging, embankments, trenching, ditching and hydraulic handling, see Art 7-9)

Clearing, grubbing and stripping. CLEARING is the cutting of trees (generally leaving
2.5-ft stumps) and their disposal, together with brush. Pulling stumps and roots is termed
GRUBBING. STRIPPING is the shallow excavation and removal of top-soil contamning
organic matter; where backfilling follows laying of pipes, etc, top-soil may be stored nearby
for use as dressing on barren backfill. Clearing and grubbing are especially necessary
where graders and scrapers are to be used. Roots and small brush nterfere with all
machines except power shovels and draghne excavators, which do their own grubbing.
Cost of grubbing 1s difficult to estimate, as local conditions are extremely variable.

Methods of grubbing: (a) by tractors and bulldozers; (b) burning, blasting and
pulling stumps; (c) by scarifiers. Grubbing by hand is uneconomical, but still practiced.
In cold regions, if large roots are cut in fall, winter frosts may heave stumps and lessen
work of removal. If standing trees are pulled over after partial grubbing, their wt in
falling will break roots difficult to reach, and lift stump out of hole.

Blasting stumps (16): (a) expose tap root to depth of say 18 in and bore a hole in it
with wood auger, more than half through; split a dynamite cartridge, pack well into the
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hole, and tamp with moist clay; (b) place 2 or more cartridges at least 2 ft below surface
of ground, and close against the tap root. To place a heavy charge for a large stump, the
bottom of the hole alongside the stump may be enlarged by *‘springing’’ 1t with a light
charge of one-quarter cartridge. For more than one hole, a blasting machine should be
used to explode all simultaneously. A charge under middle of a stump having large
lateral roots may merely split the stump. For large stumps, charges are often placed
under each heavy root. Single charges under small stumps should be placed considerably
below the butt, so that the cushion of earth will distribute the force, and prevent splitting
the stump. Fresh, fibrous-rooted stumps are harder to blast than those that are decayed
or have tap roots. For sound stumps, charges of 409, dynamite are given in Table 11;
for green stumps, multiply these by 1.5-2; for decayed stumps, use less than shown.

Table 11. Dynamite Required to Blast Stumps

18
075

48 60 72

Diam of stump, in..... 12
375 525 8 25

409 dynamite, lb. ... 0 56

24 30 36
112 150 22

For western fir, pine and cedar stumps, in firm deep soil, use 1.5 1b of Judson (con-
tractor’s powder) per ft diam of stump, up to 4 ft; for larger diam, 2-2.51b per ft; in gravel
or loose ground, 2.5-3.5 1b per ft. For stumps 8 ft or more 1n diam, the charge of Judson
powder 1n Ib = diam of stump, ft.

Burning stumps. Soil 1s dug away, partly exposing largest roots. Brush and logs
are piled about stump, and kept burming until 1t and larger roots are consumed. This
method 1s good for rotten stumps, difficult to blast or pull. Cuar-prr method consists
in placing brush or kindling around stump and covering all with clay and sod, leaving
small openings for admission of air; stumps should first be sphit, by exploding dynamite
in ship-auger hole in center of stump. A portable gasolene engine and blower are useful
in burning large stumps, and may be more economical than grubbing or blasting.

Pulling stumps 18 done by hand, or horse-drawn machines, but chiefly by tractors.
Though slower, puling may be cheaper for a single stump than grubbing or blasting.
Pulling is facilitated if stump is first shattered with small blast. Small trees, singly or in
groups, can be torn out by tractors; such trees should not be cut, as 1t is more difficult to
make fast to small stumps.

Disposal of stumps 1n cut-over forest land costs as much as grubbing. It is best to
blast first, using only enough powder to shatter stumps and loosen their hold, and then
pull and collect them with a winding engine; 1 200-1 500 ft of rope will reach all stumps
on 5 acres at one set-up. Rope 18 carried over a gin pole, about which stumps are piled
and then burned. Brush land may be cleared by heavy, tractor-hauled plows, but con-
siderable hand labor is necessary to gather and remove debris.

Loosening. Efficiency is gained by blasting frozen crust, particularly in dragline work,
and it 18 generally best to “‘dig in,” and have a good working face before fiost comes. For
winter blasting, non-freezing explosives are essential It 18 economical to loosen heavy
soils by scarifiers (see below); their use ahead of scraper shortens loading time. On aver
hauls, one tractor and scarifier can keep ahead of 2 or 3 tractor and scraper units (2).

Scarifiers have a series of vert teeth, side by side on a bar; may be used instead of blade
of grader or attached to rear of a road roller. Types: RIPPER 1s useful for breaking hard-
surfaced roads and general surface work, in conjunction with large s