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Preface to Second Edition, Revised

The general plan of this work remains the same, but portions have
been rewritten and additional matter incorporated.
The tables of references have also been revised,

Ithaca, N, V.
December 1946



Preface to Second Edition

The chief changes which have been made 1 this edition, are the
inclusion of two new chapters One of these on the geology of reser-
voirs and dam sites represents a branch of engineering geology that
has assumed such mmportance as to warrant special attentton The
other, which treats the subject of historic geology briefly, has been’
added to the book 1n response to numerous requests

In addition a number of references have been added to the different
chapters.

Ithaca, N. Y.
October 1930
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Preface

The importance of geology to engineering is constantly receiving
wider and stronger recognition, for it is realized that whatever line of
work the engineer 1s engaged in, whether highway construction, tunnel-
ing, quarrying, river and harbor improvement, water supply, mining,
etc., he is almost certain to encounter problems of a geologic character.
Indeed, during the late European war, the importance of engineering
geology to military operations came to be widely though tardily recog-
nized. There has thus naturally developed an increased demand for
instruction i geology as applied to engineering. The aim has been,
therefore, to emphasize the practical application of the subjects treated
in this volume to engineering work.

This volume is more than a condensation and simplification of a
larger text book, Engineering Geology, published by the authors in
1914, since it has involved complete rewriting of many parts of the
larger book and the amplfication of other parts. Although Engineer-
tng Geology has met with a very gratifying reception, there are many
institutions that desire a smaller volume to meet the requirements of a
briefer course. It was to meet this demand that the present book was
prepared.

Ithaca, N. ¥, and Charlottesuville, Va.
January 1, 1921
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Appendix
GEOLOGICAL SURVEYS

In the preceding pages of this book reference has been made, from time to
time, to reports published by state and national geological surveys. Many of these
and others not mentioned, as well as geologic maps, can be obtained on application
to the director or state geologist who also frequently can furnish engineers with
information regarding local geologic details in their territory; hence we give
herewith a list of the national, state, and provincial (Canada) geological surveys,
together with the name of the official in charge at the present time,

UN1tED STATES

U. S. Geol. Survey, Washington, D. C.; W. E. Wrather, Director.

U. S. Bur. Mines, Washington, D. C.; R. R. Sayers, Director.

Alabama. Geol, Survey Alabama; Walter B. Jones, State Geologist, Tuscaloosa

Arizona. Ariz, Bur. Mines; T. G. Chapman, Director, Tucson.

Arkansas, Arkansas Geol. Survey,,H B. Foxhall, State Geologist, Little Rock.

California. Div. Mines, Dept. Natural Resources; O. P. Jenkins, Chief, Division
of Mines. :

Colorado. Colo. Geol, Survey Board; Ben H. Parker, Secretary, Denver.

Connecticut. Conn. Geol, & Natural Hist. Survey; Edward L. Troxell, Super-
intendent, Hartford.

Delaware. No geological survey.

Florida. Florida State Board Conservation, Florida Geologlcal Survey, Herman
Gunter, Director, Tallahassee.

Georgia.- Div, Mines, Min. & Geol., Dept. Natural Resources; Garland Peyton,
Director.

Idaho. State Bur. Mines & Geol.; W. Fahrenwald, Director, Moscow. -

Illinots. State Geol. Survey Dw, Dept. Reglstratlon & Education; M M.
Leighton, Chief, Urbana.

Indiana. Div. Geol., Dept. Conservation; Chas. Deiss, State Geologist, Indian-
apolis. .

ITowa. Jowa Geol. Survey; A. C. Trowbridge, Director and State Geologist,
Towa City.

Kansas. State Geol. Survey, Kansas; Raymond C. Moore, Director and State
Geologist, Lawrence.

Kentucky. State Dept. Mines & Minerals, Geol. Div.; D. J. Jones, State Geolo-
gist, Lexington.

Louisiana. Dept. Conservation, Louisiana Geol. Survey; James M. Cunningham,
Acting State Geologist, Baton Rouge.

Maine. State Geol. Survey; J. M. Trefethen, State Geologist, Orono.

Maryland. Dept. Geol. Mines & Water Resources; Jos. T. Singewald, Jr.,
Director, Baltimore.
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454 APPENDIX

Massachusetts. No geological survey.

Michigan. Geol. Survey Div, Dept. of Conservation; J. E, Eddy, State
Geologist, Lansing.

Minnesota. Minn, Geol. Survey; FrankF Grout, Director, aneapolls

Mississippi. Miss. Geol. Survey; W. C. Morse, Director and State Geologist,
University.

Missouri. Missouri Geol. Survey & Water Resources; Edward L. Clark, State
Geologist, Rolla.

Montana. State Bur. Mines & Geol.; F. A. Thomson, Director, Butte.

Nebraska. Neb. Geol. Survey; G. E. Condra, Director, Lincoln.

Nevada. Nev. State Bur. Mines; J. A, Carpenter, Director, Reno.

Neww Hampshire!' Min.’ Resources Commlttee N. H. State Planning & Develop-
ment Committees; T. R. Meyers, Geologist, Durham.

New Jersey. Div. Geol. & Topography, Dept. Conservation & Development;
Meredith E. Johnson, State Geologist, Trenton.

New Mexico. N. Mex. Bur. Mines and Mineral Resources; E. C. Anderson,
Director, Socorro.

New York. N. Y. Geol. Survey; State Museum, State Education Dept J. G
Broughton, Assistant State Geologist, Albany.

North Carolina. N. C. Dept. Conservation & Development, Div. Min. Resources;
Jasper L. Stuckey, State Geologist, Raleigh.

North Dakota. N. Dakota Geol. Survey; Wilson M. Laird, State Geologist,
Grand Forks.

Ohio. Geol. Survey of QOhio; Geo. W. White, State Geologist, Columbus.

Oklahoma.  Oklahoma Geol. Survey; Robert H. Dott, Director, Norman.

Oregon. State Dept. Geol. & Min. Ind.; F. W. Libbey, Director, Portland. .

Pennsylvania. Topographical & Geol. Survey, Dept. Internal Affairs; S. H.
Cathcart, Director, Harrisburg.

Rhode Island. No geological survey.

South Carolina. S. C Geol. Survey; Stephen Taber, State Geologist, Columbia.

South Dakota. State Geol. Survey; E. P. Rothrock, State Geologist, Vermillon.

Tennessee. Div. Geol., Dept. Conservation; H. B. Burwell, State Geologist and
Director, Nashville.

Texas. Bureau Econ. Geol, Univ. Texas; J. T. Lonsdale, Director, Austin.

Utah. No geological survey.

Vermont. Vt. Geol. Survey; E. C. ]acobs State Geologist, Burlington.

Virginia. Virginia Geol. Survey; Arthur Bevan, State Geologist, Charlottesville.

Washington. Div. Mines and Geology ; Sheldon L. Glover, Supervisor, Olympia.

‘West Virginia. West Va. Geol. & Econ. Survey; Paul H. Price, State Geologist,
Morgantown.

Wisconsin. Wisconsin Geol. & Natl. Hist, Survey; E. F. Bean, State Geologist,
Madison. _

Wyoming. Geol. Survey Wyo.; Horace D. Thomas, State Geologist, Laramie.

- CANADA

Federal Dept. Mines & Resources, Ottawa; C. S. Parsons, Director Mines and

Geology Branch.
Alberta. Research Council, Alberta, N. E. Tanner, Minister of Lands and Mines,

Edmonton.
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British Columbig. Dept. Mines; J. F. Wallace, Deputy Minister of Mines,
Victoria., ’

Manitoba. Dept. Mines; .Geo. E. Cole, Director, Winnipeg.

New Brunswick. Dept. Lands & Mines; W. J. Wright, Provincial Geologist,
Fredericton,

Newfoundland. Newfoundland Geol. Survey; Claude K. Howse, Geologist, St.
Johns. - )

Nova Scotia. Dept. Mines; L. D. 'Currie, Minister, Halifax,

Omntario. Dept. Lands & Mines; M. E. Hurst, Provincial Geologist, Toronto.

’Quebec. Dept. Mines, Div. Geol. Survey; J. W. Jones, Chief, Quebec.
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Abrasion, mechanical, 166

Acre foot, 189

Actinolite, 11

Adobe, 70

Agglomerate, volcanic, 54

Alabama, 237, 255, 376, 391, 393, 395,
397, 411, 415, 422, 424, 426, 430

Alabaster, 21

Alaska, 144, 145, 210, 325, 377, 402,
403, 422, 426, 430, 437, 438, 442, 445,
447 '

Alberta, 62, 64, 196, 271, 273, 327

Albite, 7 -

Algonkian, defined, 410

Algonkian system, 413

Alluvial plain, 206

Almandite, 12

Alunitization, 383

Amphibole, 11

Amygdaloidal, 42

Amygdules, 42 .

Analyses of, clays, 71; coal, 90; earth’s
crust, 3275 gypsum, 77; lake waters,
316; limestones, 81; residual clays,
174

Anamorphic zone, 155

Andesite, 50

Andradite, 12

Anglesite, 23

Anhedrons, 2

Anhydrite, 22

Anorthite, 7

Anorthosite, 48

Anthracite, 87

Anticline, 117

Anticlinorium, 120

Appalachian province, 391

Aqueduct, Catskill, 142, 218, 330, 331,
333, 404; Los Angeles, 143

Aqueduct, faults, 142

Aquifer, defined, 243

Archean, defined, 410

Archean system, 412

Archeozoic era, 410

Arizona, 229, 258, 346, 357, 384, 386,
391, 397, 412, 414, 434, 438, 441

Arkansas, 47, 106, 107, 207, 419, 420,
422, 430, 436

Arkose, 67

Artesian slope, 241

Artesian water, aquifer, 243; capacity
of rocks, 241; collecting area, 243;
defined, 241; depth of aquifers,
-247; factors affecting supply, 244;°
for air conditioning, 261; in crys-
talline rocks, 249; in glacial drift,
247; in limestones, 244; in sands,
244; in sandstones, 244; in shales,
244, in stratified rocks, 243; irreg-
ularity of supply, 246; province,
243; provinces of United States,
253; source, 247; yield of wells,
247. See Groundwater, Subsurface
water, Wells.

Artesian wells, blowing, 252; breath-
ing, 252; defined, 241; freezing,
252; irregularities, 254; tempera-
ture, 252 )

Asbestos, 16

Ash, volcanic, 53

Ash beds, 34

Ashokan dam, 70

Asphalt, 95

Assimilation by igneous rocks, 38

Asymmetric fold, 121

Augite, 10

Australia, 434

Autoclastic, 62

~

Banded structure, rocks, 96
Barrier beach, 289

Bars, 289; relation to rivers, 299
Basalt, 51

Base level, 194

Batholith, 33

Beach, defined, 288
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Bedding, defined, 57

Bedrock, 116

Belgium, 417

Bentonite, 70

Benzine, 91

Biotite, 9

Bitumens, 93

Bituminous coal, 87

Bituminous sandstone, 95

Black-band ore, 21 :

Black Hills, S. D., 47

Blende, 24

Bog iron ore, 20

Bog lime, 83

Bombs, volcanic, 53

Bore, 296

Bornite, 23

- Boss, 32

Boulders, of weathering, 117

Brazil, 68, 169, 302 :

Breccias, fault, 61, 131; {fold, 62;
friction, 61; in engineering work,
63 ; solution, 62; talus, 61; volcanic,
54, 62

Brick clay, 70

British Columbia, -141, 147, 210, 305, .

318, 322, 323, 411, 415, 417, 437, 438
Buhrstone, 103 ’
" Building stone, 30, 46, 47, 50, 53, 54,
63, 65, 66, 81, 84, 85, 100, 102, 104,
112, 113; abrasion, 167

Calcareous tufa, 85

Calcite, 21

Calc sinter, 85

California, 33, 47, 63, 93, 107, 111,
113, 124, 129, 143, 166, 185, 192,
206, 229, 242, 258, 259, 262, 271,
286, 294, 296, 302, 335, 336, 346, 349,
350, 351, 352, 356, 358, 360, 361, 377,
391, 398, 402, 403, 422, 426, 437,
438, 442, 445

Cambrian system, 414; distribution,
414; economic products, 417; life,
417; rocks, 414; subdivisions, 414

Canada, 34, 49, 76, 112, 113, 221, 329,
411, 415, 422, 426, 436, 437, 442

Cannel coal, 88

Canyon, defined, 215

Carbonation, weathering, 171

Carboniferous system, 429; distribu-
tion, 430; economic products, 433;
general observations, 430; life, 433;
subdivisions, 429

Carbonite, 88

Cement, 86

Cement plaster, 77

Cenozoic era, 443

Cerussite, 23

Chalcedony, 17

Chalcocite, 23

Chalcopyrite, 23

Chalk, 83, 153

Chert, defined, 17; for roads, 373;
rocks, 79 -

China, 77, 210

Chlorite, 16

Chrysolite, 13

Chrysotile, 16

Clastic, 60

Clay, analyses, 71; boulder, kinds, 70;
products, 71; relation to engineer-
ing work, 71; relation to road
work, 365; residual, 174; slides,
265; uses, 70

Clay ironstone, 21

Cleavage (minerals), 4

Cleavage (rock), cause, 148; defined,
145; false, 106; flow, 146; fracture,
145; origin, 145, 146; rock, 145;
secondary, 145; slaty, 106; slip,
106

Clinometer, 116

Clinton ore, 81

Close-joint cleavage, 145

Coal, analyses, 89; distribution, 89;
kinds, 87; origin, 87; physical
characters, 88; rank, 87; struc-
tural features, 89

Coastal Plain, 120, 150; ores, 389

Coke, 88

Color, minerals, 5

Colorado, 93, 102, 111, 130, 224, 232,
246, 271, 277, 309, 340, 342, 343,
382, 384, 391, 403, 415, 420, 430,
434, 438, 441, 442

Competent beds, 147

Conchoidal fracture, 6

Concretions, 152

Conformity, 148
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Conglomerates sedlmentary, 63; vol-
canic, 54

Connate water, 226

Connecticut, 255, 355

Contact metamorphism, ore deposits,
381; rocks, 156

Contact zone, 157 .

Copper ores, minerals, 396; types of
deposits, 396

Coquina, 83

Coral rock, 84

Cordilleran region, ores, 391

Corrasion, 190

Corrosion, rivers, 190

Corundum, 17

Covellite, 23

Creep, 265

Cretaceous system, 411; distribution,
441; economic products, 442; gen-
eral observations, 441; life, 442

Cross-bedding, 67

Croton river, 173

Crystal, defined, 2; twin, 2

Crystal systems, 2

Cuba, 172

Cutoff, 196

Cutters, in rocks, 125

Dacite, 50

Dams, American Falls, Idaho, 353;
Arrowneck, Idaho, 353; Ashokan,
57, 70; Bonneville, 277; Boulder,
345, 353, 357; Buchanan, Tex., 353;
Diablo, Wash,, 353; Elephant
Butte, N. M., 345; Fifteen Miles
Fall, N. H., 355; Forks, Calif,
353; Grand Coulee, 271, 353; Hales
Bar, Tenn, 355; Hondo, N. M,,
359; Iron Canyon, Calif, 350;
Lafayette, Calif., 352; Morris, Calif,,
358; Mulholland, Calif., 350; Owy-
hee, 354; Pretty Boy Falls, Md,,
350; Roosevelt, 361;
335, 336, 349, 351, 356, 359, 360; San
Andreas, Calif,, 358; Zuni, 38, 360.
See Reservoirs. .

Dam sites, abutments, 359; effect of
rock types, 349; faults, effects, 357;
folds, effects, 357; investigation,
346; joints, effects, 357; leakage at,

St. Francis, -

356; rock strength, 357: spillways,
361; uplift pressure, 359
Decomposition, 162 .
Dehydration, weathering, 169 *~
Deltas, 207; bottom-set beds, 209:
extent, 210; fore-sef beds, 209;
formation conditions, 209; fossil,
.211; structure, 209; top-set. beds,

209

Deoxidation, weathermg, 171

Des:llcatlon, 171

Devonian system, 426; distribution,
426; economic products, 427; gen-
eral observations, 427; life, 427;
subdivisions, 426

Diabase, 48

Diatomaceous earth, 79

Dikes, 27; relation to quarrying, 29;
weathering, 29

Diopside, 10

Diorite, 47

Dip, 116; fault, 132

" Disconformity, 148

Disintegration, 162

District of Columbia, 167, 169
Dolomite, 21; marble, 108; rock, 83
Dolomitization, 83

Dome fold, 119

-Drag fold, 121

Drift, glacial, 328, 329: economic
materials in, 334; material for
roads, 373; relation to dam sites,
332; relation to quarrying, 333;
relation to reservoirs, 343; topog-
raphy, 330; water supply from, 332

Dunes, 75

Dunite, 49

Earthquakes, 143

Earth's crust, composition, 1, 377
Efflorescence, on stone, 170
Effluent streams, 338

~ Emery, 18

Enargite, 23

Endomorphic changes, 156

Enstatite, 10

Eolian deposits, 73

Eozoic, defined, 410

Epidote, 13

Erosion, depth, 194; factors govern-
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ing, 192; rivers, 189; structures
influencing, 148 ’
Eskers, 328
Ethane, 91
Ethylene, 91
Exomorphic changes, 157
Extrusive rocks, 34

False cleavage, 145

Faults, block 136; breccia, 136; cri-
teria, 132; defined, 129; dip, 132,
136; effect on outcrop, 137; fault
space, 131; foot wall, 132; geologic
effects, 139; gouge, 131; graben,

136; hade, 132; hanging wall, 132;

heave, 135; horse, 132; horst, 136;
in aqueducts, 142, 361; in dams,
142, 357; in engineering work, 141;
in landslides, 145; in oil, 144; in
ore deposits, 143 ; in stratified rocks,
135; in submarine cables, 144; in
tunneling, 141; line, 131; net slip,

133, 134; offset, 137; open, 131; -

origin, 146; overthrust, 137; plane,
131; relation to folds, 140; reverse,
137; shift, 134; slickensides, 132;
slip, 133; strike, 136; surface, 131;
terms, 130; throw, 135; thrust, 137;
trough, 136; wedge, 136

Feldspar, commercial, 48; mineral, 7

Felsite, 50

Felsite porphyry, 50

Felsitic texture, 41

Fertilizers, 68

Fire clay, 70

Fissility, 145

Fissure eruptions, 35

Fissure veins, 383

Flagstone, 67

Flint, 17

Flood plain, 206

Florida, 68, 83, 87, 235, 240, 244, 302,
303, 306, 308, 320, 445

Flow cleavage, 146

Flowage zone, 146

Folds, anticline, 117; anticlinorium,
120; asymmetrical, 121; axis, 116;
basin, 119; breccia, 62; closed, 121;
complex, 117; composite, 117; dip,
116; dome, 119; drag, 121; eroded,

122; geanticline, 120; geosyncline,
120; in engineering operations, 122;
inclined, 121; isocline, 120; kinds,
117; monocline, 118; open, 121;
origin, 146; outcrop, 116; over-
- turned, 121; parts, 116; pitch, 117;
‘recumbent, 121; relation to faults,
140; simple, 117; strike, 116; syn-
cline, 117; synclinorium, 120; up-
right, 121

Foliation, 96; schists, 146

Foot wall, faults, 132

Fossils, geologic uses, 407; how pre-
served, 406; kinds of rock in which
found, 407; occurrence and uses,
405

Foundry sand, 68

Fracture, minerals, 6

Fracture cleavage, 145

" Fracture zone, 146

Fragmental texture, 42

France, 51, 81, 83, 168, 217, 284, 310,
417, 427, 434, 451

Frank rock fall, 271

Freestone, 67

Freezing, rocks, 164

Frost action, 165

Frost-resistance tests, 165

Gabbro, 48

Galena, 23 )

Gangue, defined, 375

Garnet, 12

Gasoline, 91

Geanticline, 120

Geological surveys, list, 453

Geologic time, divisions, 408

Georgia, 33, 107, 240, 244, 389, 391,
420, 430 .

Geosyncline, 120

Germany, 74, 77, 79, 83, 427, 434, 435

Geyserite, 79

. Ghyben-Herzberg theory, 240

Glaciation, past, 328

Glaciers, 322; buried chamnels, 331:
crevasses, J324; deposits, 327;
effects of advancing, 324; engineer-
ing problems, 331; englacial drift,
326; erosion by, 325; eskers, 328:
frontal apron, 328; general fea-
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tures, 324; hanging valleys, 326;
ice motion, 323; kames, 328; mar-
ginal lakes, 324; moraines, 327;

origin, 322; outwash plain, 328;

rate of flow, 324; relation to water-
powers, 334; snow field, 322; trans-
portation by, 326; types, 323. See
Drift, Moraines.

Glass sand, 68, 104

Gneiss, 99; artesian water in, 249;
characters, 100; distribution, 101;
occurrence, 101; uses, 100

Gold ores, gravels, 403; minerals,
401; ~occurrence, 402; propylitic
veins, 402; quartz-vein type, 402

Golden Gate bridge, 113

Gorge, defined, 215

Gossan, 386

Gouge, 131

Graben, 136

Grain in slate, 106; of rocks, 125

Granite, 44; artesian water in, 249;
graphic, 41

Granite gneiss, 46

Granodiorite, 47

Graphic granite, 44

Gravel, 55, 64

Graywacke, 67

Great Britain, 35, 79, 83, 222, 279,
284, 301, 343, 417, 427, 434, 441

Great Plains, ores, 391

Greece, 113

Green Mountains, 108

Greenland, 408, 447

Greenstone schists, 101

Greizenization, 383

Grifith Park, Calif, 63

Grindstones, 67

Grossularite, 12

Groundwater, amount of in rocks,
242 attached, 243; available, 243;
capillary {fringe, 228; color, 261;
composition, 259; disposal of rain-
fall, 227; movement, 228; perme-
ability of rocks, 243; pollution, 261 ;
potable water, 260; rate of move-
ment, 229; suspended matter in,
261 ; water table, 227. See Artesian
water, Subsurface water,

Gumbo, 70

. Igneous

Gypsum, 21
Gypsum rock, 76; analyses, 77; uses,
77; weathering, 180

Hade, 132
Hanging valleys, 326
‘Hanging wall, fault, 132
Harbors, improvement, 296; silting,
303
Hardness, mineral, 3
Hardway, 126 !
Hawaii, 34, 68, 250, 366
Heave, in faults, 135
Helium, source, 93
Hematite, 19

- Henry Mountains, 31

Hexagonal system, 2
Historical geology, 404
Hook, 289

Hornblende, 11

Hornfels, 157

Hornstone, 78

Horse, fault, 132

Horst, 136

Hungary, 202 )
Hydration, weathering, 168
Hydraulic lime, 86 - ‘
Hydraulic limestone, 84
Hydrotherma! alteration, 382
Hypersthene, 10

Ice ramparts, 311

Iceland, 34, 35

Idaho, 51, 87, 234, 258, 339, 341, 353,
354, 382, 391

rock, assimilation, 38;
basalt, 51 boss, 32; batholith, 33:
classification, 44; composition, 38;
dam foundation, 353; differentia-
tion, 38; dikes, 27; engincering
relationships, 36; extrusive, 34;
felsites, 50; glassy, 52; intrusive,
21; joints, 127; laccolith, 31; lava
flows, 34; minerals in, 39; necks,
31; occurrence, 26: plutonic, 27;
porphyries, 53; pumice, 41; pyro-
clastic, 34, 36, 53; road material,
371; sheets, 30; stacks, 32; texture,
40, 41; volcanic, 34, 49

Illinois, 200, 255, 329, 343, 420, 426,
430, 433
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Tlmenite, 18

Imperial Valley, 192

Incompetent beds, 147

India, 35, 68, 434

Indiana, 81, 86, 255, 329, 420 426, 430

Influent streams, 339

Infusorial earth, 79

Inliers, 150 ’

Intrusive rocks, 27

Towa, 245, 248, 255,329, 359, 420, 7422,
426, 430

Ireland, 51

Iron ores, minerals,
deposits, 393

Isocline, 120

Isometric system, 2

Italy, 210

Jasper, 17, 79

Jaspilite, 79

Joints, 125; b]md 125, 145; cause,
147 ; classification, 126; closed, 125;
compression, 126, 148; cutters, 125;
defined, 125; dip, 126; €ngineering
work, 128; general features, 125;

392; types of

grain, 125; hardway, 126; head
grain, 126; -igneous rocks, 127;
master, 126; metamorphic rocks,

128; origin, 146, 147; reservoirs,
129; rock slides, 128, 270; run, 125;
sedimentary rocks, 126; strike, 126;

tension, 126, 148; water supply, 129 .

Jolly balance, 6

Jurassic system, 438; distribution,
438; economic products, 438; life,
438; orogenic movements, 438

Juvenile water, 226

Kames, 328

Kansas, 77, 93 256, 430, 433, 434, 435,
441

Kaolin, 175

Kaolinite, 14

Kaolinization, 8, 9

Katamorphic zone, 155

Keewatin, 411

Kentucky, 95, 240, 244, 347, 424, 426,
430. 433

Laccolith, 31
Iake Bonneville, 316, 318, 451; Cay-

uga, 317, 325; Cochituate, 314;
Como, 309; Crater, 311; Crystal,
309; Finger, 326; Geneva (Switzer-
land), 318; George, 308; Great, 75,
101, 219, 326; Great Salt, 316, 318,
451; Huron, 312; Kootenay, 305,
318; Lahontan, 457; Louise, 327;
Meade, 345; Miccosaukee, 308;
Michigan, 312; Nyassa, 308; Onta-
rio, 318; Owens, 143; Ronkonkoma,
306; Seneca, 318; Snag, 309;
Superior, 102, 104, 157, 255, 284,
308, 312; Tanganyika, 308; Tex-
coco, 316; Temiscaming, 308; Twin,
309; Warner, 308

Lakes, area, 307; cirque, 311; com-
position of water, 315; crater, 311; -
crustal movement, 308; currents,
312; defined, 305; due to accident,
308; extinct, 318; glacial dam, 311;
ice in, 311; ice ramparts, 311;
landslide, 309; lava dam, 309; nor-
mal development, 306; obliteration,
315; original consequent, 306;
overturning, J314; oxbow, 306;
playas, 315; relation to engineering
work, 305; seiches, 313; sink hole,
307; temperature, 313; variation in
level, 312; water analyses, 316:
waves on, 311

Lamina¢, 58

Lamination, defined, 57

- Landslides, angle of rest, 274; angle

of slide, 274; classification, 263;
control, 277; creeping, 263; defined,
263 ; reservoir sites, 277 ; rock falls,
270; rock slips, 270; unconsolidated
material, 265

Land subsidence, 278

Lapilli, 53

Lapland, 376

Laterite, 172

Laterization, 172

Laurentian, 411

Lava flows, 34; lakes due to, 309

Lead ores, classification, 400; min-
erals, 398; mode of occurrence, 401;
weathering, 400

Levees, 199

Lignite, 87
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Limburgite, 50

Lime, 86

Limestone, 80; analyses, 81; artesian
water in, 244; crystalline, 108; dis-
tribution, 86; engineering work, 85;
hydraulic, 84; lithographic, 85;
solubility, 82; varieties, 83; weath-
ering, 179

Limonite, 19 X

Lithographic limestone, 85

Lode, defined, 384

Loess, 70, 73

Louisiana, 77, 210, 442, 445

Luster, minerals, 4

Magmas, differentiation, 43

Magmatic water, 226

- Magnetite, 18; in slate, 105

Maine, 43, 47, 106, 107 250, 251, 252,
422, 426, 427

Maltha, 93

Maps, aerial, 159; geologic, 158; soil,
160, 181

Marble, 108; alteration, 111; charac-
ters, 108; distribution, 111; occur-
rence, 111; onyx, 85; properties,
108; uses, 112

Marl, 83 - -

Maryland, 49, 106 107, 175 195, 230,
303, 355, 430, 434, 445

Massachusetts, 111, 255, 295, 296, 302,

- 307, 314, 437

Meanders, 194; entrenched, 196

Mesozoic era, 436

Metacryst, 158

Metamorphic

rocks, 95; artesian

water in, 249; chemical composi--

tion, 95; classification, 99; criteria
for identification, 97; dams, 353;
for road material, 373; gneiss,
99; joints, 128; marble, 104; min-
eral composition, 96; schists, 101;
slate, 104; structure, 96; tex-
ture, 96.

Metamorphism, agents, 85, 154, 157;
contact, 156; defined, 153; dynamic,
154; gases in, 155; heat in, 155;
liquids in, 155; regional, 157; static,
154; zones, 155

Metasomatism, 379

Meteoric water, 226

Methane, 91

Mexico, 35; 36, 37, 50, 54, 200, 310,
316, 441

Miarolitic, 43

Mica, 9

Michigan, 77 239, 240, 248, 319, 391,
397, 411, 412, 415, 424, 426, 430

Microcline, 7

Millstones, 64

Mineralizers, 40

Minerals, amorphous, 1; chemical
tests, 7; cleavige, 4; color, 5;
defined, 1; fracture, 6; hardness, 3;
luster, 4; specific gravity, 5; streak,
4; tenacity, 5

Miner's inch, 189

Mining, relation to folds, 125

_Minnesota, 43, 47, 49, 239, 240, 252,

258, 329, 411, 415, 426
Mississippi, 207
Missouri, 24, 47, 357, 411, 415, 420,
422, 426, 430
Mohs’ scale of hardness, 3
Monazite sand, 68
Monocline, 118
Monoclinic system, 2
Montana, 144, 235, 309 361, 382, 397,
434, 438
Monzonite, 47

.

. Moraines, glacial, boulder clay, 328;

ground, 328; lateral, 327; medial,
327; terminal, 327. See Drift, Gla-
ciers.

Mountains, Acadian, 436; Adiron-
dack, 111, 329, 376, 381, 393, 411,
415; Allegheny, 391; Alps, 447;
Andes, 443; Apennines, 447; Appa-
lachians, 102, 104, 140, 161, 169,
170, 255, 382, 419, 427, 436; Atlas,
417; Black Hills, 256, 402, 403;
Carpathians, 447; Cascade, 259,
270, 438; Catskill, 331; Caucasus,
447; Coast Range, 124, 438, 446;
Himalaya, 447; Klamath, 427, 438;
Ouachita, 436; Pyrenees, 165, 447;
Rocky, 33, 256, 257, 315, 322, 397,
398, 400, 426, 429, 443, 451: Sacra-
mento, 340; San Juan, 271; Sel-
kirks, 322; Sierra Nevada, 257, 258,
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426, 438, 446, 451;
436; Ural, 377
Muscovite, 9

Taconic, 419,

Naphthas, 91

Natural cement, 86

Natural gas, distribution, 93; occur-
rence, 91; origin, 93; properties, 91

Nebraska, 252, 256, 430, 434

Necks, 31

Nevada, 79, 93, 238, 316, 357, 382, 391,
403, 415, 422, 434, 438

Névé, 322 R

New Caledonia, 172

New Hampshire, 355

New Jersey, 48, 289, 299, 303, 393,
397, 398

New Mexico, 32, 78, 127, 340, 345,
346, 359, 360, 393, 412, 434, 438

New York, 49, 57, 65, 70, 77, 102, 106,
107, 111, 112, 142, 163, 201, 211, 212,
216, 217, 218, 221, 222, 224, 229, 231,
241, 253, 255, 261, 266, 275, 292, 296,
297, 306, 308, 317, 325, 329, 330, 331,
332, 333, 376, 381, 393, 412, 415, 417,
419, 422, 424, 426, 427, 430, 437

Newfoundland 376, 411, 415, 417, 422
486

Nonconformity, 148 "

North Carolina, 68, 175, 247, 255, 320,
346, 397, 437

North Dakota, 88, 252, 256, 329

Norway, 49, 124, 274

Nova Scotia, 66, 288, 294, 296, 422,
426, 427, 430, 434, 436

Novaculite, 79

. Obsidian, 52
Offset, 137

Ohio, 179, 203, 221, 238, 255, 256, 329,
420, 424, 427, 430, 433, 434

Qil. See Petroleum.

Oil pool, 92

Oil sand, 92

Oil shale, 93

Oklahoma, 47, 95, 411, 419, 422, 426,
430, 433, 434, 436

Olivine, 13

Ontano 30, 31, 97, 308, 382, 412, 427

Onyx, 85

-

" Odblite, 85

Odlitic limestone, 85
Ophicalcite, 112
Ophitic, 48 :
Ordovician system, - 417; economic
products, 420; general observations,
.419; life, 420; subdivisions, 419

Ore, defined, 375

Ore deposits, alunitization, 383; bed-
ded vein, 384; cavity deposition,
378; changes with depth, 388;
chimney, 384; contact-metamorphic,
381; contemporaneous, 376; critical
level, 381; crustified, 379, 383;
deep-vein zone, 382; defined, 375;
deposition of ore, 378 ; disseminated,
384; distribution in United States, -
389; epigenetic, 376; fahlband, 389;
faults, 143; fissure vein, 384; float,
389; forms, 383; gangue minerals,
375; gold gravels, 377; gossan, 386;
gouge, 384; greisen, 381; greisena-
tion, 383; hydatogenesis, 381;
hydrothermal alteration, 382; inter-
mediate-vein zone, 382; metasoma-
tism, 379; mode of concentration,
378; ore defined, 375; ore minerals,
375; ore shoots, 384; outcrops, 389;
pegmatites, 381; pneumatolysis,
381; 'precipitation from solution,
379; primary sulphide zone, 389;
propylitization, 383; protore, 375;
replacement, 379; residual, 384;
secondary enrichment, 387; sedi-
mentary, 376; sericitization, 383;
shallow-vein zone, 382; silicifica-
tion, 383; stock, 324; subsequent,
376, 377; syngenetic, 376; vein
material, 320. See Veins.

Ore minerals, defined, 375

Oregon, 38, 51, 234, 258, 308, 341, 354,
391, 426, 435, 442

Orthoclase, 7

Orthorhombic system, 2

Outcrops, defined, 116

Outliers, 150

Overlap, 150

Overthrust, 137

Owens Valley, Calif., 185

Oxbow, 196
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Oxbow lake, 196
Oxidation, weathering, 170

Paleozoic era, 414

Palisades, N. Y., 48

Panama Canal, 145, 268

Partition blocks, 79

Paving brick clay, 70

Peat, 87

Pegmatite, 44; with vre, 381

Peneplain, 195, 214

Pennsylvania, 105, 106, 107, 111, 175,
252, 255, 364, 365, 389, 393, 420, 427,
430, 433, 434

Perched streams, 340

Peridotite, 49

Perlite, 52

* Permanent swelling, 163

Permian system, 434; distribution,

434; economic products, 435; gen- .

eral observations, 434; life, 435

Petroleum, distribution, 93; occur-
rence, 91; origin, 93; properties, 91

Phenocrysts, 41 '

Phonolite, 50

Phosphate rock, 87

Phosphorite, 87

Phyllite, 107

Piedmont Plateau, 150, 389

Piedmont province, 108, 170

Piotore, defined, 375

Piracy, rivers, 215

Pisolitic, 85

Pitch, of folds, 117

Pitchstone, 52

Plagioclase, 7

Plaster board, 77

Plaster of paris, 77

Playas, 315

Plutonic rocks, 27

Pneumatolysis, 381

Wolishing powder, 79

Pond, defined, 305

Porphyries, 53

Portland cement, 69, 83, 86

Porto Rico, 144

Potholes, 202

Prairie plains, ores, 391

Pre-Cambrian systems, 410; economic
products, 412; life, 411; meta-

morphism, 411;

subdivisions, 411
Prince Edward Island, 434
Propane, 91
Propylitization, 383

structure, 411:

* Proterozoic era, 410

Pseudophenocryst, 158
Pseudoporphyritic, 96, 158
Pumice, 41, 52

Puzzuolan cement, 30
Pyrite, 22; in slate, 105
Pyroclastic rocks, 36, 54
Pyrope, 12 ’
Pyroxene, 10

Quaquaversal fold, 119

Quarry water, 166

Quarrying, joints, effect, 128; rela-
tion to folds, 124

Quartz, 17

Quartz diorite, 47

Quartzite, characters, 103; distribu-
tion, 104; occurrence, 104; uses,
103 ; varieties, 103

Quaternary system, 447; appearance
of man, 451; cause of glacial period,
450; changes of level, 451; evidence
of glaciation, 447; Pleistocene
glaciation, 447

Quebec, 27, 265, 426, 427

Railways, relation to, faults, 141;
folds, 122; groundwater, 238; gla-
ciers, 325; sand dunes, 75; slides,
264 ; swamps, 320

Rainfall, disposal, 183

Reeds, in rock, 70

Regolith, defined, 227

Reservoir, Deerflat, Idaho, 340; Great
Falls, Tenn., 355; Hondo, N. M,
340; Jerome, Idaho, 339, 354;
Mosca, Colo., 343; Santa Maria, .
Colo,, 342; Zuni, N. M., 345. See
Dams.

Reservoirs, distributing, 343, effect of
rock types, 341; examination of site,
344; geologic problems, 335, 336;
leakage from, 338; perched streams,
340; requisite, conditions for, 336;
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silting, 345; water-table conditions,
337. See also Dams, Dam sites.

Residual clay, analyses, 174; uses, 175

Reverse fault, 137

Rhode Island, 430, 436

Rhyolite, 50

Rift, 125

River, Allegheny, 220; Amazon, 213;
Boise, 340;. Brazos, 205; Cache la
Poudre, 224 ; Cedair, 342 ; Clackamas,
38, 354; Colorado, 192, 203, 207, 215;
Columbia, 36, 341, 353; Connecticut,
355; Danube, 173, 202, 212; East,
221; Frazer, 210; Green, 347;
Hoang-Ho, 210 ; Hudson, 30, 48, 173,
211, 212, 217, 218, 219, 222, 331;
Mississippi, 73, 173, 194, 195, 196,
200, 203, 208, 210, 212, 213; Monon-
gahela, 220, 223; Niagara, 191, 215;
Nile, 173, 212, 213; Ohio, 220;
Pecos, 340; Red, 457; Rhine, 73,
173; Rhone, 173; Rio Grande, 127,
345; Sacramento, 206, 304; San Ga-
briel, 129; St. Lawrence, 212, 219;
Saskatchewan, 221; Scioto, 221;
Seine, 212; Snake, 340, 353, 354;
South Platte, 340; Tennessee, 355;
Thames, 173, 212; Yukon, 210.

Rivers, acre foot, 189; aggrading, 207 ;
alluvial channels, 187; alluvial
plains, 206; amount sediment trans-
ported, 202 ; bank erosion, 199; bars,
213; base level, 194; basin, 188;
bends, 198 ; bridge piers, 220; buried
channels, 216; canyons, 215; capac-

ity, 204 ; channel deposits, 206 ; com--

position of water, 222; composition
related to rock types, 224 ; corrasion,
190; corrosion, 191; crossings, 198;
cutoff, 196; dam foundations, 220;
deltas, 207; deposition, 206; dis-
charge, 186; discharge defined, 189;
dissolved load, 205; erosion, 189;
falls, 200; flood plain, 206; floods,
219; formation, 186; hardness, 222;
ice gorges, 220; intermittent, 187;
interrupted, 187;
meandering, characters, 195; mean-
ders, 194; measurement of water,
189; narrows, 214; outlets, 212;
oxbow, 196; peneplain, ‘195, 214;

levees, 189;"

perennial, 187; permanent, 187;
piracy, 215; potholes, 202; rainfall,
183; rapids, 200; relation particle
size and velocity, 203; reservoirs,
220; rock-walled channels, 187; run-
off, 184; scour, -198; shoals, 198;
slope, 205 ; solid matter in, 203 ; sol-
uble matter in, 203 ; suspended loads,
202, 204; temporary, 187; terraces,
211; tractional load, 202; transpor-
tation, 202; tributaries, 213; tunnels
under, 221 ; unit of flow, 189; valleys
213, 215; water of, foaming, water -
gap, 215; waterfalls, 201 ; wind gap,
215; work performed by, 189

Roads, broken stone for, 369; clay,
use, 365, 366; crushed stone, prop- -
erties, 370; foundations, 363; gravel
for, 369; minerals in rocks used,
370; rock types used, 363, 371 ; rocks
exposed in cuts, 364; sand, use, 366;
soil profile, 368 ; stabilized, 366 ; sub-
grade soils, 368; tests of road soils,
367:

Rock cleavage, 145; fracture, 145;

flow, 145; original, 145; secondary,

145 ‘

Rocks, contraction on cooling, 162 ; de-
fined, 25; expansion on heating, 162;
igneous, 26; metamorphic, 95; sedi-
mentary, 55; varieties, 26; weather-
ing, 161. See Igneous, Metamorphic,
Sedimentary.

Rottenstone, 173

Run, in jointing, 125 )

Runoff, defined, 184; factors control-
ling, 184; in inches, 189; ratio to
rainfall, 185

Russia, 434

* Salt, rock, 77
~ Sand, artesian water in, 244; definedy

67; deposits, 67; engineering uses,
68; for roads, 366; glauconite, 68;
magnetite, 68; monazite, 68; resid-
ual, 174; uses, 68

Sand dunes, 74 .

Sandstone, 64; bituminous, 95; varia-
tion in deposits, 69; varieties, 67;
weathering, 178

Sap, granite, 170
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Satin spar, 21

Schistose, 96

Schistosity, 146

Schists, 101; distribution, 102; occur-
rence, 102; uses, 102; varieties, 101

Scoriaceous, 42

Scum, weathering, 170

Second-foot, 189

Sedimentary rocks, 55; carbonaceous,
87; carbonates, 80; cement, color,

. 57; cement, durability, 57; cement,
quantity, 57; chemically formed, 75;
classification, 59, 60; clay, 70; com-
position, 59; conglomerates, 63; con-
solidation, 56; -diatomaceous earth,
79; eolian deposits, 73 ; flint, 78; for
road- materials, 371; hydrocarbon-

_ bearing sediments, 91; iron ores, 79;
jasper, 79; joints, 126; limestones,
80; mechanically formed, 59; phos-
phate, 87; salt, 77; sand dunes, 74;
sandstones, 64; shales, 68; size of
material, 55; structure, 57; texture,
56; variations, 69; wind deposits, 72

Seepage, defined, 232

Seiches, 313

Selenite, 21

Semianthracite, 87

Semibituminous coal, 87

Septarium, 152

Sericite, 10

Sericite schists, 101

Sericitization, 383

Serpentine, engineering work, 113;
marble, 112 ; mineral, 16

Servia, 207

Shale, artesian water in, 244; charac-
ters, 69; weathering, 178

‘Shear zone, 132

Sheets, intrusive, 30

Shell marl, 83

Shift, fault, 134

Siberia, 405 .

Siderite, 21

Sierra Nevada, 33, 47

Siliceous deposits, 78

Siliceous sinter, 79

Silicification, 383

Sill, 30

Silurian system, 422; distribution, 422;
economic products, 424; gencral obh-

servatlons, 422; life, 424; subdivi-
sions, 422

Silver ore, minerals, 402; occurrence,
402; propylitic-vein type, 402;
quartz-vein type, 402

Slag cement, 38

Slate, characters, 104; classification,
105; cleavage, 106 ; distribution, 107 ;
grain, 106; properties, 106; ribbons,
106; tests, 107 ; waste, 107

Slaty, 96

Slaty cleavage, 96, 146:

Slickenside, 132 .

Slip, cleavage, 106, 145; in faults, 133

Snow field, 322

Snow line, 322 .

Soapstone, 15, 113 .

Soil, 161; alluvial, 181; colluvial, 181
composition, 181; defined, 180;
eolian, 181; glacial, 181; residual,
181; transported, 181

Soil maps, 181

Soil profile, 368

Solution breccia, 62

South Africa, 434

South America, 434

South Carolina, 437

Seuth Dakota, 47, 256, 382, 384, 391,
402, 411, 412, 420

Specific gravity, minerals, §

Sphalerite, 24

Spit, 289

Springs, classification, 233; defined,
232; development, 235; intermittent,
233; perennial, 233; thermal, 234;
yield, 234

Stalactite, 85

Stalagmite, 85

Stocks, 32

_ Stone, defined, 25 -

Stone Mountain, Ga., 33
Strain-slip cleavage, 145

"Stratification, characters, 58; defined,

57
Stratified rocks, 55
Stratum, 58
Streak, minerals, 4
Streams. See Rivers.
Strike, 116; fault, 132
Structural features, 116
Structure, effect on weathering, 175
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Subbituminous coal, 87

Subgrade soils, 368

Subsurface water, absorption, 226 ; ef-
fects, 235; sources, 226. See Artesian
-water, Groundwater, Wells.

Swamps, defined, 319; engineering
work, 323; kinds, 319

Sweden, 49, 420

Switzerland, 318, 324

Syenite, 47

Symmetrical fold, 121

Syncline, 117

_ Synclinorium, 120

Talc, 15

Talus, breccia, 61

Tenacity, minerals, 5

Tennessee, 62, 87, 111, 195, 343, 346,
355, 391, 397, 417, 420, 426, 427, 430

Terraces, flood plain, 212; river, 211;
rock, 212; wave cut, 286

Tertiary system, 443; distribution,
443 ; economic products, 445 ; general
observations, 443 ; igneous eruptions,
445; life, 445; mountain-making
movements, 446

Tetragonal system, 2

Tetrahedrite, 23 .

Texas, 47, 93, 187, 205, 235, 256, 301,
346, 353, 368, 391, 411, 415, 422, 426,
430, 433, 434,.435, 438, 441, 442

Texture, amygdaloidal, 42; felsitic, 41;
fragmental, 42; glassy, 41; granitoid,
42; porous, 42; porphyritic, 41;
pumiceous, 42; scoriaceous, 42;
vesicular, 42

Thorofare, 293

Throw, 135

Thrust, 137

Tides, bore, 296; work, 296

Topography, fault, 137

Tourmaline, 14

Trachyte, 50

Travertine, 85

Tremolite, 11

Triassic system, 436; distribution, 436;
economic products, 437 ; general ob-
servations, 436; life, 437

Triclinic system, 2

Trinidad, 93, 95

Tripolite, 79

- Tufa, calcareous, 85

Tuff, volcanic, 54

Tundra, 320

Tunnel, East Bay, Calif,, 113; Field,
B. C, 141; Franklin, Calif., 141;
Hetchy Hetchy, Calif, 124, 126;
Moffatt, Colo.,, 102; Oslo, Norway,
124 , '

Tunnels, effect of faults on, 141 ; effect
of folds on, 122; in buried channels,
217; in gypsum, 77; in limestone,
86; in shales, 69; relation to ground-
water, 238; relation to glaciers, 331;
relation to groundwater, 238; rela-
tion to slides, 264

Unconformity, 148

Undertow, 284

Uralite, 12 .

Utah, 31, 87, 93, 140, 258, 318, 382,
384, 393, 397, 415, 422, 434, 438

Valleys, mature, 215; old, 215; young,
215.

Veins, apex, 384; bonanzas, 384; fis-
sure, 384; gouge, 384; lode, 384 ; sel-
vage, 384. See Ore deposits.

Verd antique, 112

Vermont, 105, 106, 107, 111, 112, 184,
253, 397, 417, 426

Vesicular, 42

Virginia, 62, 73, 77, 82, 106, 107, 131,
147, 184, 196, 235, 236, 237, 240, 250,
324, 384, 385, 391, 395, 397, 417, 420,
427, 430, 437, 445

Vitrophyre, 52

Volcanic rocks, 34

Wales, 105, 414, 417, 422

Washington, 51, 111, 258, 259, 270, 277,
341, 348, 353

Water, subsurface, 226

Water table, defined, 228; fluctuations
of, 229; perched, 232

Waterfalls, 201

Waves, bar, 289; barrier beach, 289;
beach, 288; breakers, 282; cause,
281; changes in shore line, 294;
cliffs, 286; coast outline, 287; cur-
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rent transportation, 287; depth of
disturbance, 283; dimensions, 283;
erosion by, 285; harbor improve-
ment, 296; hook, 289; oscillatory,
282; pressure, 284; shore currents,
286; shore drift, 301; spit, 289;
swell, 282; terrace, 286; translation,
282; undertow, 284; velocity, 283
Weathering, by abrasion, 166; car-
bonation, 111; chemical, summary
of, 174; chemical agents, 168;
crystalline rocks, 176; defined, 162;
dehydration, 169; deoxidation, 171;
desilication, 171; dolomite, 1793
freezing, 164; .frost action, 165;
gypsum, 180; hydration, 168; lateri-
zation, 171; mechanical agents, 162;
ore deposits, 385; oxidation, 170;
sandstones, 178; scum, 170; sedi-

469

mentary rocks, 161; shales, 179;
slate, 179; soils, 180; solution, 172;
structure, 175 ; temperature changes,
162 *
Wells, application of drainage by, 240;
drainage by, 238 ; effect of salt water
on, 239; pollution by drainage, 241
West Virginia, 105, 427, 430, 433, 434
Wisconsin, 47, 84, 255, 318, 411, 415,
420
Wyoming, 49, 52, 79, 87, 93, 412, 420,
430, 434 :

Yellowstone Park, 52, 79
Yosemite, 33

Zinc ores, classification, 400 ; minerals,
398; mode of occurrence, 401;
weathering, 400



