
SULPHUR AND PYRITE.

THE COVE CREEK SULPHUR BEDS, UTAH.

By WILLIS T. LEE.

GENERAL STATEMENTS.

Location. The sulphur deposits here described are owned by the 
Utah Sulphur Company, of Salt Lake City, and are located in central 
Utah, at Sulphurdale, a small mining camp about 20 miles north of 
Beaver, Utah, the nearest important town. The camp is not perma­ 
nent and is deserted during the winter or whenever mining operations 
cease. The deposits are situated about 4 miles south of the site of 
old Cove Fort and are locally known as the Cove Creek sulphur beds. 
They are conveniently reached by team from Beaver, but the railroad 
connection or shipping point is Blackrock, a station on the San Pedro, 
Los Angeles and Salt Lake Kailroad about 24 miles northwest of 
Sulphurdale.

Occurrence. The sulphur extends from the surface downward to a 
considerable though unknown depth in beds of soft rhyolitic tuff and 
varies in amount in different parts of the beds. An area of several 
acres has been exploited, the sulphur having been mined more or less 
continuously for 30 years, but the lateral extent as well as the depth 
of the deposits is unknown.

Neighboring deposits. There are several more or less widely sepa­ 
rated deposits of sulphur in the vicinity of Sulphurdale, ranging in a 
general northeast-southwest direction. One deposit 3 miles north of 
the camp is said to have been worked to some extent, but the other 
prospects have not been developed, although they are said to show 
indications of considerable quantities of sulphur.

GEOLOGY.

Formations. The Paleozoic sediments of the plateau region prob­ 
ably occur at a considerable depth beneath the surface at Sulphur- 
dale. Their nearest exposures are at the north end .of Mineral Moun­ 
tains and in the Beaver River range to the west, where they dip 
eastward beneath the extrusive rocks which cover the surface.
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The Tushar Mountains, near the north end of which the sulphur 
beds occur, are composed of eruptive rock consisting, so far as 
examined, of flows, breccias, and tuffs of rhyolite overlain in places 
by andesite. Much of the tuff is soft, fine-grained, and snowy white. 
The rhyolites presumably rest upon sedimentary rocks, as in neigh­ 
boring regions, and are apparently several thousand feet thick. The 
sulphur occurs in the white tuff, which some of the miners call 
"gypsum/'

In the vicinity of Sulphurdale basalt overlies the rhyolites and 
andesites in slightly eroded flow sheets and crater cones. Two con­ 
spicuous cones having well-defined craters occur near the sulphur 
beds, one about 10 miles to the southwest, the other 3 miles west of 
the camp. Still other cones and associated flows are situated farther 
north, forming a linear group lying essentially parallel to the neigh­ 
boring mountain ranges. The fresh appearance of the lavas and the 
slight amount of erosion of the cones indicate recent formation, and 
lavas of similar character near Blackrock rest upon the Bonneville 
beds, from which fact it seems probable that the cones were formed 
during late Quaternary time.

Structure. There are reasons for believing that the sulphur beds 
are located in or near a zone of intense faulting and volcanic activity 
and that the conflicting forces causing the disturbances-have not yet 
reached a state of equilibrium. Evidence of this is found not only in 
the vicinity of Sulphurdale, but for long distances both north and 
south of this place. .

Along the western border of the high plateaus of Utah, from St. 
George northeastward, several basins have been formed by faulting, 
accompanied or followed by the movement of large crust blocks. Rush 
Lake Valley and Parowan Valley are perhaps the most conspicuous of 
these basins. The strata of the plateau to the east lie essentially hori­ 
zontal, while those to the west dip eastward beneath the valleys. In 
the Beaver basin this simple relation is complicated by the great 
masses of effusive rock which cover the sediments, but west of the 
basin, in the vicinity of Minersville, and again at the north end of 
Mineral Range, the Paleozoic sediments appear underneath the effu- 
sives, dipping eastward beneath the basin. From this it is inferred 
that Beaver Valley, like those farther south, is due to crustal movement 
and that the great fault zone which follows the western margin of the 
plateau through Rush Lake and Parowan valleys, and along which 
displacements of thousands of feet are known to have occurred, prob­ 
ably continues through Beaver Valley, and thence northeastward 
past Sulphurdale.

Several phenomena noted mark this zone as one of recent disturb­ 
ance. The line of sulphur beds, from which hydrogen sulphide is still 
escaping in large quantities, and less exactly the line of the recent
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volcanic cones, coincide with it or lie parallel to it. The region 
between St. George and Fillmore is known as a zone of frequent and 
severe earthquakes, several shocks of sufficient force to destroy build­ 
ings having occurred there within the memory of men still living in 
this vicinity.

SULPHUR.

CHARACTER OF ORE.

Some of the sulphur occurs in cylindrical masses or cores 10 or 15 
feet in diameter, having a rude radial structure, as. if they had been 
formed about a central vent that extended downward into the beds 
of tuff, but it occurs mainly as a dark-colored impregnation or 
cementing substance in the rhyolitic tuff. In certain places it appears 
as irregular veins of nearly pure yellow sulphur ramifying through the 
beds. These veins, some of which are several inches thick, are usually 
banded parallel to the walls and are evidently filled fissures. The 
sulphur is apparently deposited in some way from solution, since in 
several places acid water, an analysis of which is given below, was 
found issuing from small fissures partly filled with yellow sulphur. 
Here 'and there a small cavity is lined either with flowers of sulphur 
or with sulphur crystals.

The ore varies greatly in richness; at some places there is only a 
trace, at others there are masses of practically pure sulphur. Samples 
taken at the extremities of the workings have been analyzed by E. C. 
Sullivan, of the United States Geological Survey, and found to con­ 
tain, respectively, 80 and 65 per cent of sulphur. The first sample was 
taken from a horizontal sheet 8 feet thick and the second from a verti­ 
cal dikelike body 4 feet thick. There is a large quantity of equally 
rich ore and much that is not so rich. Material having as low as 15 per 
cent of sulphur, however, is considered paying ore.

The cost of production is doubtless much greater than it would be if 
the mining were done on a scale sufficiently large to warrant the instal­ 
lation of modern machinery. The stripping to a depth of 10 feet or 
more is done entirely by horses and scrapers, much of the material hav­ 
ing been moved several times, and the ore is removed by manual labor, 
whereas both operations might easily be performed with steam shovels 
at greatly reduced cost.

At the smelter the ore is placed in iron retorts and the sulphur melted 
out by steam, which is forced into it under a pressure of about 60 
pounds, representing a temperature of 144° C. The melted sulphur 
finds its way to the bottom of the retort and is drawn off into iron 
receptacles, in which it cools and hardens into cakes weighing about 
200 pounds each. In this form it is stored until needed, when it is 
ground into flour and sacked for shipment. The rate of extraction is 
slow, but experience has shown that an attempt to hasten it by raising
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the temperature of the steam results in diminishing the output and in 
some cases has almost wholly stopped the process. The steam pres­ 
sure employed varies somewhat with the kind of ore. Cedar wood, 
which grows in abundance in this vicinity, is used as fuel. 

. The sulphur as it comes from the retort has been analyzed by Her­ 
man Harms, State chemist of Utah, who reports the composition as 
follows:

Analysis of sulphur from retort at Sulphurdale, Utah.

Sulphur....................................................... 99. 71
Nonvolatile residue (silica, iron oxide, etc.)..................... .23
Free sulphuric acid ............................................ Trace.
Sulphurous acid ............................................. 0
Arsenic....................................................... 0
Moisture at 100° C............................................ .-06

100.00 
ORIGIN.

Several facts noted seem to point clearly to the mode of origin of 
the sulphur. The geologic relations, previously stated, indicate that 
the deposits are on or very near a fault line and are closely associated 
with volcanic rocks. The presence of a recently extinct volcano to 
the west, the flows from which extend within about a mile of the 
sulphur beds, suggests that the sulphur may have resulted from the 
eruptions of this volcano. Gas is now escaping here in large volumes; 
in some places through vents suggesting those supposed to have given 
rise to the cylindrical cores of sulphur; in other places through thou­ 
sands of small jets from the porous beds of tuff, giving rise to the 
general dissemination of the sulphur through the beds. Wherever 
water stands in the excavations the gas boils up through it at short 
intervals. No sulphur dioxide (S02 ) was noted, but the disagreeable 
odor of hydrogen sulphide (H2S) was strongly perceptible. The 
occurrence of large quantities of hydrogen sulphide suggests that this 
gas is the source of the sulphur. When it comes into contact with 
oxygen in the porous tuff near the surface it is probably oxidized, 
losing its hydrogen and dropping the sulphur as expressed by the 
simple formula:

The sulphur being a solid remains where it is set free in the porous tuff. 
If this explanation is correct, continued oxidation would form a cer­ 
tain amount of sulphur trioxide (S-r30 = S03 ), which in combination 
with water forms sulphuric acid (H20 + S03 = H2S04 ). It is a matter 
of interest in this connection to observe that the water issuing from 
the beds is strongly charged with acid, as shown by the following 
analysis made by W. M. Barr, of the United States Geological Survey:
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Analysis of water from Cove Creek sulphur beds.

[Parts per million.] 

Dissolved solids at 180°......;................................. 8, 816
Dissolved solids at 130°...................................'.... 10, 810
Suspended matter............................................ 52
Silica (Si02).................................................. 124
Ferrous oxide (FeO)........................................... 560
Ferric oxide (Fe203)......................:...............,.... 802
Aluminum (Al)............................................... 0
Calcium (Ca)................................................ 158
Magnesium (Mg)............................................... 232
Sodium (Na) \
Potassium (K)J ----------- ; .---..-- 144

Carbonate radicle (C03) ....................................... 0
Bicarbonate radicle (HCO;j)...................!................ 0
Sulphate radicle (S04)...........................!............ 7, 602
Free sulphuric acid (H2S04)...............................'... 4,523
.Chlorine (Cl)........:........................................ 79
Nitrate radicle (N03 ) ........................................   1. 7
Free sulphur (S)......:......................^.............. 3.G

NOTE. Constant loss of dissolved solids occurs when heated above 130°. Heated 
at 180° not constant. Sample had free hydrogen sulphide .(H2S) when collected, 
with possible presence of sulphur dioxide (S02).

The veins filled with yellow sulphur and the cavities lined with 
crystals or flowers or sulphur might be interpreted as indicating that 
the sulphur came up in melted or vaporized condition. The quan­ 
tity occurring in this way, however, is very small compared with 
that contained in the tuff, and may be due to some secondary action.

CONCLUSION.

The facts and inferences regarding the occurrence and origin of 
the Cove Creek sulphur deposits may be summarized as follows:

There are valuable deposits of sulphur not only at Sulphurdale, 
where it is being extracted, but at several other localities in the same 
neighborhood. The Cove Creek sulphur beds have supplied the local 
market for about thirty years, their average annual output being esti­ 
mated at 1,000 tons. The sulphur is probably the result of volcanic 
action, as is shown by its presence in a volcanic region where recent 
eruptions have occurred. It is presumably derived from hydrogen 
sulphide, which is still escaping in large quantities, and its concentra­ 
tion in the beds of rhyolitic tuff is probably due to the general dis­ 
semination of the gas through the porous material near the surface, 

"where it comes in contact with oxygen which unites with the hydrogen 
to form water, leaving the sulphur as a cementing substance in the 
loose material. The process of formation and concentration is appar­ 
ently active at the present time. ^ .
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origin of.............................. 179-181

Maguire & O'Heron quarry, granite of,
composition of.................. 358

Maine, feldspar of, availability of......... 388-389
manufacture of.................... 387-388
mining of......................... 389-393
occurrence of........................ 393
uses of............................ 380-387

feldspar and quartz deposits of....... 383-393
granites of, work on................... 356-357
mineral prospect in, note on.......... 118-119
pegmatites of, character of........... 385-386

composition of..................... 383,385
distribution of...................... 383
geologic occurrence of............. 383-384
origin and age of.................... 385
uses of............................ 386-387

quartz of, manufacture of.............. 388
mining of......................... 389-393
uses of............................ 386-387

Maine Feldspar Company, mills of........ 387,391
quarry of............................... 391

Mancos shale, analyses of. ...............'. 297,300
Mandle, I., & Co., Georgia, clay beds worked

by.............................. 309
Manganese, occurrence of................. 466,473
Manganese ores, Survey publications on.. 213-214 

work on......................... 22-23,130-212
Mansfield sandstone, occurrence and char­ 

acter of................... 365-366,368
use of, for glass sand................. 365,368

Market Lake, gold diggings near-........... 79
Martin, Lawrence, and Phalen, W. C., paper

by............:............... 344-354
Massachusetts, granites of, work on... 1.. 357-359 
Massillon,0hio, glass sand at......... 367,373-374

analysis of.............................. 376
Massillon Sand and Stone Company, quarry

of............................... 374
Massillon sandstone, use of, for glass

sand...................... 367,373-374
Matches, use of phosphorus for........... 482-483
Maumee, Ohio, glass works at.............. 371
Mechanicsville, Pa., clay near......... 338,341,342
Meissner,   , analysis by.................. 177
Mercer clays, occurrence of................. 337,

339,345,348-349,350-351 
Mercer shales, occurrence of.............. 349-350
Merom sandstone, occurrence of............ 366
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Mesa Blanca Capulin, N. Mex., geologic sec­ 

tion in.......................... 262
Mesaba mine, Ala., description of......... 165-167

ores of, analyses of................... 177,178
Metz, Henry, acknowledgments to......... 93
Mica, deposits of, investigations of........ 24-25,

400-422,423-425
deposits of, North Carolina, paper on. 420-422 

North Carolina, publications on, list
of............................... 401

Wyoming, paper on.............. 423-425
prospects of, figure showing.... 192

mining and treatment of............. 417-418
origin of.........................?.... 418-422
uses of.................................. 400

Mica, graphite, etc., papers on........... 400-428
Survey publications on, list of.......... 429

Michael, L. G., analyses by............... 228,229
Miller clays. See Kittanning clays.
Millport, Pa., mineral-paint ore near..... 435-436
Milton, Mass., granite of, composition of... 358 
Milton English mine, N. C., description

of............................. 407-409
Mineral paints, materials available for, work

on.............................. 25
papers on............................. 430-437

Mineral-paint ores of the Lehigh Gap, Pa.,
paper on...................... 435-437

Mineral resources of U. S., annual report on,
form and character of........... 13

Minnekahta limestone, analyses of....... 235,242
occurrence of..................... 235,241-242

Minnesota, copper mines in, ores of......... 101
Minnie claim, VVyo., description of......... 425
Missouri, clay resources in, paper on...... 315-321

glass sand in.......................... 380-381
marketing of....................... 363

Missouri River, glass sand on.............. 379
Mitchell, L. J., mine of, clay at.............. 347
Monroe formation, use of, for glass sand.. 367,370 
Montana, gold and silver deposits in, work

on.............................. 31-55
. work in, on metalliferous ores.......... 17

Monterey formation, diatomaceous earth
in.........:........... 439-441,444-445

Monticello lode, Colo., operations, ores, and
general features at.............. 27-28

Montpelier, Idaho, phosphate beds near.. 457,461 
phosphate beds near, section of, figure

showing........................ 459
section near, figure showing............ 458

Montpelier Creek, Idaho, phosphates on.. 458-459 
Morrell, T. T., analyses by............ 347,348,351
Morrison shale, analysis of.................' 230

occurrence of............................ 236
Moss brick works, De Soto, Ala., section at.. 291 
Mount Apatite, Me., feldspar at.......... 391-392
Mount Ararat, Me., feldspar at............. 391
Mount Holly Brick and Clay Company, Pa.,

operations of................. 330-332
Mount Holly Springs, Pa., clay beds mined

near...........:.............. 322-334
phosphorus ore at, discovery and de­ 

velopment of................. 474-476
geology of........................ 476-477
origin of.......................... 477-478
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gems in............................. 385
Mountain Creek, Pa., clay beds along..... 323-332
Mowry, C. W., farm of, clay on............. 341
Muscovite, occurrence of.............. 400,423-424
Myers, James, farm of, clay on............. 338
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Nantahala Mountains, N. C., mica in..... 411,412
Napoleon shaft, Colo., rocks and ores cut by. 29 
National Sand and Stone Company, quarry

of............................. 374-375
Natural cement.^ See Cements.
Nebraska, glass sand in.................... 381
Nespelem Bar, Wash., gold prospects at... 02 
Nevada, phosphates in..................... 450

work in, on metalliferous ores.......... 17-18
Newark, Ohio, glass works at............... 373
Newberry, J. S., cited on gypsum in New

Mexico.......................... 260
New Bethlehem, Pa., clay near........... 337-338

clay near, section of.................... 338
New Caledonia, nickel ores from, analyses of. 123 
Newcastle, Wyo., discussion of, as site for

Portland cement plant....... 232-239
Portland cement materials near, distri­ 

bution of, map showing........ 233
shale near, analyses of............ 234,237,238

New England, granites of, recent work on,
paper on...................... 356-359

New England Granite Works, granite of,
composition of.'................. 359

New Hampshire, granites of, work on.... 357-359
New Jersey, iron ores of, work on.......... 22
New Mexico, alum deposits in, paper on.. 215-223 

gypsum in, work on.................. 200-205
Newsom, J. F., and Branner, J. C., cited on

Arkansas phosphates......... 471,472
New York, feldspar of.................... 394-399

feldspar of, analyses of................. 396
New York claim, Wyo., description of.... 424-425
Niagara sandstones, use of, for glass sand. 3G4--365 
Nickel, deposits of, at Nickel Mountain,

Oreg., paper on............... 120-127
Survey publications on, list of.......... 129

Nickel Mountain, Oreg., geology of region
near.......................... 121-122

mining operations at................... 121
nickel ores at......................... 120-127

origin of.......................... 125-127
Nickel ores, analyses of..................... 123

occurrence of, in Oregon.............. 120-127
Niles, Ohio, glass sand at............. 307,374-375

analysis of............................... 376
Niles Fire Brick Company, farm of, clay on. 341 
Niobrara limestone, analysis of............ 241

occurrence of......................... 240-241
Nordenskiold, A. E., cited on occurrence of 

vanadium in carbonaceous de­ 
posits ........................... 116

North Birmingham, Ala., glass sand at.... 378
glass sand at, analysis of............... 382
quarry at, dolomite from, analysis of.. 253 

North Carolina, mica deposits of, character
Of............................... 403
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North Carolina, mica deposits of, distribu­ 

tion of .....................l.. 402-403
mica deposits of, geologic occurrence

of............................. 403-407
mines of.......................... 407-417
mining of..................... 401,417-418
origin of.......................... 418-422

  production of....................... 400
work on............................ 24-25

pegmatites in, gems in.................. 407
mica in........................... 400-418
minerals in.......................... 407
occurrence of..................... 405-406
origin of.......................... 420-422

rainfall and climate in.................. 403
North Castle, N. Y., feldspar at............ 398
North Valley Hill, Pa., vvavellite on........ 475

O.

Obalski, J., cited on occurrence of vanadium
in carbonaceous deposits....... 110

Ohio, glass-making materials in...... 361-363,367
glass-making materials in, analyses of. 376 
glass products of..................... 361-363
glass-sand quarries in............ 362,370-375

Ohio Geological Survey, maps of........... 367
Ohio, Kentucky, and Indiana, glass-sand

industry of, paper on......... 361-376
Ohio mine, Colorado, operations, country t 

rock, and ore at................ 29-30
Ohio River formation, use of, for glass

sand.......................... 366,369
Ohio Stone, Cement and Construction Com­ 

pany, quarries of............. 371-372
Oil tests of fuller's earth and other mate­ 

rials, tables showing.......... 273-275
Ojo del Espiritu Santo, N. Mex., geologic

section near.................... 264
0. K. tunnels, Colorado, operations at..... 30
Olivine, analysis of......................... 126
Oklahoma, copper deposits in, reference to. 101 
Omaha incline, Wyo., copper ores in ....... 105
Ooltewah, Tenn., paint ore at, analysis of.. 433 
Ore Bank station, Pa., shale at............ 337
Orcutt, Cal., diatomaceous earth at........ 444
Oregon, nickel ores in.................... 120-127

work in, on metalliferous ores.......... 18
Ottawa, 111., quarry methods at........... 370
Ostwald,   , cited on colloids............. 280
Owensboro, glass works at................. 363
Oxmoor sandstone, use of, for glass sand.. 377

P.

Pahasapa limestone, analysis of.......... 235-230
occurrence of......................... 235-230

Paints, mineral, papers on............... 430-437
use of hematite in.................... 430-434

Paper making, use of clay for.............. 333
Park View mine, Colo., operations and ores

at .............................. 27
Pcctoids, definition of...................... 280

presence of, in fuller's earth.......... 280-282
properties of.......................... 281-282

Pegmatites, composition and character of.. 383. 
385-386,394,405-406,422



INDEX. 501

Page. 
Pegmatites, geologic occurrence of...... 383-384,
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Pendleton, Ind., glass sand near........... 305
Pennsylvania, clays in, paper on......... 322-334

clays and shales in, work on........... 335-354
iron ores of, work on................... 22
magnetite in, work on................ 185-189
mineral paint ores of. See Lehigh Gap,

Pa. 
phosphorus ore in. See Mount Holly

Springs, Pa. 
Pensacola, Fla., glass sand at.............. 378

glass sand at, analysis of .............. 382
Peppol, S. V., cited on cost of making sand- 

lime brick....................... 257
Peridotite, analysis of..........:........... 126
Peru Township, Iowa, limestone and shale

from, analyses of..............'. 223
Perry, Ga., clay beds near................ 312-313
Phalen, W. C., and Martin, Lawrence, paper 

by, on clays and shales in Cam­ 
bria County, Pa.............. 344-354

Philadelphia Clay Company, clay beds
worked by................ 322,324,327

operations of......................... 327-330
Philipsburg quadrangle, Mont., general

geology of...................... 33-35
ore in, distribution and character of.... 35
ore production of....................... 33

  report on ore deposits in............... 31-55
Phillips, A. J., analyses by.................. 234,

235,237,238,241,242,243 
Phillips, W.'B., analyses by.............. 176,249

cited on silica in Knox dolomite...... 253-254
Phlogopite, importation of................. 400
Phosphates and phosphorus, papers on... 449-482 

Survey publications on, list of.......... 483
Phosphate-bearing rocks, description of.. 452-453 
Phosphate deposits (developed), northern

Arkansas, paper on........... 463-473
Pennsylvania, paper on.............. 474-483
western United States, paper on..... 449-462
work on................................ 25

Phosphorite, extraction of phosphorus
from............................ 47

Phosphorus, manufacture of......... 474,478-481
production of......................... 481-482
uses of..................I............. 482-483

Pierre shale, analyses of.................. 238,243
occurrence of .................... 237-238,243

Pigeon Hill quarry, granite of, composition
of............................... 358

Pine Bar gold diggings, Snake River, Wyo.,
operations at................... 78-79

Pine Grove Furnace, Pa., brick clays used
at............................. 324,325

clay beds at............................ 332
Piney, Pa., clay near..................... 341,342
Pihey Mountain, Oreg., nickel deposits at. 120-127 
Pinkney, Tenn., iron ores from, analyses of. 154 
Piollett, Pa., clay near..................... 342
Pipe clay, analyses of....................... 272

tests of........ ........................ 275
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Pismo formation, diatomaceous earth in. 439,445 
Plasters, materials for, work on............ 24

Survey publications on.......... '....... 200
Platinum, occurrence of, in Snake River

gravels......................... 87-88
Survey publications on, list of.......... 129

Platteville formation* analyses of rocks in. 228,229 
sections of............................ 227-229

Plumtree, N. C., mica near................ 407,409
Poland, Me., feldspar at.................... 392
Polk Bayou limestone, description of..... 460,473
Porter, .1. T., paper by, on properties and

tests of fuller's earth......... 268-290
work of................................. 24

Portland, Oreg., electric smelting at....... 212
Portland cement, cost of making........... 244

demand for............................ 232
plant for making, cost of............... n 244
plants for making, location of, in West­ 

ern States, map showing....... 240
Survey publications on, list of........ 245-246
work on.............................. 225-244

Potomac formation, Ga., clays of......... 304-306
Potosi Station, Wis., section of Platteville-

Galena beds near............... 229
Potsdam sandstone, use of, in glass making 378 
Potter, Clark, farm of, clay on............. 341
Pottsville formation, clays in...... ; ....... 337,

339,345,348-349.350-351 
section of............................... 330
use of, for glass sand................... 367

Powdermill Creek, N. Cy mica near......... 409
Preuss Range, Idaho, phosphates in and

near............................ 450
structure in............................. 454

Prince Metallic Paint Company, works of .. 430 
Prince's Manufacturing Company, paint
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work of................................. 25
Puzzolan cement. See Cements.
Pyrite and sulphur, papers on............ 483-489

Survey publications on................. 490
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Q.uartz, deposits of, work on............... 24
manufacture of......................... 388
occurrence of........................... 400
uses of................................ 387-397
See also Maine, pegmatites of; quart/- of.

Quartz and feldspar, papers on.......... 383-399
See also Pegmatites.

Quicksilver, Survey publications on, list of. 129
Quincy granites, shades of, cause of........ 358
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Ransome, F. L., cited on Silverton quad­ 
rangle, Colorado................ 26

work of.............................. 16,17-18
Ransome, F. L., and Hillebrand, F. L.,

quoted oncarnotite of Colorado 111
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Rimersburg, Pa., clay near............... 338,342
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Robbers Cave, Nebr., glass sand at........ 381

glass sand at, analysis of............... 382
Rockbridge, Ohio, glass sand at.......... 367,373
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Rogers Bar, Columbia River, gold-bearing
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of............................... 298
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Rossi, A. J., cited on smelting of tita'niferous
iron ores........................ 211

Russell, I. C., cited on geology of Washing­ 
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Sage, Wyo., phosphates on................. 456
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Sands, black, of Columbia River, Wash.,

mineral composition of......... 61
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