





£0oRAn0 croLog;

CAL SURveY




EORADO GZOLOGICAL SURYEE

STATE OF COLORADO ‘vlm ) éQO

MINERAI RESOURCES BOARD i
204 State Office Building &)90%4 (W S

Denver 2, Colorado

MINERAL RESOURGES
of GOLORADO

Prepared under the supervision of

JOHN W VANDERWILT
Consulting Geologist

Denver, Colorado

1947



Copies of this bulletin can be obtained from the
COLORADO MINING ASSOCIATION
204 State Office Building
Denver 2, Colorado
Price $2.50

93



To His Excellency, The Honorable William Lee Knous, Governor of
the State of Colorado, and Members of the Thirty-sixth General
Assembly :

I have the homor to transmit herewith, the Bulletin of the

State Mineral Resources Board on the subject ‘‘Mineral Resources
of Colorado’’, by John W Vanderwilt and contributing authors.

It is hoped that this work will serve to stimulate increased ac-
tivity in the mining industry, and that, this will be the first of
many publications by the State Mineral Resources Board, to pro-
mote the welfare of Colorado’s Mining Industry.

Colorado State Mineral Resources Board

Robert S. Palmer
Executive Director

204 State Office Building
1947

1IT



STATE OF COLORADO
MINERAL RESOURCES BOARD

W. E. SCOTT, JR., Chairman
CHARLES N. BELL, Vice-Chairman
ROBERT 8. PALMER, Ezecutive Director

DIRECTORS

Charles N. Bell .
M. F. Coolbaugh
Oscar H. Johnson
J. M. Kleft
Arthur M. Lorenzon
W. J. Schenler

W. E. Scott, Jr.

John W. Valentine .

C. 0. Withrow

v

. Ouray
Golden
Denver

. Leadville

. Silverton
Pueblo
Central City
Boulder

Denver



MINERAL RESOURCES OF COLORADO

PART I.
METALS, NONMETALS, AND FUELS

By John W Vanderwilt
Consulting Geologist
Denver, Colorado

PART 1I.
SUMMARIES OF MINING DISTRICTS
AND MINERAL DEPOSITS

Prepared by the United States Geological Survey,
under the general supervision of
W. 8. Burbank

PART I11.
INVESTIGATIONS OF STRATEGIC
MINERAL RESOURCES

By W. M. Traver, Jr.
United States Bureau of Mines



CONTENTS
PART I. METALS, NONMETALS, AND FUELS
By John W Vanderwilt

Page
Foreword, by Walter E. Scott, Il vii
Preface ..o .. 1
Acknowledgments 2
Topography ............ 2
ClMAte oo 4
General geology of Colorado...... - . . . 8
Principal rock formations............ooioiiiiiiiaenie. .. 8
Tertiary, Miocene, and Quaternary voleanic rocks.......ccoeie. 11
SErUCtUTe e e 11
Mineralization ........ . 12
Selected bibliography et n 13
BleCtIIC POWET oottt rene e eeen e e e eanenanan 15
Past production as a basis for estimating the future... ... 18
MEtalS oo ea et .. 23
Gold, silver, copper, lead, and zine districts by counties. .. 23
Introductory statements. ... .. 23
Location and access... .. 24
Water and timber....... .. 24
Production figures............ .. 25
B 25 o< O .. 25
Geology and bibliography....ccoooooiveeennicc . .. 27
Gold placer deposits.....oooooiiiiioooeeeeeee e .. 28
Adams County................ ... 30
Clear Creek placers... .31
Alamosa County.. ... .. 31
Blanca or West Blanea. ..o 31
Arapahoe County......ooooooooooo e 31
Cherry Creek Dry Creek, South Platte River, Little

Dry Creek and other PlaCerS. e 32
Archuleta County. - .. 32
Baca County..ooooooiiiiiireeee .. 32
Carrizo Creek (Estelene)....... .. 32
Boulder County.......ccoooeeeeeeen.. ... 85
Central (Jamestown) ... ..., 35
Gold Hill (Rowena, Sahna, Sunshlne) ................................ 35
Grand Island (Cardinal, Caribou, Eldora, Nederland).... 37
Magnolia ... . 3

Sugarloaf ...

Ward ...

Chaffee County
Arkansas River placers (Salida, Nathrop, Buena Vista).. 41
Browns Creek placer (Browns Canyon) . .....ocoeoeeeoieaeeeeees 4
Calumet (Whitehorn in Fremont County)..
Chalk Creek (Alpine, Romley, St. Elmo)
Clear Creek placerS...oooooooooeeeeeeoo . .
Cleora .. e memeeseeemmeeeeemeeeteeitesssteecrasciresesecmeesseesess
Cottonwood ......._.... . .
Four Mile . .o

Garfield-Monarch ... ...
Granite (and Lost Canyon)... -
La Plata (Winfield ). oo
Riverside (Mt. Harvard)......
Sedalia e
Trout Creek...... ...
Turret CreeK........ocoooovoeiiiiiienne,
Twin Lakes (Red Mountain)... .
Clear Creek COUNtY ..ooooooeoemmoeeee e
Alice (Lincoln, Yankee Hill)




Argentine (West Argentine) . ..o 52
Dailey (Atlantic) ..o 55
Empire (Upper Union).............. e eenennemaeneeepanaenen 55
Geneva Creek (Collier Mountain). 57
Griffith (Georgetown, Silver Plume, Queens) .................... 57
Idaho Springs (Cascade, Coral, Jackson Bar, Paynes
Bar, Spanish Bar, Virginia Canyon) . ...oeeceeeeeeececeens 60
Montana (Lawson, Dumont, Downieville).....occcermroereceecee 60
Trail (Freeland, Lamaltme) 63
CONEJOS COUNEY .ottt e e e coes cesmeeneneeen 63
Axell, Gilmore, Lake Fork Platoro (Ute), and Stunner.. 63
Costilla County ..... 65
Plomo (Rito Seco) ... 65
Russell (Grayback). ..ot 65
Custer County.......ooooeeooeeeeeeeeeeeeeeeaens ... 66
B alrViOW oo 66
Hardscrabble (Silver Cliff-Westecliffe).................... ... 66
- Oak Creek (Ilse, Spaulding)................ ... 69
Rosita Hills (Rosita, Querida)... ... 69
Delta County....ooooooooooeieeeeeeceeeeeene (1]
Denver County.......oooooovoooomeeieoiiiee. ... 10
Cherry Creek and Platte River placers............. ... 70
Dolores County : 71
Lone Cone (Dunton).............. . 71
Pioneer (RICO) . iomoioieiieeee e 74
Douglas County.. ..o 74
Cherry Creek placers... .. 74
Dry Creek placers......... ... 15
Newlin Gulch placers........ .. 75
Russellville Gulch placers. ... 75
Eagle County..eoeooeeeoeceeieeee - 17
Brush Creek............ I
Burns and MeCoy oo 77
Fulford .o 78
GypSUM oo e 78
Holy Cross (Eagle RiVer). ..o 78
Homestake oo 80
Mt. Egley 80
Red Cllff (Battle Mountaln, Gllman, Belden) ...................... 80
Elbert County ..o 8

Gold Creek or Ronk Creek placers
El Paso County
Blair Athol..
Fremont County I
Arkansas River placers........oooooooooiiiioeeeen.
Badger Creek
Canon City .o
05375 125 J
Currant Creek (Parkdale, Micanite) ... ........ccoooineeens
Grape Creek (Greenhorn)..... ... :
Hillside .
Red Guleh oo
Whitehorn (Calumet in Chaffee County)
Garfield County .
Rifle Creek and Elk Creek........ocooooiiieioiiiiieeeeeeaes
GIIPIN COUNEY . . e
Northern districts (Perigo, Independence, Pine-Kingston-

Apex) 90
Southern districts (Central, Nevada, Gregory, Russell,

Quartz Mountain) 93

Grand County 96

Placers oo 96

Blue Ridge .oooooeoeeee 96

Corral CreeK.........o.occooco.oioe. 96

Grand Lake (Wolverine).............. e 96




La Plata (Williams Fork) ... 97
Monarch (Harmon)
Red Gorge.................

Gunnison County..........oe
Box Canyon
Cebolla (Vulcan, Domingo, Powderhorn, White Earth).. 98
Cochetopa (Green Mountain, Gold Basin) 100
Dorchester (Taylor Rlver) ...........................

Elk Mountain

Gold Brick
Goose Creek (Madera)
Quartz Creek .....o.......
Rock Creek (Marblie)
Ruby
Spring Creek (Spring Guleh) ..ol
Taylor Park oo
Tincup .
Tomichi (Whitepine) .... .

Hinsdale County ...,
Burrows Park (White Cross) ______
Carson .
Galena (Henson Creek)................
Lake Fork (Lake San Cristobal)
Park (Sherman) ..o

Huerfano County.....ccoeeeeiceeccacen.
La Veta
Malachite (Huerfano) ........

Jackson County .oeoeeeeiceecaccece
Independence Mountain...........................
Pear]l o
Rand oo
Teller e

Jefferson County weoeoeeeemceeceeeeee.
Evergreen
Golden Placers oo
Malachite .o

Lake County......ccocee...... -
Alicante (BirdS€Ye) oo
Box Creek ... oo -
Buckeye Guleh oooooeeoL
Colorado Creek (Gulch) .
Granite
Homestake ..o
Leadville (California, Evans, Iowa, Empire).....
St. Kevin—Sugar Loaf . ... ..
Tennessee Pass (Harrington, East Tennessee)..
Twin Lakes (Lackawanna Gulch)............ ... ...
Weston Pass .

La Plata County . .o,
Animas River ..o
California (La Plata, Oro Fino, May Day)..ccccoeoeeeeeeeeen..
Cave Basin (or Mount Runlett)
Needle Mountains (Tacoma, Florida River, Vallecito)....135

Larimer County......oooooooooooeeee oo
Drake .
Empire (Howes Guleh)
Home ...
Manhattan
Masonville ...
Steamboat Rock (Gray Rock)
Native copper in red sandstone........................

Las Animas County............

Mesa County.
Gateway (Calamlty, Maverick, and others)
Sinbad .......
Unaweep




Mineral COUNTY.. ... cooeiomeeeeee et ceen e e eaenes
Creede (King Solomon, Sunnyside)............... -
Moffat County........
Douglas Mountain._........
Fourmile Creek (and Timberlake Creek)
Lay
Round Bottom
Skull Creek (and Blue Mountain) . ........oooooiiiiiec
Montezuma County..... - -
Bear Creek.......
East Mancos River (Red Arrow mme)
Stoner ... e
Montrose County..o...ooceeeoiiiiiiieeeee
La Sal Creek.....ooooiiieiine
Naturita - J
Sinbad .
Tabequatche Basin..
Ouray County... ..o
Red Mountain. ....ooooeooiei
Ridgway . . .
Sneffels (Imogene Basin)...................__.....
Uncompahgre (Upper Uncompahgre, Ouray).
Park County
Alma placers
Beaver Creek..
Buckskin ... .
Consolidated Montgomery............ccccoooeee.e.
Fairplay
Guffey (Freshwater)
Halls Gulch
Horseshoe
Mosquito
Pulver -
Sacramento .cooooceeeeeeeeieeeeeeeee
Tarryall Creek...... -
Tarryall SPrINES. e e ee s
Weston Pass
Pitkin County.
Ashceroft ...
Avalanche
Frying Pan (Homestake)
Independence
Lincoln Gulch
Roaring Fork (Aspen, Richmond Hill, Lenado) .................. 180
Snowmass .
Rio Grande County.....oooooioiiiiiiieee
Embargo
Jasper (Deecatur)...................
Summitville ...
Routt County.......ooooeeeeeee.
Copper Ridge
Hahns Peak (Columbine)...................
Oak Creek.....ooccooeemeeiceiinee.
Rock Creek (Gore Range)........ooooo ..
Slater (or Three FOrks) ..o
Slavonia .
Spring Creek (Steamboat Spnngs)
Yarmony
Saguache County....
Blake (Mirage, Cotton Creek)........
Cochetopa Creek..........oocoooeco.
Crestone (Baea Grant)..........
Crystal Hill.....................
Embargo Creek




Kerber Creek (Bonanza) ... ..., 194

Music (Liberty) ...196
San Juan County........

Animas ...

Bear Creek................

Eureka (Cement Creek, Mineral Creek, Animas Forks)..199

Tce Lake Basin....ooooooiroee oo e 202
San Miguel County. .o ooeeeneeeceeccceecee e ecme e 202

KIONAYKE e aaneeaaeas 202

Lower San Miguel (Placerville, Sawpit, Newmire)..........202

Mount Wilson.....

Ophir (Iron Springs, Ames)

~ Upper San Miguel (Telluride)

Summit County. ..o

Breckenridge (Bevan, Union, Minnesota, Blue River,

Swan River, Illinois Gulch, French G

Frisco ......

Green Mountain (Wilkinson)

Montezuma (Snake River, Peru)

Tenmile (Robinson, Kokomo).....

Upper Blue River.......

Teller County

Cripple Creek....coeeeeeeoeo..

East Beaver ...

List of mining districts with pages references to Mineral

Resources and Minerals Yearbook

Miseellaneous metals

Iron and titanium

Manganese .......ocooooeooeeeoieeeei .

Mercury
Molybdenum ....ooooveeeeeee

CHmMax e

Urad

Nickel

Tantalum

Titanium eeooeeoeeeeeoeee.

Tungsten ...

Vanadium

Uranium

Nonmetals oo
Explanatory statement......_..

Construction materials.........o.ooooooooiiiimiiiii

Abrasives .o

Bentonite .............

Cement materials .....

Clay ...

Brick Clay oo

Fire €lay e i

General description

Fire clays of eastern Fremont, western Pueblo and

adjacent counties, by K. M. Waage.................. 236
Introduction ... 236
Geology of the fire clays.. 236

Fire clay of the Glencairn shale member
(Purgatoire formation)
Clay-bearing unit of Dakota sandstone

Development
Reserves
Pottery elay oo
Dolomite ...
Granite .
Gypsum and alabaster. ...
Limestone
Marble

Mineral wool materials. ... e



Sand and gravel -
Sandstone and quartzite
Slate
Vermiculite ..o
Voleanic extrusive rocks
General statement
Basic rocks
Acidic rocks

Perlite, pitchstone, and obsidian........ccocooooeeeieee.

Pumice and pumicite........oooooeoomooe

Nonmetallic minerals e e e eeenneas
Asbestos .............

Barite
Corundum ...
Fluorite (fluorspar) ..

Fuller’s earth
Gem stones ...

General references

Gilsonite, grahamite, and asphalt sands

Graphite ...
Kyanite, sillimanite, and andalusite
Ocher .
Pegmatite minerals....................

Potash oo

Salt e

Silica sand......................
Sodium sulfate and carbonate...................____.....

References

Sulfur
B =Y £
Coal . .
Reserves, production, and quality. .
Summary of principal coal areas, regions, and fields......._....... 270
Green River region 270
Uinta region. .o e 271
San Juan River region. ... .o 272
North Park field ..o 273
Denver region 274
Trinidad field ..o 274
Smaller miscellaneous fields ... 276
Canon City field...oooooeeeeeeeeeee 276
South and Middle Park fields . 276
Tongue Mesa field. ... 276
R TN CES oot 276
Petroleum ..ot 278
Distribution and production 278
Summary of the principal oil and gas fields in Colorado.......... 278
Eastern Colorado....... 278
The Denver Basin and the Canon City Embayment..278
Las Animas arch and southeast flank ... .. 281
The Trinidad or Raton Basin ..281
References O, 282
North Park and Middle Park...... ... 282
References . . . 282
Green River Basin 283
References
Uinta Basin
References
Paradox Basin
References
San Juan Basin...........oo.. 286
References .ol 287
0il shale




PART II. SUMMARIES OF MINING DISTRICTS AND
MINERAL DEPOSITS

Prepared by the United States Geological Survey, under the
general supervision of W. S. Burbank

Page

Summary of work under the cooperative geological survey in Colo-
rado, by W. 8. Burbank and A. H. Koschmann. 291

Map—Metallic mineral deposits of Colorado (Missouri Basin Studies
No. 8), by United States Geological Survey, 1946. (Plate 4)..in pocket
The Front Range mineral belt, by E. N. Goddard.........ooooee 294
General FeATUTES oo r e nen e 294

Introduction ...

Geology ...
Structure ...
Ore deposits...
Placer deposits

Selected bibliography....... ....298
Breckenridge district, Summit County..... ..299
Montezuma and Argentine districts, Summit and Clear Creek

Counties ............... ...300
Silver Plume—Georgetown district, Clear Creek County ... ... 302

505N 05 10 L2 riT o3 « WUV OU OV 302

History and production.. ... 302

GOLOZY et ee e n e b s e emneneean ers e 303

Structure ... 303

Ore dePositS oo e e 304
Empire district, Cl 306
Lawson-Dumont district, Clear Creek County......ooo 307
Central City-Idaho Springs distriet, Clear Creek County

(including the Freeland-Lambertine distriet)..................... 308

Introduction . .

History and production
Geology
Structure
Ore deposits
Localization of ore
Outlook
Alice-Yankee Hill district, Clear Creek County.
North Gilpin County district
Eldora district, Boulder County
Caribou-Grand Island district, Boulder County
Magnolia distriet, Boulder County
Ward district, Boulder County.
Gold Hill district, Boulder County
Introduction ..
History and production...
GEOlOZY e
Structure
Ore deposits....
Structural control of the ore.
Outlook
Jamestown district, Boulder County
Introduction ...
History and production
Geology
Structure
Ore deposits............
Structural control of the ore deposits
QOutlook
The Boulder Tungsten distr
Introduction
Geology
Rocks




SEIUCTULE oo e 329

Veins .. - ....330

Ore deposits ........... ....330
Mineralogy ....330
Localization ...... ....331

Size and grade.....ooocooeeeii. ....333

Origin and changes with depth.. ....334

Future of the district...... e 335
Central Colorado and Cripple Creek..................... 336

Lode deposits of Alma and Horseshoe districts, Park County, by
Quentin D. Singewald. e 3

Introduction and conclusions....
Location and geologic setting..
Oceurrence Of OT€...oocooeecioooeei e

Outlook ....occceoo.
Blbhography
Lode deposits of the Beaver- Tarryall a1ea, Park County, by
Quentin D. Singewald 341
Lode deposits of the upper Blue River area, Summit County,
by Quentin D. Singewald 343
Introduction—summary ..343
General setting - 343
Ore occurrence......... e mataemneeeeanmaeenne 344
Outlook ..ceoeeree . ...345
Placers of northwestern Park County,
by Quentin D. Singewald 346
Introduction—Summary 346
General setting - 346
Outlook oo 348
Leadville mining district, Lake County, by G. F. Loughlin
and C. H. Behre, Jr. e 350
Introduction and selected bibliography ....... 350

General setting... -
Glacial deposits and terraces.. E
Geology of the bedrock.. ..o e
Pre-Cambrian basement .. I o
Paleozoic sedimentary rocks
Intrusive igneous 10cKS ...ooooiiiiiiii
Structure ........
Ore deposits
Original (hypogene) deposits. .o...coooeovicemirieie
Mineralogy of the primary ore............................
Secondary (supergene) deposits
Placers
Recent developments and future exploration 366
Kokomo (Tenmile) mining district, Summit County,
by A. H. Koschmann
Location and topography....oooooemoimiiencaeeees
History and output
Geology of the bedrock
Pre-Cambrian rocks
Paleozoic rocks
Cambrian (?) gquartzite
Pennsylvanian and Permian (?) rocks
. Igneous rocks
Structure
Pre- Pennsylvaman
Pennsylvanian
Laramide and Tertiary..........._._._. ..
Ore deposits
Replacement ore bodies .
Veins e
Future of the district
The Gilman district, Eagle County, by Ogden Tweto
and T. 8. LoVering e 378




Introduction . oo e 378
Geology ... 379
Rocks ... 379
Structure .. ..381
Ore  dePosits o e 381
Fissure veins. . ..o 382
Replacement deposits in the quartzite... ... 382
Replacement deposits in the limestones......................_.... 383
The Cripple Creek district, Teller County, by A. H. Koschmann........ 387
Location and topography..co e 387
History and output et 387
The Cripple Creek basin ... . 388
General features. ... 388
(03T ¢ USSR R 389
Conclusions ... ..389

Configuration ... ..389
Evidence of the fragmental rocks............. 391

Non-voleanic rocks.........._.. _.391

Voleanic roeks......coooooo.... ..392

Source of voleanic breccia. ..393

Structural evidence................. ..393

Veln  SYStemMIS o e 394

Distribution and relation to structure...................__..__ 394

Suggested places for prospecting .................................................. 395
The San Juan region, by W. S. Burbank, E. B. Eckel,

and D. J. Varnes.......__.........

General features, by W. S. Burbank..

Geography and economic importance................................

Metallogenetic provinces of the San Juan

Metal mining. ..

Introduction ...

Production ..

Selected general bibliography

Early Tertiary ore deposits..........

Uncompahgre (Ouray) district, Quray County,

by W. S. Burbank ..

Introduction

Geology

Ore deposits ...

Selected bibliography.

Rico mining district, Dolores County,

by D. J. Varnes. ..o 414
Selected bibliography .416
La Plata district, La Plata and Montezuma Countles,
by E.B. Eckel.... e . .......416
Selected bibliography. et e e e 419
Late Tertiary ore deposits . ..o 419
Districts of the Silverton volcanic center,
by W. S. Burbank ... . 419
General ge0logyY ..o 419
Telluride and Sneffels districts, San Miguel
and OQuray Counties ... 421
Selected bibliography................... 424
South Telluride area (southern part of the upper San Miguel
district), San Miguel County, by D. J. Varnes......cccocoooco... 424
Selected bibliography. ... 425
Iron Springs mining district (Ophir, Ames) San Miguel
County, by D. J. Varnes...........oeee. ...425
Selected bibliography 427
Mount Wilson distriet, San Miguel County,
by D. J. Varmnes. .o 428
Selected bibliography......cooooooee e 428
Red Mountain district, Quray County,
by W. S. Burbank.. ... 428

Selected bibliography ..o 431



Page
South Silverton area, Animas district, San Juan County,

by D. J. Varnes.. 431
Selected blbhography 433
Eureka and Animas Forks area, Eureka district, San Juan
County, by W. S. Burbank ...433
Selected bibliography 435
Cement Creek and Mineral Creek areas, Eureka district, San
Juan County, by D. J. Varnes and W. S. Burbank................ 435
Bibliography 437

The Mineral Point, Poughkeepsie, and Upper Uncompahgre
districts, San Juan and Quray Counties, by W. S. Burbank.. 437

Selected bibliography... 439
Lake City area, Hinsdale County, by W. S. Burbank............... 439
Selected bibliography 443
The Bonanza (Kerber Creek) mining district, Saguache
County, by W. S. Burbank. ... e 443
Selected bibliography....cooooeeeeeeeeeeeeeeeeeeeee e 446
Geology and mineral deposits of the Snowmass Mountain

area, Gunnison County, by John W Vanderwilt...................... 446
Vanadium, fluorspar, and pegmatites..... 131 ]
Deposits of vanadium-bearing sandstone, by R. P. Fischer ....451
Introduction ..o
General geology
Ore deposits
Origin
Selected bibliography
Fluorspar investigations, by Ralph E. Van Alstine
Jamestown district, Boulder County.................
Browns Canyon district, Chaffee County.................._...........
Northgate distriet, Jackson County.... .
Wagon Wheel Gap deposit, Mineral County...........
Pegmatites, by John B. Hanley.....ccccocoeeeeee ..
Introduction
Characteristic features of the pegmatlte
Size, shape, and attitude
Zoning ..................................
Mineral deposits.........
Beryllium minerals. ... e
Lithium minerals..
Muscovite
Columbium-tantalum minerals
Potash LeldSDar. oo
Rare earth minerals.. .
Bibliography e

PART III. INVESTIGATIONS OF STRATEGIC
MINERAL RESOURCES

By W. M. Traver, Jr.

INtroduetion ..o 471
Mine examinations . oo 471
Mines examined and recommendations deferred 472

Mines examined or investigated and projects recommended or
operated or the mine considered at the time as entitled to

further consideration ... ... 478
Mine examinations pending.. 484

Project work ..o 485
Vanadium region . . 486
Boulder County tungsten 488
Silver Plume district 489
Big Four mine 490
Denver Basin manganese deposits................. 490




Colorado Copper Company deposits. ... .oooooooiiiiiiieieieeeeeneanns 491
Colorado Minerals Company................. -
Jewell Tunnel and Mining Company... .
Leadville Drainage Tunnel.. ... ... ....492
Leadville ore ... -
Leadville dumps .
Kokomo zine ...
Northgate fluorspar .
Camp Bird mine........oo e
San Juan region......
Jamestown fluorspar
Paonia coal .

Access roads ...
Colorado defense access roads approved by Bureau of Mines and

War Production Board, completed or under construction.......495
016 T UV O USRS 497
ILLUSTRATIONS
Follows
Page
Plate 1. Generalized geologic map of Colorado 8
2. Generalized columnar sections for Colorado.......ooceeceeiiieicee. 8
3. Power plants and transmission systems in Colorado and
adjoining states .o 16
4. Metallic mineral deposits of Colorado (Missouri Basin

Studies No. 8, by United States Geological Survey,

1946 In pocket
5. Nonmetallic construection material resources................... 230
6. Nonmetallic mineral resources...........ooooo ool 230
7. Coal and oil shale 270
8. Post-Dakota columnar sections in six major coal regions of
Colorado 2
9. Oil and gas fields, and structural features. .. ... ... 278
10. Columnar sections in six major basins in Colorado................ 278
11. Geologic sketch map of the Front Range wmineral belt,
Colorado 294

12. Map of the most productive part of the Breckenridge min-
ing district, showing some of the principal mine work-

ings and known faults and veins 300
13. Structure map of the Silver Plume-Georgetown district
showing the principal veins and faults.........occcoeeeeeee 304

14. Structure map of the Central City-Idaho Springs district
showing the principal veins and faults 310

15. Structure map of the Gold Hill district, Colorado, showmg
the principal veins and the areas that have been

productive 320
16. Structure map of the Jamestown district, Colorado, showing
the distribution of the principal veins and faults.._..... 324

17. Map of the Boulder tungsten district, showing principal
veins and locations of the 30 most productive mines....330
18. Generalized structure map of area near the London fault,

showing relation of ore deposits to major structure........ 336
19. Generalized geologic map of the upper Blue River area,
Summit County, Colorado 344

20. Glacial map of Beaver-Tarryall area, Park County, Colorado 346
21. Map of the west slope of the Mosquito Range, in the vicinity
of Leadville, Colorado, showing topography and prin-

cipal faults and mines 352
22, Sketch map showing classification of faults in the Leadville
distriet 360

23. Section N. 63° E. through Tucson fault, looking northwest....362



Plate 24.
25.
26.

27,
28.

29.
30.
31.

32.
33.
34,

Figure 1.

ST

© ® N>

10.

Follows

Page
Geologic map of the Kokomo mining district, Colorado
(southwestern part) 372
Geologic map of the Kokomo mining distriet, Colorado
(northeastern part) ... e, 372

Outline of composite Cripple Creek basin showing (1) slopes
of its walls by contour lines, and (2) the positions of
the deeper shafts with altitudes of their bottom or
deepest workings 390

Generallzed geologic map showmg prmc1pa1 structural areas
in the San Juan region, Colorado 396

Geologic map showing structure of the Silverton voleanie
center and nearby areas, OQuray, San Juan, San Miguel,
and Hinsdale Counties, Colorado

Types of struetural contml of ore deposition in the Uncom-
pahgre district ... 412

Geologic map and structure section of the La Plata mining
district, Colorado................. 41

Generahzed geologic map and section of the Lake City re-
gion, Colorado, showing the Lake City caldera and the

prinecipal mines........._._.................. 434
Generalized geologic map and sections of the Bonanza min-
ing district, Saguache County, Colorado...........coeeeo.l 444
Map showing locatlon of major pegmatite areas of Colorado,
and locations of certain mines outside the areas.............. 466
Geologic map and sections, Devil’s Hole mine, Fremont
County, Colorado......cccooeveeveeeeo 466

Productlon, price, and value of gold, silver, copper, lead,
and zine in Colorado

Production, price, and value of coal and petroleum in
Colorado ..... 22
Diagrammatic sketches showing types of ore occurrences

In tUNGSten VeINS. oot 332
Columnar stratigraphic section of west slope of Mosquito
Range near Leadville, Colorado 35
East-west section 20 feet north of Little Johnny shaft,
showing relation of veins to blanket ore bodies in the
Golden Eagle workings, Breece Hill 361
Northwest-southeast sections through Cord winze work-
ings, Breece Hill 363
Diagrammatic section showing relationship between chim-
ney and manto ore bodies at Gilman 384
Sketch showing replacement of rubble, sand, and bedrock

in ore channel at Gilman 386
Structural map of the Uncompahgre district, Ouray Coun-

L2 6101 (oY - Y [ J OO 411

Index map of Colorado showing distribution of fluorspar
deposits ..o .4




FOREWORD

The Colorado State Mineral Resources Board was created
by Legislation enacted by the Thirty-first (eneral Assembly of
the State of Colorado through the passage of H. B. No. 1020
(Chapter 217, Session Laws of 1937). This Act created an agency
through which cooperative programs between federal and state
governments can be secured.

The Board consists of nine members, appointed by the Gov-
ernor of the State of Colorado, and an Executive Director who
is also Executive Director of the Colorado State Board of Direc-
tors of the Metal Mining IFFund. The Governor is Ex-Officio
Chairman of the Board.

The Board was created during the period in which the
federal government was active in a Public Works’ Program, and
was designed to be a cooperative agency between the State of
Colorado and the Federal (Government. It was specifically creat_ed
to plan and develop drainage tunnels, tailing disposal and mill-
ing projects, and in line with these general objectives it is quite
possible for the Board to direct its efforts to studies and sur-
veys of mineral resources and mineral development, and also to
studies and surveys leading to the construction of power projects.

The Board’s only official source of revenue is such moneys
as are appropriated by the State Legislature from the general
funds of the State. During the first few years of its existence no
moneys were appropriated for the use of the Board by the
State Legislature.

In 1938 the Board constructed an earth-filled dam at the
town of Fairplay to take care of tailings from the mills and
placer mines of the Alma-Fairplay District. Agreements were
entered into with the water users below the dam and the miners
of the area. To finance the dam construction bonds were issued
by the Board and the mine operators were assessed on a basis
of tons milled and gravel washed. The project was highly satis-
factory to all parties concerned and the Board paid all bonds
in full, with interest.

In 1941 the State Legislature granted the Board $5,000.00,
which was used to make a survey of the mining claims of the
State. Claim owners were contacted to obtain all possible infor-
mation in an effort to discover why many mining claims were
not working, and to determine the principal minerals in each
claim. The report was compiled and typed, but there were in-
sufficient funds for printing.

The Board also received from the Nicholson Estate a legacy
which enabled it to cooperate with the Federal Government in
conducting a geophysical survey to determine the proper loca-
tion and course of a deep drainage tunnel in the Leadville area.
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The State Legislature in 1945 was more generous with the
Board and granted funds with which the Board has been able to
compile information used in the construction of a huge topo-
graphical map, showing in detail the topography of the State
of Colorado and its mineralized areas. It also provides a way for
the average person to find the exact location of the mineral re-
sources of the State and a key to the map indicates the exact
production and gives other statistical data relating to the map.

In addition to the above it was decided to employ a compe-
tent geologist to conduet a survey of the mineral resources and
some of the mineral developments in the State. The Board em-
ployed Dr. John W Vanderwilt for this purpose, and the results
of his work are contained in this bulletin.

It is the sincere hope of the Board that this bulletin will
be of real assistance to those who seek information regarding
the mineral resources of the State of Colorado.

COLORADO STATE MINERAL RESOURCES BOARD
Walter E. Scott, Jr., Chairman

Vil



PART 1. METALS, NONMETALS, AND FUELS
By John W Vanderw:lt

PREFACE

This summary report of the mineral resources of Colorado
has been prepared primarily as a ready aid to those who will
continue development of these resources, and with this aim all
data herein were selected for their relative importance and
utility.

Personal opinions regarding many mineral deposits and
areas have been omitted; for, although past mineral produe-
tion may be a reliable guide to the relative importance of some
areas, small production from an area may contribute evidence
so important as to justify further exploration and development.
However, extended discussions of some production records that
are small in dollar value might be interpreted as being promo-
tional. Here, also, as in other mining states, too little consideration
may have been.given {0 nonmetallic mineral deposits.

Statements regarding the mineral resources of any region
are commonly exaggerated, some asserting that the surface has
hardly been ‘‘scrateched’’ and others alleging that the mineral
resources are largely depleted. The optimist may not know that
relatively old prospect shafts and tunnels are common in all
mining regions—even in remote and seemingly unpromising areas
—and the pessimist may not have considered the record of the
mineral disecovery and production during the last twenty years.

Colorado has large reserves of many nonmetals and offers
excellent opportunities to develop new deposits of metals. The
extension of ore in depth in the San Juan region in the last few
‘years has changed a former pessimistic outlook to one of opti-
mism. Continued improvements in metallurgy and extensions in
electric power. distribution are likely to occur, that will favor
further development of mineral deposits. However, merely say-
ing that mineral resources are available or can be developed is
not sufficient. It is essential that work is expended to find, de-
velop, and produce mineral products; only if this is done can
mineral resources become ore reserves.

Part 1 of this report is largely selections from published
reports, supplemented by unpublished data.

Part 2 summarizes published and wunpublished geologic
studies made by geologists in the United States Geological Sur-
vey during the past twenty years in cooperation with the Colo-
rado Geological Survey Board and the Colorado Metal Mining
Fund. Most of the summaries were prepared by the geologists
who made the original investigations.

Part 3 is a summary of investigations of strategic mineral
resources made by the U. 8. Bureau of Mines during the war.
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TOPOGRAPHY

A knowledge of the geography and physiography of the moun-
tains, valleys, and plains is helpful in understanding the problems
of access, transportation, and weather in an area or mining district.

Colorado is well known for its high mountains that dominate
the western half of the State, and for the Great Plains extending
eastward into Nebraska, Kansas, and Texas. Near the New Mexico
boundary, lava flows resting on soft sedimentary formations form
broad tablelands and a distinet rugged topography.

The northern part of the Great Plains in Colorado is drained
by the South Platte River and the southern part by the Arkansas
River. Near the eastern border of the State the elevation above
sea level is 3,400 to 4,000 feet, and this increases to about 5,300
to 6,000 feet in the foothills west of Boulder, Denver, and Canyon
City. Palmer Lake, on the foothills divide between the South
Platte River and the Arkansas River, 1s 7,225 feet above sea level.

The heads of four important drainage basins are in the moun-
tains of Colorado. The South Platte River, the Arkansas River,
and the Rio Grande drain into the Gulf of Mexico, and the Colo-
rado River flows into the Gulf of California. Tributaries of the
South Platte and the Arkansas begin a hundred miles west of the
eastern foothills of the Front Range, and the Rio Grande heads
in the northeast slopes of the San Juan Mountains in the south-
western part of the State.

The Continental Divide, separating the east and west drain-
age, follows a winding course from north to southwest in part
along and across the north- and northwest-trending mountain
ranges. Many of the mountain peaks over 14,000 feet in altitude
are either east or west of the Continental Divide, and relatively
few are on it. The topographic forms express the major struec-
tural arches and troughs, but deep canyons, glacial erosion, and
in places extensive lava flows, tend to obscure even strong moun-
tain structures.
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The general term Rocky Mountains includes several high
mountain ranges with cores of crystalline rocks and intermoun-
tain areas usually of sedimentary rocks commonly called parks or
valleys. The first mountain group visible from the Great Plains and
bordering them is the Front Range extending north into Wyoming
and south to the Arkansas River. Farther south the Wet (Green-
horn) Mountains and the Sangre de Cristo Range bound the Great
Plains on the west. The Front Range is 30 to 40 miles wide and
includes numerous high precipitous peaks, broad glaciated valleys,
and narrow canyons. The Wet Mountains are only 10 to 12 miles
wide and the Sangre de Cristo Range is still narrower, although
the peaks are high in the latter and there are only a few passes
suitable for a highway or railroad.

West of the Front Range is a parallel series of intermountain
areas commonly called parks. These areas are generally under-
lain by sedimentary formations that extend well up on the flanks
of the bordering mountains, where the beds end in folded or
faulted zones. North Park is bounded on the east and west by
high mountains, and extends from the Wyoming houndary
southerly to Middle Park, which, in turn, extends along the valley
of the Blue River to Dillon and Breckenridge. Only 10 to 15 miles
south of Breckenridge is the head of South Park, which, with Wet
Mountain Valley, extends to Walsenburg, where it joins the plain.
Flanking these intermountain areas on the west are four high,
rugged, though narrow (5 to 10 miles), mountain ranges named
from north to south: Park Range, Gore Range, Mosquito Range,
and Sangre de Cristo Range. The Park Range continues north
into Wyoming and the Sangre de Cristo south into New Mexico.

The Sawatch Range is a broad elongate domal uplift sepa-
rated to the east from the Mosquito Range by the Arkansas Valley.
The axis of the Sawatch Range trends northwest and thus
diverges from the more northerly-trending Park-Sangre de Cristo
Ranges. In line with the Sawatch Range to the northwest and in
sequence are the White River Plateau, Danforth Hills, Yampa
Plateau, and the east end of the Uinta Mountains of Utah. The
more open area around Craig is a southeast extension of the Green
River Basin that centers in Wyoming.

Southwest of the Sawatch Range-Uinta Mountains belt, a
broad parallel intermountain zone includes from northwest to
southeast the Roan Plateau, Battlement Mesa, Grand Mesa, West
Elk Mountain, Cochetopa Hills, and the San Luis Valley. Paral-
leling these on the southwest are the Uncompahgre Plateau, a
structural arch, and the San Juan Mountains composed of exten-
sive voleanie flows of Tertiary age.

Large areas of the mountain ranges are well over 10,000 feet
above sea level and 54 peaks are in excess of 14,000 feet. The inter-
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mountain areas also are relatively high, as is shown in the follow-
ing list of towns at approximately the lowest parts of more promi-
nent areas.

Elevation

North Park ... Walden oo 8,340 ft.
South Park. ... Hartsel oo, 8,860 ft.
Fairplay oo 9,964 ft.

Wet Mountain Valley... ... Westcliffe ... 7,860 ft.
Arkansas Valley...................... Buena Vista ... 7,800 ft.
Leadville ... 10,182 ft.

San Luis Valley..................__.._. AlamoSa oo 7,531 ft.
Monte Vista............. 7,663 ft.

Other elevations are shown in the table of climatological data
in table 1, page 5.

The differences in altitude bring out the rugged topography
that bears directly on access and transportation problems. The
difficulties to be expected often are more closely related to differ-
ences in altitude than to distance in miles.

Altitude also is stressed because it is an excellent guide for
estimating the climate and weather to be expected in the mining
areas, most of which are in mountainous areas lacking weather
stations.

CLIMATE

Climate in Colorado is as diverse as the topography. The
extreme contrast is brought out by the fact that the difference
(35° F.) in mean temperature between Lamar (altitude 3,615 ft.)
and the summit of Pikes Peak (altitude 14,109 ft.) is as great as
it is between Florida and Iceland. Lamar is only about 140 miles
southeast of Pikes Peak, and the contrast in climate is due largely
to the difference in altitude.

Table 1 shows the extremes in temperature and precipitation
for a number of towns listed according to altitude in the prinecipal
drainage basins selected as representative for the State. The data
are from the United States Weather Bureau report. The record
for 1944 is used because the deviations from the normal are not
large, and the annual precipitation was close to a 57-year average.

It will be noted that the lowest winter temperatures are not
always at the highest altitudes, but that the highest summer tem-
peratures do occur at the lower altitudes., As would be expected,
the snowfall is greater at higher altitudes than at lower altitudes.
The monthly and annual mean temperatures (table 2) show a more
consistent relation to altitude in each drainage basin, and table 3
shows the relation of monthly mean temperatures to altitude,
irrespective of location in the State.

‘Weather in general is influenced also by air currents depend-
ent on near-by mountain peaks, ridges, mountain passes, and valleys,
but the overall effect probahly does not equal the effect of altitude.
Personal observations indicate that on the average the winters at
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3 . MiNERAL RESOURCES OF COLORADO

about the same latitude are prolonged from 1 to 2 weeks both in
the fall and spring for each 1,000 feet rise in elevation. Winter
is an indefinite'term, but the meaning intended here is the period
of consistent freezing and snowfall that affects mining costs. The
fall and early winter in mountainous areas are characterizefi by
more trouble from freezing than from snow, and from midwinter
to spring snow is the major problem. The severity of the winters
arises from their long duration with lower mean temperatures
(see table 3) and more snow at high altitudes as compared with
lower levels.

The timber-covered slopes do not extend above altitudes of
11,600 to 11,700 feet {timberline) in most of the Colorado moun-
tains. Above timberline there is considerable permanent frost,
and the grass-covered slopes are excellent for grazing. Tunnels,
even on south-facing slopes at altitudes of 12,000 feet and higher,
become blocked by permanent ice unless precautions are taken to
keep them well drained.

The general altitude is indicated for each mining district, and
with the climatological data given it will be possible to estimate
the general character of the climate to be expected in a given area.

GENERAL GEOLOGY OF COLORADO

PRINCIPAL ROCK FORMATIONS

The digtribution of the principal rock formations in Colorado
is shown in plate 1. (See pl. 2 also.)

The oldest rocks (pre-Cambrian) are shown also in plates 5,
6, and 7. (See pages 230 and 270.) These rocks consist chiefly of
quartz-biotite schist and gneiss, probably of sedimentary origin.

Liocally present are extensive masses of greenstone and lentic-
ular bodies of hornblende schist and gneiss; the latter, it is
believed, represent metamorphosed andesitic lavas and dioritic
sills.

Intruded into the schist and gneiss are several kinds of pre-
Cambrian granite, some of which are gneissic but most of which
are not. The largest granite masses commonly are a coarse-grained
pink rock, locally intruded by medium-grained, light-colored
granite in the form of stocks or small batholiths. Pegmatite and
aplite are found in the granite and the intruded rock, frequently
concentrated relatively near the contact.

A series of pre-Cambrian slate, quartzite, and conglomerate
younger than the schist series and possibly younger also than the
granite occurs in the southwestern part of the State. Unmetamor-
phosed sandstone and quartzite beds in the northwestern part of
the State are believed to be late pre-Cambrian or, in part, early
Cambrian in age.

The Cambrian rocks (see pl. 2) are predominantly an easily-
recognized fine-grained gray quartzitic sandstone 100 to 250 feet
thick with guartz pebbles occurring locally at the base. It is
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present nearly everywhere between the Carboniferous and the
pre-Cambrian south and southwest of Minturn and Colorado
Springs. (See pl. 1.) The lower part of the formation is thick-
bedded (1 to 2 ft.) and the upper part includes thinner-bedded
caleareous members commonly referred to as the shaly member
of the Cambrian.

Important gold production has come from Cambrian quartzite
beds at Gilman and in a number of localities in the Mosquito
Range between Leadville and Alma.

The Ordovician rocks are chiefly dolomite 100 to 300 feet
thick, occurring almost coextensive with the Cambrian quartzite.
Chert and sandy horizons are present, hut the only consistent sand-
stone (Harding) is near the middle of the formation in the Canon
City and Colorado Springs area.

Rocks of Silurian age are not known to be present in Colorado.

The Devonian strata also are predominantly dolomite, similar
to the Ordovician dolomite, and their distribution is similar. The
Parting member marks the base of the Devonian and, although
usually referred to as a quartzite, it consists of a series of sand-
stones or quartzites with beds of shale and limestone that have an
overall thickness of about 50 feet. The Parting member is an
important horizon marker as it contains the most persistent series
of interbedded shale, sandstone or quartzite with some limestone,
in the pre-Pennsylvanian stratigraphic section of limestone, dolo-
mite, and quartzite.

As shown on plate 1, the Carboniferous includes the Mis-
sissippian, Pennsylvania, and Permian. Recent revisions in stratig-
raphy, however, exclude the Permian, but this would not mate-
rially change the generalized distribution shown on the map.

The Mississippian rocks are dolomite and limestone. The
contact with the underlying Devonian beds is indistinet and diffi-
cult to recognize, but the overlying Pennsylvanian is a contrasting
series of interbedded shale, thin limestone, and sandstone.

o In the Leadville area the Leadville (Blue) limestone is a dolo-
mite. At Aspen the upper two-thirds of the Mississippian is a
true limestone and the lower one-third is dolomite. True limestone

is present also at Salida, Canon City, and in the San Juan
Mountains.

The sedimentary rocks of Pennsylvanian age are more wide-
spread in their occurrence and more varied in their make-up than
the combined series of Cambrian through Mississippian rocks.
(See pl. 2.) They consist of marine shales and limestones as well
as continental deposits composed of arkosic sandstone and con-
glomerate with interbedded micaceous sandstone; in many places
the beds are a consnicuous red color. (typsum beds are common
in the upper part of the section from northeentral to southwestern
Colorado.

The Permian beds in Colorado rest on the Pennsylvanian beds
without a definite stratigraphic break, and their distribution is
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similar. They consist chiefly of gray to red thin-bedded grit,
micaceous sandstone and shale with extensive conglomerate heds
and local limestones. (See pl. 2.)

The Triassic period is not well represented in Colorado and
no Triassic beds are identified in the eastern half of the State,
“except for the Lvkins formation on the east flank of the Front
‘Range, which is 1egarded by some as probably of Triassic age. In
western Colorado, Triassic red sandstone and shale with some
limestone have a maximum thickness of 1 ,000 feet. The section
thickens to the west in Utah and thins eastward in central
Colorado.

The distribution of the Jurassic and Triassic is shown by
means of one symbol on plate 1 because the two are somewhat
similar. The Jurassic beds thin eastward and extend only as far
east as the west side of the Park Range.

The Morrison formation of Upper Jurassic (possibly Lower
Cretaceous) age is widely distributed in central Colorado and
along the east flank of the Front Range. This formation overlaps
older Jurassie beds. In the Flk M ountams an angular unconform-
ity at the base of the Morrison cuts across all the Paleozoic beds.
Northeast of Gunnison the Morrison rests on pre-Cambrian rocks.
The formation is easily recognized by the variegated green, gray,
purple shales in the larger part of the section.

Overlying the Morrison formation is a thick and extensive
black shale with a basal sandstone (Dakota). These Upper Creta-
ceous beds, Mancos and Mesaverde heds in central and western
Colorado and Pierre shale in eastern Colorado, at one time cov-
ered all of Colorado. The principal stratigraphic variations are
shown in plate 2.

The Cretaceous period was followed by an interval of erosion
and voleanic activity, the first since pre-Cambrian time. Most of
the Focene sediments contain voleanic material mixed with debris
from all the older formations. Near Golden, west of Denver, and
elsewhere lavas are present in the Iocene section. Voleanie.tuff
of Eocene age is common in the San Juan region, in North Park,
and in the Denver Basin. The oil shales in western and north-
western Colorado were deposited in Focene time.

‘White clays and sandstone of Oligocene age rest on the Upper
(‘retaceous shales and sandstone in northeastern Colorado; these
deposits are covered hy Miocene gravel, sand, and clay deposits.
Similar Miocene deposits are widespread in northwestern Colo-
rado and west of the Front Range, but the Focene beds are less
extensive,

Clay and sand of Pliocene age are nowhere abundant, although
their distribution is helieved to be fairly extensive in eastern
Colorado. Gravel with voleaniec tuff and lavas in the San Luis
Valley and parts of the San Juan Mountains may be Pliocene.

The glacial deposits and the related terraces and outwash
gravel deposits in the mountain valleys are probably Quaternary

in age.
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TERTIARY, MIOCENE AND QUATERNARY VOLCANIC
ROCKS

Volcanic activity probably began in late Cretaceous and
early Locene in the southwestern part of the State and in the
Front Range. The earliest intrusive rocks are intermediate basic
porphyries of limited extent. These were followed by extensive
dikes and sills of monzonite porphyry and these in turn by dikes,
sills, and small stocks of quartz monzonite porphyry. Near Golden
in Jefferson County small basalt flows oceur in the Denver forma-
tion and to the south near Castle Rock in Douglas County rhyolite
flows and tuffs are found in the upper part of the Dawson arkose.

In Miocene time voleanic activity occurred in a number of
centers in the San Juan Mountains and in isolated centers in the
southern and northern parts of the Front Range. Lavas and tuffs
were deposited that range in composition from basalt to rhyolite,
ineluding phonolite, but andesite predominates. The associated
intrusive dikes, sills, and small stocks show the same variations
in composition.

Andesite and basalt flows occurred in late Tertiary and
Quaternary time in several places in Colorado, but related intru-
sive rocks are not exposed. The most extensive flows of these
periods cap Mesa de Maya east of Trinidad, Grand Mesa east of
Grand Junction, the Flat Tops north of Glenwood Springs, an
area southeast of Glenwood Springs, and the divide between North
Park and Middle Park. No mineralization accompanied this last
period of voleanic activity.

STRUCTURE

The major geologie structures are summarized in the chapters
that describe petroleum and coal.

In eastern Colorado the Denver Basin, over a mile deep and
more than 100 miles across, and other lesser subsurface structures
are not very evident on the almost featureless plains that extend
northward, eastward, and southward beyond the boundaries of
the State. Everywhere the underlying shales and sandstones are
nearly horizontal, except at their western margin along the moun-
tain front where the beds lie with eastward dips that vary from
low angles to vertical.

Tertiary folding and faulting dominate the structural features
in the mountainous western half of the State. The easternmost
mountains are the Front Range (with the Wet Mountains to the
south) which extends north into Wyoming and south as far as
Walsenburg. This mountain chain is hounded on the west by
three intermountain vallevs and plains known from north to
south as North Park, Middle Park, South Park, and Wet Moun-
tain Valley. The second mountain chain is the Park Range which
extends to the north into Wyoming and southward is eontinuous
with the Mosquito Range west of South Park. Farther south the
Mosquito Range converges with the Sangre de Cristo Range which
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extends south into New Mexico. The Sangre de Cristo Range,
bounded on the west by San Luis Valley, is a high, narrow,
arcuate mountain range coneave to the west and in line northward
with the broad and high Sawateh Mountains. The Sawatch Moun-
tains are a domal uplift that trends northwestward towards the
White River Plateau, a broad dome north of Glenwood Springs,
%rhiflh in turn is in line with the Uinta Mountains of northeastern
tah. )

* The Front Range, Park Range, Mosquito Range, Sawatch
Range, and White River Plateau are characterized by faulting and
steeply dipping beds along their western margins. Steeply dipping
beds occur also along the east side of the Front Range but faulting
is less extensive than on the west side. The Williams Range thrust
fault on the west side of the Front Range opposite Dillon has a
displacement of one to two miles. The Mosquito and Gore faults
have displacements along the west side of the Mosquito and Park
Ranges, and the Castle Creek fault along the west side of the
Sawatch Range opposite Aspen has displacement of several thou-
sand feet. Both thrust and normal faults occur.

The Uncompahgre Plateau southwest of Grand Junction is
an elongate domal structure like its topographic form. The
structure is paralleled to the southwest by a succession of down-
faulted anticlines or grabens of which Paradox Valley is the best
known because of the vanadium deposits occurring in the area.

The San Juan Mountains in the southwestern part of the State
are an accumulation of voleanic extrusive rocks of Tertiary age
that occupies an irregular area. The structure and forms of these
mountains are unlike those of the mountain ranges referred to
above.

Cutting across the north- and northwest-trending mountain
ranges is the mineral belt that extends from Aspen in Pitkin
County northeast into Boulder County. This belt is marked by
numerous porphyry stocks, dikes, and sills and includes numerous
important mining distriets, but the structure is not expressed by
topographic forms.

Although much erosion has taken place since folding and
faulting occurred, the high mountain ranges are the areas of major
uplift. The areas between are structural basins and in places also
former areas of Cretaceous deposition.

MINERALIZATION

Mineralization followed and is probably genetically related
to the two (Hocene and Miocene) eycles of intrusive activity.
However, some of the areas of volcanic activity show only weak
scattered mineralization, and important mines, as the lead-silver
deposits at Aspen, are 15 miles or more from known voleanic
centers.

Most of the mineral deposits in the northeast-trending belt
that extends from Leadville in Lake County to Boulder County
formed after the Eocene period of volecanic activity. Early miner-



MEgraLs, NONMETALS AND F'UELS 13

alization also occurred in the San Juan Mountains, but the Miocene
deposits are more important. The gold deposition at Cripple
Creek also occurred in this latter period.

The variations in mineralization are great, but complex ores
predominate. Even in areas noted for gold and silver production,
appreciable quantities of copper, lead, and zine are present locally,
although the last three may be without value under present con-
ditions of transportation, mill and smelter facilities, and other
more general economic factors. The diversity of metals that can
be produced from the various districts in Colorado is brought out
by the production figures given for different periods including
the recently ecompleted war. Some distriets have produced certain
metals since an early date, and others show changes related to
changing economic conditions. Changes in metal production
related to differences in geologic conditions, found as depth of
mining increased, have been the least important.

Secondary enrichment, formerly an important consideration,
is no longer of great interest because most known deposits have
been mined and explored well into the zone of primary ore.

SELECTED BIBLIOGRAPHY

Burbank, W. S., and Lovering, T. S., Relation of stratigraphy,
strueture, and igneous activity to ore deposition of Colorado and
southern Wyoming : Ore deposits of the Western States (Lindgren
volume), pp. 272-316, Am. Inst. Min. Met. Eng., 1933.

Batler, B. 8., Relation of the ore deposits of the southern
Rocky Mountain region to the Colorado Plateau: Colorado Sei.
Soe. Proc., vol. 12, pp. 23-36, 1929.

Campbell, M. R., Guidebook of the western United States,
Part E, The Denver & Rio Grande Western Route; U. S. Geol.
Survey Bull. 707, 1922,

Colorado number: Eng. and Min. Jour., vol. 136, no. 8, pp.
369-414, August 1935.

Colorado symposium: Am. Assoe. Petroleum Geologist Bull.,
vol. 17, no. 4, pp. 351-437, 1933.

Crawford, R. D., A contribution to the igneous geology of
central Colorado: Am. Jour. Sei, 5th Ser., vol. 7, pp. 365-388,
1924,

Cross, C. W., and Larsen, E. 8., A brief review of the geology
of the San Juan region of southwestern Colorado: U. S. Geol.
Survey Bull, 843, 138 pp., 1935.

Chamberlin, R. T., The building of the Colorado Rockies:
Jour. Geology, vol. 27, pp. 145-164, 225-251, 1919.

Darton, N. H.,, The geology and underground waters of the

Arkansas Valley in eastern Colorado: U. S. Geol., Survey Prof.
Paper 52, 1906.



14 Minerar REsources oF COLORADO

Darton, N. H., Guidebook of the western United States, Part
C, The Santa Fe Route: U. S. Geol. Survey Bull. 613, 1915.

George, R. D., Geology and natural resources of Colorado,
228 pp., University of Colorado, 1927.

Glockzin, A. R., and Chalmer, J. R., Structure of the Red
Creek Area, Fremont County, Colorado: Geol. Soc. America Bull,
vol. 57, pp. 819-828 1945,

Henderson, C. W., Mining in Colorado, a history of discovery,
development, and production: U. 8. Geol. Survey Prof. Paper 138,
263 pp., 1926.

Henderson, C. W., and others, Colorado: 16th Internat. Geol.
Cong. United States 1933, Guidebook 19, Exeursion C-1, 1932.

Heaton, R. 1., Relation of aceumulation to structure in north-
western Colorado: Typical American oil fields, vol. 2, pp. 93-114,
Am. Assoe. Petroleum Geologists, 1929.

Hill, J. M., The mining districts of the Western United States:
U. 8. Geol. Survey Bull. 507, pp. 134-157, 1912.

Hunter, J. F., Pre-Cambrian rocks of the Gunnison River,
Colorado: U. 8. Geol. Survey Bull. 777, 1925.

Johnson, J. H., A resume of the Paleozoic stratigraphy of
Colorado: Colorado School of Mines Quart., vol. 40, no. 3, 109 pp.,
1945,

Johnson, J. H., Contribution to the geology of the Sangre de
Cristo Mountains of Colorado: Colorado Sci. Soc. Proe., vol. 12,
- pp. 2-21, 1929.

Kirk, Edwin, The Harding sandstone of Colorado: Am. Jour.
Sci., 5th Ser., vol, 20, pp. 456-465, 1930.

Kirk, Edwin, The Devonian of Colorado: Am. Jour. Sci., 5th
ser., vol. 22, pp. 220-240, 1931.

Knowlton, F. H., The Laramie flora of the Denver Basin, with

a review of the Laramie problem: U. S. Geol. Survey Prof. Paper
130, 1922,

Lee, W, T., Correlation of geologic formations between east-
central Colorado, central Wyoming, and southern Montana: U. S.
Geol. Survey Prof. Paper 149, 1927.

Mineral Resources 1880-1931, Minerals Yearbook 1932 to
date; U. S. Geol. Survey and U. S. Bureau of Mines.

Stanton, T. W., Boundary between Cretaceous and Tertiary
in North America as indicated by stratigraphy and invertebrate
faunas: Geol. Soc. America Bull,, vol. 25, pp. 341-354, 1914.

State Historical and Natural History Society of Colorado,
History of Colorado, 1320 pp., Denver, 1927.

U. 8. Geol. Survey, Geologic Map of Colorado, 1935.



MgeTaLs, NONMETALS AND FUELS 15

ELECTRIC POWER

The electric power plants and transmission systems in Colo-
rado are shown on plate 3, which is Chart 1 borrowed from the
report prepared by the Power Committee of the Denver Metropoli-
tan Planning Project referred to below. Available electric power
is adequate in the larger mining communities, but some districts
are outside the reach of existing power lines. In such areas diesel-
generator units are practical, and portable units are used exten-
sively for preliminary exploration and development.

The outlook is favorable for improvement in the future, as
hydroelectric power in quantity can be developed in connection
with irrigation projects. Three major and a number of smaller
projects are under consideration in the State. One of the lesser
is the Animas-La Plata project in southwestern Colorado for which
no approximation is available as to the amount of power develop-
ment that might be involved. The Collbran project on Plateaun
Creek east of Grand Junetion and near Collbran in Mesa County
may furnish about 20 million kilowatt hours yearly according to
preliminary estimates.

The three major proposed and prospective multiple-purpose
water projects in Colorado, with the estimated potentially avail-
able hydroelectric energy, are:

Average annual Minimum year
energy in energy in

million Kwh. million Kwh.
Colorado-Big Thompson 530
Blue River-South Platte 800
Gunnison-Arkansas ... 700
3500 2130

These projects, quoting from the report of the Power Com-
mittee, are described as follows:

1. “Colorado-Big Thompson (Transmountain Diversion)
Project. The Colorado-Big Thompson Project, located -in north-
central C'olorado, is so named hecause it provides for transmoun-
tain diversion of surplus water from the headwaters of the Colo-
rado River Basin to the Big Thompson River watershed in the
Platte River Basin. Construction of this project was started in
1940, discontinued by order of the War Production Board in the
fall of 1942, and resumed in the fall of 1943.

““The project, when completed, is expected to have the follow-
ing principal features: three reservoirs, two colleetion canals, one
power plant, and one pumping power plant and canal on the west-
ern slope of the Rocky Mountains; a thirteen-mile tunnel through
the Continental Divide which will make possible transmountain
diversion of water to the eastern slope; and three reservoirs,
together with inlet and outlet canals, and five power plants on
the eastern slope of the Roeky Mountains.

“‘The recentlv completed Green Mountain Reservoir on the
Blue River (one of the three western slope reservoirs) will pro-
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vide replacement storage to compensate for any encroachment on
the present or future irrigation water requirements of western
slope lands that might result from diversion to the eastern slope.

‘‘Although the primary purpose of the Colorado-Big Thomp-
son Project is the average diversion of 310,000 acre-féet of water
annually from the west slope to the east slope of the Rocky Moun-
tains to supply supplemental irrigation water for some 615,000
acres of farm land in the South Platte Valley north of Denver, the
falling water will make possible the generation of 740 million kilo-
watt-hours of electric energy annually on an average. The greater
portion of this potential energy will be generated at east slope
plants, but a substantial amount of power will be generated at
Green Mountain on the western slope.

““The five eastern slope power plants are estimated to have
an average annual potential energy output of approximately 700
million kilowatt-hours. This energy combined with the net salable
energy available from the Green Mountain plant provides a total
of approximately 740 million kilowatt-hours from the entire
project. The amount of energy that could be generated in a
minimum year is estimated to be 530 million kilowatt-hours.

““The extent to which the project’s potential energy output
could be utilized to provide dependable eapacity for local or
regional loads has not yvet been determined. Preliminary studies
by the United States Bureau of Reclamation have indicated that
the total installed generating capacity should be about 150,000
kilowatts.

2. ““Blue River-South Platte (Transmountain Diversion)
Project. The City and County of Denver has for several years
been studying the possibility for additional diversions of water
from the Colorado River Basin to the eastern slope of the Rockies
to augment its municipal water supply, much of which is already
obtained by transmountain diversion. One of the projects under
study involves diversion of Colorado River water from a tributary,
the Blue River, to the South Platte Basin.

““In order that the greatest benefits for the entire upper
South Platte Valley (of which Denver is the center) may be
derived from the diversion of west slope water for domestie pur-
poses, this diversion project is being considered for much larger
development than that contemplated for the Denver metropolitan
water supply alone. With this purpose in mind, the United States
Bureau of Reclamation, the Colorado Water Conservation Board,
the Denver Board of Water Commissioners, and the South Platte
Water Users Association are working cooperatively toward the
plan of development for the Blue River-South Platte Project
which would bring about the most beneficial and efficient use of
this water resource in the interest, not only of the Denver Metro-
politan Area, but of the South Platte Valley and the entire state
of Colorado.

“Final plans for this project have not been formulated or
agreed upon by all interests concerned; but, for the purpose of
this report, it is considered appropriate to indicate its potential
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power characteristics on the basis of very preliminary studies
made by the Bureau of Reclamation. The Bureau is giving con-
sideration to a number of alternate plans whereby between 300,000
and 500,000 acre-feet of water annually may be brought to the
eastern slope from the drainage areas of the Eagle, Blue, and
Williams rivers. Three of the alternate plans may he identified
as Montezuma, Empire, and Moffat, according to the route that
would be followed by the tunnel through the Continental Divide.
Under all plans being considered, regulatory storage would be
provided by reservoirs located both in the Colorado River water-
shed and the South Platte watershed.

‘‘The average annual power production would be practically
the same for the Montezuma as for the Empire route; it would
amount to approximately 1,200 million kilowatt-hours, about 800
million of which could be assured under minimum water condi-
tions. Comparable figures for the Moffat tunnel route are 1,700
million kilowatt-hours average annual output, and 1,000 million
in a year of minimum water supply. The greater power output
with the Moffat route is due to the greater head below the tunnel
on the eastern slope and the diversion and incidental use for
power production of about 100,000 acre-feet of water annually
from the Fraser River, in addition to the water from the Eagle,
Williams, and Blue rivers.

3. ‘“‘Gunnison-Arkansas (Transmountain Diversion) Project.
The Gunnison-Arkansas Project would involve diversion of water
from the Gunnison River (a tributary of the Colorado River in
southwestern Colorado) to the upper Arkansas Basin.

‘“Studies of the power phases of this project are in a very
preliminary stage and only rough estimates have been made. In
general, the plan of development contemplates the construction
of a tunnel under the Continental Divide, which would terminate
west of Salida, Colorado. As in the case of the other diversion
projects described above, reservoirs and power plants would
probably be located on both the east and west slopes of the Rocky
Mountains. It is estimated that the available power head would
approximate 3,500 feet and that it would be possible to generate, on
an average, approximately 1,400-million kilowatt-hours annually.
The annual output in a year of minimum water supply should total
about 700 million kilowatt-hours.”’

It may be desirable to develop locally additional power with
fuel electric plants to supplement new hydroelectric capacity.

The schedule of completion for the above projects is uncer-
tain, but the outlook is favorable for a continued aggressive pro-
gram by the U. S. Bureau of Reclamation to develop the water
resources of the western States. It is, therefore, virtually certain
that the future supply of power and the power cost will continue
to improve in areas not adequately supplied at the pregent time.
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The question of power rates is too uncertain to attempt any
ana}ysis. Much depends on the actual plant capacities finally
decided on. For some time the trend of power cost has been down-
ward; in view of the proposed development, still lower rates would
seem to be in prospect, particularly in less favored areas. In addi-
tion it is also a reasomnable expectation that there will be a more
abundant supply of power, which is another important factor for
general industrial development.

REFERENCES

Power Committee of the Denver Metropolitan Planning Project,
Power in relation to the post-war economy of the Colorado-Wyoming
region: University of Denver Reports, vol. 20, no. 2, pp. 2, 6-8, chart 1,
September 1944,

PAST PRODUCTION AS A BASIS FOR ESTIMATING
THE FUTURE

] The total production from 1859 through 1944 of the more
important minerals and metals in Colorado, calculated at average
yearly prices is as follows:

1. Gold (38,814,345 ounces).........c........ et $852,380,789
2. Silver (725,959,747 0UNCES) ..o ioei oo e 564,176,596
3. Copper (494,944,420 pounds) - ..ooooo oo 65,316,123
4, Lead (4,855,604,583 pounds). ... 232,266,447
5. Zine (2,534,5655,985 pounds) ... 186,212,730
6. Coal (445,819,368 short tons) ... 967,259,615
7. Tungsten (18,351 short tons, 609 concentrates) 21,646,305
8. Radium (through 1930) ... .. .. ... 18,000,000
9. Petroleum (50,026,980 barrels)..........oooooomieieeeeeeeee 51,539,430
10. Molybdenum (291,560,315 pounds) (value estimated)...... 218,670,236
11. Vanadium (Pounds produced prior to 1939 not available;

14,440,693 pounds V.0, 1939 to 1944, with an estimated .

value of $7,220,000) ... ..o 14,126,000
12. Fluorspar (value for 1938 not included) (391,581 short

BOMIS ) e 6,239,621
13. Iron (2,000,000 short tons; ore tonnage through 1930,

iron content unknown) ... ..., 3,916,000
14. Manganese (34,010 short tons) (Latest production 1939

through 1943 is 1,661 short tons with 35 per cent or better
manganese; value estimated $60,000.00).. ... 4,267,000

Colorado leads all other states in the total production of
silver, is second in gold, third in lead, fourth in zine, and fifth in
copper. In addition, Colorado exceeds all other states in the pro-
duction of molybdenum and vanadium. Inasmuch as uranium
accompanies much of the vanadium, the State in all probability
leads in the production of this metal, although production figures
are not available. Colorado also was a pioneer and leader in the
production of radium prior to the discovery and development of
radium ores in the Belgian Congo about 1920. Tungsten produc-
tion has been important at times, and iron, manganese, and his-
muth alsé have been produced.
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It is interesting that as a result of a higher price, the ounces
of gold produced from 1935 to 1940 exceeded all but the previous
peak years from 1895 to 1915. The production of silver does not
show a similar response to a greater percentage increase in price.
The production of copper from 1935 to 1940 exceeded all previous
years by 200 to 300 percent, but lead and zinc did not fare as well
as the other metals. However, lead and zinc production increased
during the war years when the production of copper and silver
decreased. The decrease during the war years in the total value
of the five metals was caused by the closing of the gold mines
through governmental order. .

Many of the deposits yield complex ores that contain gold,
silver, copper, lead, and zine in different proportions. These ores
require corresponding milling practices that are more costly than
milling of simple ores. Thus the price of each metal affects each
of the others, which makes analyses of the influence of price a
diffieult undertaking.

The diversity in metal content of gold, silver, copper, lead,
and zine, plus the occurrence of other metals such as molybdenum
and vanadium, has had the advantage in bringing about a some-
what steady yearly production in terms of overall total dollar
values throughout most of the period of active mining in Colorado.
Improvements in metallurgy also has played an important part
in maintaining production. The variety of the metals, the large
ore reserves in some of the major mining districts, the probability
of development of new reserves as occurred recently in the San
Juan area, and further possible improvements in metallurgy are
favorable for the extension of the past record of produetion into
the future.

Tt is not difficult to present a summary of past production,
but interpretations as to the future lead to differences of opinion.
For several years and especially since 1942, the beginning of the
war, economists and statisticians have had much to say on the
country’s vanishing ore reserves. Interpretations have heen pre-
sented that the United States is now or is soon to become a ‘‘have-
not’’ nation. With the use of produetion curves and figures, cer-
tain individuals have presented arguments in favor of importing
cheap metals. These conclusions may well constitute an example
of interpretations that represent a particular interest. Fortunately
many well-qualified mining men do not agree with the ‘‘have-not’’
philosophy.

The past 20 years have seen the development of the world’s
largest molybdenum mine in Colorado and of a potash industry
in New Mexico. Before the war a drainage tunnel over 30,000 feet
long was completed by a mining company in the Cripple Creek
distriet, but war regulations closed gold mines and thus delayed
the benefits this tunnel is certain to bring. Within the last 3 to 5
vears the Rangely field, a major oil pool in northwestern Colorado,
has been under deep-sand development, and more recently a large
deposit of lead, zine, and copper ore with gold, at a depth 1,000
feet below older workings, has heen brought into produection in
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the San Juan region. A similar history of development has taken
place in other states and these are not evidence of an exhaustion
of mineral resources.

The uncompleted deep-level drainage tunnel in the Leadville
distriet deserves mention for two reasons. First, the tunnel rep-
resents the only major failure in the development of a mining
distriet in recent years in Colorado, which in itself does not speak
well for the only strictly government-managed mining undertak-
ing of its kind in the State. Second, a lower drainage tunnel
would be desirable, but the completion of the present tunnel would
assist materially in the further development of parts of the Lead-
ville district.

Another development that is of interest is with respect to gol_d
placers. A large dredge was put into operation near Fairplay in
South Park in June 1941 and subsequently closed by government
order L 208 in October 1942; the dredge resumed operation in
1945. The use of draglines with floating and dry-land dredges
have operated successfully in places where other methods of gold
recovery did not pay. In recent years near Denver, gold has been
recovered as a byproduet from washing sand and gravel used in
construction. Placer gold is found in as many counties in Colorado
as are lode deposits, but they are not as well represented in pub-
lished reports. The outlook seems promising for a sustained devel-
opment and production of placer gold in the future.

Visible ore reserves seldom prove to be an accurate measure
of the life of an individual mine, and even less so for the country
as a whole. The inaccuracies of past predictions as to the limita-
tions of mineral reserves are proof that measured ore alone should
not be used for predicting future production.

The production of metallic and nonmetallic minerals is
dependent on the same economic factors that influence industry.
It is therefore logical that the past history of production over a
long period is the safest guide for the future.

Two accompanying charts (figs. 1 and 2) show the produc-
tion from the earliest date through 1945 of gold, silver, copper,
lead, zine, coal, and petroleum in Colorado, It will be noted that
the production of coal has varied, in spite of the existence of large
reserves, nearly as much as the metals, for which reserves are
seldom large. The material increase, which is likely to continue,
in the production of oil in recent years is an expression of develop-
ment of the Rangely field as well as other fields in the northwest-
ern part of the State. These production curves do not suggest the
pending exhaustion of mineral resources in Colorado.

The record of new mineral resources developed during the
past 20 years and general production over a much longer period
justifies the belief that substantial reserves of undiscovered and
undeveloped minerals are present in Colorado and elsewhere in
the United States. No one with experience In developing mineral
deposits will deny that these concealed deposits are hard to find,
nor will they admit that they cannot be found. New technique
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coupled with the old, consistently and intelligently applied to
developing mineral deposits, can supply metals for the future as
has been done in the past.

Colorado is fortunate in the diversification of its mineral
resources. The production of gold has been important. Lead and
silver ores have been favored by relatively conveniently located
smelters in the State, and with reasonable prices new ores will
be developed. More zine could he produced at better prices, but
zine is known as the ‘‘poison metal’’ and to be avoided, as ore 1s
penalized because of it. An unknown, but undoubtedly large,
quantity of zine has been lost hecause metallurgy has not been able
to save the metal as a byproduct at existing market prices, and
zine production in Colorado is handicapped further by the loca-
tion of zinc smelters, the nearest being at Amarillo, Texas.

Artificial regulations and restrictions should be eliminated,
which discourage the prospeetor, mining companies, and the min-
ing industry in general in their search for and development of
mineral deposits. If discriminations against prospecting and min-
ing are removed, Colorado can continue to carry its proportionate
share with other mining States to produce metals for the future.

METALS

GOLD, SILVER, COPPER, LEAD, AND ZINC DISTRICTS
BY COUNTIES

Introductory Statements

Mineral districts originally were officially designated areas
related to mineral monuments established for locating mineral
claims. This was in the period hefore land surveys. After land
surveys were completed, most of the old mineral districts lost
their official status, but the names were continued chiefly for
convenience in cataloguing mines and production.

In the literature common use is made of the terms distriet,
area, and even region referring to a town, a mountain or other
geographic feature without much regard to former officially des-
ignated districts. In this way confusion has arisen as regards
general references to locations of some mines and mineral depos-
its. The U. S. Bureau of Mines has been more consistent than most
others in using district names, but here, too, new names have been
added and old ones dropped or changed. In the following list
the mining distriets are those used in recent years by the U. S.
Bureau of Mines. Where more than one name has been used in
the literature the extra name or names are included in parentheses.
With the use of all the names given and the loecation by township
and range, the possibility of mistaken identities can be kept at a
minimum.
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The list is relatively complete; that is, every locality on which
a record could be found of creditable mention in the literature
has been included. Any omissions that may have been made were
unintentional, and it is hoped that they are few. Undoubtedly a
number of localities occur with veins that have never been
described, and, naturally, most of these are not included. One
can only assume that the more interesting of the mineral oceur-
rences have heen reported in the literature and therefore these
latter omissions are probably not serious.

In listing the metallic mineral and mining districts of Colo-
rado, the object was to assemble factual data that can be used by
a reader to form his own opinion in the light of the particular
interest that may be involved. An attempt was made to avoid an
expression of evaluation based on personal opinion of any locality,
because an analysis of available data to determine the possible
merit of a deposit was considered beyond the scope of this presen-
tation. Finally, numerous oceurrences have been included about
which very little information is available.

Location and access

The township and range of each distriet can be used to iden-
tify the corresponding area on plate 4 that shows the metalliferous
deposits. Inasmuch as this map shows railroads, shipping points
are not mentioned. The U. S. and State highways nearest to or
leading to each district is described, but unfortunately it was not
possible to show roads on the map. However, any standard high-
way map of Colorado can be used for determining the general
access to the distriets.

Water and timber

The problems pertaining to water and available timber could
not be considered satisfactorily with respect to each district,
because available data are insufficient.

In the larger streams and tributaries an adequate supply of
water is available for current mining operations, but sufficient
water for power development is an execeptional occurrence. As a
rule the water supply is greater on the western slope and in the
San Juan Mountain area than east of the Continental Divide.
Nearly everywhere an ample supply of water is present during
spring and early summer months while the winter accumulation
of snow melts. In late summer and early fall small streams with
limited drainage areas usually dry up. At altitudes of 10,000 feet
or higher, tributary streams begin to freeze in October. On the
whole, however, the supply of water is adequate in the various
mining areas in Colorado.

Timber for mining in Colorado is obtained from local saw-
mills and from the usual sources of lumber outside the State.
Small operators often supply their own needs from nearby forests.
However, conditions vary greatly, and in appraising the merits
of a prospect or mine the available supplies of mine timber as well
as lumber for buildings must be considered separately for each
area.
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Production Figures

Statistical data as to production come from the regular pub-
lications, Mineral Resources (1880-1930) and Minerals Yearbook
{1931-1945), of the U. S. Bureau of Mines, although the figures
used for years prior to 1924 were taken from the compilation of
C. W. Henderson in ““Mining in Colorado,”” (U. S. Geological
Survey Professional Paper 138).

The past activity of an area is brought out by means of two
sets of data: one is a listing of page references in Mineral
Resources and Minerals Yearbook that refer to districts arranged
by counties, and the second set of data is actual production figures.

Frequently the activity of individual mines, including pro-
duction figures, is given. Thus the page references to Mineral
Resources and Minerals Yearbook are useful in showing the years
or periods a district or area was active, and how brief, inter-
mittent, or continuous such activity may have been.

The data are not specific for inactive areas and rather detailed
for districts where appreciable production occurred. A summary
of these data would constitute a partial and useful history of each
district, but such a summary was not considered practical because
the data are insufficient and the report would be too lengthy.

Production by districts since 1932 is on a yearly basis, but
these figures are not available for prior years. County production
is divided into five periods, and the first two periods selected are
from the tables compiled by Henderson in Professional Paper 138
referred to above.

Relatively complete records begin with the second period
(1909 to 1923), which was selected partly for the reason that it
includes a major world war. The third period (1924 to 1931)
includes a postwar period of prosperity and the beginning of a
depression, while the fourth period (1932 to 1941) includes a
depression and world forces that led to the second major war.
The fifth and last period (1942-1945) includes the war years dur-
ing which exceptional efforts were made to increase production
at minimum prices and in the face of rising costs and labor short-
ages. It is believed that in a given county a study of changes in
the relative importance of crude ore shipped to smelters, ore
treated in gold and silver mills, and ore treated in coneentrating
mills will be useful in estimating the kind of ore that can be
expected in the future, if reasonably normal conditions prevail.
The production records of districts will show the kind of metals
produced as well as the changes that have occurred during the
13 years following 1932,

Maps

Plate 4, Metallic Mineral Deposits of Colorado, was prepared
by the U. 8. Geological Survey and shows mining districts with
those mines that have produced ore worth a minimum of $1,000.
In a few places, unproductive deposits that are known to be large
and of potential value are shown; and, where mine symbols are
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not closely spaced, prospects having produced less than $1,000 are
shown to bring out the presence of mineralization and the possi-
bility of deposits of value.

Numerous placer areas in the state, many of which yielded
only minor quantities of gold, have been worked intermittently
by an individual or a small group of persons. The placer areas
known to have yielded significant production are shown on the
map, and placers are shown only in counties with a reported total
placer production of more than $10,000.

. Under the above limitations a number of minor mining dis-
tricts as well as placer localities are not represented on the map.
quertheless, enough prospects are shown in outlying areas to
bring out the indefinite boundaries of many districts and the
merging of neighboring districts. In some areas the distribution
of prospects is confined to less than a township and in others it
extends outside the township listed. The township given in the
text was based on three sources: 1—description used by Hender-
son in U. 8. Geological Survey Professional Paper 138; 2—the ref-
erences listed under each distriet; and 3—plate 4, Metallic Mineral
Deposits of Colorado.

The topographic quadrangle (quad.) maps and national forest
maps that cover each distriet are listed. Topographic maps can
be obtained from the U. S. Geological Survey, Washington 25,
D. C. Many of these maps are old and even obsolete in terms of
modern mapping technique that utilizes aerial photography, but
in the absence of other maps they are useful. The Forest Service
maps do not show topography, but they are excellent for geog-
raphy, such as trials and other cultural features, including land
survey lines.

Most Forest Service maps are prepared for use in administer-
ing the National Forests, and consequently the supply does not
permit of their general distribution. However, the maps are avail-
able for study at the U. S. National Forest regional office in
Denver, Colorado, and for special needs it may be possible to
obtain copies or have photostat copies made of a particuluar area.
The maps usually are available for study at the forest super-
visors’ offices listed below:

Offices of Supervisors of U. S. National Forests

Arapahoe National Forest, Idaho Springs.
Grand Mesa National Forest, Grand Junection.
Gunnison National Forest, Gunnison.
Montezuma National Forest, Cortez.

Pike National Forest, Colorado Springs.

Rio Grande National Forest, Monte Vista.
Roosevelt National Forest, Fort Collins.
Routt National Forest, Steamboat Springs.
San Isabel National Forest, Pueblo.

San Juan National Forest, Durango.
Uncompahgre National Forest, Delta.

‘White River National Forest, Glenwood Springs.

o
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During the past fifteen years most of the Forest Service maps
have bheen revised through the use of aerial photography, and
consequently these newer editions are accurate. Forest boundaries
have been changed, which must be taken into account if older
editions of maps are to be used. The former Holy Cross National
Forest has been incorporated with the White River National
Forest, and Cochetopa has been divided among the Rio Grande,
San Isahel, and Gunnison National Forests.

The boundaries of the map of each national forest extend
well beyond the limits of the forest itself, and consequently the
maps overlap generously so that the maps of 2 or even 3 forests
may cover a given area.

In addition to the maps listed, aerial photographs made by
the U. 8. Forest Service of the national forests are available. Indi-
vidual photographs cover a few square miles and copies can be
obtained at a nominal cost from the Forest Service, New Custom
Building, Denver 2, Colorado. It is of ecourse necessary to know the
section, township, and range of an area in question in order to
obtain the proper photograph.

Geology and Bibliography

Geologic descriptions were obtained from publications of the
U. S. Geological Survey, Colorado Geological Survey, Colorado
Scientific Society and miscellaneous societies, as well as from
periodicals, unpublished reports, personal communications, and
personal knowledge.

The most important reference for a number of areas is a
geologic summary in Part 2 of this report as indicated by the
page numbers given. The geologic summary was prepared for
this bulletin by the geologists who made detailed studies of, or
were otherwise personally acquainted with the respective areas
described.

The references that are given were selected for utility. If
only one reference was found, it is given regardless of the worth
of the data contained. Ilowever, for districts favored with
several published desecriptions, the best one or two were selected
with the intent that these will in turn refer a reader to additional
references if detail should be desired. The geologic summaries
referred to above also include selected bibliographies which are
not repeated for respective districts.

Following the list of mining districts by counties is a tabu-
lation also arranged by counties of page references to Mineral
Resources and Minerals Yearbook. These references are to
exploration, mine development, and operation that has heen
recorded by the U. S. Bureau of Mines.
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Gold Placer Deposits

The recovery of gold from placer deposits in Colorado has
continued since 1858 and seems destined to continue for some
time in the future. In spite of the long history of production,
only general information is available concerning many of the
known placer areas. (See districts listed according to counties.)
Reports on the various gold districts may or may not have a brief
aceount of the placer deposits in the area, and they usually cover
only placers that were being operated at the time of the report.
Private companies have done considerable sampling, but the
results are seldom made known and many of the private records
have probably been lost. No studies have been made of the placer
possibilities of the State as a whole. The description of the placer
deposits in northwestern Park County (see pages 346-349) is almost
unique, and reports of other areas would be desirable because
the placer deposits are an important source of gold production
in Colorado.

The bulk of the yearly production is obtained from a rela-
tively few operations, leaving a small yield from a large number
of small operators including numerous individuals who work
at their placers only a few weeks or months out of the year.
Thus, excepting the larger placer operations, the records of
production are of little value except for indicating the general
distribution of placer deposits.

In recent years two developments have occurred that bear
on gold placering. The first development is the new price,
$35.00 per ounce of gold, as compared with $20.76 prior to 1933.
The second important development is the use of equipment
designed for moving gravel, sand, and dirt in placer operations.
Dry land and floating dredges in combination with draglines and
power shovels with a capacity of 1,000 to 4,000 cubic yards per
day can operate in places too small for bucket dredges. The costs
vary from about 10 to 24 cents per eubic yard which is consider-
ably higher than for large bucket dredges but this is partly offset
by the lower initial cost of the smaller units. As a result, gold is
being recovered at a profit from placer deposits that were not
considered workable prior to 1933. This justifies the recommenda-
tion that anyone interested in developing placer deposits should
restudy the general situation as regards gold placers in Colorado.

In a statistical analysis, Prommel gives total placer gold
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production by counties from 1858 to 1944 inclusive, and divides
the placer industry into five periods of productivity as follows:

Placer Placer
Gold Value Gold Value
Counties in Dollars Counties in Dollars
Summit ... $15,627,868 Denver ....ococeoeeeien. 8,449
Lake ..... . 17,308,290 Eagle ... 7,847
Gilpin 6,479,550 Rio Grande 7,213
- Park ... 6,423,464 MeSa oo . 5,066
Clear Creek ... . 2,914,408 Miscellaneous 5,000
Chaffee ....ooovoioeeeee. 1,651,373 Fremont ... 4,501
Routt and Moffatt ...... 456,017 Ouray ....... : 4,299
Jefferson ..o 348,544 Elbert ... 3,983
San Miguel ... 206,143 Grand ..o 2,497
Adams ... 87,239 La Plata and
Montrose ... 76,392 Montezuma ............. 1,582
Boulder ... 71,963 Delta .o 1,384
Costilla ... 32,264 Dolores 663
Gunnison ... 24,877 Pitkin ........... 220
Douglas ... ... 20,200 Huerfano ..... 132
Larimer and Jackson .. 17,794 Rio Blanco ... 56
Arapahoe 16,729 Garfield ..o 40
San Juan ... 13,161 —_—
Teller ... .. 12142 $36,841,350
Number
of Years Value
Flush production period.................... ....1858-1867 9 $14,923,918
Hydraulicking and ground sluicing............ 1868-1907 40 7,201,638
Large bucket dredges 1908-1931 24 8,526,023
Dry land, dragline and bucket dredges...1932-1942 11 6,159,531
Hand sluicing ... 1943-1944 2 30,240
ot e $36,841,350

After the period of flush production when the relatively
small but rich placers were exhausted, placer operation hecame
more dependent on mechanization and careful engineering. Highly
mechanized dredges produced more gold in 24 years than had
heen recovered by hydraulicking and ground sluicing in the
preceding 40 years.

It is interesting to note that the dry land, dragline, and
bucket dredges since 1932, with the advantage of the higher
price for gold, have maintained about the same average vearly
rate of production in ounces made by the hucket dredges of the
preceding period. At first and including 1941, production by dry
land and floating dragline dredges predominated, but in 1942
bucket dredges near Fairplay, Park County, were operating and
the gold produced by them exceeded that of the other methods.
In 1943 and 1944 War Order L 208 stopped all dredges; however,
the larger dredges have resumed operation and the pre-war
rate of production can be expected soon, and in addition new
activities are indicated which may lead to increased placer
produetion,
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Unfortunately, the available data are inadequate for apprais-
ing the relative merits of the various areas from which placer
gold is being obtained. However, the record of placer develop-
ment since 1933, although interrupted for 2 years by the war,
justifies the view that the gold placer deposits rank among the
important mineral resources of Colorado.

Gardner, E. D, and Guiteras, J. R., Placer operations of Humphry’s *°

Gold Corporation, Clear Creek, Colorado: U. 8. Bureau Mines Inf. Circ. 6961,
16 pp., October 1937.

. Gardner, E. D.,, and Allsman, P. T., Power-shovel and dragline placer
mining: U. §. Buréau Mines Inf, Circ. 7013, 68 pp., May 1938,

Prommel, H. W. C, Colorado placer mining: Mining Congress Jour.,
vol, 31, no. 12, pp. 24-31, December 1945.

Adams County

Production of Placer Gold and Silver in Terms
of Recovered Metals

Placer Mines

Producing Gold Silver Total

Year Yearly (fine ounces) (fine ounces) Value
1922-1923.......... 2 41 7 $ 845
1924 ... 1 35 6 732
1925 ... 1 89 13 1,845
1926 ... 2 212 35 4,405
1927 ... 2 162 23 3,353
1928......... 3 201 29 4,163
2 197 28 4,088

2 103 13 ) 2,130

3 66 7 1,367

Total 1924-1931.......... 1-3 1,064 154 22,083
12 4 247

5 97

20 2 684

45 7 1,592

85 13 2,992

185 23 6,486

92 14 3,222

317 53 11,131

259 41 9,094

282 45 9,902

1,302 202 45,447

274 45 9,622

145 20 5,089

126 45 4,442

319 52 11,202

864 162 30,365
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Clear Creek placers

The particular localities that have produced placer gold are
not recorded, but they are included in T. 3 S., R. 68 W. (see pl. 4)
and the adjoining township to the west in Jefferson County.
The altitude is 5,000 to 5,500 feet.

The discovery of placer gold on Clear Creek was soon after
1860, but the record of production begins with 1922, after which
a small yearly production was maintained. From 1924 to 1931 a
production of 35 to 212 fine ounces yearly was reported from
only 1 to 3 placer mines, while from 1935 to 1939 the production
was 45 to 317 fine ounces yearly from 11 to 19 producers.

Most of the production has come from Clear Creek, although
some gold has come from the South Platte River, of which Clear
Creek is a tributary. In recent years some gold came as a
hyvproduct from sand and gravel plants north of Denver.

Denver Quad., 1:125,000, eontours 50 & 100 ft., ed. 1901,
reprint 1919,

Derby, Arvada, and Golden Quads., 7V.-minute series,
1:31,680, contours 10 ft., ed 1944.

Henderson, C. W., Mining in Colorado; a history of discovery, develop-
ment, and production: U. 8. Geol. Survey Prof. Paper 138, pp. 17, 18, 104, 1926.
Alamosa County
Blanca or West Blanca
T. 28 5, R. 73 W., (SE corner). (See pl. 4.)
Altitude 10,000 to 14,000 feet.

Granite and metamorphic rocks of pre-Cambrian age. Small
veins are reported.

Production has been limited to trial shipments of a few tons
of gold ore in 1928 and in 1934.

San Isabel National Forest Map.
Rio Grande National Forest Map.

Arapahoe County

Production of Placer Gold and Silver in Terms of Recovered
Metals in Arapahoe County

Mines Gold Silver
Producing (fine ounces) (fine ounces) Total
Year Placer Placer Placer Value
1885-1904.............. 392 101 $8,165
1925. ... ... 1 2 46
19830, . ..ol 1 5 104
1931L.... .. ol 1 11 232
Total 1924-1931.............. 1 18 382
1932.............. 1 2 32
1933........ .. ... 2 38
1934.............. 42 60 2 2,083
19835.............. 33 60 2,109
1936.... .. 6 38 1.330
1937, .o, 6 16 546
1938. . ... ... 8 20 1 701
1939......... ..., 8 13 455
1940....... ..., 5 5- 175
941.............. 22 4 773
Total 1932-1941.............. 1-42 238 7 8,242
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Arapahoe County

1. Cherry Creelk and Dry (Cottonwood) Creek, T. 5 S.,
Rs. 66 and 67 W, (see pl. 4).

2. South Platte River, T. 5 8., R. 68 W., (not shown on pl. 4).

3. Little Dry Creek, T. 5 3., R. 68 W., (not shown on pl. 4).

4. A number of placers, the localities of which have not been
reported.

Altitude 5,200 to 5,700 feet.

Placer gold was discovered in 1858 south of Denver in bars
along the gouth Platte River, Cherry Creek, and some of the
tributaries. The fine gold has been 1eeoncentrated from the Davw-
son arkose and Castle Rock conglomerate of Tertiary age. See
also Douglas and Elbert Counties.

Denver Quad., 1:125,000, contours 50 & 100 ft., ed. 1901,
reprint 1919,

Englewood, Fitzsimons, Ft. Logan, Highland Ranch, Little-
ton, and Parker Quads., 71, -minute series, 1 :31,680, contours 10
ft., ed. 1942-1944.

Henderson, C. W, Mlnmg in Colorado; a history of discovery, develop-
ment, and productlon U. 8. Geol. Survey Prof. Paper 138, pp. 27, 164, 1926.

Archuleta County

Occasional small lots of ore are reported from Archuleta
County but the source is not known. The only metal production
since 1904 is:

1937—5 tons 43 ounces silver
800 pounds lead
2,000 pounds zine
1938—7 tons, 38 ounces gold
4 ounces silver
San Juan National Forest Map.
Rio Grande National Forest Map.

Baca County

Carizzo Creek (Estelene)

T. 34 S, R. 50 W. (See pl. 4).

Altitude 4,600 to 5,000 feet.

The district is 45 miles southwest of Springfield, Colorado,
and the eanyon roads are fair to poor.

Chalcocite is partly altered to malachite and azurite in white
sandstone. The gold reported in ore of this type is somewhat
unusual. Recorded production is: .

Ore Gold Silver Copper Total
(tons) (ounces) (ounces) (pounds) Value
1900, 1901, 1902...... . 14 241 11,419 $2,242
1915, 1916, 1917............. 14 115 10,092 2,717

Mt. Carizzo Sheet, 1: 1"5 ,000, contours 25, 50, and 100 ft.,
ed. 1892.

Henderson, C. W, Mmmg in Colorado; a history of discovery, develop-
ment, and productxon U. S. Geol. Survey Prof. Paper 138, p. 105, 1926,
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Boulder County

Boulder County, like Clear Creek and Gilpin Coqnties,
annually lists a large number of active mines, the majority of
which produce small lots of ore. Gold placers have been worked
intermittently even in recent years, but lode production predom-
inates. :

The ore is in veins in granite and schist of pre-Cambrian age.
Tertiary dikes and stocks, and in places premineral fault zones,
are structurally important.

Central (Jamestown)

T.2 N,, Rs. 71 and 72, W. (See pl. 4).

Altitude 6,500 to 8,500 feet.

Jamestown is 12 miles northwest of Boulder. Good local
roads make the area easily accessible.

The ore is in veins and brecciated areas in granite and schist
cut by dikes.

The country rock is pre-Cambrian granite and schist cut by
dikes and a quartz monzonite of Tertiary age. Veins and brecci-
ated zones intersect all rocks. The predominating values are gold
- (some as a telluride) and silver, but considerable lead, some cop-
per, and a little zine have been produced. Local fluorite deposits
carry small quantities of the sulfides.

For a summary of the general geology and ore deposits (in-
cluding fluorspar) of this district, with selected bibliography,
refer to pages 323-27.

Boulder Quad., 1:62,500, contours 100 ft., ed. 1904.

Jamestown and Vieinity, 1:24,000, contours 50 ft., surveyed
1931.

Arapahoe National Forest Map.

Roosevelt National Forest Map.

(feologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939.

Gold Hill (Rowena, Salina, Sunshine)

T.1N, Rs. 71 and 72 W. (Seepl. 4.)

Altitude 6,200 to 9,000 feet.

The mountain roads are good, and the distance to Boulder
is 12 miles.

The pre-Cambrian granite in the area is cut by dikes of
Tertiary age. The veins trend northeast and the ore is commonly
found at or near the intersection of the veins and northwest—
trending siliceous zones locally called ‘‘dikes.”’ These dikes are
ancient fault lines.

Although the predominating metal is gold, considerable silver,
lead, and copper have been produced. Some zinc is present in
places.

For a summary of the general geology and ore deposits of
this distriet, with selected bibliography, refer to page-315.
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Boulder Quad., 1:62,500, contours 100 ft., ed. 1904.

Arapahoe National Forest Map.

Roosevelt National Forest Map.

Geologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939.

Worcester, P. G., Geology of the Ward Region, Boulder County, Colo.:
Colorado Geol. Surv, Bull. 21, map, 1920,

Grand Island (Cardinal, Caribow, Eldora, Nederland)

T.18S,R. 73 W. (See pl. 4.)

Altitude 8,200 to 10,500 feet.

Nederland in the central part of the area is 14 miles on State
119 west of Boulder. Local roads are fair to good, and access
to mines and prospects is fair considering the high relief and
rugged character of the general area.

The country rock is pre-Cambrian granite and schist intruded
by dikes and stocks, predominantly quartz monzonite, of Tertiary
age. The tungsten veins (see pp. 328-36) are usually independent of
the sulfide veins. The chief values are gold and silver with
some lead and copper. Zine production is subordinate.

For a summary of the general geology and ore deposits of
this district, with selected bibliography, refer to page 315.

Central City Quad., 1:62,500, contours 100 ft., ed. 1912.

Nederland Quad., 7¥%-minute series, 1:31,680, contours 50 ft.,
ed. 1944,

Arapahoe National Forest Map.

Roosevelt National Forest Map.

Geologic Map of the Front Range Mineral Belt, U. S. Geol
Survey, 1:62,500, contours 50 & 100 ft., 1939.

Magnolia

T.18S,R. 71 W. (See pl. 4.)

Altitude 6,750 to 8,000 feet.

The road to Magnolia joins State 119 in Boulder Canyon,
a few miles west of Boulder. The distance from Boulder is about
7 miles, but .the last 4 miles is a winding road with steep grades.

The country rock is granite and schist intruded by dikes of
porphyry. The veins in the district are relatively small, and pro-
duction has been on a modest scale. However, the veins are
numerous and the grade of ore often is high. The chief values
are gold and silver. Small tungsten -veins are present in the area.

For a summary of the general geology and ore deposits of this
district, with selected bibliography, refer to page 316.

Blackhawk Quad., 1:125,000, contours 100 ft., ed. 1906.

Eldorado Springs Quad., 1:31,680, contours 50 ft., ed. 1944.

- Arapahoe National Forest Map.

Roosevelt National Forest Map.

Geologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939.
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Magnolia District

Mine Production of Gold, Silver, Copper, Lead, and Zine
in Terms of Recovered Metals

Ore
Mines Sold or Gold Silver
Producing Treated (fine ounces) (fine ounces)

(short Lead Total
Year Lode tons) Lode Lode (pounds) Value
1932......... 18 421 257 53 $ 5,332
1934, ........ 18 828 354 31 12,399
1936......... 21 5,052 1,599 50 56,015
1936......... 22 4,262 1,213 124 42,544
1937......... 14 2,321 827 185 29,074
1938......... 15 1,821 824 14 28,849
1939......... 14 2,664 841 56 29,473
1940......... 15 2,801 1,423 1,042 1,100 50,601
1941, ........ 8 . 1,664 960 388 33,876
1942......... 4 444 612 3 21,422

Sugarloaf

T.1 N, R. 72 W. (Shown but not named on pl. 4.)

Sugarloaf is 7 miles on State 119 west of Boulder.  The roads
in the area are fair to good.

The predominating feature in this area is a large stock of
quartz monzonite that centers in Sugarloaf Peak. The veins are
generally small but numerous and commonly rich in concentra-
tions of gold and silver. Lead and copper are subordinate to gold,
and zine has not been important. Small tungsten veins are present.

For a summary of the general geology and ore deposits of
this district, with selected bibliography, refer to page 319.

Boulder Quad., 1:62,500, contours 100 ft., ed. 1904.

Arapahoe National Forest Map.

Roosevelt National Forest Map.

Geologic Map of the F'ront Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939.

Ward

T.1N, Rs. 72 and 73 W. (See pl. 4.)

Altitude 8,500 to 9,500 feet.

Ward is on State 160 about 20 miles northwest of Boulder
and 9 miles north of Nederland. State 160 is a good road and
some of the branch roads are fair, but the area is rugged and
local areas are difficult to reach.

The country roek is granite and schist cut by numerous dikes
of Tertiary age. Gold and silver are the predominating metals
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with lead and copper. Local occurrences of large low-grade
pyrite deposits are reported.

For a summary of the general geology and ore deposits of
this district, with selected bibliography, refer to page 318.

Boulder Quad., 1:62,500, contours 100 ft., ed. 1904.

Rocky Mountain National Park, 1:125000, contours 100 ft.,
ed. 1919,

Arapahoe National Forest Map.

Roosevelt National Forest Map.

(eologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 £ft., 1939.

Worcester, P. G., Geology of the Ward Region, Boulder County, Colo.:
Colorado Geol. Survey Bull. 21, 74 pp., map, 1920.

‘Ward District

Mine Production of Gold, Silver, Copper, Lead, and Zine
in Terms of Recovered Metals

Mines Ore Gold Silver
Produc- Sold or (fine (fine
ing Treated ounces) ounces)
(short Copper Lead Total
Year Lode tons) Lode Lode (pounds) (pounds) Value
1932....26 268 322 365 2,000 $ 6,825
1934....31 4,289 755 967 4,200 900 27,362
1935....34 3,693 601 1,312 2,000 2,600 22,241
1936....23 1,085 855 763 280 1,955 30,620
1937....12 1,410 1,315 1,603 3,000 1,000 47,687
1938....21 2,280 1,727 1,819 3,200 1,000 61,974
1939....27 7,586 2,234 1,749 6,300 1,900 80,121
1940....17 5,168 3,335 4,995 56,000 7,200 126,965
1941....11 5,259 2,845 3,406 49,200 1,400 107,883
1942.... 3 2,071 1,675 1,987 26,800 4,600 63,5689
1943.... 4 1,222 979 1,125 13,800 800 36,919
1944.... 2 285 360 277 5,000 13,472
1945.... 2 28 45 52 600 400 1,727

Chaffee County
Arkansas River placers (Salida, Nathrop, Buena Vista)

Placer gold is reported in places along the Arkansas River
from Buena Vista southeast 25 miles to the Fremont County line
(not shown on pl. 4) and near Granite (see pl. 4) near the county
line about 15 miles northwest of Salida.

Altitude 7,400 to 7,600 feet.

An excellent highway, U. S. 24, follows the valley of the
Arkansas River.
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Placer operations have been small and intermittent. In 1934
operations were reported by 11 individuals yielding 11 fine
ounces of gold. The gold in sand bars at the surface is believed to
be derived in part from former milling operations at Leadville.
The Granite district placers are listed separately.

Gunnison National Forest Map.
Pike National Forest Map.

Rio Grande National Forest Map.
San Isabel National Forest Map.

Birowns Creek placer (Browns Canyon)

T.15 S, R. 78 W. (Not shown on pl. 4.)
Altitude 7,600 feet.

The placers are near U. S. 285 and 2 to 3 miles south of
Nathrop,

Production is 2 ounces of gold in 1932 and also in 1939.
Gunnison National Forest Map.

Pike National Forest Map.

Rio Grande National Forest Map.

San Isabel National Forest Map.

Calumet (Whitehorn in Fremont County)

T.51 N, R. 9 E., New Mexico Principal Meridian. (See pl. 4.)
Altitude 9,500 to 10,000 feet.

Calumet is 16 miles north-northeast of Salida on fair to poor
mountain roads.

Small veins with gold, silver, and copper ore have been
reported in a porphyry stock of early Tertiary age. No produc-
tion is recorded.

Gunnison National Forest Map.
Pike National TForest Map.

Rio Grande National Forest Map.
San Isabel National Forest Map.

Chalk Creek (Alpine, Romley, St. Elmo)

T. 15 S, Rs. 80 and 81 E.; T. 51 N,, R. 6 E,, New Mexico
Principal Meridian. (See pl. 4.)

Altitude 10,000 to 10,500 feet.

The district is on State 162 on Chalk Creck 16 miles west
of Nathrop on U, S. 285.

Veins are in granite of the Mount Princeton batholith of
Tertiary age. The Mary Murphy mine was the chief producer in
the district.

Gunnison National Forest Map.
Rio Grande National Forest Map.
San Isabel National Forest Map.
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Chalk Creek (Alpine, Romley, St. Elmo) District

Mine Production of Gold, Silver, Copper, Lead, and Zinc
in Terms of Recovered Metals

Mines Ore Gold Silver
Produc- Sold or (fine (fine

ing Treated ounces) ounces)
(short Copper Lead Zinc Total
Yr. Lode tons) Lode Lode (pounds) (pounds) (pounds) Value
1932..2 83 50 642 4,000 $ 1,335
1933. .4 254 188 1,860 300 16,000 5,142
1934..2 1,113 1,275 7,512 100 59,300 51,610
1935..2 978 1,109 6,361 13,500 85,400 47,911
1936..4 1,213 1,324 11,654 15,935 205,700 66,306
1937..3 1,449 844 11,360 19,300 198,450 145,000 61,789
1938..1 248 137 1,778 4,400 57,700 48,000 11,340
1939. .4 163 142 1,918 1,000 27,600 7,673
1940..2 118 74 817 600 21,000 4,289
1941..2 98 130 641 1,600 20,800 18,000 7,131
1942..1 50 39 415 600 7,400 8,200 2,992
1944..1 36 11 322 400 5,600 8,500 2,085

Clear Creek placers
T. 12 S.,, R. 80 W. (See pl. 4.)
Altitude 9,000 to 9,500 feet.
Clear Creek joins the Arkansas River about 3 miles south

of Granite. A fairly good local road follows Clear Creek, and the
placers are four to ten miles southwest of Granite (U. S. 24).

The downstream part of the placer area is on:

Leadville Quad., 1:125,000, contours 25, 50, and 100 ft., ed.
1891, and Mt. Elbert Quad., 1:62,500, contours 50 ft., ed. 1939,

Gunnison National Forest Map.
Pike National Forest Map.
San Isabel National Forest Map.

Cleora
T. 49 N, R. 9 E., New Mexico Principal Meridian. (See pl. 4.)
Altitude 7,000 to 7,500 feet.
Cleora is four miles south of Salida near U. S. 5(.
Chalcopyrite is found in schist of pre-Cambrian age. No
production has been reported.
Gunnison National Forest Map.
Rio Grande National Forest Map.
San Isabel National Forest Map.

Lindgren, Waldemar, Notes on the copper deposits in Chaffee, Fremont,
and Jefferson Counties, Colo.: U. S. Geol. Survey Bull. 340, p. 166, 1908.
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Cottonwood
T.14 8, R. 81 W. (See pl. 4.)
Altitude 10,250 to 10,750 feet.

This area is on State 306 near the head of Cottonwood Creck
14 miles west of Buena Vista. 10 miles of the road west of
Buena Vista are fair, and the last 4 miles are poor.

Small veins with lead, silver, and gold are found in pre-
(Cambrian granite and schist.

No production is recorded.

Gunnison National Forest Map.

San Isabel National Forest Map.

Four Mile

T.13 8., R. 78 W. (Not shown on pl. 4.)

Altitude 8,500 to 10,500 feet.

This district is a few miles northwest of Buena Vista, but its
exact location is not known.

The only information available on the district is the produc-
tion record:

1935, 1936, and 1937—78 tons that yielded 53.5 ounces gold.

1940—67 tons that yielded 39 ounces gold, 336 ounces silver,
1,000 pounds copper, 1,200 pounds lead, and 30,000 pounds zine.

Pike National Forest Map.
San Isabel National Forest Map.

Free Gold
T. 14 8., R. 78 W. (Shown but not named on pl. 4.)
Altitude 7,600 feet.

This distriet is on Trout Creek about 5 miles southeast of
Buena Vista and about 1 mile east of the Arkansas River.

Access is by U. S. 285, which is nearby.
Silver occurs in small veins in pre-Cambrian granite.

The production on record is a few ounces of placer gold in
1932 and a few tons of low-grade gold ore in 1933.

Gunnison National Forest Map.
San Tsabel National Forest Map.

Garfield-Monarch

Tps. 49 and 50 N., R. 6 E., New Mexico Principal Meridian.
(See pl. 4.)

Altitude 10,000 to 10,500 feet.

U. 8. 50 and a broad gauge spur of the D. & R. G. W. Rail-
road are at Monarch. ’

The country rock is pre-Cambrian granite, Cambrian to Lead-
ville limestone, quartz monzonite and quartz monzonite porphyry
of 'll;ex;itiary age. The sedimentary beds are highly folded and
faulted.
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Garfield-Monarch District

Mine Production of Gold, Silver, Copper, Lead, and Zine
in Terms of Recovered Metals

Mines Ore Gold Silver
Produc- Sold or (fine (fine
ing Treatedounces)ounces)
(short Copper Lead Zinc Total
Year Lode tons) Lode Lode (pounds) (pounds) (pounds) Value

1932....... 1 1 $ 16
1934....... 1 28 288 900 18,000 931
1935....... 1 10 72 800 4,300 2917
1987....... 3, 319 39 2,481 5,000 133,650 11,774
1938....... 5 517 43 2,931 151,300 10,374
1939....... 5 165 6 1,472 3,000 56,400 4,172
1940....... 4 426 10 2,125 139,000 8,811
1941....... 2 28 13 682 400 5,700 1,312
1942....... 1 82 13 824 200 4,600 1,373
1943....... 3 1,404 28 4,455 1,400 331,000 44,000 33,907
1944....... 3 2,695 143 7,020 9,600 188,400 324,500 63,358
1945....... 1 1,454 36 3,028 6,000 24,000 326,000 43,171

Replacement deposits in limestone, fault-fissure veins, contact
deposits in sedimentary deposits, and small veins in quartz mon-
zonite are present. The ores carry lead-silver, zine, and a little
gold and copper. (See Jewell Tunnel, page 491.)

Gunnison National Forest Map.

Rio Grande National Forest Map.

San Isabel National Forest Map.

Crawford, R, D. Geology of the Monarch Mining District: Colorado
Geol. Surv, Bull. 9, 78 pp. (with topographic and geologic map), 1910.
Granite (and Lost Canyon)

Tps. 11 and 12 S., R. 79 W. (a part of the district is in Lake
County). (Seepl. 4.)

Altitude 9,000 to 9,500 feet.

U. 8. 24 and the D. & R. G. W. Railroad pass through Granite.
The veins earrying gold, silver, and lead are in pre-Cambrian
granite cut by Tertiary dikes. Placer gold is found on the Ar-
kansas River. :

The Lost Canyon district, now included in the Granite dis-
triet, was well-known at one time for its placer operations on
Cache Creek, a few miles southwest of Granite. Extensive deposits
were worked by hydraulic mining in the early days. In recent
vears land dredges have been in operation.

Leadville Quad., 1:125,000, contours 25, 50, & 100 ft., ed.

1891.
Mt. Elbert Quad., 1:62,500, contours 50 ft., ed. 1939 (covers

only part of distriet).
Pike National Forest Map.
Qan Isabel National Forest Map.
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La Plata (Winfield)
T.12 S, R. 81 W. (See pl. 4.)
Altitude 9,750 to 12,000 feet.
Winfield is on Clear Creek and 15 miles west from Granite. 13

[}

miles of the road is fair to poor. The mineralized area is 1 to 3
miles west and southwest of Winfield. :

Small veins with silver, gold, eopper, and lead occur in the
Twin Lakes porphyry of Tertiary age. Also present are small
quartz veins with molybdenite.

Production is recorded only in 1932, 1939, and 1941 when a
few tons were shipped that yielded a little gold, silver, and lead.

Gunnison National Forest Map.
San Isabel National Forest Map.

Riverside (Mt. Harvard)
T.13 8., R. 80 W. (Shown as Mt. Harvard on pl. 4.)
Altitude 12,000 to 13,000 feet.

This district is 6 miles from State 24 but the last 2 miles
are very difficult.

Veins with gold, silver, lead, and some copper occur in
granite (pre-Cambrian) eut by dikes of Tertiary age.

Gunnison National Forest Map.

San Isabel National Forest Map.

Riverside (Mt. Harvard) District

Mine Produection of Gold, Silver, Copper, Lead, and Zinc
in Terms of Recovered Metals

Ore Gold Silver
Mines Sold or (fine (fine

Producing Treated ounces) ounces)
(short Copper Lead Total
Year Lode tons) Lode Lode (pounds) (pounds) Value
1933....... 1 16 7 $ 152
1934, ..., 4 44 9 23 1,700 200 483
1935.......3 101 47 775 2,000 9,500 2,754
1936....... 3 190 95 1,756 1,820 24,100 5,054
1937....... 2 1,431 71 1,585 3,700 12,950 4,970
1938....... 1 12 18 57 2,000 752
1989....... 1 16 3 1056

Sedalin
T. 51 N., R. 8 B. New Mexico Principal Meridian.
Altitude 7,500 feet.

The Sedalia mine is 8 miles northwest of Salida and on the
east side of the Arkansas River valley.
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Mineralization consists of chalecopyrite disseminated through
schist of pre-Cambrian age. Some of the ore averaged 5 percent
copper and the stopes varied in width up to 50 feet. Locally
sphalerite is plentiful with some galena and a little silver. Gold
is not important. The ore minerals are intimately intergrown with
the minerals of the schist. Below a pegmatite dike that crosses
the ore, only low-grade ore is reported, but the manner in which
the ore dies out laterally or with depth is not described. Lindgren
concludes that the ore is pre-Cambrian in age.

Production is reported at 60,000 to 75,000 tons of 5 percent
copper and $1.00 to $2.50 in gold and silver per ton. Development
extended from the surface down through an oxidized zone about
200 feet thick and into the sulfide ores for a depth of 100 to 150
feet.

No produetion has occurred in recent years.

Rio Grande National Forest Map.

San Isabel National Forest Map.

Lindgren, W., Notes on the copper deposits in Chaffee, Fremont, and
Jefferson Counties, Colo.: U. 8. Geol. Surv. Bull. 340, pp. 161-166, 1908.

Trout Creek
T.13 S, R. 77 W. (Not shown on pl. 4.)
Altitude 9,500 to 10,000 feet.

This area is just south of Trout Creek Pass on U. S. 24 and
13 miles northeast from Buena Vista.

The country rock is ‘‘ Weber’’ shale of Carboniferous age. The
character of the mineralization is not known.

Pike National Forest Map.
San Isabel National Forest Map.

Trout Creek District

Mine Production of Gold, Silver, Copper, Lead, and Zine
in Terms of Recovered Metals

Ore Gold Silver

Mines  Sold or (fine (fine
Producing Treated ounces) ounces)

(short Copper Lead Total
Year Lode tons) Lode TL.ode (pounds) (pounds) Value
1932, .. iniinennn, 3 11 9 71 1,400 $246
1933. ... .. .. L. 2 39 5 95
1934, .. i 1 5 10 347
1936. ..., 2 10 1 142 180 169
1987 . it 3 6 6 203
1938. ... 1 11 2 70
1939. ..., 1 5 2 70
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Turret Creek

Tps. 50 and 51 N, R. 9 E., New Mexico Principal Meridian.
(See pl. 4.)

Altitude 8,000 to 8,500 feet.

Turret is 11 miles north of Salida on a fair to poor mountain
road.

Copper (chalecopyrite) with a little gold and silver occurs in

pre-Cambrian schist. Reported production since 1931 is as
follows :

Lode Ore Sold Gold Silver

Mines Pro- or Treated (fine (fine Copper Total
Year ducing (shorttons) ounces) ounces) (pounds) Value
1932_ ...... .2 11 7 $143
1935 o1 67 9 86 5,700 834
1936 2 12 10 345
1939... ... 1 10 4 140
1941......... 2 14 12 14 430

Gunnison National Forest Map.
Pike National Forest Map.

Rio Grande National Forest Map.
San Isabel National Forest Map.

Lindgren, W., Notes on the copper deposgits in Chaffee, Fremont and
Jefferson Countles, Colo.: U. 8. Geol. Survey Bull, 340, p. 166,

Twin Lakes (Red Mountain)

Tps. 11 and 12 S, Rs. 81 and 82 W. (See pl. 4.)

Altitude 11,000 to 12,000 feet.

This district includes a number of prospects on either side of
Twin Lakes Creek from the Continental Divide east to Twin
Lakes Post Office. The road, State 82, along the valley is excel-
lent, but most of the prospects are hlgh above the valley and
difficult to reach.

Red Mountain is at the head of Peek-a-boo Creek, a tributary
of the South Fork of Lake Creek, 18 miles from Granite. From
Red Mountain it is 2 miles by traﬂ 3 miles by poor road, 10
miles by State 82, and 3 miles by U. S. 24 to Granite and the
D. & R. G. W. Railroad.

Small gold veins are present in altered rhyolite and diorite,
and small veins with a little native gold oceur in pre- Cambrlan
schist.

The recorded production since 1931 is a few tons of ore in
1941 that yielded 1 ounce of gold and 1%% ounces of silver per ton.
Mt. Jackson Quad., 1:125,000, contours 100 ft. ed. 1911.

Gunnison National Forest Map.

San Isabel National Forest Map.

Iowell, J. V., Twin Lakes district of Colo.: Colorado Geol. Survey Bull.
17, pp. 99- 102, map, 1919.
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Clear Creek County

Clear Creek County, like Boulder and Gilpin Counties, an-
nually lists a large number of active mines, most of which produce
small tonnages of ore.

(old placers have operated intermittently.

. The ore is in veins in pre-Cambrian granite and schist. Ter-
tiary dikes and stocks are important structurally in places. The

ores have a greater average lead and zine content than those in
adjoining counties.

Alice (Lincoln, Yankee Hill)

T.28,R. 74 W. (Seepl. 4.)

Altitude 10,000 to 11,000 feet.

The mineralized area is 10 miles northwest of Idaho Springs,
2 miles on U. 8. 40 and 8 miles on State 285, a fair to good moun-
tain road.

Veins with lead, zine, gold, and silver are found in pre-Cam-
brian granite and schist intruded by Tertiary -quartz monzonite
porphyry.

For a summary of the general geology and ore deposits of
this distriet, with selected bibliography, refer to pages 313-14.

Central City Quad., 1:125,000, contours 100 ft., revised 1910.

Arapahoe National Forest Map.

Roosevelt National Forest Map.

Geologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939,

Bastin, E. 8., and Hill, J. M., Economic geology of Gilpin County and

adjacent parts of Clear Creek and Boulder Counties, Colo.: U. S. Geol. Survey
Prof. Paper 94, pp. 106, 319-330, pls. T and IT, 1917,

Argentine (West Argentine)

Tps. 4 and 5 S., Rs. 74 and 75 W. (See pl. 4.)

Altitude 9,250 to 12,000 feet.

The Argentine district includes mines along Leavenworth
Creek on the southeast side of Leavenworth Mountain 2 miles
south of Silver Plume and Georgetown, and mines on the south-
east slope of MeClellan Mountain at the head of Leavenworth
Creek 6 miles farther southwest. The mineralized area on Me-
Clellan Mountain is continuous to the southwest with the ad-
joining Montezuma distriet in Summit County. Georgetown is
on U. 8. 6. The road along Leavenworth Creek is fair to poor.

The Stevens mine and the Josephine mine at the head of
Stevens Guleh on the northwest side of MeClellan Mountain are 7
miles southwest of Silver Plume, the last 3 miles of this distance
being on a poor road with steep grades.

The Colorado Central, Kirtley and Argentine vein systems
on Leavenworth Mountain are famous for silver-lead ores. The
‘Waldorf, Paymaster. and Santiago mines, at the head of Leaven-
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worth Creek, and the Stevens and Josephine mines at the head of
Stevens Gulch have produced ores characterized by lead, silver,
and gold with some zinc and copper. )

For a summary of the general geology and ore deposits of
this district, with selected bibliography, refer to pages 300-02.

Teavenworth Mtn: Georgetown Quad., 1:62,500, contours
100 ft., ed. 1905.

Head of Leavenworth Creek: Montezuma Quad., 1:62,500, con-
tours 100 ft., ed. 19265.

Pike National Forest Map.

Geologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939.

Lovering, T. S., Geology and ore deposits of the Montezuma quadrangle,
Colo.: U, S. Geol. Survey Prof. Paper 178, pp. 69, 85-86, 104-105, 109-112, 1935.
Spurr, J. H, and Garrey, G. H. Economic geology of the Georgetown
%goasdrangle, Colo.: U. 8. Geol. Survey Prof. Paper 63, pp. 104, 136, 245-271,

Dailey (Atlantic)

T.38.,R.75W. (Seepl. 4.)

Altitude 10,750 to 12,000 feet.

Dailey is near head of West Fork of Clear Creek and Batler
Gulch, 2 miles east and southeast of Jones Pass. The district is
2 miles with no road and 2 miles of fairly good road from U. 8.
40, and is 55 miles from Denver.

Small veins with lead, zine, and some silver occur in pre-
Cambrian granite,

One ton of lead-silver ore was shipped in 1940.

Fraser Quad., 1:62,500, contours 100 ft., ed. 1926.

Arapahoe National Forest Map.

Roosevelt National Forest Map.

Geologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939,

Empire (Upper Union)
T.3 S, R. 74 W. (See pl. 4.)
Altitude 8,500 to 10,500 feet.
Empire is on U. S. 40 and 41 miles from Denver.

The principal veins are 114 miles north of Empire on good
to fair roads.

The veins are in pre-Cambrian granite.

For a summary of the general geology and ore deposits of
this distriet, with selected bibliography, refer to pages 306-07.

Central City Quad., 1:125,000, contours 100 ft., revised 1910.

See reference to Prof. Paper 63 given below.

Arapahoe National Forest Map.

Roosevelt National Forest Map.

Geologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939,

Spurr, J. E, and Garrey, G. H., Economic geology of the Georgetown
quadrangle, Colo.: U. 8. Geol. Survey Prof. Paper 63, pp. 383-410, map, 1908,
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Geneva Creek (Collier Mountain)

T.5 8, R. 70 W. (Name not shown on pl. 4.)

Altitude 10,250 to 12,000 feet.

The district is at the head of West Geneva Creek, and is
continuous with the Montezuma district in Summit County to the
northwest. The district is 2 miles southeast from Montezuma, but
the trail is poor and over a 13,000-foot pass. The more direct
access is over the 10 to 12 miles of poor road along Geneva Creek
from Grant (Olava) (U. 8. 285). Grant is 59 miles from Denver.

Montezuma Quad., 1:62,500, contours 50 ft., ed. 1926.

Arapahoe National Forest Map.

Pike National Forest Map.

Geologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939,

Lovering, T. 8., Geology and ore deposits of the Montezuma quadrangle,
Colo.: U. 8. Geol. Survey Prof. Paper 178, pp. 69-70, 106, maps, 1935,

Geneva Creek (Collier Mountain) District

Mine Production of Gold, Silver, Copper, Lead, and Zine
in Terms of Recovered Metals

Ore
Mines Sold or Gold Silver
Producing Treated (fine ounces)(fine ounces)

(short Copper Lead Total
Year Lode tons) Lode Lode (pounds) (pounds) Value
1933......... 1 6 1 185 400 317 $ 130
1936......... 1 14 28 1,198 1,300 1,949
1986......... 1 347 164 2,909 8,007
1939......... 1 2 1 9 100 46
1940.. ...... 2 1,803 50 772 300 500 2,368

Griffith (Georgetown, Silver Plume, Queens)

T.48,R. 74 W. (See pl. 4.)

Altltude 8,500 to 11,000 feet.

Georgetown and Silver Plume are on U. S. 6 and 40 and 42
miles, respectively, from Denver. The roads to surroundmg mines
are falr to poor with local steep grades.

The veins in this distriet are complex sulfides that vary from
gold-silver-lead ores to lead-silver-zine ores with gold subordinate.
Copper is usually present in small quantities.

For a summary of the general geology and ore deposits of
this district, with selected bibliography, refer to pages 302-06.

Georgetown Quad., 1:62,500, contours 100 ft., ed. 1905.

Silver Plume Special Map, 1:12,000, contours 50 ft., ed. 1906,

Geologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939.

Spurr, J. E., and Garrey, G. H., Economic geology of the Georgetown
quadrangle, Colo.: U. S. Geol. Survey Prof, Paper 63, pp. 278-301, 1908.
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Idaho Springs (Cascade, Coral, Jackson Bar, Paynés Bar,
Spanish Bar, Virginia Canyon)

T.38,R.73 W. (Seepl. 4.)

Idaho Springs, on U. S. 40 and U. 8. 6, is 33 miles from
Denver. (Food roads traverse the district, but access to individual
mines may be difficult.

The veins show a wide variation in types of ore, but gold-
silver-lead-copper ores predominate.

For a summary of the general geology and ore deposits of
this distriet, with selected bibliography, refer to pages 308-13.

Georgetown Quad., 1:62,500, contours 100 ft., ed. 1905.
Central City Quad., 1:62,500, contours 100 ft., ed. 1912.
Idaho Springs Speeial Map, 1:12,000, contours 50 ft., ed. 1906.
Arapahoe National Forest Map.

Roosevelt National Forest Map.

Geologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 & 100 ft., 1939.
Bastin, E. 8., and Hill, J. M., Economic geology of Gilpin Co. and

adjacent parts of Clear Creek and Boulder Counties, Colo.: U. S. Geol, Survey
Prof. Paper 94, pp. 281-303, 356-369, maps, 1917.

. Spurr, J. E., and Garrey, G. H., Economic geology of the Georgetown
quadrangle, Colo.: U, S. Geol. Survey Prof. Paper 63, pp. 341-382, maps, 1908.

Montana (Lawson, Dumont, Downieville)

T.3 8., Rs. 73 and 74 W. (See pl. 4.)
Altitude 8,000 to 9,500 feet.

Lawson and Dumont, on U. S. 6 and U. S. 40, are 37 and 38
miles, respectively, from Denver.

This district is the westward extension of the Idaho Springs
district, and mineralization is similar, as is brought out by the
production figures, except that the silver and lead content of the
ore is greater and the gold content is less.

For a summary of the general geology and ore deposits of
this district, with selected bibliography, refer to pages 307-08.

Central City Quad., 1:62,500, contours 100 ft., ed. 1912.

Arapahoe National Forest Map.

Roosevelt National Forest Map.

Geologic Map of the Front Range Mineral Belt, U. S. Geol.
Survey, 1:62,500, contours 50 and 100 ft., 1939.
Bastin, E. S., and Hill, J. M., Economic geology of Gilpin Co. and adjacent

parts of Clear Creek and Boulder Counties, Colo.: U. 8. Geol. Survey Prof. Paper
94, pp. 334-356, map, 1917.
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Trail (Freeland, Lamartine)

Tps. 3 and 4 S., Rs. 73 and 74 W. (See pl. 4.)

Altitude 8,500 to 9,500 feet.

The Freeland mine is on Trail Creek and the Lamartine is
2 miles to the southwest on the divide between Trail Creek and
Ute Creek. The district has a good to fair road, and is 2 to 4 miles
from U. S. 40 and U. S. 6 and 21% miles west of Idaho Springs.

Mineralization is similar to that of the Idaho Springs district.

For a summary of the general geology and ore deposits of
this district, with selected bibliography, refer to pages 308-13.

Georgetown Quad., 1:62,500, contours 100 ft., ed. 1905.

Geologic Map of the Front Range Mineral Belt, U. 8. Geol.
Survey, 1:62,500, contours 50 and 100 ft., 1939.

Spurr, J. E., and Garrey, G. H., Economic geology of the Georgetown
quadrangle, Colo.: U. 8. Geol. Survey Prof. Paper 63, pp. 314-340, 1908.

Conejos County

The Axell, Gilmore, Lake Fork, Platoro (Ute) and Stunner
districts listed on plate 1 of U. 8. Geological Survey Professional
Paper 138 are in an area that is commonly referred to as the
Platoro district. T. 36 N., R. 4 E., New Mexico Principal Meridian.
(See pl. 4.)

Altitude 9,500 to 11,000 feet.

The area is about 55 miles by road from Alamosa and 40 miles
from U. 8. 285 south of Alamosa. The road to Jasper, shown on
current highway maps, is fair to good, but in the distriet the roads
are fair to poor, depending on the season.

The veins show a small and spotty distribution of values that
locally are high-grade. The country rock is a complex of rhyolite,
latite, and monzonite porphyries of the Potosi volcanic series and
Hinsdale formation. Outcrops are poor in many places and explo-
ration is difficult. . :

The production prior to 1909 of gold, silver, copper, and lead
has a total value of $72,669. Since 1909 the production has been:

Ore Sold Gold Silver
Lode Mines or Treated (fine (fine Total
Year Producing (short tons) ounces) ounces) Value
1938.....eoe..... 1 500 13 916 $1,033
1940............. 1 29 5] 83 234
1941.............. 1 45 7 204 890

Summitville Quad., 1:125,000, contours 100 ft., ed. 1915.
Rio Grande National Forest Map.

Patton, Horace B., Geology and ore deposits of the Platoro-Summitville
mining district: Colorado Geol. Survey Bull. 13, pp. 1-61, 89-107, maps, 1917.
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Costilla, County
Plomo (Rito Seco)

T. 328, R.7T1 W. (Seepl. 4.)

Altitude about 8,000 feet.

This deposit is on Rito Seco Creek about 16 miles southeast
of Ft. Garland (State 160) and 7 miles northeast from San Luis
(State 159), the county seat. The secondary road along Rito Seco
is fair to good. )

Considerable rock alteration has oceurred over an area three-
quarters of a mile in diameter. The rock has been classified as
granite-gneiss but probably is an altered latite-andesite flow. T.he
ore consists of gold with pyrite in quartz occurring as partial
replacements of the rock and filling along numerous fracture§.
The ore is low-grade and the boundary between rock and ore s
gradational.

Production in recent years has been limited to small trial
shipments.

San Isabel National Forest Map.

Gunther, C. G., The gold deposits of Plomo, San Luis Park, Colo.: Econ.
Geology, vol. 1, pp. 143-154, map, 1905,

Vanderwilt, J. W., Personal files,

Russell (Grayback)
T. 28 8., Rs. 71 and 72 W. (See pl. 4.)
Altitude 8,500 to 10,500 feet.

Grayback Mountain, where mineralization is found, is 5 miles
north of Russell (U. S. 160). The roads from Russell into the
district are fair to poor.

Narrow veins with low-grade gold mineralization in sandstone
and limestone of Carboniferous age are intruded by monzonite
and diorite. Copper stain is found along a steeply dipping con-
tact between the sedimentary beds and pre-Cambrian schist. Low-
grade gold placer gravels account for the gold produced since 1932,

Russell (Grayback) District

Mine Production of Gold, Silver, Copper, Lead, and Zinc
in Terms of Recovered Metals

Ore

P M;ne.s %Oldtofi ?,{’,1,2 P Silver N
roaucing reate: ne ounces N
ort ounces) Lead Zine Total
Year Lode Placer tons) Placer Placer Total (pounds) (pounds) Value
1 8 $ 158
2 - 17 2 2 341
2 9 304
1 2 70
3 13 1 1 463
2 13 2 2 443
2 14 3 3 485
3 19 1 1 666
1 8 1 1 281
1 46 7 1 1 4,000 8,000 1,074
2 7 245
1 2 70

1Total production for Costilla County.
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Huerfano Park Quad., 1:125,000, contours 25, 50, and 100 ft.,
ed. 1892,

The topography shown on this sheet differs from the
topographic map in the report listed below on the Grayback
distriet.

Rio Grande National Forest Map.
San Isabel National Forest Map.

Patton, H. B., and others, Geology of the Grayback mining district,
Costilla Co Colo.: Colorado Geol. Survey Bull. 2, 111 pp.,, maps, 1910.

Custer County
Fairview

T.23 S., R. 70 W. (Not shown on pl. 4.)

Altitude 10,000 to 11,000 feet.

No data as to access, but this general area of the Wet, or
(Greenhorn, Mountains is very rugged and there are few roads.

No production is recorded.

Canon City Sheet, 1:125,000, contours 25, 50 and 100 ft., ed.
1892.

Rio Grande National Forest Map.

San Isabel National Forest Map.

Hardscrabble (Silver Cliff—Westcliffe)

T.22 S, R. 72 W. (Seepl 4.)

Altitude 8,000 feet.

Silver Cliff and Westcliffe are on State 96, and 33 miles south-
west of Florence via State 67 and 96. The roads are fair to good.

North of Silver Cliff, rhyolite and tuff, presumably from the
Rosita IIills area, rest on pre-Cambrian granlte Relatively small
veins that produeed high-grade ore occur in both the granite and
volcanie rock, but production has come chiefly from the veins in
the rhyolite. The chief values are silver and gold with lead and
some copper and zine.

One mine, the Bull Domingo, is in an agglomerate or breccia
pipe in pre-Cambrian rock with the silver, lead, gold, and other
minerals deposited between the boulders. Silver chloride, or horn
silver, is characteristic of oxidized surface outcrops at Silver ClLiff.

Canon City sheet, 1:125,000, contours 25, 50 and 100 ft., ed.
1896.

Rio Grande National Forest Map.
San Isabel National Forest Map.

Cross, C. W., Geology of Sllver Cliff and the Rosita Hills, Colo.: U, 8. Geol,
Survey 17th Ann. Rept., pt. 2, pp. 263-403, maps, 1896.

Emmons, 8. F,, The mines of Custer County, Colo.: U. 8. Geol. Survey
17th Ann, Rept pt 2, pp. 406-472, 1896,
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Oak Creek (Ilse, Spaulding)

T.218,R. 70 W. (Seepl. 4.)
Altitude 8,000 feet.

Ilse is on State 143, a fair road, and 16 miles southwest of
Florence, the nearest railroad. Ilse was formerly known as
Spaulding.

Cerussite (lead carbonate) deposits extend in a narrow belt
for several miles along the east side of Oak Creek. Country rocks
are granite and granite-gneiss, and the cerussite belt shows crush-
ing, slickensided surfaces, clay gauge, and alteration. Two zones
may be present but only one locality, the Terrible mine, has had
appreciable production. The ore body in the Terrible mine is
roughly elliptical in plan (150x300 ft.). Considerable honeycomb
limonite and manganese stain are present. Streaks and veinlets
of chert and chalcedony are scattered throughout the mineralized
parts of the rock. On the 200-foot level, the lowest level of the
mine, the grade of the ore had decreased, but otherwise it remained
unchanged. The ore consists of cerussite in lenses, stringers, and
small pockets along cracks usually less than one to two inches
wide in the country rock. Assays show a small amount of silver,
but no zine, arsenie, antimony, or sulphur. The mine produced
around 300,000 tons of 5 per cent to 8.per cent ore prior to 1895.
Since that time production has been relatively small.

Production since 1931 consists of 10 tons in 1940 that yielded
7 ounces silver and 1,600 pounds of lead, and a total of 26 tons in
1942 and 1943 that yielded 22,600 pounds of lead.

Canon City Sheet, 1:125,000, contours 25, 50, 100 ft., ed. 1892.
Rio Grande National Forest Map.
San Isabel National Forest Map.

Hunter, J. F,, Some cerussite deposits in Custer County, Colo.: U. 8. Geol.
Survey Bull. 580, pp. 25-37, 1914,

Rosita Hills (Rosita, Querida)
T.22S,R.T1 W. (Seepl. 4.)
Altitude 9,000 feet.

Rosita Hills is on a local road about 2 miles from State 96
and about 14 miles east of Silver Cliff and 25 miles southwest of
Canon City. The roads are fair to good. The ores are principally
silver with some copper and gold in veins and pipes.

The Rosita Hills are u series of andesite to rhyolite flows and
agglomerates from a local volecanic source. The volecanic roek
rests on a floor of pre-Cambrian granite and schist. Pipes of
agglomerate in the area may be the necks of volecanoes. Veins
carrying silver minerals and gold are found chiefly in the voleanie
rocks. Galena, pyrite, and barite are present, and in general the
mineralization is similar to that found at Silver Cliff several miles
to the northwest.

The ore in the Bassick mine is an elliptical (20x100 ft.) verti-
cal pipe in a large mass of agglomerates that may represent the
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neck of a voleano. The ore in the Bassick mine is similar to that
found in the veins, except that there seems to be a higher gold
content with some quartz and no barite.

Canon City Sheet, 1:125,000, contours 25, 50, 100 ft., ed. 1892.
Rio Grande National Forest Map.
San Isabel National Forest Map.

Cross, C. W., Geology of the Silver Cliff and Rosita Hills, Colo.: U. S. Geol.
Survey 17th Ann. Rept., pt. 2, pp. 263-403, 1896.

Emmons, S. F., The mines of Custer County, Colo.: U. 8. Geol. Survey 17th
Ann. Rept., pt. 2, pp. 405-472, 1896.

Rosita Hills (Rosita, Querida) District

Mine Production of Gold, Silver, Copper, Lead, and Zine
in Terms of Recovered Metals

Ore Gold
Mines Soldor (fine Silver
ProducingTreatedounces) (fine ounces)

(short Copper Lead Total
Year Lode tons) Lode Lode Total (pounds) (pounds) Value
1933...... 1 3 3 $ b4
1934...... 1 12 13 37 37 483
1985...... 1 6 1 149 149 129
1936...... 4 302 40 2,985 2,985 430 34,700 5,363
1937...... 1 49 25 734 734 3,200 1,613

Delta County

The production recorded for Delta County from 1894 to 1904
and in 1910 is 207 ounces of gold and 306 ounces of silver, but
no mining districts are listed and the source of the production is
not given.

In 1933 a 1-ton shipment of ore yielded 100 ounces of silver
and 400 pounds of lead. From 1933 through 1937, 41 fine ounces
of gold and 5 ounces of silver were produced from placers in
T. 15 S., R. 97 W, on the Gunnison River 8 miles west of Delta.

Grand Mesa National Forest Map.

Uncompahgre National Forest Map.

111;Iend;gson C. W., Mining in Colorado: U. 8, Geol. Survey Prof. Paper 138,
b.

Denver County

Cherry Creek and Platte River placers
T.4 8., R. 68 W. (Not shown on pl. 4.)
Altitude 5,000 to 5,200 feet.

These placers are the northward continuation of the placers
found along the same streams in Arapahoe County to the South.
See Arapahoe County placers for general description.
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Production of Placer Gold and Silver in Denver County
in Terms of Recovered Metals

Placer
Mines Gold Silver

Producing (fine (fine Total

Year Yearly ounces) ounces) Value

1929...... 1 6 $ 115

1931...... 39 29 598

Total 1924-1931...... 1-39 35 713
1982..... 12 31 7 648

1933...... 8 20 6 407

1934...... 115 124 4 4,347

1935...... 59 39 1,377

19317...... 7 2 84

1938...... 9 7 259

* 1939...... 9 9 315
1941. ... 3 6 210

Total 1932-1941....3-115 238 17 7,647

Denver Quad., 1:125,000, contours 50 and 100 ft., ed. 1901.
Englewood Quad., 1:31,680, contours 10 ft., ed. 1944.
Fort Logan Quad., 1:31,680, contours 10 ft., ed. 1937.

Dolores County
Lone Cone (Dunton)

T. 40 N, R. 11 W., New Mexico Principal Meridian. (See
pl. 4)

Altitude 9,000 to 10,500 feet.

This area is on West Dolores River, on State 331 and 16 miles
northwest of Rico.

Production since 1933 came from one mine and is limited to
3 years as follows:

Tons Gold Silver Lead Total

Ore Ounces Qunces Pounds Value

1988......... 178 19 285 $ 832
1940........ 4,800 194 9,734 13,712
1941 .. 11,201 966 37,762 4,300 60,908

Montezuma National Forest Map.
San Juan National Forest Map.

Dunton Mining area {advance topographic sheet), 1:12,000,
contours 25 ft.
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Pioneer (Rico)

Tps. 39 and 40 N., Rs. 10 and 11 W,, New Mexico Principal
Meridian. (See pl. 4.)

Altitude 9,000 to 10,500 feet.

Rico is on State 145, a fair to poor road, 36 miles to Dolores
to the southwest, and 27 miles to Telluride to the north.

For a summary of the general geology and ore deposits of
this distriet, with selected bibliography, refer to pages 414-16.

Rico Quad., 1:62,500, contours 100 ft., ed. 1897.

Rico distriet, 1:23,600, contours 50 ft., ed. 1899.

Montezuma National Forest Map.

San Juan National Forest Map.

Cross, C. W., and Ransome, F. L., Rico, Colo.: U. 8. Geol. Survéy Geologic
Atlas folio 130, 1905.

Cross, C. W., and Spencer, A. C.,, Geology of the Rico Mountains, Colo.:
U. 8. Geol. Survey 21st Ann. Rept., pt. 2, pp. 7-165, map, 1900.

Ransome, F. L., The ore deposits of the Rico Mountains, Colo.: U. 8. Geol.
Survey 22nd Ann. Rept., pt. 2, pp. 229-397, map, 1901,

Douglas County

Mine Production of Gold, Silver, Copper, Lead, and Zine
in Terms of Recovered Metals

Gold Silver

Mines (fine (fine

Producing ounces) ounces)
Total
Year Placer Placer Placer Value
1885-1908. ..., 137 165 $2,968
1910-1928. . .00 viii 81 6 1,669
1925, .00viiient 2 3 97
1926. .00 ivvnnn, 2 3 62
1928, .00 iiiina 1 15 313
1931 23 39 808
Total 1924-1931......... ... .. ....... 1-23 62 1,280
1982, ... i 3 34 7 708
1983, 6 24 494
1984, ... . 72 104 3,644
1985, . 27 72 2,613
1936. ..., 10 24 854
B N 8 19 651
1938. .00 18 41 1,442
1939.............. 17 80 2,300
1940.............. 14 21 735
941. . ... 6 13 455
Total 1932-1941........... ... ... ..... 3-72 432 7 14,296

Cherry Creek placers

Tps. 6 and 7S, R. 66 W. (See pl. 4.)

Altitude 5,900 to 6,100 feet.

Placer gold is found locally along Cherry Creek from Frank-
town on State 83 for several miles to the north. Placer gold ise
reported also on Lemon Creek, 4 to 5 miles northwest of Frank-
town, a tributary of Cherry Creek.

Castle Rock Quad. (15-minute series), 1:62,500, contours 20
ft., ed. 1945.

. Parker Quad. (7%%-minute series), 1:31,680, contours 10 ft.,
ed. 1942,



MgerarLs, NONMETALS AND F'UELS 75

Dry Creek placers

T.6 8., R. 67 W. (See pl. 4.)
Altitude 5,700 to 5,800 feet.

Some maps show this to be Big Dry Creek, a tributary of the
Platte River. The placer gold along Dry Creek extends northwest
across the county line into Arapahoe County.

State 177 southeast of Denver crosses Dry Creek.
Production from Dry Creek is not reported separately.

Highland Ranch Quad. (71%4-minute series), 1:31,680, con-
tours 10 ft., 1942.

Pike National Forest Map.

Newlin Gulch placers

T.6S.,R.66 W. (Seepl. 4.)
Altitude 5,800 to 5,950 feet.

Newlin Creek joins Cherry Creek from the southwest and
about 114 miles northwest of Parker on State 83.

Happy Canyon, northwest of Newlin Creek, and Lemon Creek,
southeast of Newlin Creek, have yielded small quantities of placer
gold. All are tributaries of Cherry Creek.

The gold is found in the recent alluvian or wash that partly
fills the bottom of the gulches and in some of the Monument Creek
beds higher up on the adjoining slope. The particles of gold vary
in size from those as large as a pinhead down to the finest grains
visible with a lens.

The latest reported production for Douglas County was in
1940 and 1941, all of which came from the Newlin Gulch distriet.

Parker Quad. .(7V5-minute series), 1:31,680, contours 10 ft.,
ed. 1942,

Pike National Forest Map.

Butler, G. M., The gold of Newlin’s Gulch, near Denver, Colorado: Min.
Sci., vol. 65, pp. 486-487, 1912,

Russellville Guleh placers

T. 8 8, Rs. 65 and 66 W. (Not named on pl. 4.)

Altitude 6,200 to 6,400 feet.

Russellville Guleh is a tributary of Cherry Creek. The placers
extend along the gulch for a distance of 3 miles beginning 1 mile
south of Franktown on State 83. These placers are continuous
with the Cherry Creek placers where the streams join.

Production from this area is not known, as county production
is not subdivided.

Castle Rock Quad. (15-minute series) 1:62,500, contours 20 ft.,
ed. 1945,

Elizabeth Quad. (15-minute series) 1:62,500, contours 20 fi.,
ed. 1945.
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Eagle County
Brush Creek

T.58.,R.83 W. (Seepl. 4.) ‘
Altitude 7,500 feet.

This locality is on Brush Creek, which flows northwesterly
and joins the Eagle River about 1 mile west of Eagle (U. S. 24).
The mineralized area is 6 to 8 miles up Brush Creek on the road
to Fulford several miles farther upstream. The road from U. S. 24
to the area (State 307) affords easy access to the area.

Northwest-trending veins with steep northerly dips oceur in
sandstone (probably Dakota). The value is silver in the form of
chloride (cerargyrite) or horn silv