GEOLOGIC ATLAS

OF THE

ROCKY MOUNTAIN REGION

UNITED STATES OF AMERICA

A{L 1922 S&S\ s

ROCKY MOUNTAIN
ASSOCIATION OF GEOLOGISTS

Denver, Colorado
1972

irsehieid Press, Duouer, Catorada



CONTENTS

Text and Husirations

INTRODUCTION

PIONEER GEOLOGISTS OF THE AMERICAN WEST.. ... . ... W, LYLE DOCKERY ..o e e 13

Figure 1o Landmarks of the American West.

2: Dana's stratigraphic column,

3: Portrait of F, V, Hayden.

4: Havden party at Red Buttes.

5: Jackson, Peale, and Turnbull in the field.
6 Hayden and Paris in the field.

7: Peale, Gannett, and Atkinson in the field,
8: Holmes and Chitlenden in the field.

Q: Portrait of J. W. Powell,

10: Second Colorado River expedition party.
11: The Emma Dean in Marble Canyon

12: Portrait of Clarence King.

13: California Geological Survey persorinel.

=)

)

14: King's survay party in the field,

15: Shaft house, Star Mine, Leadville.

16: Concentration plant, Moyer Mine, Leadviile.

17: Portrait of N. H. Darton.

18: RMAG raravan, 1947, Summit County, Colorado.

o

PHYSICAL GEQLOGY

Regionul Geography
CITIES, TOWNS AND HIGHWAYS. ... ... . AMERICAN ASSOCIATION OF PETROILEUM GEOLOGISTS
AND GEOMAP COMPANY ... ooeiesenr e eenens 24

Figure 1 Cities, towns and highways in fdaho. Montana, Wyoring, western Nebraska and the Dekotas.
2: Cities, towns and bighways in Utah, Colorado, Arizona and New Mexico.

COUNTIES AND RIVERS. ... oo US. GEOLOGICAL SURVEY ... ... . s 28
PHYSIOGRAPHY ..... N ARTHUR D. HOWARD, JOHN W. WILLIAMS
AND TRWIN RAISZ ... i 29

Figure 31 Major physiographic provinces of western United States,
2: Physiographic provinces in the Rocky Mountain region and landforms of weetera United States.

Regional Geology

CONTINENTAL SETTING OF THE REGION. . ..., ... . .. WILLIAM W, MALLORY ... ..o 32

Figure 1: Mainr pre-Tertiary rack provinces of North America,
2: Permian paleornagnetic earth mode! for North America,

AREAL GROLOGY ... .. . e TRVING J. WITKIND AND L. TROWBRIDGE GROSE. ... . ... 34

TECTONICS o e e e e e L. TROWBRIDGE GROSE ........... .. ... .............. 35

Figure 1 Major tectonic units.

o

5 Anticlings and faudls.
: Major fold axes and faults,
o Structural cross seclions,

@ s ow

: Conjeclural diagrammatic section, Rocky Mountsin and Cordilleran regional relations, during the Laramide oropeny,



Regionnsl Geophysics

BOUGUER GRAVITY ... .. it .G. L. BRINKWORTH AND M. DEAN KLEINKOPE........... 45
Figure 1. Northe: ) profile acress Wyoming.
: Fast-west profile across Colorado.
3: Bouguer gravity,
SEISMICITY ... e RUTH B. SIMON ..o icas s aees 43
Figure I: Modified Mercalfi intensity scafe, 1656,
2: List of earthquakes in the western mountain region, 1852.1963.
3: Earthquakes of record ang interpreted seismicity, 1852-1969,
4: Photographs showing effects of the Hebgen Lake eartbquake of August 17, 1959,
5 Known significant sarthquakes of record in Colorado,
6: Seismicity in Colorado,

Precombrion Rocks

CONFIGURATION OF THE PRECAMBRIAN
ROCK SURFACE

AGE OF MAJOR PRECAMBRIAN ROCK UNITS ... ... ... .. CARL E. HEDGE.

Phauneroxzoic Rocks

REVIEW OF PHANEROZOIC WISTORY ... ................. HARRY C,KENT.................ooohonn

Figure

Figure

Figure

Figure

PALEOZOIC ERATHEM

3

T

1

1

HISTORICAL GEOLOGY

1. €. MacLACHLAN, H. C. BEMIS. R. W, BRYS
R. D. HOLT, C. J. LEWIS, D. E. WILDE .

Configuration of the Precambrian rock surface,

.54

Age of major Precambrian rock units.

FRED S, JENSEN, JAMES G, MITCHELL AND
JAN . MacLACHLAN ., P

Thickness of Phanerzoic sadimantary rocks.

Relationship between sequences and geologic periods,

CAMBRIAN SYSTEM ..., i CHRISTINA LOCHMANBALK .. ... ... 60

ORDOVICIAN SYSTEM .,

SILURIAN SYSTEM

Figura

Figure

15
2

»on

R I )

. Sections in Cambrian rocks, £

: Paleogeography and depos

Tettonic framewerk in Cambrian time,

Correlaticn chart of Cambrien formations,

Areal geology of upper surface of the Cambrian System.

Present thickness of the Cambrian System,

Restored thickness and lithofacies of the Lower Cambrian Series,

Restored thickness and lithofacies of the lower part of the Middle Cambrian Series,
Restored thicknass and lithofacies of the upper part of the Middle Cambrian Series,
Restored thickness and lithofacias of the Dresbach Stage.

Restored thickness and lithofacies of the Franconiz Stage,

Restored thickness and lithofacies of the Trempealeay Stage.

: Sections in Cambrian rocks, A-A’, B-87, C-C".
: Sections in Cambrian rocks, 0-00, F-f, G-G".

' HHL
tional environment in Cambrian time.

NORMAN H. FOSTER ...l 76

Correlation chart of Ordovician formaticns.
Sub-Oredovician paleogeology.
Thickness of (he Ordovician System.

¢ Thickness and lithology of rocks of Canadian 2ge.

Thickness and lithology of rocks of lower Champlainian age.
Thickness and lithology of rocks of upper Cr ian and lower Cincinnatian ag

®

: Thickness and lithology of recks of upper Gincinnatian age.
: Sections in Ordovician rocks, A-A', B-Bf and C-C'.

Sections in Ordovician rocks, D-DY ang £-F'.

Regional index map.

Correlation chart of Siturian rocks.

Sub-Silurian palengeclogy.

Thickness of the Silurian System,

Thickness and Hthology of the lower Interlake beds.



DEVONTAN SYSTEM .......

Figure

MISSISSIPPIAN SYSTEM . ..

Figure

PENNSYLVANIAN SYSTEM

REGIONAL SYNTHESIS ...

Figure

13. Pen

@

Thickness and lithology of the middie Interlake beds.
Thickness and lithology of the upper Interlake beds.
Correlation section,

% N

............................ DONALD 1. BAARS

1: Devonian and cariiest Mississippian tectonic elements,
2: Correlation chart of Devonian formations.
Sub-Devonian paleogeologic map.

Thickness of the Devonian System.

Thickness and lithofacies of Middle Devonian rocks.

W

o

Thickness and lithofacies of lower Upper Devonian rocks.
Thickness and lithofacies of upper Upper Devonian rocks.

%o

Thickness and lithofacies af uppermast Davonian and lowermost Mississippian rocks,

.............................. LAWRENCE C. CRAIG ...... ..o iiiieeiiarnnea 100

1: Cerrsletion chert of Mississipplan formations.

2: SubMississippian palcogeology.

3: Thickness of the Mississippian System.

4: Thickness and hithofacies of rocks of Kinderhook age.
5. Thickness and lithofacies of racks mostly of Osage age.
&

7:

&

9

2 Thickness and lithofacies of rocks of Meramec age.

: Thickness and lithofacies of rocks of Chester age.

2 Stratigraphic section in Montana and Morth Dakota.

. Model of Kinderhook sedimentation in the Williston basin and adjacent shelf ares during Kinderhook time.

............................. WILLIAM W, MALLORY ........ ... ..o I

1 Index map of geographie, paleogeographic and structural features, Montana-Dakots region.
2: Correlation chart of Pennsylvanian formations.
1 Sub.P

sylvanian paleogeotogy.
: Thickness of the Pennsylvanian System.
: Thicknuss and Jithofacies of rocks mostly of Morrow age,

: Thickness and lithofacies of rocks mostly of Des Moines age.
: Thick:
: Thickaess and lithofacies of rocks mostly of Virgit age.

55 and lithofaties of rocks mostly of Missouri age.

3;
4
5,
6: Thickness and lithofacies of rocks mostly of Atoka age.
7
8
9

10: Stratigraphic zection in the Ceniral Montana platform and the Williston hasin,
11: Stratigraphic section in the \Wyoming shelf.

2: Stratipraphic section in the Eagie basin,
vaniah and later siructural featuras in the Middle and Soulhern Rocky Mountain and Colorado Plateau regions

4: Geogrephic index map for northern Arizona.

THE TYLER FORMATION IN THE SUBSURFACE,

CENTRAL MONTANA

Figure

PENNSYLVANIAN ARKOSE

ROCKY MOUNTAINS ..

Figure

........... Cviee.oov.......FRED 8 JENSEN AND KENDALL P. CARLSON............i28

1t Ingdsx map of pant of central Montana, and oil pools productive from the Tyler Formation.
2: Recent developrents in nomenclature of Mississippian and Pennsylvanian recks in central Montana.
3: Stratigraphic sections in the upper pert of the Big Snowy and jower part of the Amsden Groups, central Montanas,

AND THE ANCESTRAL

............................ WILLIAM W, MALLORY ... ... ... oo n13l

1: The Ancestral Rocky Mountains and associated arkosic rocks.
2: Depositional patterns in the Fountain Formation.

PENNSYLVANIAN ROCKS AND SALT ANTICLINES,
PARADOX BASIN, UTAH AND COLORADO ... ...... .. ROBERT J. HITE, FRED W. CATER AND JOHN A. LIMING. 133

Figure

Ya: Index and paleogeographic map of Paradox basin area,

1h: Limits of mejor saline weadges and location of salt anticlines in the Paradox basin,

2 Stratigraphic scction through the Pennsylvanian System in the Paradox basin.

3:  Depositional modets of the Paradox basin in Des Moines tme.

4:  Diagrammatic cross sections showing growth and collapse of the Gypsum Vailey and Paradax Valley salt anticlines.

PENNSYLVANIAN STRATIGRAPHY, SOUTHERN
SANGRE DE CRISTO MOUNTAINS, NEW MEXICO... .. PATRICK K. SUTHERLAND ............. ... ... ... 139

Figure

1:  Tabir of Pennsylvanian formations.
2a: Generatized south-north correlation of Pennsylvanian (and Permian?) formations.

2b: Stratigraphic changes in lithologic character in the La Pasada and Alamitos Formations
in the Pecos Yalley area.
3:  Generalized pre-Paleozoic subcrop map of the southern Sangre de Cristo Mountain area
in relation tn the Picuris-Pecos fault and the postulated Iocation of the eastern edge of
the Uncompahgre Highland in southern Colorado.
Postulated Early Pennsylvanian southern timit of metasedicnentary rocks west of the Picuriz-Pecos fault.

Principal tectonic elements in Early Pennsylvanian time,
Depositional pattern, Morrow to middle Des Moines time.
Depositional pattern, fate Des Moines time,

2N Dy ok

Nepositional pattern. Missouri and Virgil time.



PERMIAN SYSTEM ............. PN e .....BAILEY RASCOE, JR., AND DONALD L. BAARS. ..

Figure la: Correlation table of Permian formations: northeastern area.
1b: Correlation table of Permian furmations: southwestern area.

Thickneas of the Permian System.

Time-stratigraphic framework of the Permian System.

R

4: Sub-Permian palzogeology.
5:  Thickness and lithofacies of Jower Wolfcamp rocks.
B: Thickness and lithofacies of upper Wolfeamp rocks,
7:  Thickness and lithofacies of lower Leonard rocks.
8t Thickness and lithetacies of upper Leonard rocks,
9:  Thickness and lithofacies ot Guadalupe rocks.
10 Sections in the Permian System in the northeastorn area, A-A, B-B',
11:  Sections i the Permian System in the nertheastern area, C-C', DD’
12:  Sections in the Permian System in the northeasteen area, £.€', F-F, G6&/, HH'
13:  Sections In the Permian Systers in the southwestern ares, B, J-J° KK
4:  Sactions in the Permisn System in the southwestern arsa, LU, M-/, NN,

15:  Depositional environments during the Permian Period.

MESQZOIC ERATHEM

TRIASSIC SYSTEM

1 table of Triassic formations

: Sub-Triassic paleogeciogy.

: Thickness and lithotacies of Lower and Middle(?) Triassic rocks,
: Tectonic map tor Early and Middle(?) Triassic times.
¢ rocks.

1
2
3: Thickness of the Triassic System,
4
5

6: Thickness and lithofacies of Uppsr Tria

7. Tectonic map for Late Trisssic fime.
8 Thickness and lithotacies of Triassia(?) and younger rocks.

sic rocks.

@ Sections in Ttk

FJURASSIC SYSTEM . . ... .. . v JAMES A, POTERSON ..., TS 7

Figure 1. Correlation chart of Jurassic {ormations,

20 Sub-Jurassic palecgeciogy.

3: Thickness of the Jurassic System.
4: Lithofacias of rocks of Nugget age.
5: Thirkness and tithofacies of racks of Piper-Nesson ags
6: Thickness and lithofacies of rocks of Reirdon age.
7: Thickness and lithofacies of rocks of Swift age.
Thickness and tithofacies of rocks of Morrison age.
Section in Mentana and North Dakota,
10: Section from thah to South Dakola.
110 Seclivn (rom Nevada to Colorado,
12: Section from Montana to Naw Mezico,

... DONALD P. McGOOKEY, JOHN D. HALU LYLE A,
HALE, M. G. GOODELL. DONALD G. McCUBBIN,
ROBERT 1. WEIMER AND GEORGE R, WULF............

CRETACEOUS SYSTEM ...

Figure 1. Western interior Cretaceous ssaway.

2. Geclogic time scale and western Ulah tectonic activity.
3: Diagrammatic section across the Rocky Mountain geosyncline in ceniral Utah,
4; Mapped traces of major thrust fauits,

Green Rjver basin,

ons in four farge overthrust sheets and in the

&

Stratigraphic s
2 Estimated ape of princips! movemant on major thrust faulis,

o

Cretucevus batholiths, Jaccotiths, other piutons and volcanic centers.

~

8: Dates of igneous acltivity as determined by radioactive dating and stratigraphic position.
@ Correlation chart of Cretaceous formations

10 Locat
I1: Thick
12: Sub-Cretaceous paleogeniogy.

n of correlation chart columns

r Cretaceous rocks.

s and paleogeographic sefting, fower part of Low

13 Lower Cretaceous lacustrine deposits,
14: Pre-Middle Albian Lower Cretacesus drainage
15: Thickness

16: Paleoenvironment in tate Skull Creek time,

o paleogeographic seiling. upper part of Lower Creta

17 Paleoenvironment in late Mowry time,

18 West-east section in Lower Cretaceous rocks

19: Northwes wer Cretaceous rocks.

20: Typicat elestric log characteristics of tha Lower Cretaceous Dynneson and MNewnastle Sandsiones,

scuthenst saction in L

21: Block diagrars showing dendritic drainags pattern formed by the Newcastie stream system,

22 Thickness of Upper Cretaceous rocks
23
24: Northaes)-southenst
olith map of total sandstone in D interval,

1 Paleoenvironment in early Belle Fourche time,

sive cycles.
ection in the Dakota Group.

nal lransgress

286
27: Pateoenvironment in middle Greerhorn (Jatmore Chalk) time,
28: Palecenvironment in tate middie Carlile (Turner Sendstone Momber) time.

29 Section in northwest part of San Juan basin.
30 Diagrammatic restored section of Upper Cretaceous rocks from San Juan basin to Denver basin
on nt Upper Crataceous rocks from Gunnison Plateau to Denver hasin,

31: Diagrammatic restored s



32: Dragrammatic restored section of Upper Cretuceaus rocks from couthwest Wyoming to west flank of Biack Hifls.
33: Diagrammalic restored section of Uppsr Cretaceous rocks from southwest Mantana to Cedar Creek anticline.
34: Diagrammatic restored section of Upper Cretaceons rocks from 8rowning basin i west ilank of Williston basin.
3% Diagramniatic rastored Section of Upper Cretaceous rocks from north.central Montana to San Juan basin.

36: Palsoenvironment in early Niobrara (Fort Hays) lime.

37: Palevenvironment in middte Niokrara ime.

38: Hypothetical paleogeography of part of Niohrara Seaway during lower Coniacian time.

39: Palenenvironment in Telegraph Ceeek time.

40: Palecenvironment in latest Eagle time,

41: Restored section showing rolation of Teapot Sandstone to other rocks.

42: tndex map showmng location nf sections on figure 41,

43: fence diagram of Upper Crataceous rocks, Northern Greal Plaims.

A4: Paleoenvironment in garly Claggett ime.

45 Pajevenvironment in middle Judith River time,

46: Diagrommatic section of Mesaverde Formation in Sand Wash basin,

47. Diagrammatic sketch of modern nearshore suite of depositional epvironments and vertical
superposition of subenvironments that resutt from progradation,

48 Quicrop of the Twenty Mile Tongue of the Mesaverde Group, northweslern Colorado, and interpretation
of depositional environments

49 Palecenvironment in middle Bearcaw time.

50; Palsoenvironment in early Fox Hills time,

51: West-east electric-log correlation section showing reiation of surface to subsurface stratigraphy on Wamsutter arch,
52: Areal extent of four porous and permaable sandstone zones in upper 100 feet of Abnong Formation, Wamsulier arch,

53: Paleosnvironment in latest Cretaceous time,

CENOZOIC ERATHEM

UPPER CRETACEOUS

TERTIARY SYSTEM

TERTIARY HISTORY

EQCENE AND PALEO!
SOUTHERN AND

AND CENOZOIC IGNEOUS ROCKS...T. A. STEVEN, H. W. SMEDES, H. I. PROSTKA,

P. W. LIPMAN AND R. L. CHRISTIANSEN , .. ... . .. .220
Figure 1. Upper Cretacrous to middie Cenozoic igneous rocks.
2: Upper Cenozoic igneous rocks.
e PETER ROBINSON .. ............ e 233

Figure I: Correlation chart of Tertiary formations
2: Location of measured sections
3: Areas of deposition and erusion i Paleacens time,
4; Areas ot deposition and erosion in Eocene time.
& Areas of deposition and erosion in Otigotens time,
6: Areas of deposition and erosion in Miocene time,
7. Areas of deposition and erosion in Plivcens time.

CE
CEl

E ROCKS OF THE
TRAL BASINS...... ..... B ROBERT E. McDONALD .

Figure 1: Thickness of Paleccens rocks.
Thickness of Eocene rocks,
3: Sections in Eocene ang Paleocens rocks (San Juan, Uinta and Piceance basing),
4a: Sections in Eocene and Paleocene rocks (Washakie, Red Desert and Green River basing).
4b: Diagrammatic section moditied from Bradley (1964), southwestern Wyoming.
5. Palsogeagraphy in early Paleocene tirnea.
6. Paleogeography in late Pajeocene time
7. Paleogeography in fate early to middie Eocene time,
2: Paleogeography in late Eocene time.

QUATERNARY SYSTEM

WISCONSIN GLACIATION ...... e JOHN M., MONTAGNE . ........ e o287

Fuels

Figure 1: Photographs of selected glacial features.
2: Glaciation during the Wistonsin Stage.

ECONOMIC GEOLOGY

PETROLEUM AND NATURAL GAS

Sweetgrass arch ..., ...

Naorth-central and centraf

Figure 1; Petroleum- and natural gas-producing provinces.
e N WL Foley L, RPN e e L0262

2: Oil and gas fislds of the Sweetgrass arch,

Montana . ... ... e E EBarld Norwood ... ... ... ..coiovoiiioi i 263

3: Uil and gas fields of north centrai Montana,
4: Qil and gas fields of centraf Montana.



Willistan Dasio ... e Alap RUHADSEN - oot e e 265

5: Ot and gos fields of the Williston basin,

Powder River basin ... ... o A. A, Melregor
6. Gil and gas fields of the Powder River hasin,
BigHorn basin . ... ..o o i e o PoWeldon L 270

7: Qif and gas fislds of the 8ig Horn basin,

Wind River basin .. ... i e R.W.BEADSE oottt e e e e e 273

8: Ol and gas fields of the Wind River basin,

Southern Wyorting ....... ... ... yle A, Hafe and Warren W, Skeefers. ... 274
9: Ol and gas fields of southern Wyoming

Vinta Basii ..o e Howard R RHZU .0 h e e it e e e 276
10 Structural pattern, Uinta basin.
11: Hydrocarbons in Cretac o Tertiary formations,
12: Oil and gas fietds of the Uinta hasin,

Piceunce basin and Axial Basio uphft........ ... ... ... ., Hal DDA e e 278
13: O and gas fislds of the Picrance basin and Axia! Basin uplift

Denver basin and Las Animas arch. ... oo Richard W. Volk
14: Ot and gas fields of the Denver basin and Las Animas avgh,

Paradox basin M, MOleDaRs . e e 282

16: Oit and gas fieids of the Paradox basin.

San Juan basin ... e Roy L. Pritchard ... et e 284

18: O and gas fictds of the San Juan basin,

GREEN RIVER OIL SHALE.............................. FRANK PLVAN WEST . ... 287

Figure  1:  Oil shale areas in wastern United States,

2 Geography of the Colorado-Utah-Wyoming area.

3a: Schemalic stratigraphic section through Lake Uinta deposits,
3k Schematic stratigraphic section through Lake Gosiute deposits.
4:  Section through the Green River Formation in the Pirsance basin
& Lake Gosiute and its drainags basin,

6. Areal geology. thickness, structure and sconomit aspocts of the Green River Formation,
Colorado-Utah-Wyoming area

PETROLEUM-IMPRIEGNATED ROCKS AND

SHALLOW OIL FIELDS ... ...... ... ...t GRAHAM R, CURTIS L. 293
Figure  1: T: of data on impregnated rocks and shallow ol pools.

2: Location of petroleum-impregnated rocks and shallow oif pools.

COAL o PAUL AVERITT .. . e ..297

Figure i Comparison of heat values and proximate ansfyses of coal.
2: Combined coal production of six Rocky Mountain stetes.
3: Coal fields of the region,

Metals

BASE AND PRECIOUS METALS .................... S JONN W, VANDERWILT. RAY E
AND RUSSELL E. BAILEY .

Figure Value of &

Malor gold.r

al production of gold, sitver, copper. lead, zinc and molybdenum in the western states. 1962.1867.

ving districts.

Major sitver-mining districts,

ning districte.

Major lead-mining distrists.

13

2

3

41 Major copper-
5

&: Major zinc-mining districts.
7.

districts.

Major molybdenurm -mining

URANTOM

Figure 1 Localion and size of uranium deposits.

Chemical Rocks

SALINE ROCKS ... .. i ROBERT I HITE ..o i 318

rocks (exctuding gypsum and anhydrite),

oulerops,



PHOSPHATIC ROCKS ..o i NEAL J, HARR ....

Figure  1: Lithology and thickness of the Phosphoria Formation and equivalents.
2: Siratigraphic relations of the Phosphoriz, Park City and Chugwater Formations,
3: ldealized sedimenlation in the Phosphara sea.

Large-Velyme Commodities

WATER e S.W. LOHMAN AND M. S, PETERSEN ... ......coovvnnn 324

Figure 1: Average discharge of principal rivers, in cubic feel per second.
2: General availability of ground water,

INDUSTRIAL ROCKS AND MINERALS ... ... ... ... ... JAMES H. BUTLER AND ARTHUR J. PANS?

Figure 1: Location of selected industrial mingrat deposits.
2: Producing localities of sand, gravel, stone and clay (1968),
3: Production of industrial minerais (1968},



