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STRUCTURAL GEOLOGY OF THE WIND RIVER BASIN, WYOMING

By WitLiam R. KEErFErR

ABSTRACT

The Wind River Basin, which occupies 8,500 square miles in
central Wyoming, is typical of the large sedimentary and struc-
tural basins that formed in the Rocky Mountain region during
Laramide deformation. Broad belts of folded and faulted Pre-
cambrian, Paleozoic, and Mesozoic rocks surround the basin,
including the Wind River Range on the west, the Washakie
Range and Owl Creek and southern Bighorn Mountains on the
north, the Casper arch on the east, and the Granite Mountains
on the south. Relatively undeformed lower Eocene rocks occupy
the central part of the basin.

Precambrian basement rocks exposed in the cores of moun-
tain ranges indicate a long and complex history of sedimen-
tation, plutonism, metamorphism, and deformation during Pre-
cambrian time. Rock types are chiefly granite, gneiss, and schist;
abundant mafie dikes occur locally.

During Paleozoic and much of Mesozoic time, central Wyo-
niing was part of the foreland bordering the Cordilleran geo-
syncline on the east. Sedimentary rocks representing all systems,
except possibly the Silurian, were deposited during repeated
transgressions of the epicontinental seas. Tectonic activity was
limited to broad upwarping and downwarping of low amplitude
along trends which in many places did not coincide with the
trends of later Laramide structures. In Cretaceous time the sea-
ways shifted eastward into eastern Wyoming in response to
uplift in southeastern Idaho, and a thick sequence of alternating
marine and nonmarine deposits accumulated across the Wind
River Basin area.

Laramide deformation in central Wyoming began in latest
Oretaceous time with downwarping of the Dasin trough and
broad doming of parts of the peripheral areas. The intensity of
movement increased through the Paleocene and culminated in
earliest Ilocene time in high mountains that were uplifted along
reverse faults. A complete record of orogenic events is preserved
in the more than 18,000 feet of fluviatile and lacustrine sedi-
ments that accumulated in the areas of greatest subsidence.

Laramide mountain-building and basin subsidence had vir-
tually ceased by the end of early Eocene time. Clastic debris,
chiefly of voleanic origin, continued to fill the basin during later
Tertiary time. Near the close of the Tertiary, the entire region,
mountaing and basin alike, was elevated about 5,000 feet above
its previous level, and the present cycle of erosion was initiated.
Normal faulting, perhaps concomitant with epeirogenic uplift,
resulted in the partial collapse of some Laramide uplifts.

The Wind River Basin is markedly asymmetric; the struc-
turally deepest parts are close to the Owl Creek and Bighorn

Mountains on the north and the Casper arch on the east. Asym-
metry toward the southwest and a pronounced northwest aline-
ment (N. 40° W.) of individual folds and faults dominate the
structural pattern across the entire region. A geologic map, 22
structure sections, and a structure contour map drawn on top
of the Paleozoic (Permian) sequence depict the principal char-
acteristics of most structural features in the basin and sur-
rounding mountain ranges.

Along the east flank of the Wind River Range, Paleozoic and
Mesozoic strata form a linear outcrop bdelt with uniform
northeastward (basinward) dips of 12°-15°. The monoclinal
continuity is interrupted by a series of sharply folded northwest-
trending anticlines which extends along the west margin of the
basin for 90 miles. The 13 individual folds that occur along this
trend have structural closures ranging from 500 to 4,000 feet.

The Washakie Range, at the northwest corner of the Wind
River Basin, is a series of faulted folds in Precambrian, Paleo-
zoic, and lower Mesozoic rocks that were completely buried by
volcanic debris of the Absaroka Range during post-early
Eocene time. The structures have now been partly exhumed
along the major drainages. A continuous reverse fault probably
separates the steep south flank of the range from the adjacent
northwest margin of the basin.

The Owl Creek Mountains along the north margin of the Wind
River Basin include a complex group of structures showing di-
verse trends and structural behavior. West of Mexican Pass the
range is partitioned into several horstlike blocks of Precambrian
rocks flanked by Paleozoic rocks. Individual blocks, trending
northwest, are almost completely surrounded by reverse faults or
monoclinal flexures. The adjacent basin margin is also intensely
deformed into sharply folded asymmetric anticlines and syn-
clines. East of Mexican Pass the structure of the range is
virtually that of a single broad anticlinal arch with a gently
dipping (12°-15°) north flank bordering the Bighorn Basin and
a steep to overturned south flank that overrode the north margin
of the Wind River Basin along a continuous reverse fault zone
(South Owl Creek Mountains fault). Although structural rela-
tions are largely obscured by Eocene and younger strata, the
available data indicate that as much as 20,000 feet of strati-
graphic displacement took place along the fault zone, and that
the structural relief on the upper surface of the Precambrian
basement between the mountain and basin provinces locally
exceeds 30,000 feet. In places the south flank of the Owl Creek
Mountains was broken by numerous normal faults.

The plunging southwest end of the Bighorn Mountains forms
the northeast margin of the Wind River Basin. Paleozoic and
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Mesozoic strata, which dip 15°-25° basinward, have been faulted
over the basin margin along the buried South Owl Creek Moun-
tains fault. Structural relief here probably also exceeds 30,000
feet in places.

The Casper arch is a major, but not deeply eroded, structural
upwarp whose steep to overturned west limb coincides with the
east margin of the Wind River Basin. A nearly continuous north-
west-trending series of subsidiary anticlines is superimposed
along the west edge of the major arch. Drill data indicate that
the South Owl Creek Mountains fault, which continues all along
the west margin of the arch, has a maximum stratigraphic dis-
placement of about 16,000 feet and maximum structural relief of
about 20,000 feet.

The Granite Mountains, along the south edge of the Wind River
Basin, were uplifted several thousand feet and were deeply
eroded during Laramide deformation. Then, owing to extensive
downfaulting and downfolding in post-early Eocene time, the
central Precambrian core collapsed and was buried by middle
and upper Tertiary sediments. Erosion has now exposed part of
the basement complex. Both the north and south margins of the
range are bounded by normal faults along which there was late
Tertiary movement that caused the mountain block to be down-
dropped with respect to the adjacent basin areas. The west end
of the range overrode the southwestern arm of the Wind River
Basin along the buried Emigrant Trail reverse fault of Laramide
origin. Paleozoic and Mesozoic strata dip 10°-15° N. off the
north flank of the Granite Mountains, but along the basin mar-
gin these rocks were folded into several large north- and north-
west-trending anticlines that project far into the interior of the
basin.

The main trough of the Wind River Basin lies 3-15 miles south
of the fronts of the Owl Creek and Bighorn Mountains and
appears to intersect the north end of the Casper arch almost at a
right angle. Altitudes on the upper surface of the Precambrian
basement are as low as 24,000 feet below sea level. Subsidiary
troughs occur in the eastern, southwestern, and northwestern
arms of the basin. Deep drill holes reveal the presence of rela-
tively broad folds of low amplitude in the pre-Eocene rocks along
the north and east margins.

The rectilinear, asymmetric anticlinal uplifts and broad, deep
synclinal basins of central Wyoming characterize the pattern of
Laramide structures across the Rocky Mountain foreland region.
One of the most obvious features was the involvement of the
Precambrian basement and its close association with the struc-
tural development of the entire region. Whether preexisting
weaknesses and inhomogeneities within the Precambrian rocks
significantly influenced the location and structural configuration
of Laramide features, however, is conjectural.

The development of Laramide structures in central Wyoming
has been related to a vertical stress system by some geologists
and to a horizontal stress system by others. The evidence is
controversial, and probably no single stress system can be applied
to all parts of the region or to all stages of the orogeny. The
possibility of strike-slip or transverse faulting, especially along
the north and south margins of the Wind River Basin, should
not be overlooked, even though appreciable movements of this
type cannot be demonstrated from the available data.

Laramide deformation resulted in displacements of 30,000-
35,000 feet in the upper crust, requiring, according to the iso-
static principle, widespread adjustments in deeper zones of the
crust and upper mantle. Calculations show that, from mountain
crest to mountain crest on opposite sides of the Wind River
Basin, about 14,500 cubic miles of rock was uplifted and about

5,500 cubic miles of rock subsided during the orogeny. Thus, the
uplift of the mountain ranges was not compensated statically by
material flowing laterally from beneath the basin, or by sedi-
mentary loading. To achieve equilibrium, enormous quantities
of materials of crustal density were required at the base of the
crust beneath the mountains, or else the density of the underlying
mantle materials was decreased.

INTRODUCTION

The Wind River Basin in central Wyoming (fig. 1)
is typical of the large sedimentary and structural basins
that formed in the Rocky Mountain region during Lara-
mide deformation. (See p. D10 for discussion of term
“Laramide.”) Flat-lying lower Eocene strata, part of
the thick sequence of basin-fill sediments that accumu-
lated during the major phases of tectonism in latest
Cretaceous and early Tertiary times, occupy the cen-
tral part of the basin. Broad belts of folded and faulted
Precambrian, Paleozoic, and Mesozoic rocks, forming
the flanks and cores of the adjacent mountain ranges
and anticlinal complexes, completely surround it.

A systematic program of geologic mapping by the
U.S. Geological Survey, begun in the early 1940’s, has
provided detailed stratigraphic and structural data
from nearly all parts of the basin. These data, supple-
mented by subsurface information obtained from many
hundred wells drilled for oil and gas, afford an excellent
opportunity to study the time and space relations of
structural features throughout this extensive crustal de-
pression and surrounding uplifts. The tectonic evolu-
tion of the Wind River Basin is virtually analogous to
that of the other large intermontane basins of Wyo-
ming. Thus, the synthesis of regional data herein pre-
sented can be utilized in the interpretation of structure
and tectonic events in other basins where present in-
formation is inadequate.

Many individuals have provided valuable informa-
tion and ideas for this study; specific contributions are
cited in the appropriate sections of the text. I wish, how-

ever, to cite particularly the valuable contributions of

J. D. Love, which resulted not only from his own field
studies in many parts of the region but also from his
continuing interest and helpful advice on all phases of
this basinwide study. Prof. D. L. Blackstone, Jr., De-
partment of Geology, University of Wyoming, has like-
wise furnished much useful information gathered
through many years of research on the geologic struc-
ture of Wyoming. T. D. Dunrud and R. L. Koogle as-
sisted in the compilation of the geologic map (pl. 1).
Dunrud also assisted in the preparation of structure
contour maps for many individual oil and gas fields
along the west, south, and east margins of the Wind
River Basin.
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METHOD OF STUDY

Geologic mapping by the U.S. Geological Survey in
the Wind River Basin was accomplished chiefly during
the period 1945-55. Mapping was done for the most part
on aerial photographs at scales generally exceeding
1:48,000 and was completed in most areas before mod-
ern Tl%-minute topographic base maps became available.
Consequently, many of the geologic maps of the region
were compiled and published on planimetric bases. For
the present study, geologic contacts were transferred
from the original photographs used in field mapping to
the 7%4-minute (1:24,000) quadrangle maps that are
now available for nearly all the basin area. These maps
were then reduced photographically to the final com-
pilation scale of 1:200,000. The present base map (pl.
1; scale 1:250,000) was compiled from parts of the
Thermopolis, Arminto, Casper, and Lander Army Map

Service 2° quadrangles. Because of the small scale, it
was necessary in several cases to combine closely related
formations into single stratigraphic units on both the
geologic map and structure sections,

Twenty-two structure sections (pl. 2) were con-
structed to show the major geologic features in the basin
and surrounding uplifts. Most were drawn through, or
near, key wells for maximum subsurface control (see
table 1 for list of wells). The small scale requires
generalization of many small features. Some of the
anticlines; for example, that are shown as simple folds
are known from drill data to. contain numerous minor
faults at depth. All sections were drawn to the top of
the Precambrian basement complex, the stratigraphic
thicknesses of overlying rocks being determined from
regional isopach maps (figs. 2-6) in areas where drill
data are not available.

TaBLE 1.—Selected wells drilled for oil and gas in the Wind River Basin, Wyoming

A. Wells used in construction of cross sections, plate 2 and compilation of structure contour map, plate 3

No. on . Location Projected into line of
pis. 2,3 Company Well section from—
Sec. Township Range
C-1___ DavisOil Co__._._._________ Bermingham 1. _________ SWYUNEY 2 41 N. 106 W.
2___ ShellOil Co_ ___ ... ______. Goose Lake 1_..________ NWSEY 9 42 N. 105 W.
E-1___ Trigood Oil Co______________ Tribal 1._____________.__ NWLSWI, 21 6 N. 3 W. 0.3 mile west.
F-1___ British- Anéencan Oil Pro- Q-1 . NWKSW, 30 4 N. 1 W
ducmg o
2 e O ___ Tribal C-14__ __________ NEX4SEY 30 4 N. 1 W. 0.2 mile southeast.
G—%-- %hell (())11 go ________________ ’ 1(\}/Iov’t.l.{-Triba,l 33X -10____ IéIW}QSSE}é 10 g E g % 1.2 miles east.
oo Gulf Oil Corp__ . ____________ ae Rhodes 1__________ WISW 3 . .
3___ El Paso Natural Gas.-_._.__. Hornbeck-Govt. 1__._____ NE}ZSW% 19 4 N. 3 E. 2.2 miles east.
H-1___ Paél American Petroleum Tribal 1__ .. _____..__ NEYUNEY 34 1 N. 2 E. 0.5 mile west.
orp
2 O A0 o NEYSW!Y 24 1 N. 2 E. Do.
3. Phllhps Petroleum Co________ Missouri 1__ . _____._____ NWISEY 8 2 N. 4 E.
4___ Pa(l}l American Petroleum Tribal 1___ .. ________ NWKSEY 11 5 N. 4 E.
orp.
I-1___ Sinclair OQil and Gas Co______ Federal 2-646-Fremont_. NWI/NWl, 10 33 N. 97 W. 0.8 mile southeast.
g--- Atlantic Refining Co_________ %‘nbal 4 . SW%S%“V}; gg } g g }1453 0.3 mil
________ do.______ . _____._ Tribal6________________ SWi 4 . . .3 mile northwest.
4___ Stanolind Oil and Gas Co____ Tribal C-1_____________ SWYSEM 1 18. 5 E. 0.2 mile northwest.
2--- gontmen%?l OilCo___._____. Tribal 1______________... SI«]%}?IS\I%};/ 251; } IS\I g E
—-- Farmers Union__._________________ do_ ... A 4 . .
J-1_._ Quest Oil Co__ . ___________._ Quest-Govt. 1___________ SE4NWY, 14 31 N. 99 W. Do.
2.__ Routt Oil Co_______________ Lowe 3_______._______.. SWISWi, 33 32 N. 98 W. 0.3 mile southeast.
3... Continental Oil Co__________ Govt. 2 o _._ SE}SEY 8 32 N. 97 W. 0.8 mile southeast.
4___ Pan American Petroleum Unit 52 o ____ NEYKSEY, 9 33 N. 96 W.
orp
5. .. doo . Unit 3¢ M____________.__ NWLNWL, 10 33 N. 96 W. 0.2 mile southeast.
? """"" go """""""""""" gmt 5 £ """""""" Eg}}‘ﬁ%};‘/ ' 3 gg II:II gg vvg 0.3 mil h
________ 0o Unit 33 L A 4 . . .3 mile southeast.
8. ._ Atlantic Refining Co___._____ Tribal A-1___________._. SEMSEY, 29 1 8. 6 E.
K-1___ West Sand Draw Syndicate._. Govt. 1________________ SW1ISWi4 0 32 N. 95 W. 0.3 mile northwest.
g-__ Sinclair-Wyoming Oil Co_____ gnit 8Cooe SE}(;/SSEV%’;V li 3:%22 11\31 gg %’7
________ [ (o Y nit 5. ____________ NEUY 4 1 . .
4___ Ryan Ol Co.____.._ 1117771 Burley Dome 1. ... NWYUSEY, 5 32N, 94 W.
L-1___ Wind River Oil Co____.______ Hagood Govt. 1_________ NE¥NSWI, 23 34 N. 95 W. 0.2 mile west.
M-1___ Champlin Oil & Refining Co.. Federal-Caster__________ SE1SW4 29 31 N. 94 W.
2__. Paéx American Petroleum Unit 1. .. SWyNEY 22 31 N. 94 W.
orp
3.-. Forest 0il Corp_ - __.__. Govt. 11-1_____________ NExNE} 11 33 N. 94 W. 0.8 mile west.
4___ Circle A Drilling Co., Inc_.___ Federal 1.._____________ SESEY 7 34 N. 93 W. 0.7 mile east.
5___ Superior Oil Co_____________ Fuller Reservoir 1-26__._ NW}SE) 26 36 N. 94 W. 2 miles west.
6... Humble Oil & Refining Co__.. Poison Creek 1 NEUNE} 32 37 N. 93 W. 0.5 mile west.
T do .. Poison Creek 2 NEYNEY 17 37 N. 93 W. 0.7 mile west.
8___ California Co__________._____ Reynolds 1_____________ SWiNEY 10 38 N. 93 W. 0.5 mile east.
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TABLE 1.—Sclected wells drilled for oil and gas in the Wind River Basin, Wyoming—Continued

A. Wells used in construction of cross sections, plate 2 and compilation of structure contour map, plate 3—Continued

No.on Location Projected into line of
pls. 2,3 Company Well section from—
Sec. Township Range
M-9___ Shell Oil Co_ - oo .. Unit 23-15. . - ________ NEMSWY 15 39 N. 93 W.
N-1__._ Carter Oil Co__ ... __.__ Emigrant Trail...______ SE¥NWY, 32 30 N. 93 W.
2. Fresco Exploration Co___.___. Govt. J__ . _________ NWLUNWl, 28 32 N. 91 W. 0.6 mile east.
_—— Pa,é American Petroleum USA-Cheney 1_____._____ NEWNEY 17 32 N. 91 W. 0.2 mile east.
4___ Davis Oil Co Govt.-Grieve 1. _________ SW1{SWil{ 34 33 N. 91 W. 0.5 mile east.
5... Empire State Oil Co-_ --- State 2.________________ NE}4NWl4{ 16 33 N. 91 W. 0.3 mile west.
6.__. A. Edmiston Govt. 1____ . ______ NWL/NWl{ 26 35 N. 91 W. 0.9 mile east.
7. .- Continental Qil Co Love Ranch 1.._________ NE¥SEYX 11 35 N. 91 W. 1.4 miles east.
L Unit 14-4______________ NWI{NWl{ 14 36 N. 91 W. 0.6 mile east.
[ Moneta Hills 11-1_.______ NE¥4SEY 11 37 N. 91 W.
10._. True 011 Co Garvin 1. ______________ NEYSE} 14 38 N. 91 W.
11___ California Co Hugh Day 1. __._______ SWL/NWl{ 12 38 N. 91 W.. 0.2 mile east.
12._. Sinclair-Wyoming Oil Co_____ Lysite 1. _______ NWI{NWl{ 35 39 N. 91 W. 0.8 mile west.
13... Gulf Oil Corpouooooo_o___ Lysite-Federal 1_________ SWl/NE}) 23 39 N. 91 W. 0.6 mile west.
O-1.... Morton. . _ - oo Unit 1. __ SEY4NEY 13 33 N. 90 W. 0.5 mile west.
2....DavisOQilCo_ oo Govt. 1 _. NWI{NWl{ 30 34 N. 89 W. 0.7 mile west.
3... Continental Oil Co__._.______ Squaw Butte 23-3.__.___ NW1{NWl{ 23 36 N. 89 W. 2.0 miles east.
4___ Humble Oil & Refining Co._-. Frenchie Draw 1________ NE¥NEY 21 37 N. 89 W. 0.5 mile west.
S5eeee Pure Oil Cooom oo Badwater 2-A_____._____ NEYNWL{ 2 38 N. 89 W.
(R ¢ 1 Badwater 1_____________ NEMNWI{ 35 39 N. 89 W.
P-1___ Forest Oil Corp. o oo.__ Forest 20-1___.__________ NEYNE} 20 34 N. 88 W. 0.3 mile east.
2.._. C.E. Brehm________________ Govt. 1 .o _____ SWi{SWi{ 4 34 N. 88 W. 0.4 mile east.
3-.. Humble Qil & Refining Co___. Govt.-Witt 1___________ NEMNEY 24 36 N. 88 W. 1.8 miles east.
4__. Superior Oil Co_________..__ Unit 14-29_ .. ________. SW1/SWi{ 29 38 N. 87 W. 0.2 mile east.
Q-1._._ DavisOil Co_.ccoeoo . Unit 1. _____ NEYNEY 26 34 N. 88 W. 0.7 mile west.
2. .. Sunray Mid-Continent QOil Co. Federal C-1____________ NEY4SE}4 13 35 N. 88 W. 1.6 miles west.
3___ California Co_ - .. _.__.__. Cooper Reservoir 3.__.__ SE4SW1{ 4 35 N. 87 W.
4. o [ S Cooper Reservoir 1._____ SE¥SWY4 3 35 N. 87 W. 0.9 mile east.
s T o 1< T Cooper Reservoir 2______ SE¥SWI; 34 36 N. 87 W. 0.4 mile east.
(1 do _____________________ Waltman 2___________._ NWSEY 1 36 N. 87 W. 0.2 mile east.
Y « U P Waltman 1_____________ NE¥SWY 31 37 N. 86 W. 0.3 mile west.
8_.. Purc Oll [0 T A0 e SWIINWl, 29 37 N. 86 W.
R-1.__ Cities Service Qil Co___-___.. Govb. 1o NWKNWL, 7 33 N. 87 W. 0.2 mile northwest.
2. __ Padon Co_ - _ o ____ do . NWYNWL, 8 33 N. 87 W. 0.6 mile southeast.
3___ California Coo - oo __ Twidale 1 __________._._ NEMNEY 28 34 N. 87 W. 0.3 mile northwest.
4___ Nz}{;ional Corp. Refining Unit 1_ ... SENWY, 22 34 N. 87 W. 0.4 mile northwest.
$S0C
5... Bay Petroleum Corp___.__.______.__ 1o o T, SWUNEY 15 34 N. 87 W. 0.9 mile northwest.
6... Humble Oil & Refining Co..__ Unit 2_ _________._______ NE¥NWY 14 35 N. 86 W.
7. .- Farmers Union Central Govt. Ames 1___________ SE¥SW1, 28 36 N. 85 W. 0.6 mile southeast.
Exchange, Inc.
S-1___ True Oil Coo .o oo -. Sun Ranch 1.___________ NE¥SE}, 30 34 N. 85 W.
2___ British-American Oil Eccles 1. ... _____. SEN¥SEY 31 35 N. 84 W. 0.2 mile southeast.
Ploducing Co.
B O e Govt. Downer 1._.__.___ SE¥NEY 31 35 N. 84 W. 0.1 mile northwest.
T-1._._ I‘mcst Oil Corpo oo Unit 3-28-1________._.__ NEMSWI, 28 32 N. 85 W.
p/JY o U I Govt. 18-22-10_________ SEYSEY, 22 32 N. 85 W.
3___ Cities SCIVICC Oil Coo__.___ Govt. C-1______________ NWYXSWY 12 32 N. 85 W. 0.1 mile southeast.
4___ Pure Oil Coeoemn oo West Poison Spider 1__._ NWLSEY 11 33 N. 84 W.
5... Empire State Oil Co___.___.__ T-2 e NWYNWLY; 33 34 N. 83 W.
U-1_._. Chicago Corpocccomoocoaao-- Govt. Tysor 2¢_.._...__. SWSWig 2 31 N. 84 W.
2___ Tidewater Assoc. Oil Co__._.__ Unit 1__ . SE¥NE 31 32 N. 83 W.
3... Texas Commm o a-.- do o NEWSWY 35 33 N. 82 W.
B. Additional wells used in compilation of structure contour map, plate 3
|Wells in developed oil and gas fields not shown]
Location Total depth
No.onpl. 3 Company Well Section Township Range (feet)
| California Co___.____.________ Govt.-Langguth 1_____________ SWLSWI{ 6 42 N. 107 W. 5, 329
2o Davis Oil Cooo oo _. McCulloch-Govt. 1. _________ SWISWL, 21 42 N. 107 W. 2, 930
[ J I‘rauco Western Oil Co....___.__ Govt. 55-34_ . __________ NWISEY 34 43 N. 107 W. 3, 392
RN« [« J Unit 7-2_ oo SWYSEY 2 42 N. 107 W. 2, 566
L P True Oll [0 Unit 1.~ SWYUNEY 8 42 N. 106 W. 5, 262
[ Carter Oil Co. ... .________ State 1. . NWKNEY 17 41 N. 105 W. 5, 056
Tcaaeaee Shell Oil Co o oocemie oo Tribal 1. __ NExuNEY 30 7 N. 5 W. 8, 001
8o Lamar Hunt. .. ____._______. s (s SWENW 18 6 N. 3 wW. 5,119
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TABLE 1.—Selected wells drilled for oil and gas in the Wind River Basin, Wyoming—Continued

B. Additional wells used in compilation of structure contour map, plate 3—Continued

[Wells in developed oil and gas fields not shown]

Location

Total depth
No.on pl. 3 Company Well Section Township Range (feet)
9 ... Cities Service Oil Co..______________ doo oo .. EXSW, 9 5 N. 1 E. 10, 905
10______. Phillips Petroleum Co.__..__.____ Boysen 1.____________________ SENSEY 27 5 N. 5 E. 15, 050
15T Moo G0 T P R NWISEE 14 3 N 9t W 19899
120 - doo_____.__lIIIIIIIITTIIT -33-14-G_________ 111111 SEY, 1 . ) X
13- Shel] 011 CO oo Unit 22-27_ ________________.__ SELNWl, 27 35 N. 93 W. 8,012
14_______ Seaboard Oil Co______.__._____ Double Butte 1. _ . ____________ SESW4 2 34 N. 93 W. 5, 030
15, ____. John F. Camp______.___._____ - Govt. 3. . NWLKSWI, 26 33 N. 93 W. 2, 679
16 _____ Far West Oil Co___ ... ______ Govt.-Sande 1 NWI.SE} 5 32 N. 93 W. 3, 627
17 . Qil Capitol Corp- .- ______ Govt. 1_______ SWYHNWLY 12 32 N. 93 W. 7,378
18 ____. MecCulloeh Oil Co_ .. ____. Govt-Voth 1 SWILNEY 26 39 N. 92 W. 11, 210
19_______ George Anderman.__ . ____.______ Govt. 1___ L _____ NEKSW1, 3 37 N. 92 W. 10, 007
20 ______ Carter Oil Co_________________ Govt.-Walker 1. ______________ NE4NWl, 33 37 N. 92 W. 7, 242
) Humble Oil & Refining Co..____ Sand Hills 2_ . ________________ SESW14 11 36 N. 92 W. 8, 451
22_______ Quintana Production Co...__.__ Hawkins Draw 1______________ SEYSEL, 18 35 N. 92 W. 8, 960
23 . _._ Sinelair Oil Co___. . __ . ________. Muskrat A-5__ _______________ SWLISW}, 34 34 N. 92 W. 7, 620
24______. Pan-American Petroleum Corp.. USA-Deuel 1____.__________.. NwWuSwy 35 33 N. 92 W. 6, 103
25 .. doo . USA-Chorney 1_____ .. ____._.._ SE¥SEY 3 32 N. 92 W. 4, 930
26 . _____ California Co_ - oo oo ___ State 1. _._ NEYSEY 4 38 N. 91 W. 11, 528
27 . Anchutz Oil Co______._______._ Govt. 1_ . SENMSEY 2 34 N. 91 W, 7, 200
28_ .. Sinelair Oil Co_ __.__.__.______ Federal-Travis 1__ . __________. SEXSW; 13 34 N. 91 W, 2, 980
29 ... MeCulloch Oil Co_ .. _______ Govt.-Cole 1__________________ NWLKLNWlY 31 39 N. 90 W. 9, 520
30._._____ California Co______.___________ R. W. Spratt & Sons 1__._______ SEWUSEY 5 38 N. 90 W. 8, 987
31 ... Pan American Petroleum Corp.. Moneta Hills 1__.___.__________ SESEY, 31 38 N. 90 W. 11, 655
32 ... Humble Oil & Refining Co....__ Frenchie Draw 2-B____._______. NELNEY 21 37 N. 90 W. 11, 340
33_______ Continental Oil Co_.___________ Squaw Butte 1—2 ______________ NE%SE% 1 36 N. 90 W. 8, 656
T e wabx BY By 8
___________________________________ quaw Butte e 4 . . 3
36.._____ Shell 011 Co el Unit 1. _ L _____ NWSEY, 16 35 N. 90 W. 8, 017
37 .. Richfield Oil Corp_____..______. Travis 1.____________________. NWYNWY, 31 34 N. 90 W. 7,745
38 .. Superior Oil Co_ ______________ Govt-Davis 81-4______________ NEUNEY 4 33 N. 90 W. 6, 112
38 _______ Scinclair OilCCo ................ Unit 1 ____ SEMNEY 2§ gg Il\\II %g % 13, %(1)2
40_______ alifornia Co_ ________._______ . . ,
41_______ Continental Oil Co 36 35 N. 89 W. 6, 848
42_______ Champlin Oil Co 1 34 N. 89 W. 4, 159
43_ .. Lubar Oil Co_ ... __________ 23 34 N. 89 wW. 4,010
44 _______ Superior Oil Co_______________ SWYSEY 25 34 N. 89 W. 2, 600
45_ . Humble Oil & Refining Co______ Hiland 2_____________________ SENWl, 32 37 N. 88 W. 10, 250
46_ . ____. Stuckenoff Oil Co..___________ Govt. 1_ _ . _____ SWLSW1, 19 34 N. 88 W. 957
47 .. Shell Oil Co_ __ ___________.__.__ Asplrm Creek 11-22___________ NWLENWY;, 22 35 N. 87 W. 8§, 000
48 ... Cities Service Oil Co___________ mit 1__ . ___ SE4SW 14 33 N. 87 W. 6, 145
49 ____. Brinkerhoff Drilling Co________ Govt. 1. . NWLSEY 24 33 N. 87 W. 6, 008
50 .. Continental Qil Co____________ Hells Half Acre 1. _.._______ NWKSEXY 22 36 N. 86 W. 9, 011
51 ______ Gage Oil & Gas Co_.._._._____ Humble-State 1. _____________ E¥SEY 36 33 N. 86 W. 9, 093
52. . .. Sun Oil Co_ - ... ___________. Chorney-Wolf Govt, 1.________ SEuNWY 27 33 N. 85 W. 6, 500
53 . Shell Oil Co__ . ______°°" Unit 83-5_ ... .- NWISEY, 5 31 N. 84 W. 4, 236
54_______ Atlantic Refining Co___________ Unit 1__ . ___._ SWISEY, 5 31 N. 84 W, 1, 949
55 _.__. Colorado Oil & Gas Corp.._-_.__.____ do_._____._. N. 84 W. 3, 492

_____________ SWKENWX 15 31

Most petroleum geologists have drawn structure con-
tours on top of the Lower Cretaceous Cloverly Forma-
tion (“Dakota” of petroleum geologists) because this
unit provides a distinctive reflecting horizon for seismic
surveys. Inasmuch as the Cloverly has been stripped
away by erosion around much of the basin margin, how-
ever, the top of the Permian System (table 2, Ervay
Member locally of the Park City Formation and locally
of the Goose Egg Formation) was selected to best por-
tray the structure of the region for purposes of this
report (pl. 3). Remnants of Permian rocks are still pre-

served across the crests of most of the marginal anti-

clines, and the structural configurations can be worked
out in detail from the many wells that penetrate the

horizon at depth. The structure contour map was drawn
subsequent to the preparation of the cross sections
(pl. 2) ; thus, it is based chiefly on elevations at the top
of the Permian sequence as shown on those sections.

SUMMARY OF STRATIGRAPHY AND GEOLOGIC HISTORY

Detailed descriptions of stratigraphic units in the
Wind River Basin have been given in many published
papers, and only a summary discussion is included in
this report (table 2). The reader is referred to the fol-
lowing publications for regional stratigraphic data:
(1) Paleozoic rocks—Keefer and Van Lieu (1966) ; (2)
Mesozoic rocks—Love, Johnson, Nace, and others
(1945) ; Love, Thompson, Johnson, and others (1945) ;
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TaBLE 2.—S8tratigraphic units in the Wind River Basin, Wyoming

D7

Age Unit Thickness Dominant lithology Remarks
(feet)
Quaternary Surficial deposits 0-104- | Unconsolidated sand and gravel deposits in terraces, pediments, glacial
moraines, and valley alluvium.
Pliocens Moonstone Formation 0-1,350 | Claystone, shale, and tuffaceous sandstone; some conglomerate and | Confined to central part of Granite
limestone. Mountains.
Miocene Split Rock Formation ! 0-3,000 ( Tuffaceous sandstone and conglomerate. Ctgﬁrygd to area south of Beaver
' X ivide.
White River 0- 800 | Widespread conglomerate at base overlain by tuffaceous siltstone, clay- | Confined to Beaver Divide area.
~— Formation stone, and sandstone.
Oligocene Wiggins
Formation 0-3,000 | Voleanic conglomerate and tuffaceous sandstone. Confined to Absaroka Range.
Middle Wagon Bed 0~ 700 [ Arkosic sandstone and conglomerate; tuffaceous siltstone, claystone, and | Confined to Beaver Divide area.
and - Formation sandstone.
late Te eo\\
rail and 0-2,500 | Volcanic conglomerate, tuffaceous sandstone and claystone. Confined to north margin of basin.
Aycross Formations
Eocoeno
Wind River Formation Sandstone, conglomerate, siltstone, and claystone. Forms surface rock over much of basin
area.
Early |— 0~9, 000 £
Indian Mcadows Conglomerate, sandstone, and siltstone. \
Formation
Palcocene Fort Union Formation 0-8,000 | Sandstone, siltstone, and shale.
Lance Formation 0-6,000 | Sandstone, shale, and claystone.
Meoteetse Formation 200-1, 335 | Sandstone, siltstone, carbonaceous shale, and coal. Contains tongues of marine Lewis
Lat shale in eastern part of basin.
ate
Mesaverde Formation 700-2,000 | Sandstone, siltstone, carbonaceous shale, and coal.
Crota- Cody Shale 3,600~ 5,000 | Shale in lower half; shaly sandstone and shale in upper half.
ceous
Frontier Formation 600-1,000 | Sandstone and shale.
Earl Mowry Shale 250~ 700 | Shale and bentonite.
Carly
Thermopolis Shale 125- 250 | Shale; Muddy Sandstone Member at top contains sandstone and minor
amount of shale.
Cloverly and Morrison 200-700 | Sandstone, claystone, and lenticular conglomerate. Systemic boundary may be 100-200 ft
Formations. above base.
5 ; Sundance Formation 200- 550 | Sandstone, limestone, and shale.
urassic
Gypsum Spring 0- 250 | Limestone, shale, claystone, and gypsum.
Formation
T umsslci?g and | Nugget Sandstone 0- 500 | Sandstone; some shale in lower part.
Triassic(?
Chugwater Group 1,000-1, 300 { Siltstone, shale, and sandstone; Alcova Limestone is a thin (max 15 ft)
Triassic persistent unit 800-1,000 ft above base.
Dinwoody , 50~ 200 | Siltstone, shale, and sandstone.
Formation | w‘é’ o
SWES 350- 380 | Shale and gypsum; some thin beds of limestone. Present in eastern third of basin.
Pormian Park City O“‘é ]
Formation / 200- 400 | Limestone, chert, sandstone, and siltstone. Ervay Member at top is structure
contour horizon.
Tensleep Sandstone 200- 600 | Sandstone. Casper Formation (Pennsylvanian and
Pennsylvanian Permian) in southeastern part of
, basin.
Amsden Formation 0- 400 | Sandstone at base, overlain by limestone, dolomite, and shale. Absent in southeastern part of basin.
Mississippian Madison Limestone 300- 700 | Limestone.
Deovonian Darby Formation . 0- 300 | Dolomite, limestone, shale, and siltstone. Absent in east half of basin.
Ordovician . Bighorn Dolomite 0- 300 | Dolomite. Absent in east half of basin.
Gallatin Limestone 0- 365 [ Limestone. Absent in southeast corner of basin.
Coambrian Gros Ventre Formation 0- 700 | Shale, limestone, and shaly sandstone. Absent in southeast corner of basin.
Flathead Sandstone 50~ 500 | Sandstone and quartzite. .
Procambrian Igneous and meta- Granite, granite gneiss, schist, and metasedimentary rocks. Exposed along crests of mountain

morphic rocks

ranges.

t Since this report was prepared, the name “Split Rock Formation’’ has been abandoned and replaced by the name ‘“‘Arikaree Formation.”
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Love, Tourtelot, Johnson, and others (1945, 1947),
Thompson, Love, and Tourtelot (1949), Yenne and

Pipiringos (1954), and Keefer and Rich (1957); (3) .

uppermost Cretaceous, Paleocene, and lower Eocene
rocks—Keefer (1965a) ; (4) middle and upper Tertiary
rocks—Love (1939, 1970), Tourtelot (1957), Keefer
(1957), Rich (1962), and Van Houten (1964). Major
periods of sedimentation and deformation are given in
table 3.

TaBLe 3.—Major periods of sedimentation and deformation in
central Wyoming

Dura- Sedimentation
Geologic time tion Tectonic hehavior per million
interval (million years (feet)
years)
Cambrian to 500 Predominantly subsid- 20-30
latest ence, interrupted
Cretaceous. periodiecally by broad
upwarping of certain
areas.
Latest 25 Intense deformation; 720
Cretaceous development of great (max.)
to end of folds and downwarps

with amplitudes ex-

early Eocene.
ceeding 30,000 ft.

Middle Eocene 40 Relative quiescence; 100-150
to middle little differential move-
Pliocene. ment between moun-
tains and basins.
Middle 10 Regional uplift of about (Basin-fill
Pliocene to 5,000 ft; normal sediments
Recent. faulting resulting in eroded.)

collapse of some
mountain blocks a
few hundred to a few
thousand feet.

Igneous and metamorphic rocks of Precambrian age
form the cores of mountain ranges along the south, west,
and north sides of the Wind River Basin (pl. 1). Al-
though widely exposed, the basement complex has been
studied in detail only locally (Love, 1939, p. 13-14; Mc-
Laughlin, 1940; Wise, 1964, p. 292-297; Parker, 1962;
Worl, 1963, 1967 ; Bayley, 1965 a~d ; Love, 1970). Gran-
ite, granite gneiss, and schist are the predominant rock
types; locally, there are abundant mafic dikes. Relation-
ships within the basement indicate a long, complex, and
poorly understood history of sedimentation, plutonism,
metamorphism, and deformation during Precambrian
time. .

Central Wyoming was tectonically stable in later Pre-
cambrian time and became part of the eastern foreland
of the Cordilleran geosyncline. Extensive erosion re-
duced the region to a broad, nearly level, plain before
the initial advance of the epicontinental sea in Middle
Cambrian time.

Central Wyoming remained a part of the foreland
throughout Paleozoic and much of Mesozoic time. Sedi-
ments representing all systems, except possibly the Si-
lurian, were deposited during repeated transgressions

of the seas (table 2), but the stratigraphic sequence is
thin and discontinuous as compared to the thick geosyn-
clinal accumulations farther west in Idaho (Armstrong
and Oriel, 1965, p. 1849-1855). Deposition occurred
mainly in shallow seas; therefore slight changes in base
level, caused by fluctuations in sea level or by tectonic
movements of low amplitude, resulted in many wide-
spread unconformities and changes in the patterns of
sedimentation (Keefer, 1965b). Periodically, some areas
were raised above the level of the sea, and were eroded.
Most Paleozoic and early Mesozoic structural features
seem to bear little resemblance to features developed
later during Laramide deformation.

Paleozoic strata consist chiefly of resistant limestone,
dolomite, and sandstone (table 2); total thickness in-
creases from about 1,200 feet in the southeastern part of
the Wind River Basin to more than 3,200 feet in the
northwestern part (fig. 2). Mesozoic strata are pre-
dominantly shale, siltstone, and sandstone. These rocks
(exclusive of the uppermost Cretaceous Lance Forma-
tion) also thicken westward from 8,500 feet along the
east margin of the basin to an estimated 11,500 feet
along the west margin (figs. 3,4).

In latest Jurassic or earliest Cretaceous time, high-
lands formed in the geosynclinal area of southeastern
Idaho (Armstrong and Oriel, 1965, p. 1854), and the
major sites of deposition shifted eastward. By Late
Cretaceous time the main seaways had migrated into
eastern Wyoming, and a thick sequence of alternating
transgressive, regressive, and nonmarine deposits ac-
cumulated across central Wyoming. The latest Creta-
ceous marine invasion (represented by the Lewis Shale)
covered only the eastern part of the Wind River Basin.

Little tectonic activity occurred in the basin area
during the period of Meeteetse and Lewis deposition,
although thickness variations in places indicate ances-
tral folding of some anticlines and synclines (Keefer
and Troyer, 1964, p. 28-31). Most of the Laramide de-
formation, however, postdates the Meeteetse and Lewis;
the upper surface of these two formations may therefore
be used as a convenient datum plane of deformation. At
this time the top of the Precambrian basement lay about
10,000. feet below sea level in the eastern part of the
Wind River Basin and 15,000 feet in the western part,
and had an average westward dip of about 40 feet per
mile. This basement surface forms a reference for calcu-
lating the magnitude of basin sinking and mountain
uplift during successive stages of the orogeny.

Major Laramide deformation began in latest Creta-
ceous time (beginning of Lance deposition) with pro-
nounced downwarping of the basin trough and broad
doming of parts of the peripheral areas. The intensity
of movement increased through the Paleocene and cul-
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FIGURE 2.—’1‘mckuéss map of Paleozoic rocks, Wind River Basin. Isopach interval 250 feet. Isopachs are restored across mountain arches
where rocks have been eroded.

minated in earliest Eocene time as high mountains were
uplifted along reverse faults.* Clastic debris, stripped
from the flanks of the rising mountain arches, was shed
basinward from all sides. A complete record of orogenic
events is preserved in the more than 18,000 feet of flu-
viatile and lacustrine sediments of the Lance, Fort
Union, Indian Meadows, and Wind River Formations
(see table 2; figs. 5, 6) that accumulated in the areas of
greatest subsidence (Keefer, 19652, p. A55-A58). By
the end of early Eocene time, the basin-fill lapped high
onto the mountain flanks and probably buried the
Casper arch and parts of the Owl Creek Mountains and
the Washakie Range.

Basin subsidence and mountain elevation had vir-
tually ended by the close of the early Eocene. Renewed
folding and faulting of existing structural features (for
example, Casper arch) took place after deposition of the
Wind River Formation, but with few exceptions these

1In this report, the terms “reverse faults” and ‘“‘thrust faults” are
used Interchangeably for those faults in which the hanging wall has
moved up relative to the footwall, The term ‘“normal fault” is used
for those faults in which the hanging wall has moved down with
respect to the footwall. A high-angle fault has a dip greater than 45°,

and a low-angle fault has a dip less than 45°,

movements were of minor consequence and did not great-
ly modify the structural patterns that had already been
established.

Extensive sedimentation thickened the fill of the
Wind River Basin in middle and late Tertiary times
(Love, 1970). The middle and upper Eocene, Oligocene,
Miocene, and Pliocene rocks are predominantly volcanic
(table 2), in sharp contrast to the predominantly non-
volcanic, locally derived clastic material of the lower
Eocene and older parts of the basin fill. The volcanic
debris was derived in large part from the great Yellow-
stone-Absaroka volcanic field at the northwest corner of
the basin, and, locally, from a smaller center in the Rat-
tlesnake Hills in the southeastern part of the basin (figs.
1, 17). By Pliocene time apparently only the highest
mountain ridges projected above the sedimentary plain.
Then, perhaps in middle or late Pliocene time, the en-
tire region, mountains and basin alike, was uplifted
several thousand feet, the cycle was reversed, and a long
period of degradation began and still continues. Re-ex-
cavation has now progressed to the point where only the
lower Eocene and older rocks still remain in the central
part of the basin. Large-scale normal faulting, probably
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FIGURE 3.—Thickness map of Mesozoic rocks below the Cody Shale (lower Upper Cretaceous),

Wind River Basin. Isopach interval

250 feet, Isopachs are restored across mountain arches where rocks have been eroded.

closely related to regional uplift, also occurred in late
Tertiary time. In many places this faulting resulted in
the partial collapse of major Laramide uplifts near, or
along, older reverse fault zones.

MEANING OF TERM “LARAMIDE”

The term “Laramide” has long been applied to a
period of large-scale crustal disturbances during which
the mountains and basins of the Rocky Mountain region
were formed. Wilmarth (1938, p. 1149) defined the Lar-
amide as beginning in Late Cretaceous time and ending
in early Tertiary time, thus relating it to the time span
represented by the so-called Laramie Formation of pio-
neer geologists in the eastern part of the region. As
more structural data accumulate, however, it is increas-
ingly evident that orogenic events presently ascribed to
the Laramide did not begin nor end simultaneously in
all parts of the Rocky Mountains. Structural features
developed in response to a wave of tectonism that began
in the geosynclinal area to the west before Cretaceous
time, and deformation of various kinds, as well as vol-
canism, proceeded periodically in some parts of the

Rocky Mountains until middle or even late Tertiary
time. The evidence is well documented in many pub-
lished papers, and will not be reviewed here. It is suffi-
cient to note that at present there is controversy regard-
ing the time limits that should be placed on the orogeny,
and the events that should be related to it.

The present study of structural features in the Wind
River Basin and associated mountain ranges suggests
that the limits and scope of the Laramide can best be de-
fined in terms of basin development, which was a most
important part of the orogenic process in central Wy-
oming. Subsidence of the major basin trough began in
latest Cretaceous (Lance) time and continued without
interruption until the close of early Eocene (Wind
River) time. Uplift of all the surrounding mountains
and anticlines also took place during this period, but the
movements varied in both time and space. By the close
of the early Eocene, however, the differential move-
ments between mountains and basins, except those that
may be related to sedimentary loading or unloading,
had virtually ceased. Thus, for purposes of this report,
the term “Laramide” in central Wyoming is applied
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Fieuke 4.—~1Thickness map of Cody, Mesaverde, Lewis, and Meeteetse Formations (Upper Cretaceous), Wind River Basin. Ispoach interval
500 feet. Isopachs are restored across mountain arches where rocks have been eroded.

only to those tectonic events that transpired between the
beginning of deposition of the Lance Formation and the

end of deposition of the Wind River Formation.

STRUCTURAL GEOLOGY

The Wind River Basin is a broad structural depres-
sion bounded by the Wind River Range on the west,
the Washakie Range and Owl Creek and southern Big-
horn Mountains on the north, the Casper arch on the
east, and the Granite Mountains on the south (fig. 1).
Along the south and west margins of the basin, Paleo-
zoic and Mesozoic strata dip 10°-20° basinward, whereas
along the north and east margins the dips are com-
monly vertical to overturned. The basin floor is thus
markedly asymmetric; the structurally deepest parts
are close to the Owl Creek and Bighorn Mountains on
the north and to the Casper arch on the east (pls. 2, 3).
Southwest asymmetry is a dominant structural char-
acteristic of the region and is exhibited by subsidiary
features around the basin margins as well as by all the
surrounding mountain uplifts. The northwest structural
grain is also conspicuous nearly everywhere (fig. 7).

For convenience, the following discussion is arranged
according to major structural provinces or elements
within and around the Wind River Basin. Individual
features are far too numerous to be described separately ;
a combination of the geologic map (pl. 1), structure
sections (pl. 2), and structure contour map (pl. 3) will
suffice to show the essential configuration of most sub-
sidiary folds and faults. The reader is also referred
to the original sources of data (inset map, pl. 1) for
more detailed information. Many, but not all, structures
herein mentioned are labeled on the structure contour
map (pl. 3). Many features are also labeled on the
structure sections (pl. 2).

MOUNTAIN STRUCTURES

WIND RIVER RANGE

The Wind River Range, culminating in 13,7835-foot
Gannett Peak, is one of the most extensive mountain
uplifts in Wyoming. The range trends northwest along
the. west side of the Wind River Basin for about 100
miles and has a maximum width of about 50 miles
(fig. 1). The broadly exposed Precambrian core is com-
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FIGURE 5.—Thickness map of uppermost Cretaceous (Lance Formation) and Paleocene (Fort Union Formation) rocks, Wind River Basin.
Isopach interval 2,500 feet.

posed chiefly of gneissic and massive granitic rocks

(Parker, 1962, p. 13; Oftedahl, 1953), although layered

metasedimentary rocks occur locally, especially at the

south end of the range (Bayley, 1965 a~d; Worl, 1963).

The following observations have been made regard-
ing the structure of the Precambrian rocks of the Wind

River Range: '

1. At the southeast end of the range, tight folds in
metasedimentary rocks show a predominant east-
northeast trend (Bayley, 1965 a—d), nearly per-
pendicular to the northwest trend of the present
range. Dikes are mostly parallel to the fold axes.
A few conspicuous faults trend northwest across
the grain of the metasedimentary rocks (Bayley,
1960, p. 222; Worl, 1963, pl. 2).

2. In the central part of the range, west of Lander,
conspicuous diabase dikes trend northeast (Parker,
1962, p. 15).

3. At the north end of the range, nearly vertical shear
zones are delineated in the Precambrian rocks
(Richmond, 1945; Baker, 1946). Nearly all these
zones trend north or northwest, and some continue
into the flanking sedimentary rocks (Cambrian

and younger) as high-angle reverse faults. Worl
(1967) mapped several granitic and diabasic dikes,
believed to be of Precambrian age, that trend
northwest parallel to the most prominent strike of
the shear zones; healso distinguished a set of frac-
tures in the Precambrian rocks that trend N. 45° E.

The coverage represented by the foregoing is obvi-
ously far too meager to permit even generalized con-
clusions regarding regional structural trends in the
Precambrian rocks of the Wind River Range. It may
be surmised, however, that most of the northwest-
trending structures are wholly Laramide in origin or
that at least the latest movements on them were of Lara-
mide age. East- and northeast-trending structures may
represent alinements produced only during Precam-
brian deformations.

The west flank of the Wind River Range is nearly
everywhere overlapped by undeformed Tertiary and
Quaternary rocks; an exception is at the northwest
corner where steeply dipping Paleozoic and lower Mes-
ozoic strata, and, locally, lower Tertiary rocks, can be
seen in fault contact with Precambrian rocks (Rich-
mond, 1945; J. D. Love, written commun., 1966). Seis-
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FIGURE 6.—Thickness map of lower Eocene rocks, Wind River Basin. Isopach interval 1,000 feet.

mic and drill data indicate that this entire flank has
overridden the east margin of the Green River Basin
along thrust faults of great magnitude (Berg, 1961;
Berg and Romberg, 1966). Maximum structural relief
on the upper surface of the basement complex, between
the crest of the range and the trough of the adjacent
basin, is probably in excess of 35,000 feet. The major
boundary fault (not shown on pl. 1) was called the
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Fioure 7.—Trends of 92 structural features (anticlines, faults, major

synclines) in the Wind River Basin,
367-862 0—09——2

Wind River thrust by Richmond (1945); dips range
from 30° E. to nearly vertical in the segment exposed
at the northwest corner of the range.

A second major fault (also not shown on pl. 1) in
the northern part of the range, the White Rock thrust
(Richmond, 1945), parallels the Wind River thrust and
lies 7-8 miles farther east. Between the two faults, Pale-
ozoic and Mesozoic rocks have been tightly folded in
numerous north-trending anticlines and synclines. The
dip of the White Rock fault also ranges from 30° E.
to nearly vertical. How far the fault extends to the
northwest is not known. The northwest end of the Wind
River Range is covered by relatively undeformed lower
Eocene and younger strata, but detailed mapping in
the region by Love and others (1950) and Rohrer
(1968) shows that a thick sequence of Paleocene and
older rocks along the west flank dip eastward toward
the crest where Precambrian rocks are exposed at the
highest altitudes (for example, Union Peak). Data
from a line of gravity stations across the area, obtained
by J. C. Behrendt (oral commun., 1966), indicate a
moderate gradient with increasing negative values
westward from the crest. The best structural interpreta-
tion appears to be that of synclinal folding rather than
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reverse faulting at the extreme northwest corner of the
range (Rohrer, 1968).

Along the east flank of the Wind River Range, Pale-
ozoic and Mesozoic strata form a nearly linear outcrop
pattern trending N. 40° W. (pl. 1). These rocks dip
uniformly at 12°-15° NE. (basinward) (pl. 2, 4-A4’ to
K-K’), and descend from the higher parts of the range
along a series of prominent dip slopes to the floor of
the Wind River Basin (fig. 1). Resistant cherty lime-
stones of the Permian Park City Formation form the
outermost series of conspicuous flatirons along the
mountain front; less resistant Mesozoic rocks form hog-
backs and strike valleys in the lower foothills regions
(fig. 8).

The structural continuity of the east flank is inter-
rupted locally by high-angle reverse and normal faults
with small stratigraphic displacements and by sharp
monoclinal flexures. The flexures, and some faults,
trend northwest nearly parallel to the strike of the sedi-
mentary strata, but most of the faults trend east or
north, oblique to the strike. At the extreme southeast
corner of the range, Bell (1956) mapped two east-
northeast-trending faults, which he termed the “Clear
Creek and Ellis faults,”? with apparent left-lateral
movement. These two transverse faults are the only
major ones in the region; they continue southwestward
into Precambrian rocks, and are parallel to structural
trends within the latter.

WASHAKIE RANGE

The Washakie Range, at the northwest corner of the
Wind River Basin, was named by Love (1939, p. 5),
who described it as being a “series of faulted folds,
en echelon, beginning with the eastern flank of Black
Mountain [NE. cor. T. 6 N.,, R. 4 W., Wind River
Meridian], extending 70 miles northwest of the western
end of the Owl Creek Mountains, and ending with the
western flank of Buffalo Fork Mountain, west of
Togwotee Pass.” The eastern two-thirds of the range,
as thus defined, lies within the area of the present study.

This uplift, which reaches altitudes of more than
10,000 feet, was completely buried by middle Eocene
and younger volcanic rocks of the Absaroka Range, and
has now been partly exhumed (fig. 9). Flanking strata
of Paleozoic age generally lie at higher altitudes than
the Precambrian rocks; this fact is well illustrated by
exposures along Horse Creek (fig. 9) and the Wiggins
Fork and East Fork Wind Rivers. Love (1939, p. 5)
and the present author (Keefer, 1957, p. 205) have

2These faults are largely concealed by Tertlary strata. The Clear

Creek fault is shown on pls. 1 and 3, but the Ellis fault is shown only
onpl. 1, in the SE. cor. T. 29 N,, R. 97T W.

expressed the opinion that the still-buried parts of the
old Washakie Range are little, if any, higher than the
highest altitudes of its presently exposed parts. The
central Precambrian core of the range apparently is
now visible. The northeast flank remains buried beneath
the virtually undeformed pyroclastic rocks of the
Absaroka Range.

The larger structural features in the exposed parts
of the Washakie Range (pl. 2) are, from west to east,
the DuNoir anticline (4-4"), Horse Creek and Dubois
anticlines (B-B’), and East Fork-Black Mountain
anticline (C-C’, D-D’). These folds are strongly
asymmetric to the south and southwest, and, although
the basinward margins are concealed by Tertiary strata
for the most part, each is probably also bounded by a
reverse fault (pl. 3).

The Black Mountain fault was mapped by Love
(1939, pl. 17) as extending from the southeast corner
of Black Mountain (sec. 1, T. 6 N., R. 4 W.) west and
northwest about 22 miles to Bear Creek. Farther west,
in the Horse Creek drainage, the present author
(Keefer, 1957, pl. 26) mapped the EA fault between
Horse Creek and Dubois anticlines and extended it
eastward along the south edge of Spring Mountain.
A well drilled for oil and gas in sec. 9, T. 42 N., R.
105 W. (table 1, well C-2), in the intervening area,
encountered a major fault, underlain by Paleozoic and
Mesozoic strata, after penetrating nearly 8,000 feet of
Precambrian granite. These data suggest strongly that
the EA fault, the fault intersected by the well, and the
east end of the Black Mountain fault are all segments
of a single continuous reverse fault zone extending
along the south margin of the Washakie Range for
about 25 miles. Such an interpretation is shown on the
structure contour map (pl. 3). The northwestern exten-
sion of the Black Mountain fault, as mapped by Love,
is probably a branching feature, and shows much less
displacement than the major fault.

The Washakie Range also includes many subsidiary
folds and fault blocks. (For example, see pl. 2, B-B".)
Of particular interest are several normal faults, with
displacements of as much as 1,000 feet, along the crest
of Horse Creek anticline. Considerable normal faulting
is also evident at the east end of the East Fork-Black
Mountain complex. In the upper Wiggins Fork River
drainage, both the Caldwell Meadows and Wiggins
Fork Trail reverse faults (pl. 2, B-B’) dip westward,
and the west blocks are upthrown, which is opposite to
the movement of the hanging-wall blocks of most other
reverse faults in the region.

Precambrian rocks in the cores of the larger anticlines
of the Washakie Range consist chiefly of granite and

-
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F1GURE 8.—Dip slopes of upper Paleozoic and lower Mesozoic rocks along east flank of Wind River Range; view is northwest along Red Canyon Creek, near southeast corner of range. Table Mountain, composed of
horizontal Tertiary strata, forms flat-topped butte on skyline in right center. Arrow is at crest of a small tight anticline. Pp, Park City Formation; &r, Triassic rocks; Jr, Jurassic rocks.
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F1GURE 9.—Exhumed Paleozoic rocks (Pzr) along Horse Creek, northwestern Wind River Basin. View northward, mainly along crest of Horse Creek anticline in Washaki
Range. Horizontal Tertiary volcanic conglomerate and tuff beds (Tv) of Absaroka Range in background. Floor and lower slopes of Horse Creek valley in foreground are

composed of Precambrian crystalline rocks mantled by glacial and landslide debris.

granite gneiss (Love, 1939, p. 13-14; Keefer, 1957, p.
163). No detailed study of the basement complex in this
range has been attempted.

OWL CREEK MOUNTAINS

The Owl Creek Mountains extend eastward for 75
miles from the east edge of the Absaroka Range to the
southwest end of the Bighorn Mountains. The range
encompasses a complex group of structures showing
diverse trends and tectonic behavior. The unique Wind
River Canyon cuts through the central part (fig. 1) and
exposes in precipitous canyon walls a complete cross
section of one of the major mountain arches of the
Rocky Mountains, including the Precambrian core and
its detailed relations to the overlying sedimentary rocks
(fig. 10). That part of the range lying east of Wind
River Canyon has been referred to as the Bridger Range
by some previous geologists, but in recent years it has
been a more common practice to refer to the entire range
as the Owl Creek Mountains.

Structurally, the Owl Creek Mountains can be
divided into two distinet parts, separated by Mexican
Pass, in the W14 T. 6 N, R. 4 E., which forms a natural
dividing line. West of the pass the range is partitioned
into several large folds and fault blocks that exhibit a
pronounced northwest structural alinement, whereas to
the east the structure is virtually that of a single broad
east-trending anticlinal arch.

The west half of the Owl Creek Mountains is domi-
nated by a series of rectilinear horsts of Precambrian
rocks flanked by lower Paleozoic strata (pl. 2, F—F",
G-G"). Individual blocks are almost completely sur-
rounded by reverse faults or sharp monoclinal flexures
along which they were differentially uplifted with re-
spect to one another, and also were elevated several

thousand feet with respect to the adjacent basins (fig.
11). In gross aspect, the blocks are tilted down toward
the northeast, and the most intense deformation oc-
curred around their south and southwest margins. In
most areas the structural relations are well exposed and
hence readily observed and studied.

The major reverse fault zones are sinuous in outline,
some segments trending west and others, northwest. The
most extensive fault is the Cottonwood Creek fault
(pl. 2, @-G"), which can be traced continuously for 15
miles from the west edge of Jenkins Mountain west and
northwest across the entire range. Maximum strati-
graphic displacement is about 7,500 feet (Keefer and
Troyer, 1964, p. 45-46).

Dips of the faults range from about 30° NE. to nearly
vertical. The amount of dip seems to be related to the
type of rock present in the footwall blocks, being great-
est in resistant rocks (for example, Precambrian rocks
faulted against Paleozoic rocks) and least in nonresist-
ant rocks (for example, Precambrian rocks faulted
against Upper Cretaceous rocks).

Precambrian rocks in the west half of the Owl Creek
Mountains are chiefly granite and granite gneiss cut by
conspicuous mafic dikes. The dikes are typically several
feet wide and locally are so numerous as to constitute
nearly 50 percent of the bedrock. The dikes are alined
principally west-northwest, oblique to the pronounced
northwest Laramide structural grain but parallel to the
more westerly trends of some of the reverse fault seg-
ments (Keefer and Troyer, 1964, fig. 13). The latter
relationship suggests that the structural pattern in the
west half of the range was partly influenced by old lines
of weakness in the crystalline basement. The relation-
ships in this part of the range also indicate two distinet
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FIGURE 10.—Precambrian (p€g) gneisses, schists, and pegmatite dikes overlain by Cambian rocks (€r) with depositional contact, Wind River Canyon. Younger Paleozoic
rocks form cliffs in background.

FIGURE 11.—Vertical to overturned upper Paleozoic rocks (Pzr) in contact with Triassic rocks (Rr) along south edge of Owl Creek Mountains. Contact is a high-angle re-
verse fault in places, and numerous faults occur in the Paleozoic sequence farther up draw in center of view. View eastward near Merritt Pass in western part of range.
Precambrian rocks (p€) are along crest of major mountain arch, and caprock of Bighorn Dolomite (Ob) dips gently northeastward into Bighorn Basin.
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stages of Laramide deformation, both occurring in
post-Paleocene pre-early Eocene time. The first stage
involved a strong southwest component of movement
which produced the conspicuous northwest alinement
of structural features. The second stage involved pri-
marily vertical uplift of the various horstlike segments
along reverse faults which, in places, cut transversely
across the older features. Some of the folds in upper
Paleozoic and Mesozoic rocks along the basin margin
probably are parts of larger folds that once extended
unbroken northwest across the entire mountain range
(Keefer and Troyer, 1964, p. 50).

Along the north side of the Owl Creek Mountains, a
high-angle reverse fault zone can be traced almost con-
tinuously from Mexican Pass west and northwest to
Owl Creek Canyon (T. 8 N., R. 2 W.), a distance of
about 85 miles. This fault, called the Owl Creek fault
by Darton (1906), forms the north boundary of the
horsts described above (pl. 2, F-F’, G-G@"). The fault
zone dips steeply south and southwest. Stratigraphic
displacement is small; Paleozoic rocks are present on
both sides in most places.

The junction of the Owl Creek Mountains and the
Washakie Range is largely buried by the volcanic rocks
of the Absaroka Range. However, similarities in struc-
tural development suggest that there is a rather con-
tinuous, closely related mountain mass extending about
105 miles from Mexican Pass westward to the west end
of the Washakie Range.

The east half of the Owl Creek Mountains, east of’

Mexican Pass, is a broad east-trending anticlinal com-
plex with a gently dipping (10°-15°) north flank and a
steep to overturned south flank. Regional stratigraphic
studies and drill data (Keefer, 1965a) indicate that this
part of the range has overridden the north margin of
the Wind River Basin along a continuous thrust fault
zone, here called the South Owl Creek Mountains fault,
with as much as 20,000 feet of stratigraphic displace-
ment (pl. 2, H-H’, L-L’, M-M"). Total structural relief
on the upper surface of the Precambrian basement, be-
tween the crest of the Owl Creek Mountains and the
axis of the adjacent Wind River Basin trough, locally
exceeds 30,000 feet.

The South Owl Creek Mountains fault is exposed
only at its extreme west end along the south edge of
Jenking Mountain (SE. cor. T. 6 N., R. 3 E.) where
Jurassic rocks in the hanging-wall (north) block have
been placed in contact with Upper Cretaceous rocks in
the footwall block. Eastward from Jenkins Mountain
the fault is entirely concealed by Eocene strata. How-
ever, despite the fact that none of the wells drilled along
the north margin of the basin actually penetrates it, the
location of the fault can be plotted rather accurately

on the basis of data from wells and from detailed map-
ping of the pre-Eocene rocks along the nearby mountain
front.

The dip of the South Owl Creek Mountains fault
plane can only be inferred. A well drilled near the west
end of the fault zone (table 1, well H-4) bottomed in
steeply dipping strata of probable Paleocene age at a
depth of 10,000 feet (pl. 2, H-H’). The fault was not
penetrated by the well; its trace, therefore, must lie a
short distance north of the well site. These relations
suggest a fault plane that dips steeply northward, per-
haps as much as 70°. A regional gravity survey (Case
and Keefer, 1966) also suggests a moderately steep dip
for the fault all along the south margin of the range
(pl. 2, L-L’'—N-N"; fig. 20).

Whether the Owl Creek fault, extending southeast
from Mexican Pass, intersects the South Owl Creek
Mountains fault is conjectural ; the interpretation shown
on the structure-contour map (pl. 3) is that they do
intersect.

An intricate system of normal faults is present along
the south margin of the Owl Creek Mountains in the
vicinity of Wind River Canyon (Fanshawe, 1939;
Tourtelot and Thompson, 1948; Wise, 1963). These
faults are apparently confined to the hanging-wall block
of the South Owl Creek Mountains fault; most are
alined parallel to the mountain front, but some are
transverse to this trend. There is no consistent pattern
as to which sides were upthrown or downthrown, but in
general, there appears to be a lowering of the marginal
part of the range with respect to its crest (Wise, 1963).
The most extensive fault is the Boysen fault, which
trends nearly east across the canyon from a point 3
miles west of the channel of Wind River to a point 7
miles east (fig. 12). The downdropped block is to the
south, and maximum stratigraphic displacement is
about 2,000 feet. The normal faults are best explained as
having resulted from the tensional fracturing of rigid
rocks across the crest of the range as it was being up-
lifted and arched during Laramide deformation. In-
dividual blocks then collapsed along the steep margin of
the range, either at the same time or somewhat later
than the arching.

The structurally highest areas in the eastern Owl
Creek Mountains lie between Wind River Canyon and
the east end of the range (pl. 2, #-M"). Precambrian
schist and granite, cut by numerous pegmatite dikes,
form the surface rock over much of this region
(McLaughlin, 1940; Harley Barnes, U.S. Geological
Survey, unpub. map, 1959). The schists strike nearly
parallel to the east-west trend of the mountain front
and dip steeply (50°-80°) southward. The flanking
sedimentary rocks of Cambrian and younger ages along

>
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FIGURE 12.—Exposure of Boysen normal fault (F) in Wind River Canyon, central Owl Creek Mountains. Cambrian rocks (€r) are faulted down against Precambrian rocks
(p€). View is westward across main channel of Wind River. Ob, Bighorn Dolomite; Mm, Madison Limestone.

the south edge of the range, except for a few small
erosional windows, are concealed by Kocene strata.
These scattered outerops exhibit fracturing and normal
faulting of the flanking strata like that described above
for the Wind River Canyon. Possibly some of those oc-
currences represent ancient landslides that were em-
placed during active uplift of the mountains in earliest
Eocene time.

The east end of the Owl Creek Mountains plunges
15°-20° eastward and southeastward, and is separated
from the Bighorn Mountains by a broad synclinal area
(called the Bridger syncline by Tourtelot, 1953) that is
largely covered by Eocene strata. Paleozoic and lower
Mesozoic strata around the east end of the range are also
highly fractured and broken by normal faults with
relatively small displacements. The trend of the faults
is predominantly east-northeast.

SOUTHERN BIGHORN MOUNTAINS

The southwest end of the Bighorn Mountains forms
the northeast margin of the Wind River Basin. Flank-
ing Paleozoic and Mesozoic strata, which dip 15°-25°,
wrap around the southwestward-plunging end of the
range (Tourtelot, 1953; Woodward, 1957, fig. 2) and
are broken by numerous high-angle faults with displace-
ments generally less than 500 feet (pl. 2, 0-0’, P-P’).
The largest feature is the east-northeast-trending Dry
Fork fault (pl. 2, P-P’), which can be traced for about
12 miles in intermittent outerops of upper Paleozoic
rocks along Dry Fork of Badwater Creek (Woodward,

1957, fig. 2). The south side, which is upthrown, was
assumed by Woodward (p. 243) to be a high-angle re-
verse fault with a maximum displacement of 300 feet.
The southwest end of the Dry Fork fault may intersect
the Cedar Ridge normal fault (p. D24), and, like the
Cedar Ridge fault, it may have had some post-Laramide
movement (Tourtelot,1953).

The broadly exposed Precambrian core of the south-
ern Bighorn Mountains consists chiefly of highly con-
torted gneisses and schists cut by numerous irregular
pegmatite dikes (Woodward, 1957, p. 215). Specific
data regarding structural trends in the basement com-
plex of this region are lacking. However, it is interest-
ing to note that the east-northeast trend of the Dry Fork
fault, as well as of several minor faults in this part of
the range, is almost precisely parallel with the direction
(N. 10°-15° E.) of shear zones in the basement and
of major tear faults in flanking sedimentary rocks about
30 miles to the north toward the central part of the
range (Hoppin and Palmquist, 1965, p. 997).

Surface mapping and drill data provide ample evi-
dence that the concealed South Owl Creek Mountains
fault zone extends eastward from the east end of the
Owl Creek Mountains, swings southeast along the
southwest edge of the Bighorn Mountains, and contin-
ues along the entire west margin of the Casper arch
(pl. 3; see, also, discussion of Casper arch below). In the
central and northeastern parts of T. 39 N., R. 89 W.,
outcrops of overturned upper Paleocene strata occur
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within a mile of southward-dipping Paleozoic rocks at
the southwest tip of the Bighorn Mountains (fig. 13;
Tourtelot, 1953). The fault passes somewhere between
these two series of outcrops and may, in fact, coincide
closely with the trace of the Cedar Ridge normal fault.
Data from wells drilled a few miles to the south (table 1,
wells 0-5, 0-6; pl. 2, 0-0"), which bottom below 16,500
feet in strata believed to be uppermost Cretaceous (Kee-
fer, 1965a, p. A17), indicate that the stratigraphic dis-
placement on the South Owl Creek Mountains fault
here is about 18,000 feet. Farther southeast the actual
fault zone was penetrated by a well (table 1, well P—4;
pl. 2, P-P’) that was drilled about 2 miles south of the
mountain front. Relationships in this well suggest that
more than one fault may be present in the major zone.
Total structural relief on the upper surface of the Pre-
cambrian basement, between the crest of the southern
Bighorn Mountains and the adjacent Wind River Basin
trough, probably exceeds 30,000 feet in places.

CASPER ARCH

The Casper arch is & major, but not deeply eroded,
structural upwarp whose steep to overturned west limb
forms the east margin of the Wind River Basin. The
Upper Cretaceous Cody Shale underlies the broad cen-
tral part of the arch, and younger Cretaceous and Paleo-
cene strata are exposed in a linear belt all along the west
flank (pl. 1). This is a region of low topographic relief,
being drained by eastward-flowing tributaries of the
Powder and North Platte Rivers which head farther
west in the southeastern arm of the Wind River Basin
(fig. 1).

A nearly continuous, northwestward-alined series of
subsidiary folds occurs along the west edge of the major
arch (pl. 3). The largest and structurally highest fea-
ture is the Pine Mountain anticline (pl. 2, §~8”), which
is nearly circular in plan view and which has been
breached by erosion to strata as old as Jurassic. Many of
these anticlines yield oil and gas.

Asnoted above, drill data indicate that the South Owl
Creek Mountains fault continues all along the west
margin of the Casper arch. Three wells in the NE. cor.
T. 36 N., R. 87 W., and the SW. cor. T. 37 N, R. 86 W.
(table 1, wells Q-6—Q-8; pl. 2, @-@’), show that the
fault dips about 25° NE. and that it has a stratigraphic
displacement of about 16,000 feet. Only one fault ap-
pearsto be present at this locality, but farther southeast,
in the SW. cor. T. 35 N., R. 84 W, two more wells (table
1, wells S-2, S-3; pl. 2, 8-8") show a highly compressed,
imbricated zone. Stratigraphic displacements decrease
southeastward, and the fault zone dies out probably in
the southwestern part -of T. 32 N., R. 82 W. (pl. 2,
P-7"—V-V’). Maximum structural relief on the upper

surface of the Precambrian basement, between the crest
of the arch and the adjacent Wind River Basin trough,
1s about 20,000 feet.

GRANITE MOUNTAINS

The Granite Mountains are unique among mountain
ranges in central Wyoming. During Laramide deforma-
tion, the range was uplifted several thousand feet with
respect to the adjacent basins, and subsequently deeply
eroded. Then, owing to a series of extensive downfold-
ing and downfaulting movements, the Precambrian core
collapsed and was buried by a thick sequence of middle
and upper Tertiary sediments (Love, 1970). At present,
the crest of the range is visible only as a series of pro-
minent granite knobs projecting a maximum of 1,000
feet above a nearly level fluvial plain which contains the
main channel of the eastward-flowing Sweetwater River
(fig. 14). Despite their unique history, however, the
Granite Mountains, as a Laramide feature, were simi-
lar to the other mountain ranges surrounding the Wind
River Basin in structural pattern, tectonic behavior, and
relationships to adjacent basin areas.

Precambrian rocks of the Granite- Mountains are
mainly granite and gneiss cut by scattered mafic dikes.
Schist, slate, phyllite, and quartzite are present locally
(Love, 1970). Little is known about the detailed litholo-
gies and structural trends of these basement rocks.

Paleozoic and Mesozoic strata, concealed except for a
few outcrops, dip uniformly 10°-15° N. off the north
flank of the range (pl. 2, M-M", N-N'), but they are
broken by an extensive system of east-trending normal
faults. The fault zone can be traced for about 50 miles,
and has been referred to as the North Granite Moun-
tains fault system by Love (1970). The faults originated
during the Laramide, at which time the mountain
(south) block was upthrown with respect to the south
margin of the Wind River Basin (Love, 1970), perhaps
locally as much as 5,000 feet. Later, in Pliocene time,
the mountain block subsided a few hundred to more
than 1,000 feet along virtually the same fault planes.
Several large anticlines occur along the north margin of
the range (p. D25).

The west and south flanks of the Granite Mountains
overrode the southwest margin of the Wind River Basin
and the north margin of the Great Divide Basin along
the Emigrant Trail thrust fault (Berg, 1961, p. 76)
of Laramide origin. This feature is entirely concealed
by middle Eocene and younger strata, but its position
is well known from drill data (pl. 2, M-M’, N-N’);
it probably extends as far northwest as the west flank
of Alkali Butte anticline (pl. 3). Maximum strati-
graphic displacement exceeds 20,000 feet (Keefer and
Love, 1963, pl. 3), and the plane dips 20° to perhaps
as much as 40° NE. Because the core of the Granite

&



F1G6URE 13.—Structural features along Badwater Creek, southwest end of Bighorn Mountains. Along Cedar Ridge normal fault (F), post-lower Eocene rocks (Tpl) are dropped down against vertical to overturned strata of
the Paleocene Fort Union Formation (Tfy) and moderately southward dipping strata of the Lysite Member of the lower Eocene Wind River Formation (Tw/). Buried South Owl Creck Mountains reverse fault
oceurs between southward-dipping Paleozoic rocks (Pzr) of Bighorn Mountains on the left and the Fort Union strata (Tfy) on the right; the fault zone may coincide with the downward projection of the Cedar Ridge
normal fault. View is east-southeast. '
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F1cURE 14.—Bald knobs of granite projecting above level plain of Miocene rocks, central part of Granite Mountains. Notched prominence on
right skyline is Split Rock, famous Oregon Trail landmark.

Mountains has been deeply eroded, the total structural
relief on the upper surface of the Precambrian basement
is uncertain; however, it probably exceeds 30,000 feet
with respect to the Great Divide Basin trough along
the south edge, and 12,000 feet with respect to the
southwestern arm of the Wind River Basin along the
west edge.

A broad east-trending syncline developed in the
southern part of the Granite Mountains during Miocene
and early Pliocene times, and in it was deposited more
than 2,000 feet of sediments (Love, 1970). The south
edge of this extensive downwarp is bounded by another
system of normal faults, called the South Granite
Mountains fault system by Love (1970). Along it, the
south margin of the range subsided 1,000 feet or more
with respect to the adjacent north margin of the Great
Divide Basin during early and middle(?) Pliocene
time. These movements are largely responsible for the
low topographic position of the present crest of the
Granite Mountains.

BASIN STRUCTURES
WEST MARGIN

The uniform basinward (northeast) dip of strata off
the east flank of the Wind River Range is interrupted
by a remarkable series of sharply folded anticlines that
stretches from the southwest corner of the Wind River
Basin north and northwest to Black Mountain, a dis-
tance of nearly 90 miles (pl. 2, £~£" to M-M"). Individ-
ual folds, from south to north, include the Sweetwater
Crossing, Sheep Mountain, Derby, Dallas, Lander-
Hudson, Plunkett, Sage Creek, Winkleman, Pilot Butte,
Steamboat Butte, Sheldon, Northwest Sheldon, and Dry
Creek anticlines (pl. 3). A nearly continuous axis can be
drawn, with minor offsets, from Sweetwater Crossing

anticline northwest through Winkleman anticline.
There, the main trend is offset abruptly 5 miles to the
east, and thence continues virtually unbroken almost
to Black Mountain. Nearly all the folds show consider-
able structural closure (500—4,000 ft) in Mesozoic rocks
exposed at the surface, and have been the sites of exten-
sive development drilling for oil and gas.

The anticlines are asymmetrie to the southwest, and
the steep limbs are broken in most places by eastward-
and northeastward-dipping reverse faults. South of
Winkleman anticline, stratigraphic displacements along
the faults probably do not exceed 1,000 feet in most
places; but to the north, along the west edge of Pilot
Butte, Steamboat Butte, and Dry Creek anticlines, dis-
placements may reach 10,000 feet (pl. 2, F—F"). The
lower Eocene Wind River Formation appears to be in-
volved in the faulting along the west flanks of Plunkett
and Sage Creek anticlines, but not in areas farther
north.

The abrupt eastward shift of the anticlinal axis be-
tween Winkleman and Pilot Butte may be the result of
right-lateral movement along an east-northeast-trending
transverse fault. However, there is no positive evidence
in drill holes that such a fault exists; so none is shown
on the structure-contour map (pl. 3).

Long, narrow synclines lie along the west side of the
anticlinal complex, and there is an eastward shift of the
main trough line at the northwest end of Winkleman
anticline (pl. 3). The syncline southeast of this point is
here referred to as the Lander syncline. The syncline
to the north was called the North Fork syneline by Love
(1939, p. 94), who believed that the axis of the North
Fork lay in the central part of the northwestern arm of
the Wind River Basin. However, information provided
by later drilling (for example, table 1, well C-2) shows
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that the synclinal axis lies close to, or beneath, the south
flank of the Washakie Range (pl. 2, —-C”). Another
syncline oceurs along the south edges of the Dubois and
DuNoir anticlines, in the extreme northwest corner of
the basin, but it does not connect with the North Fork
syncline (pl. 3).

In the vicinity of the mouth of the East Fork

Wind River, lower Eocene and Upper Cretaceous rocks

“are involved in an imbricate zone of reverse faults
(fig. 15). The Wind Ridge fault (pl. 2, ¢-C’, D-D’),
can be traced continously for 15 miles parallel to the
adjacent front of the Wind River Range. A belt of
crumpled Mesozoic rocks lies along the southwest edge
of the fault zone. The extent of the faulting at depth is
not known, but the faults may pass downward into
bedding planes in some of the more incompetent Meso-
zoic rocks without cutting older strata. This is the larg-
est area in the basin in which lower Eocene rocks are cut
by reverse faults.

Near the fault zone just deseribed, large anomalous
masses of brecciated Paleozoic rocks are incorporated
within lower Eocene strata (Love, 1939, p. 60-61).
These masses were probably emplaced as ancient land-
slides sloughed off during Laramide deformation from
the rising Kast Fork-Black Mountain anticlinal
complex.

NORTH MARGIN

Structures along the north margin of the Wind River
Basin, west of Mexican Pass, are alternating anticlines
and synclines, all with pronounced northwest aline-
ment and southwest asymmetry (pl. 3). Individual fea-
tures, from east to west, include East Sheep and West
Sheep Creeks and Madden, Bargee, and Blacktail anti-
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clines. Nearly all these folds plunge sharply southeast-
ward, and have little, if any, structural closure in sur-
face exposures. Reverse faults are present in places
along their southwest limbs. The axes of the intervening
synclines converge basinward and plunge eastward and
southeastward into the major basin trough area (pl. 3;
fig. 16).

Southwest of Blacktail anticline, another conspicuous
line of folds, including Circle Ridge (pl. 2, £'-E"),
Maverick Springs, and Little Dome (pl. 2, #/-F") anti-
clines, projects 20 miles southeastward into the basin.
The folds are well defined in the flanking Mesozoic strata
and show 1,000-2,000 feet of structural closure. Al-
though relationships are obscure in the soft poorly ex-
posed Upper Cretaceous Cody Shale along the steep
southwest limbs of the folds, it is probable that this
margin of the complex is partly bounded by a northeast-
ward-dipping reverse fault. Data from wells drilled in
the northern part of T. 3 N., R. 2 E. (table 1, wells G-1,
G-2), indicate that the anticlinal trend continues be-
neath lower Eocene rocks for at least another 10 miles
southeast of Little Dome anticline (pl. 2, GZ-G"), and
that some structural closure is probably present locally
along this extension. A subsidiary feature, Merriam an-
ticline, extends 5 miles northeastward from the north-
east flank of Little Dome, and is reflected in lower Eo-
cene rocks as well as older strata.

Circle Ridge, Maverick Springs, and Little Dome an-
ticlines are closely related, both structurally and geneti-
cally, to the Dry Creek-Northwest Sheldon-Sheldon
complex that lies 4-5 miles to the southwest
(p. D22).

Structures in pre-lower Eocene rocks along the north

FIGURE 15.—Cretaceous rocks faulted against lower Eocene rocks along north side of Wind River, N.W. cor. T. 5 N., R. 5 W., Wind River meridian. F, Wind Ridge revers
fault; Tle, lower Eocene rocks; Kr, Cretaceous rocks.
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F1cure 16.—Folds in Indian Meadows Formation (lower Eocene) at Shotgun Butte, SE. cor. T. 6 N., R. 1 E.,, Wind River meridian. Broad
syncline through butte is surface expression of major Wind River Basin troughline.

margin of the basin east of Mexican Pass are concealed ;
thus, they can be interpreted only from seismic and drill
data. The dominant feature in this region is the major
Wind River Basin trough, whose axis lies 3-15 miles
south of the fronts of Owl Creek and Bighorn Moun-
tains (pl. 3). The axis trends east-southeast and appears
to intersect the South Owl Creek Mountains fault, at the
northwest corner of the Casper arch, almost at a right
angle. The structural relations confirm an earlier inter-
pretation, based on regional stratigraphic data by Love,
McGrew, and Thomas (1963, fig. 4), that the main
trough continued eastward into the Powder River Basin
during latest Cretaceous and Paleocene time and was
then segmented by the rising Casper arch in early
Eocene time.

In the northeast corner of the basin, east of Wind
River Canyon, deep drill holes reveal the presence of
broad, gentle anticlines between the basin trough and the
South Owl Creek Mountains fault zone (pl. 3; pl. 2,
M-M', N-N"). The meager data suggest that structural
closure of 1,000-2,000 feet is present locally and that
faulting may also be present in some places. Because
these folds occur in some of the structurally deepest
areas of the basin, only uppermost Cretaceous and lower
Tertiary rocks have been penetrated by wells (max
drilling depth, 17,000 ft) ; older Mesozoic and Paleozoic
rocks have not been tested for oil and gas.

Considerable normal faulting occurred in surface

rocks of Eocene and younger ages along the north mar-
gin of the Wind River Basin. The precise age of the
faulting is unknown, but it may have been contem-
poraneous with similar faulting in the Granite Moun-
tains area, which took place in Pliocene time (Love,
1970). The most extensive feature is the Cedar Ridge
normal fault, which can be traced east and southeast for
30 miles from a point about 10 miles east of the Wind
River Canyon. The north (mountainward) block is
downdropped, and the fault plane may coincide closely
with the plane of the buried South Owl Creek Moun-
tains thrust fault (pl. 2, M-/"—0O-0"). Total strati-
graphic displacement is unknown ; throughout much of
its extent, strata of middle(?) and late Eocene age have
been dropped against strata of late early Eocene age, a
movement of at least a few hundred feet. It seems likely
that the plane curves downward into the plane of the
South Owl Creek Mountains thrust fault, and that the
latest movement along this older fault was therefore in
a direction opposite to that of the thrust faulting that
had taken place earlier.

A few small folds occur in lower Eocene rocks in the
upthrown (basinward) block of the Cedar Ridge nor-
mal fault ( Tourtelot, 1953). The trends coincide in part
with folds in the older rocks at depth, but some of the
reversals in dip may also be related to movements along
nearby normal faults.
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EAST MARGIN

Broad anticlines and synelines characterize the strue-
ture along the east margin of the Wind River Basin
(pl. 2, Q—Q'—V-7"). The main syncline in this region
branches off the major basin trough, near the northwest
corner of the Casper arch, and continues southeast
along the west flank of the arch (pl. 3). Near the south-
east end of the basin, the syncline is split by the West
Poison Spider anticline (pl.2,7-7").

SOUTH MARGIN

Several large anticlinal noses plunge sharply north-
ward and northwestward along the south margin of the
Wind River Basin. Many of the trends appear to
project far into the interior of the basin, in some places
nearly to the center of the major trough area (pl. 3).

The most prominent feature is the Rattlesnake Hills
anticline, whose moderately dipping northeast flank
forms the west edge of the southeast arm of the basin
(pL. 2, P-P’—7-7"). Rocks ranging in age from Pre-
cambrian to Paleocene are exposed along this flank,
whereas the steep west flank is largely concealed by
lower Eocene strata. A reverse fault extends from the
center of T. 33 N., R. 88 W., where it is exposed in
Paleozoic rocks, probably as far northwest as the center
of T. 34 N., R. 89 W.

Numerous igneous plugs (max diameter, 1 mile) and
dikes were intruded along the crest of the Rattlesnake
Hills and adjacent areas to the southwest. Volcanism
occurred largely in middle Eocene time (Carey, 1954b,
p- 33), and the now-denuded masses of igneous rocks
form the highest peaks in the region (fig. 17). Small-
scale folding and faulting of the flanking Paleozoic and
lower Mesozoic strata accompanied the intrusions.
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West of the Rattlesnake Hills, the larger structural
features include Dutton Basin, Muskrat, Conant Creek,
Rogers Mountain, and Alkali Butte anticlines (pl. 3).
These folds are well defined in strata as young as latest
Cretaceous and Paleocene, whereas lower Eocene strata
have been involved in the folding only to a minor de-
gree in most places, The anticlines show little, if any,
structural closure in surface exposures. However, con-
siderable exploratory drilling, based chiefly on seismic
reflectivity data, has been done along the basinward
extensions.

Surface mapping and drill data suggest that reverse
faults are present along the southwest limbs of all folds,
and this interpretation is shown on the structure-
contour map (pl. 3). Relationships are obscure in most
places, however, owing to poor exposures in Upper Cre-
taceous shale beds (Cody Shale) and to burial by lower
Eocene rocks. The Emigrant Trail reverse fault, the
major boundary fault at the west end of the Granite
Mountains, probably extends northward along the
southwest margins of Rogers Mountain and Alkali
Butte anticlines (pl. 2, /-J", A-K"), even though it is
nowhere exposed.

Numerous normal faults with small displacements
occur along the south margin of the Wind River Basin.
They cut strata as young as Miocene and trend parallel
to the North Granite Mountains fault system that lies a
few miles to the south (pl. 1). Offsets along some of
these faults are considered by Zeller (1957, p. 158) to
have been a controlling factor in the localization of
uranium deposits in lower Eocene rocks in the Gas Hills
area. Whether the faults project to sufficient depth to
affect all rocks down to, and including, the Precambrian
basement, is not known.

FI1GURE 17.—Intrusive mass of middle Eocene igneous rocks at Garfield Peak, central Rattlesnake Hills. Dipping strata of Paleozoic and early
Mesozoic age surround the intrusion. View is northwest.
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West of Rogers Mountain and Alkali Butte anticlines,
across the Emigrant Trail fault and an intervening nar-
row syncline, are two of the largest, and most prolific
oil- and gas-producing anticlines in the region, Sand
Draw (pl. 2, K-K’) and Beaver Creek (pl. 2, J-J’).
They lie athwart the southwestern arm of the Wind
River Basin. Except for small areas of Cody Shale and
younger Cretaceous and Paleocene strata along the crest
and northeast flank of Sand Draw anticline, the folds
are deeply buried and are only slightly reflected in sur-
face exposures of lower Eocene rocks. Numerous drill
holes indicate that much minor faulting is present in
lower Mesozoic and Paleozoic rocks at depth, and that
the southwest flank of Sand Draw anticline is bounded
by an eastward-dipping reverse fault (pl. 2, K-K’).
The folds exhibit 1,000-2,000 feet of structural closure;
a small area of independent closure along the northwest
extension of the Beaver Creek trend is termed the
“Riverton anticline” (pl. 2, /-7").

The main syncline of the southwestern arm of the
Wind River Basin continues south and southeast along
the west margins of Beaver Creek and Sand Draw
anticlines and apparently lies close to, or beneath, the
Emigrant Trail thrust fault (pl. 3). Structural rela-
tions suggest that this downfold extended into the north-
ern part of the Great Divide Basin as late as early
Eocene time, but that it was terminated for the most
part along the south edge of the area shown on plate 1
(vicinity of the township corner between Tps. 28 and
29 N., Rs. 94 and 95 W.) by later movements along the
South Granite Mountains fault system (Love, 1970).

STRUCTURAL ANALYSIS

FORELAND DEFORMATION

Prucha, Graham, and Nickelsen (1965, p. 966) stated
that “Laramide deformation in the central and south-
ern Rocky Mountains east of the folded belts of western
Montana and western Wyoming, and east of the Colo-
rado Plateau, is characterized by a structural style
which is sufficiently distinctive to merit consideration
apart from that of other terrains of the North American
Cordillera.” The rectilinear, asymmetric anticlinal up-
lifts and broad, deep synclinal basins of central Wyo-
ming typify the pattern of structures across this ancient
foreland region.

One of the most obvious features of foreland deforma-
tion in central Wyoming is the close association of the
Precambrian basement with the structural development
of the entire region. Precambrian crystalline rocks are
now widely exposed in the cores of the larger, deeply
eroded mountain masses, and deep drill holes in many
basin-margin anticlines reveal that the upper surface
of the basement is everywhere virtually parallel to the

overlying sedimentary units. The relationships leave lit-
tle doubt that Laramide tectonic stresses acted princi-
pally within the basement, and were propagated upward
into the younger rocks. The involvement of the base-

ment is perhaps a universal characteristic of foreland

structures throughout the world (Lees, 1952, p. 32) and
is generally attributed to the fact that relatively thin
sedimentary sequences covered those regions at the be-
ginning of deformation. In contrast, structures in mo-
bile belts, which occupy the former sites of miogeosyn-
clines (for example, Overthrust Belt of western
Wyoming), commonly represent a shearing-off of sedi-
mentary sequences of great thickness above the base-
ment and a lateral displacement of individual thrust
sheets, one upon the other.

The basement complex in central Wyoming was sub-
jected to several episodes of deformation, plutonism,
and metamorphism in Precambrian time. The extent to
which these inherent lithologic inhomogeneities and
structural weaknesses influenced the location and type
of structures that developed during Laramide deforma-
tion cannot yet be specified. At least a partial control by
preexisting zones of weakness in the Precambrian base-
ment is suggested by parallelism of (1) the Clear Creek
fault with east-northeast-trending structures in the Pre-
cambrian metamorphic rocks at the southeast end of the

Wind River Range, (2) granitic and diabasic dikes with

northwest-trending shear zones in the Precambrian and
flanking sedimentary rocks at the northwest end of the
Wind River Range, (3) the east-northeast-trending
Dry Fork fault at the south end of the Bighorn Moun-
tains with foliation and shear zones in the basement
rocks farther north in the range, and (4) west-north-
west-trending Precambrian mafic dikes with high-angle
reverse faults in the western Owl Creek Mountains.
However, the dominant trend of Laramide structures
throughout the region is N. 40° W. (fig. 7), in some
places almost normal to the trends of known Precam-
brian structures. Prucha, Graham, and Nickelsen (1965,
p. 989), after a regional investigation of basement con-
trol of deformation in the Rocky Mountains, concluded
that there is no consistent relation between Laramide
structures and basement structures of Precambrian age
throughout the region.

MECHANICS OF DEFORMATION

Bucher (1951, p. 517) has stated “One thought runs
through all the considerations [of orogenic belts] : Tan-
gential compression dominates the whole record of
Earth deformation.” Beloussov (1959, p. 3), on the other
hand, has proposed that all types of folding originated
from the “vertical oscillatory movement of the earth’s
crust.” This question of horizontal versus vertical move-
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ments for the origin of Laramide structures in central
Wyoming and adjacent regions has been debated by
many investigators.® The correct interpretation seems to
rest ultimately on a knowledge of the behavior and con-
figuration of the major mountain-basin boundary faults
at great depth—are the fault planes concave upward
(fig. 184) or concave downward (fig. 18B) # Unfortu-
nately, this important question cannot be answered
unequivocally from the data now available.
Observations made during the present study that may
be significant to interpretations regarding the nature
of Laramide structural movements are summarized in
the following paragraphs.
1. Dips of fault planes—The combination of surface
and subsurface data indicates that the dips of major

A. Lateral compression

B. Vertical uplift

Fiourp 18.—Alternate interpretations regarding crustal movement in
central Wyoming.

3 See Fanshawe (1939), Chamberlin (1940), Berg (1961), and Black-
stone (1963, p. 177-178) for discussions of the horizontal-movement
view, and Osterwald (1961), Eardley (1963), Wise (1963), and Prucha,
Graham, and Nickelsen (1965) for discussions of the vertical-movement
view.
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reverse faults range from about 25° to nearly verti-
cal; average dips are probably 30°—40°. Horizontal
and vertical components of movement for the ob-
served segments of most fault blocks are therefore
nearly equal. In general, dips of fault planes appear
to be steeper in the resistant Precambrian and
“Paleozoic rocks than in the less resistant younger
rocks. The latter relationship tends to favor the
interpretation that mountain-basin boundary
faults are concave downward, although the differ-
ences in dip may also be related to the differential
yielding of various rock types to any given set of
tectonic stresses. Dips of fault planes shown on
the structure sections, plate 2, are based on an in-
terpretation of all the surface and drill data avail-
able in a given area; these dips are projected
downward uniformly, and no attempt was made
to show either flattening or steepening of the planes
at still greater depths.

2. Structwral asymmetry and crustal shortening.—
Marked structural asymmetry, apparent crustal
fore-shortening, and the relatively low dips of
some thrust faults are features generally attributed
to horizontal movement. In gross appearance, all
major structural features in central Wyoming seem
to have been squeezed and crowded together by
strong compressive forces from the north and
northeast. Such an interpretation was advocated
by Chamberlin (1940), following a synthesis of
structural data from the mountain ranges sur-
rounding the Bighorn Basin in north-central
Wyoming. Chamberlin reasoned that (a) because
of the relatively thin sedimentary cover, the main
release of horizontal stresses, acting principally
within the basement, was upward, and that (b)
because of the lithologic dissimilarities and pre-
existing lines of weakness in the basement rocks,
the region, when compressed, broke into blocks,
some parts of which were tilted up to form moun-
tains and some parts tilted down to form basins.

To explain the presence of compressive features
along the margins of major uplifts, proponents of
the vertical-movement view propose that, as a
given uplift forms, vertical movements are trans-
formed to horizontal movements by the gravita-
tional sliding of rock masses off its crest and to-
ward the flanking basins (Beloussov, 1959). The
intricate system of normal faults in the vicinity
of Wind River Canyon, along the steep south flank
of the Owl Creek Mountains, may represent such
a phenomenon.

The development of the 90-mile-long series of
tightly folded asymmetric anticlines along the
gentle east flank of the Wind River Range, how-



D28

ever, is more difficult to interpret in terms of
horizontal movements induced by vertical uplift
of the nearby mountain mass—in this case, over-
turning and reverse faulting is toward the up-
lift rather than away from it. Similar features
also occur along the gentle flanks of mountain
ranges surrounding the Bighorn Basin (Cham-
berlin, 1940). The origin of these structures
seems best explained by regional compressive
forces (actually from the basinward side) that
are unrelated to vertical uplift.

3. Relation of folding to faulting.—Displacements in
a vertical stress system are generally considered to
be accomplished primarily by faulting and only
to a lesser degree by folding (for example, see
Sanford, 1959, fig. 18; Billings, 1960, fig. 16;
Prucha and others, 1965, fig. 23). In this interpre-
tation the basement complex is assumed to be a
rigid mass incapable of large-scale flexing; as de-
formation begins, the basement yields primarily
by faulting, and the resulting offset is reflected
initially by monoclinal folds in the overlying sedi-
mentary rocks and finally by rupture. In central
Wyoming, however, the evidence heavily favors
the interpretation that faulting developed as a
consequence of folding. Uplifts began as relatively
simple symmetrical folds, which then became
progressively more asymmetrical as movement in-
tensified, and finally ruptured along the attenu-
ated limb of the steep side (Berg, 1961, p. 79;
Keefer and Love, 1963, pl. 4). The latter pattern
seems most easily obtained by lateral stresses.

4. Basin subsidence.—The Wind River Basin and
other basins subsided as the mountains rose
throughout the Laramide deformational period.
In large segments of some basins, subsidence was
equal to, or exceeded, the amount of uplift of the
adjacent mountains. Furthermore, downwarping
apparently began in some places before the moun-
tains started to rise (Keefer and Love, 1963 ; Love,
McGrew, and Thomas, 1963), which seems to an-
swer satisfactorily the long-debated question of
whether subsidence is a consequence of sedimentary
loading, or vice versa.

Many authors have pointed out that sedimentary
loading alone cannot account for all the observed
subsidence. The basin-fill sediments are less dense
(less than 24 g per cc) than the underlying
materials which they are depressing (greater
than 2.67 g per cc); thus, without an additional
process operating to pull it down, the basin
would eventually fill up to the base level of depo-
sition, and subsidence would cease. It might be
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argued that, if the mountains rose faster than
the basin subsided, the rate of erosion would in-
crease proportionally and provide enough clastic
material to the basin area to sustain subsidence.
In the Wind River Basin, however, the base level
of deposition remained virtually at sea level
throughout Late Cretaceous and early Tertiary
times and did not start to rise until the end of
early Eocene time. It is therefore concluded that
subsidence kept pace with sedimentation only be-
cause forces other than sedimentary loading
pulled the basin down. The amount of down-
folding (max 17,000 ft) is difficult to explain
solely in terms of horizontal compression with-
out supplementation by vertically oriented
forces. :

The foregoing discussion indicates that certain char-
acteristics of Laramide structural features in central
Wyoming favor the vertical-movement explanation,
whereas other characteristics favor the horizontal-move-
ment explanation. The fact that the evidence is contra-
dictory probably indicates that no single stress system
can be applied uniformly to all parts of the region, or to
all stages of the orogeny. An excellent case in point oc-
curs in the western part of the Owl Creek Mountains.
There, the greatest amount of deformation took place
between the deposition of the Fort Union (Paleocene)
and Indian Meadows (earliest Eocene) Formations, but
it was accomplished during two distinct stages (Keefer
and Troyer, 1964, p. 50). During the first stage the re-
gion was subjected to a strong horizontal component of
movement from the northeast, resulting in an extensive
series of parallel folds, all asymmetric and faulted to-
ward the southwest. During the second stage, movement
was largely vertical along high-angle reverse faults that
dip mountainward on both sides of the uplift; in some
places these faults clearly cut across the trend of the
earlier fold system (pl. 1). Thus, the Precambrian core
of the western Owl Creek Mountains appears as a series
of upraised wedges with respect to the adjacent basin
areas (pl. 2, F—F’, G—G’). Whether the upward move-
ment of the wedges was the culmination of yielding to
horizontal stresses or was caused by direct vertical pres-
sure is indeterminable. It is interesting to note that,
during the late stages of the Laramide, high-angle
faults also developed on the north margin of the Gran-
ite Mountains, along which the mountain block was up-
thrown (Love, 1970), that faulting and sharp mono-
clinal folding occurred in places along the northeast
flank of the Wind River Range (pl. 2, C-C”) and that
southwestward-dipping reverse faults developed along
the northeast margins of some of the folds in the Wa-
shakie Range (pl. 2, B-B’). The features along the
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gentle flanks of the mountains, however, are small com-
pared with those along the steep flanks.

A third possible explanation for the origin of Lara-
mide structures in central Wyoming, and one that has
not received much attention from structural geologists
in the past, is that of strike-slip or transcurrent fault-
ing. Large-scale lineaments or faults, transverse to
major Laramide trends, have been described in south-
eastern Wyoming (Blackstone, 1951, p. 27), in the Big-
horn Mountains (Chamberlin, 1940, p. 684-687) and
in south-central Montana (Osterwald, 1961, fig. 7). It
is probable that appreciable strike-slip movements oc-
curred along some of these features and that they ex-
erted o significant influence on regional structural
patterns.

The east and west borders of the Wind River Basin
trend N. 40° W., and the north and south borders trend
nearly due east (pl. 1). Perhaps this parallelogram is
due to left-lateral shear—the Granite Mountains having
moved relatively eastward along the south edge of the
basin, and the Owl Creelk Mountains having moved rel-
atively westward along the north edge. En echelon
northwest-trending faults and folds along both these
margins could be attributed to such a rotational stress
system (Mead, 1920, fig. 12; Campbell, 1958, fig. 1).

Although east-west fault zones occur along the south
flank of the Owl Creek Mountains and along the north
flank of the Granite Mountains, no appreciable strike-
slip movements can be demonstrated on the basis of pres-
ent data. Bell (1956) has described strike-slip move-
ments along east-northeast-trending faults at the south
end of the Wind River Range, but there is no evidence
that this trend continues eastward across the south-
western arm of the Wind River Basin and connects with
the North Granite Mountains fault system (pl. 3).

Deformation in late Tertiary time was dominated by
vertical movements along normal faults which coincide
in part with the older Laramide reverse fault zones. In
general, the normal faulting resulted in a lowering of
the mountain masses with respect to the basin.

REGIONAL UPLIFT

Stratigraphic and structural relations throughout
central Wyoming and adjacent regions show that the
basins were once filled with thick sequences of post-
lower Iocene rocks that buried all but the highest
mountain ridges. These rocks have now been almost
completely removed by erosion. Original thicknesses
are unknown, but fairly reliable estimates can be made
in the Wind River Basin by drawing a line from the
high plateau surface of the Absaroka Range (alt
11,000 ft) southeastward to Beaver Divide (alt 7,000
ft). These two areas represent the erosional remnants
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of post-lower Eocene rocks along the northwest and
south edges of the basin, respectively (pl. 1). On this
basis, assuming a uniform gradient between the two
outcrops, the thickness of Tertiary rocks stripped out
of the central part of the basin was about 3,000 feet.

Although the evidence is circumstantial, there is
general agreement that this cycle of degradation
(which is still continuing), as well as the high average
elevation of the present-day landscape, was initiated
by uniform regional uplift that caused a widespread
change in base level sometime during the late Tertiary.
The concept was discussed in an early study of the
region by Blackwelder (1915, p. 193-210), and later
investigations have strengthened the hypothesis. No
other reasonable explanation has yet been given to
account for all the observed relationships.

Blackwelder’s interpretations were based primarily
on the presence of conspicuous concordant erosional
surfaces at altitudes of 11,000-12,000 feet above sea
level in the Wind River Range. He believed that these
surfaces represented an episode of regional planation
(largely by stream abrasion) that took place at con-
siderably lower altitudes than the present, probably
during late Miocene and Pliocene time (Blackwelder,
1915, p. 210). The implication is that the surfaces were
cut during the maximum stage of sedimentary filling of
the adjacent basins (for example, see Love, 1960, p. 212),
when the master drainage systems were virtually at
grade.

One of the most convincing arguments for regional
uplift is provided by stratigraphic and paleontologic
data from lower Tertiary rocks in the Wind River
Basin. Sedimentary features and fossil floras and
faunas in these strata indicate that a warm-temperate
to subtropical climate characterized most of Paleocene
and Eocene time (Dorf, 1960). It is therefore inferred
that basin subsidence kept pace with sedimentation and
that the base level of deposition was never far above
sea level during these epochs. Under these conditions,
the altitude of the central part of the basin is arbitrarily
placed at 1,500 feet or less above sea level at the end of
the early Eocene (fig. 21). In contrast, uppermost lower
Eocene strata now occur at an altitude of 6,500 feet near
Beaver Divide, and at even higher altitudes in the north-
western part of the basin. Assuming that sea level has
remained relatively constant, the above relationships
suggest that the basin floor has been elevated about 5,000
feet since the deposition of the lower Eocene rocks. It
appears that the uplift affected mountains and basin
to the same degree in those areas where the lower Eocene
rocks still lap onto the adjacent mountain flanks with
little basinward dip. Exceptions to this are along the
south edge of the Owl Creek Mountains and along both



D30

GEOLOGY OF THE WIND RIVER BASIN, CENTRAL WYOMING

Q
£
® BIGH
ORN
kM GRANITE MOUNTAINS Z WIND RIVER BASIN MOUNTAINS _ MILES
SEA 7 TKr [ SEA
LEVEL 4 2.4 g/cc TKr \ L LEVEL
5 2.55 g/cc Mor C
Upper crust, ~19.8 km =5
10
2.78 g/cc
15 ~ 10
_—— e e 1 ]
20
_ ’ — 15
25 Lower crust, -17.2 km

3.03 gscc

" 30
3/

40 —| Upper mantle, -77 km

3.3 g/cc

=

110

(
J

(No vertical exaggeration)

3.00

2.90

3.14
3.10
3.00
292 —

vl ey 1y l({)

IN GRAMS PER .CUBIC CENTIMETER

3.34

DENSITY,

3.26

70

[T

[rorrprriTT]

)

FIGURE 19.—Possible variations in density and crustal thickness required for present crustal equilibrium in the Wind River Basin and adjacent mountain ranges. Crustal
model at basin hinge line assumed to be the same as that at Flaming Gorge, Utah (Jackson and Pakiser, 1965). Line of section shown in figure 20. 4, Position of Mohoro-
vieic discontinuity if all densities remain constant; B, Required variations in density of total crust below top of Paleozoic rocks if all other densities remain constant and
surfaces of discontinuity remain horizontal; C, Required variations in density of lower crust if all other densities remain constant and surfaces of discontinuity remain
horizontal; D, Required variations in density of upper mantle if all other densities remain constant and surfaces of discontinuity remain horizontal; T Kr, Tertiary and

uppermost Cretaceous rocks; Mzr, older Mesozoic rocks.

margins of the Granite Mountains, where the mountain
masses were lowered a few hundred to a few thousand
feet with respect to the basin on normal faults that were
probably activated during the uplift.

Love (1970) presents evidence from the Granite
Mountains area that the greatest part of the uplift prob-
ably occurred during Pliocene time.

The concept of uniform regional uplift has also been
used to explain similar phenomena in many other parts
of the Rocky Mountains. Both the age and the estimated
magnitude of the uplift in central Wyoming agree well
with interpretations made by Gilluly (1963, p. 155)
regarding the uplift of the Colorado Plateau, although

Hunt (1956, p. 77) believed that the latter feature had
begun to rise as early as Miocene time.

VOLCANISM

Extensive eruptions in the Absaroka-Yellowstone vol-
canic field of northwestern Wyoming during middle
Eocene and later Tertiary times were undoubtedly
closely related to geologic events in the surrounding re-
gions. Possible areas from which such tremendous vol-
umes of material were withdrawn from the subsurface
include the nearby intermontane basins of Laramide
origin. In the Wind River Basin, however, Laramide
deformation had virtually ceased by middle Focene
time; so there is considerable doubt that any significant
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part of the downwarping resulted from the volcanic
activity. Theve is a possibility, on the other hand, that
basin subsidence was one of the underlying causes for
volcanism. Late in early Eocene time parts of the basin
floor had been depressed 15,000 feet or more below their
previous level. At this stage of basin development, the
increase in temperature in deep zones of the crust or
upper mantle may have been sufficient to induce partial
melting of materials that eventually could have mi-
grated into the Absaroka-Yellowstone volcanic region.
If this were indeed true, eruptions might be expected: to
have occurred at other localities in the Wind River
Basin and adjacent uplifts. None are present, except for
small intrusions of middle Eocene age in the Rattle-
snake Hills.

A more logical approach may be to relate the volcanic
activity to post-Laramide deformation. Blackstone
(1951, p. 28), for example, has expressed the opinion
that the late Tertiary normal faulting in central Wyo-
ming and elsewhere is a direct consequence of the trans-
fer of subcrustal materials from beneath these areas to
the sites of cruption. Considerable downwarping of
areas closer to the volcanic field, such as Jackson Hole
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(Love, 1956, p. 148), also occurred in late Tertiary (mid-
dle Pliocene) time.

CRUSTAL STRUCTURE AND THE IMPLICATIONS
OF ISOSTASY

Laramide deformation resulted in displacements of
30,000-35,000 feet, which represents more than one-
quarter of the estimated total thickness of the crust now
present in central Wyoming. Such pronounced offsets
could only accompany widespread adjustments in the
deeper zones of the crust and upper mantle. It has there-
fore been proposed that “All major topographic devia-
tions above and below sea level can persist only when
they ave isostatically compensated ; this certainly applies
to deviations equivalent in size to blocks 100 km X100
km, and probably to any block 20 kmX20 km” (Sit-
ter, 1956, p. 333). Strong supporting evidence for this.
view is the well-established fact that even small parts of
the crust subsided beneath icecaps or bodies of water
and rebounded after the ice or water was removed (for
example, see Crittenden, 1963).

A crustal model. from the Flaming Gorge area in
southwestern Wyoming and northeastern Utah is used

108°

Line of section,
figure 19

§
o ~ 107°
§

O

‘40 MILES
L I ]

EXPLANATION

Area underlain by more than
1,000 feet of lower Eocene
rocks

Ficure 20.—>Map showing relations of Bouguer gravity anomalies (interval 10 mgals) to regional topography (contour intervai 1,000 ft)
and arcas of thickest sequences of low-density sedimentary rocks in the Wind River Basin and surrounding mountain ranges. Gravity data

from Casc and Keefer (1966) and Berg and Romberg (1966).
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as a guide 1n applying the principles of isostasy to
crustal structure in the Wind River Basin and surround-
ing uplifts. In that model the thicknesses of the crust
and upper mantle, as computed from geophysical data,
are 37 km and 77 km, respectively (Willden, 1965, table
2; Jackson and Pakiser, 1965, fig. 7). The assumption is
made, therefore, that all compensations take place above
the 114-km level. Density values are assigned as fol-
lows: Lower Tertiary and uppermost Cretaceous rocks,
2.4 g/cc; older. Mesozoic rocks, 2.55 g/cc; Paleozoic
strata and basement rocks of the upper crust, 2.78 g/cc
(average to depth of 19.8 km) ; lower crustal materials,
3.03 g/cc; upper mantle materials, 3.3 g/cc. The values
for materials below the top of the Paleozoic sequence are
based on velocities as determined from seismic-refrac-
tion records by Jackson and Pakiser (1965, fig. 7). The
values for the post-Paleozoic rocks, though not based
on direct measurements of density throughout the col-
umn (such data are very meager), seem to be geologi-
cally plausible, and they fit within the ranges generally
assigned to them (for example, see Berg and Romberg,
1966, p. 649 ; Case and Keefer, 1966).

Figure 19 illustrates some hypothetical two-dimen-
sional combinations of thicknesses and densities that
would produce isostatic equilibrium at present. The
structure section is simplified from section 0-0’ (pl.
2), as extended southward to include the central Granite
Mountains. The crustal model from the Flaming
Gorge area described in the preceding paragraph is
plotted at the “hinge-line” between the Granite Moun-
tains and Wind River Basin, a position that was arbi-
trarily chosen to represent the average set of conditions
existing in the region at present. To maintain equilib-
rium, the rock columns underlying the mountain prov-
inces must have a lower average density than do those
beneath the basin. Either the crust is thicker, or the
crust and (or) mantle is less dense, beneath the moun-
tains. The condition for true isostatic compensation,
however, is probably not shown by any single one of the
idealized curves in figure 19, but is most likely repre-
sented by some combination of all the factors involved
(Pakiser and Steinhart, 1964, p. 145).

Attempts to evaluate the actual status of isostasy in
the region have been made from gravity data. These
data show that anomalies are closely related to (1) re-
gional topography, (2) areas of greatest thicknesses of
low-density sedimentary rocks, and (3) elevation and
structural configuration of the upper surface of the
Precambrian basement (fig. 20). Thus, the mountain
provinces exhibit relative positive anomalies (max.
about —160 mgals) with respect to the basin provinces
(min about —280 mgals). Observed gravity values
across the Uinta and Wind River Ranges, however, are
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interpreted by Behrendt and Thiel (1963), and Berg
and Romberg (1966), respectively, to be too large for

.the densities normally assigned to the basement rocks

in these areas. They conclude that denser rocks (for
example, basalt) must lie at shallower depths beneath
the mountains than they do beneath the basins, and,
consequently, that local isostatic adjustment has not
been achieved. The fact that some mountain blocks col-
lapsed and(or) that some segments of the basin floor
rebounded along normal faults in late Tertiary time
may likewise be interpreted to indicate that local imbal-
ances existed after the close of the Laramide. The
absence of severe or frequent earthquakes in the region
during modern times, on the other hand, suggests a state
of current crustal stability.

Comparisons were made, during the present study, of
the amounts of Laramide uplift and subsidence, consid-
ering only that region that stretches from mountain
crest to mountain crest * on opposite sides of the Wind
River Basin. Calculations were based on three-dimen-
sional data obtained from the cross-sectional areas
shown on the structure sections (pl. 2) and the distances
between individual sections (pl. 1). Measurements were
made on top of the Precambrian basement, and repre-
sent the difference in elevations of that surface from its
position at the beginning of deformation (latest Cre-
taceous time) to its position at the end of deformation
(end of early Eocene time). Fairly reliable restorations
of the basement surface can be made for these periods,
based on the present structural configuration of the
region and on the assumptions that (1) sea level
remained constant during deformation, (2) the base
level of deposition across the central part of the basin
did not exceed an average elevation of 1,500 feet above
sea level at the close of early Eocene time, and (3) post-
Laramide differential movements between mountains
and basin were negligible (for the order of magnitude
involved in the computations), except in the Granite
Mountains area where necessary considerations were
made of late Tertiary normal faulting. The methods
used are shown graphically in figure 21.

The calculations show that the ratio of uplift to sub-
sidence during the Laramide was more than 2.5:1;
about 14,500 cubic miles of basement rock went up and
about 5,500 cubic miles went down. If these differential
movements were averaged, the net result would be a rise
in elevation of the upper surface of the Precambrian
basement across the entire region of about 4,500 feet.
This is not to be construed as the rise in elevation of
the. actual ground surface, however; erosion of the

4 Present-day mountain crests are assumed to correspond closely to the Laramide
structural crests. Parts of mountain ranges that fall outside this perimeter should be

considered in similar comparisons of uplift and subsidence for the next adjacent
basins.
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mountain masses and aggradation in the basin area
would have limited the average rise of the ground sur-
face to perhaps 3,000 feet. The ratio of the amount of
rock eroded to the amount of sediments deposited dur-
ing the orogeny is calculated to be about 2 to 1 (13,000
versus 6,500 cubic miles). Although sediments con-
tinued to accumulate in the basin and along the adjacent
mountain flanks from middle Eocene through early
Pliocene times, these were largely of volcanic origin
and not locally derived. Furthermore, the effects of the
additional loading on regional crustal structure would
have been nearly balanced by the subsequent removal of
the sediments by erosion from much of the basin area.

Similar considerations of volumes are necessary for
all the adjacent basins and mountains in Wyoming be-
fore the significance of the figures given above can be
evaluated. However, if the relationships in the area of
the present study are representative, then it is evident
that (1) the uplifts were not compensated statically
merely by material flowing laterally from beneath the
basin or by sedimentary loading; and (2) to achieve
equilibrium, either the crust was thickened beneath the
mountains by the addition of enormous quantities of
materials of crustal density, or else the density of the
upper mantle was decreased. The actual conditions can
be determined only through a more fundamental knowl-
edge of the physical and chemical properties of crust
and mantle materials.
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