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ABSTRACT 

Early,' Oligocene paleogeography was inferred in 
part from pub 1 i shed studi es of the. pre-Ol i gocene 
surface. Detailed maps of the surface are available in 
parts of eastern Wyoming and in western Nebraska. In 
the remainder of the riorthern Great Plains and 
adjacent mountains a generalized map is available that 
shows the configuration of the surface at the base of 
01 i gocene rocks. These sources were combi ned with 
other information such as clast provenance, 
crossbedding orientation. studies,' and Eocene 
paleogeography, in order to infer the Oligocene 
paleogeography of the study area. 

The 01 i gocene Arctic Ocean-Gulf of Mexi co· 
continental divide extended from the southern Absaroka 
Mountains east along the Owl Creek Mountains, across 
the southern Powder Ri ver Bas in, through the northern 
Black Hills, and eastward across South Dakota. 
Streams north of the di vi de generally fl owed 
northeastward. One of those heading in the Absaroka 
region crossed the north end of the Bighorn Mountains 
through an early Eocene drainage. Another, the 
"Pumpkin Buttes River,". crossed the southern Bighorn 
Mountains, flowed through the Powder River Basin, and 
crossed the northernmost Black Hills, in a valley 
nearly coextensive with the valley of the Belle 
Fourche River and may have carried Absaroka volcanic 
clasts into North Dakota. Rivers from the northern 
Absaroka regi on flowed downs lope to the northeast but 
were def1 ected northward by a north-southri dge along 
the Montana-North Dakota border. These rivers joined 
with the Pumpkin Buttes River and flowed through the 
Lake Wi nni peg' and Hudson. Bay 1 owl ands into the 
Labrador Sea of.f northeastern Canada. 

One of the major rivers south of the divide was 
the "Casper Ri ver" whi ch headed on the south fl ank of 
the Owl Creek Mountains, flowed eastward north.ofthe 
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Laramie Mount~1ns, a~d crossed the northern Hartville 
uplift int~ Nebraska Where it continued eastward 
except for a southeasterly segment near Crawford, 
Nebraska. Other rivers flowed eastward from the 
Laramie Mountains; the fluvial conglomerates of these 
rivers contain distinctive anorthosite clasts derived 
from the Laramie Mountains. A major river headed in 
the southern Absaroka region and flowed southeastward 
to the junction of the Granite and Wind River 
Mountains where this river crossed into the Great 
Divide Basin. It is probable that this stream turned 
eastward and crossed the Laramie range ir.to eastern 
Wyoming. .This conclusion derives from the fact that 
the position of this region is to the east of the 
Pacific-Atlantic continental divide and from the 
resulting impossibility of a river flowing westward 
from this region to the Pacific Ocean. 

The White River Group or Formation contains 50 to 
90 percent airfa11 pyroclastic debris from a northern 
Utah-northern Nevada-Oregon source. Most of the 
uranium deposits· of the regi oni n Paleocene, lower 
Eocene, Cretaceous and Precambrian rocks can be 
related to a uranium source in the volcanic ash of the 
White River; in many pTace~ these deposits can be 
related to specific Oligocene channels. The uranium 
deposit at Crawford, Nebraska . in the sandstones of a 
major Oligocene river. is an economically important new 
type of depos it. The Ol i gocene channel sandstones 
a 1 so contai n sma 11 amounts of gold, molybdenum, gas, 
and oil. They are also good groundwater reservoirs. 

INTRODUCTION 

.Oligocene rocks of the White River Group or 
Formation occur over a wide area of the northern Great 
Plains and adjacent mountains (Fig. 1). At different 
1 ocat ions in the study area, Wh i te Ri ver rocks are 
designated as either a formation or a group. Both 
rank' terms are used in this paper. The White River 

Cenozoic Paleogeography of the West-Central United States, 1985 
Copyright © 2012 The Rocky Mountain Section SEPM (Society for Sedimentary Geology) 



D. SEELAND 

UNITED STATES 

MONTANA 

WYOMING 

UTAH 

1 

NORTH DAKOTA 

SOUTH DAKOTA 

0 I 00 Km 1 1 
0 6 2 Ml 

1 
KANSAS 

Figure 1.—Present extent of Oligocene rocks both 
on the surface and in the subsurface. 

quiescence in late Eocene time. This surface has been 
studied in the southern Rocky Mountains of Colorado by 
Epis and Chapin (1975) and Scott (1975). Trimble 
(1980) used this widespread surface of low relief to 
Interpret the tectonic history of the mountains and 
Great Plains of Colorado. 

I became interested in the Oligocene mainly 
because of the relationship of the rocks, and the 
surface upon which they were deposited, to uranium 
mineralization in rocks of early Eocene age (Seeland 
1982, 1984). As my research developed evidence of 
surprisingly stable stream courses since the 
establishment of the initial early Tertiary Laramide 
uplifts, I became aware that some of the problems in 
interpreting Oligocene paleogeography created by the 
present distribution of Oligocene rocks could be 
mitigated by a knowledge of Eocene stream patterns and 
topography. Many major Eocene valleys persisted and 
were important elements of the Oligocene topography. 

SUMMARY OF CRETACEOUS TO LATE EOCENE PALEOGEOGRAPHY 

This discussion sets the stage for the major 
thrust of this paper, the Oligocene paleogeography of 
the northern Great Plains and adjacent mountains. The 
reason for discussing pre-Oligocene paleogeography in 
some detail is the persistence in time of many of the 
major uplifts and their stream valleys, including 
those that cross through uplifts such as the Bighorn 
River Canyon across the northern Bighorn Mountains 
(Fig. 2). These features strongly influenced the 
Oligocene landscape. However, it is important to 
distinguish valleys initiated in the early Tertiary 
from valleys initiated in the late Tertiary that 
postdate the Oligocene and could not have been 
features of the Oligocene landscape. 

Cretaceous Paleogeography 

Group, where recognized, may include in ascending 
order the Chadron and Brule Formations and an unnamed 
upper conglomerate unit. The White River Group is 
widely exposed in western Nebraska and adjacent 
southern South Dakota where the White River has been 
particularly well studied by vertebrate 
paleontologists and also by stratigraphers and soil 
scientists. Some of the more recent investigators 
include: Stanley (1971, 1976), Clark (1975), Singler 
and Picard (1979a, 1979b, 1980, 1981), and Retallack 
(1983). Wyoming has less extensive Oligocene 

outcrops than South Dakota and Nebraska and they are 
scattered over a wider area that is separated into 
many basins and uplifts formed during the latest 
Cretaceous and early Tertiary Laramide orogeny. Some 
of the investigators who have studied the complex 
Oligocene record in Wyoming include Mackin (1937, 
1947), Van Houten (1964), Toots (1965), Love (1970), 
Harshman (1972), Emry (1973, 1975), and Stanley and 
Benson (1979). Denson and Gill (1965), Lillegraven 
(1970), and Stone (1973) have investigated Oligocene 
rocks in northwestern South Dakota and southwestern 
North Dakota. 

The erosional surface underlying the Oligocene 
White River Formation in Wyoming and adjacent states 
was formed during a post-Laramide period of tectonic 

Deposition of the marine Pierre Shale, in the 
Late Cretaceous western interior seaway that bisected 
the continent from the Gulf of Mexico to the Arctic 
Ocean, was followed by deposition of the marginal 
marine and fluvial Lance and Fox Hills Formations 
after the sea withdrew to the east (Fig. 3). Streams 
flowing eastward down the paleoslope into the seaway 
maintained their courses at least during the initial 
stages of Laramide uplift. For many streams that 
crossed growing Laramide structures, the uplift rate 
finally would exceed the downcutting rate and the 
stream would cease to flow across the growing 
uplift. However, the two sections of the stream would 
then constitute major drainages extending in opposite 
directions from the crest of the structure. 

The east-west Florence Pass lineament (Hoppin and 
others, 1973) that crosses the highest part of the 
Bighorn Mountains possibly may be the topographic 
expression of a Late Cretaceous-Pal eocene stream that 
failed to cut down as fast as the Bighorns were 
uplifted. The eastern portion is followed by the 
present Clear Creek (Fig. 2) which was a major early 
Eocene stream (Seeland, 1976). Scott (1975) has 
ascribed a similar Late Cretaceous origin to several 
major canyons in the southern Rocky Mountains of 
Colorado, including Clear Creek Canyon west of Denver. 
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Figure 2.—Selected structural and geographic features of the northern Rocky Mountains and adjacent plains. 
SB: Shirley Basin; RSU: Rock Springs uplift. 

The superposition or imprinting of Cretaceous 
stream courses on the uplifts may have affected 
Tertiary paleogeography to a somewhat greater extent 
than might be expected. Lows across mountain axes, 
once the location of Cretaceous streams, were the loci 
of overflow beginning in the Oligocene when the basins 
were nearly filled with sediments. Of course, some 
Cretaceous and early Tertiary streams did maintain 
their courses across the rising uplifts and these 

valleys are even more likely to have been used by 
Oligocene drainages. 

An example of downcutting by an antecedent stream 
that did keep up with uplift is found at the northern 
end of the Bighorn Mountains where the Bighorn River 
cuts through the mountains. This was almost certainly 
an early Eocene stream valley (see section on Eocene 
paleogeography) and originally could have contained a 
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Era S y s t e m S e r i e s Group or 
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Section 
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Quaternary 
Holoc«n« and 
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Al luv ia l 

D e p o s i t s / 
Boulders, gravel, sand, silt and clay deposited by water, 
\ wind, and mass movements. 
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Ter t iary 

Miocene 

Oga l l a l a 
Formation 

Fine-to coarse-grained sandstone interbedded and inter-
fingered in upper part with conglomerate, claystone, 
and freshwater limestone: vitric tuff beds near top. 

\Thickness 105-185 m (345-607 ft) 
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Ter t iary 

Miocene 
Ar ikaree 

Format ion 

Fine-to coarse-grained sandstone interbedded and inter-
fingered in upper part with conglomerate, claystone, 
and freshwater limestone: vitric tuff beds near top. 

\Thickness 105-185 m (345-607 ft) 
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Ter t iary 

Miocene 
Ar ikaree 

Format ion 
Fine-grained poorly bedded sandstone containingabundant 

magnetite grains: some siltstone, limestone, tuff, and 
v conglomerate. Thickness 0-215 m (0-705 ft) 
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Ter t iary 

Miocene 

-Unnamed 
conglomerate 

Fine-grained poorly bedded sandstone containingabundant 
magnetite grains: some siltstone, limestone, tuff, and 

v conglomerate. Thickness 0-215 m (0-705 ft) 
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Ter t iary 

O l i gocene 

-Unnamed 
conglomerate 

Conglomerate with clasts of Precambrian rocks inter-
bedded with blocky claystone.Thickness 0-150 m(0-490ft 

C
e

n
o

z
o

ic
 

Ter t iary 

O l i gocene White River 

Formation 

Tuffaceous bentonitic claystone,breaking with a charac-
teristic conchoidal fracture. Lenses of sandstone and 
arkosic conglomerate. Thickness 0-460 m (0-1,510 ft) 
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Ter t iary Eocene 
W a s a t c h 
Formation 

Arkosic sandstone, lenticular conglomerates, siltstone, 

carbonaceous shale, and many coal beds. Some 

variegated mudstones. 

Thickness 0-610 m (0-2,000 ft) 
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Ter t iary 

Pa leocene 
Fort Union 
Format ion 

Fine- to coarse-grained sandstone interbedded with 

siltstone, claystone, shale, and thin coal beds. 

Thickness 0-760 m (0- 4 0 0 0 ft) 
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Upper 

Lance 

Format ion 
Shale and lenticular sandstone: many thin coal beds in 

lower half. Thickness 610-760 m (2,000-2,490 ft) 
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Upper 

Fox Hi l l s 
S a n d s t o n e t—' Sandstone and sandy shale. Thickness 45-60 m (148-197 ft) 
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Upper 

P ierre S h a l e 
- Black concretionary marine shale with many bentonite 

beds. Thickness 610-945 m (2,000-3,100 ft) 

Figure 3.--Generalized partial stratigraphic column for eastern Wyoming (modified from Seeland, 1982). 

Late Cretaceous stream if the uplift of this part of 
the Bighorn Mountains began that early. 

Paleocene Paleogeography 

The Fort Union Formation is the first Tertiary 
terrestrial unit deposited in the region. Marine 
conditions returned for the last time when the early 
Paleocene Cannonball Member of the Fort Union 
Formation of southwestern North Dakota and 

northwestern South Dakota was deposited. The Fort 
Union is typically drab fluvial and paludal fine 
grained sandstones and shales with extensive, and 
locally very thick, coals. The Laramide uplifts (Fig. 
2) of eastern Wyoming were not prominent features 
throughout most of Fort Union time. Lithofacies in 
the Fort Union of the Powder River Basin have little 
relationship to the marginal Laramide uplifts except 
in latest Paleocene time when conglomeratic, arkosic 
sediments were carried northward from the Laramie 
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Mountains (Santos, 1981). The Laramide orogeny 
generally began earlier in the western part of the 
region as attested to by the quartzite roundstone 
conglomerates found in the Paleocene rocks of the 
western Bighorn basin (Hewett, 1926) and by the coarse 
clastics of the North Horn Formation in central Utah 
that were shed eastward even before the end of the 
Cretaceous (Spieker, 1946). 

East of the Laramie Mountains Paleocene rocks are 
possibly present in one small area of western Nebraska 
(DeGraw, 1969), and Paleocene and some lower Eocene 
rocks are possibly present in the Denver Basin 
(Soister, 1978; Soister and Tschudy, 1978), but 
everywhere else on the plains from the latitude of the 
northern Black Hills south to the Denver Basin 
Paleocene and Eocene rocks are missing. Stearn and 
others (1979) suggested two possible reasons for the 
scarcity of lower Cenozoic rocks on the plains east of 
the Rocky Mountains. First, drainage from the 
mountains may have been deflected from an eastward 
course by regional warping. The second possibility is 
that the intermountain basins acted as such efficient 
sediment traps that little or no clastic sediment was 
carried onto the plains, even though the streams did 
flow onto the plains from the mountains. 

Nondeposition on the east side of the Laramie 
Mountains but with deposition on the west (Shirley 
Basin) side seems a tenuous postulate; Paleocene and 
Eocene rocks probably are absent east of the mountains 
as a result of erosion prior to the Oligocene, rather 
than as a result of nondeposition. As a consequence 
the early Tertiary paleogeography of this area can 
only be based on supposition. The broad 
generalization can be made that streams did flow 
eastward from the Laramie Mountains, Hartville uplift, 
and the Black Hills; however, no streams left the 
basins of Wyoming between the Black Hills and the 
Laramie Mountains and flowed eastward into the Great 
Plains area. 

Eocene Paleogeography 

By early Eocene time, the basins of Wyoming were 
well defined and very coarse conglomerates were 
deposited in alluvial fans at the margins of the 
surrounding uplifts. Examples are the boulder 
conglomerates in the Wind River Formation along the 
northeast side of the Wind River Range (Seeland, 1978) 
and on the south side of the Owl Creek Mountains 
(Thaden, 1978), and the Moncrief and Kingsbury 
Conglomerate Members of the Wasatch Formation along 
the east side of the Bighorn Mountains (Hoppin and 
Jennings, 1971). Early Eocene rocks commonly are 
arkosic as a result of the erosion of the exposed 
feldspar-rich Precambrian cores of most of the 
Laramide uplifts. Not only did the mountains rise, 
but the basin floors subsided, and as a result lower 
Eocene rocks are as thick as several thousand meters 
(several thousand feet). 

Three major types of drainage basins existed in 
the region during the early Eocene. The first type 
was bounded by Laramide uplifts on three sides and nad 
external drainage. Examples include the Wind River, 
Bighorn, and Powder River .basins. The second type was 

surrounded by Laramide uplifts and had internal 
drainage. Three connected basins, the Green River-
Great Divide-Washakie basins are in this category as 
is the Uinta-Piceance Basin pair. The third type are 
"basins" that were marginal to an uplift or uplifts 
but had no complementary uplift on the opposite side 
of the basin. Such basins occurred along and east of 
the Colorado Front Range, east of the Hartville uplift 
and the eastern Montana-North Dakota area which was a 
basin marginal, in a broad sense, to many uplifts. 

Early Eocene fluvial drainage patterns for the 
Powder River Basin (Seeland, 1976), the Wind River 
Basin (Seeland, 1978), and the Bighorn Basin (Seeland, 
unpublished data) are combined on Figure 4. These 
patterns are based on paleocurrent analyses as well as 
sand grain size and shape studies. Major early Eocene 
mountain valleys have persisted to the present and 
thus were the probable sites of Oligocene drainages. 
On Figure 4 the only early Eocene streams that are 
shown extending from the basins into the mountains are 
those for which there is sedimentologic evidence on 
the basin margin. The location of tne mountain 
portions of these rivers is based on present drainage 
patterns which, for the most part have persisted since 
the uplift of the mountains. 

Toward the end of early Eocene time an early 
phase of deposition of the Absaroka volcanics, or a 
structural change, blocked the major drainage of 
northwest Wyoming, the Bighorn River of early Eocene 
(and Paleocene?) time. The river was deflected into 
the northern Green River Basin where quartzite 
roundstone conglomerates of the Pass Peak Formation 
were deposited. The Pass Peak Formation was dated as 
late early Wasatchian by Dorr (1969). 

Quartzite roundstone conglomerates do occur in 
the early middle Eocene Aycross Formation (Bown, 1980) 
but they are less abundant and may represent reworking 
from lower Eocene deposits rather than the continued 
presence of the Bighorn River of early Eocene time. 

A regional easterly to northeasterly paleoslope 
in the basins of Wyoming in the early Eocene changed 
to a southerly paleoslope by middle to late Eocene. 
Surdam and Stanley (1980) measured southerly-trending 
crossbedding in fluvial upper Eocene volcanic lithic 
sandstones in the Green River, Great Divide, and 
Piceance Basins. Bay (1969) suggested that the 
Bighorn Basin began to overflow southward into the 
Wind River Basin in the late Eocene, based on 
lithologic and paleocurrent evidence. Middle Eocene 
streams from the Absaroka volcanic field flowed 
southeast along the Wind River Mountains and into the 
Great Divide Basin (Love, 1970). 

In late early Eocene time the Tatman Lake formed 
in the Bighorn Basin (Rohrer and Smith, 1969), 
possibly because of uplift in the northern part of the 
basin or because of general southward tilting of the 
region. By late Eocene time, sedimentation following 
extensive volcanism in the Absaroka volcanic field 
combined with a continuing regional southward tilt 
filled Tatman Lake and caused the Bighorn Basin to 
overflow across the Owl Creek Mountains into the Wind 
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Figure 4.—Early Eocene paleogeography of the northern half of Wyoming. From Seeland (1976, 1978, and unpublished 
data). 

River Basin near the present location of Lysite 
Mountain (Bay, 1969). 

Boulders of andesitic rocks as large as 2.4 m (8 
ft) (Love, 1970) in the late Eocene Wiggins Formation 
(Emry, 1975) at the structural and topographic low 
between the Wind River Range and the Granite Mountains 
have been attributed to a high velocity stream from 
the Absaroka Mountains (Love, 1970). No reason was 
postulated for the unusual water velocity. It is 
likely that at some time, possibly in the late early 
Eocene, the Bighorn River was deflected southward into 
the Wind River Basin and augmented the flow of the 
Wind River of Eocene time and supplied quartzite 
clasts later forming the roundstone conglomerate of 
the western Wind River Basin (Seeland, 1978). 
Continued southward tilting of the basin then caused 
the river to move southward against the Wind River 
Mountains. Continuing volcanism in the southern 
Absaroka Mountains may have blocked this major 
drainage in the late Eocene, forming a dam and a lake 
behind the dam in the westernmost Wind River Basin. 
The breaching of this dam could have produced a 

catastrophic flood that carried the large boulders 
along a pre-existing late Eocene stream that flowed 
through the Wind River Basin into the Great Divide 
Basin. 

OLIGOCENE STRATIGRAPHY AND SEDIMENTATION 

Figure 5 is a correlation chart giving the 
Oligocene stratigraphic nomenclature for Wyoming and 
adjacent areas to the east and north. The Oligocene 
continental rocks of the White River Group in Nebraska 
were called the "White River formation" by Meek and 
Hayden (1858). Darton (1899) separated the White 
River Group into the Chadron Formation and the 
overlying Brule Formation. The Brule Formation was 
then split into the Orel la Member and the overlying 
Whitney Member (Schultz and Stout, 1938). 

The Oligocene White River Group overlies a late 
Eocene land surface formed on many different 
stratigraphic units. In the Badlands, 80 km (50 mi) 
east of the Black Hills in South Dakota (Fig. 2), a 
yellowish weathered zone extends as deep as 27 m (90 
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Figure 5.—Middle and late Tertiary stratigraphy of 
the study area. 

ft) below this unconformity into the Cretaceous Pierre 
Shale (Pettyjohn, 1966). The reddish material just 
above the unconformity is the B horizon of the 
Interior clay paleosol which overlies the Yellow 
Mounds silty clay loam paleosol (Retallack, 1983). 
Here these two soils make up what has been termed the 
"Interior paleosol" of the northern Great Plains 
(Wanless, 1923; Denson and Gill, 1965; Pettyjohn, 
1966). As Retallack (1983) pointed out, the soils on 
this unconformity are more complex than had been 
thought, and can be expected to vary widely over such 
a large area, just as they do in any modern area of 
this size. 

For the purposes of this study, which attempts to 
discern the drainage net present at the beginning of 
Oligocene time, many of the details of the 
stratigraphy and sedimentation above the unconformity 
are not vital. The lithology of the clasts of the 
conglomeratic Oligocene channel deposits is, however, 
important in determining sediment provenance (Degraw, 
1969; Stanley, 1971; Clark, 1975). Knowledge of clast 
provenance allows Oligocene drainages to be inferred 
across intervening areas where Oligocene rocks are 
absent or covered. For example, an area of 
anorthosite in the Laramie Mountains provided 
distinctive clasts that were transported eastward onto 
the Great Plains by Oligocene streams (Stanley, 
1976). Anorthosite clasts found in conglomeratic 
sandstones on the plains allows Oligocene streams to 
be inferred across areas where Oligocene rocks are 
either presently covered or absent because of erosion. 

The White River Group is dominantly a fine-
grained fluvial deposit derived in large part from 
airfall volcanic ash. But it does contain sands and 
gravels that were derived both from Laramide uplifts 
and from older rocks away from the uplifts beneath the 
pre-01igocene unconformity. Sands and gravels make up 
a large proportion of the White River in areas close 

to Laramide uplifts (Lieblang and others, 1983). 
Fine-grained rocks dominate in areas remote from 
Laramide uplifts, as in northwest Nebraska, where the 
Chadron and Brule Formations consist primarily of 
siltstone, mudstone, and claystone, although 
sandstone, conglomerate, limestone and tuff are 
present (Singler and Picard, 1979a). Some of the 
basal Chadron channel sandstones were derived from the 
units present beneath the pre-01igocene unconformity 
(DeGraw, 1969). Reworking of both the pyroclastic and 
epiclastic sediments by streams and winds was common. 

In the Badlands of South Dakota the Chadron 
Formation is largely claystone breccia and a series of 
paleosols cut by sandstone filled channels. The Brule 
Formation is reddish in color and consists of red 
siltstone, white sandstone and paleosols characterized 
by white calcareous nodules. Paleosols are more 
prominent and sandstones less prominent in the upper 
than in the lower Brule (Retallack, 1983). The entire 
White River Group is characterized by the presence of 
volcanic shards and pumice fragments. 
Montmori1lonitic clay derived from weathering of 
volcanic debris is also characteristic of the White 
River Group. Siltstone channel fills lithologically 
similar to the channelled sediments of the Brule 
Formation were described by Harksen (1978) in the 
Badlands of South Dakota. 

Lithologic changes associated with faunal changes 
in the Brule Formation in northwest Nebraska suggested 
four periods of soil formation to Schultz, and others 
(1955). However, Clark (1975) thought the soils were 
only laminated stream sediments. Singler and Picard 
(1981) studied two of the proposed paleosols and found 
characteristics of a soil deposited in a semi-arid 
climate. Retallack (1983), in an exhaustive study of 
a single measured section in Badlands National Park in 
southwestern South Dakota, reported finding 18 
paleosols in the 25 m (80 ft) thick Chadron Formation 
and 47 paleosols in the 83 m (280 ft) thick Brule 
Formation. 

A thick section (250 m or 800 ft) of White River 
Formation crops out in the extreme eastern end of the 
Wind River Basin where it has been carefully studied 
by Emry (1973). The deposition of the White River in 
the eastern Wind River Basin should typify deposition 
of most of the White River in the study area, although 
local sources of coarse grained sediments are absent 
in Nebraska and eastern Colorado. Emry (1973) states: 

"White River sedimentation began first in the 
bottoms of the valleys with deposition of 
claystone and stream channel sandstones with 
tongues of cobble and boulder conglomerate 
derived primarily from the ? medial or late 
Eocene unnamed boulder conglomerate that was 
being eroded from the tops of the adjacent 
positive areas. As deposition continued, the 
sediments became more tuffaceous and lapped 
farther up onto the sides of the valleys. Before 
the end of Chadronian time, the older positive 
features such as Flat Top had been completely 
covered and deposition of tuffaceous siltstones 
was on a broad flat plain. Showers of volcanic 
debris were apparently frequent and prolonged 
with some of the debris falling directly onto the 
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Fi igure 6.-Early Oligocene paleogeography of the northern Great Plains and the adjacent mountains. Interprets 
9 data from Love (1952), Van Houten (1964), DeGraw (1969), Clark (1975), Denson and G"ill (:1975),!Stan'ley 

(1971), Scott (1975), Ethridge, Tyler, and Thompson (1979), Nilson and McKee (1979), and Denson and Macke 

Seeland (1982). 
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depositional surface as tuff and some falling 
into streams and ponds or onto bordering uplands 
and being reworked and incorporated into the 
tuffaceous siltstones." 
The climate was humid and subtropical at the 

beginning of Oligocene time and gradually became drier 
as is evidenced in part by the continued presence of 
alligators and the appearance of the hackberry, which 
has temperate climatic affinities (Retallack, 1983). 
He proposed further changes to subhumid to warm and 
then cool temperate by the end of White River time. 

An apparent acceleration of the rate of ash 
deposition in the upper part of the Brule Formation 
may mean that because of the increasingly arid climate 
of the later Oligocene, less ash was weathered to clay 
(Retallack,1983). 

OLIGOCENE PALEOGEOGRAPHY 

Early Oligocene paleogeogeography (Fig. 6) was 
inferred from subsurface studies of the pre-Oligocene 
surface in parts of eastern Wyoming (Oenson and Macke, 
in Seeland, 1982) and in western Nebraska (DeGraw, 
1969). In the remainder of the study area a map by 
Oenson and Gill (1965) (Fig. 7) showed the generalized 
configuration of the surface at the base of Oligocene 
rocks in the northern Great Plains and adjacent 
mountains. These sources were combined with 
information on clast provenance, crossbedding 
orientation studies, and Eocene paleogeography, in 
order to infer the Oligocene paleogeography of the 
area. 

Denson and Gill's map (Fig. 7) is based on their 
assumption of an Oligocene age for the upper part of 
the Wiggins Formation, the youngest volcanics of the 
Absaroka Mountains. A similar age assignment was made 
by Robinson (1972) who stated that the Wiggins 
"accumulated in the early Oligocene". Pierce (1978) 
placed the Wiggins in the late Eocene. Other work 
(Love, 1976; Bown, 1982) establishes the Wiggins as 
middle Eocene based on radiometric dates. The Eocene 
volcanic rocks of the Absaroka region were eroded and 
transported eastward by Oligocene streams, but the 
configuration and elevation of the pre-Oligocene 
surface in the Absaroka area cannot be exactly 
determined. However, the evidence still suggests that 
the Absaroka region was the highest part of the study 
area. 

The similarity of known Miocene and Pliocene 
paleogeography to early Oligocene paleogeography 
inferred from the configuration of the pre-Oligocene 
surface suggests that the paleogeography remained 
relatively constant throughout the Oligocene although 
the proportion of upland areas was progressively 
reduced by sedimentation and erosion. 

More direct evidence for paleogeographic 
stability from early to late Oligocene can be inferred 
from the work of Singler and Picard (1979b) who 
measured 99 crossbed and crossbed trough-axis 
orientations in the late Oligocene Brule Formation in 
northwestern Nebraska. Vector means calculated from 
their crossbedding dip direction rose diagrams are 
plotted on Figure 8. A general southeast trend is 

Figure 7.—Generalized configuration of surface at 
base of Oligocene rocks in parts of the 
Northern Rocky Mountains and Great Plains 
provinces (Denson and Gill, 1965, Fig. 13). 
Supplementary dashed 2400 and 3400 
foot contours from Denson and Gill, 1965, 
PI. 1. 

shown which suggests that Singler and Picard's 
measurements reflect tributary streams of a major 
east-flowing Oligocene stream here named the "Casper 
River" (Fig. 6). Even more convincing evidence for 
paleogeographic stability in eastern Colorado and 
Nebraska is the similarity between the major late 
Miocene Ogallala paleodrainage systems (Skinner and 
Johnson, 1984) and early Oligocene Chadron 
paleodrainage (Fig. 8). 

The following sections discuss, area by area, the 
information and reasoning used in preparing the map of 
Oligocene paleogeography (Fig. 6). The boundaries of 
many of the uplifts shown on Figure 6 are placed at 
the map contact of the Dakota Group with the Colorado 
Group (King and Beikman, 1974). The uplifts were 
substantially reduced in exposed area during the 
Oligocene because early and middle Tertiary basin-fill 
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Figure 8.—A comparison of major Miocene Ogallala 
Formation paleodrainage systems and the 
Oligocene stream pattern in western Nebraska 
and adjacent states. Ogallala paleodrainage 
systems (Skinner and Johnson, 1984) 
represented by large shaded arrows. Oligocene 
stream pattern from Figure 6 (this paper). 
Also shown are Brule Formation crossbedding 
vector mean paleocurrent directions calculated 
from data of Singler and Picard (1979b). 

sediments were more extensive during the Oligocene 
than at present. 

The Oligocene White River Group contains a large 
proportion of airfall pyroclastic volcanic debris. 
Stanley and Benson (1979) estimated that 50 to 90 
percent of the combined White River and Arikaree 
Groups are of pyroclastic origin. 

The source of the volcaniclastic airfall 
component of the Oligocene fine grained rocks was for 
many years said to be the Yellowstone-Absaroka region 
(Love, 1970). However, Love (1976) reported 
potassium-argon ages that showed the volcaniclastic 
rocks of the Wiggins Formation in the Absaroka region 
to be of Eocene rather than Oligocene age. Love 
pointed out that this meant that the White River 
Formation was not the fine-grained lateral equivalent 
of the coarse-grained Wiggins Formation and therefore 
the volcanic source area of the White River must lie 
west of the Yel1owstone-Absaroka region. An 
additional argument against Oligocene volcanism in 
northwest Wyoming as a source for the pyroclastic 
component of the White River Formation is that the 
necessary variability in the wind direction is too 
great. The North Dakota to Colorado spread of 
tuffaceous Oligocene deposits requires that, with a 
point source in northwest Wyoming, the wind direction 
varied enough to cover a 95 degree arc with similar 
amounts of volcanic ash. The variability of wind 

direction decreases with the source distance and the 
size of the source region. Even assuming a point 
source in central Utah (the site of much Oligocene 
volcanism) the angular spread of prevalent wind 
direction is reduced only from 95 to 53 degrees, still 
a fairly large variability, but one that could be 
reduced by the likelihood that the source area 
extended some distance in a southeast-northwest 
direction in Utah, Nevada, and Oregon, a region of 
active volcanism in the Oligocene. 

The vector mean dip-direction azimuth calculated 
from five eolian crossbed localities in the Arikaree 
Group in southeast Wyoming (Bart, 1975) is 94 degrees, 
almost due east. The crossbed localities are 
northeast of Cheyenne about 75 km (45 mi) north of the 
Colorado-Wyoming border. This wind direction, 
probably not substantially different than that during 
White River time, suggests a northern Utah or northern 
Nevada source for the volcanic ash in the White River 
Group of southeastern Wyoming. 

Not only a more remote source area, but also 
multiple source areas, may decrease the necessity to 
appeal to unusually variable wind directions to 
explain the volcanic ash found in geographically 
widespread outcrops of the White River Group. Stanley 
and Benson (1979) seem alone in suggesting ".... an 
episode of immense volcanic activity in the eastern 
Great Basin of Nevada and Utah (Armstrong, 1968), 
which is the most likely source of the rhyolitic glass 
in sandstone and ash beds." They did not discuss the 
reasons for their suggestion, but the middle Tertiary 
plate-tectonic framework of western North America 
seems to offer the most reasonable explanation for the 
volcanism that was the source of the Oligocene ash. 

During the Oligocene an active trench was present 
offshore from western North America and a subduction 
zone was present beneath the continent. The presence 
of the subduction zone resulted in the eruption and 
intrusion of calc-alkaline magmas of predominantly 
intermediate and silicic composition (Atwater, 
1970). A belt of volcanism tnat was the probable 
source for the volcanic components of the White River 
Group extended from central Utah, northwest across 
Nevada, and into Oregon and western Washington 
(Dickinson, 1979). The relationship between 
subduction and volcanism as proposed by Dickinson is 
shown on Figure 9. 

Subduction in western North America occurred 
prior to the Oligocene but the descending oceanic 
plate was subparallel to the continental American 
plate and Dickinson (1979) ascribed Laramide 
deformation to shear effects in the American plate. 
Magmatism moved inland from its pre-Laramide location 
and decreased in volume. Magmatism with concomitant 
volcanism continued from the Oligocene into the 
Miocene but volcanism ceased when lateral movement 
along the San Andreas transform fault replaced 
subduction at the continental margin. 

Area East of Laramie Mountains and Black Hills 

The greatest number of the 8,000 control points 
used in DeGraw's (1969) study of the pre-Chadron 
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Figure 9.--Inferred configurations of subducted 
slabs and associated tectonic elements of 
western North America (Dickinson, 1979, 
Fig. 2). 

unconformity in western Nebraska were in the 
southwestern part of the Nebraska panhandle (south of 
42 degrees N latitude). DeGraw inferred drainages and 
divides for this area. The major drainages from 
DeGraw's drainage net are used on Figure 6. The 
drainages of the northern half of the panhandle were 
inferred from DeGraw's map of the topography of the 
pre-01igocene surface. 

Contours on The pre-Oligocene unconformity in the 
area of Wyoming east of the northern Laramie Mountains 
between 42 and 43 degrees north (Denson and Macke _in̂  
Seeland, 1982) were used to infer drainages. These 
were reconciled and joined witn drainages in Nebraska 
(Fig. 6). 

Two sources of data were available for 
determining Oligocene drainages in northern 
Colorado: Scott (1982) plotted White River channels 
east of 104 degrees in the Sterling 2 degree NTMS 
quadrangle; and Ethridge and others (1979) contoured 
the pre-Oligocene surface and inferred Oligocene 
drainages in Weld County. 

Detritus eroded from the Precambrian anorthosite 
of the Laramie Mountains was used as a dispersal 
indicator by Stanley (1971) and Clark (1975). 
Anorthosite crops out in the central part of the 
Laramie Mountains and Stanley (1971) found anorthosite 
clasts in White River conglomerates from the Laramie 
Mountains eastward into Nebraska west of Scottsbluff 
(Fig. 10). Stanley (1976) determined the geographic 
distribution of a plagioclase sandstone petrofacies in 
the White River Formation that had the Laramie 
Mountains anorthosite as a source. This extends 
evidence for streams heading in Laramie Mountains 
anorthosite another 20 km (12 mi) eastward to 
Scottsbluff, Nebraska. Paleocurrent measurements of 
Blodgett (1974) confirm these provenance studies (Fig. 
10). However, a change in stream patterns must have 
occurred between the streams at the base of the 

Oligocene and later streams whose deposits are 
represented by Stanley's sandstone samples. According 
to DeGraw (1969) Scottsbluff is in an early Oligocene 
drainage basin that did not extend west into 
Wyoming. This shows that although the Oligocene 
stream pattern was quite stable as suggested elsewhere 
in this paper and by Stanley (1976), it was not 
invariable; stream captures were certainly possible 
and must have occurred. 

It is difficult to determine if Oligocene streams 
crossed the Laramie Mountains from west to east. 
Volcanic rocks on the west side of the Front Range an 
equivalent to the Laramie Mountains in Colorado, and 
in North Park just to the west are apparently tne 
source for the volcanic component in the Miocene and 
Pliocene Ogallala Group on the plains (Stanley, 
1976). The volcanic rocks in North Park have been 
dated at 33 m.y. B.P. (Izett, 1966), about middle 
White River in age, so there is little chance of 
detritus from this volcanic source appearing in the 
Chadron Formation which is older than the volcanics. 
The stratigraphic position of the volcanic clasts in 
sediments east of the mountains suggests that, at 
least in the southern Laramie Mountains, no streams 
crossed the mountains onto the plains until late 
Miocene, but this inference does not rule out streams 
crossing earlier in the northern Laramie Mountains. 
In fact, such a crossing is required in order to 
provide the eastward drainage for southern Wyoming 
necessitated by its location east of the Oligocene 
Atlantic-Pacific continental divide (Nilsen and McKee, 
1979). 

A south-southeast-trending channel (A, Fig. 6) 
contains a distinctive type of agate, the "Fairburn", 
characteristic of the Pahasapa Formation of the Black 
Hills (Clark, 1975). At some unknown point north of 
the soutnwest Black Hills there must be a drainage 
divide between streams flowing into the "Casper River" 
and those streams flowing in a northwesterly direction 
to join what is here named the "Pumpkin Buttes River" 
which flowed in a northeasterly direction across the 
Powder River Basin. 

In the Big Badlands area southeast of the Black 
Hills, White River Group heavy minerals in the eastern 
Badlands (B, Fig. 6) have a northern Black Hills 
assemblage, whereas a southern Black Hills heavy 
mineral assemblage is found in the western Badlands 
(C, Fig. 6) (Clark, 1975). Fairburn-type agates from 
the southeastern Black Hills are also found in the 
Badlands (D, Fig. 6). 

Junction of the Wind River and Granite Mountains 

A contour map of the base of the White River 
Formation (Van Houten, 1964) shows two southeast 
trending paleo-valleys at the junction of tne Wind 
River and Granite Mountains. These valleys first 
become traceable south from the Beaver Divide because 
of the erosional absence of the White River to the 
north. The valleys (E, Fig. 6) slope and converge to 
the south; their southerly slope and convergence 
suggests southward stream flow from the Wind River 
Basin into the Great Divide Basin in tne Oligocene. 
However, Van Houten (1964) showed a northwest 
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Figure 10.~Crossbedding, dispersal indicators, and the inferred Oligocene stream pattern. Anortnosite data from 
Stanley, 1971; Oligocene stream pattern from Figure 7, this paper. Paleocurrent directions from Stanley 
(1971), and Blodgett (1974). 

31 Mi 41°H 

Vector means of 
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direction of stream flow for the Big Sand Draw 
Sandstone Lentil at the base of the White River in 
the easterly of the two southeastward converging 
valleys (E, Fig. 6). He gave no reason for the 
indicated flow direction in the text. A basal 
conglomerate contains a few volcanic clasts which 
could be reworked from the underlying Wagon Bed 
Formation or which could have been transported by 
streams southeastward from the Absaroka volcanic area 
along the northeast flank of the Wind River Range as 
inferred by Love (1970). This southerly flow would 
continue a stream pattern which began in the middle 
Eocene, (see section on Eocene paleogeography) and 
continued through the late Eocene (Emry, 1975). 

An inferred southerly stream flow through the 
Granite-Wind River Mountains gap means that the 

"Casper River" did not flow northward through the gap 
as could be inferred from Van Houten's (1964) map, and 
did not drain the entire Wind River Basin. The 
"Casper River" drained the eastern part of the basin, 
the north flank of the Granite Mountains, and the 
south flank of the much lower Owl Creek Mountains. 

The White River Formation mapped 30 km (20 mi) 
southeast of Twin Creek (F, Fig. 6) is at an elevation 
of about 2200 m (7,000 ft). The White River at the 
Twin Creek gold discovery discussed by Antweiler and 
others (1980) is below an elevation of 2140 m (6,800 
ft) which might suggest northward flow through the 
Granite-Wind River Mountains gap. Boulders in the 
conglomerate at Twin Creek are very large, and 
Lieblang and others (1983) suggested that they are a 
response to structural adjustments that continued into 
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the Oligocene. The present elevations of the 
Oligocene consequently cannot always be used to infer 
paleoflow directions. Lieblang and others (1983) also 
found that the streams that deposited the Oligocene 
strata at the south end of the Wind River Mountains 
flowed eastward from the south end of the Wind River 
Mountains. These streams probably turned southward 
and flowed through another pre-White River topographic 
low between the Sweetwater anticline and the Wind 
River Range that was probably the locus of inter-basin 
drainage during White River time. The location of 
this stream is based on isopach data from Love 
(1970). It has the same northeast-southwest trend as 
the streams inferred from Van Houten's data (E, Fig. 
6) and lies about 16 km (12 mi) southwest of them. No 
flow direction can be inferred from the isopach data 
but there is little doubt that this stream flowed 
southward because of its proximity to the south-
flowing streams east of the Sweetwater anticline. 

Two major Oligocene rivers draining the northern 
Granite Mountains cut down through middle Eocene beds 
into the early Eocene at the Gas Hills uranium 
district (Zeller and others, 1956) (G, Fig. 6). These 
join the "Casper River" at some unknown point to the 
north. 

The course of the "Casper River" is shown to be 
on the south side of the Wind River Basin because 
regional southward tilting during the middle and late 
Eocene (Surdam and Stanley, 1980) would cause an east-
west stream to flow along the southern margin of the 
basin. 

Bighorn and Northern Powder River Basins 

Clarks Fork Canyon (H, Fig. 6) on the boundary 
between the Absaroka and Beartooth Mountains was a 
major drainage of the Bighorn Basin during the early 
Eocene and it probably remained a major drainage until 
the Oligocene, unless it was blocked by Absaroka 
volcanic rocks during the late Eocene. This drainage, 
and another from the eastern Absaroka Mountains are 
postulated to have flowed across the northern Bighorn 
Basin and flowed through the northern Bighorn 
Mountains via the canyon (I, Fig. 6) formed in the 
early Eocene by the "Bighorn River" of that time. 

Two hypothetical rivers are shown draining the 
west side of the Bighorn Mountains (J and K, Fig. 
6). These are intended to show that the west side of 
the central Bighorns drained to the west. 
Paleocurrent data of Kochel and Ritter (1982) showed 
that streams flowed to the southwest during deposition 
of the Miocene part of the Oligocene (?) and Miocene 
outcrop near Canyon Creek at an elevation of 2750 m 
(9000 ft). If the streams flowed to the southwest in 
the Miocene they probably did the same in the 
Oligocene when the basin was less full. 

As pointed out previously (Bay, 1969) "upper 
sequence" rocks of late Eocene age at Lysite Mountain 
(L, Fig. 6) in the Owl Creek Mountains contain 
andesite pebbles and cobbles. The upper sequence has 
southerly dipping cross-bedding (Bay, 1969) which 
suggests that the Bighorn Basin overflowed southward 
at this point during the late Eocene. It would be 

logical to expect that this would also be an overflow 
point of the Bighorn Basin in the Oligocene. However, 
renewed uplift of the eastern Owl Creek Mountains in 
the early Oligocene was suggested by Reidel (1969) 
because of the presence of conglomerates at the base 
of the early Oligocene part of late Eocene to late 
Oligocene section in the Badwater graben (N, Fig. 
6). No mention of any volcanic clasts in the 
Oligocene deposits is made by Reidel (1969), although 
the Badwater Oligocene rocks may have been far enough 
east to have a southern Bighorn Mountain source rather 
than receiving volcanic debris from the Absarokas 
across the possible Lysite Mountain overflow. 
Nevertheless, because of the lack of Absaroka 
andesitic volcanic clasts and the inferred uplift, it 
is felt that there are arguments against an Oligocene 
stream flowing southward out of the Bighorn Basin in 
the Lysite Mountain area. Furthermore, if an 
Oligocene stream did flow into the Wind River Basin at 
this point it would be difficult to imagine why it 
would not join the "Casper River" and thus drain 
eastward into Nebraska. This would deprive the 
Pumpkin Buttes Oligocene cap rock of a source for the 
Absaroka volcanic clasts which it contains (Love, 
1952). The only other alternative would be a second 
stream crossing the Bighorn Mountains somewhere west 
of Kaycee which is unlikely because of the proximity 
of the two locales. 

The Lysite Mountain area has been tilted 
southward (Bay, 1969) and the southward tilting is 
probably caused by about (300 m or 1,000 ft) of 
downward displacement on the north side of the Cedar 
Ridge normal fault since the late Eocene (Keefer and 
Love, 1963). This amount of displacement is just 
enough to place the postulated Bighorn Basin Oligocene 
overflow (M, Fig. 6) at the same elevation as the 
Lysite Mountain topographic low in the Owl Creek 
Mountains. A prominent east-west fault, the Tensleep 
Fault, crosses the Bighorn Mountains just north of 44 
degrees N. latitude (Blackstone, 1975) and also could 
have affected the relative elevation of the postulated 
overflow with respect to the Owl Creek Mountains. 

The east flank of the Bighorn Mountains west of 
Kaycee (near M, Fig. 6) has several prominent canyons 
that appear anomalously deep considering their small 
drainage areas. These include the middle fork of the 
Powder River, Beaver Creek, several forks of the Red 
Fork of the Powder River, Pass Creek, and the North 
Fork of the Powder River. The canyons on the west 
slope of the range are substantially less well 
developed. Several explanations might be made for 
this contrast, but one possibility is that they may 
have been partially deepened and enlarged, 
particularly in their upper reaches, by an Oligocene 
stream or streams crossing the Bighorns. The geologic 
map of Wyoming (Love and Christiansen, 1983) shows 
patches of Oligocene fluvial sediments (Hose, 1955) 
near the crest of the Bighorn Mountains in this area 
which suggests, if the sediments contain Absaroka 
volcanic clasts, that the Bighorns were buried to this 
level and overflow was likely. 

To what extent are present-day stream courses of 
the basins similar to Oligocene stream courses? The 
Belle Fourche and Little Missouri Rivers of the 
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northern Powder River Basin (Fig. 2) provide an 
instructive example of some of the kinds of evidence 
that can be used to suggest similarity between present 
stream courses and Oligocene stream courses. 

The Belle Fourche River heads near the Pumpkin 
Buttes, flows northeast across the northern part of 
the Black Hills uplift, and then bends sharply to the 
east. The sharp bend is the result of the capture of 
what were the headwaters of the Little Missouri River 
by the Belle Fourche River. 

The Belle Fourche River valley may have been 
superimposed on the Black Hills uplift in pre-early 
Eocene time. The intermontane basin fills reached 
their maximum depth and extent in the Miocene, and 
began to be removed by erosion during the Pliocene. 
The two most likely times for superposition were 
during the Laramide uplift of the Black Hills or just 
after the Miocene. If the Oligocene "Pumpkin Buttes 
River" used the Belle Fourche River valley (0, Fig. 6) 
across the northern Black Hills, then superposition 
most likely occurred during Laramide uplift of the 
Black Hills. 

Crossbedding on the Pumpkin Buttes (P, Fig. 6) 
suggests that the Oligocene sandstone and conglomerate 
caprock was deposited by a northeast flowing stream 
(Love, 1952; Clark, 1975). It may only be a 
coincidence that the upper Belle Fourche River heads 
near the Buttes and flows to the northeast across the 
northern Black Hills uplift. This would be the 
approximate course of the Oligocene river that must 
have passed through these two points. If so, this may 
be an indication of the persistence of a "basin" 
stream from the Oligocene to the present. Volcanic 
rock clasts in the White River Formation on the 
Pumpkin Buttes derived from the Absaroka Mountains 
(Love, 1952) indicate that the Oligocene "Pumpkin 
Buttes River" extended far to the west. 

The Devils Tower northwest of the Black Hills is 
an Eocene (40.5 m.y. b.p.) (Bassett, 1961) volcanic 
neck. Devils Tower lies very close to a segment of 
the Belle Fourche River which once was part of the 
Little Missouri River. Therefore, a possible source of 
volcanic clasts in the Oligocene sedimentary rocks of 
western South and North Dakota are the now-absent 
extrusive volcanic rocks that once were associated with 
the intrusive rocks of Devils Tower. However, this 
does not explain the volcanic clasts in the Oligocene 
cap rock on the Pumpkin Buttes, and thus the Devils 
Tower volcanics are a possible, not a necessary 
source. 

Northwestern South Dakota and 
Southwestern North Dakota 

Isolated remnants of Oligocene rocks (Chadron and 
Brule Formations) cap buttes and hills in southwestern 
North Dakota and northwestern South Dakota. Denson 
and Gill (1965) inferred an Oligocene paleosurface 
sloping northeastward from northwestern Wyoming (Fig. 
7). The northeastward sloping surface suggested to 
them that the pebbles and cobbles of volcanic rock 
found in southwestern North Dakota caine from the 
Absaroka region. Clasts of reddish-brown volcanic 

porphyry were thought by Denson and Gill to probably 
have been derived from porphyry intrusives of early 
Tertiary and Late Cretaceous age north and east of the 
Beartooth Mountains. 

Stone (1973) dissented and stated that: "The 
Black Hills uplift is the most obvious and logical 
source of the middle Cenozoic deposits of North 
Dakota." Although volcanic rock types similar to 
those in the Chadron conglomerates are not now present 
in the northern Black Hills, Stone suggested that 
prior to their complete removal, the extrusive 
equivalents of early Tertiary intrusives were the 
source of the volcanic clasts found in the Chadron in 
North Dakota. 

There is no reason to have to choose between an 
Absaroka region or a northern Black Hills source for 
the volcanic clasts in the Chadron Formation north of 
the Black Hills. A multiple source hypothesis seems 
to fit the evidence best. Absaroka volcanics in the 
Oligocene cap rock of the Pumpkin Buttes, their 
apparent lack in the "Casper River", and crossbedding 
dip directions in the Pumpkin Buttes cap rock suggest 
that the present Belle Fourche-Little Missouri 
drainages across the northern part of the Black Hills 
uplift (0, Fig. 6) provided coarse clastics both from 
the more remote Absaroka region and the Black Hills to 
northwestern South Dakota and southwestern North 
Dakota. Tributaries to this drainage (such as P, Fig. 
6) may have provided additional clastics from the 
northern part of the Black Hills uplift. 

A drainage network typically becomes laterally 
restricted downstream. Multiple streams flowed 
northeast from the Absaroka Mountain front in the 
Oligocene, and would have coalesced after 500 km (300 
mi), and therefore could not have provided Absaroka 
region volcanic clasts to the wide area of North 
Dakota (Fig. 7) suggested by Denson and Gill (1965). 

Moreover, if the configuration of the surface of 
the base of the Oligocene (Denson and Gill, 1965; Fig. 
7 , this report) is taken into account their proposed 
Beartooth source for the quartz latite porphyry at 
Coffin Butte (P, Fig. 6) seems unlikely. The 60 m 
(200 ft) high early Oligocene topographic ridge 
trending north along the North Dakota-Montana line 
(Fig. 7) would have diverted most Absaroka streams 
northward away from the Coffin Buttes area. If the 
"Pumpkin Buttes River" were moved about 65 km (40 mi) 
southeast, it could have provided Absaroka region 
volcanics to the Coffin Butte area. However, Love 
(1952) did not note the presence of the distinctive 
reddish-brown quartz latite porphyry clasts in the 
White River Formation on the Pumpkin Buttes. The 
Pumpkin Buttes River crossed the northern Black Hills 
and from there may have had a general trend down the 
paleoslope to the northeast. Another hypothetical 
stream flowing northeastward down the paleoslope 
through the Coffin Butte area is shown (Fig. 6). 
Based on this paleogeography a Black Hills source for 
the quartz latite porphyry pebbles at Coffin Butte is 
1ikely. 

Lugn (1975) cited buried valleys as evidence that 
the ancestral Yellowstone, Little Missouri, and other 
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rivers flowed northeast into Canada prior to 
Pleistocene glaciation but were deflected to the 
southeast by glaciers. This northeasterly drainage 
pattern seems to have been established in the early 
Eocene, was certainly dominant in the Oligocene, and 
continued to the end of the Tertiary. The rivers 
traversing the area north of the Black Hills in 
Oligocene time joined with other rivers heading in 
northern Wyoming and Montana, most probably traversed 
much of Canada by way of the Hudson Bay lowland, and 
entered the Labrador Sea off northeastern Canada. 

ECONOMIC SIGNIFICANCE OF OLIGOCENE PALEOGEOGRAPHY 

Gold was found in Oligocene rocks in South Dakota 
and Nebraska by Tourtelot and others (1970) who stated 
that the source areas were: ° (1) the northern 
Hartville uplift and/or the northern end of the 
Laramie Mountains, and (2) tne northern Black Hills. 
A possible additional or alternative source of gold 
might be the early Eocene auriferous roundstone 
conglomerates of the western Wind River Basin. If, as 
was suggested (Seeland, 1978), gold from this source 
is present in non-conglomeratic sandstones of the Wind 
River of Eocene time in the central and eastern part 
of the basin, then the Oligocene paleogeography of the 
Wind River Basin (Fig. 6) allows these rocks to be one 
of the possible sources for the gold found by 
Tourtelot and others (1970) in Nebraska. The 
postulated Oligocene paleogeography suggests that the 
auriferous conglomerates of the southern Bighorn Basin 
may have contributed gold to the Oligocene sandstones 
and conglomerates of Wyoming and South Dakota, but it 
is likely that most of the gold-bearing conglomerates 
were covered by middle and late Eocene rocks. A study 
of the composition of the gold (if present) might 
provide useful paleogeographic information by 
comparison of the composition of this gold with the 
composition of gold from other areas in the region. 
The gold could thus be used as an indicator of the 
provenance of the Oligocene rocks in which it is 
found. 

Gold was once mined from conglomeratic Oligocene 
rocks in the Twin Creek area (F, Fig. 6) of the 
southern Wind River Mountains (Antweiler and others, 
1980). The gold was carried by eastward-flowing 
streams (Leiblang and others, 1983) from nearby 
auriferous Precambrian rocks on the east flank of the 
mountains. Antweiler and others (1980) suggested that 
the Sheep Mountain anticline, just east of the Wind 
River Mountains, deflected the gold carrying drainages 
northward into the Wind River Basin. This may have 
occurred but the major Oligocene drainage in this part 
of Wyoming crossed from the Wind River Basin into the 
Great Divide Basin (F, Fig. 6), about 30 km (18 mi) to 
the east. The gold was thus ultimately carried 
southward out of the Wind River Basin, into the Great 
Divide Basin, and eastward toward the Laramie 
Mountains. 

Molybdenum-uranium mineralization in basal 
sandstone beds of the Chadron Formation in the Red 
River paleovalley (Clark, 1937) of southwestern South 
Dakota has been reported by Raymond (1982). 
Molybdenum minerals are more abundant than uranium 
minerals. Raymond thought that the metals were 

carried by groundwater and then were reduced and 
precipitated by carbonaceous material from the Pierre 
Shale. He also thought that a geothermal source of 
the metals in the groundwater was most likely. The 
widespread occurrence of uranium mineralization in the 
basal Oligocene channel sandstones of the "Casper 
River" argues against this conclusion. Furthermore, 
the uranium-molybdenum association is typical of the 
roll-type uranium deposits of Wyoming, for which a 
hydrothermal origin has been rejected (Rackley, 1972). 

Most of the uranium deposits of the region can be 
related to the presence of volcanic ash in the 
Oligocene White River Group or Formation, the 
configuration of the underlying surface, and the 
relationship of the surface to underlying host rocks 
(Love, 1952; Seeland, 1984). Examples of several 
kinds of uranium deposits related to Oligocene source 
rocks and paleogeography are: 1) the deposits of the 
southern Powder River Basin may have formed because 
the "Casper River" introduced uranium-bearing water 
into the Eocene sandstones of the southern Powder 
River Basin; 2) the deposits in the Cretaceous Fox 
Hills Sandstone on the west side of the Black Hills 
may have obtained their uranium from Oligocene streams 
draining the Black Hills; 3) the major uranium deposit 
south of Crawford, Nebraska is in the coarse clastics 
of the Chadron Formation in the channel of the "Casper 
River"; and 4) minor "vein type" uranium deposits in 
Precambrian rocks underlie former Oligocene channels 
in the Laramie Mountains (Seeland, 1982). The 
Oligocene channels provided pathways by which uranium-
bearing groundwater entered underlying potential 
uranium host rocks; the interstream areas were covered 
by the impermeable Interior paleosols. The source of 
the uranium in the groundwater is devitrifying 
volcanic glass in the tuffaceous White River 
Formation. 

Degraw (1969) pointed out that oil and gas 
production from sandstone of the Cretaceous Dakota 
Formation of western Nebraska is most often from pre-
Chadron inter-stream areas. This may indicate that 
minor anticlines active during valley cutting were 
topographic highs that diverted streams around them 
(Andresen, 1962). 

Goolsby (1982) said tnat the White River Group or 
Formation, where it is fine grained, can act as a cap 
to contain hydrocarbons in unconformably underlying 
reservoir rocks or, in areas where the basal White 
River consists of sandstone, can act as a nydrocarbon 
reservoir itself. Channel sandstones of the Chadron 
Formation are favorable aquifers for the development 
of irrigation water supplies. 

CONCLUDING REMARKS AND SUMMARY 

The Oligocene paleogeography of the region will 
never be perfectly known because a major cycle of 
erosion beginning about five million years ago has 
removed a majority of the rock record. However, a 
careful quantitative petrographic and chemical study 
of clast lithology in the channel conglomerates should 
help solve some of the presently incompletely resolved 
problems, such as the source of the clasts in the 
White River Group of North and South Dakota, and 
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Whether Oligocene streams crossed the southern Laramie 
Mountains. More provenance information could also be 
obtained by study of the chemical composition and 
distribution of gold in the channel deposits. 

A geochemical study of the pyroclastic component 
of the White River Group or Formation would also be 
desirable as a way to determine volcanic source 
areas. Additional paleowind information from eolian 
crossbedding in tne White River and overlying rocks 
would also help resolve the source problem. 

It is a straightforward matter to infer early 
Oligocene paleogeography where the detailed 
configuration of the pre-Oligocene surface is known 
from subsurface studies, as is the situation in parts 
of eastern Wyoming and in much of western Nebraska. 
In the remainder of the study area the starting point 
was a map compiled by Denson and Gill (1965) that 
shows the generalized configuration of the surface at 
the base of Oligocene rocks in an area extending from 
northern Colorado to southern Canada and from the 
Absaroka Mountains to west-central Nebraska. Combined 
with other information such as clast provenance, 
crossbedding orientation studies, and a knowledge of 
Eocene paleogeography, a relatively complete picture 
of Oligocene paleogeography in the remainder of the 
area was inferred. 

The Oligocene continental divide between Arctic 
Ocean and Gulf of Mexico drainages extended from the 
southern Absaroka region east along the Owl Creek 
Mountains, across the southern Powder River Basin, 
through the northern Black Hills, and eastward across 
South Dakota. Streams north of the divide generally 
flowed northeastward. One of those heading in the 
Absaroka region crossed the north end of the Bighorn 
Mountains through an early Eocene drainage. Another, 
the "Pumpkin Buttes River" headed in the Absaroka 
region, crossed the southern Bighorn Mountains, flowed 
through the Powder River Basin, and crossed the 
northern Black Hills in what are now the Belle Fourche 
River and Little Missouri River valleys. It may have 
carried Absaroka volcanic clasts into North Dakota. 
Rivers from the northern Absaroka region flowed 
downslope to the northeast but were deflected 
northward by a north-south ridge along the Montana-
North Dakota border. These rivers joined with the 
"Pumpkin Buttes River" and flowed through the Lake 
Winnipeg and Hudson Bay lowlands into the Labrador 
Sea. 

One of the major rivers south of the divide is 
tne "Casper River" which headed on the south flank of 
the Owl Creek Mountains, and crossed the northern 
Hartville uplift into Nebraska where it generally 
continued eastward except for a southeasterly segment 
near Crawford. Other rivers flowed eastward from the 
Laramie Mountains. The conglomerates deposited by 
these rivers contain distinctive anorthosite clasts 
derived from the Laramie Mountains. 

A major river headed in the southern Absaroka 
region and flowed southeastward to the junction of the 
Granite and Wind River Mountains where it crossed into 
the Great Divide Basin. It is probable that this 
stream turned eastward and crossed the Laramie range 

into eastern Wyoming based on the position of this 
area to the east of the Pacific-Atlantic continental 
divide and the resulting impossibility of a river 
flowing westward from this region to the Pacific 
Ocean. 

The White River Group or Formation contains 50 to 
90 percent airfall pyroclastic debris whose source has 
frequently been suggested to lie in the Absaroka 
region. If so, the necessary variability in wind 
direction would be unacceptably great in order to 
cover an area extending from North Dakota to Colorado 
with comparable amounts of volcanic ash. A vector 
mean wind direction of 94 degrees was calculated from 
five eolian crossbed localities in tne Oligocene 
Arikaree Group (Bart, 1975). This westerly wind 
direction coupled with a decreased necessity for 
extreme directional variability with a more remote and 
geographically widespread source, suggests a northern 
Utah -northern Nevada-Oregon source for the volcanic 
ash in the White River Group. 

Vertebrate paleontologists have been making 
detailed studies of the fossils of the Oligocene rocks 
of the region since the nineteenth century. Recent 
discoveries of uranium, molybdenum and gold in these 
rocks has broadened interest in the Oligocene to 
include those investigators interested in its economic 
geology. 

Gold, eroded from Precambrian lode deposits, once 
was mined from conglomeratic Oligocene rocks near the 
southeast terminus of the Wind River Range. Gold has 
been recycled stratigraphically upward from Upper 
Cretaceous roundstone conglomerates in the Jackson 
Hole area into lower Eocene conglomerates in the Wind 
River and Bighorn basins. Some of this gold may have 
continued its stratigraphic rise and been incorporated 
into Oligocene stream channel deposits. Gold in the 
Precambrian rocks of the Black Hills may be another 
source for gold reported in the White River Group in 
South Dakota. 

Molybdenum, probably associated witn uranium 
roll-front deposits, has been reported in White River 
channel sandstones in South Dakota. The uranium 
deposit at Crawford, Nebraska in the Oligocene 
sandstones of the "Casper River" is an economically 
important new type of uranium deposit. Most of the 
other uranium deposits of the region in early Eocene, 
Paleocene, and Cretaceous rocks can be related to a 
uranium source in the volcanic ash of the White River; 
in many places these deposits can be related to 
specific Oligocene channels. The channel sandstones 
also contain gas, oil, and water. 
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