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the eastern Paradox basin, tectonic involvement of carbonate sedimenta
tion on the southwest shelf was very subtle. Sea-floor topography of a 
few feet over deep-seated faults would have been sufficient to localize 
biohermal development. Subtle tectonically induced topography on the 

present Monument upwarp and San Rafael swell limited sedimentation 
along the western basin margin. 

The northwesterly rift fabric of the basin is transected by the conjugate 
northeast-trending basement fractures of the Colorado lineament. The 
most important of these underlies the length of the Colorado River, and 
terminates or offsets the major salt diapirs of the eastern basin. North
west of the structure, the Paradox basin becomes compressional rather 
than extensional as to the south, due to convergent termination of the 
pull-apart basin; and marine sedimentation becomes rapidly limited to 
the narrow Oquirrh sag between the Emery and Uncompahgre uplifts. 
Also, the large influx of arkose from the Uncompahgre becomes much 
younger (Early Permian). Every aspect of sedimentation (clastic, evapo-
rite, and carbonate) in the Paradox basin was greatly influenced by con
temporaneous rejuvenation of the basement tectonic fabric. 

BARRELL, STEVEN S., and BEVERLY J. GIZA, Bureau of Land 
Management, Worland, WY 

Hydrocarbon Accumulation in Pennsylvanian-Age Tensleep Sandstone: 
Trapper Creek Deposit, Wyoming 

Preliminary investigations indicate a potential hydrocarbon accumula
tion In the Trapper Creek, Wyoming, deposit of more than 2.13 million 
tons of mineralized material with a yield of 0.92 bbl per ton of 5.2° API 
oil for an approximate resource of 1.96 million bbl of recoverable petro
leum. Remote sensing data suggest that the accumulation is in part con
trolled by two major and four minor lineaments which traverse the area. 
Stratigraphic and hthologic criteria can be used to infer a "Minnelusa-
type" model of occurrence. Ancillary stream sediment and outcrop geo
chemistry yield locally anomalous, but uneconomic concentrations of 
magnesium, calcium, titanium, manganese, silver, copper, molybdenum, 
vanadium, potassium, and silicon, which may have significance in the 
identification of similar hydrocarbon accumulations along the west flank 
of the Bighorn Mountains. 

BITNEY, MARY, Celeron Oil & Gas, Billings, MT 

Winnipeg Formation (Middle Ordovician), Williston Basin 

Although the Winnipeg Formation has long been of interest to the oil 
and gas industry, little has been published on it. This study established a 
regional correlation of the Winnipeg Formation members by using 
mechanical well logs, Amstrat hthologic logs, and North Dakota Geolog
ical Survey Circulars. A regional cross section was constructed establish
ing the correlation markers. Data collected were used to divide the 
Winnipeg into three members: an upper transitional member, the Winni
peg shale, and the basal Winnipeg Sandstone. Isopach maps of the shale 
and sandstone members and a structure contour map were also made. 

The Winnipeg Formation is Middle Ordovician in age. It lies uncon-
formably over Lower Ordovician-Cambrian sediments or Precambrian 
basement rock and is conformably overlain by the Red River Formation. 

The Winnipeg shale, a greenish gray calcareous shale, develops a sand
stone lens in northwestern North Dakota called the "Middle Sand Mem
ber" in the literature. The shale isopach shows the thickness varying from 
approximately 90 ft (27 m) along the Cedar Creek antichne to over 200 ft 
(61 m) in the southeastern corner of North Dakota. 

The Winnipeg Sandstone, a blanket marine sandstone, shows the 
thickest sandstone along the Nesson anticline and is absent along the 
southern end of Cedar Creek anticline. The Winnipeg Sandstone's lithol-
ogy is similar to the Deadwood Sandstone of Cambrian age, suggesting 
that the Deadwood Sandstone may be a source for the Winnipeg Sand
stone. 

The transition zone represents a transgressive fades change. The con
sistent distinctive gamma ray kick used as the transition zone correlation 
marker was used as datum point for the cross sections and structure con
tour map. 

Problems encountered included scattered well control, difficulty deter
mining the bottom of the sandstone interval, wells not penetrating the 
entire section, difficulty determining the top of the shale interval, and dif
ficulty in correlating old electric logs. 

Recent gas and oil discoveries in the Winnipeg Formation have 
renewed interest in its economic potential. Several fields in North Dakota 

produce from the Winnipeg Sandstone. In Montana, good gas shows 
have been foimd in the middle sand member. 

BOBERG, W. W., Consulting Geologist, Casper, WY 

Exploration for Oil and Gas in Flathead Region, Montana and British 
Columbia, 1892 to 1983 

Oil seeps had long been known and used in the Flathead region, but 
after official reports in 1892, all areas around known seeps and supposed 
seeps were staked with claims. By 1910, several wells had been drilled with 
oil shows in the Waterton area, two at Akimina Creek in British Colum
bia, four in the Kintla area (with oil and gas shows) in Flathead County, 
Montana, and a small, short-lived, producing field on Swiftcurrent 
Creek in Glacier County, Montana. The creation of Glacier National 
Park in Montana (1910) and Waterton Lakes National Park in Alberta 
(1911) ruled out exploration in those areas. 

Exploration continued in the Flathead region of British Columbia, 
especially at Sage Creek, with the discovery of numerous oil and gas 
seeps. Drilling in the vicinity of the seeps never achieved production but 
almost always had numerous oil and gas shows in holes that were termi
nated because of equipment or hole problems. The prolific occurrences 
of oil and gas in lost holes was usually enough for new promoters to find 
new investors to spend their money on new wells. All drilling was in rocks 
of the Precambrian Belt Supergroup and was very difficult with cable 
tool rigs. Crow's Nest Glacier Oil Co. 1 spudded in 1918 and terminated 
at 3,265 ft (995 m) in 1932. Columbia Oils Ltd. attempted to penetrate the 
Lewis thrust but quit after 5 years in 1938 at 8,000 ft (2,438 m) when it 
found that the hole had gone horizontal. Flathead Petroleum finally pen
etrated the thrust plate in 1951 at 4,400 ft (1,500 m). It tested the Missis-
sippian Rundle Group (Madison equivalent) and found only carbon 
dioxide gas. The Sage Creek seeps and old open wells are still producing a 
fine light 42" oil as well as flammable gas from some as yet undetected 
source. 

Several wells have tested the Tertiary Kishenehn Formation. Drilling 
began in 1902 when Kintla Lake Oil Co. drilled two wells, 1,290 ft (393 m) 
and 1,000 ft (305 m), based on oil shales from which oil was distilled. Two 
old wells in Canada had oil and gas shows in the Tertiary as did the recent 
Nyvatex Mueller 1 (test) in Flathead County, Montana, which was drilled 
to 800 ft (244 m). Other more recent wells in the Flathead region of British 
Columbia have had noncommercial shows of gas. The complex structure 
of the region combined with the surface exposures of Precambrian Beh 
Supergroup rocks have greatly hindered exploration in the past and 
caused current explorationists to have second thoughts. The prohfic gas 
fields of the foothills of southern Alberta, and the fact that significant oil 
and gas occurrences in the region do exist, continue to draw interest to the 
area. The current and latest exploration effort will finally begin to truly 
assess the petroleum potential felt to exist by the petroleum pioneers who 
broke their bits in the region. 

BOLYARD, DUDLEY W., Bolyard Oil & Gas, Ltd., Denver, CO 

Petroleum Potential of Winnipeg Sandstone in South Dakota 

The term "Winnipeg Group" includes all strata which underlie the Red 
River Formation and overlie the Precambrian basement complex. The 
upper unit, a greenish-gray, noncalcareous marine shale, is called the Ice
box Shale or Winnipeg shale in the WiUiston basin, and it ranges from 0 to 
more than 100 ft (30 m) in thickness. Outcrops in the Black Hills contain 
Middle Ordovician fossils. The lower unit consists mainly of quartzose 
sandstone ranging from 0 to 465 ft (141 m) or more in thickness. In the 
northern Black Hills, most of the sandstone is included in the Deadwood 
Formation and is Late Cambrian in age, but the uppermost beds are 
Early and Middle(?) Ordovician. In the Williston basin, the terms Black 
Island and Winnipeg Sandstone have been used to denote the sandstones 
which underlie the Icebox or Winnipeg shale. The disconformity which 
separates Black Island and Deadwood sandstones cannot be traced with 
confidence into the subsurface of South Dakota, where the entire 
sequence appears to be a blanket of sandstone containing only thin inter-
beds of dolomite and shale. Therefore, the term Winnipeg Sandstone is 
used to denote all the sandstone between the Winnipeg shale and the Pre
cambrian basement. 
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The Winnipeg Sandstone is present throughout most of the Williston 
basin and extends into the Kennedy basin. At its featheredge (zero iso-
pach), it is overlapped by the Winnipeg shale. The sand appears to have 
originally extended farther because isolated remnants occur in a few wells 
on the Pierre arch. An erosional episode is believed to have removed Ihc 
sand from areas east of its present regional limit except in a few 
downwarped or downfaulted areas. This episode was followed by a rapid 
advance of the Middle Ordovician sea, during which no sand was depos
ited. The Winnipeg shale was deposited immediately after this transgres
sion. The overlap creates a regional seal over the Winnipeg Sandstone 
reservoir. 

The Winnipeg shale is a mature petroleum source bed in the northern 
part of the Williston basin. Maturation and migration probably occurred 
by Permian time when the Winnipeg was buried beneath about 6,000 ft 
(1,800 m) of younger beds. Although some of the petroleum migrated 
upward into the Red River Formation, the underlying Winnipeg Sand
stone was an ideal conduit for lateral migration. Documented Winnipeg 
shows indicate that oil migrated at least as far as Mellette County, South 
Dakota. One of the shows appears to be a "fossil oil field," indicating 
that entrapment and accumulation did occur. Isopachs of the Minnelusa 
to Winnipeg interval indicate preferential directions of lateral migration. 
Live oil shows suggest the possibility of commercial accumulations. 

The Winnipeg Sandstone is thick, porous, and permeable. Depending 
on local conditions, a Winnipeg oil well might yield up to 500,000 bbl or 
more. AnticUnes located basinward from the regional pinch-out of the 
Winnipeg Sandstone are the most logical exploration targets. Subsurface 
mapping and interpretation of aerial photographs and Landsat images 
suggest several large structures capable of containing major oil fields. 

BOTTJER, RICHARD J., and JAMES R. STEIDTMANN, Univ. 
Wyoming, Laramie, WY, and LARRY T. MIDDLETON, Northern Ari
zona Univ., Flagstaff, AZ 

Mid-Tertiary Conglomerate Deposition and Structural Implications, 
Southwestern Wind River Range, Wyoming 

Study of a granule-to-boulder conglomerate of probable middle to late 
Eocene age provides evidence that the last pulse of uplift of the Wind 
River Range occurred along a fault or fault zone within the crystalline 
core of the range. The conglomerate is preserved on the northeast side of 
the Continental fault between Tabernacle Butte on the west and Horse-
track anticline on the east. It overlies rocks of the Bridget Formation 
(Eocene), locally overlies Precambrian crystalline rocks, and appears to 
be overlain by lower Miocene strata. 

The conglomerate consists of numerous coarse pebbles, cobbles, and 
boulders floating in a matrix ranging from coarse sand to granules. Many 
of the nonequidimensional pebbles and cobbles are imbricated and iso
lated, suggesting current scour on the upstream side of the pebbles, and 
are oriented with their long axes between transverse and longitudinal 
positions, indicating later reworking of orientations developed during ini
tial high velocity flows. Thus, fabric indicates deposition in a fluvial sys
tem having highly variable current velocities. 

Distributary paleocurrent patterns, proximity to a major uplift, and 
the presence of large boulders suggest deposition on alluvial fans. These 
alluvial fans were characterized by deposition of moderately to poorly 
sorted coarse sand to boulder-size material in a braided stream environ
ment. Although the conglomerate is matrix supported, deposition by flu
vial processes is indicated by well-defined stratification, lenticularity of 
bedding, common scour surfaces, local cross-stratification, channel fills 
ranging up to 31 m (102 ft) wide, and fabric as noted above. Evidence of 
mass flows is very rare in this unit. 

Composition of pebbles and cobbles in the conglomerate is quite varia
ble, indicating both the complex Precambrian geology and the erosion of 
Precambrian units within the core of the range as well as those exposed 
locally. The large amount of finer sediments (sand and granules) in the 
conglomerate at exposures near the Precambrian paleohighs suggests, at 
least in part, a distal source. Mapping of other Eocene sedimentary 
deposits in the Big Sandy Opening area suggests the presence of fluvial 
tributaries well within the crystalline core of the range. These characteris
tics suggest a middle or late Eocene pulse of uplift within the core of the 
range resulting in incision of tributary systems into the Precambrian 
rocks of the southwestern margin of the Wind River Range. A decrease in 
stream gradient at the southwestern limit of the uplifted crystalline rocks 

resulted in deposition of much of this core-derived sediment on basin-
margin alluvial fans. This system was probably morphologically similar 
to but smaller in scale than, the modern Kosi fan system of northeastern 
India. 

BURKE, R. B., North Dakota Geol. Survey, Grand Forks, ND; D. M. 
CATT, Univ. North Dakota, Grand Forks, ND, now with ARCO; R. F. 
LINDSAY, Gulf Oil Exploration and Production Co., Oklahoma City, 
OK; E K. LOBDELL, Univ. North Dakota, Grand Forks, ND; C. L. 
LOBUE and P. T LOEFFLER, Univ. North Dakota, Grand Forks, ND, 
now with Exxon; T J. OBELENUS, N. A. PERRIN, and S. D. STURM, 
Univ. North Dakota, Grand Forks, ND; R. L. WEBSTER, Univ. North 
Dakota, Grand Forks, ND, now with Exxon; and B. J. WILSON, Univ. 
North Dakota, Grand Forks, ND 

Facies, Fabrics, and Porosity of Selected Pre-Permian Rocks in Williston 
Basin, North Dakota 

Cores of pre-Permian rocks presented include most major carbonate 
depositional facies, fabrics, and porosity types, as well as a terrigenous-
clastic delta and barrier island complex. Stratigraphic units discussed 
span the Tippecanoe to Absaroka sequences. Formations and intervals 
included are the Tyler, Mission Canyon, Ratcliffe, Frobisher-Alida, 
Bakken, "Sanish," Birdbear, Duperow, Winnipegosis, Ashern, and 
Interlake. All of these units, except the Ashern Formation, have pro
duced substantial amounts of hydrocarbons, and cores show different 
facies, fabrics, and porosity types associated with them. 

Facies and fabrics vary considerably both interformationally and 
intraformationally throughout the presented pre-Permian sequences. 
Depositional facies represented in the rocks include subtidal, intertidal 
and supratidal deposits from both the marine and transitional marine 
(deltaic and barrier island) depositional environments. The most com
mon carbonate lithofacies are mudstones, wackestones, and packstones, 
although boundstones and grainstones are also present. The most com
mon terrigenous clastic lithofacies are shales, silty mudstones, and both 
mature and immature sandstones. Notable facies include evaporites 
(both shallow and deep water), stromatoporoids, ostracodal limestones, 
and thin coal beds. Significant sedimentary structures include burrows, 
flat pebble intraclasts, desiccation cracks, birdseye structures, cone-in-
cone structures, compaction slickensides, and collapse breccias. 

Porosity types common to all, except the Ashern, Bakken, and Tyler, 
are intercrystal, interparticle, moldic, vuggy, and breccia. Significant 
porosity in the Sanish, Ashern, and Bakken formations is from fractures, 
whereas in the Tyler, interparticle porosity dominates. 

CARDA, D. D., South Dakota School Mines and Technology, Rapid 
City, SD 

Geothermal Development and Problems in South Dakota 

Geothermal applications in South Dakota have been ongoing on a 
small scale since the early 1950s with a few additions in the 1960s. The real 
surge developed as a result of the oil embargo in 1973 and the efforts of 
ERDA and DOE. South Dakota started its first study in 1975. 

Application of hot water has focused primarily on the Madison Lime
stone as the main source of water due to wells already in the aquifer and 
some history from oil tests. Three feasibility studies and four demonstra
tion projects have been funded by the federal government and one by the 
state government. In addition, three privately funded projects have 
begun. All but one project are for space heating of buildings, primarily 
state and municipal. The other project is for grain drying. 

To date, corrosion is the largest single problem, followed closely by 
scaling, and disposal of the spent fluid. Because of the quality of most of 
the waters tested to date, the disposal has been limited primarily to dump
ing into reservoirs from which it is used for irrigation or other conven
tional uses. 

CHAPIN, CHARLES E., New Mexico Bureau Mines and Mineral 
Resources, Socorro, NM, and STEVEN M. GATHER, Univ. Texas at 
Austin, Austin, TX 


