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delta crenulata Zone. Only rare, fragmentary conodonts have been found 
in the middle member. Conodont evidence from the middle of the lower 
shale suggests a late Devonian (Famennian) age (Upper Polygnathus sly-
riacus Zone) for this member. 

Conodont color has been established as a geothermometer in carbon
ate rocks. Color alteration indices of conodonts from the Bakken range 
from 1.5 to approximately 2.5 and indicate a pattern of increasing tem
perature with depth. These results suggest possible hydrocarbon genera
tion from shallower depths than has been reported previously for the 
Bakken. The lack of agreement in interpreted hydrocarbon generation 
depths may be due to, among other things, the clastic nature of the 
Bakken Formation. 

HEASLER, HENRY P., Univ. Wyoming, Laramie, WY 

Geothermal Resources of Wyoming Sedimentary Basins 

Geothermal resources of Wyoming sedimentary basins have been 
defined through analysis of over 14,000 oil well bottom-hole tempera
tures, thermal logging of 380 wells, measurement of rock thermal con
ductivities, calculation of 60 heat-flow values, drilling of 9 geothermal 
exploratory wells, conductive thermal modeling, and the study of existing 
geologic, hydrologic, and thermal spring data. All data have been inte
grated into interpretations of the thermal structure of the Big Horn, 
Wind River, Washakie, Great Divide, Green River, Laramie, Hanna, and 
Shirley basins of Wyoming. 

Controlling factors for the formation of geothermal resources in these 
basins are regional heat flow, rock thermal conductivity values, depths to 
regional aquifers, and hydrologic flow directions. Regional basin heat-
flow values range from about 40 to 80 milliwatts/m^; measured thermal 
conductivities are in the general range of 1.5 to 4.0 watts/m°K; and 
depths to aquifers are up to II,000 m (36,000 ft). This results in regional 
geothermal gradients for Wyoming basins in the range of 15° to 40°C/ 
km (44° to 116°F/mi) with predicted maximum aquifer temperatures 
near 300° C (570° F). 

Anomalous geothermal areas within the basins contain measured ther
mal gradients as high as 400°C/km (l,160°F/mi) over shallow depth 
intervals. These anomalous areas are the combined result of local geo
logic structures and hydrologic flow. A simplified model for such areas 
requires water movement through a syncline with subsequent heating due 
to regional heat flow and thermal conductivities of overlying rock units. 
Consequent flow of the heated water up over an anticline produces a 
localized area of anomalous geothermal gradients. 

Access to Wyoming basin geothermal resources is primarily through 
producing oil wells. Fifty two oil fields which account for over 90% of 
Wyoming's oil field water production, produce 575 million L (152 million 
gal) of thermal water per day. The temperature of this water ranges from 
30° to 110°C (86° to 230°F) with 88% warmer than 38°C (100°F) and 
60% warmer than 50°C (122°F). Over 50% of this water is disposed of, 
generally by discharge to the surface. 

HEFFERN, E. L., U.S. Bur. Land Management, Miles City, MT, and D. 
A. COATES and C. W. NAESER, U.S. Geo!. Survey, Denver, CO 

Distribution and Age of Clinker in Northern Powder River Basin, Mon
tana 

Clinker, rock that has been baked or fused by the burning of underlying 
coal beds, is abundant in the Tongue River Member of the Paleocene Fort 
Union Formation in the northern Powder River basin. Being more resist
ant than unbaked rocks above and below, the clinker commonly caps 
ridges and plateaus, and forms topographic benches and escarpments. 
This clinker is primarily red and orange baked sandstone and shale, but it 
includes gray sintered siltstones (porcellanite) and bodies of black, fused 
and welded breccia. Detrital zircons in the sandstones are annealed dur
ing baking and yield fission-track ages that show the time of cooling. 

An inventory of clinker areas has been completed for the Montana part 
of the northern Powder River basin east of the Crow Indian Reservation. 
The study area lies within the Powder River resource area of the U.S. 
Bureau of Land Management. Data were compiled from existing litera
ture, color infrared aerial photographs, and unpublished mapping pro
vided by R. B. Colton, W. C. Culbertson, and S. J. Luft of the U.S. 
Geological Survey. Clinker covers approximately 2,700 km^ (1,050 mî ) 

01 20% of the longue River exposures in the study area. Assuming a 15 to 
25 m (50 to 80 It) average thickness, the volume of clinker would be40 to 
7<ikm'(l()tonmi-'). 

The most extensive clinker layers locally exceed 60 m (200 ft) in thick
ness. They are produced by the thickest coal beds, some of which exceed 
15 m (50 ft). Two major clinker layers form extensive topographic sur
faces and escarpments. (I) Near Decker, Montana, the clinker produced 
by the Anderson-Dietz coal zone forms benches adjacent to the Tongue 
River. Because of the gentle southerly regional dip of the beds, this clinker 
zone rises to the north, where it caps large plateaus dividing the valley of 
the Tongue River from the valleys of Otter Creek and Rosebud Creek. 
These clinker plateaus stand up to 400 m (1,300 ft) above the Tongue 
River. (2) Near Ashland, Montana, the clinker produced by the 
Knobloch-Nance coal zone, which lies about 300 m (980 ft) stratigraphi-
cally below the Anderson-Dietz zone, forms broad benches bordering the 
Tongue River. 

The distribution of fission-track ages shows that coal has burned to 
form clinker in the region at least since the late Pliocene. A clinker boul
der from the base of a gravel deposit 365 m (1,200 ft) above the level of the 
Yellowstone River west of Forsyth has been dated at 4.0 ± 0.7 m.y. This 
age establishes a maximum age for the gravel. The oldest in-place clinker 
sample dated thus far comes from the summit of the Little Wolf Moun
tains west of Colstrip and is dated at 2.8 ± 0.6 m.y. Clinker from the 
Anderson-Dietz plateau that rims the Tongue River Valley west and south 
of Ashland ranges in age from 1.4 ± 0.4m.y.to0.7 ± 0.3 m.y Ages from 
clinker of the Knobloch-Nance coal zone range from 0.5 ± 0.3 m.y. to < 
0.05 m.y. The older ages are from topographically higher clinker layers. 
Inasmuch as a coal bed cannot start burning until it is exposed by erosion, 
these ages indicate the Tongue River cut its present valley primarily during 
the Pleistocene. 

HICKEY, J. C , R. W. KLUSMAN, and K. J. VOORHEES, Colorado 
School Mines, Golden, CO 

Fault Leakage Characterization by Integrative Gas Geochemistry/Mass 
Spectrometry/Pattern Recognition Procedures 

The application of integrative gas geochemistry combined with mass 
spectrometry and the use of pattern recognition procedures, has enabled 
rapid characterization of microseepages of gases along faults and frac
tures. This has been accomplished by incorporating the activated carbon/ 
Curie point wire collector in gas geochemical surveys of faulted and 
fractured structures which serve as conduits to the subsurface. Studies 
conducted in the Denver-Julesburg basin of Colorado, Green River basin 
of Wyoming, the hingeline of Utah, and the Las Animas arch of Colo
rado all produced fault-related samples where higher (< C,) molecular 
weight components were encountered. The results of these fault-
associated anomalies have been related to differing organic sources of 
various samples and may be correlated to areal distribution of the source 
leakage. 

When using the analytical technique in relatively unfractured and 
unfaulted sedimentary rocks, the mass spectra generated typically indi
cates the presence of compounds containing up to seven carbon atoms. In 
dealing with fault samples affiliated with producing areas of petroleum, 
components with masses up to 150 have been analyzed. The Denver-
Julesburg basin. Green River basin, and the Las Animas arch studies were 
all performed in relation to producing oil and gas fields. Although the 
results from the first three studies were not insignificant, those associated 
with the hingeline study have a much greater impact toward the potential 
of exploration application. Through this study, it was discovered that 
fault leakage not only changed with differing sources of the organic gases 
and vapors, but also appears to change with lateral proximity between the 
sample and the zone overlying the organic source. From these interpreta
tions, an exploration model which utilizes fault leakage as a parameter 
will be discussed. 

HOLLIS, STEVE H., and MARK R FISHER, Marathon Oil Co., Cody, 
WY 

Introduction to Stratigraphy, Structure, and Geologic Problems in Big 
Horn Basin, Wyoming and Montana 
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As the cumulative production of oil from the Big Horn basin 
approaches the 2 billion bbl mark, it is appropriate that we look at the 
geology once again. 

The Big Horn basin, located in northwestern Wyoming and south-
central Montana, is bordered on the east by the Big Horn Mountains; on 
the south by the Owl Creek Mountains; on the west by the Absaroka and 
Beartooth Mountains; and on the north by the Nye-Bowler lineament. 
The combination of a great reservoir-source duet in the Paleozoic rocks 
and the creation of large anticlines during the Laramide orogeny has been 
the key to the Big Horn basin's success as an oil producer. 

Stratigraphy of the Big Horn basin can be divided generally into (1) the 
Middle Cambrian elastics, (2) the Paleozoic shelf carbonates, (3) the 
Mesozoic elastics, (4) the Late Cretaceous to Tertiary synorogenic elas
tics, and (5) the Tertiary post-orogenic elastics and volcanics. 

By far the most economically important formations have been the Per
mian Phosphoria and Pennsylvanian Tensleep Formations. This 
dynamic duo consists of porous eolian and shallow marine, quartz sand
stones of the Tensleep overlain by shallow marine, oil-rich carbonates of 
the Phosphoria. The two have combined to produce over 1.5 billion bbl 
of oil in the Big Horn basin alone. 

The draping of the Tensleep and Phosphoria over large Laramide 
structures (closures of over 5,OCX)-t- ft, 1,500 m, and areal extents up to 15 
mi^, 40 km^) was the final key. An upcoming afternoon session of papers 
will explore the proposed anatomies and mechanisms of folding in the 
Cordilleran foreland. 

There is a controversy over the morphology of the folds in the fore
land. Put simply, there is some disagreement over how much the horizon
tal or thrusting component contributes to these folds. Stearns, who 
described the fold at Rattlesnake Mountain in the 1971 Wyoming Geolog
ical Association guidebook, favors drape folding over near-vertical faults 
in the Precambrian. Berg in the 1962 AAPG Bulletin and Cries in the 
1983 AAPG Bulletin favor a more thrusted model with reverse fault 
planes dipping 60° to 30°. Sales in the 1968 AAPG Bulletin agrees with 
the morphology of Berg and Gries, but feels that the folds in the foreland 
were generated by faults with strong lateral components. 

Concerning other problems. Stone in the October 1967 AAPG Bulletin 
pointed out that the Paleozoic reservoirs often have a common oil-water 
contact (OWC) within individual structures. He attributed the common 
o w e to fractures joining the reservoirs. The OWC is commonly tilted; 
this he attributed to hydrodynamic flow. An understanding of fractures 
and tilted oil-water contacts is imperative for successful exploration and 
production programs in the Big Horn basin. 

INDEN, RICHARD, AGAT Consultants, Inc., Denver, CO 

Paleotectonic Control of Depositional Facies (Mississippian), Southwest 
Montana 

Mission Canyon deposition occurred in southwest Montana on a shal
low carbonate platform that extended to the Antler erogenic foreland 
basin, the eastern margin of which is near the Idaho-Montana border. 
Deposition on this platform did not take place in regular facies belts par
alleling depositional strike, but instead occurred on fairly regular shelves 
(Alberta and Beartooth) in the east, and along shoals, emergent islands, 
and deeper water channels throughout most of the area. The facies that 
were deposited in these zones are directly related to the northeast-
southwest and northwest-southeast structural trend imposed on the area 
during late Precambrian time, and the movement of paleostructural ele
ments during Mission Canyon and pre-Big Snowy time. The thickest 
sequences in the Mission Canyon are those comprised of low-energy 
mudstones and wackestones, which were deposited in trough areas such 
as the Ruby and Centennial troughs, and the high to moderate-energy 
grainstone and packstone sections that typify the far western shelf margin 
sequences. 

High-energy shoal (lime grainstone) and low-energy island (algal 
boundstone) deposits are concentrated both on and around fault-
bounded paleohighs (e.g.. Pioneer Mountains in the Belt Island Com
plex) present during early Mission Canyon time; they are represented by 
thins on the Mission Canyon isopach map. Paleolows, such as the Ruby-
Crazy Mountain and Centennial troughs, developed on east-northeast-
trending, downdropped, fault-bounded basement blocks, and were filled 
with thick sequences of mostly restricted marine dolomite mudstones and 
wackestones. These restricted marine lithologies also occur as relatively 

ihin zones in the upper portions of the fining upward high-energy shoal 
sequences in the lower Mission Canyon. However, they are most exten
sively developed in the upper Mission Canyon, where they contain region
ally correlative evaporite units that are represented on outcrop by 
solution collapse breccias. Only minor amounts of low energy, normal 
marine rocks occur in the Mission Canyon Formation, and most of these 
were deposited near the far western margins of the carbonate platform. 

A major lowering of sea level took place in middle Mission Canyon 
time. This resulted in the deposition of a regionally correlative supratidal 
.sequence. The ensuing regional transgression resulted in the development 
of a new shelf margin farther to the west, and deposition of the restricted 
marine and evaporite units, mentioned above, behind it. Deposition of 
the Mission Canyon Formation ended with the total withdrawal of the sea 
from southwest Montana, regional exposure, and the formation of an 
extensive karst system and widespread solution collapse breccias. 

INDORF, CHRISTOPHER P., Consulting Geologist, BUlings, MX and 
E. EARL NORWOOD, Consulting Geologist, Plentywood, MT 

Development of Structure and Porosity at Medicine Lake Field in North
east Montana Williston Basin 

Medicine Lake field produces oil from the Mississippian Charles, 
Devonian Winnipegosis, Silurian Interlake, and Ordovician Gunton and 
Red River formations, and drill-stem tests show a potential for produc
tion from the Devonian Nisku and Deperow Formations. Porosity in the 
field is the result of bioclastic bank development, dolomitization, solu
tion, and fracturing. Porosity development in the Winnipegosis and Red 
River Formations may have been influenced by the Medicine Lake paleo-
structure. The source of the oil in each of the producing formations is 
probably within that formation itself. 
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The Medicine Lake structure is roughly elliptical, 1 mi (1.6 km) in 

diameter, and has 125 ft (38 m) of structural closure at the top of the Red 
River Formation. Growth of the structure was essentially complete by the 
end of the Devonian. However, a similar structure at nearby Oudook 
field can be mapped from Paleocene outcrops, which shows that struc
tural movement there continued into the Cenozoic. 


