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into grain-supported siltstones, sandstones, or conglomerates.
Shale or claystone always intervene. Such bounding and internal
contacts are the most conspicuous and most informative—yet
most neglected—aspects of the limestone-shale record. Signifi-
cant progress in understanding carbonate to terrigenous detritus
facies changes can come from closer attention to these contacts.

A majority of Mid-Continent Pennsylvanian limestone-shale
contacts are of regional extent and commonly are represented by
upward gradations from shale to limestone. Shale units in car-
bonate sections commonly range from fractions of inches to tens
of feet in thickness. Genesis of thin (2 ft ot .6 m or less) shale
breaks and argillaceous partings has been neglected. This is a
serious oversight since such breaks are the connecting links
between contemporaneous-land- and shallow-inland-sea-derived
sediment.

The following conclusions result from the study of numerous
limestone-shale contacts in outcrops and conventional cores in
the period 1957 to 1981. (1) The history of Mid-Continent Penn-
sylvanian sedimentation, including river mouth shifts and
numerous floods, is recorded in limestone-shale contacts. (2) The
day-to-day regime was one of minor terrigenous sediment
bypassing laterally adjacent embayments in which carbonate sed-
iment accumulated. (3) Day-to-day deltaic progradation was
minor with carbonate sedimentation curtailed only along the nar-
row junction between deltas and adjacent embayments. (4) Dur-
ing and immediately after floods, major deltaic progradation
spread relatively thin and widespread deltaic “packages” which
stifled carbonate sedimentation over several hundred square-
mile (minimum) adjacent areas. (5) Thin shale or claystone
breaks to featheredge argillaceous partings in limestone record
flood-deposited prodeltaic increments. (6) Shale or claystone
interbeds (more than 2 ft or .6 m thick) in limestone as well as
shale- or claystone-sandstone units tens to a few hundreds of feet
thick and laterally equivalent to largely limestone are predomi-
nantly the composite record of many floods and many times of
small-scale mass movements. (7) Within the thicker terrigenous
detritus units, individual flood or individual mass movement
record is extremely difficult to define. (8) The lateral movement
of life assemblages was slower than the influx of terrigenous clay
in flood-generated plumes and organic communities were buried
before they could vacate the area. (9) Terrigenous detritus sedi-
mentation rates exceeded carbonate sedimentation rates. (10)
The writer is unaware of a convincing modern analog supportive
of all aspects of these conclusions. Possibly, the problem is that
day-to-day tides reach most present-day shorelines whereas that
may not have been so in the Paleozoic epieric sea setting.
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U.S. Geol. Survey, Denver, CO

A Surface Vitrinite Reflectance Anomaly Related to Bell Creek
Oil Field, Montana U.S.A.

Vitrinite reflectance measurements from surface samples of
mudrock and coal show anomalously high values over the Bell
Creek oil field. The average vitrinite reflectance (R, ) increases to
apeak of 1.2% over the field against background values of about
0.3%. The R, anomaly coincides with a geochemical anomaly
indicated by §"°C in carbonate-cemented sandstones. These sam-
ples were taken from the Upper Cretaceous Lance and Paleocene
Fort Union formations, which form an essentially conformable
sequence. The depositional environment is apparently similar in
both formations, and we expect little variation in the source and
composition of the organic matter. R, should be rather constant
across the field if conditions of diagenesis were uniform. The
limited topographic relief (< 1,000 ft or 305 m) over the shallow-
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dipping homoclinal structure of the field and the poor correla-
tion coefficient of R, regressed against sample locality elevation
(r = 0.2)indicate that the R, anomaly is not due to burial, defor-
mation, and subsequent erosion. Temperature studies over local
oil fields with similar geologic conditions suggest the expected
thermal anomaly would be less than 10°C (50°F), which is too
small to account for the significantly higher rank over the field.
Coal clinkers are rare in the vicinity of the Bell Creek and wide-
spread heating by burning of coal seams is unlikely. We suggest
that activity by petroleum-metabolizing bacteria is a possible
explanation of the R, anomaly. Microseepages from oil fields
support large colonies of these organisms, which could also
metabolize aliphatic side-chains on the kerogen molecule. The
loss of these side-chains increases the aromaticity of the vitrinite
and consequently increases its reflectance.

BARKER, COLIN, Univ. Tulsa, Tulsa, OK
Organic Geochemistry—Perspectives and Projections

In the past 15 years organic geochemistry has evolved from an
academic discipline into an important and useful tool in explora-
tion. The development of experimental techniques for analyzing
complex organic materials (such as kerogen) and multi-
component mixtures (such as crude oils) has played a critical role,
and this ability to characterize organic matter in detail hasled to a
better understanding and documentation of the process of petro-
leum generation. Although the nature of the organic matter in
source rocks exercises initial control over the hydrocarbons gen-
erated (oil versus gas), it is processes acting in the reservoir that
most influence oil quality. Thermal maturation and bacterial
alteration are well-understood and their influence on the details
of oil composition is documented by many studies. Pyrolysis
techniques have been particularly important in providing a
means for analyzing small samples quickly, and their introduc-
tion onto drilling rigs has made geochemical data available at the
same time as other electric log information.

Despite considerable progress, some areas of geochemistry
need further development. Analytical techniques, although still
capable of refinement, are in general adequate for the tasks in
hand. The biggest conceptual gap is in understanding the process
of migration out of source rocks. Progress is being made, but the
relative importance of the various possible migration mecha-
nisms is imperfectly understood. This is a critically important
area because of its impact in recognizing source rocks, establish-
ing time of migration and distance of migration, and in develop-
ing oil-to-source correlation methods. Quantitative models that
use time-temperature relationships to establish the time of oil
generation are developing rapidly and provide an important tool.
Further refinement is needed, and here parallel research on simu-
lating generation in the laboratory will be important. Hydrous
pyrolysis (which involves heating samples of immature source
rocks at elevated temperatures and pressures in an aqueous
medium) seems to duplicate natural generation very well and has
enormous potential for investigating generating capacities of dif-
ferent types of organic matter under various conditions.

The biggest challenge in exploration is to extrapolate from
limited well data to other locations in the basin. Geochemistry
cannot function in this way without a much better understanding
of the relationships among organic matter types and environ-
ments, and the processes that operate to separate organic matter
types (such as different hydraulic behaviors). It is important to
establish the geochemical style of each depositional environment
and to extend the present concepts of organic facies. We need
more “geo” in geochemistry. Also more attention should be paid
to mass balance considerations within the geologic framework;
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for example, how much oil can a particular source unit be
expected to produce?

Organic geochemistry is developing all the signs of a mature
discipline with several widely accepted textbooks and journals,
increasing numbers of industry-oriented publications, and repu-
table service companies. An encouraging sign is the increasing
number of interlaboratory standards currently being exchanged.
[ am very optimistic about the future applications of organic geo-
chemistry as an exploration tool.

BARRELL, S. S., Univ. South Carolina, Columbia, SC

Hydrocarbon Accumulation in Pennsylvanian-Age Ten Sleep
Sandstone: The Trapper Creek Tar Sand Deposit, Big Horn
Basin, Wyoming

Preliminary investigations indicate a potential tar sand accu-
mulation in the Trapper Creek 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 petroleum. Remote sensing data suggest that the
accumulation is in part controlled by two major and four minor
lineaments which traverse the area. Stratigraphic and lithologic
criteria can be used to infer a Minnelusa-type mode of occur-
rence. Ancillary stream sediment and outcrop geochemistry data
yield locally anomalous but uneconomic concentrations of Mg,
Ca, Ti, Mn, Ag, Cu, Mo, V, K, and Si, which may have signifi-
cance in the identification of similar hydrocarbon accumulations
along the west flank of the Bighorn Mountains.

BARRETT, MARY L., Mobil Exploration and Producing Serv-
ices Inc., Dallas, TX (present address: Johns Hopkins Univ.,
Baltimore, MD)

Distribution of Thermal Maturity in Central Graben, North Sea

The distribution of oil and gas fields in the northern North
Sea closely reflects the structural patterns of Mesozoic-graben
development. Late Mesozoic-Tertiary basin subsidence in the
Central graben has resulted in a very favorable burial history for
source rock maturation.

Time-stratigraphic information and present-day average tem-
perature gradients were used from several wells to calculate
depths of oil and gas windows in the area. By intersecting this
depth-to-generation trend with the Late Jurassic-Cretaceous
unconformity surface, the resulting map view reflects thermal
maturation at this structural level plus the underlying Kim-
meridge Clay. Average depths to the onset of moderate hydrocar-
bon generation range from 8,000 to 10,000 ft (2.438 to 3,048 m).

A combination of rapid sedimentation and sufficient subsur-
face temperatures in the Central graben promoted early source
rock maturity as compared with the northern North Sea as a
whole. The absolute timing of oil generation could in part be
dependent on the magnitude of paleotemperature changes possi-
bly associated with thermal subsidence of the basin. Early oil
generation and migration may have promoted preservation of
high chalk porosities as discussed in published works on the Eko-
fisk area.

BARRON, ERIC J., and WARREN M. WASHINGTON, Natl.
Center Atmospheric Research, Boulder, CO

Numerical Climate Modeling: An Exploration Frontier in Petro-
leum Source Rock Prediction
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Regions of persistent high organic productivity (e.g., coastal
upwelling regions) and environmental conditions conducive for
organic matter preservation provide a setting for petroleum
source bed formation. Both productivity and preservation of
organic matter are strongly related to the atmospheric and oce-
anic circulation. Accurate predictions of ancient circulation pat-
terns will therefore be useful as source rock predictors.

In the past, predictions of ancient circulation patterns and
upwelling regions have been based on an analogy with the mod-
ern circulation. The approach is essentially one of moving the
continents “beneath” the present-day atmospheric circulation.
Because topography, continental positions, and sea level almost
certainly modify the nature of the circulation, the utility of sucha
simple research approach is suspect. The most promising
approach is through the use of numerical climate models based
on the dynamic and thermodynamic equations thought to govern
the circulation, given specific geologic boundary conditions.

A mathematical general circulation model of the atmosphere,
capable of using realistic geographic surface boundary condi-
tions, has been employed to examine the sensitivity of the circula-
tion to changes in continental position, sea level, topography and
land-sea thermal contrast based on mid-Cretaceous geography.
Each experiment consisted of a single change in a boundary con-
dition in the following order: (1) a present-day control; (2) the
present-day with no topography; (3) rotation of present-day
“flat” continents to mid-Cretaceous positions; (4) reduction of
Cretaceous land area associated with higher sea level; (5) addi-
tion of Cretaceous topography; and (6) addition of a warm Cre-
taceous ocean. The results are of particular significance because
they illustrate (a) the importance of geography as a control on the
nature of the circulation and (b) the potential usefulness of
numerical climate modeling in petroleum source rock prediction.

(1) Experiments with no topography (flat, sea level conti-
nents) are nearly identical, exhibiting only minor differences
from a “classical” pattern of atmospheric circulation. This pat-
tern consists of an equatorial low, high pressure centered just
equatorward of 30° lat., a low pressure belt centered near 60°
and a polar high.

(2) Topography and land-sea thermal contrasts substantially
alter the atmospheric circulation patterns in two important
aspects. First, these variables reduce the zonality of the surface
pressure and wind patterns, resulting in regional convergences
and divergences which would not be predicted by a simple quali-
tative analogy with present-day patterns. Second, the mean lati-
tudinal position of low and high pressure regions (hence easterly
and westerly wind patterns) and the intensity of these features
were altered by including topography and land-sea thermal con-
trasts. For example, the Tethyan ocean and the topography of
the bordering continents result in a 10° equatorward shift of the
Northern Hemisphere subtropical high. Such a shift has consid-
erable implications for the climate of the regions bordering the
Tethys ocean. Cretaceous upwelling areas may have been sub-
stantially displaced in latitude with respect to present-day pat-
terns.

The model results illustrate the importance of geographic var-
iables as controls on circulation patterns. These results can be
compared with the geologic record and evaluated as a petroleum
source rock prediction tool.

BARWIS, J. H., Shell Oil Co., Houston, TX, and M. O.
HAYES, Research Planning Inst., Columbia, SC

Genesis and Preservation of Antidune Stratification in Modern
and Ancient Washover Deposits



