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RABINOWITZ, PHILIP D., Texas A&M Univ., College Sta-
tion, TX, and Lamont-Doherty Geol. Observatory, Palisades,
NY, ALICE M. ROGAN, Lamont-Doherty Geol. Observatory,
Palisades, NY, and HANS SCHOUTEN, Woods Hole Oceano-
graphic Inst., Woods Hole, MA

A Synthesis of Marine Geological/Geophysical Data for Ocean
Crustal Drilling on Mid-Atlantic Ridge

We have recently completed a synthesis of all available marine
geological/geophysical data in the Mid-Atlantic Ridge area of
the central Atlantic Ocean. The synthesis was undertaken to eval-
uate future scientific drill sites. The final product is a set of maps
on Mercator projection for the following areas: Area VIII-1, 33°
to 38°N, 30° to 44°W; Area VIII-2, 28° to 33°N, 34° to 48°W;
Area VIII-3, 22° to 28°N, 39° to 50°W. For each area the data
synthesized includes: contours of bathymetry at a 500-m (1,640-
ft) contour interval, contours of free-air gravity at a 10 mgal con-
tour interval, total intensity magnetic anomaly profiles and
identifications along ships’ tracks, locations and thicknesses of
sediment ponds from seismic reflection data, seismic crustal
structure from sonobuoy and other refraction measurements,
surface sediment core locations, sediment types and ages, loca-
tions of available rock dredges, heat flow measurements, seis-
micity and regional tectonics. In addition, detailed maps showing
near bottom observations at the Mid-Atlantic Ridge in the vicin-
ity of the Kane Fracture Zone (24°N), TAG area (26°N), Ocean-
ographer transform (35°N), and the Famous Area (37°N) are
included.

The segmental nature of the Mid-Atlantic Ridge crest is clearly
shown. It is interpreted as a succession of relatively short spread-
ing centers separated and offset by, in general, small offset trans-
form zones. The average spacing between the transform zones is
less than 50 km (31 mi) and rather uniform. The fracture zones
may be traced away from the ridge transform section, but not
necessarily as a continuous bathymetric feature.

The gravity anomalies present a smoothed (low-pass filtered)
version of the bathymetry. In some places (e.g., the eastern exten-
sion of fracture zone B at 36.5°N), the gravity anomalies display
the continuation of fracture zones where the bathymetry does
not.

The magnetic anomaly identifications show the variable
behavior of the North Atlantic accreting boundary through time.
Consistent asymmetric spreading is found south of the Kane
Fracture Zone (24°N), indicating continuous eastward migration
of the accreting boundary. Variable asymmetric spreading is doc-
umented farther to the north. We find that the asymmetry is pre-
served in the individual magnetic anomalies, suggesting that the
emplacement of the magnetic source has occurred in a relatively
narrow zone. Further, we believe that the extreme variability of
magnetic anomaly shapes in the North Atlantic may be caused by
variable asymmetric behavior of the individual spreading cen-
ters.

RANGER, MIKE*, and ROBERT SHARPE*, Gulf Canada
Resources Inc., Calgary, Alberta, Canada

Lower Cretaceous Wabiskaw Tar Sands; Shallow Shelf Rework-
ing of Submarine Fans

The Wabiskaw Sands consist of 3 units, each of which is a
mappable submarine fan complex. They prograded westward
into a shallow basin, 50 to 60 m (164 to 200 ft) deep, that existed
during the early part of the Lower Cretaceous transgression.
Each fan complex was fed by a different submarine canyon.
These canyons were drainage valleys on the Paleozoic erosion
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surface before they were drowned by the marine transgression.
Each fan complex covers 6,000 to 7,000 km? (2,300 to 2,700 mi?)
and each was probably related to a progressively higher sea level
stand.

Once on the basin floor, the sand was reworked by storms and
possibly tides, and now has the characteristics of a shallow shelf
bar similar to the Upper Cretaceous Hygiene Sand of Colorado
or Sussex Sand of Wyoming. Each of the three Wabiskaw
sequences coarsen upward. They are strongly bioturbated at the
base, decreasing to only slight bioturbation in the upper sandy
facies, in which Asterosoma is the most common trace fossil.
These glauconitic sands are dominated by tabular bedding or
large, shallow, trough cross-bedding when physical structures
are visible; otherwise the sands appear massive.

A bar morphology is apparent from data from closely spaced
(215 m; 700 ft) wells, and reservoir parameters such as porosity
and permeability broadly reflect this pattern.

RAPOPORT, L. A,, and G. C. GRENDER, Virginia Polytech-
nic Inst. and State Univ., Blacksburg, VA

Discovery Functions of Qil and Gas by Depth Zones Throughout
U.S. Basins

This paper presents the key results concerning oil and gas dis-
covery functions derived from comprehensive computer-
supported analyses of the exploration histories of the main
producing provinces of the conterminous U.S. To permit mean-
ingful comparison between different geologic regions and/or
horizons, the discovery functions are expressed as relationships
between exploratory drilling density (in ft/mi’ of sediment) and
hydrocarbon content (in bbl discovered/mi® of sediment). The
discovery functions obtained for each basin as a whole are com-
pared to those of the individual depth zones in the basin (the
depth zones being defined on the basis of uniform levels of drill-
ing density and/or stratigraphic characteristics). The striking
finding of these comparisons is that the discovery functions of
the individual (homogeneously explored) depth zones are inher-
ently much more angular or “flat shaped” than those obtained
for each basin as a whole. The implications of this finding are dis-
cussed in relation to: (a) the theoretical considerations underlying
the concept of (negative-exponential-type) discovery functions;
and (b) the practical application of discovery functions to the
projection of future oil and gas discoveries.

REEDER, RICHARD J., State Univ. New York, Stony Brook,
NY

TEM as a Tool in Study of Carbonate Crystal Chemistry

All natural carbonate minerals exhibit crystal defects, either in
terms of nonstoichoimetry or structural imperfections. These
defects represent a record of the crystallization (or in some places
post-crystallization) process and thus provide direct evidence
concerning various diagenetic reactions. The characterization of
these defects is facilitated in many ways by use of the transmis-
sion electron microscope (TEM) and its various modifications.

The diffraction contrast mechanism allows certain defects not
visible in other microscopes (e.g., domain structures, stacking
faults, modulated structures, etc) to be imaged with very high res-
olution (approximately 20 A). High-resolution electron micros-
copy (HREM) utilizes a phase contrast mechanism and is capable
of imaging individual lattice planes with a resolution better than
2 A. Depending on the particular planes imaged, information
about local ordering and stacking defects is obtained, aspects
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especially useful in studying dolomites and magnesian calcites.
The capability for simultaneous electron diffraction from
regions less than 1 um allows for identification of phases and
evaluation of short-range ordering.

In addition, many modern TEMs have scanning devices allow-
ing scanning-transmission images (STEM) as well as the more
conventional secondary-electron images to be formed. The use
of energy-dispersive X-ray spectrometers is optimized with such
STEM instruments as spatial resolution of roughly 150 A is possi-
ble.

Recent studies of carbonate minerals using these techniques
have revealed a wide variety of defect microstructures character-
istic of different growth and diagenetic conditions. In many
places, the microstructures are present in such high densities as to
significantly influence the stability and reactivity of the mineral.

Notable examples include the calcium-rich dolomites, both
from ancient rocks and Holocene sediments. The ancient calcian
dolomites exhibit a complex modulated structure with growth
and possibly transformation-induced defects. Holocene dolo-
mites are structurally distinct, characterized by a high-density
domain structure associated with growth faults. Pervasive, com-
plex microstructures have also been found in saddle dolomites,
magnesian calcites, and low-Mg calcites. In the latter, the defect
structure is thought to be associated with local CO, group disor-
der.

Since the microstructures are characteristic of different dia-
genetic growth conditions, their proper characterization and
interpretation represents a potential tool for hydrocarbon explo-
ration in carbonate terrains.

RENEER, BERNAL V., Baylor Univ., Waco, TX

Depositional History and Petroleum Potential of Permian Tan-
nehill Sand, King and Knox Counties, Texas

Channel deposits of the lower Wolfcampian Tannehill sand are
amajor oil-producing interval in west-central Texas. These sand
bodies represent a fluvial meander belt that was part of an exten-
sive depositional system which shifted laterally along paleoslope
toward the slowly subsiding Midland basin.

Within the producing zone, stratigraphic traps commonly are
formed by structural closure caused by differential compaction
and updip pinch-outs against clay plugs of former channel
thalwegs. Porosities range from 20 to 30%, with permeabilities
of 300 to 700 md. Oil columns of approximately 5 to 30 ft (1.5 to
9 m) are reported. The abrupt erosional contacts of the channel
deposits with the regionally persistent Stockwether Limestone
clearly delineate the lower boundaries of the Tannehill sand. The
typical Tannehill E-log signature shows a sharp basal contact, a
decrease in SP amplitude upward, and a more serrate curve
upward—all characteristic of point-bar sequences. However, an
abnormally low resistivity value (2 ohms) is observed in the oil-
saturated portions of the sand. Core analysis shows that this
abnormal value does not result from high water-saturation levels.
Instead, this anomalous feature is probably due to the retention
of water in clay lenses found within the sand bodies.

Ultimate recoverable oil in the Tannehill is estimated to aver-
age 400 bbl per acre-foot. The relatively shallow depth, 2,600 to
2,700 ft (792 to 823 m), of the Tannehill and the low cost of drill-
ing to reach it create favorable exploration prospects. Recogni-
tion and understanding of the resistivity anomaly in the Tannehill
sand could be of major economic importance.

RHEAMS, KAREN F.,, THORNTON L. NEATHERY*,
CHARLES W. COPELAND, and LAWRENCE J. RHEAMS,
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Hydrocarbon Assessment of the Chattanooga (Devonian) Shale
in North Alabama, Northwest Georgia, and South Tennessee

Devonian oil-bearing shale (Chattanooga Shale) occurs over a
wide area of north-central Alabama and south-central Tennes-
see, Four counties, Limestone and Madison Counties, Alabama,
and Giles and Lincoln Counties, Tennessee, appear to have the
best potential for future development in the region. In this area,
the shale ranges from 0 to 15 ft (4.5 m) thick and has less than 100
ft (30 m) of overburden. The shale is typically dark gray to black
with pyrite laminae and nodules. Very small lenses and interbeds
of sandstone and siltstone, calcite streaks, phosphate nodules,
and cherty layers occur locally. The unit is correlative with the
Gassaway Member of the Chattanooga Shale as recognized in
Tennessee. Shale samples of high oil content are typically very
dark gray to black, slightly pyritic, and some have a petroliferous
odor. Sandy and silty shale samples show a sharp decrease in oil
yield values. In this region, the shale appears to have accumu-
lated in a shallow (less than 100 ft, 30 m) marine reducing envi-
ronment with a highly irregular shoreline and some scattered
islands. If this depositional hypothesis is correct, it may account
for the sporadic occurrence, variable thicknesses of the forma-
tion, and vertical variations of chemical data for the shale unit.

Reconnaissance sampling throughout the four-county area,
augmented by widely spaced core holes in Alabama, indicate that
the shale has an average oil yield potential of 13 gal/ton by modi-
fied Fischer Assay. Maximum oil yield obtained was 23 gal/ton
from a sample in Lincoln County, Tennessee. For samples having
more than 7 gal/ton oil, whole rock and trace metals (Co, Cr,
Mo, Ni, V, Ti, Zn, and U) analyses were made. Uranium values
range from 0.0 to 70 parts per million (ppm) (av. 20 ppm). Values
for other trace metals are as follows: Co 4 to 300 ppm (av. 91
ppm); Cr S to 200 ppm (av. 81 ppm); Mo 0 to 845 ppm (av. 230
ppm); Ni 10 to 600 ppm (av. 234 ppm); V 12 to 540 ppm (av. 257
ppm); Ti 3,000 to 11,500 ppm (av. 7,439 ppm); Zn 30 to 910 ppm
(av. 228 ppm). Fixed carbon ranges from 0.60to 12.97%, with an
average of 9.58%. Total organic carbon averages 16.93 wt. %
with a hydrocarbon index of 305 mg/g. The predominant clay
mineral is illite, but mixed layered clays are common. The
kerogen and organic content appears to coat and be interstitial to
the quartz grains and clay particles. Coaly fragments were noted
in some samples, but amorphous material suggestive of algal ori-
gin was noted in many samples. The components of the kerogen
fraction are 29% aromatics, 65% resin and asphaltenes, and 6%
saturates. Analyses of the extracted oil indicate 11% paraffins-
naphthenes, 45.7% aromatics, 4.2% sulfur, 25.9% eluted NSOs,
1.5% non-cluted NSOs, and 11.7% precipated asphaltine. Solid-
state *C NMR spectra suggest a poor conversion of organic car-
bon to oil.

RICE, DUDLEY D., U.S. Geol. Survey, and LEWIS R.
LADWIG, Colorado Geol. Survey, Denver, CO

Distinction Between In-Situ Biogenic Gas and Migrated Thermo-
genic Gas in Ground Water, Denver Basin, Colorado

Methane-rich gas commonly occurs in ground water in the
Denver basin, southern Weld County, Colorado. The gas gener-
ally is in solution in the ground water of the aquifer. However,
exsolution resulting from reduction to hydrostatic pressure dur-
ing water production may create free gas, which can accumulate
in wells and buildings and pose an explosion and fire hazard.

The ground water is found in siltstones and sandstones that
make up the Upper Cretaceous Laramie-Fox Hills aquifer at



