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mosaic of fault blocks that were differentially active Ihrough ge<'logic 
time. The buildups are elongate northwest, and their distribution and 
overall shape appear to be controlled by northwest-trending paleosiruc-
tures. Some larger buildups (i.e., Ismay) show local northeast-trending 
thicks within an overall northwest-trending buildup. 

Examination of Landsat imagery revealed an extensive network of 
northwest-and northeast-trending lineaments that parallel linear paiterns 
apparent from aeromagnetic, gravity, and subsurface isopach data. Addi­
tionally, outcrops along selected lineaments contain fractures that parallel 
these lineaments, suggesting that the lineaments are related to fundamen­
tal (i.e., basement) fracture zones along which algal buildups may have 
developed. Comparison of the fracture network to the distribution of 
algal thickening reveals these buildups occur predominantly along 
northwest-trending lineaments. Local disruptions within and apparent 
terminations of the buildups correspond to cross-cutting northeast-
trending lineaments. This relationship provides guidance to locating pro­
spective algal buildups. Integration of these data with detailed subsurface 
mapping can refine some leads into prospects. Several of these features 
have been successfully drilled. 

MERIN, 1. S., Earth Satellite Corp., Chevy Chase, MD, and W. R. 
MOORE, Petroleum Geologist, Denver, CO 

Application of Landsat Imagery to Hydrocarbon Exploration in Nio­
brara Formation, Denver Basin 

The Niobrara Formation produces commercial quanuties of oil from 
fractures in several places in the Denver basin. The Niobrara in this basin 
is an oil-prone, mature source rock having as much as 3.4% TOC, and 
has been in the generating window since early Eocene. This implies that 
hydrocarbon generation from the Niobrara is partly contemporaneous 
with the Laramide orogeny. The Laramide was a muUiple-phase orogenic 
event that began with compression directed to the east-northeast during 
the Late Cretaceous to Paleocene and ended with compression directed to 
the northeast during the Eocene. We believe the Eocene phase activated 
northeast-trending extension fractures that may have acted as loci for 
storage and migration of hydrocarbons, locally generated in the Nio­
brara. The auto-fracing pressures related to hydrocarbon generation in 
the Niobrara theoretically would preferentially open and fill this 
northeast-trending fracture system. 

Examination of Landsat imagery shows that zones of northeast-
trending lineaments are present throughout the basin. Numerous 
northeast-trending fauUs are present in the basin, and many overlie older 
zones that were reactivated during the Laramide. This suggests that these 
lineaments are previously unrecognized fracture zones. We have defined 
an exploration fairway within the basin based on subsurface isopach and 
resistivity mapping. We believe that mapping of northeast-trending frac­
tures can help identify leads (within this fairway) prospective for Nio­
brara production. Support of this concept is the location of several 
apparently productive Niobrara wells along a zone of northeast-trending 
lineaments. 

MESCHER, PAUL K., and JAMES C. POL, ARCO Exploration, Den­
ver, CO 

Sedimentation and Tectonic Implications of Cambrian-Ordovician elas­
tics, Renville County, North Dakota 

Cambrian-Ordovician elastics of the Deadwood Formation were stud­
ied in detail from Newporte field in Renville County, North Dakota. This 
small Cambrian-Ordovician oil pool was extensively cored, often to the 
Precambrian basement, allowing close examination of clastic deposition 
influenced by local basement tectonics. 

In Renville County, the basal unit consists of a well-rounded, fine to 
medium-grained glauconitic quartz sandstone. Paleohighs appear to 
have had a pronounced effect on Deadwood sedimentation. Sands, from 
quiet water settings, show poor to moderate sorting, are commonly finely 
laminated, and/or show traces of minor small-scale cross-bedding. In 
places, bedding planes are highly disrupted, suggesting intervals of 
intense bioturbation (Skolithos). Sands associated with paleohighs are 
clean, well sorted, and commonly friable. Their association with base­
ment structure is suggestive of beach-barrier-bar sequences related to 
irregularly upthrown basement blocks. In one example, this clean basal 

sand is associated with an upthrown basemen! block and is sharply trun­
cated by the pre-Winnipeg (early Ordovician) unconformity. 

The first unit above the basal sandstone in .structurally lower wells is an 
anomalous conglomerate unit. Large angular basement clasts up to cob­
ble size were viewed in core. This unit grades upward into a fine sand 
sequence and distally grades into a marine sand. It terminates abruptly in 
upthrown wells and indicates rapid fault movement and offset during 
middle Deadwood deposition, with development of localized fanglomer-
ate sequences associated with fault scarps. 

Immediately capping this sequence is a dark-gray marine shale that 
Ihins depositionally toward paleohighs. 

MILLIKEN, K. L., R B. GOLD, and L. S. LAND, Univ. Texas at Aus­
tin, Austin, TX 

Feldspar Diagenesis in Neogene Sediments, Northern Gulf of Mexico 

Alteration of feldspars in the youngest of the Gulf Coast Cenozoic 
sands and sandstones is dominated by dissolution and albitization. Volu-
metrically significant amounts of alteration are only observed below bur­
ial depths of about 4.5 km in sands of Pliocene and Miocene age. Only 
trivial amounts of plagioclase dissolution were observed in Pleistocene 
units. In general, plagioclase exhibits minor amounts of secondary disso­
lution at all depths, and greater amounts in the deepest samples. Potas­
sium feldspar is subject to very little dissolution to depths of about 3.5 
km; by 4.5 km K-feldspar removal is virtually complete. Albitization 
affects only plagioclase and appears to be operative, in these sediments, 
over temperatures of 110°C-I40°C. 

Compared to older Cenozoic units elsewhere around the Gulf of Mex­
ico feldspar dissolution and albitization in Neogene sands have advanced 
to a lesser degree, at least in the sense that they affect a smaller proportion 
of the total section. Comparison of pre-alteration feldspar composition, 
temperatures of alteration, and geothermal gradients for Gulf Coast 
sandstones of different ages suggests that the main controls on feldspar 
alteration are temperature, pre-alteration plagioclase composition, and 
possibly the amount of fluid flow. Time per se seems to be a factor of neg­
ligible importance, at least over time spans greater than 10* yr. Thus, the 
lesser volume of Neogene sand affected by feldspar dissolution and albiti­
zation can be attributed primarily to the lower geothermal gradients of 
the northern Gulf. 

MITCHELL, STEPHEN M., Mobil Producing Texas & New Mexico, 
Houston, TX 

Reservoir Description Applied to latan East Howard Field, Mitchell 
County, Texas 

A reservoir description has been completed to help improve recovery 
over Mobil Producing Texas and New Mexico's leases in the latan East 
Howard field in Mitchell County, Texas. The following 5 phases of study 
have been used: core description, log analysis, stratigraphy, mapping, 
and follow-up. 

Two 850-ft cores were used to study depositional environment and dia-
genetic history. Clear Fork (Permian Leonardian) pay is characterized by 
thin, discontinuous porosity zones cut by vertical fractures. Porosity 
development is controlled by fades zonation from a tidal flat similar to 
that on Andros Island today. Porosity developed in carbonate-sand accu­
mulations along tidal channels that meander and bifurcate across the flat. 
Thickness and continuity increase northwestward toward the basin. Six 
major zones of transgressive channel belt sediments separated by regres­
sive supratidal marsh sediments were identified in the upper Clear Fork. 

Digitized logs were analyzed and log analysis was accepted where 
porosity matched whole-core porosity measurements. Histograms of log 
response were used to normalize uncored wells to cored wells for equiva­
lent results. 

Stratigraphy was studied by cross sections of each zone. Facies-biased 
contouring was used to map reservoir parameters. Pay thickness was 
mapped using 2 porosity cutoffs with the higher identifying the best reser­
voir. Maps were digitized and used to calculate the original oil in place. 
The fracture orientation was recognized as N60°E from injection-water 
breakthrough, water sampling, and water-oil ratio mapping. Injectors 
will be placed along this trend perpendicular to porosity trends. Follow-
up with reservoir engineering will continue with comparisons of mapped 
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volume versus production histories and will influence pattern aligmient 
and well spacing. 

MITCHELL, STEVEN W., California State College, Bakersfield, LA 

Quaternary Eustatic Sedimentary Accretion of Southern Bahamas Arch-
pelago 

Surficial geologic mapping indicates that the southern half of the 
Bahamas Archipelago is forming by the accretion of discrete depositional 
sequences resulting from successive eustatic sealevel changes: (1) multiple 
beach and dune ridges, (2) estuarine, (3) lacustrine, (4) shallow subtidal, 
(5) reef and reef rubble, and (6) megadune complexes. The lithologies are 
accreted along unconformable erosional-solutional contacts—marine 
terraces and subaerial caliche crusts. During periods of significant trans­
gression, sequences 1-5 are accreted. Sediments are predominantly skele­
tal and peloid. During periods of significant regression, megadune 
complexes are accreted. Ooids are the dominant sediment. 

Erosional-solutional features reflect areas of subaerial exposure and/ 
or coastline erosion. Terraces at 10,20, and 40 ft elevations are preserved 
along arid eastern Great Inagua Island. The calichification of Bahamian 
Quaternary carbonates has concentrated insoluble residues (quartz, feld­
spar, heavy minerals, crandallite, micrometeorites). Insoluble residue 
analysis provides a basis for the correlation of accreted eustatic sedimen­
tary sequences. 

MOLNIA, BRUCE E, U.S. Geol. Survey, Sioux Falls, SD, and 
WILLIAM C. SCHWAB, U.S. Geol. Survey, Woods Hole, MA 

Potential Geologic Hazards of North Aleutian Shelf, Bristol Bay, Alaska 

Federal OSC lease sale 92, North Aleutian shelf, Alaska, is scheduled 
for April 1985. The area, located in the southeastern Bering Sea, has 3 
basins with sedimentary thicknesses in excess of 4 km. 

Six geologic conditions that could cause problems during petroleum 
development are: (I) seismicity, (2) recent faulting, (3) gas-charged sedi­
ment, (4) bed forms and active sediment transport, (5) scours, and (6) vol-
canism. 

Since 1953, the region has a history of at least 10 shallow earthquakes, 
including a 1971 back-arc event with a Richter magnitude of 5.2. The 
largest event impacting the entire region, a Richter magnitude 8.7 earth­
quake, occurred in 1938. Normal faults are located along the southern 
edge of the St. George basin, and on the northeastern edge of the Amak 
basin. Many exhibit increased offset with depth, surficial sags, and small 
surficial cracks. Surprising was the absence of any evidence of sea-floor 
sediment instability. "Sonar bright spots," and possible, near-surface gas-
charged sediment occur west of Amak Island and north of Unimak 
Island. An area of megaripples and dunes covers more than 1,500 km^. 
Bed forms have spacings of 20-50 m and heights of 1-3 m. Observations 
suggest that coarse sand may be actively transported. Thousands of 
scours, many linear and parallel, some greater than 800 m long, 250 m 
wide, and incised up to 5 m, were identified. Pavlof, an Alaskan Penin­
sula active volcano, located 45 km northeast of Cold Bay, has a continu­
ous history of steam release and occasional eruption. Lahars, nuee 
ardentes, and other volcanogenic activities are possible, but their proba-
bihties are unknown. None of the geologic conditions identified pre­
cludes petroleum development or production. The potential impact of 
these factors must, however, be included in planning for future petroleum 
activities. 

MONTZ, MELISSA J., and DAG NUMMEDAL, Louisiana State 
Univ., Baton Rouge, LA, and DON SWIFT, ARCO Exploration and 
Production Research, Dallas, TX 

Shelf Storm-Deposited Sandstones, Upper Mancos Shale, San Juan 
Basin, New Mexico 

Hummocky cross-stratified and amalgamated sandstone beds in the 
upper Mancos Shale of the San Juan basin record sedimentation on a 
storm-dominated shelf. Interbedded silty shale, siltstone, and sandstone 
form coarsening-upward cycles in Mancos shelf deposits. Abundance of 
cycles suggests storms were frequent, and preservation potential of shelf 
storm deposits is high. 

Mancos storm beds typically have an erosional base with tool marks, 
and planar laminations overlain by hummocky cross-stratification 

(HCS). HCS comprises 20-90% of the primary sedimentary structures in 
these beds. Wave-ripple lamination commonly overlies HCS in <2-m 
thick beds high in the section. Less commonly, wave ripples overlie planar 
lamination in some thinner beds (5-15 cm) low in the section. In compari­
son, planar lamination commonly overlies HCS in storm sequences. 
Paleoflow trends are northeast to southwest, normal to presumed 
regional paleoshoreline. 

Distal to proximal changes in the beds are seen in vertical section. 
Increases in sand to shale ratio, amagamated beds, abundance of sole 
marks, average grain size (from 0.05 to 0.125 mm), and wavelength of 
HCS are seen upsection. Bioturbation of beds decreases upsection. These 
trends reflect progressive shoaling of the Mancos shelf. 

Upward-coarsening interbedded silty shale, siltstone, and sandstone 
intervals comprise the bulk of upper Mancos shelf deposits. A hum­
mocky storm bed 30-100 cm thick caps each cycle, and contact with the 
overlying interval is sharp. Contact with the overlying Point Lookout 
shoreface sandstone is abrupt. The cycles indicate that episodic storm 
sedimentation characterized the Santonian-Campanian shelf in the study 
area. 

MOORE, CLYDE H., Louisiana State Univ., Baton Rouge, LA, 
KATHY MCGILLIS, Shell Oil Co., Houston, TX, SARA STEWART, 
Pennzoil, Houston, TX, SCOTT WILKINSON, Superior Oil, Lafayette, 
LA, and GILLIAN HARWOOD, Univ. Newcastle upon Tyne, Newcas­
tle upon Tyne, United Kingdom 

Upper Jurassic of East Texas, a Stratigraphic Sedimentologic Reevalua-
tion 

The Smackover-Haynesville of east Texas has long been modeled as a 
simple progradational carbonate-evaporite ramp. Recent data indicate 
that the conventional ramp model for this sequence should be abandoned 
in favor of an evolving rimmed shelf to platform model, forming in 
response to changes in rate of relative sea level rise during the Late Juras­
sic. Evidence for Smackover-Haynesville shelves include: (1) thick high-
energy carbonates along the basin margin in the Smackover and 
throughout the Haynesville, (2) low-energy pellet-dominated lagoonal 
carbonates, evaporites, and evaporitic siliciclastics occurring landward 
of, and interfingering with, the Smackover and Haynesville basin-margin 
carbonate barriers, (3) deeper water, open-marine low-energy limestones 
with black shales seaward of the basin-margin barriers (Smackover-
Gilmer undifferentiated), and (4) the Gilmer shale forms a siliciclastic 
wedge seaward of the Haynesville basin margin and its zero isopach 
defines the Kimmeridgian shelf margin. The Smackover and Haynesville 
seem to represent 2 distinct sedimentologic cycles, with each cycle reflect­
ing an initial relative sea level rise during which a rimmed shelf and lagoon 
are developed, and a terminal sea level standstill during which the shelf 
evolved into a high-energy platform. Although these sedimentologic pat­
terns seem compatible with accepted Jurassic sea level curves, they may 
also reflect differential basin-margin subsidence combined with variable 
carbonate production rates. Finally, the shelf-platform model more 
clearly defines future exploration strategies for Smackover-Haynesville 
targets in east Texas and perhaps across the Gulf of Mexico, if eustatic sea 
level changes were the dominant causative factor for shelf development in 
the Late Jurassic. 

MOORE, GEORGE X, and R. W. JONES, Chevron Oil Field Research, 
La Habra, CA 

Organic Facies and Petroleum Potential of Eastern North American 
Margin 

Sufficient data now exist to permit reconstruction of the organic facies 
for Late Jurassic and middle Cretaceous times when the potential for 
source rock deposition was greatest on the eastern margin of North 
America. Three distinct and one mixed organic facies have been mapped 
for these 2 geologic intervals: facies B (oil-prone) amorphous organic 
material plus alginite and exinite deposited under marine anoxic condi­
tions, facies C (gas-prone) terrestrial plant debris deposited in mildly oxic 
environments, facies B-C (waxy oils and gas condensate) mixed facies, 
and facies D (nonsource) degraded and/or recycled organic material. 

Distribution of the Late Jurassic organic facies was greatly influenced 
by the relatively arid subtropical climate and the shelf-edge carbonate 


