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Morphology and Growth Pattern of Amazon Deep-Sea Fan: A
Computer-Processed GLORIA Side-Scan Sonar Mosaic

Deep-sea fans have become increasingly important targets for explora-
tion because of their favorable facies associations. A better understand-
ing of deep-sea fans is needed to successfully exploit these complex
sediment bodies. Recent studies of the Amazon fan, using long-range
side-scan sonar (GLORIA) and single-channel seismic data, provide an
overall view of channel patterns on this fan and demonstrate the relation-
ship between successive channel/levee systems. The digitally collected
GLORIA data have been computer processed to produce a mosaic of the
fan. Computer processing has corrected the records for slant range and
ship navigation, and targets have been enhanced. Many features of the
modern fan system are readily apparent on the sonar mosaic. The 1.5 to
0.5-km (5,000 to 1,600-ft) wide channels meander intensely across the fan
with sinuosities up to 2.5. Because of these meanders, the channel gradi-
ents decrease regularly across the fan despite changes in regional slope.
Other channel-related targets include cutoff meanders, overbank
deposits (especially small debris flows), and channel branchings. Other
debris flows cover large areas of the fan and override channel/levee sys-
tems. Air-gun records show that this fan is built of a series of channel/
levee systems that overlay one another. Channels from at least 6 of these
systems are visible at the surface now, but apparently only one channel at
a time has been active. The length of time needed to build a single
channel/levee system is not known, but it appears to be rapid.
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Upper Fort Union Coals in Western Powder River Basin, Wyoming:
Alluvial-Plain Deposits

Stratigraphic distribution of coals and associated lithofacies in the
upper Fort Union Formation (Paleocene) was investigated in outcrop and
subsurface from southeast of Sussex to south of Buffalo, Wyoming. In
this area, Ayers and Kaiser in 1982 proposed that upper Fort Union coals
accumulated in deltas and interdeltas, and pinched out into a lake. Our
study does not support these interpretations.

The upper 1,000 f1 (300 m) of the Fort Union Formation in the western
Powder River basin comprises interbedded conglomerates, conglomer-
atic sandstones, sandstones, siltstones, mudstones, carbonaceous shales,
and coals. The conglomerates, consisting of pebbles and cobbles
reworked from Mesozoic and Paleozoic rocks, are in scour-based bodies
as thick as 25 ft (8 m). A 300-ft (90-m) thick, 12-mi (19-km) long conglom-
eratic channel-sandstone complex is in the lower part of the interval. In
the upper part of the interval, conglomeratic single- and multistory chan-
nel sandstones reach thicknesses of 100 ft (30 m) and widths of 4,000 ft
(1,200 m). These channel sandstones grade into overbank-floodplain sed-
iments, which are interbedded with backswamp deposits of coals and car-
bonaceous shales. The conglomeratic channel sandstones are interbedded
with coal beds as thick as 20 ft (6 m). These coal beds probably are later-
ally equivalent to the 178-ft (54-m) thick Sussex coal deposit to the east.

Lithofacies associated with the coals in the western Powder River basin
suggest an alluvial-plain paleoenvironment. The alluvial plain consisted
of braided and meandering streams flanked by well-drained and poorly
drained backswamps. These streams probably are northeasterly flowing
tributaries of trunk streams.
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Geothermal Resources of Balcones-Ouachita Trend, Central Texas

The Balcones-Ouachita trend of central Texas is an often overlooked
zone with great potential for widespread occurrence of low-temperature
geothermal resources. The area with potential resources extends from
north of Dallas to Del Rio. Thermal input to these systems is from the
natural thermal gradient of the earth. Downdip movement of ground
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water from recharge zones to the west, or updip flow from overpressured
zones within the Gulf Coast basin, are 2 possible sources for fluids. Per-
meability in these systems is typically stratigraphic, but local enhance-
ment by fractures and faults aids fluid flow. Basal Cretaceous
sandstones, such as the Hosston Formation and its lateral equivalents,
and Cretaceous limestones, such as the Edwards formation, have identi-
fied resources. Resource models developed to date indicate higher tem-
peratures where updip flow from the basin is enhanced by fault
permeability. Recent tests of these resources include a geothermal well in
Marlin, where the Hosston Formation produces 67°C (153°F) fluids
fromadepth of 1,183 m (3,881 ft), and a program conducted in the fall of
1983 10 assess the geothermal characteristics of the Hosston Formation in
the San Antonio area. Results of this program are still being evaluated. [n
the San Antonio area, warm waters have been produced from the
Edwards formation,
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Selection Parameters and Subsurface Explorations for Gil Mining Pro-
jects

Oil mining offers the potential for significant additional recovery of oil
remaining in reservoirs after primary, secondary and tertiary production
methods have been applied. Potential reserves for oil mining techniques
within the United States is estimated to include 300 billion bbl of light oil
and 200 billion bbl of heavy oil. Projects tested throughout the world
have demonstrated the technical feasibility of oil mining. Recent evalua-
tions indicate that this technology is economically competitive with most
enhanced oil recovery (EOR) methods.

Oil mining can be divided into two general categories: surface mining
and underground mining. Surface mining appears applicable to near-
surface reservoirs with low overburden ratio and high oil saturation.
Heavy oil and tar sands offer many potential targets for surface mining.
Underground mining is applicable to reservoirs less than 3,000 ft (900 m)
deep, using the mining-for-access method. Mining for access includes the
development of underground space at the base of a reservoir and the drill-
ing of closely spaced drainage wells upward into the reservoir. This min-
ing method produces oil by gravity drainage and is therefore applicable to
underpressured reservoirs with adequate oil mobility.

Selection and development of an oil mining project is based on a
unique combination of mining engineering, geotechnical engineering,
and petroleum engineering parameters and considerations. As with EOR
projects, successful implementation of this technology depends on a
detailed understanding of the subsurface conditions in the project area.
Subsurface exploration programs for oil mining projects must be highly
integrated in order to provide useful data for each of the applicable disci-
plines to perform their respective evaluation and design analyses.
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Late Pleistocene Ice-Proximal Glaciomarine Subaerial Delta and Subma-
rine Outwash Fan Lithofacies, Fraser Lowland, British Columbia, Can-
ada

Field study of sedimentary textures, structures, and lithofacies of
upper Pleistocene sediment deposited when glaciers retreated from a
fjord indicate local depositional history and environment. Three discrete
lithofacies sequences are inferred to be ice-proximal deltaic and subma-
rine outwash-fan deposits of a glaciomarine environment.

Two delta-plain sequences are composed of planar-stratified and large-
scale trough-cross-bedded sands and clast-supported gravels. Delta-front
facies comprise interstratified sands, silty sands, and pebbly sands that
contain ripple and climbing-ripple cross-stratification. Mud drapes on
ripples indicate that traction currents were episodic but frequent. Nonrip-
pled sands are reverse to normally graded or normally graded low-density
gravity-flow deposits or discontinuous underflow deposits. Structureless
sands resulted from grain flow or settled from a turbid overflow plume.
Prodeltaic facies dominated by muds are rhythmically interstratified with
sand and are deposited from turbid overflow plumes. Other coarser-
grained sands are turbidites associated with slumps, slide blocks, and
debris-flow deposits shed off the delta front.

The submarine outwash-fan sequence comprises scour channels



