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sabkha and dune facies were deposited over marine car
bonate rocks. Desert conditions prevailed at the eastern 
edge of the sea as it transgressed eastward and regressed 
westward across northern Arizona. Eolian dunes with 
south-dipping cross-beds were formed by trade winds 
blowing sou&ward toward the paleoequator south of 
Arizona during the Permian. Extensive coastal and con
tinental sabkhas formed between the restricted mud 
flats and the dune fields. Westward, the restricted ma
rine deposits of dolomite characterized by bivalves and 
gastropods gave way to shallow open-marine deposits of 
brachiopods, byrozoans, corals, and crinoids. ITie west
ward regression ended with a rapid transgression that 
deposited the Kaibab Limestone across the sabkhas and 
dune fields of the Toroweap and Coconino formations. 

READ, J. F., Virginia Polytechnic Inst, and State 
Univ., Blacksburg, VA, and J. R. MARKELLO, 
Chevron U.S.A. Inc., Lafayette, LA 

Carbonate Depocenters and Facies Distribution on 
Passive Cambrian Shelf and Middle Ordovician 
Foreland Basin, Appalachian Orogene, Virginia 

Depocenters in the southern and central Appala
chians in Virginia appear to have been a major influ
ence on thickaess and carbonate facies distribution on 
the passive Cambrian-Ordovician shelf and in the Mid
dle Ordovician foreland basin. 

The Upper Cambrian Nolichucky Formation illus
trates sedimentation patterns associated with a shelf 
embayment (located above the southern Appalachian 
depocenter) on the passive Cambrian shelf. The Noli
chucky Formation is an onlap-
offlap, shallow ramp to deep shelf sequence that con
sists of peritidal stromatolitic carbonate rocks, ooid 
grainstones, deeper ramp ribbon carbonate rocks, and 
embayment plain shale/siltstone/flat-pebble conglom
erate facies. Facies bands are normal to the regional 
shelf edge and parallel the outline of the shelf embay
ment. 

The Middle Ordovician sequence illustrates the influ
ence of depocenters on foreland basin evolution during 
a time of profound tectonism, when the shelf edge was 
uplifted, deformed, and subjected to erosion. The Mid
dle Ordovician ramp-to-basin sequence is an onlap-of-
flap package, that consists of peritidal fenestral lime 
mudstones, shallow subtidal cherty wackestones, ramp 
and downslope skeletal buildups, deeper ramp shaly 
skeletal wackestones, and basinal black limestones and 
shales. Widespread ramp and basin deposition com
menced to southwest Virginia during south to north 
transgression from the southern depocenter. Wide
spread downwarping extended the basin into northern 
Virginia. Rapid clastic influx coupled with progradation 
of ttie carbonate ramp caused the southern basin to fill. 

Recognition of depocenters associated with carbon
ate sequences in orogenic belts is important if controls 
on direction of transgression, facies distributions, and 
thicknesses of units are to be better understood. Fur
thermore, the carbonate depocenters appear to localize 
development of subsequent clastic wedges. 

REAUGH, A. B., and G. S. BAYLISS, GeoChem Lab
oratories, Inc., Houston, TX 

Fluorescence of Acritarchs in Study of Marine Kerogen 

Acritarchs, the organic-walled palynomorphs of algal 
affinities, exhibit strong fluorescence colors depending 
upon species type, stage of thermal maturity, and degree 
of oxidation. 

This fluorescence readily enables identification of 
acritarchs in gross kerogen concentrates and provides a 
means of distinguishing acritarch fragments in poorly 
preserved kerogen assemblages. 

Although acritarchs show similar fluorescence colors 
in an autochthonous assemblage, there may be minor 
differences as a resuh of different types and wall thick
nesses. Similarily, the varying degrees of oxidation of 
individual palynomorphs can give differing colors. 

Thick-walled marine algae also fluoresce but can be 
distinguished from acritarchs by the differences in in
tensity of the fluorescence colors. 

REAUGH, A. B., and G. S. BAYLISS, Geochem Ubo-
ratories. Inc., Houston, TX 

Depositional Environments and Kerogen Types 

No abstract available. 

REDWINE, LOWELL, Consulting Geologist, Costa 
Mesa, CA 

Hypothesis Involving Dilation and Natural Hydraulic 
Fracturing to Explain Petroleum Reservoirs in Mon
terey Shale, Santa Maria Area, California 

Fractured reservoirs in the siliceous Monterey Shale 
of the Santa Maria area represent anomalous lithology 
and anomalous type of fracturing. Some, pehaps all, 
reservoirs are not fractured chert but chert embrittled 
by dolomitization. Abundant reservoir extension frac
tures are disordered and open, commonly containing 
epigenetic dolomite breccias. These fractures are partly 
dolomite-cemented but contain common open voids, 
many 15 cm across, some larger. Breccias locally have 
an exploded appearance and contain matched frag
ments separated by veins, which apparently were inject
ed as a slurry of water, oil, and fragments of dolomite 
and dolomitic Monterey Shale. 

The highly organic Monterey served also as source 
rock and probably originated as richly diatomaceous 
slope sediment beneath an oxygen-minimum zone at a 
depositional site much larger than the Santa Maria area, 
and not confined to a specific silled basin. Local dolo
mitization may have been due, at least in part, to rising 
solutions and injected slurries. 

These reservoirs are explained by an hypothesis in
volving repeated episodes of rock dilation followed by 
natural hydraulic fracturing, all produced by continued 
episodic tectonic compression of the region (principal, 
maximum, effective stress oriented northeastward). 
High fluid pressures enlarged underpressured dilation 
microfractures into macrofractures and produced brec
cias by hydraulic fracturing. Viscous oil derived from 
the Monterey Shale was forced into voids as part of 
overpressured slurries whose breccia fragments were 



Association Round Table 771 

propping agents. Dolomite precipitated from slurries 
partly healed the fractures. 

REID, FRED S., and CLAUDE E. BERGHORN, Pep-
pard-Souders and Associates, Denver, CO 

Lower and Middle Paleozoic Potential of Paradox Ba
sin 

Successful oil exploration in the Paradox basin began 
in 1907 with the discovery of Pennsylvanian oil at Mexi
can Hat field in San Juan County, Utah. Accelerated 
exploration began with the discovery of oil in the Penn
sylvanian Paradox Formation at Aneth field in 1956 
and lasted into the 1960s. Cumulative production at 
greater Aneth field exceeds 271 million bbl of oil. A 
second major oil producing zone, the Mississippian 
Leadville, was established at Lisbon field in 1960. By 
1978, its 25 wells had produced 40 million bbl of oil and 
310 Bcf of gas. Recently, exploration in the area has 
been minimal with the exception of the current explora
tion for carbon dioxide for secondary recovery projects. 

The Paradox Formation, the major producing unit in 
the basin, can be subdivided into both genetic units and 
facies subzones using sample and mechanical log infor
mation. Recognition and mapping of the major facies— 
hypersaline, penesaline, and marine shelf—for each ge
netic unit can delineate fairways most favorable for the 
development of algal mounds in which the best produc
tion occurs. 

Perhaps the most significant remaining potential is in 
the Mississippian Leadville formation. Exploration for 
structural traps within this carbonate unit is difficult 
owing to the thick overlying Pennsylvanian salt section 
present over much of the basin. A pilot gravity model
ing study in the Lisbon field area has shown that the 
salt effect can be removed and the underlying structure 
mapped. Regional gravity modeling of the remaining 
salt basin may define similar Lisbon-type structures. 

REIMER, G. M., A. A. ROBERTS, and M. E. HIN-
KLE, U.S. Geol. Survey, Denver, CO 

Recent Advances in Helium Analysis as Exploration 
Tool for Energy "Deposits" 

Recent research by the U.S. Geological Survey dem
onstrates that helium-gas analysis of waters and soils 
holds great promise as a cost-effective exploration tech
nique for uranium, oil and gas, and geothermal energy 
sources. The technologic advances include assembling a 
heUum analyzer, almost entirely from commercially 
available equipment, and packaging the equipment into 
a mobile laboratory capable of performing as many as 
100 analyses a day at a field location. Helium is an 
attractive indicator element for many exploration pro
grams because of its unique properties: it is highly diffu
sive, chemically inert, radioactively stable, and not pro
duced or affected by biologic activity. Many ' 
associations of helium with uranium have been ob
served, in which helium is produced by natural radioac
tive disintegration; with oil and gas, where helium is 
trapped by structural and stratigraphic features; and 
wifli hot-water geothermal systems, in which the cooUng 
and reduced pressure of rising water causes dissolved 
helium to be released. The following are examples of 

distinctive helium anomaUes found associated with en
ergy "deposits": for uranium, the Ambrosia Lake dis
trict. New Mexico; for oil and gas, the Cement oil field, 
Oklahoma, and the Cliff side gas field, Texas; and for 
geothermal, the East Mesa known geothermal resource 
area in the Imperial Valley, California. With respect to 
an ambient air background of 5.24 ppm heUum, the 
highest observed concentrations of excess helium in soil 
and soil gas were typically 0.5 ppm for uranium, 10 ppm 
for oil and gas, and lOO ppm for geothermal; water 
samples usually had several hundred parts per million 
heUum for all types of energy deposits. Helium analysis 
can be used as a rapid and inexpensive reconnaissance 
tool and as complementary support for other geophysi
cal and geochemical prospecting techniques. 

REINSON, GERALD E., and GUSTAV VILKS, Geol. 
Survey Canada, Dartmouth, Nova Scotia 

Seabed Characteristics and Sand Dispersal on Bedrock-
Dominated Inner Shelf of Southern Labrador 

The Labrador Shelf is dissected by the Marginal 
Trough into a narrow inner rocky shelf, which is the 
submerged extension of the Precambrian Shield land-
mass, and an outer shelf zone consisting of broad, flat 
banks mantled by thick deposits of glacial drift. The 
inner shelf north of Groswater Bay is 35 km wide, with 
a highly irregular bedrock-dominated bottom topog
raphy. Unconsolidated materials consist of sand, and 
coarse gravel "pavement" deposits. Sand deposits are 
less than 1 m thick and Umited in areal extent to the 
flat-bottomed, low-lying areas between bedrock highs. 
Coarse gravel deposits occur as veneer pavements on 
the flanks of highs. The sands are underlain either by 
cohesive muds (early Holocene?) which were deposited 
in former basinal depressions, or by coarse gravels in 
local areas marginal to bedrock outcrops. The coarse 
gravels are probably rehct lag deposits formed by the 
reworking of glacial drift, but the sands are thought to 
be derived from contemporary nearshore and beach 
sediments situated about 10 km west of the study area. 

The thin and patchy sand distribution suggests that 
transport mechanisms are more than sufficient to dis
perse the volume of sand that is being supplied to the 
inner shelf. Preliminary analysis of near-bottom veloc
ity measurements indicates that the seabed is subjected 
to a strong southeasterly current (Labrador current) 
which induces a net southeasterly sand flux across the 
shelf. The predominantly resistant substrate of the shelf 
would likely be swept clean of sand, if it were not for 
the irregular bottom configuration which provides local 
and temporary sinks for sand deposition. 

The most important sediment-transport process on 
the iimer shelf is the southeasterly directed Labrador 
current. Wave-generated currents are of lesser impor
tance (except in shallow nearshore areas) as a sand-dis
persal mechanism, and iceberg-scouring is more effec
tive in redistributing sediment in areas seaward of the 
inner shelf edge. 

REITER, MARSHALL, and CHARLES SHEARER, 
New Mexico Bur. Mines and Min. Resources and 
New Mexico Inst. Mining and Technology, Socorro, 
NM 


