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effective wave base in modem seas. Supporting evidence comes 
from the lack of bottom-dwelling metazoans in Phanerozoic ex
amples indicating anaerobic conditions. 

In the examples, laminated to thickly bedded sulfides are in-
terstratified with shales, siliciclastic or carbonate-sediment 
gravity-flow deposits, and some cherts. Where not obscured by 
deformation and metamorphism, sandstones show greiding, flutes 
and grooves, load casts, and Bouma sequences. Submarine mud-
flow units may be common. Lacking are hummocky cross-
stratification, wave ripples, mudcracks, abundant medium-scale 
CTOss-stratification, or other evidence in ore zones of shallow-
marine processes or of subaerial exposure. Thicknesses of elastics 
point to basin depths much greater than 200 m. 

These deposits apparently formed in extensional tectonic 
regimes. Stratigraphic thickness variations, fades changes 
(especially the presence of local, fault-derived slumps), or 
geophysical evidence suggest the presence in many of active faults 
during ore genesis. These faults formed the basins or formed local 
traps, provided conduits for hydrothermal fluids, and positioned 
convective cells. 

WOOD, J. R., Chevron Oil Field Research Co., La Habra, CA 

Reservoir Diagenesis and Convective Fluid Flow 

Pore fluids in reservoir rocks are imstable under normal 
geologic conditions and, in the absence of forced flow, convective 
fluid flow can be expected as a general rule. Calculations suggest 
that fluid velocities on the order of 10 ~ 8 m-sec~l should be 
typical scale velocities for convective rolls due to normal geother-
mal gradients (25°C - km~ 1). Velocities of this magnitude are 
shown to be sufficient to reduce porosity significantly in less than 
5 million years if quartz is the pore-filling cement. If exsolved 
hydrocarbons are pore-filling materials, the time to complete fill 
decreases to about 2 million years, while pore filling with both ex-
solved hydrocarbons and quartz (72% HQ requires about 1.43 
million years. 

Mass transfer by convective fluid flow alone appears to be suf
ficient to accoimt for the bulk of diagenesis in the deep subsur
face. However, it can also be argued that many diagenetic reac
tions occur solely as a consequence of moving fluids maintaining 
chemical equilibrium with their dissolved load as the fluids cycle 
through temperature and pressure gradients. Phases are 
precipitated or dissolved during the cycle depending on the sign of 
the solubility coefficients of a miner^ with respect to temperature 
or pressure. Quartz solubility, for example, increases with T and 
P under normal reservoir conditions and can be expeaed to move 
from hot to cold zones while calcite would be expected to show 
the opposite behavior. In particular, it is shown that the diagenesis 
in a converting system is not a function of mineral solubilities, but 
rather the temperature and pressure coefficients only. This obser
vation may be of considerable importance in assessing the 
significance of hydrocarbon transport and accumulation by 
molecular solution in the aqueous phase because it appears that 
the components of a petroleum phase exhibit similar temperature 
and pressure behavior. 

WOODY, MARVIN D., Univ. Kansas and Kansas Geol. Survey, 
Lawrence, KS, and ROBERT L. BRENNER, Univ. Iowa, Iowa 
aty, lA, and Kansas Geol. Survey, Lav^rence, KS 

Petrologjc Controls of Reservoir Properties of Mid-Continent 
Pennsylvanian Sandstones 

Petrographic analyses of Middle Pennsylvanian (Desmoine-
sian) Cherokee Group sandstones in the Mid-Continent show that 

effective liquid porosities, liquid permeabilities, and pore-size 
distributions are controlled by sedimentologically influenced 
petrologic parameters and subsequent diagenetic alterations. 
Deltaic complexes contain two distinrt sandstone-bearing 
lithologies: (1) subarkosic-quartzarenitic channel sandstones, and 
(2) sublitharenitic sandstones interstratified with shales represent
ing overbank and interdistributary deposits. The sandstones in 
these two settings underwent different diagenetic histories, which 
enhanced original differences in their reservoir properties. 

Overbank deposits commonly contain soft, argillaceous rock 
fragments which underwent plastic deformation during compac
tion, causing the clogging of some pore-throats and pores. In ad
dition, extensive silica cementation, perhaps due to diagenetic clay 
mineral conversions, caused further destruction of primary pores. 
In chaimel sandstones, porosity redurtion was less extensive and 
apparently proceeded at a slower rate. Chlorite coatings on many 
grains prevented destrurtion of original pore spaces by inhibiting 
further silica cementation. Individual sandstone bodies with 
abundant coatings fall within a porosity range of 20 to 25%, 
whereas bodies with uncoated grains rarely exceed 18%. 
Permeabilities in clay-coated reservoir rocks fall within a 100 to 
200 md range, whereas uncoated or sparsely coated rocks are in 
the 1 to 30 md range. The diagenetic histories of these rocks are 
further complicated by the development of secondary porosity 
caused mainly by dissolution of the feldspathic grains and car
bonate cements. 

WORSLEY, THOMAS R., and VIVIAN J. KUPKA, Ohio 
Univ., Athens, OH 

Cenozoic Calcareous Nannofossils from Klamath, Southern 
Oregon 

All four reconnaissance samples, fi^om west to east, of almost 
vertically dipping turbidites exposed in road cuts along the Rogue 
River of southern Oregon between Gold Beach and the crest of 
the Coast Range, contain Tertiary calcareous nannofossils. The 
first assemblage, taken nearest the Pacific Ocean and located near 
Tom East Qeek, includes Coccolithus pelagicus, Coronocyclus 
nitiscens, Cyclocargolithus floridanits, Dictyoccoccites abisectus, 
Discoaster deflandm, D. cf. druggf, Sphenolithus belemnos, S. 
capricomutus, S. heteromorphus, S. conicus, S. n. sp., and Tri-
quetrorhabdulm carinatus, indicating NN 2-3 zone. The second 
sample, from west of the first between Tom East Creek and the 
town of Agnes is sparser, but contains Coccolithus pelagicus, 
Cyclocargolithusfloridanus, Discoaster deflandrei, D. cf. druggf, 
Sphenolithus belemnos, s. capricomutus, S. heteromorphus, and 
Triquetrorhabdulus carinatus, also indicative of NN 2-3. 
Eastward, the third sample, taken at the bridge across the river 
near Agnes, is sparse but contains Coccolithus pelagicus, 
Cyclocargolithus floridanus, and Sphenolithus heteromorphus, 
indicating an early to mid-Miocene age. The fourth sample, from 
near the crest of the Coast Range, probably represents the Tyee 
Formation and contains Discoasteroides keupperi, Helicosphaera 
seminulum, Lantemithus minutus, S. radians, Zygolithus dubius, 
and Zygrhablithus bijugatus, suggesting mid-Eocene NP 12-15. 

These samples represent the first reported occurrence of 
calcareous nannofossils from the Klamath melange, and more im
portant, the youngest strata yet dated from within the Klamath. 
Detailed coUerting, which will commence shortly, should greatly 
enhance understanding of the Cenozoic and perhaps Mesozoic 
history of this tectonically complex area. 

WRIGHT, MARSHA E., Shell Canada Resources Ltd., Calgary, 
Alberta, Canada, and ROGER G. WALKER, McMaster Univ., 
Hamilton, Ontario, Canada 
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Cardium Formation at Seebe, 
Sandstones and Conglomerates 

Alberta—Storm-Transported can provide excellent sites for hydrocarbon accumulation. 

The Upper Getaceous (Turonian) Cardium Formation is one 
of the most productive oil-bearing formations in Alberta. As a 
result of detailed mapping of two outcrops near Seebe, Alberta, 
we have defined five coarsening-upward sequences within this for
mation. The sequences begin with bioturbated mudstones and 
coarsen into sandstones, commonly with conglomeratic veneers 
on top. In sequence 2, a 20-cm thick conglomerate has been mold
ed into symmetrical gravel waves. 

The sandstones are dominated by hummocky cross-
stratification, occurring in the upper parts of sequences 1, 2, 3, 
and 5. The implication is that these sequences terminate in water 
deeper than fair-weather wave base (10 to 15 m). The trace-fossil 
assemblage, dominated by abundant Zoophycos and long 
horizontal Rhizocorallitm, suggests similar depths. Foraminifera 
recovered from sequences 3 and 4 comprise a highly diverse 
assemblage of agglutinated species, also supporting deposition 
below fair-weather wave base. 

In view of the physical and biologic evidence for deposition in a 
few tens of meters of water, and the total absence of medium-
scale cross-bedding, we suggest that the entire Cardium Forma
tion at Seebe was deposited below fair-weather wave base. The 
sandstones were emplaced by storm-generated density currents, 
the same storm both generating the flow and imprinting hum
mocky cross-stratification on the deposit. Finally, we suggest that 
the conglomerates were also moved rapidly seaward by density 
currents, there being no evidence for the traditional beach or 
transgressive lag interpretation of these rocks. 

WRIGHT, V. PAUL, Open Univ., Milton Keynes, United 
Kingdom 

Paleokarsts at Unconformities 

The awareness of the importance of subaerial exposure in the 
diagenesis of limestones has led to the recognition of a variety of 
subaerial phenomena in carbonate sequences such as vadose 
cements and calcrete crusts. Other such phenomena include 
paleokarsts, of which there are surprisingly few detailed 
descriptions. 

One problem in recognizing paleokarst is to differentiate it 
from both Holocene and ancient interstratal (or subadjacent) 
karst. This is a post-burial effect which can create subsurface 
karstic surfaces along unconformities or bedding surfaces. The 
unconformity between the Lower and Upper Carboniferous in 
South Wales displays karstic features which have formed in-
terstratally and have overprinted and were controlled by the 
original erosional relief along the unconformity. Interstratal karst 
can be differentiated from true paleokarstic surfaces by simple 
stratigraphic criteria. 

Paleokarsts are common in the Mississippian limestones of Bri
tain, and three types can be recognized in the shelf sequences in 
South Wales. First, there are large clay-filled hollovre interpreted 
as solution dolines; second, there are mammillated karstic sur
faces overlain by paleosols and calcrete crusts with abundant 
alveolar fabrics (rootlet tubules), interpreted as a type of 
deckenkarren analogous to Holocene South African Makondo 
karsts. Third, there are unusual paleokarstic zones consisting of 
bands of rubbly limestones containing large, irregular fluted 
blocks surrounded by clay-filled solution pipes and fissures and 
analogous to Holocene Kavomossen karren, Puerto Rico. 

The paleokarsts provide information on the paleoclimate, 
paleohydrology, and the vegetation cover existing at the time of 
their formation and are useful paleoenvironmental indicators. 
They are the raw material for paleogeomorphology and obviously 

WYATT, DANNY J., Mobil Oil Corp., Denver, CO 

Preliminary Analysis of Depositional Environments of Tar Sand 
Host Rocks, Uinta Basin, Eastern Utah 

Four major tar sand bodies in the Uinta basin were examined in 
terms of their depositional environments: (1) the Duchesne River 
and Mesaverde Formations at the Asphalt Ridge deposit near 
Vernal, Utah; (2) the Wasatch and Green River Formations at the 
Sunnyside deposit near Sunnyside, Utah; (3) the Green River For
mation of the Hill Creek deposit in the southern Uinta basin; and 
(4) the Green River Formation in the P.R. Spring deposit of the 
southeastern Book Cliffs. 

The Mesaverde Formation at Vernal is interpreted as a fluvial 
deposit, based on the discontinuous geometry, and the presence 
of large-scale trough cross-beds which grade vertically into smaller 
trough cross-beds and tabular foreset beds. The lower Duchesne 
River Formation was deposited in distributary channels, based on 
the discontinuous geometry, large-scale trough cross-beds, con
torted bedding, and clay-chip zones. This fades is overlain by a 
meandering flood-plain sequence of sandstones and red shales. 

The Wasatch Formation in the Sunnyside area is comprised of 
stream-mouth bars, point bars, and both active and partial aban
donment channel fill. The Green River Formation at Sunnyside 
was deposited in distributary channels as evidenced by a scoured 
contact, calcareous clay clasts, large-scale convoluted bedding, 
and the geometry. This facies grades to the southeast into more 
laterally continuous sands in the P.R. Springs area. These sands 
reflert delta front deposition. 

YOUASH, YOUNATHAN Y., and AMITABHA MUKHOP-
ADHYAY, Kuwait Inst. Scientific Research, Safat, Kuwait 

Geology of Minagish Oil Field, Kuwait 

The Minagish oil field is located in southern Kuwait. To date, 
23 wells have been drilled in this field. The discovery well, MN-1, 
was drilled to explore a seismic prospect in this area and was com
pleted in May 1959. The primary aim of this wildcat well was to 
test all the potentially oil-bearing formations down to and in
cluding the Jurassic Arab Zone equivalent. The well established 
the first commercial accumulation of oil in the Minagish Oolite 
Formation of Early Cretaceous age. The well found oil prospects 
in the middle Cretaceous Wara, Mauddud, and Burgan Forma
tions. The Minagish oolitic limestone of Early Cretaceous age is 
the main oil-bearing reservoir in the Minagish field. The Mishrif 
Limestone Formation of uppermost Middle Cretaceous has also 
been found productive in two of the Minagish wells. The quan
titative evaluation of well logs indicate that the Upper Cretaceous 
Tayarat Formation and the Paleocene-lower Eocene Radhuma 
Formation may also be prospective in this field. 

The well evidence suggests that the field is located on a north-
south-trending anticlinal structure which has been cut across by a 
few faults. The strurture is oriented north-south. It is 8 km (5 mi) 
wide and 14 km (9 mi) long. The strurtural closure is about 200 m 
(650 ft). The thickness, porosity, and shaliness variation of 
Ratawi Limestone suggest that, in all probability, the structure 
was existing in an incipient form at the time of the deposition of 
this formation. Maps of gross thickness and average effective 
porosity as derived from the quantitative log evaluation have been 
prepared for the formations of interest. The reservoir parameters 
show an overall conformance with the structure. 

YOUN, SUNG H., Univ. Calgary, Calgary, Alberta, Canada 


