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sinward (southerly) facies changes from supratidal to 
subtidal; facies exhibit many features of modern, low-
relief, coastal sabkhas. Lithofacies include (1) salt 
formed in upper sabkha evaporating ponds, (2) lower 
sabkha anhydrite in bedded units, (3) supratidal to sub-
tidal dolomite with nodular and bedded anhydrite, and 
(4) highly burrowed subtidal-shelf carbonates. Red beds 
occur as sheets (up to 300 ft or 100 m thick) of shale and 
fine sandstone, which intertongue basinward with evap-
orites and dolomite. It is suggested that these formed 
largely in tidal mudflats grading basinward into tidal 
sandflats. Clastic input was by eolian and/or low-ener
gy alluvial processes. The genetic aspect of the stratigra
phy is a general southerly facies shift through time. 

Potential for potash minerals is best in the upper sab
kha facies associated with salt, whereas anhydrite is 
abundant in the lower sabkha deposits. Copper may be 
present in the tidal-flat systems. Lack of large gamma 
ray anomalies suggests that ore-grade uranium concen
trations are unlikely. Hydrocarbons are present in Gua-
dalupian facies equivalents on the southern basin mar
gin, and knowledge of facies relations will aid 
exploration. 

PRIOR, DAVID B., and JAMES M. COLEMAN, Lou
isiana State Univ., Baton Rouge, La., and LOUIS E. 
GARRISON, U.S. Geol. Survey, Corpus Christi, Tex. 

Active Submarine Landslide Processes, Mississippi 
Delta 

A major project is in progress to map the entire sub
marine portion of the modern Mississippi delta using 
precision depth recorders, side-scan sonar, and subbot-
tom profiling. The survey network is composed of 
north-south lines spaced at 140-m intervals and east-
west crosstie Unes 600 m apart. The object is a detailed 
documentation of seafloor changes resulting from bot
tom sediment and slope instability. Subaqueous slope 
failures are widespread and active, occurring on slopes 
with very low inclinations, ranging from 0.2 to 1.5°. 
They have resulted in damage and loss to offshore oil 
and gas structures. The types of features include col
lapse depressions, bottleneck slides, elongate slides and 
slumps, mudflow gullies, and overlapping mudflow 
lobes. The basic mechanism can be approximated as 
downslope translation of shallow slabs of debris. Stabil
ity calculations based on measured shear-strength prop
erties and failure geometry indicate that very high ex
cess pore-water pressures are needed to initiate failure, 
and there is some empirical evidence to suggest that 
such pressures exist and are related to rapid sedimenta
tion, surface wave perturbation of bottom sediments, 
and in-situ methane gas generation. 

PRYOR, WAYNE A., Univ. Cincinnati, Cininnati, 
Ohio, and M. N. QAZI, K. A. R. GHORI, and S. M. 
SHUAIB, Oil & Gas Development Corp., Karachi, 
Pakistan 

Cyclic Sedimentation of Cretaceous-Paleocene Reser
voir Sandstones in West-Central Pakistan 

The Upper Cretaceous and Paleocene sequence in the 
eastern Sulaiman Range of west-central Pakistan re

cords continuous cyclic sedimentation in shallow-ma
rine, shelf environments. These rocks are 800 m thick 
and are representative of at least 50 cycles of shoreface 
and fluvial to fluviotidal origin. Lithogenetic studies us
ing sedimentary structures, trace fossils, and vertical se
quences indicate that the shoreline orientation was 
northwest-southeast with the open shelf on the north
east. Shallow-marine carbonate rocks of the Cretaceous 
Mughalkot Formation grade abruptly into 26 shoreface 
cycles and 10 fluvial to fluviotidal cycles of the Creta
ceous Pab Sandstone. Gradationally above this are 14 
shoreface cycles of the Paleocene Khadro Formation, 
distinguished from the underlying Pab Sandstone by the 
increased amounts of argillaceous matrix and lower-
shoreface shales. 

The Mughalkot carbonate rocks and the lower-shore-
face shale interbeds of the Pab and Khadro Formations 
may serve as hydrocarbon source beds for the Pab and 
Khadro sandstone reservoir beds. 

This sequence suggests a rather uniform rate of subsi
dence with episodic transgressions and controUed-sedi-
ment-supply progradation. The abrupt increase in the 
amount of argillaceous detritus during the early Paleo
cene suggests a significant change in the source-area 
character. 

QUEEN, J. MICHAEL, Univ. California, Santa Barb
ara, Calif., A. N. PALMER and M. V. PALMER, 
SUNY, Oneonta, N.Y. 

Carbonate Replacement of Sulfate—New Mechanism 
for Porosity Generation in Carbonate Rocks Mar
ginal to Evaporite Basins 

Production of macropores by gypsum replacement of 
carbonate, and of intergranular porosity by pervasive 
dolomitization constitute two important mechanisms 
for generating high porosity in carbonate rocks in and 
adjacent to evaporite basins. 

Exposures of Upper Permian Capitan Group carbon
ate beds in Carlsbad Caverns and other caves of the 
Guadalupe Mountains, New Mexico, indicate that one 
of the earliest stages of speleogenesis was the massive 
replacement of carbonate by sulfate. Field relations in
dicate that replacement took place in a mixing zone be
tween a meteoric freshwater lens and gypsum-saturated 
brines. Replacement is most pronounced along joints, 
indicating a possible correlation with the rate of fresh
water input. Replacement probably began with the de
velopment of the lens following orogenic uplift of the 
Guadalupe Mountains, or solutional deflation of basin-
al evaporites. As uplift and deflation continued, hydro-
logic base level fell with respect to replacement gypsum 
pods, exposing them first to freshwater phreatic condi
tions, and later to vadose conditions, causing their par
tial or complete recrystallization or dissolution and 
creating enormous voids. These underwent limited en
largement in the freshwater phreatic zone, and col
lapsed following draining of the caves. 

Replacement of the gypsum may be recognized by 
primary carbonate structures preserved as remnant in
clusions. Replacement gypsum crystals are generally 
equant with complex boundaries, but may derive their 
size and shape from carbonate macrostructures re-
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placed (usually laminae within pisolites). Replacement 
crystals range in diameter from 0.1 to 10 mm. Inclusions 
which reproduce primary fabrics are most commonly 
small (to 50 |nm), irregular rounded blebs of unknown 
composition, but are rarely dolomite rhombs. 

Generally associated with sulfate replacement zones 
are massive sucrosic dolomites displaying abrupt lateral 
transitions with unaltered limestones. These dolomites 
may form because of increased magnesiumxalcium rat
ios in mixing-zone pore waters, because during replace
ment magnesium is not accommodated in the gypsum 
lattice. 

Work is under way on the recognition of secondary 
carbonate fabrics related to these mixing-zone environ
ments which would allow identification of gypsum re
placement in rocks in which gypsum has totally dis
solved or recrystallized. 

RAINON, E., CGG, Massy, France 

Reservoir Studies and Inversion of Seismic Traces 

Inverting seismic traces is the means of finding a ve
locity or acoustic-impedance model from the recorded 
traces. Data are processed in preserved-amplitude 
mode. A wavelet inverse filtering results in a series of 
reflection coefficients. Reflection coefficients are simple 
functions of velocities and densities. A transformation 
of the series of reflection coefficients into relative veloc
ities provides a display where the inverted seismic traces 
at a well location can be directly correlated to the sonic 
log. 

Prediction of lateral changes affecting the formations 
intersected by the well is the most direct application. 
Provided the original surface seismic data have a suffi
ciently broad frequency spectrum, the inversion im
proves the detection of thin beds and lateral facies 
changes. Two examples of reservoir studies illustrate the 
application of the method; the first is in a deltaic sand
stone and shale sequence; the second is a shelf-carbon
ate province. 

RAO, C. PRASADA, Univ. Tasmania, Hobart, Tasma
nia, AustraUa 

Glaciomarine Carbonate Sedimentation—Berriedale 
Limestone (Permian), Hobart, Tasmania, Australia 

The Berriedale Limestone, an alternating sequence of 
impure limestone and calcareous shale with a few meta-
bentonite layers, is associated with marine glacial sedi
ments. There is less diversity of fauna (mostly bryo-
zoans, brachiopods, and pelecypods) and allochems 
(only intraclasts) than in warm-water limestones. Lone-
stones (dropstones) commonly disrupt laminae. Quartz 
grains show glacial textures in SEM analysis. 

Well-developed rhombs (up to lOO/i), scalenohedra, 
elongated rhombic plates (length slow), and zoned and 
poikilotopic rhombic plates indicate low-magnesian cal-
cite precipitated from normal seawater at a temperature 
of <3°C. The saturation of calcium carbonate fluctuat
ed, ranging from undersaturated (pits, etchings, rhom
bic pores, and dissolution features) to saturated. The 
early diagenetic fabrics were extensively recrystallized. 

The low-magnesium «0 .3%) and high-manganese 

(201 to 912 ppm) concentrations confirm original calcite 
precipitation. The Ga, Rb, Ba, and total Fe concentra
tions reflect normal-marine conditions during deposi
tion of the limestone units and brackish conditions 
(caused by melting of retreating, continental ice sheets) 
during deposition of the shale beds. The source of detri-
tal material changed as a result of melting of icebergs 
during waning phases of carbonate deposition. The 
dropstones are clustered around limestone-shale con
tacts. 

The vertical facies variation through shale-limestone-
shale beds indicates that a gradual drop (~I00 m) in 
sea level was followed by a rapid rise in sea level, corre
sponding to glacial and interglacial stages, respectively. 
The facies of shallowest water deposition occur slightly 
above the middle of most limestone beds. The limestone 
beds represent the coldest periods (glacial stages). 

RAPOPORT, L. A., and GORDON C. GRENDER, 
Virginia Polytechnic Inst, and State Univ., 
Blacksburg, Va. 

Application of Oil and Gas Discovery Functions to Re
source Assessment 

As part of the data development underlying the LOR-
ENDAS model (modeling of worldwide Long-Range 
Energy Development and Supplies), it was necessary to 
estimate the relations between exploratory drilling and 
expected oil and gas discoveries for appropriate group
ings of the United States sedimentary basins. These dis
covery functions are essentially negative exponentials, 
asymptotic to the "ultimately discoverable resources." 
In our initial approach we combined our analyses of 
discovery histories with estimates of discoverable re
sources obtained independently by others. However, 
further investigations resulted in the development func
tions by individual basins and depth zones, and re
vealed that ultimately discoverable resources might be 
estimated by direct extrapolation of such detailed dis
covery functions. 

REID, WILLIAM M., Earth Satelhte Corp., Washing
ton, D.C. 

Rates of Creep of Active Faults in Northwestern Hous
ton, Harris County, Texas 

Tilt-beams and recording horizontal extensometers 
installed across the surface trace of three active faults in 
northwestern Houston, Harris County, Texas (the Long 
Point, the Piney Point, and the Eureka Heights faults), 
recorded 34 events during the 14 months from April 
1971 through June 1972. The Long Point fault is an 
east-northeast-striking regional growth fault that is 
downthrown toward the coast. The Piney Point fault is 
antithetic to it. The Eureka Heights fault is associated 
with the long-abandoned Eureka Heights field. 

The events recorded lasted from I to 96 hours and 
were separated by periods of apparent inactivity lasting 
from 4 to 60 days. The vertical separation recorded dur
ing an event ranged from 0.09 to 3.33 mm. The annual 
rate of vertical separation recorded during the period of 
observation ranged from 6.7 to 34 mm/year. Normal 
and reverse faulting resulted in 77 and 23% of the ob-


