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plastic mud and silt. Asymmetric ball-and-pillow struc
tures and overturned flamelike structures suggest that 
movement was toward the southeast. Deformation 
probably was initiated by earthquake shock. 

The deformational structures are restricted to the ba
sal member of the Bouse Formation 13 km northeast of 
Vidal, California. The basal member is divided into a 
lower unit of mudstone that grades upward to siltstone. 
The lower unit is conformably overlain by a well-bed
ded calcareous sandstone. 

Ball-and-pillow structures, 5 cm to 4.5 m across, con
sist of mudstone, siltstone, and sandstone. The curvili
near long axes of these structures trend at oblique an
gles to tectonic strike and plunge at angles steeper than 
the dip. Overturned flamelike structures of mudstone 
and siltstone separate the ball-and-pillow structures. 

Sandstone bedding planes conform to the outline of 
the ball-and-pillow structures but are undeformed a few 
centimeters above these structures: hence the ball-and-
pillow structures are contemporaneous with deposition 
of the overlying sandstone. Saclike load casts and ellip
tical sandstone balls formed concurrently with the ball-
and-pillow structures. Sandstone beds are buckled but 
not displaced by faults that stop within the sandstone 
unit. 

CARLSON, TONALEE, and DENIS A. WIESEN-
BURG, Texas A&M Univ., College Station, Tex. 

Comparison of Carbonate Chemistry of Brines from 
Orca Basin and Dead Sea 

The Orca basin is an anoxic, brine-filled intraslope 
depression (2,250 m deep) located on the Louisiana 
continental slope in the Gulf of Mexico. The Dead Sea, 
also brine filled, is only 40 m deep. Both pH (6.83) and 
2CO2 (5.04 mM) in the Orca brine are higher than in 
the Dead Sea brine (pH = 5.9-6.5, 2CO2 = 2.53 to 
2.59 mM). These comparisons and our laboratory ex
periments on carbonate dissociation constants indicate 
that Orca basin brine and Dead Sea brine have quite 
different carbonate chemistries. Carbonate interactions 
in the Dead Sea brine are strongly influenced by its 
bulk ion composition, especially the magnesium and 
calcium enrichments, which are 2.8 and 3.7 times, re
spectively, relative to normal seawater. These enrich
ments cause a decrease in the second dissociation con
stant of carbonic acid. The Orca basin is depleted in 
magnesium and calcium and has a carbonate system 
that resembles a NaCI-saturated seawater. 

Sass and Ben-Yaakov have attributed the low pH in 
the Dead Sea to ion pairing of Mg COs". Carbonate 
interactions in the Orca basin can be explained by the 
increased NaCl effect on the dissociation constants, 
with pH being largely controlled by an input of biogen
ic CO2 from the sediments. This addition of CO2 is sig
nificant and accounts for the higher 2CO2 levels that 
were found. These differences in the carbonate system 
between these two hypersaline bodies may result from 
differences in their origin. 

CARMALT, S. W., Cities Service Co., Tulsa, Okla., and 
K. L. RUSSELL, Cities Service Co.. Houston, Tex. 

Geologic Distribution of Oil 

A model for the worldwide distribution of oil can be 
constructed using only geologic variables. Three joint 
probabilities are required to explain the known distribu
tion of giant oil fields in time. These probability func
tions are (1) that an adequate source has been depos
ited, (2) that oil has been generated and entrapped, and 
(3) that accumulations have not been destroyed nor the 
accumulation process aborted. The tectonic setting 
strongly affects the probability values. 

For cratonic areas, the probability of adequate source 
can be modeled by the published curves for changes in 
sea level, because times of maximum transgression are 
most favorable for deposition of source sequences. Ade
quate thermal maturation varies with the geothermal 
gradient and is, therefore, extremely dependent on tec
tonic setting. Generally, Tertiary fields are in tectonical-
ly active areas whereas pre-Tertiary fields are in more 
passive areas. Oil fields in tectonically active areas are 
destroyed rapidly, whereas older fields which are in gen
erally passive areas are destroyed more slowly. 

This model predicts the large concentration of Creta
ceous and Jurassic oil as the result of (1) maximum 
source availability because of extensive transgression, 
(2) adequate thermal maturity, and (3) very little de
struction. 

CAROTHERS, WILLIAM W., and YOUSIF K. 
K.HARAKA, U.S. Geol. Survey, Menlo Park, Calif. 

Organic Acid Anions in Oil-Field Waters and Origin of 
Natural Gas 

The concentrations of short-chain aliphatic acid an
ions (acetate, propionate, butyrate, and valerate) in 120 
formation-water samples from 25 oil and gas fields in 
Alaska, California, Louisiana, and Texas were de
termined to study the formation of natural gas from 
decarboxylation of these anions. The reservoir rocks 
consist of sandstones ranging in age from Triassic 
through Miocene. 

The samples from Tertiary rocks depict three temper
ature zones. The aliphatic acid anions of formation wa
ters in zone 1 (subsurface temperatures <80°C) are 
characterized by concentrations less than 60 mg/L and 
consist predominantly of propionate. The concentra
tions of acid anions in zone 2 (temperatures 80 to 
200°C) are much higher (up to 4,900 mg/L) than in 
zone 1 and decrease with increasing subsurface temper
atures and age of their reservoir rocks; acetate forms 
more than 90% of the total anions. No acid anions are 
present in zone 3 (temperatures <200°C) or in forma
tion waters from Triassic rocks. Microbiologic degrada
tion of acetate and dilution by mixing with meteoric 
water most likely explains the composition and concen
tration of acid anions in zone 1. The trend in zone 2 and 
the absence of acid anions in zone 3 and Triassic rocks 
are explained by thermal decarboxylation of these an
ions as in the reaction: CHsCOO^ -I- HjO —> CH4 + 
HCO3 . 

The aliphatic acid anions mainly result from the ther-
mocatalytic degradation of kerogen. We believe that 
these anions, which are highly soluble, are produced 
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and dissolved in the pore waters of the source rocks and 
are expelled to the reservoir rocks during dehydration 
of clays. Decarboxylation of these anions to the compo
nents of natural gas in the reservoir rocks provides a 
mechanism that does not require the primary migration 
of natural gas. 

Evidence for the formation of natural gas from decar
boxylation of these acid anions is provided by SC'^ val
ues of total bicarbonate and CH4 and the correlation 
between the proportions of these anions in formation 
waters and their decarboxylated gases in the natural gas 
produced. Calculations show that most of the gas in 
these fields may have been generated from these anions. 

CAROZZI, ALBERT V., Univ. Illinois, Urbana, 111., 
and FRANK U. H. FALKENHEIN, CELSO F. 
LUCCHESI, and MILTON R. FRANKE, Petrobras, 
Dexpro-Divex, Rio de Janeiro, Brazil 

Depositional-Diagenetic History of Macae Carbonate 
Reservoirs (Albian-Cenomanian), Campos Basin, 
Offshore Rio de Janeiro, Brazil 

The Macae platform sedimentary sequence consists 
of juxtaposed oncoHtic calcarenite bars and intervening 
calcilutite bands extending parallel with depositional 
strike. The stacked oncolitic bars display a vertical evo
lution from infratidal to high intertidal. The deposi-
tional-diagenetic sequence of reservoir generation be
gins with development of geopetal internal sediment in 
a high-intertidal environment. This first stage of reorga
nization is followed by cavity-filling sparite cementation 
of beachrock, leaving some interparticle primary poros
ity. Subsequent vadose solution destroys large portions 
of the sparite, encroaches on the internal sediment and 
the framework, and generates secondary vuggy poros
ity. Preservation of the latter requires rapid burial, 
whereas any further emergence leads to complete obli
teration of porosity by vadose blocky sparite. 

The interbar calcilutites become increasingly re
stricted upward and are abnormally thick in compari
son with contemporaneous oncolitic bars, a situation 
attributed to overproduction of micrite by calcareous 
green algae. 

The juxtaposition of relatively heavier and thicker 
calcilutites with relatively lighter and thinner oncolitic 
calcarenites generated gravitational disequilibrium. Af
ter the sequence reached a critical thickness, halokinesis 
and related growth faulting occurred in underlying 
evaporites, thus accounting for the depositional evolu
tion of the carbonate rocks. 

CARPENTER, A. B., M. A. GEORGE, B. L. GRETH-
EN, and L. A. FOX, Univ. Missouri, Columbia, Mo. 

Role of Brines and Ferrous Iron in Formation of Dolo-
stone 

Dolomitization of geologically significant volumes of 
limestone by subsurface solutions requires: (1) a favor
able thermodynamic drive, (2) an adequate supply of 
reacting solution, and (3) a reaction rate sufficient for 
dolomitization within a (geologically) reasonable length 
of time. The most important factors governing the ther
modynamic drive, for a solution of specified composi

tion, are (a) the temperature and (b) the composition 
and particle size of both the reactants and the products. 

Data on the composition of calcite and dolomite 
coexisting with oil-field water of known composition 
and temperature provide an estimate of the equilibrium 
calcium-magnesium activity ratios in aqueous solutions 
in the presence of the common varieties of calcite and 
dolomite. Mass-transfer calculations, based on such 
data, suggest that most dolostone probably formed 
from concentrated sea water and/or at elevated temper
atures. Factors affecting reaction rates are numerous 
and complex. Experimental work suggests that the con
version of 1/xm reagent calcite to dolomite at 150°C 
may involve the formation of magnesite and protodo-
lomite (Ca6oMg4o) as intermediate steps. Ferrous iron in 
limited amounts relative to magnesium accelerates this 
reaction. Larger amounts of ferrous iron retard the 
reaction because much of the magnesium becomes in
corporated into a relatively inert, ferroan magnesite. 

CARR. MICHAEL D., Rice Univ., Houston, Tex., 
ELIZABETH L. MILLER, Stanford Univ., Stanford, 
Calif., and B. C. BURCHFIEL, Massachusetts Inst. 
Technology, Cambridge, Mass. 

Allochthonous Nature of Numidian Flysch Complex, 
Western Mogod Mountains, Northern Tunisia 

The Numidian flysch complex of Oligocene-Miocene 
age forms the highest structural unit in the Mahgreb 
orogenic belt of north Africa. In the western Mogod 
Mountains the Numidian complex lies on limestone and 
calcareous shale of the Tellian shelf sequence. Structur
al evidence clearly indicates a detachment zone between 
the Numidian complex and Tellian sequence that com
monly is marked by the presence of Triassic cargneule. 
Paleontologically established age ranges for the two se
quences do not overlap, and the superposition of the 
two sequences is younger over older thus making the 
significance of the contact controversial. 

New evidence suggests that the Numidian complex is 
allochthonous and has been thrust to the southeast a 
minimum of 15 km. Paleodepth data indicate shallow
ing in the Tellian sequence from depths greater than 1 
km in Cretaceous rocks to less than 200 m in middle 
and upper Eocene rocks. The Numidian complex is in
terpreted as a deep-sea-fan complex deposited in water 
more than 2 km deep as indicated by the presence of the 
isobathyal foram Melonis pompilioidies. Additionally, a 
newly discovered sequence of glauconitic sandstone and 
conglomerate depositionally overlies upper Eocene 
rocks of the Tellian sequence, and may be a time equiv
alent of the older part of the Numidian complex. These 
data suggest that the Numidian complex was detached 
from its substratum in a continental-rise setting, and 
was thrust southeastward over the Tellian shelf se
quence. Thrusting of continental-rise sequences over 
continental-shelf sequences is a common but difficult to 
explain feature within orogenic belts. In the Mogod 
Mountains, timing and mechanism of emplacement of 
the Numidian allochthon can be explained by the colli
sion of the Sardinian continental fragment with the 
North African continental margin during middle Mio
cene time. 


