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of the record are (1) a rapid drop of both high- and 
low-latitude temperatures at approximately Eocene-Oli-
gocene time, and (2) a drop in high-latitude temperature 
correlated with a warming in low latitudes in early mid
dle Miocene time. The latter probably corresponds to 
the onset of major Antarctic icecap development. 

The steepness of the thermocline in low latitudes has 
varied. The vertical thermal structure of Oligocene 
oceans resembled that of the modern ocean most close
ly, and the thermal structures of Paleocene and Late 
Cretaceous times differed most from the modern struc
ture. 

Causes of the observed climatic variations are not 
known, but the variations may be related at least in part 
to changes in oceanic circulation resulting from chang
ing continental positions, and to changes in eustatic sea 
level. 

SHERIFF, R. £., DON ROLLINSON, and M. T. 
TANER, Seiscom Delta Inc., Houston, Tex. 

Locating Stratigraphic Features and Hydrocarbons by 
Measurements Derived from Seismic Data 

Color displays of seismic amplitude, frequency, veloc
ity, and other measurements commonly make evident 
patterns and changes in patterns which can be associat
ed with stratigraphic features and hydrocarbon accu
mulations. Sections across productive fields show the 
correlation between such measurements and hydrocar
bon pools, and the degree to which seismic measure
ments can define productive limits. 

STAHL, WOLFGANG J., Federal Inst. Geosciences 
and Natural Resources, Hannover, Germany 

Bacterial Degradation of Crude Oils—Identification by 
Carbon Isotopes 

The recently developed isotope type-curve technique 
for oil/oil and oil/source rock correlation is based on 
the determination of the carbon isotope ratios of differ
ent crude oil fractions. This method can be used for the 
identification of bacterial oxidation of crude oils and 
might be useful in controlling the rate of degradation 
after environmental catastrophes such as oil spills. Lab
oratory experiments show the change in compositional 
and isotopic data of a crude oil and of gases which are 
dissolved in the oil under attack. The results are in 
agreement with geochemical data of naturally degraded 
crude oils. 

STAHL, WOLFGANG J., and E. FABER, Federal 
Inst. Geosciences and Natural Resources, Hannover, 
Germany, B. D. CAREY, Tennnco Oil Co., Houston, 
Tex., and D. L. KIRKSEY, Tenneco Oil Co., Okla
homa City, Okla. 

Origin of Gases Adsorbed in Near-Surface Sediments 
Identified by Carbon Isotopes 

Carbon isotope ratios of gases desorbed from near-
shore sediment samples collected from the Anadarko 
basin and from the North Sea have been determined by 
a technique recently developed in the Hannover labora

tories. The results show a relation to geochemical data 
of the deep pooled hydrocarbons in both areas. Because 
of this relation, isotope analyses of adsorbed gases are 
of great interest in crude oil exploration. 

STOCKMAL, GLEN S.. and JOHN H. SPANG, Univ. 
Calgary, Calgary, Alta. 

Structural Analysis of Northern Termination of Lewis 
Thrust, Front Ranges, Southern Canadian Rocky 
Mountains 

The Lewis thrust, which has a surface trace of over 
300 km, is inferred to terminate within the Rundle 
thrust sheet at Mount Kidd. 120 km southwest of Cal
gary. The south face of Mount Kidd is dominated by a 
spectacular chevron fold pair which has long been con
sidered the manifestation of the surface termination of 
the Lewis thrust. Previous workers interpreted the Lewis 
thrust as forming a core high within the anticline of this 
fold pair. This interpretation dictates that folding takes 
a minor role in shortening and the solution of "room" 
problems. However, detailed mapping of the termina
tion has shown that the leading edge of the Lewis thrust 
remains structurally low beneath the anticline. Within 
the core of the anticline, complex folding of both com
petent and incompetent units, with only minor interfor-
mational faulting, is seen to be an important mecha
nism. The major fold pair is observed to die out 
abruptly to the north within a lateral distance of 3 km. 
This geometry is unexpected in view of the scale of the 
folds and is seen to be the direct result of a flanking 
conical fold (half apical angle = 64°) and the non-
coaxial geometry of the major fold pair. The recognition 
of the flanking structure as noncyclindrical is critical to 
the structural interpretation. Local decollements aid in 
room-problem solutions in anticlinal cores because they 
result in intraformational folding. Based on the fold ge
ometry and the low magnitude of the intragranular 
twinning strains, it can be inferred that bedding-plane 
slip was a major factor in the deformation. 

VAN DEN BARK, EDWIN, and OWEN D. 
THOMAS, Phillips Petroleum Co., Bartlesville, Okla. 

Ekofisk—First of Western European Giant Oil Fields 

The discovery in December 1969 of Ekofisk field in 
the Norwegian sector of the North Sea was a major 
turning point in the exploration for petroleum in West
ern Europe and rejuvenated the search for oil in the 
North Sea. Current production in the North Sea is 
1,466,000 BOPD, and the total proved reserves are esti
mated at 18 billion bbl, with estimates of ultimate re
serves ranging as high as 40 billion bbl. 

Records reveal that Phillips had been operator of sev
en wells in Norway (one of which was at that time con
sidered to be a noncommercial gas-condensate discov
ery) before Ekofisk was found with its eighth well. The 
company had drilled 25 exploratory wells in the North 
Sea, one of which had found a major gas deposit, but 
none had found oil. A total of 33 wells had been drilled 
in Norway without finding commercial oil before Eko
fisk was discovered by the 34th well. 

The Ekofisk structure was mapped by Phillips using its 
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common-reflection-point seismic system. On a reflector 
near the Danian the structure exhibited closure of about 
600 ft (1,830 m) over an area of 13,500 acres (5,463 ha.). 
What appeared to be a graben or downfaulted block 
covering part of the crest of the structure was referred 
to as the "collapsed area" on the original seismic maps. 
Seismic time sections showed two crests, with reflectors 
turning sharply downward into this central "graben." 

A discovery and three evaluation wells, testing up to 
3,850 BOPD, were drilled outside the central "graben." 
Later, when permanent platforms were installed in the 
Ekofisk field, a well was drilled in the center of the 
"collapsed" area and found 1,033 ft (3,149 m) of pay. 
Actually, there was no graben or collapsed area; the 
seismic anomaly which gave rise to this expression 
proved to be a velocity phenomenon due to the tremen
dous thickness of hydrocarbon-saturated, porous lime
stone. 

Cumulative production from Ekofisk was 420,629,516 
bbl of oil and 337 Bcf of gas sold through October 1978. 
Six satellite fields are being developed, four of which 
are on production as part of the Greater Ekofisk com
plex. Some of the Ekofisk wells have produced at rates 
greater than 20,000 BOPD. Estimates of proved reserves 
of the Greater Ekofisk complex indicate that it is a mul
ti-billion barrel field. 

WATTS, A. B., M. S. STECKLER, and J. THORNE, 
Lamont-Doherty Geological Obs. and Columbia 
Univ., Palisades, N.Y. 

Mechanisms of Basin Subsidence 
The accumulation of sediments in interior and conti

nental-margin basins constitutes a load on the litho-
sphere which sags because of the sediment weight. Stud
ies of the geometry of deformation suggest the 
lithosphere responds to these loads either by local com
pensation of an Airy-type crust or regional flexure of a 
strong rigid crust. Sediment-loading models of either 
type cannot, however, explain the substantial thickness
es of shallow-water sediments observed in deep bore
holes in these basins. Other factors, such as thermal 
cooHng of the hthosphere, crustal stretching or "neck
ing," or deep crustal metamorphism, must therefore 
contribute to the subsidence. By quantitatively account
ing for the subsidence due to surface loads, the subsi
dence caused by these other factors can be isolated. 

We have used biostratigraphic data from commercial 
boreholes in the Mississppi embayment, the North Sea, 
and the Atlantic-type continental margin off the East 
Coast of the United States to examine the origin of the 
subsidence of these basins. From these data we de
termined the depths to stratigraphic horizons during ba
sin development. Using the sediment-loading models 
the sediment layers at each basin were progressively 
"backstripped" and the depth at which the basement 
would have been in the absence of sediment laods was 
calculated. Corrections for the effects of compaction, 
water depth, and "eustatic" changes of sea level were 
included. 

The "backstripped" basement depths indicate there is 
a recognizable component of the subsidence of these 
basins which is caused by processes other than adjust
ments to the weight of the sediments. 

AAPG-SEPM-EMD 1980 ANNUAL MEETING 
June 8-n, 1980 
Denver, Colorado 

The 65th annual meeting of AAPG, the 54th annual 
meeting of SEPM, and the 3rd annual meeting of EMD 
will be held in Denver, Colorado, June 8-11, 1980. The 
summer date has been chosen to accommodate mem
bers interested in having their families join them for a 
late spring visit to the spectacular Rockies. Mark your 
calendar now and plan to join us in the Mile High City. 

In keeping with the convention theme "What's 
New—Advances in Exploration Science," papers are 
being solicited for a technical program which will em
phasize the latest developments in (1) discoveries, explo
ration trends, and areas of significant activity; (2) new 
or novel applications of existing technology (applied 
science); and (3) development of new principles and 
concepts (basic science). 

Technical sessions will be organized by AAPG, 
SEPM, and EMD. Interplay between these groups is 
planned through several jointly sponsored paper ses
sions. Poster sessions, open to each of the professional 
groups, are also planned. 

Author candidates for both oral-paper and poster-
session participation are requested to submit titles and 


