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uplift for the upper sequence and the Amarillo uplift for
the basal Keyes member. The environment of deposi-
tion appears to have been fluvial delta plains and asso-
ciated tidal channels which were alternately created and
destroyed by regression and transgression of the Morro-
wan seas. Distribution of these elongate sandstones is
generally erratic and meandering; individual sand bod-
ies have an estimated width of up to 1 mi (1.6 km) and
a maximum thickness of 42 ft (12.8 m).

The nature and distribution of these sandstones leave
many areas essentially unexplored. Southeastern Colo-
rado has had substantial Morrow discoveries which
justify a closer look at the area.
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Exploration in Classic Thrust Belt and Its Foreland—
Bavarian Alps, Germany

The Bavarian Alps are composed of a stack of thrust
sheets, which have been transported northward onto the
molasse of the Tertiary foredeep.

Exploration in the Unfolded Molasse zone and its
Mesozoic substrata has resulted in the discovery of a
considerable number of oil and gas fields. Most of these
fields are related to monoclines, which are aligned along
west-east-striking, reverse growth faults. In addition,
other fields are related to facies traps which were suc-
cessfully located by improved seismic methods.

The northern edge of the Alpine orogene is formed
by the west-east-striking synclines of the Folded Mo-
lasse zone, which is thrust at least 20 km over the auto-
chthonous Unfolded Molasse zone. Several wildcats re-
veal good porosities and oil and gas shows.
Coalification studies have proved that even the deepest
parts of the Molasse zones are within the oil window.

The Helveticum zone is thrust over the Folded Mo-
lasse zone, and it contains potential reservoir rocks with
gas shows. The Helveticum zone is tectonically overlain
by the Flysch zone, which has no reservoir properties.

The Kalkalpin zone (Cretaceous Alps) is the upper-
most thrust complex. It was recently penetrated by the
wildcat Vorderriss 1, which proved that the Kalkalpin
consists of several nappes with a total thickness of 6,400
m. At Vorderriss the Flysch zone is not present and
must have been tectonically removed; the Kalkalpin
zone is thus underlain by allochthonous Helveticum
zone. Minor oil and gas shows are present in the Vor-
derriss 1.

In the Alps, seismic data are of satisfactory to good
quality and major thrust planes can be mapped. The
seismic data indicate that the molasse and its substrata
extend far to the south beneath the Kalkalpin zone and,
furthermore, they apparently form domal structures at
several locations.

At Yorderriss, seismic data indicate that the Helveti-
cum zone, the molasse, and the Mesozoic substrata,
which all underlie the Kalkalpin zone, have a total
thickness of about 2,000 m. The crystalline basement is
expected to be at a depth of 8,200 m. According to ma-
turity studies this sedimentary complex is still within the
oil window.
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Geophysical Exploration is Just Beginning

What fraction of the yet undiscovered hydrocarbons
will ultimately be found and produced? The answer de-
pends on our success in developing and effectively ap-
plying the seismic method. Seismic reflection technolo-
gy is in its infancy, and geophysical exploration is just
beginning.

We are now going after a three-dimensional quantita-
tive subsurface image, in terms of compressional wave
impedance. We are beginning to seek additional elastic
properties and Q. Inference of structure from lateral
variations in reflection time is being supplemented by
inference of fluid content and other rock properties
from “lateral” variations in impedance.

Details of seismic images should be explained in
terms of subsurface geology, unless proved otherwise. If
well log data disagree with seismic data, well log data
are probably wrong. We have a real need for improved
“ground truth” if we are to effectively evaluate and in-
terpret the seismic image.

There are many limitations to current image quality,
highly variable from one prospect to the next, and for
the most part amenable to foreseeable technology im-
provements. In most areas, the only fundamental limita-
tions on our ultimate seismic image quality are high fre-
quency loss, and geologic noises—and we do not
understand either one.
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Geophysical Case History of Two Hills Colony Gas
Field of Alberta

Seismic waveform changes, which in their most ob-
vious form are known as “bright spots,” have been
known for some years to give direct indications of hy-
drocarbons. An example of the successful application of
waveform analysis and direct detection of gas in a shal-
low Lower Cretaceous formation of east-central Alber-
ta, Canada, is detailed. :

At a depth of approximately 2,000 ft (610 m), the
Colony formation typically consists of only thin (10 ft;
3 m) blanket sands interbedded with shale. However, in
1976 Hudson’s Bay Oil and Gas Co. investigated a 100-
ft (31 m) thick occurrence of channel sand (with sub-
stantial gas pay) in this formation. After some hit and
miss attempts at extending the channel trend on geo-
logic interpretation, seismic methods were applied. A
seismic line over the channel well revealed a classic
“bright spot.” Several other lines also showed bright
spots in the Colony zone. The results of seismic model-
ing can be summarized as follows. The lateral consis-
tency of the sediments above the Colony provided a
stable boundary of modeling and permitted the detec-
tion of gas. The inconsistency and complexity of the
sediments underlying the Colony resulted in interfer-
ence patterns that prevented exact quantitative analysis
of gas pays. Furthermore, other geologic phenomena
provided waveform changes that were similar to that of



