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Successful Integration of Geology with 3-D Seismic
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Commercial gas production is being devel-
oped from basal Pennsylvanian Morrow
fluvial sandstones in a relatively densely
drilled area of southwestern Kansas with
help from 3-D seismic. Although 3-D seis-
mic was essential to the success of the re-
cent drilling program, the 3-D data alone
were not definitive. Had drilling been based
solely on 3-D seismic maps and displays
without integration of geology from cores
and wireline logs, the program might have
been terminated with one producer and two
dry holes. The key to success was integra-
tion of 3-D seismic with a geological un-
derstanding of fluvial sandstone deposi-
tional processes. Additional success came
from integration of older 2-D seismic data.
This complete integration of data resulted
in the drilling of six successful wells proxi-
mal to older dry holes which encountered
porous, non-productive fluvial sandstones.

The 25-foot-thick fluvial sandstones are too
thin to be resolved seismically, but edges
of the fluvial valley can be delineated by
3-D seismic isopach mapping. Basal Mor-
row valleys in southwestern Kansas formed
through a combination of subsidence and
fluvial incision. 3-D seismic isopach maps
clearly define valley segments created
largely by localized subsidence with mini-
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mal amounts of fluvial incision. Subsid-
ence occurred in earliest Pennsylvanian
time and was caused by dissolution of an-
hydrite in the lower St. Louis formation
some 300 feet beneath the basal Pennsyl-
vanian depositional surface. Valley seg-
ments connecting downwarped stretches
formed primarily by fluvial incision and are
less well defined seismically. Our drilling
program was confined to a downwarped
portion of the valley, and drilling success
in penetrating the valley is 90 percent.

A second key element to success was the
3-D structural picture obtained within the
valley. However, neither the top nor base
of the target sandstones provide seismic
reflections, and complications arose from
the occurrence of sandstones at various
stratigraphic levels, reflecting successive
episodes of fluvial incision and deposition
within the overall downwarped portion of
the valley. Deciphering the sequence of
incision and depositional events, including
backfilling of the valley with estuarine sedi-
ments, was critical to success. This was
accomplished by determining the top and
bottom of the valley in all valley wells and
then mapping the total thickness of the val-
ley fill. Two dry holes, in which the basal
Morrow interval was cored, revealed a
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deep, young, incised channel filled with
estuarine sandstone and a thick section of
estuarine shale. Recognition that this deep,
young channel is a significant component
of the trap for gas in older, stratigraphically
higher, fluvial sandstones is a major factor
in our success. Drilling success in finding
commercial gas production using 3-D seis-
mic integrated with geology is 55 percent
compared to eight percent without 3-D seis-
mic in the same area 30 years ago.
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