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control includes rotated blocks along faults created by horst and graben
tectonics typically associated with rift zones.

A distinctive gravity signature, the Mid-Continent geophysical anam-
aly (MGA) is related directly to the CNARS and provides good data for
interpretation of the basement structure. Some oil fields can be correlated
directly with gravity-interpreted basement structure. Aeromagnetic and
Landsat information, combined with the gravity data, further define
exploration targets along the general trend of basement features.

Migration of thermally matured hydrocarbons into pre-
Pennsylvanian, rift generated traps in the ancestral north Kansas basin is
postulated. The Nemaha ridge subsequently divided that basin into two
smaller basins, the present Salina and Forest City basins. Several explora-
tion targets could exist in this area, with the Arbuckle, Simpson, and
Viola units being primary targets. The source of hydrocarbons also may
lie in the deep but distant Anadarko basin.

An additional totally untested hydrocarbon potential exists in the deep
Precambrian/Cambrian sedimentary subbasins created along the flanks
of the CNARS. Recent data points to sedimentary columns with depths
of approximately 15,000 ft (4,500 m) which might be hosts to gas reserves
similar to the Rome trough potential of the Appalachian region.
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Outlook for United States Natural Gas Industry: Pricing, Supply, and
Demand

Major changes which are occurring in natural gas pricing and gas mar-
kets in the United States present new opportunities and challenges for the
gas industry. This paper assesses the current importance of natural gas to
the United States; future outlook for United States natural gas pricing,
supply, and demand; potential for oil displacement by gas; and the bene-
fits which would accrue to consumers and the nation from increased gas
use. Particular attention is given to emergence of new, premium markets
which will take advantage of the inherent cleanliness, efficiency, and
operating advantages of natural gas.
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Ravia Nappe, Bryan County, Oklahoma: A Gravity Slide Block off the
Tishomingo Uplift

The Ravia nappe in Bryan County, Oklahoma, is located along the
southwestern flank of the Tishomingo uplift, between the Cumberland
and East Durant oil fields. This mass of Cambrian-Ordovician through
Mississippian sediments tectonically overlies younger Springer shales
(Pennsylvanian) of the Ardmore basin. Previously, this feature has been
interpreted to have been thrust southward along the Cumberland fault, a
fault parallel to the Ravia thrust. Reinterpretation of this area, with addi-
tional well data, indicates the Ravia nappe is a gravity slide block off the
uplifted Tishomingo mountains.

The Ravia nappe subcrops below the Cretaceous unconformity asa 16
miZ 41 kmz) triangular-shaped mass with a maximum thickness of 4,800
ft (1,450 m). The fault surface along its base has a bowl-like shape. This
surface is neither the Cumberland fault nor the Ravia fault, but appears
to be a separate fault surface. The nappe consists of overturned Caney
through Simpson rocks (Mississippian-Ordovician) along its southwest-
ern edge (toe), whereas right-side-up Arbuckle carbonates (Cambrian-
Ordovician) occur on the northeastern side (heel) of the nappe. Arbuckle
carbonates of the nappe overlie an overturned-to-the-south syncline of
Arbuckle through Springer rocks. This overturned syncline, on the foot-
wall side of the Ravia fault, is present north of the Cumberland oil field
and trends southeastward into Sec. 9, T6S, R8E. At this location the
structural style of the Tishomingo footwall rocks changes from an over-
turned syncline south of the Ravia thrust to another thrust with a footwall
fold. The Ravia thrust possibly terminates near this change in structural
style with the other northeast-dipping thrust continuing southeastward to
the East Durant oil field.

The Ravia nappe is interpreted to have been originally the southwest
overturned limb of the Tishomingo uplift. Prior to the major thrusting on
the Ravia thrust, but after compressional folding and uplift of the
Tishomingo mountains, a breakaway fault formed across the most
intensely folded beds. This breakaway fault undercut the overturned
southwestern limb of the Tishomingo uplift in a concave-upward fault
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surface. Gravitational forces caused the Ravia nappe Mississippian
Caney rocks to Cambrian-Ordovician Arbuckle rocks to slide rotation-
ally southwestward 2.5 mi (4 km). Topographic relief prior to the slide
may have been as much as 9,000 ft (2,700 m). The slide occurred some-
time during late Morrowan to early Desmoinesian.

Analogs of this type of deformation are present in the Owl Creek
Mountains, central Wyoming; Front Range, northern Colorado; Qal’eh
Raisi, southwestern Iran; and Belton anticline and Sulphur syncline,
Oklahoma. These analogous structures and the Ravia nappe, show three
common elements: (1) they are competent, erosion-resistant units which
slide off the flanks of folded anticlines across softer shaly units; (2) the
heel portion of the slide surface is a bedding plane fault, whereas the toe
of the slide surface cuts across bedding planes; and (3) the driving mecha-
nism is the gravitational force associated with tectonic uplift.
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Mid-Continent Rift System—A Frontier Hydrocarbon Province

Geophysical evidence in the Mid-Continent has led to delineation of a
rift system active during the Proterozoic Y Era. The Mid-Continent rift
system can be traced by the Mid-Continent gravity high and correspond-
ing aeromagnetic anomaly signature from the surface exposure of the
Keweenawan Supergroup in the Lake Superior basin southwest in the
subsurface through Wisconsin, Minnesota, lowa, Nebraska, and Kansas.

The Mid-Continent gravity high, which includes the highest gravity
values within the continental United States, has been interpreted histori-
cally as a reflection of mafic extrusives, structurally high to the surround-
ing basement complexes. However, studies of analogous continental rifts
and current rift theory call for existence of an anomalous mantle-derived
body within the crust. The presence of this anomalous dense body is
expressed by the narrow gravity high. The gravity high is imposed upon a
broader gravity low which reflects the crust-mantle boundary’s isostatic
response to injection of mafic mantle material into the crust. Seismic
refraction studies support this with findings of an unusually thick crustin
the Lake Superior region. The surface response to the crustal attenuation
and subsidence due to mafic loading during the late Proterozoic was the
development of a deep rift valley and sedimentary basin.

The acromagnetic anomaly signature of the rift trend discloses where
these sediments have been preserved. Thick accumulations of upper Pro-
terozoic sediments are indicated by both upward continuation of the
aeromagnetic profiles across the rift trend and gravity models which
incorporate: (1) a deep mafic body to create the narrow gravity high, (2)
anomalously thick crust to account for the more regional gravity low, and
(3) sedimentary accumulations on the Precambrian surface to explain the
small-scale “notches” which occur within the narrow gravity high.
Reflection seismic data are virtually unknown in the rift area; however,
data recently acquired by COCORP across the southern end of the fea-
ture in Kansas provide evidence of thick stratified sequences in the rift
valley.

Studies of the East African rift have revealed that the tropical rift valley
is an exceptionally fertile environment for deposition and preservation of
kerogenous material. Although penetrations of the Keweenaw rift sedi-
ments are extremely scarce, the occurrence of indigenous mobile crude oil
in the White Pine mine on the Keweenaw Peninsula, Michigan, and bitu-
minous partings in a core at the periphery of the Twin Cities basin, Minne-
sota, strongly support the extrapolation of a rich algal-fungal community
throughout the sediment-filled valley of the Mid-Continent rift. Rift val-
ley basins areally represent only 5% of the world’s basins, but they have
been determined to contain 10% of the world’s present reserves. The
Sirte, Suez, Viking, Dnieper-Donetz, and Tsaidam basins are just a few of
the rift basins currently classed as “giant” producers. The existence of a
rift basin trend with thick accumulations of preserved sediments, demon-
strably organic rich, introduces the northern Mid-Continent United
States as a new frontier for hydrocarbon exploration.
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Geophysics in Kansas and Its Role in the Petroleum Exploration Industry

The geophysics industry has played an active part in development of
the petroleum industry in the state of Kansas. The diversity of productive



