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Figure 9. Photomicrographs of shock-induced deformation of feldspar at 9,036 ft. A—Severely fractured,
mosaic-textured, and partially melted K-feldspar showing fine-grained recrystallized material in melt zones.
B— Feldspar with intense mosaicism, reduced birefringence, and PDFs.

pact of an extraterrestrial object. This conclusion
is supported by the database from hypervelocity-
impact, diamond-anvil-cell, and friction experi-
ments that constrain the conditions under which
such microstructures may form (Huffman and
Reimold, 1996). Although it is beyond the scope of
this paper to discuss in detail the differences be-
tween hypervelocity-impact, volcanic detonation,
and friction-deformation regimes, it is clear from
the core evidence that the Ames event produced
pressures that exceeded 20 GPa and may have
reached 50 GPa or greater. The microstructural
evidence—especially the presence of multiple sets
of PDF's, loss of birefringence, and partial melt-
ing—Ilimits the possible range of conditions to
which the Ames rocks were subjected to pressures
from 20 to 50 GPa, temperatures less than about
500 °C, and strain rates greater than 106 s1.
These conditions exclude the possibility of a volca-
¢ nic or other terrestrial origin for the structure, as
endogenous processes are generally constrained to
pressures less than 10 GPa and strain rates less
than 10° s-! (Huffman and Reimold, 1996). In addi-
tion to the observations made herein, other au-

thors have reported similar shock-induced micro-
structures for samples from the Universal Re-
sources Corporation no. 1-34 Gammon, Universal
Resources Corporation no. 2-18 Dixon, and Conti-
nental Resources, Inc., no. 1-19 Dorothy wells
(Koeberl and others, 1997). '

Additional work that would further verify the
impact origin for these rocks should include iden-
tification of coesite and stishovite (the high-pres-
sure polymorphs of quartz) and detailed optical
and transmission electron microscope measure-
ments of the PDF's and partial melt structures to
confirm the presence of diaplectic glass and lecha-
telierite in the melt rocks.

CONCLUSIONS

The microstructural evidence from the Nicor
no. 18-4 Chestnut well conventional core reveals
that the Ames structure was formed by the impact
of an extraterrestrial object into Arbuckle dolo-
mites and Precambrian granites. The dolomitized
and felsic breccia units are believed to represent
an impact fallback deposit overlying an impact
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breccia or melt rock. The observed microstructures
and their correlation to the database of shock-re-
covery experiments suggest that the Ames rocks
were subjected to shock-induced stresses from 20
to 50 GPa and strain rates greater than 108
s~1. These observations preclude the possibility
that the Ames structure was formed by an endog-
enous process.
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Production and Structural Features Identified
by Surface Geochemical Techniques,
Ames Impact Structure, Oklahoma

James D. Tucker, Daniel C. Hitzman,
and Brooks A. Rountree

Geo-Microbial Technologies, Inc.
Ochelata, Oklahoma

ABSTRACT.—Anomalous hydrocarbon microseepage was measured by a microbial soil sur-
vey; the survey results identified specific production and structural features of the Ames im-
pact structure. These features were identified by a 30 mi reconnaissance microbial survey
designed to test the microseepage properties of deeper productive strata within the Ames
impact structure. Three straight east-west traverses containing 101 soil samples each (10 per
mile sampling density) were collected along section roads. The profiles were designed to cross
both outer-rim and inner-ring structural features, the D. & J. no. 1-20 Gregory well, and the
locations of recent deeper producing wells.

Microbial measurements indicate that strong hydrocarbon microseepage occurs through-
out the area of the Ames impact structure and that anomalously high microbial values are
associated with newer producing wells. The highly pressured D. & J. no. 1-20 Gregory well still
exhibited a very positive microseepage signature after approximately three years of produc-
tion. Other deeper and more pressured wells demonstrate a very positive microseepage signa-
ture. Conversely, structural lows and locations with older, shallower production exhibit weaker
microseepage signatures. Used in conjunction with geophysical and geologic data, geochemi-
cal microseepage measurements are an effective exploration tool for the Ames impact

structure.

INTRODUCTION

Microseepage from hydrocarbon accumulations
is detected by observing the concentrations and
distributions of hydrocarbon-indicating microor-
ganisms found in shallow soils. More specifically,
when upward-migrating light hydrocarbon gases
from hydrocarbon reservoirs enter the shallow soil
environment, they are utilized by a specific group
of microorganisms. There is a direct, positive rela-
tionship between the hydrocarbon concentrations
in the soils and these microbial populations
(Beghtel and others, 1987). The specific microor-
ganism populations are measured from shallow
soil samples collected from depths of between 6
and 8 in. The soils are analyzed by microbiological

James D. Tucker, Daniel C. Hitzman, and Brooks A.
Rountree, Geo-Microbial Technologies, Inc., P.O. Box
132, Ochelata, OK 74051.

screening techniques for hydrocarbon-indicating
microbes (Hitzman and others, 1994b). The proc-
ess used in this survey screened for only those mi-
croorganisms that indicate the presence of light
hydrocarbons, particularly butane.

Sample patterns and sample density are se-
lected to best define the hydrocarbon potential of
the target area, subject to considerations of terrain
and accessibility. Reconnaissance and more de-
tailed surveys of acreage or prospects may be com-
pleted in this manner. The predictive value of this
technology has been demonstrated by extensive
field surveys (e.g., Sundberg and others, 1994,
Hitzman and others, 1994a,1996). Microbial sur-
veys are highly effective when used in conjunction
with geologic and geophysical data.

SURVEY STRATEGY

GMT personnel collected 303 shallow soil
samples in August 1994 and February 1995 on the
undisturbed sides of fence lines along section

Tucker, J. D.; Hitzman, D. C.; and Rountree, B. A., 1997, Production and structural features identified by sur-
face geochemical techniques, Ames impact structure, Oklahoma, in Johnson, K. S.; and Campbell, J. A
(eds.), Ames structure in northwest Oklahoma and similar features: origin and petroleum production (1995
symposium): Oklahoma Geological Survey Circular 100, p. 326-329.
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Figure 1. Three 10-mi reconnaissance traverses, A-A", B-B’, and C—C’, crossed the Ames impact structure
along east-west section roads. Shallow soil sampies were collected every 0.1 mi.

roads. Samples were spaced every 0.1 mi along
three east-west traverses that crossed the Ames
structure (Fig. 1) for a total of 30 mi. This micro-
bial reconnaissance program was designed to eval-
uate large structural and production parameters
of the Ames impact structure. Both the outer rim
and inner ring of the crater area were traversed.
All samples were collected approximately 6-8 in.
deep and analyzed at GMT’s Ochelata, Oklahoma,
laboratory.

Microbial Plots

Profile plots were constructed for each of the
three east-west traverses to demonstrate the cor-
relation between the microbial microseepage sig-
natures and the structural and productive ele-
ments of the Ames impact structure (Fig. 2). These
microbial data can be directly compared to geo-
physical profiles. Statistical values of the micro-
bial population signatures are presented. The sta-
tistical microbial values were calculated by using
a five-point weighted moving average formula in
which each sample is averaged with the two adja-
cent sample point values on each side. This func-
tion reduces noise in the data and delineates clus-
ters of both anomalously high and low values.
Structural and production features are identified
along the microbial population plots.

The first and most northern line, A-A’, was
sampled in August 1994 and passed near the D. &
dJ. no. 1-20 Gregory well location. The Gregory area
shows the strongest microseepage signature of the
10-mi traverse. Without knowledge of deeper po-
tential or seismic data, this reconnaissance survey
could have narrowed a 10-mi line down to the best
1-mi prospect. Other microbial signatures along
this line also demonstrate exploration potential.
The second and third lines, B-B” and C-C’, respec-
tively, were collected in February 1995 and evalu-
ated the rebound area and additional rim area fea-
tures. Strong groupings of microbial samples cor-
respond to Arbuckle production and indicate other
undrilled areas with good Arbuckle potential. As a
reconnaissance survey, the microbial results
proved very encouraging. Undrilled and still-pres-
sured Arbuckle targets should send a positive hy-
drocarbon microseepage signature to the surface.
If samples were collected with a tighter density
and in a grid pattern, even stronger correlation be-
tween deep, pressured production and hydrocar-
bon microseepage would be anticipated.

Frequency-Distribution Data

A frequency-distribution histogram displays
the trend of the microbial data (Fig. 3). The histo-
gram has a distinct right-hand skewed distribu-
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Figure 2. Microbial plots highlight anomalous microseepages that correspond to Ames area structural and

production features.

tion common for producing areas. Background
values are reflected in a normal bell-shaped curve
that can be extrapolated through the left side of
the data. Population breaks indicate distinct value
cutoffs that are significant for distinguishing be-
tween background values and microseepage-indi-

cating microbial values. Anomalously high values
distinctly skew the data distribution to the right
and indicate a high microseepage and high prob-
ability of production. With enough samples it may
be possible to distinguish deeper, pressured, and
undrilled reservoirs from shallower, depleted, and
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Figure 3. Microbial frequency-distribution histogram for all three traverses. Population breaks at values of 105
and 80 show microbial thresholds corresponding to anomalous microseepage and features of the Ames

impact structure.

mature hydrocarbon traps. This data set has a
higher than normal average for central Oklahoma
and exhibits right-hand skewness that can be ex-
trapolated through the right side of the histogram.

CONCLUSIONS

1. Hydrocarbon microseepage signatures as
measured by a reconnaissance microbial sur-
vey correspond directly to general production
and structural features of the Ames impact struc-
ture.

2. A reconnaissance microbial traverse 10 mi
long shows that the D. & J. no. 1-20 Gregory well
has a very positive microseepage signature reflect-
ing strong, deep pressures.

3. Deeper Arbuckle exploration targets exhibit
anomalous microbial activity that is apparent in
occurrence vs. distance plots, frequency distribu-
tion of microorganism population values, and
mapped microbial data. Some Arbuckle features
remain undrilled.

4. Used in conjunction with geophysical and
geologic data, microbial microseepage measure-
ments are an effective exploration tool for the
Ames impact structure and possibly for other
deeper target plays.
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ABSTRACT.—The origin of the Ames structure in Oklahoma is uncertain. Analysis and
modeling of gravity and magnetic data collected over the Ames structure place constraints on

hypotheses for its origin.

A negative residual Bouguer gravity anomaly surrounded by an annular high mimics the
subsurface structure of the Ames feature. The amplitude, shape, and character of the gravity
data over the Ames structure are consistent with observations of other structures believed to
be caused by meteorite impact. A magnetic low over the Ames structure is also consistent with
magnetic field observations over (most) other impact craters.

The 2%4-D gravity and magnetic models and a 3-D gravity model yield a density and mag-
netization structure typical of known meteorite-impact craters.

INTRODUCTION

The Ames structure is a circular depression lo-
cated near Ames, Oklahoma, in eastern Major
County (Fig. 1). It is buried under about 3,000 m of
Ordovician and younger sedimentary rocks and is
the site of significant oil and gas production (Car-
penter and Carlson, 1992; Hamm and Olsen,
1992). Its origin has been variously attributed to
meteorite impact, volcanic activity, dissolution
collapse, and other causes. Geologic arguments for
an impact origin have been based on geomorphol-
ogy, rock textures, mineral deformation, and strat-
igraphic relationships (e.g., Hamm and Olsen,
1992; Carpenter and Carlson, 1992; Nick, 1994).
The purpose of this study was to determine
whether the gravity and magnetic fields in the vi-
cinity of the Ames structure are consistent with an
impact origin.

DATA ACQUISITION, REDUCTION,
AND PROCESSING

Gravity data were collected at 40 stations on
December 17-18, 1994, with a Lacoste and Rom-
berg model G gravimeter. These data were com-
bined with data from the National Geophysical
Data Center (1994) and Roemer and others (1992).

Judson L. Ahern, School of Geology and Geophysics, Uni-
versity of Oklahoma, Norman, OK 73019.

Where applicable, data were corrected for instru-
ment drift and for latitude, free-air, and Bouguer
effects.

Aeromagnetic data were collected by Applied
Geophysics, Inc., Salt Lake City, along 2,130-m-
spaced east-west flight lines from June through
August 1982 at a flight altitude of 762 m, sam-
pling rate of 1.0 s, and sensitivity of 0.25 nT. Diur-
nal corrections were made and effects of cultural
features were removed.

Residual Bouguer gravity was produced by re-
moval of a third-order regional field; similarly, a
third-order regional field was removed from mag-
netic data following reduction to pole (Fig. 2).

DESCRIPTION AND INTERPRETATION

Gravity

The residual Bouguer field reveals a circular
negative anomaly of about 2 mgal that is almost
perfectly coincident with the central structural
depression as defined by structure contours on the
Sylvan Shale (Fig. 2). This gravity low is sur-
rounded by an annular gravity high with a radius
of 6 km and an amplitude of about 0.5 mgal; this
positive anomaly ring coincides with the struc-
tural high composing the rim of the Ames struc-
ture.

The gravity signature of impact craters is rela-
tively distinctive, and the relationship between
impact effects and density is somewhat straight-

Ahern, J. L., 1997, Gravity and magnetic investigation of the Ames structure, north-central Oklahoma, in
Johnson, K. S.; and Campbell, J. A. (eds.), Ames structure in northwest Oklahoma and similar features:
origin and petroleum production (1995 symposium): Oklahoma Geological Survey Circular 100, p. 330-333.
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Figure 1. The Ames structure is located beneath the
town of Ames, Oklahoma, in Major County. Its ap-
proximate position and extent are shown by the open
circle.

forward. In fact, since about one fifth of known
impact craters on Earth are covered with sedimen-
tary deposits, gravity is the major tool for investi-
gation of these structures (Grieve and Pesonen,
1992; Pilkington and Grieve, 1992). The ampli-
tude, shape, and character of gravity over the
Ames structure are consistent with observations of
other structures believed to have been caused by
meteorite impact. Impact craters formed in sedi-
mentary rocks with a diameter similar to the
Ames structure (=15 km) generally produce nega-
tive gravity anomalies that extend to or slightly
beyond the rim of the crater (Grieve and Pesonen,
1992). The amplitude of the Ames anomaly is simi-
lar to that of other similar-sized astroblemes.

Magnetic Data

Although there is a large (=100 nT) negative
anomaly centered about 8 km northeast of the cen-
ter of the Ames structure, its position suggests
that it may not directly relate to the Ames struc-
ture. On the other hand, the residual reduced-to-
pole magnetic field reveals a 60 nT low nearly co-
incident with the gravity low and Sylvan struec-
tural low (Fig. 2). The radius of the magnetic
anomaly is similar to the radius of the subsurface
structural feature and to the radius of the gravity
anomaly.

The magnitude and shape of the magnetic low
over the Ames structure is similar to those of
negative magnetic anomalies observed over other
impact craters (generally between tens to hun-
dreds of nanoteslas); the anomalies may be due to
shock demagnetization, shock remagnetization,
and thermal and chemical remanent magnetiza-
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tion (TRM, CRM) effects (Pilkington and Grieve,
1992). However, the magnetic field associated with
impact craters is more variable and typically less
diagnostic than their gravity field (Grieve and
Pesonen, 1992).

GRAVITY AND MAGNETIC MODELS

The 2%-D gravity and magnetic models are
based on a west—east profile through the center of
the Ames structure (heavy line, Fig. 2) and have
been constructed with the impact model in mind
(Fig. 3). The 2%-D designation means that the
model consists of polygons with finite extent into
and out of the plane of the cross section (in this
case, 5 km).

Gravity

A gravity model that gives good agreement to
observed gravity includes a thin, 5-km-radius, low-
density (0.3 g/cm?) layer about the same radius
as the Sylvan structural low. This layer might rep-
resent low-density fallback breccia composed of
basement granite and Arbuckle dolomite (Carpen-
ter and Carlson, 1992) or clastic sediment infill.
Beneath this layer is a zone of low density (-0.2
g/cm?) with a maximum thickness, under the cen-
ter of the structure, of about 900 m. Crater-fill
sedimentary deposits, authigenic breccia, and a
melt sheet might present such a contrast (Henkel,
1992). Thin, low-density layers on the flanks of the
structure (-0.2 g/cm?®) might represent fallback
breccia and ejecta blanket.

A simple 3-D gravity model was also construc-
ted consisting of a region with a negative density
contrast (0.2 gfem3), which could be interpreted
as low-density sedimentary fill, ejecta, and brecci-
ated Arbuckle dolomite and granite. The upper
boundary of the region is a plane at a depth of 2.8
km below the surface. The lower boundary is an
irregular surface determined by iterative inverse
modeling of the residual gravity field (Cordell and
Henderson, 1968). The maximum depth of the low-
density region is about 3.5 ki, in good agreement
with the 3.6 km maximum depth of low-density
material as determined from the 24-D model. The
position and diameter of the low-density region
mimic the Ames structural depression.

Magnetic Data

To model the observed magnetic low, a region of
lowered magnetic susceptibility (-0.005 emu)
about 14 km wide and with a maximum thickness
of 400 m was constructed near the center of the
structure. It should be noted that an equally valid
magnetic model could be obtained by placing the
anomalously low magnetization deeper, in base-
ment rocks, where preimpact susceptibilities and
remanent magnetizations would be expected to
be larger and hence the de- or remagnetization
effect larger. The magnetic model is less well con-



332 Judson L. Ahern

A. Residual
Magnetic Data

& /I 5
A IS
’//,/,’,:».,'5:.:.

B. Residual
Gravity Data

\
ALY
AR

AU TRA T
AR
S/,

\\‘;\:\

NN

© X
% 5 €2

[) O
-\
A0 A*Ad C. Sylvan Structure

Figure 2. Perspective views: A—(third-order polynomial) residual,
reduced-to-pole magnetic anomaly; B—(third-order polynomial)
residual Bouguer gravity anomaly; C—Sylvan structure. Dashed
line intersects each “surface” at lat 36.260°N, long 98.187°W,
taken to be the center of the Sylvan structure (x=0 km, y=0
km), and passes close to the center of the gravity and magnetic
lows. Heavy lines show the west—east line of cross section used
to construct profiles and models in Figure 3.

CONCLUSIONS

A negative residual Bouguer anom-
aly and a negative residual magnetic
anomaly are almost perfectly coinci-
dent with the Ames structural depres-
sion defined by Sylvan structure con-
tours. The 2V%-D and 3-D gravity mod-
els, consisting of low-density material
at a depth appropriate for the Ames
structure, can explain the gravity low.
The low-density regions, which extend
from 2.8 to 3.5 km below the surface,
may be interpreted as brecciated coun-
try rock overlain by low-density infill.

A 2%-D magnetic model consisting
of low-susceptibility material, at a
depth appropriate for the Ames struc-
ture, can explain the magnetic low.
The low-susceptibility material may
be the result of shock effects on base-
ment rocks or magnetic sedimentary
deposits.

Although the generally good agree-
ment of the models to the data does
not rule out other origins for the Ames
structure, the observed gravity and
magnetic fields are similar to those
observed for confirmed complex mete-
orite-impact craters. The density and
magnetization models derived from
the data are similar to structures ob-
tained from geophysical surveys, geo-
logic data, and modeling of known and
presumed meteorite-impact craters.
Alternative models for the origin of
the Ames structure must take into
account these geophysical observa-
tions.
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Basement Rocks in the Ames Area
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INTRODUCTION

The Ames structure in Major County, Okla-
homa, lies in the south-sloping northern shelf of
the Anadarko basin. There are only a handful of
wells that have drilled to basement in this general
area. None reached basement rocks at Ames. The
Ordovician impact that caused the Ames structure
penetrated to the basement and ejected fragments
of the Precambrian over a substantial but undeter-
mined area. Wells drilled to the Ordovician in
search of oil and gas have penetrated layers of
widely distributed basement clasts that occur in
Lower Ordovician carbonates, a breccia matrix, or
an impact-generated melt rock.

The Precambrian of Major County is included
in the Southern Granite-Rhyolite province (Van
Schmus and others, 1993). This province is charac-
terized by undeformed granite and rhyolites be-
tween 1300 and 1500 Ma in age. The Precambrian
of north-central Oklahoma and southern Kansas
is composed mostly of mesozonal granite and rhyo-
lites with ages of 1,300 to 1400 Ma. There are no
published descriptions of the Precambrian rocks in
northwest Oklahoma west of the Nemaha uplift,
and very little information has been published on
the Precambrian in adjacent southwest Kansas.

FRAMEWORK

Wells into the Precambrian basement along the
Nemaha uplift in north-central Oklahoma pen-
etrate medium- to coarse-grained two-feldspar
granites. These undeformed granites yield Rb-Sr
ages near 1300 Ma and are part of the Central
Oklahoma Granite Group (Denison, 1981). To the
north, Bickford and others (1979) showed a sprin-
kling of wells to Precambrian basement in south-
west Kansas.

Rodger E. Denison, Robert J. Stern, and Chih-Hsien
Sun, Department of Geosciences, University of Texas at
Dallas, Box 830688, Richardson, TX 75083.

The location of 13 known wells to basement
(west ranges, north of T. 14 N.) and the Ames
structure is shown in Figure 1. Samples from eight
of these wells have been examined and another
has a published rock identification (Table 1). Sev-
eral lithologic types were recovered. Six of the
wells we examined penetrated the expected un-
deformed granite (one of which contained a dia-
base dike), another drilled rhyolite, and the re-
maining well recovered a banded granitic gneiss.
The basement clearly does not consist of only the
simple, massive, undeformed granites found to the
east on the Nemaha uplift, and it could be much
more complex than the scattered wells suggest.

BASEMENT AT AMES

Samples from a number of the deeper wells in
the Ames area penetrated zones where basement
clasts were abundant enough to be identified in
cuttings. In addition, several wells cored intervals
in which the clasts of the Precambrian were not
only abundant but large enough for meaningful
petrographic and isotopic analytical studies.

All of the identifiable basement clasts are com-
posed of a distinctive medium-grained two-feld-
spar granite. The degree of alteration varies great-
ly. Those clasts caught in the melt formed during
impact are scarcely recognizable because of exten-
sive mineralization and hydration of feldspars
(e.g., the IMF no. 18-1 Chestnut, sec. 18, T. 21 N.,
R. 9 W.). Those clasts found either in the cold
ejecta or a carbonate matrix are both undeformed
and remarkably fresh.

The granite is pale pinkish to white. It is com-
posed almost entirely of microcline perthite, inter-
mediate oligoclase, and quartz. The accessory min-
erals include biotite, iron oxides, zircon, carbonate,
sphene, rutile, fluorite, and apatite. Biotite, where
present, is mostly altered to chlorite and white
mica. Accessory minerals represent less, in some
samples much less, than 2% of the rock volume in
every sample large enough to be point counted.
The microcline perthite is generally fresh and ac-
counts for about 40% of the rock volume. Quartz
represents about one third of the granite, is mildly

Denison, R. E.; Stern, R. J.; and Sun, C.-H., 1997, Basement rocks in the Ames area, in Johnson, K. S.; and
Campbell, J. A. (eds.), Ames structure in northwest Oklahoma and similar features: origin and petroleum
production (1995 symposium): Oklahoma Geological Survey Circular 100, p. 334-338.
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TasLe 1.—RePorTED WELLS TO BASEMENT IN NORTHWEST OKLAHOMA
(WesTt Rancges, NorTH oF T. 14 N.)

County Depth to basement
No. Well name Location (ft subsea) Rock type
Alfalfa
Af-1 Good 1-23N-12W 9437 Undetermined
no. 2 Singree -8102
Af-2 Phillips 21-24N-11W 9170 Granite gneiss
no. 1 Weber 7745
Af-2 E&B Cox 22-26N-11W 7520 Undetermined
no. 1 Florence —6330
Af-4 Champlin 1-27N-10W 7239 Granite!
no. 1 Smith —-6076 1380 Ma (z)
1.55 Ga (s)
Garfield
Gf-1 Sinclair 18-22N-2W 5461 Granite?
no. 19 Hartley —4346
Gf-2 Cameron (Hoke) 31-23N-3W 6595 Granite?
no. 3 Ford -5458
Grant
Gr-1 Basin 7-25N-4W 7428 Undetermined
no. 1 Mulhey —6265
Harper
Hp-1 Marlin 2-28N-24W 9342 Undetermined
no. 1 Gaddis —7230
Hp-2 Ran Ricks 27-27TN-21W 8812 Rhyolite
no. 27A Selman -7070 porphyry
Kingfisher
Kf-1 Marlin 14-16N-TW 11510 Granite
no. 1 Grishow -10427
Kf-2 Harper 11-19N-9W 10025 Granite and
no. 1 Buford -9850 diabase
Noble
Nb-1 Shell 17-20N-2W 7062 Granite?
no. 1 Magney -5793
Nb-3 Oklahoma Natural Gas  15-23N-2W 5464 Granite?
no. 1 Hardrow —4496 1305 Ma (r)®

1 Rock name and ages from Van Schmus and others (1993).
2Data from Denison (1981).
3 Data recalculated from Denison and others (1966).

Note: z = zircon U-Pb age, s = Sm-Nd model age, r = Rb-Sr age.
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Figure 1. Map showing the location of
the Ames structure and wells reported
to have reached basement in north-
| west Oklahoma. Filled symbols indi-
i cate wells from which samples have
- been examined (Table 1 lists refer-
ences). No samples were examined
from wells marked by open circles.
The county well numbers are keyed to
Table 1.
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Figure 2. Photomicrograph of typical unaltered granite ejected at Ames. Microcline perthite (upper), moder-
ately clouded oligoclase (lower), and unstrained quartz (left) make up almost the entire rock. Granite clast

from the Universal Resources Corporation no. 1-33 Bland at 9,193 ft (My-7). Cross-polarized light; field width
represents 3.1 mm.

strained to unstrained, and contains bubble inclu-
sions and some fine rutile needles. Plagioclase oc-
curs as well-twinned, larger primary crystals and
in late and secondary myrmekite crystals. Plagio-
clase accounts for about one fourth of the rock and
is unzoned to mildly zoned with undisturbed twin-
ning. Sericite is developed as tiny scattered flakes
in the larger plagioclase crystals (see Fig. 2). The
later plagioclase is remarkably fresh and clear.
The grain size averages a fairly uniform 3 to 4
mm. The texture is hypidiomorphic and does not
appear to have been modified since initial mag-
matic crystallization. The clasts in a breccia or
carbonate matrix show absolutely no evidence of
the rough handling that scattered them across the
Ordovician landscape.

ISOTOPE RESULTS

Four Rb-Sr and two Nd-Sm analyses were
made on clasts from two wells, using the facilities
at University of Texas at Dallas and techniques
outlined in Stern and Kréner (1993). The results
offer no surprises. The Rb-Sr analytical results are
presented in Table 2 and the isochron calculations
in Table 3. The isochron resulting from pooling all

of the feldspar and whole-rock data is shown in
Figure 3. The two whole-rock Rb-Sr analyses de-
fine an age of 1321 + 62 Ma with a reasonable and
low initial 87Sr/%6Sr (0.7025). All three of the other
isochrons are within error of this value, although
the Mj-7 whole-rock—feldspar pair defines an age
and initial 87Sr/%6Sr that is most consistent with
resetting at about 1200 Ma.

Can isotopic results from basement clasts eject-
ed during an Ordovician impact be trusted? We
think the results are both consistent and region-
ally reasonable. The analyzed granite clasts came
from different settings. One clast (Mj-8) was in an
ejecta breccia matrix, and the other (Mj-7) was in
a carbonate matrix. It could be argued that the
two originated in different parts of the impact area
and potentially have a different thermal history;
certainly they ended 2 mi apart in a totally differ-
ent sedimentary context. Yet the samples are pet-
rographically identical and isotopically consistent.
We interpret the whole-rock isochron age of 1321 +
62 Ma as approximating the crystallization age of
the granite pluton that now underlies the Ames
area.

This value is in agreement with the isotopic
ages reported from the nearest wells that reach



Basement Rocks in the Ames Area 337
TaeLE 2.—RB-Sr ANALYTICAL DATA FOR GRANITE CLASTS AT AMES
Location, Rb Sr
Well no. Well name depth (ft) ppm ppm STRbLASSr 87Sr/E8Sr
Mj-TW Universal Res. 33-21N-9W 202 26.7 22.91 1.1365
Mj-7F no. 1-33 Bland 9193 471 28.9 51.38 1.6231
Mj-8W D&J 20-21N-9W 147 59.1 7.28 0.8404
Mj-8F no. 1-29 Wayne 9258 269 78.5 10.07 0.8914

Note: W = whole rock, F = feldspar. Rb and Sr contents of all samples were determined by isotope dilution and
were analyzed for 87Sr/%Sr using the Finnigan MAT instrument at University of Texas at Dallas; accuracy on

87Sr/86Sr for these is +0.00004.

TasLE 3.—RB/SR IsocHRON

CALCULATIONS
Analyses 87Sr/86Sr Age (+20)
used intercept (20) (Ma)
Mj-7W, M;-8W 0.7025 +0.0086 1321 + 62
Mj-7TW, Mj-7F 0.7449 £ 0.0300 1194171
Mj-8W, Mj-8F 0.7073 £0.0204 1276 £ 172
AllF&W 0.7084 +0.0059 1270+ 37

Note: W = whole rock, F = feldspar.
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Figure 3. Isochron plot of all Rb-Sr analyses on gran-
ite clasts from the Ames area. Numerical data are
presented in Table 2.

Precambrian basement. To the east, along the
Nemaha uplift, Denison and others (1966) calcu-
lated a three-point Rb-Sr isochron age of 1305 + 30
Ma from a granite in the Oklahoma Natural Gas
no. 1 Hardrow (sec. 15, T. 23 N., R. 2 W.) in Noble
County. To the north of Ames, Van Schmus and
others (1993, p. 241) reported a zircon age (but no
analytical data) of 1380 + 21 Ma from a granite
penetrated in the Champlin no. 1 Smith (sec. 1, T.
27 N,, R. 10 W.) in Alfalfa County. A Sm-Nd Ty
model age of 1550 Ma was also reported from the
same granite.

Sm-Nd results can be used to determine the age
of crustal formation in the Ames area, i.e., when
did the components in these 1300—-1400 Ma gran-
ites originally separate from the mantle to form
this part of the North American craton? Our deter-
mined separation ages of 1,660 to 1740 Ma (Table
4) are close to results reported by Nelson and
DePaolo (1985) on samples to the north and south
of Ames but are somewhat older than the closest
determinations given in Van Schmus and others
(1993, p. 247). We conclude that our Sm-Nd deter-
mination from the granite at Ames fits within the
regional pattern of older crustal formation ages.

CONCLUSIONS

Examination of regional wells to basement and
petrography and isotopic analysis of two clasts of
basement ejected from the Ames impact can be
used to reach the following conclusions.

1. The basement in the Ames area is composed
of granite, unusual only because of a very low ac-
cessory mineral content. Carbonate-enclosed gran-
ite clasts are remarkably unaltered and show no
petrographic evidence of the Ordovician impact.
The exception is the highly altered granite clasts
found in a matrix of the melt rock formed during
the impact.

2. The Rb-Sr age of granite samples give a
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TasLE 4.—Sm-Np ANALYTICAL DATA
Tom
Sample Sm (ppm) Nd (ppm)  “’Sm/Nd 143N d/144Nd (Ga)
Mj-7-1W 3.17 15.98 0.1199 0.51203 + 0.00006 1.66 £0.10
Mj-8-1W 8.11 39.3 0.1247 0.512037 +0.000021 1.74 + 0.01

Note: 143Nd/144Nd for six analyses of UCSD Nd = 0.511861 + 0.000011 (total range). 43Nd/144Nd for

one analysis of BCR = 0.512647.

whole-rock isochron age near 1320 Ma. The age
fits into the regional Precambrian framework. The
isotopic systems of the samples examined do not
appear to have been disturbed during the impact
event.

3. The Sm-Nd ages of about 1700 Ma for the
Ames ejection clasts a fits into an older group of
crustal separation ages in Kansas and Oklahoma.

4. Most wells to basement in northwestern
Oklahoma encountered a undeformed two-feld-
spar granite. Two other wells penetrated rocks
that raise questions: (1) Is the rhyolite in Harper
County (from well Hp-2 in Table 1; well 2 in Fig. 1)
of Cambrian age, part of the southern Oklahoma
aulacogen, or (more likely) part of the 1300-1400
Ma volcanic field? (2) The granite gneiss drilled in
Alfalfa County is probably the oldest rock known
in Oklahoma. The gneiss clearly underwent a re-
gional metamorphic event that is unrecorded in
the 1400 Ma granites. How much older is it? It is
unlikely to be older than the oldest rocks in Kan-
sas, 1700 Ma or so.
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Arcuate Faults Help to “Relax” and Explain
the Ames Structure

Richard Banks
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The Ames structure (Ts. 20-21 N,, Rs. 9-10 W,
Major County, Oklahoma) can be segregated into
several distinct regions or zones: these are the cra-
ter wall, crater syncline, crater anticline, central
pit, and central high. Of these zones, the crater
wall is most clearly defined. We model the crater
wall as a nearly circular, normal growth fault that
intersects all surfaces below the Woodford Shale.
We illustrate the results using a series of maps
and cross sections.

To pursue this project, we originally purchased
data from Natural Resource Information Systems
(NRIS) in Norman, Oklahoma. The data consisted
of locations and formation tops for about 770 wells
in a four-township area (144 sq mi). Formation
tops ranged from the Pennsylvanian Tonkawa
unit to the Cambrian—Ordovician Arbuckle Group.
Since NRIS data come from many diverse sources,
the data set contained many inconsistencies.
These inconsistencies were so numerous that we
decided to abandon the NRIS data.

Geological Data Services Inc. (GDS), Dallas,
agreed to furnish data to us if we would give them
credit on all exhibits that were made by using
their data. We agreed to do this. The error rate in
GDS data was about 0.1%, which was acceptable
and easily corrected.

We first made a series of structure maps and
cross sections by stacking 17 surfaces from the
Tonkawa through the Arbuckle. Figures 1 through
6 show contour maps of Tonkawa, Oswego, Missis-
sippian, Woodford, Simpson, and Arbuckle in the
Ames area. Note that continued slumping has

Richard Banks, Scientific Computer Applications, Inc.,
810 Petroleum Club Bldg., Tulsa, OK 74119; Michael D.
Kuykendall, Solid Rock Resources, 1408 So. Delaware
Place, Tulsa, OK 74104.

made the Ames structure evident in formations as
shallow as the Tonkawa. In fact, the structure is
evident even in the Permian strata.

Figures 7 through 13 show pairs of various ra-
dial cross sections across the Ames structure. The
upper cross section in each figure shows an inter-
pretation of the structure without consideration of
any faults around the crater rim; the lower cross
section of each pair shows the structure with the
circular growth faults. In the upper cross sections
of Figures 7-13, note that the structure is evident
at all levels from the Tonkawa through the Ar-
buckle (cf. Figs. 1-6). Formations shown in the
cross sections, in stratigraphic order from upper to
lower units, are as follows:

Tonkawa
Cottage Grove
Hogshooter
Checkerboard
Oswego
Redfork
Atoka
Mississippian (Chester)
Meramec
Woodford
Hunton
Sylvan

Viola
Simpson
McLish

Oil Creek
Arbuckle

To model the crater wall, we created a nearly
circular, normal growth fault that started just
above the Woodford Shale with zero vertical dis-
placement and that increased in vertical displace-
ment to 300 ft below Arbuckle level. The dip of the
fault was assumed to be about 80°. This circular

Banks, Richard; and Kuykendall, M. D., 1997, Arcuate faults help to “relax” and explain the Ames structure,
in Johnson, K. S.; and Campbell, J. A. (eds.), Ames structure in northwest Oklahoma and similar features:
origin and petroleum production (1995 symposium): Oklahoma Geological Survey Circular 100, p. 339-356.
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Ry

Figure 1. Structure map on top of the Tonkawa; contour interval 50 ft. Data courtesy of Geologic Data Ser-
vices, Inc. (GDS), Dallas, Texas. Cross-section locations are for the cross sections shown in Figures 7-13.

growth fault is shown in Figure 14, along with its
elevation and its vertical displacement values
(both in feet; e.g., —8753/300).

Faulted systems are treated as what they are:
sets of three-dimensional fault blocks containing
geologic markers (formation tops) that once were
continuous surfaces. Faulted systems are proc-
essed in the following three steps that are de-
signed to honor continuity of shapes across faults:
(1) Move fault blocks to their prefaulted positions,
together with contained formation tops; i.e., do a
sequential vertical palinspastic restoration to

paleosurfaces. (2) Having restored the continuous
surface attribute to the geologic markers, perform
all the stacking and interpolation needed to obtain
smooth maps and cross sections. (3) Rebreak the
faults (i.e., reverse the first step), and return fault
blocks to their faulted positions.

The crater-wall normal growth fault is a model
of the crater wall at Arbuckle time, but also it
models the discontinuities due to later slumping in
shallower horizons. We let vertical displacement
go from zero at Woodford level to 300 ft below the
Arbuckle.
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Figure 2. Structure map on top of the Oswego; contour interval 50 ft. Data courtesy of GDS.

Figure 15 is a structure map on top of the Simp-
son that shows an average fault displacement of
50 ft. Figure 16 is a structure map on top of the
Arbuckle. Compare Figure 16 with Figure 6 and
notice that the nearly circular growth fault allows
the contours’ “relaxation,” i.e., an easing of the
apparent steepness of the formation-top contours
along the crater-wall fault. (‘Relaxation” is used in
the sense—taken from physics—of adjustment
of the system to equilibrium following abrupt
change; the contours do not show tight contortion
against the crater wall where the faults are mod-

eled.) Also compare Figure 5 with Figure 15
(Simpson structure maps).

The lower halves of Figures 7—13 show various
radial faulted cross sections across the Ames
structure. In Figures 7-13, compare the lower
cross section (faulted) with the upper cross section
(unfaulted) and note how the crater-wall fault re-
laxes the contour of the Arbuckle surface.

Additional smaller, arcuate normal growth
faults could be added to model the crater syncline,
the crater anticline, the central pit, and the cen-
tral high.
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Figure 3. Structure map on top of the Mississippian (Chester); contour interval 50 ft. Data courtesy of GDS.

Figure 17 is a posted location map that shows Kuykendall, M. D.; Johnson, C. L.; and Carlson,R. A,

API well numbers. 1997, Reservoir characterization of a complex im-
pact structure: Ames impact structure, northern
shelf, Anadarko basin, in Johnson, K. S.; and

SELECTED REFERENCES Campbell, d. A. (eds.), Ames structure in north-

Banks, Richard; and Sukkar, Joseph, 1992, Com- west Oklahoma and similar features: origin and

puter processing of multiple 3-D fault blocks con- petroleum production (1995 symposium): Okla-

taining multiple surfaces: Geobyte, August, p. 58— homa Geological Survey Circular 100 [this vol-
62. ume], p. 199-206.
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Figure 4. Structure map on top of the Woodford; contour interval 50 ft. Data courtesy of GDS.
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Figure 5. Structure map on top of the Simpson; contour interval 50 ft. Data courtesy of GDS.
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Figure 7. Cross section A—A" (see Figs. 1 and 14 for location).
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Figure 8. Cross section B-B” (see Figs. 1 and 14 for location).
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Figure 9. Cross section C~C’ (see Figs. 1 and 14 for location).
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Figure 10. Cross section D-D” (see Figs. 1 and 14 for location).

-a000

~4s00

~5500

-8000

-6300

-7300

-0




350 Richard Banks and Michael D. Kuykendall

E ll‘:Lmn AITI0 IIETS 233827 DT 10548 30‘:' s aoxe I?:“ 2008 E 4
- — | o
\ka—_—“ -
o 4300 \‘\,\‘N ~4%00
S .—/_\__—‘/—-\" S EE—
Lo L] EN\'/\’__#__\ Lt
| -\‘/\_____‘ﬂ\“-—%-/_/:r\:\“
- .as00 b\:\‘\\ '—\h-r/"_‘”—" 8500
\%:E%ﬂ\ =
— “\\\ _/\____:§.:__§g:§h e
\_/\/ ey
| 6300 .‘-\ /\—'\\/—v ’_\ -6300
R
HaSsSW.
R S — i
- \§§§E2\§%~?—\ .
N L1 I~
- NN \x/::f —
\\ T /
[
L esoo \ / .
E N4 mn e 23710 33675 23682 3]7”0‘7! 204849 ID;)‘ LTI 0078 17:- 22008 E'
L w0 “\\—N-‘ -4000
S D e
-a00 N\\NN -em00
-840 ,\\\_\:\_d___.ﬂ\ /ﬁ____"/'*'_"' -8000
O e = e T L e e
— ﬂ\_\ ] o -sso0
e RS
— M\&:§‘\—ﬁ:§2
- -se00 \Kb\\\ [ lanid
\—JA
L e T 7\ -
T —
S Py
L mee S \; x QV -7000
T~ I~ ¥"'\ _\\
- N \_’_\Esﬁj .
I~ [~
| NN \k/w —~
\\ | |
I -es00 \/ e300

Figure 11. Cross section E-E’ (see Figs. 1 and 14 for location).




Figure 12. Cross section F-F~ (see Figs. 1 and 14 for location).
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Figure 13. Cross section G—-G’ (see Figs. 1 and 14 for location).
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Figure 15. Structure map on top of the faulted Simpson Group; contour interval 50 ft. Data courtesy of GDS.
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Figure 17. Map of Ames area (Ts. 20-21 N., Rs. 9-10 W., Major County, Oklahoma) showing wells used in
study. Data courtesy of GDS.
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Ames Structure of Northwestern Oklahoma
Is Reflected in Overlying Permian Strata

Kenneth S. Johnson and Dorothy Smith
Oklahoma Geological Survey
Norman, Oklahoma

INTRODUCTION

The Ames structure is a deep-seated circular
depression, buried beneath more than 9,000 ft of
Paleozoic sedimentary rocks on the northern shelf
of the Anadarko basin in northwestern Oklahoma
(Fig. 1). It has been interpreted most commonly as
a meteorite-impact crater, although some workers
interpret it as a volcanic caldera or a dissolution
and collapse feature. The structure was formed in
Early or Middle Ordovician time (during deposi-
tion of the upper Arbuckle or lower Simpson
Groups) and is reflected in the structure of all
overlying rocks, up to, and including, the near-
surface Permian strata. The structure probably
also would be seen in Permian outcrops (red beds
of the Cedar Hills Sandstone), except that the land
surface is mantled mostly with 50-100 ft of Qua-
ternary terrace deposits (the Cimarron River ter-
race) (Morton, 1980). Surface elevations above the
crater are about 1,150-1,300 ft above sea level.
The deep-seated structure has a diameter of about
7 mi, from rim to rim, and a structural relief of
about 300—600 ft from the crater floor to the sur-
rounding rim of Arbuckle Group rock. Rock imme-
diately beneath the present crater floor consists of
perhaps 1,000 ft of brecciated Arbuckle Group car-
bonates and Precambrian granite that settled into
the crater after the impact.

METHODS OF STUDY

We conducted a reconnaissance study of the
shallow Permian Wellington Formation evaporites
that overlie the deep-seated Ames structure to
determine the structural influence of the deep-
seated structure on these shallow strata. The

Kenneth S. Johnson and Dorothy Smith, Oklahoma Geo-
logical Survey, 100 E. Boyd, Rm. N-131, Norman, OK
73019.

Wellington here consists of 700-800 ft of inter-
bedded anhydrite, shale, and halite (Fig. 2): above
the central depression, or crater area, the Wel-
lington top is about 1,650 ft deep (below land sur-
face) and the base is about 2,400 ft deep. Regional
studies of the Permian evaporites (Jordan and
Vosburg, 1963) established that the Wellington is
a widespread sequence of evaporites, and indi-
vidual beds (5-20 ft thick) can be correlated over
all of northwestern Oklahoma. The Wellington
evaporites at Ames are overlain, successively, by
the Hennessey Group (red-bed shales and silt-
stones) and the Cedar Hills Sandstone (red-bed
sandstones, siltstones, and shales); both these
units are Permian in age. The Cedar Hills, in turn,
is mantled by Quaternary terrace deposits in most
parts of the Ames structure.

Our data base consists of the geophysical logs of
about 275 wells (typically, 2 wells per section of
land) wherein we can determine the top and base
of the Wellington evaporites (Fig. 2). Although
there are many more well logs in the area that
contain data on the Wellington, we felt that this
sample was adequate to determine whether the
deep-seated crater affects, and is reflected in, shal-
low Permian strata.

The top and base of the Wellington are readily
correlated in all wells, and the Wellington evapo-
rites are the youngest (shallowest) subsurface unit
in the area that contains conspicuous marker beds
suitable for structure mapping. The elevation of
the base of the Wellington was plotted (Fig. 3) to
show its structure, and the thickness of the Wel-
lington also was plotted (Fig. 4) to determine if
there is any thickness variation in the Wellington
across the deeply buried crater. The base of the
Wellington was selected for structure mapping in
order to remove any possibility that salt dissolu-
tion and collapse in underlying strata might affect
the shallow-structure map; there are no salt beds
or other evaporites beneath the base of the Wel-
lington. Three cross sections were made (Fig. 5) to
further examine structure of the Wellington.

Johnson, K. S.; and Smith, Dorothy, 1997, Ames structure of northwestern Oklahoma is reflected in overly-
ing Permian strata, in Johnson, K. S.; and Campbell, J. A. (eds.), Ames structure in northwest Oklahoma
and similar features: origin and petroleum production (1995 symposium): Oklahoma Geological Survey Cir-

cular 100, p. 357-362.
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Figure 1. Location of Ames study area in Major County, northwestern Oklahoma.

DISCUSSION

The structure map and the cross sections (Figs.
3,5) clearly show that Permian strata reflect or
mimic the deep-seated structure. The position of
the deeply buried crater rim, as shown in Figures
3, 4, and 5, is based upon third-order residual
structural mapping on top of the Upper Ordovi-
cian Sylvan Shale, prepared by Geological Data
Services, Inc., of Dallas, Texas, and provided by
Richard Haines; the top of the Sylvan is at a depth
of about 8,000 ft in the crater area.

The structure map (Fig. 3) does not show a
closed depression for the entire structure, because
the Wellington has a regional dip of about 20 ft/mi
toward the southwest (see Fig. 5, A-A"). The only
closed depression is in the southwest part of the
structure, above what is commonly called the
“Hunton graben” (a depression, identified through
early structure mapping on top of the Silurian—
Devonian Hunton Group); here there is at least 40
ft of negative closure at the base of the Wellington.

Cross sections B-B” and C-C” (Fig. 5) are
drawn along the regional north-northwest strike,
and they show that, within the crater, the base of
the Wellington is dropped down as much as 140 ft
below its elevation just outside of the crater. And
if data on the structure map were manipulated to
create a third-order residual-structure map, we
are confident that the resulting structure of Wel-
lington strata would show a striking circular de-
pression, with as much as 140 ft of negative clo-
sure (the lowest point being in the “Hunton gra-
ben”).

The structure map and cross sections show that
Wellington strata above the crater floor are, in

general, structurally 75-140 ft lower than those
above the rim and outside of the crater. Thus these
Permian strata do reflect the presence of the deep-
seated crater, but the structural depression is only
about one-third or one-fourth as deep as that
present in the Simpson and Sylvan strata that im-
mediately overlie the crater. This structural relief
in Wellington strata results (1) from post-
Wellington differential compaction of Paleozoic
strata that overlie the Ames structure and (2) pos-
sibly from late-stage compaction and settling of
the crater-floor breccia. The pre-Wellington sedi-
mentary units, which include many thick shales,
have greater thicknesses above the crater than
outside it; and these greater thicknesses resulted
in a greater amount of compaction and subsidence
of those same strata above the crater. Other ex-
amples of surface structures in Permian rocks re-
flecting deep-seated structures are documented in
southwestern Oklahoma by Johnson (1995); those
surface structures result from a combination of
differential compaction and late-stage (post-Per-
mian) tectonic adjustment along preexisting major
basement-rock faults.

Thickness of the Wellington evaporites increas-
es fairly uniformly across the Ames structure,
ranging from 700 ft in the east to about 800 ft in
the west; an increase of about 15 ft/mi (Fig. 4).
However, the Wellington thins from 800 ft within
the crater to less than 780 ft just west of the west
crater rim, indicating that there may have been a
small amount of sedimentary thickening of the
Wellington within the crater area. Such thicken-
ing can be explained as resulting from a greater
amount of compaction and subsidence of all under-
lying rock units within the crater, compared to
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Figure 2. Typical geophysical log of the Wellington
Formation evaporites that overlie the deep-seated
Ames crater. The well is the Continental Resources,
Inc., no. 1-32 Charles, sec. 32, T.21 N., R. 9 W;
surface elevation, 1,229 ft; depths are in feet below
land surface. Logs are gamma ray (GR), spontane-
ous potential (SP), resistivity (Res.), and conductiv-
ity (Cond.).

those just to the west, during deposition of Wel-
lington strata. It appears that there may have
been about 1020 ft of differential compaction and
subsidence within the crater during Wellington
time.
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SUMMARY

We conclude, therefore, that the deep-seated
Ames crater affects, and is reflected in, near-sur-
face Permian Wellington evaporites, and that it
undoubtedly also is evident in still-younger Per-
mian strata that subcrop beneath the mantle of
Quaternary terrace deposits. The amount of sub-
sidence or settling of the Wellington base within
the crater, when compared to the area just outside
the crater, is as much as 140 ft. The subsidence of
Wellington strata within the crater is due to differ-
ential compaction, mostly after deposition of the
Wellington: a greater thickness of Paleozoic sedi-
mentary units above the crater, and the presence
of the crater-floor breccia, allowed more compac-
tion and subsidence within the crater than out-
side. This differential compaction also occurred
throughout the Paleozoic Era; each younger rock
unit above the Sylvan (the Hunton, Woodford,
Mississippian, and Pennsylvanian strata) shows
less structural relief than the underlying unit
(Banks and Kuykendall, 1997). And it appears
that about 10-20 ft of the differential compaction
may have occurred even during Wellington deposi-
tion. An alternate explanation for this shallow
structure in the Wellington is that it results from
post-Wellington tectonic adjustment (i.e., tectonic
dropping of basement rocks or younger strata
within the crater, in comparison to the rim and
surrounding area), but there is no evidence of
post—-Middle Ordovician tectonic activity in or near
the Ames structure, much less any evidence of
post-Permian tectonic activity; therefore, this al-
ternative explanation is rejected.
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Conodont Age Constraints on the Middle Ordovician

Black Shale Within the Ames Structure,
Major County, Oklahoma

John E. Repetski
U.S. Geological Survey
Reston, Virginia

ABSTRACT.—Numerous conodont elements found on core chips of the black shale that fills
the now-buried Ames impact crater, from the D. & J. no. 1-20 James and the Nicor no. 18-4
Chestnut wells, Major County, Oklahoma, date that shale as middle Middle Ordovician and
constrain the age of both the impact event and its infilling. Both individual elements with
preserved basal attachment structures and bedding-plane assemblages of oriented elements
are present, the latter giving evidence of the lack of significant current activity, oxidation,
scavenging, and bioturbation in the local depositional environment. The host rock is a
noncalcareous black shale that contains other indicators of gentle, dysaerobic or anaerobic
bottom conditions such as abundant carbonaceous and pyritized phyllocarid fragments. Pre-
liminary study of the conodonts recovered thus far shows the presence of Erismodus species
and at least one species of Phragmodus, either a species of the Ph. flexuosus plexus or Ph.
inflexus. These taxa indicate that the host black shale is no older than the upper part of the
late middle Whiterockian Ph. “pre-flexuosus” Zone and indeed may be as young as middle
Blackriveran. Stratigraphic implications of these finds are that at least this part of the Ames
“crater shale” is best correlated with the McLish Formation-Tulip Creek Formation—Bromide
Formation interval (middle Middle Ordovician) in the Simpson Group of southern Oklahoma
and with the McLish Formation and the upper part of the middle Tyner Formation in north-
eastern Oklahoma (Conodont Association II of J. A. Bauer) rather than with any part of the Oil
Creek Formation (early Middle Ordovician), as has been the convention in earlier papers on
the Ames structure. These age data, if applicable to the entire “crater shale” succession, are
consistent with the scenario of the Ames structure being filled by sediments of the initial

marine transgression of the Tippecanoe I sequence locally.

INTRODUCTION

The Ames structure, a roughly circular depres-
sion with raised rim and central uplift in the sub-
surface of west-central northern Oklahoma, is
widely believed to be an impact crater (e.g., Car-
penter and Carlson, 1992), although there are
those who hold that it is of volcanic origin (e.g.,
Coughlin and Denney, 1993). The evidence—in-
cluding details of the structure (Roberts and Sand-
ridge, 1992; Carpenter and Carlson, 1992) and the
presence of shocked quartz with planar deforma-

John E. Repetski, U.S. Geological Survey, 926-A Na-
tional Center, Reston, VA 20192.

tion features (Koeberl and others, 1997)—strongly
favors an impact origin. The crater is approxi-
mately 16 km in diameter and was about 100 m
deep; it is buried at nearly 3,000 m. The crater is
located on the northern shelf area of the Anadarko
basin (Fig. 1); it was excavated into dolomitic rock
of the upper part of the Arbuckle Group and is
overlain by presumed Middle Ordovician marine
rocks assigned by most workers to the Simpson
Group. The crater itself is filled, above the basal
breccia, slump, and wash-back deposits, with up to
225 ft of organic-rich black shale of marine or
marginal marine origin. The Ames structure is an
extensively explored target for both oil and gas,
with more than 100 wells already having been
drilled in and immediately around the crater. Pro-
ductive plays are in highly fractured host rock,

Repetski, J. E., 1997, Conodont age constraints on the Middle Ordovician black shale within the Ames struc-
ture, Major County, Oklahoma, in Johnson, K. S.; and Campbell, J. A. (eds.), Ames structure in northwest
Oklahoma and similar features: origin and petroleum production (1995 symposium): Oklahoma Geologi-

cal Survey Circular 100, p. 363-369.
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Figure 1. Location of Ames structure and major geologic provinces of Oklahoma (modified from Johnson and

others, 1980, and Johnson, 1989).

and the crater-filling black shale is believed to be
a major source for the hydrocarbons.

Previously, no biostratigraphic data were avail-
able to constrain the age of the rocks below, in, or
above the crater. Therefore, the discovery of fossils
in some cores gives the opportunity not only to
date these stratigraphic units but also to improve
regional correlations and better define the context
of the history of this structure. Fossils known thus
far include well-preserved phyllocarid arthropods
and a few brachiopoeds (Hannibal and Feldmann,
1997) and conodonts, the subject of this paper.

Conodont elements are the calcium-phosphatic
hard parts that functioned, most likely as teeth, in
the food-gathering organ at the anterior end of the
group of Cambrian through Triassic marine ani-
mals called conodonts. Each conodont animal had
several to more than a dozen elements making up
an apparatus. Analogous, and arguably homolo-
gous, to teeth in vertebrates, each apparatus com-
prised elements of several (typically six or seven)
specialized morphologies arranged bilaterally
symmetrically within the apparatus. Characteris-
tic element shapes (related to common function)
can be classified according to their presumed loca-
tion in the apparatus; herein, I follow the element
location notation scheme of Sweet (1981).

MATERIAL

The conodonts examined for this preliminary
report are from chips of Ames crater—filling black
shale from two wells, both drilled into the north
side of the crater proper. The host rock is fine-
grained, organic-rich, fissile black shale that also
contains intervals with abundant well-preserved
phosphatic and pyritized phyllocarid arthropoed
remains. Some isolated conodont elements were

found (Figs. 2,5), but most of the elements seen
thus far are in bedding-plane assemblages, or clus-
ters (Figs. 3,4). Conodont elements can be concen-
trated on bedding planes by physical (e.g., current
winnowing) or biogenic means. Biogenic clusters
can represent either coprolitic accumulations or
in-place preservation of the elements of decaying
individual conodont animals not scavenged or oth-
erwise disaggregated and dispersed before burial.
The latter are the most rare of occurrences, requir-
ing that the apparatuses be spared the dispersing
actions caused by scavengers, widespread bio-
turbation of the bottom sediment, oxidizing bottom
conditions, and currents strong enough to scatter
the elements. The Ames clusters fall into this rare
category.

Each of the few dozen clusters found thus far
comprise elements of a single species, and in most
of the assemblages the constituent elements are
oriented nonrandomly, i.e., they reflect the origi-
nal orientation of the elements in the biological
apparatus of the animal, modified somewhat by
decay and compression postmortem (Figs. 3,4).
Each cluster is surrounded by, and some are thinly
covered by, films of shiny black organic matter,
presumed to be remains of, or at least derived
from, the animals’ soft tissue. Preliminary exami-
nation has not thus far identified any organized
structural detail within this matter.

D. & J. No. 1-20 James Well

A single 1- to 2-cm-thick chip of core from
8,908.9 ft depth in the D. & J. no. 1-20 James well,
USGS collection locality 11365-CO (EvaNWIANEYs
sec. 20, T. 21 N., R. 9 W.), yielded a few dozen bed-
ding-plane assemblages, each consisting wholly of
elements of a single species (Figs. 3,4), and a few
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Figure 2. Scanning electron microscope (SEM) photomicrographs of isolated conodont elements from the
crater-filling black shale in the D. & J. James no. 1-20 well, depth 8,908.9 ft. A—Erismodus near E.
asymmetricus, posterolateral view of an Sb(?) element, scale bar represents 500 um, USNM 489620. B—
Lateral view of Sc element of a species of Phragmodus, scale bar represents 200 um, USNM 489621. Both
specimens are part actual element and part mold or impression of element; both also preserve impressions
of their basal attachment structures. These and the other illustrated specimens herein are reposited in the
type collections of the Paleobiology Department, U.S. National Museum (USNM), Washington, D.C.

Figure 3. Bedding-plane assemblage of nonrandom-
ly oriented elements of a Phragmodus species, be-
longing either to the Ph. flexuosus plexus or to Ph.
inflexus. Most elements appear to be S elements, but
one is an outer lateral view of a P element. D. & J.
no. 1-20 James well, depth 8,908.9 ft, scale bar rep-
resents 200 pm, USNM 489622.

Figure 4. Bedding-plane assemblage of a Phrag-
modus species, consisting of laterally juxtaposed
oriented S elements, presumably of an individual
apparatus. D. & J. James well, depth 8,908.9 ft, scale
bar represents 200 um, USNM 489623.

isolated elements (Fig. 2). Most of the assemblages
contain elements oriented nonrandomly, indicat-
ing that they were most likely from individual
animals. The remaining clusters consist of ele-
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ments of essentially the same size, indicating that
these also probably represent collections of ele-
ments from individuals.

All of the elements found as clusters are assign-
able to species either of the Phragmodus flexuosus
Moskalenko plexus or Phragmodus inflexus Stauf-
fer. All of the isolated specimens are elements of a
species of Erismodus near E. asymmetricus (Bran-
son and Mehl).

Core-chip surfaces from three additional hori-
zons in this well also yielded specimens. A sample
at 8,904.5 ft (USGS colln. loc. 11366-CO) shows
two isolated Phragmodus sp. S elements, with
basal attachment structures intact. This chip also
contains a linguloid brachiopod valve. A chip from
8,898.5 ft (USGS colln. loc. 11367-CO) exposes one
assemblage of at least five or six elements and
three isolated S elements, all assignable to Phrag-
modus species. A sample from 8,894.5 ft (USGS
colln loc. 11368-CO) exposes five Phragmodus as-
semblages and three isolated Phragmodus S ele-
ments.

One isolated S element of Phragmodus from
the chip at 8,908.9 ft was extracted mechanically
from the surface for determination of its color al-
teration index (CAI), a method of assessing the
organic metamorphism of the host rock (Epstein
and others, 1977). This specimen exhibits a CAI
value of 1 to 1.5, indicating host-rock heating ap-
proximately in the range of 50° to 90° C, a range
consistent with the burial depth given a normal
geothermal gradient.

John E. Repetski

Nicor No. 18-4 Chestnut Well

A small chip, 0.5 to 1 cm thick, of somewhat
silty black shale from 8,972.2 ft depth in the Nicor
no. 18-4 Chestnut well, USGS collection locality
11369-CO (NEV4ASWY4SEVYa sec. 18, T. 21 N.,, R. 9
W.), exposes molds of two isolated conodont speci-
mens (Fig. 5). Both of these elements belong to a
species of Erismodus. Incomplete preservation
prevents assignment to species, but the most
likely possibilities are E. asymmetricus, E.
arbucklensis Bauer, and E. typus Branson and
Mehl.

AGE

The conodonts leave no doubt that the Ames
crater—filling black shale hosting them is medial
Middle Ordovician, with a possible range of late
middle Whiterockian to early Blackriveran (Fig.
6). Both conodont genera Phragmodus and Eris-
modus appear in the late middle Whiterockian Ph.
“pre-flexuosus” Zone, with species of the latter
appearing above the base of that zone. Lack of di-
agnostic elements and incomplete preservation of
the recovered ones limits the identification of the
Erismodus elements below the genus level. As
pointed out by Bauer (1987,1989) and other work-
ers, within-species element variability and inter-
specific similarity of most elements of the appara-
tus make it difficult to diagnose to species level
without well-preserved collections that include the

Figure 5. Isolated elements of Erismodus species from the Nicor Chestnut no. 18-4 well, depth 8,972.2 ft. A—
Mold of outer surface of a P or Sb element. B—Latex cast of outer surface of a P or Sb element. Scale bars
represent 200 um, USNM 489624 and 489625.
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northeastern Oklahoma, showing total possible age
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Ames structure (modified from Derby and others, 1991).

more rare M and Sa elements. The few specimens
found in the Ames crater shale appear to fit best
the oldest-known species of the genus.

Even though the studied Phragmodus speci-
mens from the crater shale have not been identi-
fied to species, it is clear that they belong to spe-
cies that have a possible range of high in the Ph.
“pre-flexuosus” Zone through the Belodina com-
pressa Zone. The S elements show the laterally al-
ternating flexing of their posterior processes that
characterizes the several species of the Ph. flexu-
osus plexus (Ph. “pre-flexuosus” [including ?Ph.
flexuosus of Ethington and Clark, 1981, Ph. poly-
strophos Watson, Ph. harrisi Bauer, 1989, and Ph.
polonicus Dzik, sensu Dzik, 1994], Ph. flexuosus
Moskalenko, sensu Bauer [1994], and Ph. am-
biguus Bauer, 1994), and Ph. inflexus Stauffer,
sensu Sweet (in Ziegler, 1981; p. 258-263). Poste-
riorly denticulate dolabrate M elements have been
identified, indicating the presence of one, or more,
of the last three of these species, but the P ele-
ments, necessary for diagnosis among these three,
have not been distinguished because of their rar-

ity, small size, and only partial exposure on the
bedding planes. It will require eventual disaggre-
gation of some conodont-bearing crater shale or
some fortuitous additional bedding-plane expo-
sures to further refine these species identifica-
tions. Regardless, the lowest appearance of Ph.
flexuosus, the oldest of these three species, is high
in the Ph. “pre-flexuosus” Zone, and so the maxi-
mum age is essentially the same based on both
genera found thus far.

CORRELATION

The Ames structure conodonts reported herein
clearly point to correlation of the crater shale with
the middle to upper (but not uppermost) part of
the Simpson Group of the main part of the Ana-
darko basin to the south of Major County. Bauer’s
(1987,1990,1994) studies of middle and upper
Simpson Group faunas in the Arbuckle Mountains
demonstrate that the species of Phragmodus and
Erismodus represented in the Ames crater shale
first appear in the lower part of the McLish For-
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mation and have a mutual range through the Bro-
mide Formation.

In the thinned Middle Ordovician succession of
eastern Oklahoma, the middle part of the Simpson
Group of the Arbuckle Mountains correlates with
strata of the McLish Formation in the subsurface
(J. R. Derby, personal communication, 1995) and
with part of the Tyner Formation in outecrop in
Cherokee County (Bauer, 1989). Bauer (1989)
found that Phragmodus of the Ph. flexuosus plexus
occurs there only in the upper part of the middle
Tyner, with physical and faunal evidence of un-
conformity both below and above these strata.

DISCUSSION AND SUMMARY

Derby and others (1991) summarized biostrati-
graphic data for the Cambrian and Ordovician of
southern Oklahoma. One of their conclusions was
that the major regional unconformity between the
Oil Creek and overlying McLish Formations repre-
sents the Sauk-Tippecanoe sequence boundary of
Sloss (1982). Thus, the black shale filling the Ames
crater appears to represent deposits of the initial
marine transgression of the Tippecanoe sequence
onto this part of the northern shelf of Oklahoma,
as the crater is presumed to have formed by mete-
orite impact into (Sauk sequence) upper Arbuckle
Group rocks (Carpenter and Carlson, 1992). The
conodont data require reconsideration of the strat-
igraphic framework of the post—Arbuckle Group
rocks in the vicinity of the Ames structure. Most
previous papers, e.g., Roberts and Sandridge
(1992), assign the crater shale to the Oil Creek
Formation. With the recognition, based on the co-
nodont data reported herein, that the age of the
crater shale places it above the major
unconformity between the Oil Creek and McLish
Formations, it is more reasonable now to assign
this unit to the middle part of the Simpson Group
(McLish Formation—Tulip Creek Formation—Bro-
mide Formation interval) rather than to the lower
part of the Simpson (i.e., the Oil Creek Forma-
tion).

Additional biostratigraphic work in and around
the Ames crater is needed and could greatly clarify
our knowledge of the geologic history related to
that structure and of the Ordovician of the north-
ern shelf area in general. For example, it is not
known whether the youngest rocks predating the
impact are Lower or Middle Ordovician. And, the
actual age range (rather than the total possible
range) of the crater shale itself can still be nar-
rowed. This biostratigraphic refinement should be
feasible, given the material available from the re-
cent intensive drilling activity in the area.

Finally, it should be noted that the Ames struc-
ture is but one of numerous Ordovician impact
craters now known (Lindstrém and others, 1992;
Puura and others, 1994; Grieve and others, 1995).
One of these, the Brent crater in Ontario, Canada,

John E. Repetski

has been dated by using conodonts and chitino-
zoans (Grahn and Ormé, 1995). Interestingly, both
Erismodus and Phragmodus inflexus were re-
ported from the Brent crater—filling deposits.
Thus, at least the infilling of the Ames and Brent
craters, if not the impact events as well, could
have been nearly, or actually, contemporaneous.

ACKNOWLEDGMENTS

Ithank S. C. Finney and J. T. Hannibal for pro-
viding material from the Ames crater shale for
conodont study and D. & J. Oil Company and
Nicor Production Company for making this core
material available for study through the Okla-
homa Geological Survey. J. R. Derby, M. D. Kuy-
kendall, and J. A. Bauer shared ideas about the lo-
cal and regional stratigraphy. D. J. Weary ably
helped with the illustrations. The manuscript was
improved by reviews by R. L. Ethington, R. C.
Orndorff, and J. A. Bauer.

REFERENCES CITED

Bauer, J. A, 1987, Conodonts and conodont bio-
stratigraphy of the McLish and Tulip Creek For-
mations (Middle Ordovician) of south-central
Oklahoma: Oklahoma Geological Survey Bulletin
141, 58 p.

1989, Conodont biostratigraphy and paleoecol-
ogy of Middle Ordovician rocks in eastern Okla-
homa: Journal of Paleontology, v. 63, p. 92-107.

1990, Stratigraphy and conodont biostratigra-
phy of the upper Simpson Group, Arbuckle Moun-
tains, Oklahoma, in Ritter, S. M. (ed.), Early to
middle Paleozoic conodont biostratigraphy of the
Arbuckle Mountains, southern Oklahoma: Okla-
homa Geological Survey Guidebook 27, p. 39-53.

1994, Conodonts from the Bromide Formation
(Middle Ordovician), south-central Oklahoma:
Journal of Paleontology, v. 68, p. 358-376.

Carpenter, B. N.; and Carlson, Rick, 1992, The Ames
impact crater: Oklahoma Geology Notes, v. 52, p.
208-223.

Coughlin, J.; and Denney, P., 1993, The Ames struc-
tural depression: an endogenic cryptoexplosion
feature along a transverse shear: Shale Shaker, v.
43, no. 4, p. 44-58.

Derby, J. R.; Bauer, J. A.; Creath, W. B.; Dresbach, R.
I.; Ethington, R. L.; Loch, J. D.; Stitt, J. H.; Mc-
Hargue, T. R.; Miller, J. F.; Miller, M. A.; Repetski,
J. E.; Sweet, W. C.; Taylor, J. F.; and Williams,
Mark, 1991, Biostratigraphy of the Timbered
Hills, Arbuckle, and Simpson Groups, Cambrian
and Ordovician, Oklahoma: a review of correlation
tools and techniques available to the exploration-
ist, in Johnson, K. S. (ed.), Late Cambrian—Or-
dovician geology of the southern Midcontinent,
1989 symposium: Oklahoma Geological Survey
Circular 92, p. 15-41.

Dzik, Jerzy, 1994, Conodonts of the Méjcza Lime-
stone: Palaeontologia Polonica, no. 53, p. 43-128,
Pls. 11-24.



Conodont Age Constraints on Middle Ordovician Black Shale Within Ames Structure

Epstein, A. G.; Epstein, J. B.; and Harris, L. D., 1977,
Conodont color alteration—An index to organic
metamorphism: U.S. Geological Survey Profes-
sional Paper 995, 27 p.

Ethington, R. L.; and Clark, D. L., 1981, Lower and
Middle Ordovician conodonts from the Ibex area,
western Millard County, Utah: Brigham Young
University Geology Studies, v. 18, 155 p.

Grahn, Y.; and Ormsd, J., 1995, Microfossil dating of
the Brent meteorite crater, southeast Ontario,
Canada: Revue de Micropaléontologie, v. 38, no. 2,
p. 131-137.

Grieve R.; Rupert, J.; Smith, J.; and Therriault, A.,
1995, The record of terrestrial impact cratering:
Geological Society of America, GSA Today, v. 5, p.
189, 194-196.

Hannibal, J. T.; and Feldmann, R. M., 1997,
Phyllocarid crustaceans from a Middle Ordovician
black shale within the Ames structure, northwest
Oklahoma, in Johnson, K. S.; and Campbell, J. A.
(eds.), Ames structure in northwest Oklahoma
and similar features: origin and petroleum produc-
tion (1995 symposium): Oklahoma Geological Sur-
vey Circular 100 [this volume], p. 370-373.

Johnson, K. S., 1989, Geologic evolution of the
Anadarko basin, in Johnson, K. S. (ed.), Anadarko
basin symposium, 1988: Oklahoma Geological
Survey Circular 90, p. 3-12.

Johnson, K. S.; Luza, K. V.; and Roberts, J. F., 1980,
Disposal of industrial wastes in Oklahoma: Okla-
homa Geological Survey Circular 80, 82 p.

Koeberl, Christian; Reimold, W. U.; Brandt, Dion;
Dallmeyer, R. D.; and Powell, R. A., 1997, Target
rocks and breccias from the Ames impact struc-

369

ture, Oklahoma: petrology, mineralogy, geochem-
istry, and age, in Johnson, K. S.; and Campbell, J.
A. (eds.), Ames structure in northwest Oklahoma
and similar features: origin and petroleum produc-
tion (1995 symposium): Oklahoma Geological Sur-
vey Circular 100 [this volume], p. 169-198.

Lindstrém, M.; Flodén, T.; Puura, V.; and Suuroja, K.,
1992, The Kéirdla, Tviren, and Lokne craters—
possible evidences of an Ordovician asteroid
swarm: Proceedings of the Estonian Academy of
Sciences, Geology, v. 41, no. 2, p. 45-53.

Puura, V.; Lindstrém, M.; Flodén, T.; Pipping, F.;
Motuza, G.; Lehtinen, M.; Suurgja, K.; and Mur-
nieks, A., 1994, Structure and stratigraphy of mete-
orite craters in Fennoscandia and the Baltic region:
a first outlook: Proceedings of the Estonian Acad-
emy of Sciences, Geology, v. 43, no. 2, p. 93-108.

Roberts, C.; and Sandridge, B., 1992, The Ames hole:
Shale Shaker, v. 42, no. 5, p. 118-121.

Sloss, L. L., 1982, The Midcontinent province: United
States, in Palmer, A. R. (ed.), Perspectives in re-
gional geological synthesis: Geological Society of
America, Decade of North American Geology, Spe-
cial Publication 1, p. 27-39.

Sweet, W. C., 1981, Macromorphology of elements
and apparatuses, in Clark, D. L.; and others
(eds.), Conodonta, Supplement 2, Part W of
Robison, R. A. (ed.), Treatise on invertebrate pale-
ontology: Geological Society of America, Boulder,
Colorado (and University of Kansas Press), p. W5—
W20.

Ziegler, W. (ed.), 1981, Catalogue of conodonts, v. IV:
E. Schweitzerbart’sche Verlagsbuchhandlung,
Stuttgart.



Oklahoma Geological Survey Circular 100, 1997

Phyllocarid Crustaceans from a Middle Ordovician
Black Shale Within the Ames Structure,
Northwest Oklahoma
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ABSTRACT.—Phyllocarid crustaceans are found in abundance in cores from a Middle Ordovi-
cian black shale taken from the D. & J. no. 1-20 James well and the Nicor no. 18-4 Chestnut
well, Major County, Oklahoma. These wells penetrate the Ames structure. At least two taxa
of phyllocarids are present; one is similar to Ceratiocaris. Conodonts, brachiopods, and other
fossils are also present in the same black shale. The fossils imply that the shale is a marine
unit, probably deposited in dysaerobic conditions.

INTRODUCTION

Fossil-bearing sections of a Middle Ordovician
black shale are known from cores taken from the
D. & J. Drilling Company no. 1-20 James well (sec.
20, T. 21 N., R. 9 W.) and the Nicor no. 18-4 Chest-
nut well (sec. 18, T. 21 N., R. 9 W.), Major County,
Oklahoma (Carpenter and Carlson, 1992, fig. 6A;
Fischer, 1997). These wells penetrate the Ames
structure. Phyllocarid crustaceans are found in
abundance within the 8,886 to 8,913 ft interval of
core taken from the D. & J. no. 1-20 James well
and the 8,969 to 8,994 ft interval of the Nicor no.
18-4 Chestnut well. Other macro- and microfossils
are also present. The cores of these intervals are
mainly grayish black, laminated, fissile shale.
These intervals are part of a black shale unit that
has usually been designated as belonging to the
Oil Creek Formation (Carpenter and Carlson,
1992; but see Repetski, 1997). This black shale
overlies a dolomitic layer and a microbreccia con-
taining dolomite and granite fragments (Carpen-

Joseph T. Hannibal, Cleveland Museum of Natural His-
tory, 1 Wade Oval Dr., University Circle, Cleveland, OH
44106; Rodney M. Feldmann, Department of Geology,
Kent State University, Kent, OH 44242.

ter and Carlson, 1992; Fischer, 1997; Kevin E.
Nick, personal communication).

FAUNA

The fauna found in the shale at the two wells
contains phyllocarid crustaceans (Figs. 1,2), which
are abundant along many bedding planes; cono-
donts (Repetski, 1997); and rare brachiopods, in-
cluding rhynchonellids. The fauna also contains
large (ranging up to 5.4 cm long or more), pyritized
cone-shaped body fossils; pyritized, ribbonlike fos-
sils (ranging in width to more than 1 mm) of unde-
termined affinity; and small phosphatic masses,
some of which might represent fish remains.

The phyllocarids, for the most part, are repre-
sented by aggregations of carapaces, abdomens,
and telsons. They are preserved as phosphatic and
pyritic replacements. The specimens are generally
small, with carapace lengths ranging between 4
and 20 mm. The total body lengths of larger speci-
mens approach 3 cm. Some specimens exhibit both
abdominal and thoracic segmentation.

At least two taxa of phyllocarids are present;
one common form is similar to Ceratiocaris. This
form (Fig. 1) has an elongate carapace that covers
the anterior of the abdomen. There is an ante-
rodorsal projection of the carapace (?rostral plate).
The furcal rami (lateral telson spines) of this form,

Hannmibal, J. T.; and Feldmann, R. M., 1997, Phyllocarid crustaceans from a Middle Ordovician black shale
within the Ames structure, northwest Oklahoma, in Johnson, K. S.; and Campbell, J. A. (eds.), Ames struc-
ture in northwest Oklahoma and similar features: origin and petroleum production (1995 symposium):
Oklahoma Geological Survey Circular 100, p. 370-373.

370



Phyllocarid Crustaceans from Middle Ordovician Black Shale Within Ames Structure 371

Figure 1. Phyllocarids resembling Ceratiocaris from the 8,886 to 8,913 ft interval of the D. & J. no. 1-20 James
well, Major County, Oklahoma. Material is in the invertebrate paleontology repository of the Oklahoma Mu-
seum of Natural History (OU). Photographed under alcohol to enhance contrast between the specimens and
matrix. A—OU9658, one well-preserved specimen is seen in side view, with the carapace on the right and
abdomen and telson on the left. Portions of a second, less well-preserved specimen are seen below and to
the left. B—OU9659, consisting of carapace, abdomen, and telson material. The best-preserved carapace
in this photograph is seen on the upper right; several well-preserved abdomina with elongate swordiike axial
telson spines can also be seen. Scale bars represent 1 cm.
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Figure 2. Phyllocarids from the D. & J. no. 1-20 James well, Major County, Oklahoma, OU 9660. This slab
is from 8,887 ft. Two failly complete specimens are seen in side view, the one on the top is upside down; the
one on the bottom is right side up. Parts of additional specimens are scattered on the slab. The phyllocarids
shown here each have a prominent ventral spine located along the midlength of the carapace. Scale bar

represents 1 cm.

however, are not long and spinelike as are those of
typical Ceratiocaris. The ornamentation of the
abdomen also differs from that of typical Cera-
tiocaris. The other common type of phyllocarid
(Fig. 2) has a broader carapace with a prominent
ventral spine located along its midlength. The pos-
terior of the carapace is concave, and the ante-
rodorsal projection of the carapace (?rostrum) is
less pronounced than that of the other form.
Both taxa of phyllocarids are preserved laterally
flattened, indicating that they probably were
higher than wide in life. Upon death, organisms
typically assume a position of repose on their
broadest side.

DISCUSSION

Phyllocarids are rare in the lower Paleozoic
rocks of Oklahoma. Although Ruedemann (1935)
described the phyllocarid Caryocaris from the
Henryhouse Shale (Silurian) of Oklahoma, his re-
port was based on very poor material that was
subsequently rejected as belonging to the Phyl-
locarida (Churkin, 1966, p. 379; Branson, 1967).
There is a possible phyllocarid specimen from the

Henryhouse Shale in Carter County, Oklahoma,
however. That specimen, deposited in the U.S.
National Museum of Natural History (USNM
114535), is labeled Caryocaris. Although it may be
a phyllocarid, it is too fragmentary for more spe-
cific identification. Phyllocarids such as Ceratio-
caris and Caryocaris, however, are known from
dark, lower Paleozoic rocks in other areas of North
America.

Phyllocarids are generally accepted to be con-
fined to marine environments (Rolfe, 1969, p.
R308). Therefore, the presence of phyllocarids and
rhynchonellid brachiopods implies that the shale
is a marine unit. Like some other Ordovician phyl-
locarids, the phyllocarids found in this core were
probably pelagic. Obligatory bottom-dwelling or-
ganisms are poorly represented in the phyllocarid-
rich intervals. Thus, this shale resembles other
shales generally thought to have been deposited in
a dysaerobic environment.
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ABSTRACT.—As early as 1986, Geological Data Services (GDS) was generating structure
maps of the Ames feature, Major County, Oklahoma, by using digital data from the GDS For-
mation Tops File and the CPS-3 contouring software from GeoQuest. Maps were generated for
many horizons from the Heebner Shale to the Viola limestone, all of which expressed a circular
depression. For several years, opinions on the origin and mechanics of the structural forma-
tion were discussed and debated, with very little thought given to possible production.

With the discovery of gas in the DLB no. 1 Cecil (sec. 27, T. 21 N., R. 10 W.) and oil at the
D. & J. no. 1 Gregory (sec. 20, T. 21 N., R. 9 W.), the interest in this feature exploded. Having
no direct interest in production, GDS began an intensive mapping program to provide mate-
rials to the industry to study and discuss the origin and mechanics of the feature. At that time
(December 1990), there were only three Arbuckle wells in the vicinity. GDS therefore con-
cluded that the best map possible to express the geometry of the deeper horizons was a third-
order trend residual map of the Sylvan Shale structure.

GDS has shown by generating the Sylvan residual maps with addition of over 80 new con-
trol points as of December 1994 that the expressions of all the major features of the Ames
structure are essentially unchanged. All the major rebound highs were obvious on the earlier
maps. A residual map can be a useful tool for predicting deeper structure in many situations,
not just over unique features like the Ames structure.

Richard A. Haines, Geological Data Services, 4951 Air-
port Pkwy., #600, Dallas, TX 75248.

Haines, R. A., 1997, Comparison of Sylvan structure residual maps of the Ames feature, using control as of
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Iridium in Samples from the Ames Structure
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ABSTRACT.—Eighteen rock samples from four wells in the Ames structure were analyzed for
iridium. Three samples showed iridium concentrations of >100 ppT (parts per trillion); the
range was <3 ppT to 173 ppT. The elevated iridium values in the three samples together with
the presence of shocked quartz provide additional support for the bolide hypothesis for the

origin of the Ames structure.

INTRODUCTION

The Ames structure is located near the town of
Ames, in Major County, Oklahoma. Study of the
Ames structure has revealed many features that
convincingly indicate that it was created by the
impact of a meteorite or some other extraterres-
trial object. The structure is a circular feature with
a diameter of approximately 8 mi; its paleo-
topography resembles an impact crater (Roberts
and Sandridge, 1992). Shocked quartz of the type
identified in and around high-energy-release im-
pact structures is found within the Ames struc-
ture. There is also stratigraphic evidence of back-
wash deposits with graded breccia to support such
a scenario.

Iridium (and other platinum-group element)
abundances can be an extremely useful tool for
indicating the presence of extraterrestrial mate-
rial in terrestrial rock samples. There are several
classes of meteorites that contain high concentra-
tions of iridium. Terrestrial background levels of
iridium in most rocks are only a few tens of parts
per trillion (1015 g/g; ppT); therefore, only a small
amount of an iridium-rich source introduced into
the rock would increase the iridium’s apparent

_abundance.

In support of the efforts to provide additional
information concerning the origin of the Ames
structure, we determined iridium in 18 rock
samples from the structure. Our interpretation of

Moses Attrep, Jr., Leonard R. Quintana, and Michael R.
Cisneros, MS-J514, Los Alamos National Lab, Los
Alamos, NM 87545.

the iridium results are made in the context of all
the other evidence known about the structure and
with knowledge of the major mechanisms for iri-
dium enrichments in geologic samples.

EXPERIMENTAL PROCEDURES

The four wells sampled from the Ames struc-
ture are Nicor no. 18-4 Chestnut (NEVASWY4SEYa
sec. 18, T. 21 N., R. 9 W.; 10 samples); Continental
Resources, Inc., no. 1-19 Dorothy NEVANEVANEY,
sec. 19, T. 21 N, R. 9 W.; 6 samples); DL.B Oil and
Gas no. 21-11 DeHaas (NEV4aSW¥ sec. 21, T. 21 N,
R.9W,; 1 sample); and D. & J. Oil Company no. 1-
20 James (WLNWYiNEYa sec. 21, T. 21 N., R. 9 W ;
1 sample). Sidewall samples were provided to us
for analysis.

The determination of iridium by radiochemical
neutron activation analysis provides one of the
most sensitive and unambiguous methods to de-
termine this rare element. The neutron absorption
cross section of !Ir is large and makes this ele-
ment particularly suitable for low-level neutron
activation analysis. The analysis consists of irradi-
ating whole-rock samples, performing radiochemi-
cal purifications, and counting the samples on a
gamma spectrometer. Our limit of detection is a
few parts per trillion. The details of the procedure
are given as follows.

Rock samples were crushed to a powder under
careful conditions as to not contaminate or cross-
contaminate the samples with iridium from other
sources. The sample was loaded into ultrapure
quartz vials, the mass of rock sample was mea-
sured (=0.5 g), and the vial was sealed. Rock stan-
dards for iridium were also prepared in a similar
manner. The samples were irradiated at the Uni-

Attrep, Moses Jr.; Quintana, L. R.; and Cisneros, M. R., 1997, Iridium in samples from the Ames structure,
in Johnson, K. S.; and Campbell, J. A. (eds.), Ames structure in northwest Oklahoma and similar features:
origin and petroleum production (1995 symposium): Oklahoma Geological Survey Circular 100, p. 375-378.
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TaBLE 1.—IriDIUM IN RocKk SAMPLES
FROM WELLS AT THE AMES STRUCTURE

Sample Depth Ir concentration

Location (ft) (ppD

Nicor

no. 18-4

Chestnut 9,006.9 48.1
9,009.7 25.3
9,014.0 121.0
9,016.8 65.3
9,021.0 15.9
9,024.1 51.6
9,028.2 43.5
9,033.0 31.5
9,034.4 83.7
9,036.3 29.4

Continental

Resources, Inc.

no. 1-19 Dorothy 8,978.5 37.2
9,003.0 127.0
9,038.5 173.4
9,041.5 10.9
9,054.0 <5
9,157.0 20.8

DLB 0Oil & Gas

no. 21-11 DeHaas 8,982 15.1

D & J 0il Co.

no. 1-20 James 8,885 <5

versity of Missouri Research Reactor (Columbia,
Missouri) for 6 h at a flux of 2.5 x 1012 neutrons/
(s-cm?).

Following irradiation, the rock samples were
allowed to radioactively decay for a week or more.
The samples were then removed from the vials,
iridium carrier was added, and strong mineral
acids were added (HF, HNO,, and HC10,) for dis-
solution. The iridium was isolated and purified by
two cation-exchange columns and finally precipi-
tated as Cs,IrCl; The chemical yield was deter-
mined by the amount of recovered iridium. The
samples were counted for 200-300 min on a
lithium-drifted germanium gamma ray spectrom-
eter where the characteristic gamma rays were
identified and quantified. The amount of iridium
in the rock sample was determined by comparison
to the iridium standards irradiated and treated in
the same manner.

RESULTS AND DISCUSSION

The results of the iridium determinations for
the 18 rock samples are given in Table 1. The iri-

Moses Attrep, Jr., and others

dium concentrations are plotted as a function of
depth for the two sets of core samples where mul-
tiple samples were analyzed (Figs. 1,2). Concen-
trations of iridium are given in parts per trillion in
all cases.

Iridium has a naturally low abundance in most
sedimentary rocks and deposits. When an impact
crater is investigated geochemically, a mixture of
the extraterrestrial object and the remaining tar-
get rocks may be revealed. Although this mixture
usually contains much less than 1% of the projec-
tile, the platinum-group elements can play a cru-
cial role in determining the nature of the impactor.
Their presence in the debris (melt rock and
glasses) mixed with the host rock can be a strong
signal indicating such an event.

The iridium values observed in the Ames
samples, even the three that are most iridium en-
riched, cannot alone provide conclusive evidence
that the iridium is associated with the impact of
an extraterrestrial object. The three most iridium-
enriched samples that we observed contained only
weak anomalies of iridium: 127.0 and 173.4 ppT in
the Continental Reserve samples and 121.0 ppT in
the Nicor Chestnut section. In addition to these
three anomalies, the value of 83.7 ppT in the Nicor
Chestnut well suggests a slight enrichment. In
such cases in which the iridium anomalies are
very weak, caution must be exercised in relying
totally on the iridium values to interpret whether
there has been a meteorite impact. Usually, to be
more convincing of an impact origin, an iridium
anomaly would be at the parts per million (ug/g)
level.

In the Nicor Chestnut no. 18-4 well, the iridium
enrichment of 121.0 ppT is found below rocks that
are interpreted (according to the impact theory) as
back-wash deposits. There are three graded clastic
beds between approximately 9,003 and 9,013 ft
(Fischer, 1997). The high iridium sample in this
well occurs at 9,014.0 ft, which corresponds ap-
proximately to the bottom of the lowermost graded
bed. We do not have a stratigraphic correlation of
the iridium samples from the Continental Reserve
well.

There are three explanations of why we did not
observe higher iridium signals. (1) The samples
that we analyzed were not continuous throughout
the breccia section, and we may have missed ex-
tremely high elevated iridium signatures. (2) The
impactor may not have been an iridium-rich ob-
ject. (3) The iridium levels we observed are at the
same level we would observe from an enriched ter-
restrial source.

Terrestrial Sources of Iridium
To expand on the third explanation, there are
several other mechanisms and sources for anoma-
lous iridium to be found in the geologic record. A
brief description of the more important mecha-
nisms provides a basis of comparison of the results
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given here and shows what might be anticipated
from other mechanisms.

The source of background iridium is primarily
the constant shower of micrometeorites containing
high iridium levels. As sediments are deposited in
the oceans, the micrometeorite dust is incorpo-
rated into the sediment. If the sediment rate is
very high, then the iridium signal is low, as seen in
rapidly deposited carbonates. However, if the rate
of sedimentation is low, then there is an appear-
ance of an iridium enrichment. This phenomenon
is observed at the Ordovician—Silurian boundary
in China (Wang and others, 1992) where iridium
signals reach 230 ppT.

It was reported by Playford and others (1984)
that specialized bacteria appear to concentrate iri-
dium from their marine environment, as seen in
the Devonian rocks of Australia. This iridium
anomaly is associated with high iron concentra-
tions that were observed in the fossil remains of
the bacteria colonies.

In addition to the above sources, there are ter-
restrial sources for the elevated iridium values.
For example, gases from Kilauea volcano are el-
evated in iridium (Olmez and others, 1986); how-
ever, the quantities cannot provide an explanation
for the global anomalies.

At the Cenomanian/Turonian boundary studied
by Orth and others (1993), up to three weak iri-
dium peaks were observed in sections in the West-
ern Hemisphere. These were thought to be associ-
ated with continental rifting and subsequent un-
dersea activities at the rift zones that released si-
derophile elements. This boundary was studied at
nearly 30 sites worldwide; the signals were varied,
and iridium enrichments at the Cenomanian/
Turonian boundary are clustered geographically
in the southern area of the North American conti-
nent and in Colombia, South America.

Iridium from a Meteorite

However, if we consider the possibility that the
iridium observed was from an impact that caused
the Ames structure, then one of the most impor-
tant supporting pieces of evidence for meteorite
impact is the presence of shocked quartz in the
rocks associated with the impact. Multiple sets
of lamellae in quartz are found throughout
the graded beds of the Ames breccia (Fischer,
1997). Shocked quartz is associated with many
known impact structures. The combination of
shocked quartz and the presence of iridium
anomalies offers a stronger position for an impact
scenario.

The iridium-rich clay layer deposited world-
wide at the Cretaceous/Tertiary (K/T) boundary
(Alvarez and others, 1980) is well known. This
layer is attributed to fallout resulting from the
impact of an asteroid or comet on the Yucatédn pe-
ninsula (Hildebrand and others, 1991). Because
the iridium signal for this event is global, the iri-



378

dium-rich material is associated with an ex-
tremely large impact event (the crater diameter is
estimated to be =200 km). Also it has been found
that iridium values for samples in the breccia of
the K/T boundary impact crater are elevated sev-
eral orders of magnitude over background iridium
values (Sharpton and others, 1992). Shocked
quartz is found around the world at the K/T
boundary. If we had observed an iridium anomaly
of this magnitude in the Ames structure, it would
have been more convincing that it was an extrater-
restrial impact.

Iridium Source in Ames Structure

On the basis of the iridium values determined
in these samples alone, there is no conclusive
evidence to confirm that the Ames structure is
the result of an extraterrestrial object’s hitting
the Earth. Likewise, there are no indications
that the iridium observed in the Ames structure is
due to a slow deposition rate, a biological source,
or other terrestrial sources. However, the anoma-
lous iridium values that we report, together with
the compelling implications of shocked quartz in
the breccia zone, provide further positive indica-
tion of a meteorite-impact origin for the Ames
structure.
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Gamma-Ray Marker in Arbuckle Dolomite,
Wilburton Field, Oklahoma—A Widespread Event
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ABSTRACT.—A regionally correlative, distinctive, gamma-ray electric-log marker occurs in
the Lower Ordovician carbonate rocks of the Arbuckle (Oklahoma), Ellenburger (Texas), and
Knox (southeastern United States) Groups. The marker represents a widespread unconformity
surface formed by tsunami-generated bottom erosion and subsequent tsunami-derived sedi-
ments. The tsunami resulted from the impact of a meteorite near the location of Ames, Major
County, Oklahoma, and its effects are preserved in shallow-shelf carbonate sedimentary rocks
throughout the region.

In core samples, the distinctive gamma-ray marker interval consists of dark gray laminated
dolomudstone; it includes 23% potassium feldspar (responsible for the high gamma-ray re-
sponse) as well as shocked quartz, siliceous particles representing former lechatelierite(?), and
pyrite. This stratigraphic unit occurs approximately 100 ft below the top of the Arbuckle do-
lomite in the subsurface of the Arkoma basin, southeastern Oklahoma, where it was first rec-
ognized and used as a stratigraphic marker in the Wilburton Field, Latimer County, Okla-
homa. The unit has also been recognized in outcrop in southeastern Oklahoma. The interval
is limited by the geographical extent of the carbonate shelf and is not recognized in equivalent
basinal facies.

Besides the distinctive gamma-ray log response that is correlative on a regional scale, evi-
dence supporting a meteorite impact and tsunami origin for the unconformity and related
overlying sedimentary deposits includes the sharp erosional boundary at the base of the inter-
val, the presence of tsunami deposits in the Ames area and their correlative units on the shelf,
two faunal extinction events, and anomalous iridium concentrations in one well from the Ames
impact structure.

INTRODUCTION

A regionally correlative, distinctive, gamma-ray
electric-log marker occurs in the Lower Ordovician
Arbuckle (Oklahoma), Ellenburger (Texas), and

Paul K. Mescher, Suite 175, Box 172, 3131 Custer Road,
Plano, TX 75075; Douglas J. Schultz, ARCO Interna-
tional, 2300 W. Plano Pkwy., Plano, TX 75075.

Knox Group (southeastern United States) carbon-
ate rocks (see Fig. 1); the marker represents a
widespread unconformity surface formed by tsu-
nami-generated bottom erosion and subsequent
tsunami-derived and related dust cloud sediments.
The tsunami resulted from the impact of a meteor-
ite near the present location of Ames, Major
County, Oklahoma, and its effects are preserved in
shallow-shelf carbonates throughout the region.
This distinctive marker has been recognized in
wells and outcrop throughout the southern Mid-
continent and as far away as Indiana (Fig. 1).

Mescher, P. K.; and Schultz, D. J., 1997, Gamma-ray marker in Arbuckle dolomite, Wilburton Field, Okla-
homa—a widespread event associated with the Ames impact structure, in Johnson, K. S.; and Campbell,
J. A. (eds.), Ames structure in northwest Oklahoma and similar features: origin and petroleum production
(1995 symposium); Oklahoma Geological Survey Circular 100, p. 379-384.
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Kerr-McGoe Shell Westem
Sequoyah Disposal #1 R.&L. Material 1-24
Sequoyah Co., OK Lagrange Co. IN

1-35 Outcrop
Murray Co., OK

M.S. Fulgham

Portsmouth iburton Field \ Oktibbeh Co., M:

Bittick #1
Hayes Co., TX

Figure 1. Location map showing site of Ames impact
structure and wells studied for this paper.

GAMMA-RAY MARKER LITHOLOGY
AND PETROGRAPHY

The lithology of this marker interval consists of
dark gray laminated dolomudstone containing
abundant potassium feldspar, quartz, and pyrite.
The high gamma-ray response is largely due to the
basement-derived potassium feldspar; X-ray dif-
fraction (XRD) analysis of samples from the ARCO
No. 2-16 Kilpatrick well (Wilburton Field) shows
that potassium feldspar constitutes up to 23% of
the marker interval (Table 1). This stratigraphic
unit occurs approximately 100 ft below the top of
the Arbuckle dolomite in the subsurface of the
Arkoma basin, where it was first recognized and
used as a stratigraphic marker in the Wilburton
Field, Latimer County, Oklahoma (Mescher and
others, 1993). The interval is limited by the geo-
graphical extent of the carbonate shelf and is not
recognized in basinal facies. The electric-log
marker is illustrated in Figure 2, with log displays
from the ARCO No. 2-16 Kilpatrick (Wilburton
Field), Continental Trend Resources No. 1-22
Mary Ellen (Ames structure), and Nicor No. 18-4
Chestnut (Ames structure).

In thin section, this marker interval contains
unusual detrital quartz particles, consisting of
quartz with shock lamellae, and siliceous particles
representing former lechatelierite (?)—elongated,
straight to gently curved fragments with a hollow
tube-like central core that extends the length of
the particles. Petrographic photographs showing
a comparison of similar fragments from the
Nicor No. 18-4 Chestnut well (impact site) and the
ARCO No. 2-16 Kilpatrick well are shown in
Figure 3.

Paul K. Mescher and Douglas J. Schultz

EVIDENCE FOR METEORITE IMPACT
AND TSUNAMI ORIGIN OF
UNCONFORMITY AND RELATED
OVERLYING ROCKS

1. The distinctive gamma-ray log response that
is correlative on a regional scale was discussed and
illustrated above (Table 1; Figs. 1,2).

2. There is a sharp erosional boundary at the
base of the interval that is seen in wireline logs,
Formation Micro-Scanner and Formation Micro-
Imager electric logs, whole core, and outcrops. The
boundary commonly abruptly truncates the ooid
and skeletal grainstone deposits.

3. The sedimentary rocks at the level of the
gamma-ray marker in the Kerr-McGee No. 1
Sequoyah disposal well contain detrital feldspar
dated in 1989 by Krueger Enterprises, Inc. (Cam-
bridge Massachusetts), at 1,226 + 42 Ma, indicat-
ing that it originated from basement rocks whose
age is similar to that of the granite found in the
Ames structure area (Denison and others, 1997).

4. Two faunal extinctions have been noted from
biostratigraphic studies of the I-35 outcrops (Fig.
1). Derby and others (1991) showed that nearly all
of the West Spring Creek Formation (Ordovician
Arbuckle Group) macrofauna were abruptly termi-
nated approximately 100 ft below the top of the
West Spring Creek Formation. Dresbach and
Ethington (1991) showed that nearly all of the
long-ranging conodont fauna disappeared also at
the same stratigraphic level and, in addition, that
conodonts present above this level are signifi-
cantly abraded, indicating turbulent deposition at
shallow depth.

5. Sedimentary rocks in the gamma-ray marker
interval correspond in part to the tsunami depos-
its reported by Fischer (1997; J. F. Fischer and G.
A. Izett, personal communication, 1995) in the
Nicor No. 18-4 Chestnut core from the Ames struc-
ture, Major County, Oklahoma.

6. Anomalously high values of iridium have
been determined in the No. 1-22 Mary Ellen well
of the Ames structure (M. Attrep, Jr., personal
communication, 1995). Analysis of samples from
the Wilburton area, however, was inconclusive.

7. It is our interpretation that the “dolomite
caprock” (9,002.8-9,003.7 ft) in the Nicor No. 18-4
Chestnut well of the Ames structure corresponds
to the gamma-ray marker, suggesting that some of
the West Spring Creek Formation carbonates
(Arbuckle Group) were “blown out” of the crater
during impact. The 18-4 location remained a posi-
tive structural element (impact rebound struc-
ture?), ending the West Spring Creek deposition
there, and was later buried by Simpson Group
shales (Repetski, 1997). In basinward areas, “nor-
mal” West Spring Creek deposition resumed at the
end of the tsunami event, as shown by the West
Spring Creek carbonates preserved above the
gamma-ray log marker on a regional scale.



Gamma-Ray Marker in Arbuckle Dolomite, Wilburton Field, Oklahoma

381

TaBLe 1.—WHoLE-Rock MINERAL CoNTENT oF CORE SAMPLES FROM GAMMA-RAY
MARKER ZoNES BY X-RAY DIFFRACTION ANALYSIS

Ames Structure, Major County, Oklahoma

CRI No. 1-22 Mary Ellen?

Nicor No. 18-4 Chestnut?

Sample no.: 9024.4 90254 9001.8 9002.8 9004.2 9034.8
Quartz 24.6 16.8 371 34.7 34.2 34.0
K-feldspar 16.8 13.6 8.1 6.3 21.6 35.5
Plagioclase 0.0 11 0.0 0.0 0.0 0.0
Calcite 0.0 0.0 0.5 0.0 0.0 0.0
Mg-bearing calcite 11 0.7 0.9 0.8 0.0 0.0
Dolomite 47.0 55.6 43.7 50.7 2.8 29.0
Siderite 0.3 0.3 04 0.0 0.0 0.0
Pyrite 3.9 7.6 2.6 2.1 41 0.3
Halite — — 0.0 0.0 0.0 0.5
Illite + illite/smectite 53 3.2 5.6 4.8 37.3 0.8
Kaolinite or chlorite 1.0 1.2 1.1 0.6 0.0 0.0
Total 100.0 100.0 100.0 100.0 100.0 100.0

Wilburton Field, Latimer County, Oklahoma
ARCO No. 2-16 KilpatrickP

Sample no.: 12939 12940 12941 12942 12943 12944 12945 12946
Quartz 5 6 3 14 17 11 12 14
K-feldspar 3 4 5 16 23 10 15 23
Plagioclase 0 0 0 0 0 0 0 0
Calcite 1 0 0 0 3 2 3 4
Dolomite 91 90 92 64 48 73 63 52
Pyrite 0 0 0 2 3 3 3 2
Illite + illite/smectite 0 0 0 2 3 1 2 2
Kaolinite or chlorite 0 0 0 2 3 0 2 3
Total 100 100 100 100 100 100 100 100

Quantification of Insoluble Residue

Sample no.: 12939 12940 12941 12942 12943
Quartz 59 47 51 42 45
K-feldspar 40 41 46 49 49
Plagioclase 1 0 0 0 0
Calcite 0 1 0 0 0
Dolomite 0 0 0 0 0
Pyrite 0 0 1 3 1
Illite + illite/smectite 0 11 2 6 5
Kaolinite or chlorite 0 0 0 0 0
Total 100 100 100 100 100

Note: Sample numbers correspond to well depth in feet. XRD analysis courtesy of MaxRay, Fredericksburg,
Texas. Values are percentages. Illite/smectite (R3) is approximately 10% expandable.

aThe percentages of detrital quartz and potassium feldspar are high compared to detrital quartz and potassium
feldspar contents of normal Arbuckle rocks. The deeper sample from the Nicor No. 18-4 Chestnut well (9,034.8
ft) is from within the “ejecta blanket” of J. F. Fischer and G. A. Izett (personal communication, 1995; Fischer,

1997).

bThere is a sharp increase in the percentages of detrital quartz and potassium feldspar within the marker zone
(samples from 12,942 to 12,946 ft) compared to the values in the samples above it.
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Figure 2. Gamma-ray marker zone illustrated with electric-log gamma-ray tracks from the ARCO No. 2-16
Kilpatrick in the Wilburton Field and the Continental Trend Resources No. 1-22 Mary Ellen and Nicor No. 18-
4 Chestnut wells of the Ames area. The anomalous gamma-ray zone has been cored in all of these wells.
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INTRODUCTION

The Steen River megastructure is located in the
shallow northeastern part of the Western Canada
Sedimentary basin approximately 435 mi north-
northwest of the city of Edmonton, Alberta (Fig. 1).
The area is remote, suffers from a lack of oil and
gas infrastructure, and is consequently under-
explored. It is one of the only remaining lightly
explored but highly prospective areas with hydro-
carbon potential that may yield significant re-
serves of Middle Devonian oil and gas within the
Western Canada Sedimentary basin. The Steen
River structure has no surface expression; the
structure is defined by seismic and subsurface well
data as a giant elliptical anomaly approximately
18 by 16 mi. Subsurface well control from approxi-
mately 25 wells, 2-D seismic data, and microscopic
examination of rocks from the boreholes suggest
that this megafeature is a meteorite-impact struc-
ture, the basement rocks of which have undergone
severe shock metamorphism and fracturing. Age
of the Steen River structure has been placed at 95
+ 10 Ma, which approximates the Lower Creta-
ceous/Upper Cretaceous boundary.

The Steen River structure consists of a central
uplift (rebound feature) surrounded by an annular
ring syncline that passes laterally into an outer
concentric ring of semicontinuous fault-defined
rim-anticline features that to date have yielded
several Middle Devonian hydrocarbon discoveries
at relatively shallow drilling depths (Fig. 2). The
central uplifted area consists of a basement re-
bound feature that is now 3,600 ft above the re-
gional strike. The rocks of the ring syncline are
depressed some 650 to 1,950 ft below their re-
gional level. The rocks of the rim anticline are

Gordon A. Robertson, Mercantile Canada Energy, Inc.,
717 7th Ave. S.W., Suite 500, Calgary, Alberta, Canada
T2P0Z3.

uplifted approximately 65 to 160 ft relative to their
regional level (Fig. 3).

Geophysical seismic data and aeromagnetic
surveys have played an integral part in unraveling
the structural complexity of the Steen River struc-
ture. To date, faulted structures have formed the
key trapping mechanism for the various reservoirs
that are sealed by overlying or lateral imperme-
able anhydrites, carbonates, and shales.

The purposes of this paper are (1) to offer an
update on the latest phase of exploration being
undertaken on the Steen River megastructure, the
exploration activity of which has been dormant for
a decade (1986-1995), and (2) to summarize for
the first time the series of significant hydrocarbon
discoveries and shows that have been encountered
since serious exploration commenced in 1963 on
the giant feature.

RECENT ACTIVITY

The principals of Mercantile Canada Energy,
Inc., have believed that the Steen River mega-
structure on the northeastern fringe of the West-
ern Canada Sedimentary basin may be a sleeping
giant from a hydrocarbon perspective. During the
last quarter of 1994, Mercantile purchased the
Steen River oil and gas assets of the Kerr-McGee
Corporation’s Canadian affiliate. Consequent to
this purchase, Mercantile encouraged Bearspaw
Petroleum, Ltd., to join as a joint venture partner
to further explore and exploit the hydrocarbon
potential of the Steen River structure. The Mer-
cantile Bearspaw Group then posted eight Petro-
leum and Natural Gas Licenses comprising some
48,000 acres for Crown sale (public auction) during
November—December 1994. All of the acreage was
purchased by various corporate entities, and the
Mercantile Group acquired two Key Licenses
(11,200 acres) immediately adjacent to and con-
tiguous with their oil-producing properties.

Robertson, G. A., 1997, The Steen River structure, Alberta, Canada: subsurface identification and hydrecarbon
occurrences, in Johnson, K. S.; and Campbell, J. A. (eds.), Ames structure in northwest Oklahoma and simi-
lar features: origin and petroleum production (1995 symposium): Oklahoma Geological Survey Circular

100, p. 385-390.
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Figure 1. Location map Steen River structure in northern Alberta.

During the first quarter of 1995, Spectra Explo-
ration Geoscience Corporation of Calgary under-
took a proprietary speculative high-resolution
aeromagnetic survey to further delineate the intri-
cacies of this giant feature.

Three licenses comprising 14,080 acres were
posted and sold at a November 1995 Crown auc-
tion and a development well, Bearspaw et al. Mar-
lowe 16-21 (Lsd 16, 21-122-22 W5 [Canadian
land-division designation: legal subdivision 16,
Section 21, Township 122, Range 22 west of the
5th meridian; each Lsd is 40 acres, and there are
16 Lsds per section, which is 1 sq mil), was drilled
on the northern extremity of the rim anticline of
the Steen River feature. The no. 16-21 well is an
indicated Keg River Formation oil well and is
scheduled for completion in early 1997.

In January 1996, Pennzoil Canada, Inc., drilled
an exploratory well on the eastern part of the
Steen River structure on the rim anticline. That
company has not released any data pertaining
to this test well (information is kept confiden-
tial for a 12-month period from rig release of the
well).

A 10 km? 3-D seismic survey was shot by the
Mercantile Bearspaw Group in February 1996.
This survey was the first attempt to gather 3-D
seismic data on the Steen River structure. The

survey evaluated the step-out potential of the
northern Keg River Formation oil pool. The 3-D
seismic survey results were favorable; consequent-
ly, Bearspaw Petroleum Ltd. located and drilled
an offset development well, Bearspaw et al. Mar-
lowe 4-27 (Lsd 4, 27-122-22 W5M) in December
1996. The well is an indicated Keg River Forma-
tion oil well and is scheduled for completion in
mid-January 1997.

In addition, Pennzoil Canada, Inc., conducted a
seismic survey during the first quarter of 1996 on
the Steen River structure.

RESULTS OF EXPLORATION
IN MIDDLE DEVONIAN ROCKS,
STEEN RIVER STRUCTURE

Light gravity (34°AP1I) oil has been discovered
in dolomites within the Keg River Formation, the
Sulphur Point Member of the Muskeg Formation,
and the Zamma Member of the Muskeg Formation
at separate and diverse locations on the rim anti-
cline of the Steen River structure. In addition, the
structure has yielded two gas discoveries from the
Slave Point Formation, an indicated gas discovery
in the Sulphur Point Member of the Muskeg For-
mation, and a minor show of gas in the Keg River
Formation (Fig. 4).
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Figure 2. Sketch indicating structural components of the Steen River impact feature. Hydrocarbon-show wells

are identified.

OIL DISCOVERIES

Keg River Formation

Keg River Formation oil was discovered on the
northern rim of the feature in 1968 by the drilling
and testing of Mobil Steen 1-28 (Lsd 1, 28-122-22
W5M). The well encountered 305 ft of oil-stained,
fractured Keg River dolomite over the interval
4,263—4,568 ft, which was subsequently drill-stem
tested and production tested through perforations
at the rate of 312 barrels of fluid per day with a 5%

water cut. Drill-stem test data suggest evidence of
an oil/water contact on electrical logs at 4,890 ft
(-2,509 ft subsea).

Because of its remote location and the lack of
pipeline infrastructure, the Mobil Steen 1-28 dis-
covery well remained shut-in until 1990 when it
was purchased from Mobil Oil Canada by Kerr-
McGee Canada Ltd. The no. 1-28 well was re-
completed in March 1990 as a pumping Keg River
oil well at rates approximating 300 BOPD (barrels
of il per day) with a water cut of 15%. Cumulative
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Figure 3. Diagrammatic cross section through the Steen River structure.
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Figure 4. Stratigraphic section, Steen River area,
Alberta.

production through November 1996 is 232,380
barrels of oil, 49,238 barrels of water, and 103,465
MCF (thousand cubic feet) of gas (the gas is
flared). The most recent production rate (Novem-
ber 1996) after a pump workover in 1995 was 526
BOPD with an 18% water cut. This discovery well
was followed up in 1968 by the Mobil Steen 15-21
(Lsd 15, 21-122-22 W5M), an abandonment, and
by Diamond Shamrock Marlowe 9-21 (Lsd 9, 21-
122-22 W5M), a Keg River oil well drilled in 1986.
Through November 1, 1996, the two wells (9-21
and 1-28) in the Keg River pool have produced
425,000 barrels of oil.

The Keg River reservoir consists of highly frac-
tured dolomite that exhibits poor to fair inter-
crystalline and small vug porosity. Core data indi-
cate severe deformation and brecciation of the rock
that in places show dips as steep as 45°. Fractur-
ing of the rock is common and considerably en-
hances permeability of the reservoir dolomites.

Because of the lack of pipeline infrastructure
and severe muskeg (boglike) conditions, the wells
can produce for only four months per year (Decem-
ber through March) when the surface is frozen.
This situation will prevail until there is sufficient
daily production to justify the building of an 18-mi
pipeline to the main highway immediately east of
the oil pool. It is estimated that 2,000 to 3,000
BOPD production and attendant reserves are re-
quired to justify the line and convert the operation
to a year-round status.

Mobil Oil Canada drilled Mobil W. Steen 9-1
(Lsd 9, 1-122-23 W5M) on the western part of the
rim anticline in mid-1968. The well drill-stem
tested the Keg River Formation over the interval
4,780—4,820 ft and recovered 456 ft of gassy
30°API oil and 119 ft of salt water. A completion
was attempted, but the well was suspended in
1969 and finally abandoned in 1990. There is no
record of production from the well.
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Sulphur Point Member of
the Muskeg Formation

In January 1987, Diamond Shamrock drilled
and completed Diasham Russet 15-13 (Lsd 15, 13-
120-21 W5M) on the southeastern side of the
Steen River structure. This well was located on the
rim anticline and resulted in a Middle Devonian
Sulphur Point Member oil discovery from a 23-ft
pay zone at 3,023-3,046 ft. Production test data
indicate that the no. 15-13 well flowed 2,084 bar-
rels of 31°API oil and 1,660 barrels of water in a
30-day period (February—~March 1987). Because of
the relatively low productivity and the remote lo-
cation of the well, it was shut-in and suspended
and remains so to date. Engineering data indicate
that this well has a pumping potential of approxi-
mately 90 BOPD with associated water produc-
tion.

Zamma Member of
the Muskeg Formation

The first indication that the Zamma Member of
the Muskeg Formation is oil bearing came from a
production test in the Mobil Steen 1-28 (Lsd 1, 28-
122-22 W5M) Keg River oil well. The Zamma
Member yielded oil at the swab rate of 1 barrel per
hour from perforations at 4,182—4,186 ft. This zone
was then squeezed off, and the well was completed
in the Keg River Formation.

Two exploratory wells drilled on the rim anti-
cline at the south end of the Steen River struc-
ture—the Gardiner et al. Steen R. 14-6 (Lsd 14, 6-
120-21 W5M) drilled in 1981 and the Gardiner et
al. Russet 10-2 (Lsd 10, 2-120-22 W5M) drilled in
1982—encountered o0il in the Zamma Member of
the Muskeg Formation. The no. 14-6 well was com-
pleted in the Zamma Member and produced on
pump 3,530 barrels of oil and 643 barrels of water
from a depth of approximately 3,700 ft. The well
was suspended in 1983 and subsequently aban-
doned in 1991. In the no. 10-2 well there was an
attempted completion in the Zamma Member, but
the completion failed; the well was suspended in
1982 and abandoned in 1991.

GAS DISCOVERIES AND SHOWS

Slave Point Formation

The Mobil Steen 1-28 (Lsd 1, 28-122-22 W5M)
Keg River oil well also was the initial Middle De-
vonian Slave Point gas discovery well on the astro-
bleme. A drill-stem test of the lower Slave Point
over the interval 3,598-3,698 ft yielded gas at 500
MCFGPD (thousand cubic feet of gas per day). The
zone was subsequently perforated, acidized, and
tested gas at rates up to 10,600 MCFGPD with a
strong water spray at rates in excess of 4,000
MCFGPD. The pay zone is 54 ft thick with a pos-
sible further 18 ft of Upper Slave Point gas pay,
which was not tested.

Natomas et al. Marlowe 13-17 (Lsd 13, 17-121-
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20 W5M) was drilled in 1978 and completed in
1979 as a suspended Slave Point Formation gas
discovery. The well is located on the eastern side of
the megafeature on the rim anticline. A drill-stem
test of the interval 2,658-2,675 ft flowed gas at the
stabilized rate of 1,063 MCFGPD. Production tests
through perforations at the base of a 45 ft pay zone
gave flows up to 3,100 MCFGPD without any acid
treatment. The well is shut-in and awaiting a
pipeline connection.

Several other wells drilled on the rim anticline
of the Steen River structure yielded gas flows from
the Slave Point Formation. Shell Steen River 14-
29 (Lsd 14, 29-121-20 W5M) on the east side of the
structure flowed gas at the rate of 60 MCFG from
a drill-stem test of a 30 ft porous zone. Imperial
Russet Cr. 9-20 (Lsd 9, 20-120-22 W5M) on the
southwest side of the megafeature’s rim anticline
flowed gas from the Slave Point Formation over
the interval 2,991-3,006 ft at the rate of 124
MCFGPD with a recovery of 150 ft of sulfurous
salt water.

Sulphur Point Member of
the Muskeg Formation

Gulf AEC Marlowe 12-28 (Lsd 12, 28-122-21
W5M) was drilled in 1984 on the northwest side of
the Steen River structure on its rim anticline. A
drill-stem test of the Sulphur Point interval from
3,028 to 3,091 ft yielded 1,673 MCFGPD and a
recovery of 105 ft of salt water. The well was sub-
sequently abandoned.

Keg River Formation

There has been one minor show of gas associ-
ated with the Steen River structure from the
Middle Devonian Keg River Formation. Natomas
et al. Marlowe 13-17 (Lsd 13, 17-121-20 W5M)
drill-stem tested the interval 3,505-3,575 ft and
had gas to surface immediately at a very strong
rate that could not be measured owing to a heavy
mud and water spray. The rising water in the
drill-stem shut off the gas flow and the DST recov-
ered 3,400 ft of salt water.

CONCLUSIONS

Interest in the Steen River megastructure was
reactivated with the latest phase of exploration
activity, which commenced in late 1994. Since
November 1994, 81,280 acres (127 sections) have
been leased over the feature. It is interesting to
note that some 25 to 30% of the rim anticline of the
Steen River structure remains unleased and avail-
able for future Alberta Petroleum and Natural
Gas Crown postings. This unleased part of the
megastruture that has been relatively under-
explored is believed to have excellent hydrocarbon
potential.

The high rates of production that have been
achieved from vertical wells penetrating these
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highly fractured reservoirs may be enhanced con-
siderably by horizontal-drilling techniques. To
date, no horizontal drilling has been undertaken
on the Steen River structure.

In late winter of 1997 (March or April), a new
natural gas line is being constructed by the Nova
Corporation. This line will tie the northwestern
Bistcho gas fields to the Alberta Nova system for
the first time. The Bistcho field terminus will be
located in Twp 122-2 W6M, approximately 20 mi
due west of the Bearspaw et al. 1-28 (Lsd 1-28-
122-22 W5M) potential Slave Point Formation
shut-in gas well. This gas line should act as a cata-
lyst to renew natural gas exploration interest in
the Steen River area.
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The Calvin Impact Structure, Cass County, Michigan:
Identification and Analysis of a Subsurface
Ordovician Astrobleme

Randall L. Milstein

Oregon State University
Corvallis, Oregon

The Calvin impact structure is an isolated,
nearly circular subsurface structure of Late Or-
dovician age centered 1.4 km south of the village of
Calvin Center, Cass County, Michigan (Fig. 1).
Owing to the severity of subsurface disruption
observed at the Calvin structure, as well as ques-
tions surrounding the structure’s origin, the
Michigan Geological Survey considers it the most
anomalous and enigmatic subsurface geologic fea-
ture in the Michigan basin (Milstein, 1988). At
Upper Cambian and Lower Ordovician levels, the
structure consists of a central domal uplift
bounded by an annular depression and an encir-
cling anticlinal rim (Figs. 2,3). These structural
characteristics are reflected, to some degree,
throughout the entire overlying stratigraphy, ap-
pearing as subtle surface expressions. The struc-
ture has a rim-to-rim diameter of 6.3 km and an
overall dimensional diameter of 8.5 km.

Exploration and development of three Devo-
nian oil fields associated with this structure have
provided all available data. Of the 110 wells
drilled into the three oil fields, 72 were oil wells, 5
were nonproducing gas wells, and 33 were dry
holes. As of January 1997, all production is from
the Middle Devonian Traverse Limestone with the
exception of one well producing from the Sylvania
Sandstone.

The Calvin structure involves large-scale and
intense structural deformation within a limited
area of circular shape. Lithologic and structural
evidence suggests that the feature was the result
of a single explosive event resulting in a sudden,
highly localized release of tremendous energy.
Speculation as to the possible origin of such a
large-scale explosive structure includes both

Randall L. Milstein, Oregon State University, College of
Science, Corvallis, OR 97331.

endogenetic and exogenetic processes. Summaries
of both arguments for the origin of the Calvin
structure are given by Milstein (1986,1994).

Nine characteristics of the Calvin structure
lend support to its origin by impact:

1. The Calvin structure exhibits morphological
characteristics consistent with those of a complex
impact structure in a sedimentary target: an over-
all circular shape, with a central uplift, surround-
ing annular depression, and a peripheral anticline.

2. The Calvin structure is an isolated feature
involving intense localized, large-scale deforma-
tion in otherwise flat-lying strata, with the struc-
tural and lithologic deformation decreasing with
depth beneath and distance away from the struc-
ture.

3. The Calvin structure exhibits recognized re-
lationships between overall structural diameter,
observable stratigraphic displacement, and final
crater form commonly used in the identification of
surface impact craters.

4. Reflection seismic profiles, gravity and mag-
netic signatures, and resistivity data suggest that
Calvin’s subsurface structural morphology results
in geophysical patterns analogous to those ob-
served at recognized impact structures with simi-
lar lithologic components (Figs. 3,4).

5. A polymictic microbreccia is present within
the disturbed zone of the Calvin structure. The
microbreccia is composed of fractured and
unfractured, subrounded to rounded, floating
quartz grains imbedded in a carbonate matrix or
floating shardlike carbonate fragments cemented
in a carbonate matrix.

6. Individual quartz grains recovered from
within the disturbed zone of the Calvin structure
exhibit single and multiple sets of decorated shock
lamellae, Bohm lamellae, rhombohedral cleavage,
and radiating concussion fractures. The identifica-
tion of shock-metamorphosed quartz, a character-
istic considered indicative of impact-cratering

Milstein, R. L., 1997, The Calvin impact structure, Cass County, Michigan: identification and analysis of a
subsurface Ordovician astrobleme, in Johnson, K. S.; and Campbell, J. A. (eds.), Ames structure in north-
west Oklahoma and similar features: origin and petroleum production (1995 symposium): Oklahoma Geo-

logical Survey Circular 100, p. 391-393.
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pact ejecta were identified in sample
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Figure 1. Location map of the Calvin impact structure, Cass

County, Michigan.

events, strongly confirms the Calvin structure as
an Ordovician astrobleme.

7. No igneous material is associated with the
Calvin structure. Mineralization attributable to
hydrothermal or known volcanic processes has not
been recognized in well samples. The micro-
breccias associated with the structure contain no
volcanic material.

8. The event responsible for the Calvin
structure’s origin is estimated to have released at
least 5.9 x 1018 J of energy, without the develop-
ment of magma or production of any true volcanic
or igneous material.

9. Black metallic microspherules similar to
those associated with meteoritic ablation and im-

Triassic boundary in China.

The identification of astroblemes in
the subsurface is rare. Comparison of
the Calvin structure to known or sus-
pected astroblemes suggests consistent
structural and physical analogues. Al-

ScuEroRTomSHPMA® N @ owwew  though a considerable body of interpre-
0 1 mite <-oavwoe  tive geophysical and structural data fa-
0 16km Xt easwene  vors an impact origin for the Calvin

structure, it is the identification of
shock-metamorphosed quartz that most
strongly confirms the structure as an
Ordovician astrobleme. On the basis of
the available data, I conclude that the
subsurface Calvin structure is a buried
complex impact structure and suggest
that it be formally recognized as the
Calvin impact structure.
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Red Creek Impact (Precambrian),
Eastern Uinta Mountains, Northeast Utah:
125 Years of Mistaken Identity

Howard R. Ritzma

Consulting Geologist
Salt Lake City, Utah

The contact between high-grade metamorphic
rocks, the Red Creek Quartzite (or Red Creek
Complex where it includes various rock types),
and a thick (>7,700 m) sequence of metasedi-
mentary rocks, the Uinta Mountain Group, was
viewed by J. W. Powell in 1868 and 1871. Powell
(1876) envisioned this contact as an unconformity
involving younger sediments (the Uinta Mountain
Group—ferruginous sandstone and shale with an
interbedded massive sequence of conglomerate,
composed of quartzite cobbles cemented by ferrugi-
nous sandstone, siltstone, and claystone) deposited
against a gigantic headland of ancient metamor-
phic rocks (the Red Creek Quartzite—white, vitre-
ous, nearly pure quartzite where Powell observed
it). Although in some places, this contact is diffuse
over a few to 30 m, it is a knife-edge where Powell
saw it. At that location, the bedding of the Uinta
Mountain Group is 75° to nearly vertical, and the
contact actually cuts across individual Uinta
Mountain Group cobbles and boulders. There are
relict masses of Uinta Mountain Group rocks
within the Red Creek Quartzite in some places
along the contact. The conglomerate at the Powell
“classic” section has been named the Jesse Ewing
Canyon Formation (Sanderson and Wiley, 1986).

Powell’s eloquent and inventive explanation for
the highly unusual juxtaposition of these rock
groups has endured. As detailed mapping began,
an intricate and largely nonexistent tracery of
faults was contrived to support Powell’s concept
(Hansen, 1965; and other publications).

There are other views, however (Marsh, 1871;
Weeks, 1907; Hinds, 1935-36; Ritzma, 1959,1960,
1987; Ritzma, unpublished, 1992). Weeks, Hinds,

Howard R. Ritzma, P.O. Box 58736, Foothill Station,
Salt Lake City, UT 84158.

and Ritzma recognized the contact as metamor-
phic, not an unconformity. I now propose that the
metamorphism and resulting contact were formed
by meteorite impact. The contact represents the
point at which the quartzitic melt being violently
driven into the conglomerate and other sediments
chilled and suddenly stopped.

The scenario: a large meteorite struck a surface
on which the Uinta Mountain Group was exposed
about 1,500-1,550 Ma (whole-rock K-Ar dates;
Hansen, 1965; Ritzma, unpublished). A crater 1.6
to possibly >3 km deep and >10 to possibly >25 km
in diameter was excavated in Uinta Mountain
Group ferruginous sandstones and shales. Target
rocks (Uinta Mountain Group) were shattered,
vaporized, melted, and reconstituted via this im-
pact metamorphism into quartzite, schist, am-
phibolite, granite, and other rocks (Red Creek
Complex). The relict masses of Uinta Mountain
Group rocks within the Red Creek Complex along
the contact represent only partially melted and
assimilated material.

Only the upper, youngest part of the Uinta
Mountain Group was metamorphosed by the im-
pact, i.e., the upper 1,600-3,000 m out of the total
7,700 m (or thicker) section. The remarkable proc-
ess is displayed over about 35 km? of Red Creek
Complex outcrops along the north flank of the
Uinta Mountains in the vicinity of Flaming Gorge
Dam and Reservoir (Flaming Gorge National Rec-
reation Area) and extending for a short distance
into Colorado to the east. The most diagnostic cra-
ter-wall contact between the Red Creek Complex
and the Uinta Mountain Group is exposed along
the east wall of Jesse Ewing Canyon, 25 km east of
Flaming Gorge Dam and 6.5 km southeast of Clay
Basin gas field, Daggett County, Utah. The cha-
otic, variable contact zone at this location is re-
plete with impact features including baked and
recrystallized Uinta Mountain Group rocks along
the metamorphic contact as well as undigested

Ritzma, H. R., 1997, Red Creek impact (Precambrian), eastern Uinta Mountains, northeast Utah: 125 years
of mistaken identity, in Johnson, K. S.; and Campbell, J. A. (eds.), Ames structure in northwest Oklahoma
and similar features: origin and petroleum production (1995 symposium): Oklahoma Geological Survey Cir-

cular 100, p. 394-395.
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Red Creek Impact (Precambrian), Eastern Uinta Mountains, Northeast Utah

fragments of Uinta Mountain Group floating as
xenoliths in Red Creek Quartzite. Abundant
shocked quartz is present in thin sections. Al-
though much evidence has been eroded, presum-
ably even more lies at depth beneath younger
strata along the overthrust north flank of the
Uinta Mountain arch.

Recognition that this contact was formed by
meteorite impact makes profound changes in the
interpretation of the geology of the Uinta Moun-
tains and the surrounding region. The Uinta
Mountain Group is the oldest Precambrian unit in
the Uinta Mountains, and its base is not seen
(Marsh, 1871). It may be as old as early Protero-
zoic or late Archean.
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The Big Basin Impact Craters of Western Kansas

P. Jan Cannon
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ABSTRACT.—A sharply defined basin, 1,300 m in diameter, 35 m deep, and with internal
drainage, is located 35 mi south of Dodge City, Kansas. This feature is named Big Basin on
topographic maps of the region. It has been considered to be of solution origin.

Remote-sensing investigations of the area revealed that the feature had two small satellite
pits approximately 300 m in diameter. This cluster of holes is an isolated phenomenon in this
area. However, the cluster of one large crater and two nearby smaller ones is similar to numer-
ous primary impact-crater clusters found on other planets. This type of clustering is not found
in areas of karst.

The remote-sensing data further indicated prominent radial fracture sets and a polygonal
shape that reflects the regional fractures.

Subsequent field work revealed that the strata on the rim of the larger hole dip radially
away from the center of the feature. The rim and wall materials are intensely fractured.

These observations are indicative of impact features and not solution features.

When, the Big Basin Crater is physically compared with Meteor Crater, Arizona, and
Upheaval Dome, Utah, it shows a close similarity to Meteor Crater, Arizona. This similarity
is indicated by polygonal shape, size, and radial features. Big Basin appears to be partially
filled with wall and rim materials. It is more eroded than Meteor Crater, Arizona. Based on the
extent of erosion and the slight difference in climate, I estimate the age of the Big Basin Crater
to be between 80,000 and 100,000 yr.

The walls of the Big Basin Crater contain cherts that appear to have been partially ex-
tracted by early man for tools. Tektites are found beyond the rim area.

P. Jan Cannon, Planetary Data, 302 East Locust,
Tecumseh, OK 74873.
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