































































































































































































































































































































































































































































































































































































































































































Sequence Stratigraphic Model for Simpson Group

Lewis, 1978; McPherson and others, 1988), yet published
literature contains few accounts of studies focused on
stratal geometries and their significance with respect to
stratigraphic-trap potential. A few studies (Dapples, 1955;
Ireland, 1965; Longman, 1981; Johnson, 1991) have made
reference to stratal geometries and the likelihood that
Simpson sands, so well developed in the Ardmore basin of
southem Oklahoma, are transgressive units. However,
these studies have not emphasized, nor have they integrat-
ed, the described stratal relationships into an internally con-
sistent regional sequence stratigraphic framework, as was
proposed in our earlier work (Candelaria and others, 1994).
Working from a sequence stratigraphic perspective, we
proposed that stratigraphic traps may have been set up by
deposition of (1) lowstand sandstones along the margin of
the southern Oklahoma aulacogen, (2) retrogradational
shoreface sandstones that are both temporally and spatially
separated from each other, and (3) aggradational carbonate
shoal facies and progradational carbonate banks. We sug-
gested that this stratigraphic architecture is likely more
commonplace than is presently recognized or appreciated
for the Simpson Group. It was further stated that when
incorporated in a well-log-based exploration strategy, this
reinterpretation of stratal architecture could aid in the pre-
diction of subtle stratigraphic traps that escape seismic
detection. This approach may lead to an era of renewed
exploration for stratigraphic traps in the Simpson Group.

STRATIGRAPHY

The Middle Ordovician Simpson Group of the south-
ern Midcontinent (Decker and Merritt, 1931) consists of
interbedded quartz arenites, skeletal limestones, and
gray-green marine shale (Ham, 1973). The Simpson
Group consists of five formations, in ascending order:
Joins, Oil Creek, McLish, Tulip Creek, and Bromide For-
mations (Decker and Merritt, 1931). In terms of regional
stratigraphy, several workers (Cram, 1948; Ham, 1955;
Gabhring, 1959; Statler, 1965) did not recognize the Tulip
Creek as a formation. Instead, they argued that the Tulip
Creek is only a local facies of the Bromide Formation.
Thus, they included the Tulip Creek interval as the lower
part of the Bromide Formation. We will follow this rea-
soning and will omit discussion of the Tulip Creek as a
separate formation. Whether the Tulip Creek deserves
formational status or not, exclusion of the Tulip Creek
interval from the following discussion of the sequence
stratigraphy of the Simpson Group neither assists nor
weakens our proposed sequence stratigraphic model.

SEQUENCE STRATIGRAPHY

The chronostratigraphic framework of the Simpson
Group (Fig. 1) clearly illustrates the time-transgressive
nature of lithostratigraphic units of the Simpson Group,
as previously interpreted by numerous workers (Dap-
ples, 1955; Schramm, 1964, 1965; Ireland, 1965; Statler,
1965; Longman, 1981; Johnson, 1991). In retrospect,
Statler (1965), who clearly illustrated these relation-
ships, was ahead of his time, as his chronostratigraphic
correlations have since gone unappreciated until recent-
ly. From the perspective of a sequence stratigraphic
interpretation, Statler’s work becomes much more
meaningful and significant in terms of establishing a
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framework for stratal geometries and stratigraphic-trap
relationships as incorporated into the sequence strati-
graphic model described below. We propose that each
major sandstone unit of the post-Joins Simpson
Group—the basal Qil Creek, basal McLish, and basal
Bromide (correlative to the Tulip Creek of many work-
ers)—represents local lowstand to widespread transgres-
sive deposits of third-order sequences.

Qil Creek Formation

The basal Oil Creek sandstone attains a maximum
thickness of approximately 350 ft within the Ardmore
basin, and its distribution is largely restricted to the
northeast margin of the basin, as it pinches out by ba-
sinward downlap to the west and southwest (Schramm,
1964). Basal Oil Creek sand is anomalous in that it is 2
to 3 times the thickness of basal sandstones of other
Simpson Group formations. Within our sequence model,
the basal Oil Creek sandstone is interpreted to represent
lowstand systems-tract deposition along the basin mar-
gin of the southern Oklahoma aulacogen (Fig. 2). Sands
derived from preexisting mature sandstones farther
north on the craton were likely reworked and transport-
ed basinward during lowstand exposure of the cratonic
shelf. These mature siliciclastics were deposited as a
basin-margin lowstand wedge in post-Joins depositional
time. In this model we do not invoke significant water
depth in the aulacogen at the time of Oil Creek lowstand
deposition. Depositional facies described for the basal
Oil Creek sandstone are interpreted as being of fairly
shallow-water origin, probably indicative of shoreface
environments (McPherson and others, 1988).

Within a sequence stratigraphic framework, third-
order lowstand of sea level exposed the cratonic shelf
subaerially (the “quiescent periods” of Longman, 1981).
During this time, siliciclastics were transported via flu-
vial and eolian processes across the emergent shelf to the
basin margin. Siliciclastics of the basal Oil Creek sand-
stone were deposited as thin, lowstand paralic deposits,
and as a much thicker accumulation along the aulacogen
basin margin (Fig. 2). The geometry and distribution of
thick basal Oil Creek sandstone are interpreted as a low-
stand wedge accumulation (LSW) of the lowstand sys-
tems tract. The basal Oil Creek sandstone, as well as
younger sands higher in the Oil Creek section, exhibit
depositional features indicative of shallow depositional
environments (McPherson and others, 1988; Forgotson
and others, 1997). In the model we propose, the thinner
Qil Creek sands on the shelf farther to the north represent
widespread transgressive systems tract (TST) accumula-
tions, as suggested by Johnson (1991). During third-
order sea-level rise (transgression), the former lowstand
shoreline was transgressed and capped by a ravinement
surface. As sea level continued to rise, the shoreline
retreated, leaving a series of discontinuous sand bodies
stranded along the cratonic shelf as transgression contin-
ued (Statler, 1965). We interpret these sands as backstep-
ping or retrogradational shoreface complexes (Fig. 3),
which overlie the previously exposed shelf (third-order
sequence boundary). Depositional facies within these
sand bodies exhibit upward-shallowing features inter-
preted as representing a progression from lower
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and have been documented in various
fields. These observations indicate that Oil
Creek sandstone reservoirs are not simple
blanket sandstones with uniform reservoir
properties. Internal heterogeneities give rise

to complicated reservoir characteristics and
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Figure 1. Chronostratigraphic diagram (modified from Statler, 1965),
illustrating the time transgressive nature of the Simpson Group litho-
stratigraphic units in Oklahoma. Note also that isolated sand bodies, as
originally depicted schematically by Statler, represent stranded
shoreface sandstones in our sequence model. These isolated
shoreface complexes are potential stratigraphic-trap reservoirs, which
historically have not been targeted by structurally driven exploration
strategies. Diagram extends from south (left) to northeast (right).

ing surface, a shallow-marine environment
conducive to widespread carbonate deposi-
tion was established across the southern
craton. In our sequence model, this carbon-
ate environment represents the highstand
systems tract (HST). Highstand deposition
consists of skeletal wackestones, pack-
stones, and grainstones, ranging from subti-

shoreface to foreshore environments (Forgotson and oth-
ers, 1997). Marine shale or muddy skeletal limestones
were deposited basinward of the contemporaneous
shoreface complex, eventually burying the stranded, ret-
rogradational shoreface complexes. As transgression
continued, these low-permeability limestone facies iso-
lated potential reservoir sandstones within relatively
impermeable strata. Shoreface sands deposited in such a
depositional system are likely not in stratigraphic conti-
nuity, hence stratigraphic-trap possibilities may exist
within porous, discontinuous, transgressive shoreface
complexes (Posamentier and others, 1992). In addition,
reservoir heterogeneities intermal to a sand body exist
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Figure 2. Schematic diagram representing lowstand
deposition of the basal Oil Creek sandstone. The thick,
basal Oil Creek sandstone is interpreted as a lowstand
wedge accumulation of stacked shoreface sands along
the northeast margin of the former southern Oklahoma
aulacogen. On the basis of basal-sandstone thickness,
geometry, and distribution, we conciude that analogous
lowstand accumulations did not develop during McLish
and Bromide time.

dal skeletal-rich facies to supratidal algal-
‘dominated facies (Ham, 1973). Highstand carbonates are
locally interbedded with thin siliciclastic intervals of
shoreface, or possibly deltaic, origin. Deposition of pre-
dominantly shallow-water carbonate lithologies likely
established prograding carbonate banks and aggradation-
al packstone/grainstone shoals. These facies may provide
local reservoir units where porosity has been preserved.
Peritidal intervals in the upper Oil Creek and McLish
Formations, characterized by “birdseye” (fenestral) lime-
stone deposited in peritidal environments, produce oil
from closed structures in several fields in southern Okla-
homa (Ham, 1954; Suhm, 1997).
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Figure 3. Transgressive systems tract (TST) deposition
followed lowstand deposition of the basal Qil Creek sand-
stone. TST deposits consisting of retrogradational
shoreface complexes account for the widespread nature
of the basal sandstone of the Oil Creek farther to the north
on the cratonic shelf. A similar depositional environment is
inferred for the basal sandstones of the McLish and Bro-
mide Formations, because the geometry of these thinner
basal sandstone units does not support deposition as a
lowstand wedge or within a lowstand systems tract.
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A relative sea-level fall concluded Oil Creek high-
stand deposition and subaerially exposed the craton prior
to onset of McLish deposition. A major unconformity
developed at this time (Derby and others, 1991), possibly
as a result of a pause in the continuous subsidence of the
southern Oklahoma aulacogen. This unconformity marks
the third-order sequence boundary between Oil Creek
and McLish depositional sequences. During this time,
quartz sands were transported across the exposed shelf
and accumulated as shoreface complexes of the basal
sandstone of the McLish Formation.

McLish and Bromide Formations

A similar sequence model, as described above for the
Oil Creek, is invoked to explain stratal relationships
within the McLish and Bromide Formations. The only
significant difference is that during early McLish time,
subsidence of the former aulacogen slowed sufficiently,
or sediment supply was less voluminous, to preclude
accumulation of thick lowstand clastics along the basin
margin. This difference, with respect to contemporane-
ous basin history, is significant with respect to sequence
interpretation of McLish and younger strata, as well as
to sandstone-reservoir geometry and distribution. As
determined from stratal thicknesses and distribution, no
comparable siliciclastic LSW developed during either
McLish or Bromide depositional episodes. Within our
model, the basal sands of the McLish and Bromide For-
mations consist largely of shoreface complexes deposit-
ed during transgressive episodes, as opposed to regres-
sive deposition as proposed by Longman (1981) for the
Bromide sands. At their maximum development, these
basal sands are considerably thinner, as transgressive
deposits, than the basal Oil Creek lowstand wedge sand-
stone (Fig. 4). In our interpretation, these basal sands of
the McLish and Bromide Formations represent retrogra-

dational shoreface deposits reworked within a shoreface -

environment on the cratonic shelf. The TST sandstones
of the McLish and Bromide are of comparable thick-
nesses as they thin northward by onlap.

A maximum-flooding surface, which is not always
characterized by dark, organic-rich marine shale, partic-
ularly in the more updip localities within shallow-water
environments, marks the transition from transgressive
deposition to highstand deposition within the McLish
and Bromide depositional sequences. Above the maxi-
mum-flooding surface, highstand deposits consisting of
mixed shallow-marine skeletal carbonates, shale, and
minor siliciclastics constitute highstand systems tract
deposition in the McLish and Bromide, analogous to the
underlying Oil Creek Formation. The presence of a
third-order sequence boundary separating the McLish
HST from the overlying TST of the Bromide Formation
has not been demonstrated biostratigraphically. Howev-
er, a third-order boundary is invoked at this stratigraph-
ic position in the described model for the reasons given
below, thus separating the McLish third-order sequence
from the overlying Bromide sequence.

In terms of reservoir potential, where TST shoreface
sandstones lie on the flanks of structures or are isolated
between structures, these strata represent stratigraphic
traps of high-reservoir-quality sandstone, which, to date,
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remain largely untapped as exploration targets. Porous,
peritidal HST carbonates of the McLish, known to pro-
duce from structural closures, and porous packstone/grain-
stone shoal facies of the McLish and Bromide may be pro-
ductive from stratigraphic traps in off-structure areas.
These reservoir units may provide additional exploration
potential when correlation techniques, developed within a
sequence framework, are employed and where strati-
graphic trapping geometries may be predicted.

SEQUENCE BOUNDARIES

Adherence to the classical sequence stratigraphic
model as it was defined (Mitchum and others, 1977; Van
Wagoner and others, 1988) requires existence of a
sequence boundary between successive third-order
sequences (within our model, between each formation of
the Simpson Group). This requirement exposes no sig-
nificant weakness in the proposed sequence model. By
definition, a third-order sequence boundary is an uncon-
formity across which stratal discordance may be evident.
Perhaps more importantly, the definition of sequence
boundary also provides that the correlative conformable
surface may be its lateral extension. Hence, evidence of
disconformity between each inferred third-order
sequence of the Simspon Group (each formation in this
proposed model) is not required to be evident within the
study area. Studies of the correlative stratigraphic section
elsewhere on the craton, such as parts of Kansas (Watney
and others, 1997) and Arkansas (O’Brien and Derby,
1997), for example, demonstrate evidence of discon-
formity between formations of the Simpson Group and
coeval strata. Thus, correlative surfaces that appear con-
formable over wide areas in southern Oklahoma may, in

sw (post-Joins Ls ) NE

ViolaLs

McLish
Fm.
L —

Group

Fm.

s HST- Highstand Systems Tract

TST- Transgressive Systems Tract

mfs— maximum flooding surface

LST- Lowstand Systems Tract
(lowstand wedge)

Jolns Ls

Figure 4. Sequence stratigraphic framework of the entire
Simpson Group. The basal Oil Creek sandstone repre-
sents a lowstand wedge accumulation of stacked
shoreface sands. Back-stepping cratonward are
shoreface sands reworked as thinner, widespread, trans-
gressive systems tract deposits of the Qil Creek, McLish,
and Bromide Formations. On the cratonic shelf, these
TST sandstones overlie their respective underlying third-
order sequence boundaries (SB). The TST culminates in
a maximum flooding surface, which is the downlap sur-
face onto which progradational carbonate banks and
minor shoreface siliciclastics were deposited during a
third-order sea-level highstand for each of the Oil Creek,
McLish, and Bromide sequences.
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fact, be sequence boundaries, without violation of the
definition of third-order sequences and their bounding
surfaces, as originally described.

SUMMARY AND CONCLUSIONS

The use of a sequence stratigraphic model assists
in explaining and clarifying the various Simpson Group
sand-body geometries and distributions. Moreover, this
sequence model assists prediction of potential stratigraph-
ic-trap origin and occurrence as well as reservoir-facies
geometry. It is important within this context to bear in mind
that basal Oil Creek sand is not likely to be a continuous
lithostratigraphic unit everywhere. Indeed, this proposed
model suggests that Oil Creek sands of reservoir potential
may consist of both LST and discontinuous TST deposits.

In areas such as Oklahoma, where well control is
highly concentrated on structural features, with little off-
structure well control, it becomes critical (for successful
exploitation of stratigraphic-trap plays) that the deposi-
tional system be identified correctly. Accurate interpre-
tation of the depositional environment is critical to pre-
diction of sand-body geometry, continuity, and internal
heterogeneity. In stratigraphic-trap plays, it is critical
that discontinuous reservoir units not be correlated as
coeval and continuous; they may, in fact, represent dis-
tinct depositional episodes and separate reservoir units
(Posamentier and others, 1992). The benefits of accurate
knowledge of the depositional system and stratal
geometries to secondary-recovery efforts and field
development are obvious. For stratigraphic plays such
as this, close integration of wireline-log petrofacies with
depositional facies, as interpreted from cores, is an
absolute requirement for successful prediction of trap
style, geometry, and distribution.

From our sequence stratigraphic interpretation, we
conclude the following:

o Three third-order sequences—Qil Creek, McLish,
and Bromide—have been identified by well-log correla-
tion within post-Joins Simpson Group strata of southern
Oklahoma.

o Highly productive siliciclastic strata of the Simp-
son Group are interpreted as both lowstand wedge accu-
mulations that fill shelf-proximal areas of the contem-
poraneous basin, and as retrogradational (transgressive)
shoreface complexes on the craton.

» Retrogradational shoreface sands may be discon-
tinuous bodies of high reservoir potential in local strati-
graphic-trap geometry and thus may constitute a signif-
icant, and yet unrecognized, exploration opportunity in
southern Oklahoma.

» Sequence interpretation affords widespread explo-
ration opportunity in sparsely drilled, off-structure
areas, and in areas where seismic data are difficult to
acquire or are of limited resolution.

The application of this sequence stratigraphic
approach to Simpson Group reservoir prediction may
usher in a new era of exploration in the southern Midcon-
tinent. The proposed sequence model is counter to indus-
try dogma that “Simpson reservoirs are productive only
from structural closures.” This well-log-based sequence
stratigraphic model can explain and delineate internal
reservoir heterogeneities, as well as identify off-structure

M. P. Candelaria and others

stratigraphic-trap geometries. Stratigraphic traps within
the Simpson remain largely unexplored and lie waiting
for aggressive operators willing to apply new techniques
in their search for economic quantities of oil and gas from
historically prolific Simpson Group reservoirs.
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Stratigraphy of the Middle to Upper Ordovician
Everton Formation, St. Peter Sandstone,
Joachim Dolomite, and Plattin, Kimmswick, and
Fernvale Limestones (Simpson-Viola Equivalents)
of Northern Arkansas

William W. Craig
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INTRODUCTION

Arkansas strata equivalent to the Oklahoma Simpson
Group are assigned, in ascending order, to the Everton
Formation, St. Peter Sandstone, Joachim Dolomite, and
Plattin Limestone; the overlying Kimmswick and Fern-

vale Limestones of northern Arkansas are broadly -

coeval with the Viola Group (Fig. 1). These strata crop
out in a broad east—west belt across the northern part of
the State. They are best exposed in a much narrower
zone along the drainages of the Buffalo and White
Rivers (Fig. 2), the valleys of which are dissected
120-150 m below the surrounding upland.

The cumulative thickness of these Middle to Upper
Ordovician strata is slightly less than 400 m, but
nowhere is this maximum preserved at a single locality.
The sequence is thickest in the east, but it thins marked-
ly westward through both depositional pinchout and ero-
sional truncation of individual units. In Newton County,
in the west, the entire succession is composed of 90-110
m of the Everton Formation, overlain by an unevenly
distributed Fernvale, 0-7.5 m thick, and a few thin, scat-
tered occurrences of Plattin Limestone. West of Newton
County, the succession passes beneath Carboniferous
strata and remains in the subsurface until it reappears in
eastern Oklahoma. These Arkansas equivalents to the
Hunton-Viola Groups are composed of interbedded car-
bonate and quartz arenite in the lower part of the section
and relatively pure carbonate in the upper part. They
represent deposits that accumulated in alternating shal-
low subtidal and tidal-flat environments.

STRATIGRAPHY
Everton Formation

The Everton Formation is an intergradational com-
plex of limestone, dolomite, and quartz arenite. The
stratigraphy and nomenclature of the unit were estab-

lished by Purdue and Miser (1916), McKnight (1935),
and Suhm (1974). In addition, studies of Everton out-
crops in Newton, Boone, and Carroll Counties by Kuhn
(1984) and Zimmerman (1989) provided the writer with
much of his understanding of the unit. All members of
the Everton contain beds deposited both below and
above low mean tide, but individual members tend to be
characterized by one or the other of these two broad
depositional realms. Following Kuhn’s (1984) distinc-
tion, Everton rocks deposited in subtidal environments
differ from those of tidal-flat origin in that subtidal rocks
are characterized by a greater percentage of grainstone,
commonly oolitic; an absence of mud cracks; rare
quartz-sandy conglomerates with limestone rip-up clasts
(storm deposits); rare fenestral fabric; an absence of per-
vasive dolomitization; abundant interbedded sandstone;
fewer stromatolitic boundstones and cryptalgal lamina-
tions; and a more varied fauna. The wackestone and
mudstone deposited in intertidal and supratidal environ-
ments possess features opposite to these.

The lower member of the Everton, the Sneeds
Dolomite (Fig. 3), is a laterally persistent unit that thick-
ens from 15 m in the west to 25 m in the east along the
courses of the Buffalo and White Rivers (Suhm, 1974).
The Sneeds marks the initial transgression of the Ever-
ton over the eroded surface of the underlying Middle
Ordovician Powell Formation. Following this initial
transgression, the area rapidly aggraded, forming tidal-
flat conditions in which most of the Sneeds accumulat-
ed. Above the Sneeds, Suhm (1974) recognizes two
informal members of interbedded limestone and sand-
stone, which he designates A and B. Member A, which
has a maximum thickness of 25 m, is restricted to the
eastern part of the Buffalo-White River traverse; mem-
ber B, which is as thick as 30 m, is restricted to the west-
ern part. They grade laterally into, and are separated by,
a dolomite that occupies the entire thickness of the Ever-

Craig, W. W., 1997, Stratigraphy of the Middle to Upper Ordovician Everton Formation, St. Peter Sandstone, Joachim
Dolomite, and Plattin, Kimmswick, and Fernvale Limestones (Simpson-Viola equivalents) of northemn Arkansas, in
Johnson, K. S. (ed.), Simpson and Viola Groups in the southern Midcontinent, 1994 symposium: Oklahoma Geo-

logical Survey Circular 99, p. 224-226.
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Figure 1. Correlation of Simpson and Viola Group forma-
tions in Oklahoma with units of equivalent age that crop
out in northern Arkansas. Correlation based on occur-
rence of major conodont groups.

ton between the Sneeds and the upper part of the forma-
tion (Fig. 3). These members represent renewed trans-

gression. North of the traverse, in the drainages of the -

King’s River, Piney Creek, and Crooked Creek, member
B rests unconformably on a greatly thinned Sneeds, or
onlaps the Sneeds and rests directly on the Powell.
Suhm interprets members A and B as products of a dom-
inantly subtidal lagoonal environment that was estab-
lished behind two prominent barrier islands, now repre-
sented by the Newton Sandstone Member in the west
and the slightly older Calico Rock Sandstone Member in
the east (Fig. 3). The Calico Rock has a maximum thick-
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ness of 45 m; it thins and eventually disappears to the
west. The Newton, with a maximum thickness of 40 m,
thins and disappears to the east. These sandstones rest
conformably on members A and B in most places along
the Buffalo-White River traverse, but to the north the
contact between member B and the overlying Newton is
scoured, suggesting transgression of the barrier over the
shallow carbonate bottom of member B.

A widespread unit of interbedded sandstone and
dolomite, which ranges in thickness from 18 to 42 m,
occurs above the Newton Sandstone. Suhm designates this
rock informally as member C and interprets it as a deposit
of a chenier plain that accumulated above the transgressive
Newton. The lithic character of member C dolomites
leaves little doubt that much of the unit was deposited
under subaerial influence. Apparently, exposure of parts of
the surface was prolonged enough at times to allow incip-
ient soil development, because Zimmerman (1989) reports
the presence at several levels of calcitans, grain and chan-
nel cutans, glaebules, and circumgranular cracks.

The uppermost member of the Everton is the Jasper
Limestone, which has a varied faunal and lithic character
indicating accumulation under open subtidal conditions.
The Jasper ranges from 15 to 30 m thick, rests conformably
on member C, and represents the last transgressive phase of
Everton deposition.

Supra-Everton Formations

A synopsis of the stratigraphic and depositional
frameworks of the supra-Everton Simpson and Viola
Groups is provided in Craig (1991). Only a brief account
of these strata is given here.

The St. Peter Sandstone ranges from O to 60 m thick
across northern Arkansas. It is a supermature quartz are-
nite that is identical to, and indistinguishable from, the
Newton, Calico Rock, and other quartz sandstones of the
Everton Formation. The unit represents a major transgres-
sion and rests everywhere with unconformity on the Ever-
ton. Directly following the transgression, deposition of the
Joachim Dolomite began, rapidly aggrading nearshore
parts of the sandy shelf to form a broad tidal flat. The tran-
sition from the St. Peter to the Joachim is gradational. The
basal Joachim is shallow subtidal to low intertidal in ori-
gin. Above its basal few meters, the Joachim is dominated
by stromatolitic, mud-cracked dolomudstone and dolo-
grainstone, interpreted as intertidal to supratidal in origin.
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Figure 2. General outcrop area of Simpson-age rocks in northern Arkansas.
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Figure 3. Everton Formation stratigraphy along drainages
of the Buffalo and White Rivers, from near Jasper to
Mountain View, northern Arkansas (modified from Suhm,
1974).

The maximum thickness of the Joachim in northem
Arkansas is in Izard County, where it is 45 m thick. It thins
to the west and is known only from scattered outcrops
west of western Stone County.

The Plattin Limestone attains a maximum thickness of
75 m just north of Batesville, Independence County. It
thins to the west and occurs only as thin, isolated outcrops
in eastern Newton County. The Plattin is dominated by
interbedded millimeter-scale laminations of lime mud-
stone and peloidal packstone/grainstone. Mud cracks,
fenestral fabric, and calcite pseudomorphs after evapo-
rites are common. These characteristics identify the bulk
of the Plattin as a product of supratidal conditions. The
base of the limestone in eastern exposures contains a mol-
lusk wackestone of low faunal diversity, suggesting sub-
tidal influence. A somewhat more diverse Tetradium
fauna occurs near the top of the Plattin, marking a short-
lived marine incursion late in the deposition of the unit.

Above the Plattin is the Kimmswick Limestone, a
bioturbated skeletal wackestone, packstone, and poorly
washed grainstone with a diversified fauna. The overly-
ing Fernvale is a thick-bedded, commonly cross-bedded,
coarse-grained crinozoan grainstone. Both of these
Viola Group equivalents are of shallow subtidal origin.

W. W. Craig

Controversy exists regarding the interpretation of
formational contacts in this succession of strata, partic-
ularly those between the supra-Everton units. Although
these contacts are essentially without relief, several lines
of evidence suggest that most of them are uncon-
formable (see Craig, 1991, for more details).

Individual formations of the Arkansas equivalents of
the Simpson—Viola Group thin to the west by loss of
both upper and lower strata, suggesting that both depo-
sitional pinchout and erosional truncation occur in this
direction. This indicates the presence of a persistent
structural high in northwestern Arkansas during deposi-
tion of these strata. This feature has been termed the
South Ozark arch by Suhm (1997), who interprets it as
an extension of the Ozark dome. A westward increase in
the detrital content, especially mature quartz sand, by
supra-Everton strata supports this conclusion.

CORRELATION

The general type region for formations of the Okla-
homa Simpson and Viola Groups is in the Arbuckle
Mountains, where the record for rocks of this age is
much more complete than in northern Arkansas.
Detailed correlation between the thicker sections in
Oklahoma and the thinner, less-complete strata of this
age in Arkansas is unclear. The general age equivalency
between Arkansas and Oklahoma units shown in Figure
1 is based on conodonts.
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Seismic Evidence of the Development of Abrupt
Sedimentary Buildups in the Simpson Group
of the Marietta Embayment, Oklahoma

Gary L. Garner
Garner Resources, Inc.
Oklahoma City, Oklahoma

ABSTRACT.—The Marietta Simpson embayment of southern Oklahoma is a starved, shallow subbasin of the
larger Ardmore basin and northeastern Oklahoma Simpson depocenters. The Simpson Group of the Marietta
embayment is characterized by regional deposition of thinly interbedded marine shales and limestones. Dramatic
new seismic evidence from the Marietta embayment suggests the development of local steep-flanked sedimen-
tary buildups of up to 800 ft of gross thickness. Some buildups are over 0.5 mi wide and 1 mi long. Accurately
detailed interval-velocity analysis derived from seismic data shows 15,200-15,700 ft/sec off-anomaly velocities
across an interval from the top of the McLish limestone to the top of the Oil Creek limestone. Measured seismic
velocities for the same interval through the anomalies range on average 14,200-14,600 ft/sec. The seismic char-
acter in the anomalies is generally “massive” in appearance and void of continuous reflections, with steeply dip-
ping reflection events on their flanks. Drill-cutting sample studies of nearby wells provide no evidence of appre-
ciable sand or oolites in the off-anomaly normal section. Considerable fossil material, including unidentified tab-
ulate corals, however, is found in the samples. A well drilled very close to one of the anomalies encountered sev-
eral zones of loosely consolidated limestone and fossil “hash” within the Qil Creek shale. It is believed that the
observed seismic velocities could be the result of an anomalous buildup of cleaner shales, but such an environ-
ment of deposition, and subsequent diagenetic history (especially shale-compaction amounts) cannot be easily
explained. It also is believed that the anomalies are possibly noncompactable “reef’ material with very high
porosities (12%-15% by conversion of the measured velocities to average porosities). Such reef thicknesses
could measure 170-600 ft of buildup. Numerous Middle Ordovician Chazyan to Black Riveran reefs occur in
outcrops in New York and Virginia. These measure a few tens of feet to over 800 ft in thickness. The existence
of reefs in the subsurface Simpson of the Midcontinent region would be a new and potentially highly economic
exploration target. Subsurface anomalies of indeterminate origin and diagenetic history such as these must be
tested if we are to find substantial new oil and gas reserves from our current exploration in mature oil provinces.

INTRODUCTION

The current study covers a small area (approximate-
ly 50 mi®) in the northeastern part of central Jefferson
County, Oklahoma. It lies at the northwest end of the
Marietta basin, approximately 15 mi southwest of the
Healdton field. Few studies of this area have been pub-
lished, and therefore most of the observations in this
study are conclusions of the author. The purpose of this
paper is to offer evidence of an entirely new, and poten-
tially major, oil and/or gas play in the Simpson Group.
It represents a “frontier”-type petroleum objective in a
mature basin, which has not been drilled or described
previously. A multidiscipline approach has been utilized,
including the study of well data, drill cuttings, seismic
character, and velocity.

GENERAL GEOLOGY

The study area is in a regional pre-Pennsylvanian,
northwest-trending graben that has preserved an early

Paleozoic rock section dipping steeply to the southeast
into the Marietta basin. Arbuckle Group rocks subcrop
beneath the pre-Pennsylvanian unconformity to the
north and west of the area, and Viola and Simpson
Group rocks are preserved within the graben. A broad,
southeast-plunging anticline is expressed at the pre-
Pennsylvanian unconformity inside the graben bound-
aries. The anticline is more pronounced at the base of
the Viola, with attendant thinning of the strata from the
base of the Viola to the McLish (Fig. 1). This, plus
numerous normal faults isolated in the Simpson, indi-
cates gentle structural growth during Simpson Group
deposition. This structure was mostly obliterated when
the Viola unconformity developed. Major movement
occurred on the graben-bounding faults during pre-
Pennsylvanian erosion, and the area was tilted to the
southeast during Pennsylvanian deposition.

Much of the Simpson faulting is early Oil Creek in
age, but some faulting continued from early Oil Creek

Garner, G. L., 1997, Seismic evidence of the development of abrupt sedimentary buildups in the Simpson Group of the
Marietta embayment, Oklahoma, in Johnson, K. S. (ed.}, Simpson and Viola Groups in the southern Midcontinent,
1994 symposium: Oklahoma Geological Survey Circular 99, p. 227-234.
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time in the southeast through late Simpson time in the
northwest. Separate, late Simpson-age faulting intersects
this growth-fault system. Structure and isopach maps,
derived from seismic data, show the existence of local
Simpson “thick” anomalies along the early Oil
Creek—age faults (Fig. 2). These anomalies appear to
have developed at a specific fault “paleo-elevation”
between the 300- to 400-ft base of Viola to McLish
isopach. It is on a less steep flank of the anticline, and,
with the faulting, the proper water depth to initiate
buildup seems to have developed only in this limited
area. With fewer than 10 deeper Simpson well penetra-
tions in the region, none of the anomalies has been test-
ed. The depth to the Simpson ranges from approximate-

G. L. Garner

ly 5,000 ft in the northwest to approximately 7,000 ft in
the southeast. Simpson thicknesses range in wells from
approximately 1,300 ft in the northwest to over 1,500 ft
in the southeast. Seismic data indicate that as much as
one-third of the section is lost by thinning along the axis
of the Simpson-age plunging anticline, which is central
to the area.

The Viola has not been studied in any detail during
this investigation. Oil production in the area is from the
Viola, however, and is stratigraphically controlled. The
Viola thins slightly and drapes over the deeper Simpson
anomalies. Seismic line A (Fig. 3), adjacent to the crest of
one of the features, shows approximately 60 ft of Viola
relief to the northeast in 800 ft, or about a 4.5° dip, and
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Figure 1. Isopach map of strata from the base of the Viola to the McLish within a pre-Pennsylva-
nian graben, showing Simpson anticline highly faulted with numerous Oil Creek—age normal faults.
Shaded area denotes the location of multiple Simpson “buildups” on the less steep flank of the anti-
cline, between the 300- and 400-ft contours and along the upthrown side of several of the Oil

Creek—age faults.
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Figure 2. Isopach map showing gross thickness (in feet) of Simpson sedimentary buildup. Several pertinent seismic

lines (A, B, and C) are shown also.

shows approximately 120 ft of Viola relief to the south-
west in about 1,200 ft, or about a 6° dip. This Viola relief
should be greater at the actual apex of the feature, since
seismic line A has recorded “‘sideswipe” from the feature.

SIMPSON STRATIGRAPHY

The only comprehensive Simpson lithofacies and
isopach mapping in this area was published by Martin
Schramm (1964). In that paper, the Simpson of this area
is placed in the Marietta embayment with low-relief sep-
aration from the Ardmore basin and northeastern shelf
of Oklahoma. This area was a quiet, shallow southwest-
ern subbasin of the greater Simpson epicontinental sea.
It received fewer coarse clastics and much more lime-
stone deposition, owing to its relative isolation from
sandstone sources. Its relationship to the ancestral
Muenster arch nearby has not been clearly understood or
considered by Schramm, or by others.

The Simpson of the Marietta embayment is primarily
a sequence of thinly interbedded, fine- to medium-crys-
talline limestones and marine shales. In the study area, the
sequence thins abruptly to the northwest, affecting the
thickness and character of the McLish limestone and the
upper Oil Creek limestone below it in the approximate
middle of the sequence (see sonic and synthetic seismo-
gram of Fig. 3). This, in turn, has affected the seismic
response. The upper Oil Creek limestone unit becomes
broken and more interbedded with shales downdip, and as
the entire sequence thins updip, it becomes less distin-
guishable on seismic records. The lower or basal Oil
Creek limestone is present everywhere and produces an

excellent area-wide high-amplitude seismic reflection.

Well-sample studies have revealed that the area has
very sparse sand-sized grains and very few oolites,
either embedded in the shales or in the limestone
interbeds. An abundant fossil population does exist,
-however, embedded in the shales and in the limestone
units. This consists mostly of large ostracodes and smail
echinoderms, brachiopods, and pelecypods, and uniden-
tified isolated tabulate corals.

SEISMIC ANOMALIES

Approximately 35 mi of excellent-quality CMP seis-
mic data in 7 lines has been utilized in the study. All the
seismic anomalies appear similar, and the same analysis
was made of most of the lines independently, with the
same results. Discussion of seismic characteristics of
one, therefore, will apply to the others.

The westernmost anomaly is characterized on line A
by a buildup or thickening starting at least 60-120 ft
above the basal Oil Creek limestone, and continues high-
er into the Simpson until it appears to be near the Viola
(Trenton) unconformity. The McLish limestone reflection
in the approximate middle of the Simpson section disap-
pears through the anomaly, and dips steeply away on the
flanks. Along the north axial plunge of the anomaly, the
McLish limestone reflection on line B is unbroken and
exhibits up to 170 ft of relief over the feature (Fig. 4). An
isochron from the Viola to the basal Oil Creek limestone
exhibits 15 msec seismic thickening on line A, and 30
msec on line B. Other anomalies are similar in thickness
1o that of line B. Because of the carbonate and shale envi-
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ing offsets. The technique is not widely utilized as an

ronment and the geometry of the buildup, the anomaly is
best explained as an organic carbonate buildup (“reef”) in

the section. Seismic modeling supports a carbonate
buildup interpretation, but a seismic model of an entirely

“shale” buildup does not match the seismic data.

interpretation aid by most geophysicists, however. Well
logs in the study area were converted to velocities for
synthetic seismic construction, and were used for reflec-
tion identification and model studies. Seismic-interval

velocities were computed on nearby seismic data from
Viola to McLish, and McLish to basal Oil Creek lime-

DETAILED SEISMIC-VELOCITY ANALYSIS

stone, for velocity comparison to well interval veloci-

Seismic-velocity measurements have been effective

in separating lateral velocity variations in most basins

ties. The result was a generally good match to the well

velocities over the same intervals.

worldwide. These measurements are especially accurate

A detailed velocity analysis of one of the anomalies
was conducted on line B where the McLish was continu-

over several hundreds of interval feet in areas of good

seismic data and given long source-to-receiver record-
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ous, and because the data were recorded with 6,600-ft off-
sets and high common midpoint (CMP) fold (up to 18,
average 15). Although the anomaly appeared to be maxi-
mum on line A, that line was not conducive for reflecting
accurate velocity measurements for several reasons. The
maximum recording offsets were only 2,600 ft, the
McLish limestone was not continuous over the feature,
and it has recorded a “sideswipe” response with complex
ray-path geometry even though the data quality is excel-
lent. Velocity spectra (Fig. 4) were computed every 10
CMPs and plotted with 100-ft/sec velocity increments for
line B. These were computed after residual normal move-
out (NMO) and residual time-variant (TV) static calcula-
tion, and short automatic gain control (AGC). A narrow
velocity search window and short stepdown were utilized
in order to maximize accuracy, and the results were stable
and considered good. It is believed that velocity picks can
be made to within approximately 50 ft/sec.

RESULTS

The velocity study clearly establishes slower veloci-
ties through the anomaly in the range of 14,200-14,600
ft/sec from the McLish limestone to the basal Oil Creek
limestone. The same off-anomaly interval includes up to
200 ft of dense McL.ish limestones plus an approximately
50% carbonate/shale ratio. Clean Simpson shale veloci-
ties range from 12,500 to 13,000 ft/sec. This results in off-
anomaly velocities over the same interval of approxi-
mately 15,200-15,700 ft/sec in control wells and seismic
records. The seismic time section of Figure 4 was con-
verted to seismic depth (Fig. 5) by using the measured
seismic velocities. This revealed the off-anomaly interval
to be approximately 500 ft thick, and the equivalent
anomaly interval to be approximately 750 ft thick.
Approximately 100 ft of lower Oil Creek shale is needed
beneath the anomaly to provide a consistent reflection
from the basal Oil Creek limestone. That leaves approxi-
mately 600 ft of anomalous buildup to the base of a thin-
ner McLish limestone. At the apex of the anomaly (line
A), the McLish apparently is not present, and the anom-
aly thickness possibly continued to build to near the top
of the Simpson for a total of approximately 800 ft.

The anomaly velocities are not typical of normal
porous reef velocities. They are more typical of either
lessened carbonate in the predominantly shale sequence
or of a silt or sand clastic buildup. Depending on the car-
bonate matrix velocity used, however, a carbonate
buildup with an average 12%-15% porosity will convert
by calculation to these velocities. All characteristics of
the anomalies must be considered for a satisfactory
explanation of the feature, and not just the velocity infor-
mation. These characteristics are summarized below.

Seismic Character

The internal seismic character of the anomaly gener-
ally is devoid of continuous seismic reflections, making
it more massive in nature on all lines. Interbedded sands
or siltstones with cleaner shale would result in numerous
and more consistent reflecting events. There is undoubt-
edly some internal bedding or “hard” streaks, as seen on
line B at 1.1 sec from SP 280-285. These are not correl-
ative from line to line, however, and also may be the

G. L. Garner

result of inaccurate 2-D migration from very steep
flanks. The overall anomaly appearance, however, is
heterogeneous and poorly bedded.

Geometry

The anomalies are subcircular to oval and cover
200-500 acres. All are more or less symmetrical in cross
section, with very steep flanks, possibly approaching
60°-70°.

Structure Influence

All anomalies identified so far are on and along the
upthrown side of earliest Oil Creek (Chazyan)-age
faults. This is evidenced by clear seismic displacement
of the basal Oil Creek limestone on one or more sides of
an anomaly, and no apparent displacement above or
through it. This is indicative of a positive sea floor at or
near a similar water depth under each anomaly. The
westernmost anomaly crosses its west-bounding fault to
the low side and into the small graben on line B. Region-
al southeast dip in this area is steep, however, and rapid
loss of proper water depth may have forced that anom-
aly to continue development into the graben area.

Differential Compaction

Some of the strongest evidence for reef development,
rather than shale with a lesser carbonate component, is
exemplified by compaction beneath the dense, area-wide
McLish limestone. Since it is present throughout the area
with more or less uniform thickness, it can be assumed to
have been deposited in a more or less slightly starved time-
synchronous period over the region. The McLish limestone
has approximately 170 ft of relief in 600 ft for an approxi-
mate slope of 17° on both sides of the anomaly on line B.
Upper Simpson units thin above and lap onto the McLish
surface. Although probable, there is no direct evidence of
how much McLish limestone thinning may have occurred.
The anomaly beneath this McLish structure rests on a neg-
ative tectonic structure (a graben) at the basal Oil Creek
limestone level. Assuming that all of the McLish relief is the
result of compaction of the off-anomaly shales and little or
no compaction of the anomaly rocks, the degree of com-
paction would amount to approximately 25% of original
off-anomaly thickness. That would be consistent with
known marine-shale compaction amounts with limestone
interbedding. This would mean that the original off-anom-
aly shale thicknesses for the same interval amounted to
approximately 670 ft at the end of more or less uniform
McLish deposition. After compaction, this amounted to 500
ft of off-anomaly shale thickness and 170 ft of McLish
drape currently over 600 ft of anomalous rocks. A purely
shale anomaly would require twice the shale thickness in the
anomaly before compaction in comparison to the same off-
anomaly interval. It would have had to be deposited in a
growing depression, then elevated 170 ft locally to give the
McLish limestone its current relief. This would have had to
occur across local positive- and negative-structure elements.
Such a geologic history would be highly improbable.

Prograding Sedimentation

One of the most compelling reasons not to believe
the existence of a massive reef buildup in this area is that
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no well has established an energy-rich environment so
necessary to initiate and sustain reef growth. Line B
shows clearly a prograding depositional pattern in the
Simpson above the basal Oil Creek limestone near the
base of, and progressing into, the anomalous interval.
This is indicative of a locally higher energy environment
at the approximate time of initiation of the anomalous
buildup. The progradation is from the southwest, and at
this location is approximately 4 or 5 mi from the axis of
the current Muenster arch.

Well Evidence

A well was drilled very close to one of the anomalies,
and encountered severe deviation problems. No similar
deviation problems were encountered or reported from
other Simpson wells in the area. The overall Simpson
section of the deviated well was similar to the other
wells in all respects, including numerous thin correlat-
able marker limestones. Deviation began in the middle
of the Viola, and despite many different drilling tech-
niques used in an attempt to correct the problem, it per-
sisted until steering tools were used to bring it into com-
pliance. The generally normal Simpson section of this
well precludes any chaotic thrusted steep dips. Steeper
dips than normal must be present, however, and they
indicate that the well was drilled on the flank of “some-
thing” structurally anomalous. The lower part of the
same well bore evidenced anomalous rock characteris-
tics in samples. Most fossil material from other Simpson
wells in the area normally consists of “embedded”
whole or fragmented skeletal remains in the clean shales
and consolidated limestone interbeds. This well encoun-
tered considerable loosely compacted limestone and fos-
sil “hash.” This detrital “hash” is similar to descriptions

G. L. Garner

of Middle Ordovician Chazyan to Black Riveran reefs
and reef flanks in New York and Virginia (Finks and
Toomey, 1969; Read, 1982). Those outcropping reefs
built up from a few tens to over 800 ft in thickness.

CONCLUSIONS

There is no doubt that abrupt, steep-flanked, anom-
alous sedimentary buildups occur in the Simpson Group
in this study area. Most of the evidence resulting from
this study has led to the author’s conclusion that the
buildups are organic and reefal in nature, and not com-
posed of sand, silt, oolite, or shale clastics. Given that
this is true, seismic-velocity studies indicate that the
reefs must be very porous.

The possible existence of very thick and porous reefs
in the Simpson Group in the Midcontinent provides a
potentially important new petroleum reservoir of major
proportions. It represents a “frontier” oil play in a
mature basin environment, and it is this type of play that
must and will be tested in the search for new oil and gas
resources as fewer reserves continue to be established.
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Wettability Alterations in Reservoir Rocks
from Polar Constituents in Crude Oil

Anuj Gupta
University of Oklahoma
Norman, Oklahoma

ABSTRACT.—Improving oil production from a reservoir depends on a thorough understanding of the in-situ
wettability, which is controlled by the interaction between the reservoir fluids and the reservoir matrix. This paper
presents a new method that utilizes thin-film ellipsometry for determining the wettability of a system and for
detecting wettability alterations on contact with crude oils or other surface-active chemicals. Surface-active chem-
icals, when present in aqueous phase or in oleic phase, tend to alter the electrical double-layer forces and desta-
bilize the brine film. This allows the oleic phase to contact the mineral surface and possibly alter the surface wet-
tability. The effect of brine composition, pH, oil-phase composition, and contact time on the wettability of vari-
ous substrates was studied. The profiles and the film-thickness variations measured after an initial short contact
with the oil phase are presented for various crude-oil/brine/mineral systems. The results are, in general, consistent
with the predictions of computed isotherms for this system and with the published results of an adhesion map.

INTRODUCTION

Oil production from a reservoir, and, in general, mul-
tiphase flow in a porous medium, are dependent on the
in-situ wettability, which is controlled by the interaction
between the reservoir fluids and the reservoir matrix.
Many researchers now believe that most hydrocarbon
reservoir rocks were water-wet to begin with. As hydro-
carbons invaded such rocks, the larger pores were dis-
placed first, followed by the smaller pores. An aqueous
film initially existed in the pore space and prevented the
contact of pore walls with oil. Some of the rock surfaces
may have been exposed to the crude oil over geologic
time. Based on the relative strengths of oil/rock and
brine/rock interactions, one of the following could
occur. In very strongly water-wet rocks, where the brine
films remain stable and where diffusion is not signifi-
cant, the rock surface remains water-wet. In cases where
the film destabilizes, the surface may still remain water-
wet if the crude-oil components do not interact with the
rock surface. When the film is unstable and some of the
oil components can adsorb on the rock surface, the
exposed surface will become oil-wet. The extent of wet-
tability alteration will depend on the rock-pore topology
and the applied capillary pressure. In extreme cases, all
the pores may turn oil-wet. In less extreme cases, a so-
called “mixed-wet” porous medium may result, wherein
the larger pores are oil-wet and the smaller pores are
water-wet. In recent years, many reservoirs have exhib-
ited such mixed-wet behavior. The prediction of dis-
placement efficiency in such reservoirs is complicated
by the fact that the wettability in such media is a
nonunique function of in-situ saturations.

It is the objective of this study to identify conditions
under which the wetting film is destabilized and wetta-
bility alteration occurs. This study secks to provide a
better understanding of the mechanisms leading to the
generation of mixed wettability states in reservoir rocks.

Many researchers have shown that surface-active
chemicals, when present in aqueous phase or in oleic
phase, can drastically alter the aqueous-film stability
and wettability behavior of a mineral/brine/oil system. A
surfactant added to the aqueous phase would seem to
have a more immediate effect on the behavior of an orig-
inally water-wet surface. However, surfactants in the
oleic phase can have an equally important effect. For
instance, surfactants in the oil phase tend to concentrate
near the oil/brine interface and very often alter the
charge-potential behavior at the oil/water interface.
This, in turn, could alter the electrical double-layer
forces and destabilize the brine film. The above demon-
strates that the surfactants in the oleic phase could trig-
ger brine-film rupture. This would allow the oleic phase
to contact the mineral surface and possibly alter the sur-
face wettability.

Brine films are very important for maintaining the
continuity of the wetting aqueous phase. Important wet-
tability changes may result if the brine film ruptures.
This phenomenon is investigated experimentally in our
work, as described in a separate publication (Gupta and
Sharma, 1992a,b).

Thin-film studies are a means to enhance the under-
standing of wettability, since the wettability of a surface
by a fluid is intimately linked with the stability of thin
fluid films on the surface. For example, brine films are

Gupta, Anuj, 1997, Wettability alterations in reservoir rocks from polar constituents in crude oil, in Johnson, K. S. (ed.),
Simpson and Viola Groups in the southern Midcontinent, 1994 symposium: Oklahoma Geological Survey Circular

99, p. 235-237.
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Figure 1. Initial film variation, indicating a bulk brine fiim in a
glass/brine/hexadecane system for 0.01 M NaCl brine at pH ~2.25.
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Figure 2. X-direction profile and time variation after 24-hr contact of
Moutray crude oil with glass, showing oil film in glass/brine/Moutray
crude-oil system for 0.01 M NaCl brine at pH = 4.5.
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Figure 3. Disjoining pressure isotherms for brine films between silica
and Moutray crude oil, computed by using charge-regulation model.
Brine concentration = 0.01 M NaCl.

very important for maintaining the conti-
nuity of the wetting aqueous phase in
hydrocarbon reservoir rocks, and impor-
tant wettability changes may result if the
brine film ruptures.

A new method is presented that utilizes
thin-film ellipsometry for determining the
wettability of a system and for detecting
wettability alterations on contact with sur-
face-active chemicals present in crude oils
such as asphaltenes and resins. Surface-
active chemicals, when present in aqueous
phase or in oleic phase, tend to alter the
electrical double-layer forces and destabi-
lize the brine film. This allows the oleic
phase to contact the mineral surface and
possibly alter the surface wettability.

FILM-STABILITY TESTS FOR
BRINE FILM IN A
GLASS/BRINE/OIL SYSTEM

The objective of our study is to identi-
fy the conditions under which the wetting
brine films rupture in a glass/brine/oil sys-
tem. A water-wet substrate will exhibit
only brine films, and such measurements
will follow a characteristic curve corre-
sponding to the aqueous film; also, an oil-
wet surface will exhibit hydrocarbon films
when contacted with the bulk hydrocarbon
phase, and such measurements will follow
a characteristic curve corresponding to
hydrocarbon film. Figures 1 and 2 show
such crossplots for a brine film (n = 1.333)
and a hexadecane film (n = 1.4412). As is
clear from these plots, brine films can be
distinguished from hexadecane films by
taking a series of measurements. This pro-
cedure allows a very specific distinction
between water-wet and oil-wet surfaces.

The glass substrate, the porous disc,
and the cell and tubing were cleaned in
order to remove any surface contamina-
tion. This ensured a film-free top surface.
The water-wetness of the film surface was
verified by taking a series of readings at
different spots on the film surface. When
the surface was truly water-wet and clean,
the readings followed the brine W-A
crossplot. When the readings indicated a
dirty surface or an oil-wet surface, the
experiment was terminated and the clean-
ing procedure was repeated.

After verifying the cleanliness of the
film surface, the hydrocarbon phase was
introduced into the film cell. The oil reser-
voir was raised until the top of the oil
phase was at the film level and oil replaced
air as the nonwetting phase. Oil was
allowed to press against the substrate sur-
face for a time, ranging from a few min-
utes to several hours. At the end of this
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TABLE 1.—SUMMARY OF FILM-STABILITY TESTS

NW Cigs Moutray
Stearic crude
w Cie acid oil
0.01 M Na(Cl,
low pH U 18} 8}
Med. pH S U S
High pH S U S
0.005 M NaCl,
+ CTAB
Below CMC U
Above CMC S

Note: S = stable aqueous film; U = unstable aqueous film.

period, the oil reservoir was lowered, causing the oil
phase to retreat and introducing an air bubble against the
substrate. W and A were again measured for the film at
various points on the surface. When the film thickness
was varying at a point, a series of measurements was
taken to follow the film thickness and to characterize the
wetting behavior of the surface. On the basis of whether
the W—-A at the end of the test followed a brine-film
crossplot or an oil-film crossplot, the wettability of the
substrate could be established.

These experiments allowed us to study the effect of
brine composition, pH, oil-phase composition, and con-
tact time on the wettability of various substrates.

RESULTS, OBSERVATIONS,
AND CONCLUSIONS

The profiles and the film-thickness variations mea-
sured after an initial short contact with the oil phase are
presented for various crude-oil/brine/mineral systems.
Samples of experimental measurements and theoretical
disjoining isotherms are presented in Figures 1 through
3, and in Table 1. The results are, in general, consistent
with the predictions of computed isotherms for this sys-
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tem and the published results of an adhesion map pre-
sented by Buckley and others (1987). It is concluded that
the proposed procedure of thin-film-stability analysis by
using ellipsometry provides a more fundamental and spe-
cific distinction between water-wet and oil-wet surfaces
than is achievable with contact angle measurements.

Applications

This paper presents a powerful tool for identifying
reservoir conditions under which wettability alteration
takes place. By using this method, the effect of drilling,
completion, stimulation, and EOR fluids on in-situ reser-
voir wettability can be studied conveniently. A knowledge
of in-situ wettability, in turn, is needed for an accurate
description and modeling of multiphase displacements.

Technical Contribution

1. A method has been developed for determining
microscopic reservoir wettability with greater reliability
and flexibility than is possible with contact angle mea-
surements.

2. This work enhances the understanding of wettabil-
ity and the mechanisms leading to the generation of
mixed wettability states in reservoir rocks.

3. This procedure allows a specific distinction
between water-wet and oil-wet surfaces.
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Hydrocarbon Microseepage Signature of the
Clarita Prospect, Coal County, Oklahoma

Daniel C. Hitzman and Brooks A. Rountree
Geo-Microbial Technologies, Inc.
Ochelata, Oklahoma

ABSTRACT.—In 1990, a reconnaissance surface geochemical survey using the Microbial Oil Survey Tech-
nique (M.0.S.T.) evaluated approximately 2 mi® of the Clarita prospect, Coal County, Oklahoma, sec. 25, T. 1
N.,R. 8 E., and successfully predicted a discovery well and warned against drilling an offset dry hole. The fault-
ed anticline reservoir was first drilled in 1991, in an area that demonstrated strong hydrocarbon microseepage
indicative of a producing reservoir. A second well was drilled in an area of promising structure, but with a low
hydrocarbon microseepage signature. The second well was dry.

The M.O.S.T. method selectively measures specific microorganisms found in shallow soil samples. Micro-
bial population anomalies are mapped as hydrocarbon microseepage signatures that are indicative of buried
teservoirs of both oil and gas. As first developed by Phillips Petroleum Company, M.O.S.T. is used to enhance
prospect evaluations and pinpoint exploration leads. M.O.S.T. has been utilized for almost every environment,
geologic province, and reservoir location, such as Oklahoma’s Viola-Simpson play, with successful results.

Fifty-three M.O.S.T. samples targeted the Clarita prospect drill site and were compared to two other M.O.S.T.
surveys conducted the same day in Coal and Hughes Counties. The Clarita microbial results defined a strong
microseepage signature that correlated with a seismic interpretation. Microbial results successfully predicted the

outcome of the No. 1 Clarita well, which produced a combined 150 barrels of oil per day after completion.

INTRODUCTION

The Microbial Oil Survey Technique (M.O.S.T.) is
based on the presence of hydrocarbon microseeps leak-
ing from buried reservoirs. The microseeps are detected
by observing concentrations and distributions of hydro-
carbon-indicating microorganisms found in shallow
soils. More specifically, when the upward-migrating
hydrocarbon gases from hydrocarbon reservoirs enter
the shallow soil environment they are utilized by a spe-
cific group of microorganisms. There is a direct, positive
relationship between the hydrocarbon concentrations in
the soils and these microbial populations. This relation-
ship between increased hydrocarbon concentrations and
increased hydrocarbon-indicating microorganism popu-
lations is easily measurable and distinctly reproducible
(Beghtel and others, 1987). High microbial-population
distributions are therefore reliable indicators of hydro-
carbon-gas migration (Pareja Lopez and others, 1993).

The specific microorganism populations are mea-
sured from shallow soil samples collected from depths
between 6 and 8 in. The soils are analyzed by microbio-
logical screening techniques for hydrocarbon-indicating
microbes (Hitzman, and others, 1994). The process used
in this survey screened for only those microorganisms
that indicate the presence of light hydrocarbons, partic-
ularly butane.

Sample patterns and sample density are selected to
best define the hydrocarbon potential of the target area,

subject to considerations of terrain and accessibility.
Reconnaissance and more detailed surveys of acreage or
prospects may be completed in this manner. The predic-
tive value of this technology has been demonstrated by
extensive field surveys. Microbial surveys are highly
effective when used in conjunction with geological and
geophysical data.

MICROBIAL EXPLORATION FOR
THE CLARITA PROSPECT

Microbial surveys both confirm and deny the presence
of commercial hydrocarbons. In 1990, a reconnaissance
microbial survey defined the microseepage signature over
an approximately 2-mi’ area of the Clarita prospect. Fifty-
three shallow soil samples were collected every 530 ft in a
pattern of four intersecting traverses. Six samples were
collected to evaluate the signature of an older nearby oil
and gas field. Most of the samples evaluated a seismic
structure and its potential for hydrocarbons (Fig. 1).

The highest grouping of microbial samples pinpoint-
ed a locality almost exactly where the No. 1 Clarita well
was staked. Microbial results predicted this to be a suc-
cessful well and pointed to more hydrocarbon
microseepage to the northeast. The No. 2 Clarita dry
hole was drilled to the northwest in an area showing a
lower microbial signature. As expected, the older,
unpressured field to the west showed an even lower
microseepage signature (Fig. 2).

Hitzman, D. C.; and Rountree, B. A., 1997, Hydrocarbon microseepage signature of the Clarita prospect, Coal County,
Oklahoma, inJohnson, K. S. (ed.), Simpson and Viola Groups in the southern Midcontinent, 1994 symposium: Okla-

homa Geological Survey Circular 99, p. 238-240.
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A microbial lineplot shows the contrast
between high and low samples near the
drill sites and earlier dry holes. These data
can be directly compared to seismic pro-
files for comparison of structures and
faults, and their microseepage potential
(Fig. 3).

Clarita Discovery

The stratigraphic section in the part of
Coal County, Oklahoma, where the Clarita
prospect was tested consists of approxi-
mately 6,000 ft of sedimentary rocks. The
Simpson strata targeted for this prospect
produce oil and gas from the Oil Creek and
McLish sandstones of Middle Ordovician
age. Based on log studies and seismic data,
the Clarita prospect was described as a
faulted anticline with a closure of nearly
300 ft, according to Quitman Winters (per-
sonal communication, 1991).

In 1992, Tierra Petroleum drilled the
No. 1 Clarita to a total depth of 6,217 ft.
Qil was initially pumped from the McLish
(5,936-5,965 ft) at a rate of 120 barrels of
oil per day (BOPD) and from the Oil Creek
(6,215-6,217 ft) at 30 BOPD. Following
that success, the No. 2 Clarita was drilled
approximately 1,320 ft northwest of the
No. 1 location. The No. 2 ran 30 ft low and
was pronounced a dry hole.

Prospect Comparisons

The Clarita prospect was one of three
prospects sampled and ranked according to
their probable successes. Different sam-
pling patterns were utilized for each area,
but collection and laboratory procedures
were identical. Of the three prospects, the
Clarita demonstrated the strongest and best
defined microbial signature (Fig. 4). On
the basis of a frequency-distribution analy-
sis of the sample sets, the Clarita prospect
shows a distribution with a right-hand
skewness and high values—both indica-
tive of commercial production.

CONCLUSIONS

Simpson-Viola targets in Oklahoma
that are similar to the Clarita prospect can
be screened and more fully defined by
their microseepage signatures as measured
by microbial surveys. The integration of
surface geochemical studies with geologi-
cal and geophysical studies will improve
oil and gas predictions.
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Tobosa Basin Karsting in Trans-Pecos Texas

David V. LeMone

University of Texas at El Paso
El Paso, Texas

ABSTRACT.—Exceptional surface analogs of karsting have been observed in carbonates in the Franklin Moun-
tains of trans-Pecos Texas. These carbonates are related to the early Paleozoic Tobosa basin. Karst features are
observed at the top of the Lower Ordovician El Paso Group and the Silurian Fusselman Formation. Karsting
extends down to 1,000 ft in the El Paso Group in well-developed caverns and sinkholes. This unit, to the east in
the Permian basin of west Texas, is overlain by Simpson Group equivalents, which may act either as a seal or as
a source. Ellenburger (Upper Cambrian-Lower Ordovician) production from 426 fields is greater than 1.5 billion
barrels of oil and 11 trillion cubic ft of gas. A significant amount of this production is associated with karst fea-
tares. The El Paso Group-Montoya Group disconformity represents a time span on the order of 27 million years.
Karst production also is well known from the Silurian Fusselman Formation (e.g., caverns, Dollarhide field,
Andrews County). The Fusselman (Middle Silurian)-Canutillo (Middle Devonian) disconformity represents a
time span on the order of 40 million years and is reflected by a distinct, highly radioactive lag-gravel unit in the
Franklin Mountains. As in the underlying El Paso Group, karst sinkholes, breccia-filled solution channels, terra
rosa, etc., are observed. Silurian karst blocks are recognized down in the Montoya and El Paso Groups, indicat-
ing interconnection. Karst control, post-El Paso as well as post-Fusselman, has most likely developed by joint-
ing resulting from recurrent fault movements in a pattern inherited from an ancestral Precambrian framework.

LeMone, D. V., 1997, Tobosa basin karsting in trans-Pecos Texas, in Johnson, K. S. (ed.), Simpson and Viola Groups
in the southern Midcontinent, 1994 symposium: Oklahoma Geological Survey Circular 99, p. 241.
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Controls of Quartzarenite Diagenesis
in the Simpson Group, Oklahoma:
Implications for Reservoir-Quality Prediction

Mark E. Mathisen

Mobil Exploration and Producing Technical Center
Dallas, Texas

INTRODUCTION

Quartzarenite diagenesis is typically controlled by a
combination of regional basin-scale and local facies-
scale variations. The diagenesis literature is extensive
and documents many factors that have controlled dia-
genesis in cored wells, hydrocarbon fields, and produc-
tive basins. A meaningful comparison of these data sets
and the development of predictive reservoir-quality mod-
els are difficult, however, owing to variations in texture,
composition, stratigraphy, structure, thermal history,
depth, pressure, pore-fluid geochemistry, and flow.

The purpose of this paper is to identify the controls of
Oklahoma Simpson Group quartzarenite diagenesis and
to discuss implications for the prediction of reservoir
quality in quartz-rich sandstones. Sampling was
designed to identify both the local and regional controls
of Simpson quartzarenite diagenesis. Wireline logs and
core descriptions were used to select 152 core samples
from 20 wells in various structural provinces at depths
between 1,000 and 21,900 ft (Fig. 1). The diagenetic
variability between samples was defined by using quali-
tative and quantitative petrography and X-ray diffraction
of selected samples. The regional controls provide con-
straints for the development of predictive models, where-
as the local controls document the diagenetic variability
that can be anticipated from facies-scale variations. Seis-
mic-stratigraphic modeling of Simpson diagenetic facies
suggests that seismic data also can be used to aid predic-
tion of porous-versus-tight diagenetic facies and reser-
voir quality. Although based on data from Oklahoma, the
modeling should be applicable to both mature and fron-
tier areas where quartz-rich reservoirs can be anticipated.

LOCAL CONTROLS

Core descriptions and wireline-log characteristics of
each sampled interval were analyzed to identify local
well-scale controls, such as stratigraphic position, thick-
ness, and lithology. Variable cementation patterns that
were observed are due to stratification, bed thickness,
adjacent lithofacies, fractures, and faults. Several thick
sands examined in this study suggest that quartz cemen-
tation is more extensive along the upper parts of thick

beds. Upward-migrating quartz solutions cool and pre-
cipitate at the top of thick beds, where they may tend to
get trapped by lithofacies changes.

Local controls of diagenesis are often observable in
thin section. The sampling done for this study suggests
that approximately one-third of the shallow- to transition-
al-marine sandstones in a quartzarenite formation (54 of
152 Simpson samples) are characterized by poor sorting,
early calcite cement, and bioturbation, which can signifi-
cantly reduce porosity and limit initial reservoir potential.

During diagenesis, however, numerous factors can
increase porosity in these sands. The dissolution of early
calcite cement, for example, can contribute to secondary
porosity. The recrystallization of a tight carbonate mud
to dolomite often can create a distinct amount of sec-
ondary porosity. Burrowed sand, with minor amounts of
clay, that had relatively poor reservoir potential at shal-
low depths can, after burial and cementation of the sur-
rounding sand, form the better reservoir facies at depth.

Increased quartz cement was observed along several
fractures seen in thin sections, suggesting that fractures
and faults may have increased fluid flow and quartz
cementation. Partial cementation of fractures by quartz
crystals can also prevent fractures from closing and
maintain fracture permeability.

Permeability barriers parallel to stratification can be
formed by the interaction of compaction and cementa-
tion. Clay-rich laminae typically inhibit early “frame-
strengthening” cements, such as quartz and carbonate, in
many samples. With burial, pressure solution occurs and
stylolites develop, resulting in permeability barriers that
extend across thin sections.

REGIONAL CONTROLS

To determine the regional controls of diagenesis, it is
necessary to factor out the influence of locally controlled
variables such as grain size and sorting. Since well-sort-
ed, fine-grained samples should have similar fluid-flow
characteristics, variations in the diagenesis of well-sort-
ed samples are more likely to reflect processes operating
on a regional scale. The well-sorted samples (98 of 152)
were therefore selected for comparison (Fig. 2) and inter-

Mathisen, M. E., 1997, Controls of quartzarenite diagenesis in the Simpson Group, Oklahoma: Implications for reser-
voir-quality prediction, in Johnson, K. S. (ed.), Simpson and Viola Groups in the southern Midcontinent, 1994 sym-
posium: Oklahoma Geological Survey Circular 99, p. 242-246.
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pretation of the regional factors that can control diagen-
esis and reservoir quality. These data indicate that the
diagenesis of well-sorted Simpson quartzarenites is
strongly influenced by several known or predictable
regional controls: depth, temperature, and uplift.

Depth

With subsidence and burial to various depths, and
with a normal geothermal gradient, compaction, cemen-
tation, and dissolution interact to reduce or preserve
reservoir quality with depth (Figs. 2-4).

Compaction typically reduces the porosity of a well-
sorted sand from approximately 40% to 20% during
shallow burial. Compaction rates can vary, however,
depending on the pore-fluid pressure and the types of
cement that precipitate. Quartz and carbonate cements
tend to increase the rock-frame strength and limit com-
paction, whereas clay content facilitates mechanical
compaction, grain suturing, and pressure solution.

An increase in quartz cement with depth is the dom-
inant diagenetic factor controlling quartzarenite-reser-
voir porosity. Significant overgrowth development can
occur at shallow depths, down to several thousand feet.
These overgrowths may not be significant volumetrical-
ly, and may actually preserve porosity by strengthening
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the rock and reducing the rate of compaction. Progres-
sive quartz cementation results in thicker overgrowths at
5,000-10,000 ft, and this can significantly reduce poros-
ity. At depths greater than 10,000 ft, pore-filling quartz
starts to occlude porosity. At 16,000 ft, porosity can be
totally occluded by pore-filling quartz.

Pore-lining clay increases from shallow to moderate
depths, inhibits quartz cementation, and preserves reser-
voir quality. The growth of authigenic clay is difficult to
predict, owing to variations in sand composition and
texture, which control areas where clay is most likely to
form. In most quartzarenites, authigenic clay is not a
major cement. However, where present, it can partially
to completely prevent the formation of quartz cement in
sandstones as deep as 16,000 ft. Although authigenic
clays are known to reduce permeability, the relatively
thin clay rims observed in many Simpson sands have
not, given the corresponding prevention of quartz
cement, significantly reduced reservoir quality.

Carbonate cements occur at shallow to moderate
depths and can completely occlude porosity. The occur-
rence of early and late carbonate is controlled by the
availability of biogenic carbonate in the sands and near-
by limestones, and therefore it is difficult to predict.

Dissolution processes, which affect both sand grains
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Figure 1. Areal distribution and structural provinces for wells (numbered 1-20) in which the Simpson Group was sampled.
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Quartzarenite Diagenesis in Simpson Group, Oklahoma

Diagenetic Facies

245

depths greater than 13,000 ft.

Temperature
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I Abundant quartz cement in relatively

shallow, high-geothermal-gradient Arkoma
basin sandstones at 6,800 ft, versus porous,
normal-gradient Anadarko basin sandstones
at the same depth (Fig. 2), suggests that tem-
perature is a fundamental control of quartz-
cement variations between basins. The high-
gradient Arkoma basin sandstones, with a
temperature of 160°F at 6,800 ft, have exten-
sive quartz cement typical of 9,900-ft-deep
Anadarko basin normal-gradient sands from
a well with approximately the same temper-
ature (158°F). These data suggest that basins
or areas with high geothermal gradients will
have correspondingly greater amounts of

HE
i 2
Minor m Common ﬁ Abundant

Figure 3. Distribution of diagenetic facies and porosity with depth for

Simpson Group sandstones.

and carbonate cement, have the greatest effect on reservoir
quality at moderate depths of 8,000 to 12,000 ft. At shal-
low depths, the dissolution of carbonate and grains may
not, because of the abundant primary porosity, significant-
ly increase porosity. At moderate depths the dissolution of
carbonate can offset the normal porosity reduction owing
to increasing quartz and can sufficiently increase porosity
to form reservoir-quality sand. The significance of carbon-
ate disssolution is indicated by the fact that carbonate
cement, although abundant at shallow depths, is rare at

quartz cement and reduced reservoir quality.

Uplift

Shallow sandstones from the Witchita and
Arbuckle Mountain uplifts have more exten-
sive cement and grain dissolution than
Anadarko basin—Northem shelf sandstones
from similar depths (Fig. 2). The more extensive dissolution
is probably due to higher pore-fluid flow rates and/or
increased meteoric waters at shallow depths. These data
suggest that quartzarenite-reservoir properties can be signif-
icantly enhanced by dissolution processes following uplift.

The preservation of quartz cement during uplift,
however, may cause shallow uplifted sandstones to con-
tain the quartz cement and reduced porosity typical of
greater depths. Estimates of the amount of uplift may be
critical to predicting porosity in uplifted sandstones.

REGIONAL CONTROLS LOCAL CONTROLS RESERVOIR QUALITY
Depth Temperature g - . . g k
KR 00 300°F Shallow-Transitional Marine Environment 0 15 30 Low  High
Early Calcite Cement gany CAE— &
/&
DEPOSITION B . &
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5 \ 4
- 35 0
DISSOLUTION & 2
o
e
10 SNE
Over- 5
st CEMENTATION Growths g
Q
| ........ Clay and/or 3
Late Dissolution [s]
15 Quartz Calcite Clay 151 | .
T 16,000’ g
Uplift Pore Fill (% a) §
20 20

Figure 4. Predictive model of quartz-rich sandstone diagenesis and reservoir quality. The decrease in Oklahoma Simp-
son quartzarenite porosity and permeability with depth is affected by three regional controls: depth, temperature, and
uplift. Also, there are numerous local controls, such as deposition, compaction, cementation, and dissolution processes.
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DIAGENETIC FACIES

Quartz
Well-developed overgrowths
and pore fill

= \\ Pore-lining clay,

Dissolution

IMPLICATIONS FOR RESERVOIR-QUALITY
PREDICTION

Geologic Model

Since well-sorted sands are a major lithofacies in mul-
ticycle, shallow- to transitional-marine quartzarenites, the
well-sorted Simpson quartzarenite-diagenesis data can be
used to develop a qualitative model for predicting quartz-
rich sandstone diagenesis and reservoir quality. The region-
al controls of diagenesis, depth, temperature, and uplift
form the basis for a predictive model (Fig. 4) of well-sort-
ed quartzarenite diagenesis, whereas the local controls of
diagenesis document the varjability in quartz-rich sand-
stone diagenesis and reservoir quality that can be expected
for a given depth, temperature, or structural setting.

Seismic Prediction of Diagenesis and
Reservoir Quality

The contrast in porosity between various quartzare-
nite diagenetic facies can be sufficient to cause reflec-
tions on seismic data. Seismic-stratigraphic modeling of
a sampled Simpson sand with a 20-ft-thick reservoir
zone shows the contrast in seismic expression (Fig. 5)
that can be caused by the velocity contrast between rela-
tively tight quartz-cemented facies and a thin 20-ft-thick
porous zone formed by (1) clay rims that prevented
extensive quartz cement, and (2) dissolution processes.

The impedance contrast is sufficient to cause a pro-
nounced reflection from the 20-ft-thick sand. A thicker
sand will produce a distinctly larger reflection, whereas
a pinchout, or a diagenetic facies change to quartz or
carbonate cement, will cause the reflection to disappear
(Fig. 5). These seismic-modeling results suggest that it
may be possible to extend diagenetic-facies interpreta-
tions away from wells to more accurately predict the
distribution of reservoirs and better understand the geo-
logic controls of diagenetic facies distribution.
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Correlation and Distribution of Reservoir
and Sealing Facies Within the Viola Formation,
South-Central Kansas

K. David Newell

Kansas Geological Survey
Lawrence, Kansas

ABSTRACT.—Lithostratigraphic correlations of wireline logs indicate that the Viola Formation can be subdi-
vided into four major subunits that are mappable over the Sedgwick basin and Pratt anticline. The subunits were
originally defined by St. Clair (1982) in a study within Barber and Pratt Counties. From base to top, these sub-
units are basal limestone, lower cherty dolomitic limestone, upper limestone, and upper cherty dolomitic lime-
stone. The limestones are low-porosity, syntaxially cemented, crinoidal-bryozoan packstones, whereas the
cherty dolomites generally are porous mixed-skeletal dolomitized wackestones and mudstones with nodular chert.

Isopach and subcrop mapping reveals that the basal limestone is the most extensive of all the Viola subunits
and that the subunits above it were successively eroded off the crest of the northwest-trending Central Kansas
arch. The basal limestone is thickest atop the arch. The thickening of this basal unit is attributed to development
of crinoidal shoals localized on the crest of the arch as the arch was growing during Viola deposition. Thinning
of the basal limestone unit locally occurs on structural crests along a north-northeast trend over the Pratt anti-
cline. The Pratt anticline partly overlies the western margin of the Precambrian Midcontinent rift in this area,
and the structural activity recorded during Viola deposition represents minor reactivation along a long-lived zone
of structural weakness.

The porous, cherty dolomitic subunits compose the most prolific reservoir rocks in the Viola Formation.
Major oil fields in the study area occur in structural and stratigraphic traps where these units subcrop beneath
either the basal Pennsylvanian angular unconformity or the unconformity at the base of the Devonian—Missis-
sippian Chattanooga Shale. Potential stratigraphic traps may be created by pinchouts of the porous cherty
dolomites beneath the nonporous crinoidal-bryozoan limestone subunits, but the efficiency of the crinoidal-bry-
ozoan limestones as seals has not yet been determined.

INTRODUCTION

Studies at the University of Kansas, the Kansas Geo-
logical Survey, and Syracuse University (St. Clair, 1982,
1985; Bornemann, 1979; Bomemann and others, 1982;
Bornemann and Doveton, 1983) utilized cuttings, cores,
and wireline logs to stratigraphically subdivide the Viola
Formation on the western flank of the Sedgwick embay-
ment (of the Anadarko basin) in Barber and Pratt Coun-
ties. The Viola is divided into four informal units. From
base to top, these are basal limestone, 5-25 ft thick;
lower cherty dolomitic limestone, 10-104 ft thick; upper
limestone, 4-32 ft thick; and upper cherty dolomitic
limestone, 448 ft thick. The limestones are low-poros-
ity crinoidal-bryozoan packstones, whereas the cherty
dolomites generally are porous mixed-skeletal dolomi-
tized wackestones and mudstones with nodular chert
(St. Clair, 1982, 1985).

A correlation of the four Viola subunits to geophysi-
cal logs is shown in Figure 1. Resistivity and porosity
tools respond to the relatively high porosities that typify
the cherty dolomites. '

ISOPACH AND SUBCROP MAPPING
OF VIOLA SUBUNITS

In order to better understand the spatial distribution
and thickness of subunits within the Viola Formation,
regional stratigraphic cross sections were used as a refer-
ence for making subcrop and isopach maps, using 1,709
well logs over the study area (Fig. 2). A subcrop map of
Viola subunits using these well data (Fig. 3) shows that
the Viola is eroded down to its lowermost subunit, the
basal limestone, over the north-northwest-trending crest
of the Central Kansas arch, which extends through south-
western Rice, northeastern Reno, and northwestern
Sedgwick Counties. Successively younger subunits are
arrayed in a generally symmetrical pattern along the
northeastern and southwestern flanks of the arch. A com-
parison of this erosional pattern with that of a “worm’s-
eye-view” map for rock units positioned on the Viola
(Fig. 4) indicates that much of the erosion accounting for
the subcrop pattern on the northeastern flank of the arch
(i.e., the area encompassing northern Butler, Chase, Har-
vey, Marion, McPherson, Rice, and northern Sedgwick

Newell, K. D., 1997, Correlation and distribution of reservoir and sealing facies within the Viola Formation, south-cen-
tral Kansas, in Johnson, K. S. (ed.), Simpson and Viola Groups in the southern Midcontinent, 1994 symposium:

Oklahoma Geological Survey Circular 99, p. 247-259.
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Counties) occurred before deposition of the Upper
Ordovician Maquoketa Formation. A subtle angular
unconformity separates the Viola from the overlying
Magquoketa Formation (Wright and Meyers, 1981).

The subcrop map (Fig. 3) reveals a complex group of
northwest-trending, township-size uplifts on the south-
western flank of the Central Kansas arch (i.e., in the area
of Edwards, Pratt, northern and eastern Barber, and west-
e Harper Counties). In addition to structural influences,
the amoeboid appearance of some of these features also
can be the result of differential erosion and relief on the
unconformity at the base of the Devonian—Mississippian
Chattanooga Shale in combination with the low angles of
dip that the subunits of the Viola have in relation to this
unconformity. Although the locations of faults are diffi-
cult to define precisely with present control, some faults
may be present in this region of uplifts where trends of
subcrop units markedly narrow. The average vertical off-
set of Ordovician strata along major faults paralleling the
Pratt anticline in Pratt County is 150 ft (Brewer, 1959).
The Viola unconformably underlies the Chattanooga
Shale over most of this region, so the tectonic movement
responsible for these structures is assigned a pre-Late
Devonian—post-Middle Ordovician age.

Sinclair-Prairie #1 Eva DeGeer
NE NW NE Sec. 34-T.32S.-R.15W.

K. D. Newell

The isopach map of the basal limestone subunit (Fig.
5) reveals this unit to be thickest in the vicinity of Har-
vey, Marion, McPherson, and Rice Counties. Notwith-
standing possible erosional beveling at the base of the
Magquoketa Formation, the basal limestone subunit is
nearly 60 ft thick in Rice County. Minor thickening is
also evident in Pawnee and Edwards Counties just south
of the Central Kansas uplift. The marked thickening in
the vicinity of the crest of the Central Kansas arch and
immediately to the north indicates the persistence of
shallow-water conditions that resulted in accumulation
of shoals of crinoid and bryozoan fragments. Southwest
of its present-day subcrop off the flank of the Central
Kansas arch, the basal limestone unit is thinner (10-20
ft), possibly signifying deeper water conditions off the
arch, conditions that were less conducive for develop-
ment of these shoals. Deeper and more open-water con-
ditions would be expected off the Central Kansas arch
farther south toward the continental margin and ances-
tral Anadarko basin.

Another feature of the isopach of the basal lime-
stone is a series of north-northeast-trending isopach
thins (less than 10 ft thick) extending from northern

Pratt County to northeastern Kiowa County. This trend

Vincent Oil #1 DeGeer
NE SE NW Sec. 34-T.32S.-R.15W.
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Figure 1. Characteristic geophysical-log signatures of Viola subunits from two wells are approximately 1,900 ft apart.
The Sinclair-Prairie No. 1 Eva DeGeer log (from St. Clair, 1982) is a typical older electrical log run in 1947, whereas
the more recent Vincent Oil No. 1 DeGeer log, which illustrates the corresponding response of the neutron-porosity,
density-porosity, and gamma-ray tools, was run in 1983. The apparent downward offset of the trace of the lateral log
versus the normal resistivity log on the Eva DeGeer well is an artifact of the spacing of the electrodes on these respec-
tive tools (cf. Schiumberger, 1987, p. 69-74). Lime grainstones (basal limestone and upper limestone) are typically non-
porous and have high resistivities, whereas dolomitic mudstones (lower cherty dolomitic limestone and upper cherty
dolomitic limestone) have higher porosities and lesser resistivities. Log depths are in feet.
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Figure 2. Study area in south-central Kansas in relation to major tectonic features.
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spatially coincides with the present-day trend of the
Pratt anticline and indicates that contrary to the region-
al thickening present on the northern flank of the Cen-
tral Kansas arch, the basal limestone displays localized
thinning over smaller structures that probably were
active during its deposition. The orientation of the indi-
vidual thin areas along a north-northeast trend produces
a left-stepping en-echelon pattern that is compatible
with left-lateral movement. This area may be part of a
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long-lived zone of structural weakness, because the
eastern flank of the Pratt anticline partly overlies the
western flank of the 1,100-Ma Midcontinent rift system
(cf. Dickas, 1986) and coincides with one of several
north-northeast-trending magnetic lineations evident in
the Precambrian basement (see Yarger, 1983). Subtle
north-northeast trends in chert content and porosity of
the Viola Formation in this area were also noted by
Doveton and Bornemann (1981), Bornemann and oth-
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mation varies over the study area (see Fig. 4). The north-northwest-trending crest of the Central Kansas arch (northwestern Sedgwick, eastern
Rice, and eastern Reno Counties) is illustrated by the presence of the lowermost subunit of the Viola, the basal limestone, at the top of the Viola

Figure 3. Subcrop map displaying which subunit of the Viola Formation is present at the top of the Viola. The unconformity beveling the Viola For-
Formation. The “worm’s-eye-view” map (Fig. 4) complements this map by illustrating the rock unit superjacent to the Viola Formation.
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largely absent over the Central Kansas arch, but scat-

ers (1982), and Bornemann and Doveton (1983).

tered inliers in Harvey, eastern Reno, and Sedgwick
Counties indicate that it was probably contiguously

deposited over the arch and subsequently eroded.

Marked westward thickening is evident along a

The isopach map of the lower cherty dolomitic lime-
stone (the Viola subunit directly above the basal lime-

stone; Fig. 6) indicates that the thickness of this subunit
is more variable than that of the basal limestone. Many
isopach thins, including those evident over the Pratt

north—south line roughly corresponding to the eastern
border of Comanche, Edwards, and Kiowa Counties

anticline, are due to local uplift and truncation of this
unit at various unconformities above the Viola Forma-

tion. This lower cherty dolomitic limestone subunit is

(i.e., along the boundary between the R. 15 W. and R. 16

W. tiers of townships). This area corresponds to the
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western flank of the Pratt anticline and indicates that this
anticline grew during deposition of the lower cherty
dolomitic limestone subunit. Marked isopach thinning is
evident in a northeast trend across central Pratt County,
where the lower cherty dolomitic limestone subcrops at
the unconformity beneath the Chattanooga Shale and the
younger unconformity at the base of the Pennsylvanian
System (see Fig. 3). Abnormal thicknesses of detrital
chert are present in these localities at the top of the Viola
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Formation (see Adkison, 1972; Bornemann and Dove-
ton, 1983) and probably represent insoluble material left
after dissolution of surrounding carbonate rocks. Adki-
son (1972) reports the greatest thickness of residual
chert (50-100 ft) in central and northern Stafford Coun-
ty where the lower cherty dolomitic limestone subunit
subcrops beneath the basal Pennsylvanian unconformity
on the southern margin of the Central Kansas uplift.
The distribution and thickness of the upper limestone
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Figure 5. Regional isopach map of the basal limestone of the Viola Formation. The subcrop of the basal limestone (taken from Fig. 3) is shown in
gray tone. The basal limestone is relatively thick on top of the Central Kansas arch and directly north of its subcrop (i.e., Marion, McPherson, and
Rice Counties), thereby indicating the presence of shallow-water shoals on top of the arch and on the northern flank of the ancestral Anadarko basin.
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(the third subunit) of the Viola Formation (Fig. 7) is
mostly controlled by its erosion along overlying uncon-
formities at the base of the Maquoketa Formation, Chat-
tanooga Shale, and Pennsylvanian System (see Fig. 4).
Scattered areas, where it is greater than 30 ft thick and
still overlain by the upper cherty dolomitic limestone of
the Viola Formation, are present in Edwards and south-
ern Stafford Counties, directly south of the Central
Kansas uplift. These scattered areas are interpreted to be
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remnants of thick, possibly persistent, crinoidal and bry-
ozoan shoals developed in shallow water near the broad
crests of the Central Kansas arch and ancestral Central
Kansas uplift. Westward thickening near the western
margin of the study area is also evident and may possi-
bly indicate development of persistent shoaling condi-
tions to the west.

The isopach map of the uppermost subunit of the
Viola Formation, the upper cherty dolomitic limestone,

10 ft)

Figure 6. Regional isopach map of the lower cherty dolomitic limestone of the Viola Formation. The subcrop of the lower cherty dolomitic limestone

(taken from Fig. 3) is shown in gray tone.

Location Map
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is presented in Figure 8. The thickness and distribution
of this unit are entirely controlled by erosion along
unconformities above the Viola Formation, hence its
geometry gives no hints as to its depositional environ-
ment. Areas of drastic changes in thickness, as indicated
by closely spaced isopach lines, are due to local geolog-
ic structures truncated by angular unconformities above
the Viola. Both northeast and northwest trends are
developed, which are indicated by the pattern of the con-
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tours and subcrop limits (zero line). The northwest
trends in northeastern Barber County are subjacent to
the unconformity at the base of the Chattanooga Shale
(see Fig. 4); therefore, they are pre-Late Devonian in
age. Farther north in Edwards and northern Kiowa
Counties, the precise age of the strata above the Viola is
unclear. Trends in these localities may be attributable to
structural movements and subsequent erosion up to as
late as Late Mississippian time.
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Figure 7. Regional isopach map of the upper limestone of the Viola Formation. The subcrop of the upper limestone (taken from Fig. 3) is shown

in gray tone.
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CONTROLS ON VIOLA OIL AND
GAS PRODUCTION

Insight into geologic controls on Viola petroleum
production is gained by comparing the pattern of Viola
petroleum production with the regional-structure,
“worm’s-eye-view,” and subcrop maps. The regional
structure map of the base of the Viola Formation is over-
lain with a map showing areas of petroleum production
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in Figure 9. Two northeast trends of Viola petroleum
production obliquely cut across the trend of the south-
plunging Pratt anticline: one slightly arcuate (convex
southward) production trend extends from central
Stafford County to northwestern Reno County; the other
trend stretches from west-central Barber County to east-
central Pratt County. The pattern of petroleum produc-
tion indicates that the Pratt anticline does not solely con-
trol the distribution of nearby petroleum production,

contour line)
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Figure 8. Regional isopach map of the upper cherty dolomitic limestone of the Viola Formation. The subcrop of the upper cherty dolomitic lime-

stone (taken from Fig. 3) is shown in gray tone.
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because a predominant north—south trend of production,
largely up the plunge of the Pratt anticline, would be the
expected distribution if this were the case. Both produc-
tion trends are represented by a variety of traps produc-
ing from cherty dolomites (Newell and others, 1987).
The production along the northeastern part of the north-
ern trend (Ts. 22-23 S., Rs. 9-11 W.) is stratigraphical-
ly entrapped oil in the Zenith—Peace Creek field, where
Viola reservoirs are truncated by the basal Pennsylva-

(VIOLA
ABSENT)

CONTOUR
SHADING

K. D. Newell

nian unconformity and pre-Chattanooga unconformities
(Imbt, 1941; Paddleford, 1941; Kornfeld, 1943; Newell
and others, 1991). The northeastern end of the southerly
trend (T. 28 S., R. 11 W)) is the Cunningham field,
which is a combination structural-stratigraphic trap that
produces gas (Rutledge and Bryant, 1937 Page, 1940).

The two production trends that obliquely cross the
Pratt anticline are spatially associated with broad south-
west-plunging apparent synclines expressed on the sub-
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Figure 9. Map showing areas of Viola hydrocarbon production, overlain onto the structure map depicting the base of the Viola (top of the Simpson

Group) in south-central Kansas (from Adkison, 1972). Most local structures with closures of less than 100 ft cannot be expressed at this scale.
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crop map (Figs. 3,10). Both of these synclines have the
upper cherty dolomitic limestone preserved in them. The
spatial association of production with the subcrop pat-
tern of the Viola subunits implies that the distribution of
reservoir rock at the top of the Viola partly controls
migration and accumulation of hydrocarbons within the
Viola, and that hydrocarbons migrating up-plunge along
the Pratt anticline could have been shunted off its crest
but still updip along the subcrop limit of the porous
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upper cherty dolomite. Detailed mapping may reveal
many potential stratigraphic traps, particularly where
the zero line of the cherty dolomitic subunits crosses
structural noses. However, no traps of this type in the
Viola within the study area have been reported in pub-
lished literature, so the efficacy of the basal and upper
limestone subunits as lateral seals beneath the uncon-
formities perhaps needs to be examined in more detail.

The principal controls on the distribution of Viola
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subcrops of the upper cherty dolomitic limestone and the lower cherty dolomitic limestone.

S, R.9W, and T. 27 S., R.11 W,, are the locus of two productive trends o

Figure 10. Map showing areas of Viola hydrocarbon production
present at the top of the Viola (see Fig. 3). Two broad southwest
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County. These fields may be related to dolomitization of

this unit near the crest of the arch.

petroleum production elsewhere in the study area are

unclear; however, most fields are associated with the
subcrop of the cherty dolomitic subunits rather than the

Viola production superimposed on the worm’s-eye-
view map (Fig. 11) shows no obvious correlation with
the pattern of units superjacent to the Viola Formation.

limestone subunits (Fig. 10). An exception to this is a

scattered group of fields that produce from the basal

However, Mississippian siliciclastic strata off the west

limestone subunit along the southerly pinchout of the

flank of the Pratt anticline in eastern Edwards, eastern
Kiowa, northern Comanche, and westermn Pratt Counties

Viola on the Chautauqua arch in an area extending from

southeastern Kingman County to east-central Butler
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have little associated Viola production, which may mean
that these beds are not an effective seal to any Viola
reservoir bed directly beneath them.

SUMMARY AND CONCLUSIONS

The Viola Formation can be informally subdivided into
four regionally mappable subunits in south-central
Kansas. These subunits consist of a stratigraphic alterna-
tion of nonporous crinoidal-bryozoan lime packstones
that were probably deposited in shallow water, and porous
cherty dolomitic mudstones that were probably deposited
in deeper water. Regional isopach mapping indicates that
several subtle geologic structures were growing during
Viola deposition and that these structures had a marked
influence on the thickness of the Viola subunits.

Most petroleumn production from the Viola Formation
in south-central Kansas is from the porous cherty
dolomitic subunits. The complex subcrop pattern of these
subunits over the Pratt anticline and Central Kansas arch
controls the distribution of petroleum production trends
within the Viola Formation. Stratigraphic traps are possi-
ble where these porous units pinch out updip on structur-
al noses. Porous dolomites that pinch out on the western
flank of the Pratt anticline are also potential stratigraph-
ic traps. The crinoidal-bryozoan packstones that are
interbedded with the porous dolomites may act as lateral
and vertical seals to petroleum accumulations in the
porous dolomites, but the efficiency of the packstones as
seals are yet to be determined.
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Progress Report on Simpson and Viola Correlations
from the Arbuckles to the Ozarks
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Tulsa, Oklahoma
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Tulsa, Oklahoma

INTRODUCTION

Correlations based on a network of 274 wireline logs
and some samples from closely spaced wells penetrating
to the Arbuckle Group across the area from the Pauls Val-
ley uplift (T. 4 N., R. 1 W.) to the flanks of the Ozarks (T.
14 N., R. 26 E.) are shown (Fig. 1). These correlations
are tied to a Viola/Simpson core in the Keener No. 1-B -
Watson well and serve to clarify stratigraphic relations in
the Viola and Simpson Groups of the Ordovician of
Oklahoma. This paper illustrates the stratigraphic rela-
tions along one line of section in this correlation network
(Fig. 2; Table 1). This regional correlation network and
the new paleontological data from the Keener core con-
firm and clarify the paleontological outcrop correlations
published by Derby and others (1991); a modification of
that correlation chart is included here (Fig. 3). Formation
tops and thicknesses are given in Table 2.

Historically, the relationship of the Fite and upper
Tyner of northeasternmost Oklahoma to
the Viola Springs Formation and the
Corbin Ranch Member of the Bromide
Formation has been disputed. This work
demonstrates that the Fite correlates with
the subsurface “Viola Dense,” and the

by J.E. O'Brie

Simpson Well Log Cross section
n

UNCONFORMITIES

Four major unconformities subdivide the Simp-
son-Viola sequence. All except the Oil Creek—-McLish
unconformity are clearly demonstrated on the regional
correlation by truncation of stratigraphic units (Fig. 2).
Unconformities with clear physical evidence are (1) at
the base of the Welling, (2) at the base of the Viola
(Viola Springs Formation), and (3) at the base of the
Simpson-top of the Arbuckle.

The sub-Welling unconformity truncates the upper
Viola unit (above the “Viola Dense” and greatly thins
the “Dense,” which physically traces into the Fite of the
Illinois River area (Fig. 2; Table 3). This unconformity
disappears westward in the Anadarko basin, which
prompted Amsden (in Amsden and Sweet, 1983) to
combine the Welling and the Viola Formation (sensu
lato) into the Viola Group and to rename the Viola For-
mation the Viola Springs Formation. However, the

lllinois River ‘Adair
Qutcrop {
(Approx.) \

Creek

Keener

Watson §1-B
O = Well Described by Amsden Okmulgee A
#1= Wells on Cross—Section Muskogee A
N §32

upper Tyner correlates with the “Viola
Dolomite”; both are equivalent to the lower
part of the Viola Springs Formation of the

2 Cherokee, 5
Okfuskee

#8

s h
Fottawatomi equoye

Cleveland

Arbuckle Mountain area. The Corbin
Ranch Member of the Bromide Formation
is equivalent to the subsurface “Bromide
Dense,” which is truncated by the sub-
Viola unconformity and does not extend McClain _f1
past the south-central Oklahoma (Arbuckle A
aulacogen) region. These correlations will
require major alterations of subsurface
areal-extent and subcrop maps of many

#6,

Garvin l X

Mclntosh

,J'a\ Seminole
12 I

Oklahoma

Hughes
Corbin Ranch
Outcrop
(Approx.)

Pontontoc

authors, and they largely confirm the
remarkably accurate subcrop maps of
Luther White (1926).

Figure 1. Index map showing location of cross sections displayed in
Workshop poster session, and location of wells shown on regional
schematic cross section (Fig. 2}. The total subsurface correlation net-
work of O’Brien includes 274 wells; only a select few are shown here.

O'Brien, J. E.; and Derby, J. R., 1997, Progress report on Simpson and Viola correlations from the Arbuckles to the
Ozarks, in Johnson, K. S. (ed.), Simpson and Viola Groups in the southern Midcontinent, 1994 symposium: Okla-
homa Geological Survey Circular 99, p. 260-266.
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TaBLE 1.—WELLS USED IN Cross SECTION (FIG. 2)

Well no.

Well name and location

1 Grace Petroleum Corp. No. 1-11 Rufus Wigley, NW NE NW 11-14N-1W, Garvin Co., OK

6 Herman Brown No. 3 Roberts, SE SW NW 15-8N-1E, Cleveland Co., OK

8 Woodward and Co. No. 1 Pensoneau, NW SW SW 36-10N-3E, Pottawatomie Co., OK

12 Coker (formerly J. M. Huber) No. 1 Oliphant, SE SE NE 2-9N-8E, Hughes Co., OK

18 Tenneco Oil Co. No. 1 Newton Hill, SW NW SE 4-11N-15E, Mclntosh Co., OK

25 U.S. Smelting, Refining and Mining No. 1 Padgett, C NW NW 29-13N-20E, Muskogee Co., OK

32 Continental Oil Co. No. 1 Reinhardt Ranch, N/2 NE 15 14N-26E, Adair Co., OK

- Keener Oil Co. No. 1-B Watson, S/2 SE NE 15-14N-8E, Creek Co., OK

unconformity at the base of the Welling is easily traced
across all of eastern Oklahoma and is represented in the
Iinois River outcrops as the unconformity between the
Welling (formerly “Fernvale”) and the underlying Fite.
The sub-Viola unconformity truncates and complete-
ly cuts out the Bromide (including the “Second Wilcox™
sand) and greatly thins the McLish. This regional uncon-
formity separates the Viola and equivalent strata above
from the Bromide and older Simpson units below. This
is the same unconformity that is recognized between the

SOUTHWEST #1 #6 #

@

#12

upper and middle Tyner of the Illinois River area.

The OQil Creek—McLish unconformity is recognized on
the outcrop section by a gap in the fossil record (Derby and
others, 1991; see especially the work of Sweet reviewed
therein). Subsurface correlations add no new evidence, as
the basal McLish shows no evidence of onlap and the
upper Oil Creek units appear to show no truncation. If a
hiatus is present, it appears to have affected the region uni-
formly. However, tracing the Oil Creek-McLish contact to
near the outcrop suggests that this hiatus and formation
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Figure 2. Regional cross section of Simpson and Viola strata from Garvin to Adair Counties, Oklahoma, showing cor-
relation of units and their truncation by regional unconformities.
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TABLE 2.—FORMATION TOPS AND THICKNESSES

Grace No. 1-11  Herman No.3 Woodward No. 1 Coker No. 1 Tenneco No. I  USSRAM No. 1 Continental No. 1
Formation/ Wigley Roberts Pensoneau Oliphant Hill Padgen Reinhardt Keener

Well no. (No. 1) (No. 6) (No. 8) (No. 12)* (No. 18) (No. 25)* (No. 32) No. 1-B Watson
Welling 5120 30 6200 66 5090 50 4190 35 3060 30 1060 37 1129 48 3764 16
Upper Viola 5150 140 6266 94 A A A A A A
Viola “Dense” 5290 10 6360 15 5140 10 4225 15 3090 12 1097 13 1167 10 3780 5
Viola “Dolomite” 5300 88 6375 55 5150 130 4240 30 3102 20 1110 20 177 10 3785 23
“First Wilcox” ss. A A 5220 32 A A A A A
Bromide “Dense” 5388 32 6430 25 A A A A A A
Bromide “Dolomite” 5420 90 6455 90 5280 45 4270 20 A A A 3808 9
“First Bromide™ 5510 150 -
“Second Wilcox” ss. - 6545 189 5325 190 4290 80 A A A 3817 82+
*“Second Bromide"” 5660 190 — - - -—- .- - N
Tulip Creek 5850 53 6734 132 5515 95 4370 37 A A A N
McLish 5903 397 6866 224 5610 215 4407 213 3122 130 1130 72 1187 15 N
Oil Creek 6300 406 7090 205 5825 115 4620 187 3252 185 1202 171 1202 162 N
Joins 6706 44 7295 68 5940 30 4807 15 A 1373 40 1364 26 N
Arbuckle 6750 85+ 7363 131+ 5970 144+ 4822 211+ 3437 407+ 1431 109+ 1390 204 + N

Notes: A = absent; N = not drilled; + = incomplete penetration of formation; * = wells described by Amsden (1983). The Coker No. 1 Oliphant well (No. 12) was origi-
nally drilled by J. M. Huber as a dry hole, P&A; recompleted in 1976 by Coker. Numerical values are log depths of unit tops followed by unit thicknesses, in feet. The

“First Wilcox" sandstone is a subunit within the Viola “Dolomite.”

contact may trace to a mud-cracked dolomite (an exposure
surface) overlain by shale (a possible flooding surface) 30
ft below the top of the middle Tyner (Table 3).

The Arbuckle-basal Simpson unconformity is well
known and is shown in the cross section (Fig. 2) as a
variation in thickness and onlap by the Joins. Locally,
the Joins is missing on Arbuckle paleo-highs. Although
not the subject of this study, truncation of the top of the
Arbuckle is well documented. The uppermost Arbuckle
formation, the West Spring Creek, is totally absent in
northeastern Oklahoma.

STRATIGRAPHIC PROBLEMS

The identification and correlation of various strati-
graphic units within the Viola and Simpson Groups have
created numerous problems. The problems are com-
pounded by usage of informal subsurface terminology
that is similar to, but different from, outcrop terminolo-
gy. Readers are referred to the comprehensive reviews
of Simpson stratigraphy by Schramm (1964, 1965) and
Statler (1965), and the modern descriptions by Amsden
(in Amsden and Sweet, 1983). Specific items of histori-
cal confusion are discussed below.

TABLE 3.—COMPOSITE STRATIGRAPHIC OUTCROP SECTION, ILLINOIS RIVER VALLEY, Ts. 17-18 N.,

CHEROKEE COUNTY, OKLAHOMA

Thickness
Formation Meters Feet Description

Welling 55 18 Limestone, coarse, organo-detrital, abundant crinoids,
moderate brachiopods and bryozoans. Unconformity below.

Fite 2.8 92 Limestone, micritic, birdseye-pelletal; ostracodes common.

Upper Tyner 2.6 85 Dolomite, fine-medium crystalline; ostracodes. Basal bed with
angular chert. Unconformity below.

Middle Tyner 18 59 Mudstone, shale, sandy dolomite, dolomite, and sandstone. Authors
suggest a hiatus at top of mud-cracked dolomite 9.2 m (30 ft) below top.

Lower Tyner 8.2 27 Sandy dolomite and mudstone; gastropods and ostracodes. Persistent
basal covered interval assigned to Tyner.

Burgen 415 136 Sandstone, fine-medium grained, rare inarticulate brachiopods;
gray calcareous mudstone; 136 ft is reported in a nearby water well
(Huffman, 1958), with unconformity below.

Arbuckle: Cotter Fm. Variable Variable Dolomite, generally coarsély crystalline; minor shale and sandstone.

Locally cavernous; may contain Burgen sand in caverns.

Note: See Amsden and Sweet (1983) for map; Bauer (1989) and Derby and others (1991) for Bauer’s stratigraphic column; and Huffman (1958) for
additional information.
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TABLE 4,—CoRE DESCRIPTION OF KEENER No. 1-B WATSON WELL

Formation Member Depth Description
3792 Dolomite, very fine-grained, tight; mottled sabkha mudstone. Thin shale at 3795 ft.
4.2) Sample at 3795.6-3796.2 ft yielded Rocklandian—Kirkfieldian conodonts.
3796.2  Sandy dolomite, burrowed at top.
_ a8
Viola Springs Vlolg " - -
Dolomite 3798  Sandstone, greenish-white, very fine-grained, dolomitic.
“)
3802 Limestone, dolomitic mudstone, thin dissolution breccias at 0.2 ft; shale at 3806.7 ft.
©) Basal 1 ft is rip-up clast conglomerate incorporating underlying lithology.
Unconformity 3808 Regional sub-Viola unconformity; erosional surface.
3808 Dolomite breccia; diagenetic terrane complex.
2
Bromide 2)
Dolomite 3810 Dolomite mudstone, birdseye texture, laminated in part. Sample at 38163817 ft
(7.1) yielded Blackriveran conodonts.
Bromide
3817.1  Sandstone, fine-grained, massive, oil-stained; horizontal burrows in top 2 ft.
“Second (38
Wilcox” in
core)

Base of core at 3855 ft.

Note: Described by J. R. Derby, 1989. Location: S§SE3NEj sec. 15, T. 14 N., R. 8 E., Creek County, Oklahoma. Numerical values are unit tops,

and values in parentheses are unit thicknesses, both in feet.

Birdseye Limestone

Fine-grained limestone units variously described as
“birdseye,” “dense,” “micrite,” or “lithographic lime-
stone” occur in various parts of the Viola and Simpson
Groups. Over the years, various workers have miscorre-
lated these units on the basis of physical similarity.
Examples of units that have been a source of confusion
are the “McLish Birdseye,” the “Bromide Dense” (and
its outcrop equivalent, the Corbin Ranch Submember),
and the “Viola Dense.” In the area of this study, it is
extremely easy to mistake the lower Viola Springs
(“Viola Dense”) of the subsurface for the Corbin Ranch
(a submember of the Pooleville Member of the Bromide
Formation), especially in areas where the Bromide has
been truncated by the pre-Viola unconformity. The
“Bromide Dense” of the Pauls Valley area is equivalent
to the Corbin Ranch and pinches out northeastward in
Pottawattomie County.

For a review of the Corbin Ranch (“Bromide Dense”)
correlation history, see the discussions by Schramm
(1965) and Amsden (in Amsden and Sweet, 1983). Both
authors provide a great amount of useful information but
err in following Harris (1957), Huffman and Starke
(1960), and Frezon (1962) by asserting that the Corbin
Ranch correlates with the Fite. In the same publication
that contains Schramm’s (1965) paper, Statler (1965)
correctly recognizes the equivalence of the Fite with a

“birdseye limestone” in the Viola, the same unit that we
call the “Viola Dense.” Interestingly, the original name-
giver of the Fite, Ira Cram, stated that the Fite did not
correlate with the outcrop dense limestone (now called
Corbin Ranch) nor with a subsurface dense limestone in
the Ada district; but he did correlate the Fite with the sub-
surface “dense lime” traceable into the Seminole district
(Cram, 1930), which we now recognize as the “Viola
Dense.” In the wells studied by Amsden (in Amsden and
Sweet, 1983) that also fall on our line of sections (Figs.
1,2; Tables 1,2), Amsden correctly identifies as “Fite” the
same unit we identify as “Viola Dense.” Therefore, there
is no disagreement with Amsden on recognition of the
Fite, but we reject his correlation and maps showing the
truncated edge of the pre—Corbin Ranch Bromide and the
truncated edge of the Viola.

The resolution of this stratigraphic problem comes
largely from the detailed well-to-well correlation of
closely spaced wells, based on both lithologic (cores and
cuttings) and wireline logs. Paleontological data (Ams-
den and Sweet, 1983; Bauer, 1989; Bauer in Derby and
others, 1991) are sufficient to place the Fite and the
upper Tyner in the Rocklandian and/or Kirkfieldian of
the Mohawkian Stage, but these data are not sufficient-
ly discriminating to define whether the Fite and the
upper Tyner correlate with the Viola or Corbin Ranch,
which are relatively close in age (Fig. 3). Well-to-well
correlation clearly demonstrates that the “Viola Dense”
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TABLE 5.—VIOLA AND SIMPSON STRATIGRAPHIC NAMES

Pottawatomie—
Arbuckle Mountains Garvin-McClain Seminole County McIntosh-Muskogee Cherokee County
outcrop County subsurface subsurface County subsurface outcrop
Welling Formation Welling Welling Welling Welling Formation
Unconformity
Vi .
VIoLA Upper Viola Missing
Group . . Viola “Dense” Viola “Dense” Viola “Dense” Fite Formation
Viola Springs
Formation Viol Viola “Dolomite” Upper Tyner
‘.ll)%la omite” (including Seminole ss. Viola “Dolomite” Formation
= “First Wilcox” ss.)
Major unconformity
Corbin Bromide “Dense” Missing
Ranch Member
Bromide “Dolomite” | Bromide “Dolomite” Missing
Bromide
Formation “First Bromide™
sandstone “Second Wilcox™ Missing
“Second Bromide” sandstone
sandstone
Sc];MPSON Tulip Creek Formation Tulip Creek Tulip Creek Missing
ROUP
Minor unconformity
McLish Formation McLish McLish McLish Middle Tyner
Major unconformity
0il Creek Formation Oil Creek Oil Creek 0Oil Creek Middle and lower
Tyner and Burgen
Joins Formation Joins Joins Joins (Everton) Burgen (part)
Major unconformity
AEBRL(‘)CJ(:‘E Arbuckle Group Arbuckle Arbuckle Arbuckle Arbuckle Group

and the “Viola Dolomite” are continuous, traceable units
from the Arbuckles to the Ozarks, whereas the Bromide
(including the Corbin Ranch and the “Bromide Dense”)
is truncated by the pre-Viola unconformity, and the
Tulip Creek pinches out by (unconformable) onlap on
the underlying McLish.

Sandstone Units

The “First” and “Second” Bromide sands of the Pauls
Valley area merge northeastward and become a single
massive sand that is traceable into the “Second Wilcox”
of the Seminole area. The “Second Wilcox” pinches out
northeastward in Mclntosh County in T. 11 N, R. 15 E.

The “Seminole Sand,” more commonly known as the
“First Wilcox,” is a Viola equivalent and unconformably
overlies the Bromide sands known as the “Second
Wilcox.” The “Seminole Sand” (“First Wilcox™) is
sometimes misidentified as the Bromide “Second
Wilcox” when the “Viola Dense” limestone is misiden-
tified as the “Bromide Dense.” The Keener well is
northeast of the wedge-out of the “Seminole Sand”
(“First Wilcox”). The sand interval in the Viola of the

Keener is a local sand unit that correlates to a position
above the “Seminole Sand.”

Paleontology

Conodont identifications by J. E. Repetski (U.S.
Geological Survey) and Walter Sweet (Ohio State Uni-
versity) from core samples taken by Derby from the
Keener No. 1-B Watson well (Table 4) confirm the log
and lithologic correlations and show that the base of the
(subsurface) “Bromide Dolomite” at 3,816-3,817 ft in
the Keener well is early Blackriveran in age and corre-
lates approximately with the lower Bromide, certainly
“no older than Tulip Creek.” Presumably, the directly
underlying “Second Wilcox Sand” is also early Black-
riveran. A conodont assemblage from above the region-
al unconformity in a sandy dolomite at 3,796 ft (“Viola
Dolomite™) contains the same species and correlates
with the upper Tyner and Fite assemblage reported by
Bauer (1989) from northeastern Oklahoma. This sandy-
dolomite unit is traceable to a position within the Viola
but above the “First Wilcox” sand. Log correlations to
the subsurface south of the Illinois River valley appear
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compatible with this paleontological correlation.

Correlation of Fite and Upper Tyner

The section below the sub-Viola unconformity
pinches out northeastward; no part of the Bromide
extends northeast of MclIntosh County. At the northeast
end of the wireline-log section in Adair County, Ts.
15-14 N., R. 26 E., the Fite and a thin “Viola” overlie
about 20 ft of McLish. Bauer’s work (1989; see summa-
ry in Derby and others, 1991) on the Illinois River out-
crop shows that the Fite and the upper Tyner correlate
with the interval around the lower Viola and are separat-
ed by a major unconformity from the lower and middle
Tyner and the Burgen, which correlate physically with
the basal McLish, Oil Creek, and Joins. The combina-
tion of Bauer’s data and our correlations confirms that
the Fite and the upper Tyner correlate with the lower
Viola Springs Formation, and not with the Corbin Ranch
Submember of the Bromide.

CONCLUSION

We hope that this paper ends the stratigraphic confu-
sion created by earlier correlation of the Bromide Corbin
Ranch Member with the Fite. Earlier authors identified
the Fite in the subsurface, quite correctly, although we
use the subsurface term “Viola Dense” for the same unit
(e.g., Amsden and Sweet, 1983). The stratigraphic error
lies in miscorrelating the subsurface Fite with the Corbin
Ranch. The Corbin Ranch is the equivalent of the sub-
surface “Bromide Dense,” not the “Viola Dense.”

Table 5 is an updated stratigraphic chart for the Viola
and Simpson Groups.
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Shallowing-Upward Events and Their Implications
for Internal Correlations and Depositional
Environment of the St. Peter Sandstone in the
Forest City Basin, Northeastern Kansas
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ABSTRACT.—The Middle Ordovician Simpson Group includes the St. Peter Sandstone and the overlying
Platteville Formation, a shale and carbonate succession. The Simpson Group records the marine transgression at
the base of the Tippecanoe cratonic sequence. The marine inundation continued with deposition of the con-
formably overlying Viola Limestone. The Simpson Group onlaps an extensive eroded surface on the Lower
Ordovician Arbuckle Group and locally older rocks.

The North Kansas basin covered parts of Kansas, Nebraska, and Iowa (including northeastern Kansas) during
accumulation of the Tippecanoe Sequence. The Simpson Group thickens regularly into the axis of the basin to thick-
nesses comparable to those in southern Kansas in proximity to the ancestral Anadarko basin. Preexisting topography
is indicated at the base of the Simpson Group by local, abrupt thinning of basal shales and onlap of the lowermost stra-
ta. Paleotopography is particularly apparent in association with small structures near and along the Nemaha uplift.
Topography is indicative of minor early Paleozoic episodic uplift that preceded more pronounced structural activity
of the Nemaha uplift during the late Paleozoic. The Nemaha uplift subsequently bisected the North Kansas basin.

The St. Peter Sandstone is punctuated by sandstone-rich depositional sequences, each usually 20-30 ft thick,
bounded by sharply defined, centimeter-thick, eroded “hardgrounds.” The bounding surfaces appear to have been
lithified early, and possibly were subaerially exposed. Cemented and disrupted clasts of the hardground are incor-
porated with sandstone and shale to form thin, basal lag deposits in superjacent sequences. The thin conglomer-
atic, sandy lag is commonly overlain by a thin (less than 2 ft thick), laterally extensive organic-rich, pyritic black
shale. These shales are interpreted to be condensed sections and may serve as excellent oil-prone source rocks in
the Forest City basin. The black shale is overlain by a thicker, generally shallowing-upward succession of sand-
stone-dominated and carbonate lithofacies, which later became more abundant in a basinward direction.

A composite succession of typical sandstone-dominated lithofacies includes (1) sandy dolomite and limestone,
succeeded by (2) burrowed (predominantly Skolithos), slightly argillaceous sandstone with hummocky cross-strati-
fication and scours near its top, then (3) sandstone with small-scale trough cross-stratification, and (4) low-angle, pla-
nar-cross-stratified sandstone. The depositional environment apparently ranged from offshore marine (below wave
base), affected by occasional storms, to lower shoreface to possible subaerial exposure and eolian sedimentation.

Three distinctive sandstone sequences are noted in the St. Peter Sandstone in the Carter No. 2-A Davis well
core from Wabaunsee County, Kansas, drilled in the west-central part of the Forest City basin. Limestone-dom-
inated sequences in the Platteville Formation overlie these units. Lithofacies successions within each sequence
are regular, conformable, and “Waltherian” in style, with indications of basinward gradation of sandstone into
more dolomitic and shaly facies. Each succeeding sequence is initiated by a significant landward lithofacies shift
(backstepping). The stacked successions commonly result in superposition of sandstone on sandstone, separat-
ed by thin, subtle to distinct stratal breaks that may be permeability barriers in producing reservoirs. Lithofacies
recognized in cores are correlated to wireline logs, including gamma-ray, neutron, density, resistivity, and spec-
tral-gamma-ray logs. The use of logs makes possible the regional mapping of Simpson lithofacies. The
sequences are recognized over at least several counties in northeastern Kansas.

Massive, thick, clean sandstone up to 70 ft thick is found near the edge of the basin. Outcrops of equivalent
rocks in Missouri suggest eolian deposition, with sand derived from exposed cratonic areas around the ancestral
Ozark uplift. In contrast, increasing percentages of dolomite, limestone, and shale suggest that more offshore-
marine conditions existed northward toward the center of the North Kansas basin.

In general, sequence characteristics appear to be closely linked to variations in sediment-accommodation
space, energy levels, and proximity to sediment supply. High-resolution correlation and mapping of sequences
can potentially provide means to refine sandstone trends, characterize stratigraphic complexity, and improve pre-
diction of reservoir characteristics for use in exploration and development.

Watney, W. L.; Stephens, Bryan; and Newell, K. D., 1997, Shallowing-upward events and their implications for internal
correlations and depositional environment of the St. Peter Sandstone in the Forest City basin, northeastern Kansas,
in Johnson, K. S. (ed.), Simpson and Viola Groups in the southern Midcontinent, 1994 symposium: Oklahoma Geo-
logical Survey Circular 99, p. 267-275.
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PALEOGEOGRAPHY

Northeastern Kansas, the site of this study, lies along
the southern margin of the North Kansas basin (Fig. 1).
The North Kansas basin was actively subsiding during
Middle Ordovician time between the ancestral Ozark
uplift and the Transcontinental arch. The area of subsi-
dence coincides closely with the underlying Midconti-
nent rift system (Berendsen and others, 1992) and may
reflect reactivation of this underlying feature. The cli-
mate was tropical, lying in the trade-wind belt in prox-
imity to the equator. Extensive quartzose sandstones
were deposited around the rim of the basin, with increas-
ing shale and carbonate deposition toward the basin
interior.

STRATIGRAPHY

The Simpson Group represents a time-transgressive,
marine onlap associated with the Tippecanoe cratonic
sequence in northeastern Kansas. It comprises the St.
Peter Sandstone and the overlying Platteville Formation.
The Simpson Group is succeeded by the Viola Lime-
stone, a regionally extensive marine deposit.

Quartzose sandstone strata in the Simpson Group are
divided into unconformity-bounded depositional
sequences, originally established from interpretation of
core from the Carter No. 2-A Davis Ranch well in
Wabaunsee County, Kansas (Figs. 2,3). Several impor-
tant features of these sequences and included lithofacies
were recognized in the No. 2-A Davis core:

1. The St. Peter Sandstone is punctuated by three
sand-rich depositional sequences, each 20-30 ft thick.

2. Bounding surfaces are hardground-like and are
interpreted as having been exposed subaerially.

3. Thin, black, phosphatic, organic-rich shales pro-
vide lithologic contrast to the sequences and facilitate
correlation.

4. A typical lithofacies succession indicates abrupt
deepening of water, followed by overall gradual shal-
lowing. The typical stratal succession and depositional
environment observed and interpreted within each
depositional sequence include, from bottom to top: (a)
centimeter-thick conglomeratic lag or oolitic ironstone
(flooding unit with reduced sedimentation); (b) dark,
organic-rich shale (deeper, anoxic-marine, sediment-
starved, condensed section); (c) sandy dolomite and
limestone (subtidal normal-marine, below wave base);
(d) burrowed (Skolithos), slightly argillaceous sand-
stone with hummocky cross-stratification (subtidal,
above storm wave base); (e) sandstone with small-scale
trough cross-stratification (above wave base, fore-
shore); (f) low-angle, planar-cross-stratified sandstone
(shoreface, beach); and (g) hardground (evidence of
emergence?).

5. Depositional environments during one sequence are
interpreted to range from emergent conditions to relative-
ly deep-marine conditions, with each sequence reflecting
both excess and loss of sediment-accommodation space.
Sedimentation hiatuses are developed at hardgrounds and
result in temporal distinction of each sequence.

6. Reservoir-quality porosity and permeability are
associated with lithofacies (e) and (f).

W. L. Watney and others

CORRELATION OF WIRELINE
LOGS WITH CORE

Sequences described in the Carter No. 2-A Davis core
are correlated to a gamma-ray—neutron-density log from
an offsetting well, the Exxon No. 19 G. H. Davis (Fig. 4).
The recognition of depositional sequences and lithofa-
cies on the well log is easily accomplished. Each deposi-
tional sequence is characterized by overall increasing-
porosity trends. Condensed sections of shale are distin-
guished by a sharp spike on the gamma-ray log.

Regional Stratal Patterns

The construction of subsurface cross sections and
maps of the Simpson Group along the axis of today’s For-
est City basin, using well-log data, indicates northward
thickening into the North Kansas basin (Figs. 5,6). The
initiation of each depositional sequence is commonly
characterized by a significant landward shift (backstep-
ping) of the lithofacies. Basinward changes in lithofacies
succession in each sequence include thinning of sand-
stones and their lateral gradation to shaly and dolomitic
sandstones and dolomites. Successive sequences suggest
a progressive backstepping of sequences, indicative of
inundation of the craton during the early part of the
Tippecanoe cratonic sequence. Minor cycles within a
sequence are present in more basinward areas, and they
lap out landward, reflecting loss of sediment-accommo-
dation space (loss of elevation of depositional surface).

Individual sandstones commonly comprise multiple
sequences. Oil-saturated zones in the sandstones corre-
spond to less shaly intervals near the tops of individual
depositional sequences, generally the shallower and
cleaner lithofacies. Sandstones are very thick (up to 100
ft) around the ancestral Ozark uplift, possibly reflecting
proximity to a clastic source area on the exposed craton.

DEPOSITIONAL MODEL OF
THE SIMPSON GROUP
IN THE FOREST CITY BASIN

Strata within each depositional sequence represent
temporally distinct, more genetically coherent marine
successions characterized by rapid transgression fol-
lowed by more gradual shallowing. Lateral and vertical
facies patterns suggest that the sand prograded basinward
during each sequence. Thus each sequence isolates depo-
sition that was more consistent with a Walther’s law style
of sedimentation (Fig. 7). Sandstones are commonly part
of multiple sequences. The sandstone facies are thicker
and stacked on one another near the basin margins,
where sandstone is more abundant. Internal characteris-
tics of these temporally distinct sandstones are common-
ly quite different. Moreover, they are likely compart-
mentalized by thin, nonporous flooding units, condensed
sections, or hardgrounds.

The basic sequence appears to have been driven by
regionally acting processes, such as eustasy and subsi-
dence, that controlled the local depositional system.
Each sequence is characterized by excess-sediment
accommodation and probably forced regression, the lat-
ter closing the cycle. Shoreface-sandstone facies locally
serve as excellent petroleum reservoirs, whereas the
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Figure 1. Base map showing location of Carter No. 2-A Davis and Petro-Lewis No. 7—1 Richards Fund wells. Also
shown is location of cross sections labeled here West—East and South—North for Figures 5 and 6, respectively.
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LITHOLOGY STRUCTURES FOSSILS Particle size/type
sandstone v burrows —+  skeletal fragments Carbonates
B boundstone
siltstone shell fragments A/# brachiopods GN  grainstone
PK packstone
WK  wackestone
shale I% wispy clay seams o~  ostracodes M mudstone
EVAP evaporite
E limestone clasts 8  crinoid
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. Pz~ small-scale trough
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low-angle planar M medium
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chert cross-stratification ™ pyri F_ fine
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_ s it
oolitic phosphorite &7 dolomite SH shale

Figure 3. Key to lithology, sedimentary structures, fossils, and particle size/type for core description shown in Figure 2.

shales are potential source rocks in the Forest City basin.

Sequence Characterization from the
Natural-Gamma-Ray Spectral Log

Depositional sequences are correlated from the
Davis Ranch core, described above, to the Petro-Lewis

Gamma Ray

Viola

Decorah-
Platteville

St. Peter

Arbuckle
Structures
lamination o sandstone
planar bedding [—] siltstone
cross bedding 7] shale
burrows  [%7,] E=] limestone
E=S dolomite
i

Figure 4. Composite diagram showing geophysical logs of the Exxon No.
19 G. H. Davis well and lithologic description of the Carter No. 2-A Davis
well core: both wells are in sec. 33, T. 13 S., R. 10 E. Log is annotated with
formations (on left) and shows the location of depositional sequences 1,

2, and 3 in the St. Peter Sandstone, as identified in the core.

oolitic-phosphorite/chert

No. 7-1 Richards Fund well in sec. 7, T. 4 S.,,R. 14 E,,
McClain field, Nemaha County, Kansas, a distance of 65
mi. The depositional sequences were further examined
in the No. 7-1 Richards Fund well by using a natural-
gamma-ray spectral log (Figs. 8,9). Thorium (Th), ura-
nium (U), and potassium (K) logs, components of the
natural-gamma-ray log, are shown in Fig-
ure 8, accompanied by curves of the Th/U
and Th/K ratios (Fig. 9).

A lower Th/U ratio represents more
reducing conditions (e.g., uranium uptake
in organic carbon), whereas a higher Th/U
ratio suggests more oxidized and leached
conditions in which U concentration is
decreased and Th possibly is enriched. Val-
ues are neither highly oxidizing nor strong-
ly reducirg. Sequence boundaries are
denoted by slight increases in the Th/U
ratio, indicating greater oxidation. Urani-
um concentrations are relatively low,
whereas Th concentrations undergo wider
variation.

The depositional sequences are charac-
terized by upward increases in the Th/K
ratio, suggesting increased oxidation and
leaching, with slightly higher ratios closing
each sequence. A crossplot of Th and K for
the overall interval reveals two contrasting
trends of increasing K over Th. Some sam-
ples with high Th have especially low con-
centrations of K. These samples with
depleted K come from shales in sequence 1.
Berendsen and others (1992) suggested that
the depleted K and moderate Th concentra-
tions may reflect derivation of detritus from
an intensely weathered land area under
tropical conditions. Sequence 1 also con-
tains iron oolites. The concentration of iron
is thought to have been derived from relat-
ed weathering processes (Berendsen and
others, 1992). Perhaps the increases in the
Th/K ratio at or near the close of each



272

Anschutz #1 Warner
Sec. 14-75-17e

Sundance #1Fernkopl

Sec. 35-6s-148

Pendleton #1 Dugan
Sec. 34-6s-13e

Pendleton #1 Marcoux
Sec. 26-65-120
A

E4

Hamm #1 E. Gray
Sec. 32-85-21e

Lear #1-26 Ehlelerman

Sec. 26-7s-180

EAST

£

D

WEST

2700

xSy

Saction langth = 53 miles {85 km}

Datum = Base Viola Limestone
Vertical Scale in 100°s feet

Figure 5. West—east stratigraphic cross section, illustrating the thickening and more massive character of the St. Peter Sandstone in the Simpson Group toward the basin mar-

gin and the ancestral Ozark uplift. Datum is the base of the Viola Limestone. Section crosses the central Forest City basin. Index map of the section is shown in Figure 1.
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sequence are related to the introduction of more weath-
ered detritus during reemergence of the shelf.

ORGANIC-RICH SHALES IN THE SIMPSON
GROUP— PROSPECTIVE SOURCE ROCKS

Shales in the Simpson Group are believed to be the
source beds for most of the oil found to date in the For-
est City basin, on the basis of geochemical analyses and
correlations (Newell and others, 1987). This oil type is
also found in Pennsylvanian reservoirs such as at Easton
field in Leavenworth County, Kansas, along the eastern
and shallower margin of the Forest City basin (Fig. 1).

Oils from the Simpson, Viola, “Hunton,” and shal-
low Cherokee Group in the northern Forest City basin
have nearly identical chemical signatures, as revealed
by gas chromatography. Oils are similar to the bitumen
extracted from shales of the Simpson Group. Analyses
of 60 samples of shale from the Simpson and Platteville
along the axial regions of the Salina and Forest City
basins yielded oil-prone (Type 1) organic matter that
varies between nearly zero to more than 15 wt% total
organic carbon (Hatch and others, 1987).

The shales in the Simpson Group are typically organ-
ic rich and phosphatic. Although they are thin, they are
widespread. Geochemical indications, such as heavy car-
bon isotopes in marine organic matter and anomalous car-
bon isotopic shifts between organic matter and carbonate,
suggest that this was a time of high organic-matter pro-
ductivity and/or preservation (Hatch and others, 1987).

Rock-Eval pyrolysis indicates that Ordovician shales
are in initial stages of oil generation along the axis of the
Forest City basin and the axis of the adjacent Salina
basin. The modeling of thermal maturation of organic
matter indicates that maturation levels that are adequate
for petroleum generation were reached well past Late
Mississippian—Early Pennsylvanian deformation. This
late deformation was responsible for most of the struc-
tural trapping within the basin (Newell and others,
1987). Late petroleum generation suggests that favor-
able stratigraphic traps will be closely linked to the cur-
rent structural configuration.

SUMMARY AND CONCLUSIONS
Depositional Sequences in the Simpson Group

Depositional sequences in the Simpson Group are
recognized and appear to be widely correlatable. Suc-
cessive sequences undergo marked lithofacies shifts that
appear to be regional in extent. Basinal sections are
thicker and contain additional minor cycles.

Petroleum Exploration

Simpson Group oil production has been mainly from
structural traps. However, opportunities are favorable in the
Forest City basin and the southwestern Salina basin to
prospect for structural-stratigraphic traps where porous
and permeable clean sandstones pinch out updip as deposi-
tional sequences onlap the topographic highs and undergo
lateral lithofacies change. Thermal maturation may be suf-
ficient for oil generation in the relatively unexplored axis of
the Salina basin, which was part of the North Kansas basin
before it was bisected by the Nemaha uplift.
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Sequence 2

Sequence 1

Decorah-Platteville
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St. Peter

sandstone

Figure 6. South—north lithofacies cross section, based on neutron-density log tied back to core adjacent to southernmost
well, the Exxon No. 19 Davis. Datum is the base of the Viola Limestone. Index map of section is shown in Figure 1.
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cross-stratified ss.
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sandy dolomite
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shale

Figure 7. Conceptual depositional profile and lithofacies within a single depositional sequence. This shows lithofacies
progradation and obeys Walther’s law of facies succession, in which sedimentation is more continuous in time through
a depositional environment nearshore to offshore of a sand shelf.

Reservoir Development

Producing zones in the St. Peter Sandstone reveal
vertical compartments related to sequence development
and facies successions. Local topography can present
considerable variations in thickness and lateral extent of
favorable reservoir rock. Changes in stratal succession
create opportunities for off-structure drilling where early
structural movement is indicated. Lateral and vertical
changes in stratigraphy and lithofacies must be consid-
ered when designing improved oil-recovery activities,
particularly involving any displacement process in which
reservoir conformance needs to be assured. Also, care
must be taken in perforating for production and injection
to assure that perforations are in the correct zone.
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