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ABSTRACT

The Ozawkie Limestone Member of the Deer Creek
Limestone Formation (Shawnee Group, Virgilian) exhibits
diverse lithologies within northeastern Kansas. Overall, the
lithologies and faunas of the Ozawkie suggest an open-marine
environment of deposition. Locally, however, in Jefferson,
Douglas, and Shawnee Counties, the Ozawkie consists of thick
coated-grain and ooid grainstones and packstones,
intercalated with dense lime mudstones and wackestones.
Paleoflow data collected from these tabular cross-bedded
graingtones show a pronounced orientation to the northeast
(N 477 E) with a possible second node to the southwest.
These lithologies suggest deposition in a high-energy shoal
environment, perhaps offshore bars located within a vast,
shallow, open-marine region. The shoal lithologies contain
paleokarst features and are capped by laminated carbonate
crusts.

Silty lime mudstones above the laminated crusts
contain numerous features considered diagnostic of paleosols
including irregular carbonate nodules (glaebules),
circum-granular cracking of coated grains, columnar soil
structures (peds) composed of carbonate-cemented autoclastic
breccia, and slickensides (stress cutans). The presence of
at least two sequences of carbonate shoal lithologies with
paleokarst and laminated crusts at their top and overlain by
paleosols, suggests that several subaerial exposure events
occurred locally within the Jefferson, Douglas, and Shawnee
County region during Ozawkie time. Both the carbonate shoal
and well-developed paleosols have limited regional extent
and appear to be related to a local paleohigh.
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INTRODUCTION

The Ozawkie Limestone Member is the lowermost unit
within the Deer Creek Limestone Formation (Upper
Pennsylvanian, Virgilian, Shawnee Group). In ascending
order, the Deer Creek Limestone, considered a megacyclothem
by Moore (1936), consists of the Ozawkie Limestone Member,
Oskaloosa Shale Member, Rock Bluff Limestone Member,
Larsh-Burroak Shale Member, and the Ervine Creek Limestone
Member. Underlying the Deer Creek Limestone is the Tecumseh
Shale Formation (Fig. 1).

Rocks of the Shawnee Group, that include the Deer
Creek Limestone, crop out along a northeast to southwest
belt in eastern Kansas (Merriam, 1963, p. 115). The Ozawkie
Limestone Member can be recognized in southeastern Nebraska
and into southwestern Iowa (Fagerstrom and Burchett, 1972).
Lamoreaux (1983) reports that the Ozawkie grades into impure
sandy limestones in north central Coffey County, that
resemble sandy intervals within the underlying Tecumseh
Shale. This precludes recognition and correlation of the
Ozawkie further south, although it has been reported in
Shawnee Group outcrops as far south as Chautauqua County,
Kansas, near the Oklahoma border (measured sections, Kansas
Geological Survey, R. C. Moore, 1929 and 1935 - Appendix A,
1-3). The Deer Creek Limestone is a prominent part of the
Pawhuska Formation in Oklahoma, but the Ozawkie Limestone
Member is not recognized there.

Lithologies and faunas of the Deer Creek Limestone
Formation exposed in northeastern Kansas are generally
consistent with cyclic sedimentation models previously
postulated (Fig. 2). Virgilian lower limestones are
interpreted as being deposited during the initial
transgression of a megacyclothem (Moore, 1936). The Ozawkie
Limestone Member, identified as a minor cycle by Heckel
(1986), actually contains both transgressive and regressive
elements. In northeastern Kansas, the lithologies and fauna
of the Ozawkie are highly variable. Locally, within
Jefferson, Douglas, and Shawnee Counties, it consists of
thick coated-grain and ooid grainstone and packstone
lithofacies with paleokarst and laminated crusts at their
tops. Lime mudstone units contiguous within both the
underlying Tecumseh Shale and overlying Oskaloosa Shale
Member contain numerous diagnostic paleosol features. This
report describes the carbonate shoal lithologies within the
Ozawkie Limestone Member that are best developed in
association with lithologic and sedimentologic indicators of
subaerial exposure.

Previous Work

The lowermost limestone unit within the Deer Creek
Formation was originally considered part of the Rock Bluff
Limestone Member as defined in Nebraska by Condra (1927).
R. C. Moore (1936) established the Ozawkie Limestone Member
to include the lowermost unit in Kansas. The name is from
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the original town of Ozawkie in Jefferson County, Kansas
(Sections 29-32, T. 9 S., R. 18 E., OZAWKIE 7.5' QUAD), now
under the waters of Perry Reservoir.

Moore (1936, p. 183) suggested that the Ozawkie
Limestone Member may represent a greatly abbreviated
cyclothem based on his recognition of a "dense blue facies"
in Osage County, that he interpreted as a middle limestone.
Bergstrom (1953) used thermoluminescence to demonstrate
lateral facies variations within the Ozawkie in northeastern
Kansas. Ronca (1959) demonstrated lithologic variability
within the Shawnee Group, including the Ozawkie Limestone
Member in eastern Kansas. Robb and Michnick (1990)
described three distinct carbonate lithologies within the
Ozawkie in Jefferson County, Kansas.

Moore (1941) described a bellerophontid gastropod
fauna from the Ozawkie in Douglas County. Von Bitter (1972)
identified conodont faunas within the Shawnee Group of
eastern Kansas, that included a single species (Cavusgnathus
sp.) from the Ozawkie.

Moore (1966) interpreted a fusulinid-rich facies
within the Ozawkie in northeastern Kansas to represent
maximum open-marine conditions and the adjacent algal facies
to represent the margins of the retreating sea of that time.
In a general interpretation of regional Upper Pennsylvanian
paleogeography by Heckel (1980), northeastern Kansas is
considered open marine with shoreline facies to the
northeast. Fagerstrom and Burchett (1972) discussed
Mid-Continent Upper Pennsylvanian paleogeography and
shoreline geometry based in part on extensive cryptalgal
structures within the Ozawkie Limestone in southeastern
Nebraska and southwestern Iowa. By comparison to modern
Shark Bay, Western Australia, Fagerstrom and Burchett (1972)
suggested a supratidal paleoslope of less than 2 inches per
mile and a tide range of at least 8 inches for the
southeastern Nebraska-southwestern Iowa region during
Ozawkie time.
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METHODS

Deer Creek Limestone sections were studied at eighteen
widely-spaced localities in northeastern Kansas (Fig. 3 and
Appendix B). Sections were measured at select localities in
order to demonstrate lateral facies variations (Fig. 4).
Measured sections of these localities, except those in
Jefferson County illustrated by Robb and Michnick (1990),
can be found in Appendix C. Appendix D lists all quarries
(some not visited) in Jefferson, Douglas, Shawnee, and Osage
Counties where rocks identified as the Ozawkie Limestone are
exposed.

Thirty-six paleoflow azimuths were measured from
tabular cross-bedded grainstones within the Ozawkie
Limestone Member in Jefferson County (localities JF4, JFS,
JF6, and JF7). Paleoflow orientation was assumed to be in
the dip direction of crossbeds. Measurements were made of
in-place foresets and from blocks removed from the section,
reoriented, and slabbed to expose apparent dips on
perpendicular faces. Apparent dips were converted to true
dip asimuths with a stereonet.
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LITHOLOGIES

In order to understand the depositional processes that
created the Ozawkie Limestone Member, it is important not
only to analyze Ozawkie lithologies, but also adjacent
lithologic units.

TECUMSEH SHALE

Underlying the Deer Creek Limestone is the Tecumseh
Shale. In northeastern Kansas, the upper Tecumseh generally
consist of brownish-gray, wavy-bedded, clay-rich, sandy
mudstones and shales interbedded with yellowish-gray to dark
gray, micaceous siltstones and sandstones near the top. The
siltstone and sandstone interbeds, that range in thickness
from 0.5 cm to 12.0 cm, become thicker and more abundant in
the northeastern portions of the exposure belt in Kansas.
The Tecumseh Shale is at least 4.5 meters thick at Locality
DH1.

The crests of symmetric, flat-crested, sinuous ripples
in a sandy layer of the Tecumseh Shale at Logality JF3 are
oriented 285 ; indicating flow oriented N 15° E or s 15° w.
In addition to flat-crested current ripples, raindrop
impressions and sandstone-filled fractures were observed in
the Tecumseh at Locality JF7. Mascerated plant detritus and
a varied ichnocoenosis also occur within these sandy
intervals.

The uppermost 75 cm at Localities DGl and DG2
consists of an anomalous yellowish-orange, silty lime
mudstone that is similar in structure and texture to the
lithology at the base of the Oskaloosa Shale Member above
the Ozawkie. These features are described in the discussion
of the lithology of the Oskaloosa. A similar, but much
thinner and less structurally developed interval is present
at the top of the Tecumseh in Jefferson County (localities
JF4, JF6, & JF7).

OZAWKIE LIMESTONE MEMBER

Within northeastern Kansas, the Ozawkie Limestone
Member includes varied carbonate lithologies that intergrade
laterally (Fig. 4). The three distinct carbonate units
separated by mudstones recognized by Robb and Michnick
(1990) within the Ozawkie are limited to Jefferson County.
Faunas and sedimentologic features within the Ozawkie are
also highly varied. The main lithologies consist of
predominantly bioclastic wackestone and packstone, lime
mudstone and wackestone, and coated-grain/ooid grainstone
and packstone.

Bioclastic Wackestone and Packstone Facies

The thick unbedded bioclastic wackestones and
packstones vary considerably in thickness (from 12 cm to 125
cm), sedimentary structure, and color (light to dark gray).
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Bioclasts are fragments of brachiopods, pelecypods,
cephalopods, crinoids, and foraminifers (fusulinid).
Complete fossils are locally common. Locally, silt and clay
can make up to approximately 20 percent of the rock.

In Doniphan County, the Ozawkie consists of a single
massive (125 cm average thickness) buff gray to
yellowish-tan wackestone and packstone bed overlain by a
yellowish-orange, silt-rich lime mudstone and wackestone. In
Atchison County (Locality AT2), the upper 35 cm and the
lower 30 cm are structureless, and the middle 35 cm
lithology is a thin (1.0 cm to 4.0 cm thick beds) and
wavy-bedded interval. In the southern part of the study area
in Osage (0S1 and 2) and Coffey (CFl) Counties, the Ozawkie
consists of a single massive (120 cm average thickness)
yellowish orange and tan silty wackestone and packstone
intercallated by lime mudstone-rich intervals. Foraminifera
(fusulines) and brachiopods are abundant in the limestone.

Lime Mudstone and Wackestone Facies

This lithofacies, exists predominantly as a dense lime
mudstone along with wackestone, is present most commonly as
lenses within other lithofacies of the Ozawkie and can be up
to 40.0 cm thick and ten meters in length. This lithology
can be wavy bedded, exhibit fenestral fabric, and be locally
cherty. It is buff tan fresh and weathers to a dark
yellowish tan to light reddish brown. Fossils are uncommon,
but include foraminifera (fusilines), brachiopods, and
algae.

This lithofacies is most commonly observed
intercalated within the lower of the two thick predominantly
grainstone and packstone intervals at exposures within
Jefferson, Douglas, and Shawnee Counties. It is also present
within the predominantly wackestone and packstone
lithologies in the northern and southern parts of the study
area. In Doniphan County (DH1l), it is a yellowish orange
interval at least 20 cm thick that contains numerous
tapering, spar-filled cavities (cf. rootlets) and overlies
the wackestone and packstone lithofacies. In northern Coffey
County (CFl), the Ozawkie becomes a tannish-yellow,
terrigenous-rich lime mudstone, wackestone, and sometimes
packstone that contains foraminifera (fusulines),
brachiopods, and uncommonly, syringoporoid corals (cft.
Aulopora sp.). In eastern Shawnee County (SH1l), the Ozawkie
can be predominantly a lime mudstone and wackestone that is
less terrigenous rich.

Coated Grain and Ooid Grainstone and Packstone Facies

This lithofacies consists predominantly of thick
coated-grain and ooid grainstones and packstones that
generally form two distinct units separated by a thin, silty
lime mudstones at some localities. The thick grainstone
lithologies of this lithofacies consists predominantly of
coated grains and ooids that are completely cemented by
sparry calcite. Allochems (coated fossils, ooids and
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peloids) range in size from 0.5 mm to 6.0 mm and in general
are poorly sorted, but fine upward in 1.5 cm to 20.0 cm
packages locally.

These predominantly grainstone lithologies contain
rounded and angular concretionary lime mudstone, grainstone,
and shale intraclasts that can comprise up to 75% of the
rock at some locations. The intraclasts are mostly lime
mudstone and grainstone in composition, range in size from
approximately 1.0 cm to 15.0 cm in diameter, and occur
throughout the grainstone facies, but appear to be most
concentrated in the upper intervals. These grainstone units,
averaging 130 cm or more in combined total thickness, are
light buff tan to reddish gray fresh and weather yellow and
reddish tan.

The grainstone and packstone lithologies exhibit
large cut and fill structures along with tabular
cross-bedding at some localities and are the source of all
of the Ozawkie paleoflow data presented in this paper.
Paleoflow orientation at any particular locality were
relatively consistent, but between localities can be highly
varied (Fig. 5). The cumulative paleoflow measurements from
thgse localities show a pronounced northeast orientation (N
47" E) with a possible second node to the southwest (Fig.
6).

Bioclast-rich horizons occur within this lithofacies
at some localities although fossils are generally sparse.
Although uncommon, the fossils within this lithofacies are
highly varied, and include gastropods, pelecypods,
foraminifera, brachiopods, crinoids, bryozoans, cephalopods,
coelenterates, and trace fossils. The most common fossils
overall are bellerophontid gastropods.

The coated-grain and ooid grainstone and packstone
lithologies occur within the Ozawkie only in Jefferson,
Douglas, and Shawnee Counties. Proportionally, superficial
ooids (coated grains) are most abundant in southeastern
exposures of this lithofacies (e.g., localities JF6, DG1,
and DG2), whereas abundance of true ooids increases to the
northwest (e.g., locality JF1). Compared to the lithologies
in Jefferson and Douglas Counties, those to the northeast in
Doniphan and Atchison Counties and those to the southwest in
Osage and Coffey Counties (silt-rich lime mudstones and
bioclastic wackestones and packstones) contain more abundant
open marine forms (brachiopods, crinoids, and foraminifera).
Within the grainstone and packstone lithologies of
Jefferson, Douglas, and Shawnee Counties, gastropods and
pelecypods are the most common fossils.

OSKAI.QO0SA SHALE MEMBER

The Oskaloosa Shale Member consists primarily of a
light- to dark-gray, calcareous, silty mudstone and shale.
It is a fine-to-medium-laminated and blocky weathering
interval that becomes planar and wavy-bedded at the top.
Throughout the member fossils are sparse but include
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gastropods, bivalves, brachiopods, and plant detritus.
Overall, the Oskaloosa Shale Member fines and darkens
upward, and including the lower lime mudstone interval,
ranges in thickness from 105 cm to over 300 cm within the
study area.

Above the carbonate lithologies of the Ozawkie
Limestone Member, is a tan to Yellowish-orange, silt-rich,
lime mudstone interval. This interval, that is
lithostratigraphically the base of the Oskaloosa Shale
Member, averages 50 cm to 125 cm in thickness. It is
thickest and best developed in Jefferson, Douglas, and Osage
Counties.

The lower silty lime mudstone interval contains
irregular silty lime mudstone nodules that range from less
than 0.5 cm to 9.5 cm in diameter. Similar structures have
been called caliche nodules (glaebule) by Estaban and Klappa
(1983) . These nodules occur as isolated structures or in
coalesced groups, and are most concentrated in a weakly
cemented, cream- yellow, chalky lime mudstone at the base of
the Oskaloosa. The base of this lime mudstone as well as the
underlying laminated crust (at the top of the Ozawkie)
contains carbonate-coated particles consisting of allochems
(fossils, ooids, and peloids) as well as rock fragments,
including clasts composed of rounded grainstone apparently
derived from the underlying carbonate facies.
Circum-granular fracturing was observed in coated grains
present among the nodular lime mudstone pebbles (glaebules).
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DEPOSITIONAL HISTORY

The Deer Creek Limestone occurs between the Tecumseh
and Calhoun Shales and exhibits characteristics of a
composite or Shawnee type megacyclothem as defined by Moore
(1936), but lacks the "super" limestone. Overall, the Deer
Creek Limestone is generally interpreted as representing a
transgressive-regressive cycle (Fig. 2).

At the lower boundary of the Deer Creek Limestone, the
Tecumseh Shale is typically wavy-bedded with thin lensoidal
sandstone interbeds. It represents a period of detrital
influx that occurred near the beginning of marine
transgression. Macerated plant detritus, flat-crested
symmetric sinuous ripples, and rain-drop imprints in sandy
lenses within the Tecumseh suggest nearshore and occassional
subaerial conditions. Paleoflow data collected from
symmetric sinuous ripples suggests oscillating
northeast-southwest paleocurrents. This matches almost
exactly the flow orientation for sandstones within the
outside shales of the Kansas City Group in northeastern
Kansas reported by Hamblin (1969). Hakes (1976) noted that
vertical trace-fossil sequences in the Tecumseh Shale
indicate transgressive events that eventually led to Deer
Creek deposition. The silty lime mudstones at the top of the
Tecumseh in Jefferson and Douglas Counties are interpreted
later in the discussion of early diagenetic history.

The lithologies and faunas of the Ozawkie Limestone
Member are highly variable within northeastern Kansas.
Lithologies in the northern and southern-most parts of the
study area support an open marine interpretation and contain
an abundant open marine biota including brachiopods,
crinoids, and foraminifera. The mud-supported textures at
some locations imply deposition in either a protected area
or in an area below storm wave base. Although uncommon,
algae is present in the lime-mud-rich intervals suggesting
deposition within the effective photic zone. The fenestral
fabric present in the lime mudstone dominated lithologies of
the Ozawkie may be related to algal decay.

An agitated, shoal-water environment of deposition is
suggested for the thick cross-bedded grainstone lithologies
present locally within the Ozawkie. Based on established
Virgilian paleogeography (Heckel, 1980), these shoaling
carbonates likely represent a localized offshore bar belt
that existed within a vast shallow open-marine sea (Fig. 7).
Paleocurrent data (prominant node to the northeast)
indicates an prevailing direction of transport for these
offshore bars. Ball (1967) describes bedding dips
consistently perpendicular to the long axes of shoals from
both tidal bars and marine sand belts. This suggests that
the shoals may have been oriented northwest to southeast
(Fig. 7), parallel to a northern shore. Lithofacies
isopachs derived from subsurface data are needed to confirm
orientation and lateral extent inferred from essentially
two-dimensional data.
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Paleoflow or%entations are similar to the bimodal
distribution (N 52" E and § 42° W) reported by Hamblin
(1969) for the Upper Pennsylvanian limestones of the Kansas
City Group. Variations in flow orientation between the four
closely spaced localities (Fig. 5) suggests very localized
currents (Robb and Michnick, 1990) that may have been
produced by tidal or channelized currents. Paleoflow data
oriented perpendicular to the dominant flow direction (Fig.
5, Localities JF4 and JF5) were collected from foresets that
may have formed between channels or sand waves.

Offshore bars, preserved as coated grain and ooid
grainstones within the Ozawkie Limestone, may have resulted
from the inpingement of wave base on a gently sloping ramp
as described by Irwin (1965). The shoaling effects were
possibly influenced by localized antecedant paleotopography.
A localized paleohigh may have been the result of the
depositional thickening of underlying units or possibly
structural control. Thompson and Goebel (1968, p.7)
illustrate a paleohigh at the top of the Mississippian in
southwestern Jefferson and northwestern Douglas County.
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EARLY DIAGENESIS

Early Diagenetic Features

Cavities filled with autoclastic breccia and lime
mudstone matrix are present within the Ozawkie Limestone
Member in Jefferson, Douglas, and Shawnee Counties. These
cavities range from 2.0cm to 25.0 cm in maximum relief. The
breccia is characterized by angular to subrounded,
well-fitted fragments that can be up to 20 cm in maximum
dimension. They are most prevalent in the uppermost
carbonate unit and are commonly lined by laminated carbonate
crusts. In addition, the Ozawkie also contains
sediment-filled micro-fractures that traverse lithofacies
and may have resulted from root structures.

Throughout northeastern Kansas, a somewhat wavy bedded
surface containing relatively flat-bottomed open cavities
occurs at the top of the thick carbonate lithologies within
the Ozawkie. These features are best developed at the top of
the upper grainstone and packstone lithologies in Jefferson,
Douglas, and Shawnee Counties. The cavities range from 2.0
cm to 25.0 cm in relief and up to approximately 50.0 cm in
diameter and closely resemble the solution pans or rock
pools (kamenitzas) described by Esteban and Klappa (1983).
Small (up to 0.5 cm diameter) smooth spar-filled fractures
or tubes of irregular diameter have been observed
predominantly on the basal surfaces of these features and
are interpreted to be solution tunnels or fluiad escape
tubes.

Locally, these solution features as well as the entire
upper surface of the Ozawkie are capped with distinct
laminated carbonate crusts. These laminated crusts range in
thickness from 0.1 cm to 2.5 cm and are composed of fine
calcareous and siliceous bands or laminae that alternate
from light (translucent spar) to dark (dark brown to black)
in color. The laminae range from 0.15 mm to 12.0 mm in
thickness and average 0.5 mm thick. Crusts can be composed
of a single or multiple laminae. Although numerous dark
layers can be present in these calcrete horizons, they do
not resemble the charcoal-derived layers that might suggest
an ancient burning event. The thickest and most well
developed laminated crusts were observed in the Ozawkie at
localities within Jefferson (JF6) and Douglas (DGl and DG2)
Counties.

Some of these laminated carbonate crusts appear to
have developed in association with thin (<5mm) tapering
tubules. Both root tubules and casts are present in the
Ozawkie.. The most common of these root traces are generally
small (1.0 mm diameter average) tapering tubular cavities,
empty or spar-filled, and often observed below the laminated
carbonate crusts. These traces form a web-like network,
resembling alveolar texture in some of the dense lime
mudstone and wackestone. In addition, larger scale, downward
tapering, cement-lined and sediment-filled structures that
are considered root casts are present, most notably near the
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top of the packstone and grainstone facies. It appears that
the occurrence of these root traces are related to
lithologic (? pedogenic) boundaries that may have served as
growth and expansion zones for plant root systems. The few
trace fossils observed that were not considered root
structures consist of sub-vertical burrows that were highly
varied in size and filled with host-rock cement or
transported grainstone in some cases.

Numerous structural features exist within the
calcareous mudstone at the base of the Oskaloosa. Similar,
but less well developed features occur in the silty lime
mudstones of the Tecumseh at localities DG1 and DG2 and
between the thick carbonates of the Ozawkie (at Localities
JF6, JF7, DG1l, and DG2). These are best developed, however,
above the uppermost grainstone lithofacies of the Ozawkie in
Jefferson and Douglas Counties, and above the wackestone and
packstone lithofacies in northern Osage County.

In Douglas County (DGl and 2), exceptionally well
preserved columnar structures that resemble modern peds are
present in the Oskaloosa. These structures are oriented
vertically, average 2.5 cm in diameter, and can be up to 25
cm or more in composite height. Excellent autoclastic
brecciated texture is displayed within these sub-vertical
columnar structures at locality DG2. The sub-rectangular
fractures associated with this texture are carbonate filled.
Slickensides (stress cutan) were observed within these
structures at several localities. Elsewhere (JF6), platy and
angular blocky structures exist. Also present within this
lime mudstone and questionably within the laminated crusts
are small (2 mm average diameter) black pebbles that are
similar to those considered by Ettensohn et al. (1988) to be
the result of organic matter infusion (cailloux noirs).

Early Diagenetic History

Karstic features, such as the solution pans or rock
pools (kamenitzas) and collapse-fill microkarst, present at
the top of the thick carbonate lithologies within the
Ozawkie, form best in subaerial conditions where local
precipitation exceeds evaporation (overall climate is rainy
and humid) and carbonate leached from bedrock and soil
profile is transported elsewhere. The laminated calcium
crusts are the result of carbonate dissolution and
reprecipitation. This carbonate may have originated from the
underlying host rock or the overlying paleosol. The high
permeability and vadose conditions of the shoal lithologies
(grainstones) may have promoted carbonate infiltration from
the overlying paleosol and served as a lithologic barrier
for crust formation.

Walls et al. (1975) suggest the input of wind-blown
salt spray as an alternate source of carbonate in crusts.
This may have been a source of carbonate in the paleosol
that likely was adjacent to open marine waters. If
precipitation is insufficient to remove carbonate from the
horizon, such as in semi-arid or arid regions, caliche
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profiles can develop (Ettensohn et al., 1988). These
situations represent climatic end members, and both types of
structures as well as various intermediate structures are
present either within the Ozawkie or the overlying
Oskaloosa.

In addition to the laminated carbonate crusts, the
yellowish lime mudstones that surround the carbonate
lithologies of the Ozawkie Limestone Member contains
numerous features considered diagnostic of a paleosol by
Esteban and Klappa (1983) and Retallick (1990) . These
diagnostic features, present within the Oskaloosa, include
irregular carbonate nodules (glaebules), circum~granular
cracking in coated grains, columnar soil structures (peds)
composed of autobrecciated clasts, and slickensides (stress
cutans). Of particular interest are the carbonate filled
fractures surrounding the autobrecciated clasts composing
the paleosol structures. In combination, these features
suggest that one or more drying events occurred locally.

Other less diagnostic features that are present
include solution pools and rock ponds (kamenitzas) along
with paleokarst at the top of the underlying limestone,
small black pebbles (cailloux noirs), and a chalky lime
mudstone layer just above a lithologic break. Although the
uppermost of these silty lime mudstone intervals is
lithostratigraphically the base of the Oskaloosa Shale
Member, the presence of these features imply a genetic
relation to the Ozawkie sequence. In fact, the features at
the top of the carbonate lithologies of the Ozawkie very
likely formed under a soil profile as described by Multer
and Hoffmeister (1968).

Within Jefferson and Douglas Counties, successive
sequences of a paleosol above thick carbonate lithofacies
containing karst features and laminated carbonate crusts at
their upper surfaces occur within the Ozawkie. This suggests
that several subaerial exposure events occurred locally,
rather than a single well-developed event (Fig. 8). These
events were likely catalyzed by slight sea level eustasy in
relation to local paleohighs, and should therefore be
correlatable to lateral facies regionally.

Multiple lines of evidence suggest a localized
paleohigh in the Jefferson, Douglas, and Shawnee County
region during Ozawkie time. First, locally in that region,
the Tecumseh contains lithologic features considered
diagnostic of paleosols. Second, despite the shoal
lithologies, the Ozawkie thickens to the southwest and
northeast of this region. Third, the Oskaloosa thins in the
Jefferson and Douglas County region to nearly half its
thickness in the northern and southern-most parts of the
study region. Finally, field observations also reveal that
the Rock Bluff Limestone Member thickens to the northeast,
possibly the affect of a more sediment starved
predepositional area resulting from a seafloor high to the
southwest.
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CONCLUSIONS

The Ozawkie Limestone Member of the Deer Creek
Limestone Formation (Shawnee Group) exhibits diverse
lithologies within northeastern Kansas. Bioclastic
wackestone and packstone with intercalated lime mudstones
and wackestones containing mostly brachiopods, crinoids, and
foraminifera in the northern and southern parts of the study
area suggest open-marine environments of deposition. In
Jefferson, Douglas, and Shawnee Counties, the Ozawkie
consists of thick carbonates composed predominantly of
coated-grain and ooid grainstones and packstones,
intercalated with dense lime mudstones and wackestones.
Paleoflow measurements collected from these tabular
cross-bedded grainsgones show a pronounced orientation to
the northeast (N 47~ E) with a possible second node to the
southwest. A shoaling environment of deposition
characterized by offshore bars located within a vast shallow
open marine region is suggested for these units.

These carbonates are capped by paleokarst and laminated
carbonate crusts. Above the laminated crusts are silty lime
mudstone intervals that contain numerous features diagnostic
of paleosols including irregqular carbonate nodules
(glaebules), circum-granular cracking of coated grains,
columnar soil structures (peds) composed of carbonate
cemented autoclastic breccia, and slickensides (stress
cutans). Similar lime mudstone intervals also underlie the
shoal lithologies in Jefferson and Douglas Counties. The
presence of at least two sequences of carbonate shoals with
paleokarst and laminated crusts at their tops, and overlain
by paleosols suggests that several subaerial exposure events
occured locally during Ozawkie time.

The well-developed paleosols, particularly those
beneath the Ozawkie, and the carbonate shoal lithologies of
the Ozawkie have limited regional extent and appear to be
related to a local paleohigh. The restricted spatial
distribution within northeastern Kansas of the varied
lithologies of the upper Tecumseh Shale and basal Deer Creek
Limestone support the presence of localized paleotopography
and the effects of slight sea-level eustasy in deposition.
Based on these conclusions, it is possible that this unit
represents an abbreviated cyclothem in Moore's terminology.
Although the rocks of the Ozawkie Limestone Member exhibit
the previously described exceptional characteristics within
northeastern Kansas, the remaining lithologies and faunas of
the Deer Creek Limestone Formation within the study area are
consistent with cyclic sedimentation models previously
postulated for this sequence.

Page 13



REFERENCES

Ball, M.M., 1967, Carbonate sand bodies of Florida and the
Bahamas: Journal of Sedimentary Petrology, v. 37, p
556-591.

Bergstrom, R. E., 1953, Correlation of some Pennslvanian
limestones of the Mid-Continent by thermoluminescence:
Unpublished Ph.D. dissertation, Department of Geology,
University of Wisconsin, Madison, 89 P.

Condra, G. E., 1927, The stratigraphy of the Pennsylvanian
System in Nebraska: Nebraska Geological Survey,
Bulletin 1, p. 50.

Etthensohn, F. R., G. R. Dever, Jr., and J. S. Grow, 1988, A
paleosol interpretation for profiles exhibiting
subaerial exposure "crusts" from the Mississippian and
the Appalachian, in, J. Reinhardt and W.R. Sigleo,
eds., Paleosols and weathering through geologic time:
principles and applications: Geological Society of
America, Special Paper 216, p.49-79.

Esteban, M. and C. F. Klappa, 1983, Subaerial exposure
environment , in, P.A. Scholle, D.G. Bebout, and C. H.
Moore, eds., Carbonate depositional environments:
American Association of Petroleum Geologists Memoir,
no. 33, p. 463-506.

Fagerstrom, J. A. and R. R. Burchett, 1972, Upper
Pennsylvanian shoreline deposits from Iowa and
Nebraska: Their recognition, variation and
significance: Geological Society of America Bulletin,
v. 83, no. 2, p. 367-388.

Hakes, W. G., 1976, Trace fossils and depositional
environment of four clastic units, Upper Pennsylvanian
megacyclothems, northeast Kansas: The University of
Kansas Paleontological Contributions, Article 63, 46 p.

Hamblin, W. K., 1969, Marine paleocurrent directions in
limestones of the Kansas City Group (Upper
Pennsylvanian) in eastern Kansas: Kansas Geological
Survey Bulletin, v. 194, no. 2, 25 p.

Heckel, P. H., 1977, Origin of phosphatic black shale facies
in Pennsylvanian cyclothems of Midcontinent North
America: American Association of Petroleum Geologists
Bulletin, V. 61, no. 7, p. 1045-1068.

Heckel, P.H., 1980, Paleogeography of eustatic model for
deposition of Midcontinent Upper Pennsylvanian
cyclothems, in, T.D. Fouch and E.R. Magathan, eds.,
Paleozoic Paleogeography of the western United States:

Page 14



Rocky Mountain Section, S.E.P.M., Symposium 1, p.
197-216.

Heckel, P. H., 1986, Sea-level curve for Pennsylvanian
eustatic marine transgressive-regressive depositional
cycles along Midcontinent outcrop belt, North America:
Geology, v. 14, no.4, p. 330-334.

Heckel, P. H., and J. M. Cocke, 1969, Phylloid algal-mound
complexes and outcropping Upper Pennsylvanian rocks of
Mid-Continent: American Association of Petroleum
Geologists Bulletin, v. 53, no. 5,

p. 1058-1074.

Heckel, P. H., L.L. Brady, W.J. Ebanks, Jr., and R.K.
Pabian, 1979, Fieldguide to Pennsylvanian cyclic
platform deposits of Kansas and Nebraska: Kansas
Geological Survey Guidebook Series 4, 79 p.

Irwin, M. L., 1965, General theory of epeiric clear water
sedimentation: American Association of Petroleum
Geologists Bulletin, v. 49, no. 4, p. 445-459,.

Lamoreaux, S. B., 1983, Field study of the Deer Creek

Limestone (Shawnee Group, Upper Pennsylvanian), eastern
Kansas: The Compass, v. 61, no. 1, p. 8-17.

Merriam, D. F., 1963, The geologic history of Kansas: Kansas
Geological Survey Bulletin, v. 162, 317 p.

Moore, R. C., 1936, Stratigraphic classification of the
Pennsylvanian rocks of Kansas: Kansas Geological Survey
Bulletin, v. 22, 256 p.

Moore, R. C., 1941, Upper Pennsylvanian gastropods from
Kansas: Kansas Geological Survey Bulletin, v. 38, no.
4, p. 122-164.

Moore, R. C., 1966, Paleoecological aspects of Kansas
Pennsylvanian and Permian cyclothems, in Merriam, D.F.,
ed., Symposium on cyclic sedimentation: Kansas
Geological Surevy Bulletin 169, p. 287-380.

Moore, R.C., J.C. Frye, J.M. Jewett, W. Lee, and H.G.
O'Connor, 1951, The Kansas rock column, Kansas
Geological Survey Bulletin, v. 89, 132p.

Multer, H.G. and J.E. Hoffmeister, 1968, Subaerial laminated
crusts of the Florida Keys: Geological Society of
America Bulletin, v. 79, p. 183-192.

Retallick, G. J., 1990, Soils of the past, an introduction
to paleopedology: Unwin Hyman, Boston, 520 p.

Page 15



Robb, A. J. III, and S. M. Michnick, 1990, Preliminary
report on paleocurrents and depositional environments
of the Ozawkie Limestone Member of the Deer Creek
Limestone (Virgilian) within Jefferson County, Kansas:
The Compass, v. 67, no. 3, P. 166-174.

Ronca, L. B., 1959, Peel study of the Shawnee Group
(Pennsylvanian): Unpublished M.S. thesis, Department of
Geology, University of Kansas, Lawrence, 129 pP.

Ross, J.A., M.K. Wong, H.M. Chyn, D.S. Kirshen, R.K.-W.
Wong, W.K. Wong, C.G. Ross, L. Brady and D.R. Collins.
1991. Geologic Map of Kansas: Kansas Geological
Survey, 1:500,000.

Thompson, T.L. and E.D. Goebel, 1968, Conodonts and
stratigraphy of the Meramecian Stage (Upper
Mississippian) in Kansas: Kansas Geological Survey,
Bulletin 192, 56p.

Von Bitter, P. H., 1972, Environmental control of conodont
distribution in the Shawnee Group (Upper Pennsylvanian)
of eastern Kansas: University of Kansas,
Paleontological Contributions, Article 59, 124 p.

Walls, R. A., Harris, W. B., and W. E. Nunan, 1975,
Calcareous crust (caliche) profiles and early subaerial
exposure of Carboniferous carbonates, northeastern
Kentucky: Sedimentology, v. 22, p. 417-440.

Zeller, D. E., ed., 1968, The stratigraphic succession in
Kansas: Kansas Geological Survey Bulletin, v. 189, 81ip.

Page 16



FIGURE CAPTIONS

FIGURE 1. Stratigraphic Column of the Shawnee Group
(Virgilian, Upper Pennsylvanian) of Kansas. Position
of the Ozawkie Limestone Member indicated by arrow
(adapted from Zeller, 1968).

FIGURE 2. Lithologies and interpretation of depositional
environments of the Deer Creek Megacyclothem (from
Heckel et al., 1979).

FIGURE 3. Outcrop belt of basal Deer Creek Limestone
Formation (Shawnee Group) in northeastern Kansas
showing study locations. Dashed line shows trend
between outcropsindicated by Deer Creek Escarpment
(Regional outcrop distribution of basal Deer Creek
sediments adapted from Ross et al., 1991).

FIGURE 4. Stratigraphic correlations of measured sections of
basal Deer Creek exposures. .

FIGURE 5. Frequency roses indicating paleocurrent
orientation collected from tabular crossbedded
grainstones within the Ozawkie Limestone Member at
several localéties in Jefferson County, Kansas (class
interval = 10" ; from Robb and Michnick, 1990).

FIGURE 6. Frequency rose indicating orientation of 36
paleoflow measurements taken from tabular cross-bedded
grainstones within the Ozawkie Limestone Member in
Jefferson County, Kansas (class interval = 10 ; from
Robb and Michnick, 1990).

FIGURE 7. Regional paleogeography during Ozawkie time
(Generalized facies belts modified from Heckel, 1977).

FIGURE 8. Interpretation of depositional history of

lithofacies of the Ozawkie Limestone Member (Deer Creek
Limestone Formation) in Douglas County, Kansas.
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APPENDIX B - Localities

Doniphan County

DH 1. East side of county road
E 1/2, SE 1/4, NE 1/4, sec. 26, T.2S., R.21E.,
TROY 7.5' QUAD
(U. Tecumseh and partial Deer Creek present,
shales partially covered: Ozawkie =
wackestone/packstone facies overlain by the lime
mudstone and wackestone acies)
DH 2. West side of county road
NE 1/4, NE 1/4, NE 1/4, sec. 36, T.4S., R.19E.,
BENDENA 7.5' QUAD
(Entire Tecumseh and Deer Creek present, shales
partially covered: Ozawkie = wackestone/packstone
facies)

Atchison County

AT 1. East side of county Road
East edge, SW 1/4, SW 1/4, sec. 9, T.58., R.20E.,
BENDENA 7.5' QUAD
(Lower Deer Creek present, shales covered: Ozawkie
=wackestone/packstone facies)
AT 2. East side of KS 7
West edge, NW 1/4, NW 1/4, sec. 13, T.S5S., R.20E.,
ATCHISON W 7.5' QUAD
(U. Tecumseh and entire Deer Creek present, shales
mostly covered: Ozawkie = wackestone/packstone
facies)

Jefferson County

JF 1. North side of KS 92
NE 1/4, NE 1/4, sec. 31, T.SS., R.18E.,
OZAWKIE 7.5' QUAD (Type Locality)
(? partial Ozawkie exposed, shales covered:
Ozawkie = grainstone/packstone facies)
JF 2. North and south side of county road
SW 1/4, SE 1/4, sec. 3, T.10S., R.18E.,
OZAWKIE 7.5' QUAD
(U. Tecumseh and entire Deer Creek Present, shales
covered: Ozawkie = grainstone/packstone facies)
JF 3. South side of county road
N 1/2, SW 1/4, SE 1/4, sec. 3, T.10S., R.18E.,
OZAWKIE 7.5' QUAD
(U. Tecumseh and entire Deer Creek present, shales
covered: Ozawkie = grainstone/packstone facies)
JF 4. Northeast side of county road
midline, E 1/2, SE 1/4, sec. 10, T.10S., R.18E.,
OZAWKIE 7.5' QUAD
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(U. Tecumseh and entire Deer Creek present, shales
covered: Ozawkie = grainstone/packstone facies)
JF 5. West side of county road
midline,E 1/2, SE 1/4, sec. 10, T.10S., R.18E.,
OZAWKIE 7.5' QUAD
(U. Tecumseh and entire Deer Creek present, shales
covered: Ozawkie = grainstone/packstone facies)
JF 6. East and west side of US 59
midline, W 1/2, W 1/2, sec. 32, T.10S., R.19E.,
OSKALOOSA 7.5' QUAD
(U. Tecumseh and entire Deer Creek present, shales
covered: Ozawkie = grainstone/packstone facies)
JF 7. South side of county road
NE 1/4, NE 1/4, sec. 6, T.10S8., R.19E.,
OSKALOOSA 7.5' QUAD
(U. Tecumseh and entire Deer Creek present, shales
covered: Ozawkie = grainstone/packstone facies)

Douglas County

DG 1. North side of Kansas Turnpike (I-70) -
NE 1/4, NW 1/4, NW 1/4, sec. 22, T.1i2s., R.18E.,
CLINTON 7.5' QUAD
(U. Tecumseh and entire Deer Creek present:
Ozawkie = grainstone/packstone facies)
DG 2. North side of Kansas Turnpike (I-70)
SE 1/4, SW 1/4, SE 1/4, sec. 16, T.12 S., R.18E.,
CLINTON 7.5' QUAD
(U. Tecumseh, Ozawkie, Oskaloosa, and Rock Bluff
present: Ozawkie = grainstone/packstone facies)

Shawnee County

SH 1. Along eastern edge of roadcut on north side of
Kansas Turnpike (I-70)
SE 1/4, SE 1/4, SW 1/4, sec. 6, T.12S., R.17E.,
GRANTVILLE 7.5' QUAD
(Entire Deer Creek weathering along drainage,
Ozawkie partially covered: Ozawkie = lime
mdst/wackestone/packstone/grainstone facies)

SH 2. North face of quarry
NW 1/4, sec. 7, T.12S., R.17E., GRANTVILLE 7.5!
QUAD
(U. Tecumseh and entire Deer Creek present, fresh:
Ozawkie = packstone/grainstone facies)

Osage County
0s 1.

SW 1/4, SW 1/4, NE 1/4, sec. 7, T.16 S., R.16 E.,
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LYNDON NW 7.5' QUAD
(U. Tecumseh and entire Deer Creek present:
Ozawkie = wackestone/?packstone facies)
0SS 2.
SW 1/4, NW 1/4, sec. 16, T.18S., R.1SE.,

LEBO 7.5' QUAD
(Lower Deer Creek present from U. Ozawkie, shales

partially covered: Ozawkie = wackestone/?packstone
facies)

Coffey County

CF 1. Along drainage of roadcut east of US 75
West edge, NW 1/4, SW 1/4, sec. 14, T.19S.,
R.15E., WAVERLY NW 7.5' QUAD
(U. Tecumseh and entire Deer Creek present, shales

mostly covered: Ozawkie = wackestone/packstone
facies)
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KANSAS GEOLOGICAL SURVEY

UM Constamt Ave |, Catnigris Wy
Fhe Universits ot Kanaae
Lavrence, Kansas 66ide 2<yx

DII-H6d . suns

ACTIVE AND ABANDONED QUARRIES CONTAINING OZAWKIE LS

i
Lj HEMORANDUM
TO: AL ROBB
FROM: DAVE GRISAFE éEjﬁ,Zi__
SUBJECT:
DATE: APRIL 11, 1991
COUNTY LOCATION
DOUGLAS NONE
JEFFERSON NW 05-10-19E
NE 10-11-18E
NW 11-11-18E
16-11-17E
NW 15-11-17E
ALSO POSSIBLE:
SW 22-09-17E
SE 20-09-18E
OSAGE SW 07-16-16E
SHAWNEE SW 07-12-17E

NW 18-12-17E

DEER

FT

FT
0 INFO GIVEN

FT

FT ACTIVE QUARRY
REEK FM LISTED FOR

FT ?ERVINE CK?
0 INFO GIVEN

QuuZuo

Zw

10-17 FT, LISTED AS O2AW.
?IMPROPER IDENTIFICATION?
ERVINE CK?

7.5 FT v U
7 FT SAME QUARRY

The above are the only locations listing the Ozawkie Ls in our

active and abandoned files. Most of the
Ck Fm were for the thicker Ervine Ck Ls

quarries listing the Deer
Member.

Hope this information willbe useful to you.
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