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CHAPTER I

INTRODUCTION

Red Beds of central North America cover approximately four percent of the
continent (Tomlinson, 1916; Fig. 1). Though these Red Bed deposits are wide spread,
much of the detailed work determining their depositional environments has focused on
the western US (Gustavson et al., 1980; Handford and Fredericks, 1980; Handford, 1981;
Presley, 1981; Speer, 1983; Presley, 1987; Andreason, 1992; Mack et al., 1995; Lucas et
al., 1999; Lucas et al., 2001; Mack, 2007), with little detailed work done in Oklahoma.
The Red Beds of Oklahoma are a potential source of copper resources (Heine, 1975; Cox
and Al-Shaieb, 1980; Yang, 1985; Fay and Brockie, 2002), provide important water
resources (Osborn et al., 1998; Johnson, 2003; Paxton et al., 2004), and the dissolution of
gypsum layers during drilling may provide shallow hazards to oil and gas exploration.
Previous work on the Duncan Formation of the North American mid-continent has
interpreted this formation as fluvial deltaic (Sawyer, 1924; Gould, 1926; Becker, 1930;
Green, 1937; Fay, 1964) and little recent detailed work has been conducted on the
depositional environments of these units. One problem with early interpretations is that
the large fluvial environments that would be needed to deposit the thick sequences of

shale and sand do not fit into current climate models for the Permian of central North
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America. These recent climate models for the Permian mid-continent point to a dry
climate and suggest eolian processes were an important agent acting on the landscape
(Tabor and Montafiez, 2004; Tabor and Montanez, 2005; Peyser and Poulsen, 2008;
Soreghan et al., 2008a).

Classic facies models of shallow marine systems such as those of deltas (e.g.
Galloway, 1975; Bhattacharya and Giosan, 2003) and estuaries (e.g. Dalrymple et al.,
1992) may not apply very well to fine grained arid environments . Recent work from the
Solway Basin (Permian) in the United Kingdom has outlined the characteristics of
deposits formed in arid systems with a large influx of fine-grained material (Brookfield,
2008). Brookfield (2008) compared the hyperarid intracontinental Solway Basin to
modern lake deposits in the hyperarid deserts of north central Africa and central Australia
where recent work has documented the importance of terminal splays and playa lakes
upon the landscape (Tooth, 1999; Lang et al., 2004; Tooth, 2005; Fisher et al., 2008).

The El Reno Group (Permain) of the North American mid-continent provides an
excellent place to reevaluate these early depositional models for the Red Beds of
Oklahoma. Within the El Reno Group fine grained sandstones, shales, and mudstone
conglomerates of the Duncan Formation grade into shales of the Dog Creek and
Flowerpot Shales, and the shales, gypsum, and dolomites of the Blaine Formation. The
purpose of this project is to reexamine the El Reno Group and determine if the
depositional environments are consistent with classic models of shallow marine systems
or depositional systems that may have formed within more arid environments. It is
hypothesized that the Duncan Formation will not fit more traditional models of deltas or

other shallow marine systems as determined by previous authors (Sawyer, 1924; Gould,



1926; Becker, 1930; Green, 1937; Fay, 1964), but represents an arid-land depositional

system. Through the use of geological mapping on topographic maps at a 1:24,000 scale,
detailed measured sections, examination of thin sections, and x-ray diffractometry (XRD)
of shale samples, a facies model was developed for the Duncan Formation, which may be

of use in interpreting other Red Beds of the mid-continent of North America.



CHAPTER II

Geological Background

Geological Setting

Permian age rocks comprise the majority of Paleozoic rock units cropping out in
western Oklahoma, the Texas panhandle and southwestern Kansas. The only exception is
a thin veneer of late Miocene to Pliocene aged Ogallala conglomerates and sandstones, a
few isolated outcrops of Cretaceous marine sandstones, and the Quaternary fluvial and
eolian deposits associated with river courses of the tributaries of the Arkansas and Red
Rivers. These Permian Red Beds are thought to represent the encroachment of a shallow
epeiric sea from the west, which extended into the Delaware and Midland basins of West
Texas and New Mexico to the southwest and similar shallow-epeiric seas of Kansas to
the north (Hills, 1942; Holdoway, 1978; Johnson, 1990; Fig. 2). The area is bordered by
the Wichita, Arbuckle, and Ouachita Mountains to the south and the Ozark Dome to the
northeast (Fig. 2). Although there is an indication of tectonic deformation of Permian
strata on the flanks of the Anadarko and Midland Basins, as well as local karsting in
western Oklahoma, Texas and Kansas, deformation within the study area is minimal
(Fay, 1962; Fay, 1964). Beds in west-central and northwestern Oklahoma have a gentle
regional dip of 0.26 degrees to the southwest with local dips ranging between 0.07 and

0.37 degrees (Fay, 1964). Karst processes associated with some of the gypsum units and
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other salt-related movements of some of the Permian beds have resulted in local
deformation of the strata (Fay, 1962; Johnson, 1972; Gustavson et al., 1980). Within the
study area gypsum beds are at a minimal thickness and karst process are insignificant to
nonexistent. A general stratigraphic column for the area is shown in Figure 3. The
gypsum and dolomite beds within the Blaine Formation weather to produce prominent
capstones creating the bluffs of the Blaine Escarpment and gypsum hills of western
Oklahoma (Fig. 4). This provides an excellent setting to map the facies changes within

the EI Reno Group.

Geological Formations

Blaine Formation

Through correlations with equivalent strata in the Permian Basin of west Texas,
biostratigraphy from bounding formations, and strontium isotope dating, the Blaine
Formation is thought to be late Cisuralian or early Guadalupian in age (Clifton, 1944;
Pendery, 1963; Fay, 1964; Johnson, 1967; Denison et al., 1998; Fig. 3). Fay (1964)
divides the Blaine Formation into three geographic units: a northern platform facies, a
central basinal facies, and a southern deltaic facies. These depositional systems received
sediment from both the Ozark Dome and the Ouachita and Arbuckle uplifts. Both the
platform and central-basinal facies are comprised of alternating shales, dolomites and
gypsums (Fay, 1964). The platform facies of the Blaine Formation have thicker gypsum

beds but an overall thinner thickness than the basinal facies. The southern deltaic facies
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Figure 4- Typical escarpment of the Blaine Formation
within the study area.



interfingers with sandstones and conglomerates of the Duncan Formation to the east and
south (Fay, 1964; Fig. 5). As this change occurs the gypsum and dolomites disappear and
the mudstone conglomerates and sandstones appear. This marks the change from the
Blaine Formation to the Duncan Formation.

Previous authors have suggested that the gypsum-shale interbeds represent sea-
level changes (Clifton, 1944; Fay, 1964). Fay (1964) concludes that when rivers flowing
into the shallow sea were at a maximum seaward extent, with a more humid climate, the
influx of siliciclastic material resulted in deposition of the shales of the Blaine Formation.
Conversely the gypsum beds represent highstand times when the source of siliciclastic

material is shifted further landward (Fay, 1964).
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Duncan Formation

The Chickasha/Duncan Formation was known as the “purple sandstone”, from the
Purple Series, until Gould (1924) differentiated the Chickasha Formation from the
underlying Duncan Sandstone. The description Gould (1924) gave of the Chickasha
Formation came directly from Mr. Clyde Becker, and follows:

1. An upper purple sandstone member 70 to 80 feet thick, the upper 30 feet of which
consist chiefly of loose pink sand in which occur numerous thin lenses of purple
“mudstone conglomerate™ beds separated by thin strata of pink sand.

2. A middle pink sand member consisting of 50 feet of uncemented pink sand.
Occasionally this sand shows cementation on both upper and lower contacts, but
the lithologic characteristics are the same as of the pink sand, and not similar in
texture or color to the “mudstone conglomerate.”

3. A lower purple sandstone member chiefly composed of “mudstone
conglomerates,” 50 feet thick, more distinctly stratified than any other portion of
the Purple Series.

Recognizing that the Chickasha and Duncan Formation were similar in lithology, Sawyer
(1924) considered the Chickasha and Duncan Formations as one formation that he termed
the Duncan Sandstone. Green (1936) followed the terminology used by Sawyer (1924)
and dismissed the name Chickasha Formation arguing that no unit described from the
type locality could be traced. He instead grouped all formations from the “Purple Series”
under the name Duncan Sandstone. The following year the name Chickasha was
redefined, as separate from the Duncan Sandstone, for units that were found through most

of Grady County (Brown, 1937). The Duncan Sandstone was considered a separate

12



formation from the Chickasha Formation until Fay (1964) describes the character of the
Duncan Sandstone (outside of the type section) to be the same as the Chickasha, and
considered the two units as one.

The author of this paper, and others mapping the same units (e.g. Suneson and
Stanley, 2001; Miller and Stanley, 2002) believe that the Chickasha Formation is
indistinguishable from the Duncan Formation in outcrop and the two should be
considered one formation. Since both names were introduced in the same paper (Gould,
1924) neither name has precedence over the other. Fay (1964) also considered the
formations as the same, but failed to clear up the naming by referring to the units together
as the Chickasha and Duncan Formation. This paper will follow the terminology used by
Sawyer (1924) since he was the first author to use a single name to refer to all the units of
sandstones, shales, and mudstone conglomerates as the Duncan Formation.

The Duncan Formation has been interpreted to be the proximal deposits that grade
into the facies of the Blaine Formation, Flowerpot Shale, and Dog Creek Shale. These
three units can be seen interfingering throughout central Oklahoma (Green, 1937; Fay,

1962; Fay, 1964; Fig. 5, Fig. 6).

Flowerpot Shale

Named for the type locality of Flower-pot Mound in Barber County, Kansas the
Flowerpot Shale is a reddish-brown gypsiferous shale between the Medicine Lodge
Gypsum of the Blaine Formation above and the Cedar Hills Sandstone below. The
Flowerpot Shale has a maximum thickness of 142 meters and is divided into five

lithologic units (Fay, 1964). Fay (1964) describes the Chickasha/Duncan Formation

13



Blaine Formation

MS 5721 #2

Quaternary Terracee- Quartz sand with
scattered pebbles. Massive.

Shale; Red-brown

Duncan mudstone conglomerate-
Facies #1

Shale; Red-brown, 5YR 4/6; heavly weathered

Dolomite; Vuggy weathering; Sugary

Shale; Red-brown, 5YR 4/6

Covered

Shale; Red-brown; Heavly weathered

Dolomite; Red; Silty

Dolomite; Silty/Marly;
Heavly weathered

Shale; Red-brown; Heavly weathered

Key:

. Terrace
Shale

units in meters

Mudstone
Conglomerate

. Dolomite

Figure 6- MS 5/21 #2. Measured section through the
Blaine Formation. Note the Duncan mudstone
conglomerate (Facies #1) incased in the Blaine Formation

Shales.
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interlayered with the Flowerpot Shale in Blaine County, Oklahoma. To the south in
central Canadian County, it is believed that the Flowerpot Shale is represented by the

lowermost Chickasha Formation (Fay, 1964).

Dog Creek Shale

The Dog Creek Shale is the name given to the series of reddish-brown clay shales
with thin dolomites and siltstones between the top of the Altona Dolomite of the Blaine
Formation and the base of the Marlow Formation (Fay, 1964). The Dog Creek Shale
thins to the north from a thickness of 58 meters in Blaine County, Oklahoma to 9 meters
in Kansas (Fay, 1964). The Dog Creek Shale contains several distinct dolomite and
gypsum beds that have been used for correlation between Blaine County, Oklahoma and

the type section in Kansas (Fay, 1964).

15



CHAPTER III

METHODOLOGY

The study includes the area between approximately 97° 55’ 00” and 98° 7' 30" W
and between the North Canadian River to the south and the Kingfisher/Canadian County
border to the north (~35° 43’ 32" N) (Fig. 7). This encompasses an area of approximately
two 7.5" quadrangles, and includes portions of four USGS topographic quadrangles: El
Reno, OK; Fort Reno, OK; Fort Reno NE, OK; and Okarche, OK (Fig. 7). Topographic
maps of the area were used as a basemap for geological mapping. For field work hard
copies of the topographic maps were purchased from the Oklahoma Geological Survey.
Geological mapping was conducted by driving sections roads and following stream traces
over the entire study area. Digitizing of the geological map was done in the lab using
ArcMap with the topographic maps as a base. Digital copies of topographic maps were
downloaded from the Center for Spatial Analysis operated by the University of
Oklahoma.

Rock samples were collected at various locations across the study area for thin
section analysis and XRD analysis. Three samples were collected for thin sections from
the Altona Dolomite (samples: 1/13 #1, 1/13#2, 1/13 #3) and two smaples from the
Magpie Dolomite (samples: 2/6 #7, 2/6 #17) for comparison of the dolomite beds at

different locations. Eight samples were collected for thin section analysis from the

16
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Duncan Formation for aiding in the description and interpretation of facies (samples:
facies #1, 2/6 #1, 2/6 #20; facies #3, 2/6 #9, 2/6 #10, 2/6 #11; facies #4 2/6 #3; facies #6,
2/6 #2, 2/6 #12). Thin section analysis included point counts on all samples. Shale
samples were taken from the Duncan Formation, Blaine Formation and Flowerpot Shale
for XRD anyalsis. Six shale samples were collected from the Blaine Formation; two
samples five to ten meters above the Blaine/Flowerpot contact, two samples one to three
meters below the Magpie Dolomite and two samples one to three meters below the
Altona Dolomite. These samples were taken at the western and eastern edges of the
study area. Three samples were taken from the Flowerpot Shale at different locations
across the study area. Two samples were taken from shales within the Duncan

Formation.

Six locations were selected for measured sections. At those locations eleven
sections were measured and described in detail. Two sections cover most of the Blaine
Formation at locations at opposite (east-west) ends of the study area. One section was
measured in the lower section of the Flowerpot Shale near the Flowerpot/Duncan contact.
Eight sections were measured in the Duncan Formation for comparison of the different

facies of the Duncan Formation (Fig. 6, Fig. 8, Fig. 9, Fig. 10).

18



Blaine Formation

25

Figure 8- MS 4/14 #1.
Formation.

MS 4/14 #1

Altone Dolomite; oolitic fossiliferous

Shale; Red-brown; blocky

Gypsum; greenish-gray; mottled with red silty layers

Magpie dolomite; Vuggy weathering
Shale; Red-brown; blocky

Gypsum; greenish-gray; interlayered
with thin shale layers

Shale; Red-brown; Blocky; mottled gray;
10 cm thick satin spar gypsum at 4.3 meters

Covered

Shale; Red-brown; Blocky

Key: units in meters

. Gypsum . Dolomite
Shale

Measured section through Blaine
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A MS 5/6 #7

Sandstone; clean; fine-grained;
large trough cross beds at base
becoming massive towards top;
small amount of bioturbation
throughout facies; Facies #5

Sandstone; Medium grained;
large trough cross beds; Facies #4

Duncan Formation

Shale; Red-brown; blocky;

= Facies #6
B MS 5/21 #3
Ripple cross laminated; Facies #3
=
2
®
£
i
c Mudstone conglomerate; Facies #1
E Sandstone; large trough cross beds; Facies #4
8
Shale; dipping in clinoforms; Facies #6
Mudstone conglomerate; Facies #1
C
MS 5/21 #1
Shale; red-brown; silty; Blocky;
= Weakly indurated
& Siltstone; channel feature
% Shale; red-brown; Blocky;
o weakly indurated

Figure 9- Measured sections. A)

MS 5/6 #7. Duncan Formation; B)
MS 5/21 #3. Duncan Formation; __
C) MS 5/21 #1. Flowerpot Shale. sitstone 7] Facies #5

Facies #3 E Shale

Key:

Units in meters

. Facies #1
Facies #4
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CHAPTER IV

RESULTS

Geological Map

A geological map at the 1:24,000 scale was produced for the study area (plate #1).
Regional dip in the area is to the southwest, therefore younger units cropout to the
southwest. Quaternary alluvial sediments, terrace deposits and dune sands are present in
the southern portion of the study area. The Duncan Formation covers the largest area.
The Duncan Formation is present in the north and northeastern portions of the map.
Stratigraphically above, laterally equivalent and grading into the Duncan Formation are
the Flowerpot Shale, Blaine Formation and Dog Creek Shale (Fig. 5). This is illustrated
on the geological map as a thinning of the Flowerpot Shale, Blaine Formation, and the

Dog Creek Shale to the southeast (plate #1).

Measured Sections
A complete description of the eleven measured sections from the study area can
be found in Figures 6, 8, 9, and 10. Within MS 5/21 #2 the Duncan Formation facies #1

was found to be intertounging with Blaine Formation shales above and below (Fig. 6).
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Quaternary Sediments

A thin veneer of Quaternary fluvial and eolian deposits associated with major
river courses is found in the southern portion of the study area. Alluvial sediments of the
North Canadian River flood plain cover the southern-most portion of the study area.
Older alluvial terrace deposits are found to the north of the modern floodplain. Above
these deposits recent sand dunes have developed along the western edge of the fluvial
terrace. These dunes are no longer active, but were presumably developed at a time in

the past when conditions were more arid (Brady, 1989; Muhs and Wolfe, 1999).

El Reno Group

Flowerpot Shale

Outcrops of the Flowerpot Shale are red-brown (2.5 YR 4/6) and clay dominated.
Scattered silt and very fine sand units are also present in the Flowerpot Shale
stratigraphically above the Duncan contact. These silty units are indications of the inter-

tonguing of the Duncan Formation with the Flowerpot Shale.

Blaine Formation

The Blaine Formation consists of shales and interbedded gypsums and dolomites.
These gypsum and dolomite beds form capstones that create the distinct escarpment of
the Blaine Formation in Western Oklahoma (Fig. 4). Of the three named dolomite beds
and four named gypsum beds of the Blaine Formation identified by Fay (1964), only two
dolomites and three gypsums are present in the study area. The other units described by

Fay (1964) are found to the west of the study area. The dolomite beds found include the
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Altona Dolomite and the Magpie Dolomite. The gypsum members in the area include the
Medicine Lodge Gypsum, the Kingfisher Creek Gypsum and the Nescatunga Gypsum.
The Shimer Gypsum is found west of the study area. The gypsum units are only found in
the northwestern part of the study area and the dolomite beds thin considerably to the

south and east.

Dolomites
Altona Dolomite

The Altona Dolomite forms a well defined scarp from the northwest edge of the
study area and continues to where the Blaine Formation grades into the Duncan
Formation. The Altona Dolomite is oolitic and fossiliferous both in hand sample and thin
section (Fig. 11a and Fig 11b). In outcrop the Altona Dolomite is gray to white in color.
Fossils of the Altona Dolomite have a low diversity containing only a single genus of
clam, Permophorus (Fay, 1964).

The majority of the Altona Dolomite is dolomitized micrite (52% avg.). Ooids
and fossils were found in two of the three thin section samples (1/13 #1 and 1/13 #2).
Secondary calcite cement is found in two samples (1/13 #2 and 1/13 #3). Porosity makes
up the remainder of the samples and averages of 6.8%. The majority of the Altona
Dolomite is an oolitic fossiliferous wackestone with a few local areas of oolitic
fossiliferous packstone (Dunham, 1962). Petrographically the Altona Dolomite is fine
grained with rhomb sizes ranges of 5 to 20 um (Fig. 11c). The texture of the dolomite is

planer-S (Sibley and Gregg, 1987).
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Figure 11- A. Altona Dolomite oolitic wackestone, 4x; B. Altona Dolomite oolitic
fossiliferous packstone, 10x. Secondary calcite is stained red with alizarin red-S; C.
Altona Dolomite showing rhomb size and texture. 40x: D. Magnie Dolomite. 10x.
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Magpie dolomite

The Magpie Dolomite is not as well defined as the Altona Dolomite, but still
forms a well defined scarp in the study area. The Magpie Dolomite is in most areas a
silty fine crystalline dolomite that weathers into a distinctive vuggy texture (Fig. 12).
This texture is helpful for field identification of the Magpie Dolomite. This vuggy
texture comes from weathering of interlayered clays and silts in the dolomite. The color
of the Magpie Dolomite is gray-reddish brown. Thin section analysis reveals that the
majority of the Magpie Dolomite is fine crystalline dolomite (86%) with rhomb size
ranges of 5-15 um (Fig. 11d). Quartz grains represent 5% of the Magpie Dolomite. The
quartz grains are on average silt-size (0.04 mm). Hematite cement (6%) and hematite
grains (>1%) are also present in the Magpie Dolomite. Porosity values of the Magpie

dolomite were lower than the Altona Dolomite at 3%.

Gypsums

The Medicine Lodge Gypsum member of the Blaine Formation was only found in
one outcrop in the study area. The Medicine Lodge Gypsum consists of interbedded red
shales and thin layers of nodular and satin spar gypsum. The Medicine Lodge Gypsum
marks the contact between the Blaine Formation and the Flowerpot Shale. The
Kingfisher Creek Gypsum is the thickest gypsum in the study area. In much of the
western part of the study area the Kingfisher Creek has been mined and largely removed
for aggregate material. The member is white, argillaceous, and mottled pink. The
Kingfisher Creek forms a small escarpment throughout the study area. The Nescatunga
Gypsum Member is present in the western part of the study area as a greenish-gray,

argillaceous nodular gypsum. In some areas white-pink satin spar gypsum is interbedded
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Figure 12- Magpie Dolomite. Note Vuggy texture.

27



with the green-gray unit. The Nescatunga is the first gypsum above the Magpie

Dolomite.

Shales

Shales of the Blaine Formation are red-brown (5 YR 4/6) in color and blocky.
Numerous mottled greenish-gray (gley2 8/10G) silty areas that display a channel-like
geometry are present in Blaine Formation. These scattered silt layers are similar to those

observed in the Flowerpot Shale.

Dog Creek Shale

The Dog Creek Shale consists of dark red (2.5 YR 3/6), blocky and fissle shales
overlying the Altona Dolomite bed of the Blaine Formation. In the study area the Dog
Creek Shale contains one minor silty dolomite layer and one to two scattered gypsum
layers. Shales from the Dog Creek are darker red in color when compared to the shales

of the Blaine Formation and the Flowerpot Shale.

Duncan Formation

The Duncan Formation contains interlayered sandstones, siltstones, mudstones,
and mudstone conglomerates. Six major facies were identified within the study area
based on grain size and sedimentary structures. The facies of the Duncan Formation are

discontinuous and correlation from one outcrop to another outcrop is not possible.
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Facies #1-Mudstone Conglomerate

The most distinctive facies of the Duncan Formation is the mudstone
conglomerate facies. The thickness of the mudstone conglomerate beds are typically
between 0.5 and 0.7 meters. The mudstone conglomerates of the Duncan Formation are
generally found directly overlying sandstones, mudstones, and siltstones of Duncan facies
#6, #3, or #4 and truncate underlying beds (Fig. 13a). The mudstone conglomerate facies
grade laterally into medium and fine-grained sandstones of Facies #3 and #4 (Fig. 9).

Thin section analysis shows that sedimentary rock fragments make up the
majority of facies #1 (average 39%). Average size for the rock fragments is 1.0 mm
(very coarse sand), but some clasts are as large as 2.25 mm (gravel). The grains
comprising the clasts are the same size and type as the matrix of facies #1. Two cements
are present in Duncan facies #1, dolomite and hematite. Dolomite matrix comprises
about 30% of the rock. Hematite cement is grain coating and makes up approximately
11% of the samples. The matrix of facies #1 is made of sand-size grains and clay. Sand
grains make up 8% of the samples and the clay fraction comprises approximately 5% of
the rock. The majority of the grains are quartz, but a small fraction of hematite grains

were also observed. Porosity values for facies #1 average 4%.

Facies #2- Clay layers
Many scattered silty-clay layers were observed in the study area (Fig 13b). These
clay layers were associated with other facies of the Duncan Formation. The clay layers

are interbedded with deposits of Facies #3 and #4. Facies #2 is reddish-brown in color
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Figure 13-A) Facies #1. Mudstone Conglomerate showing
erosional base with underlying Duncan shales; B) Facies
#2. Diagenitic reducing zones highlighting silty-clay
layers. Note convoluted bedding; C) Facies #3. Ripple
cross laminated sandstone with interlayered clay drapes; D)
Facies #4. Fine to medium grained sandstone with large
scale low angle trough cross beds; E) Facies #5. Well sorted
sandstone with high angle trough cross beds; F) Facies #6.
Shale dipping in clinoforms.
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and their thickn