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ABSTRACT

A stratigraphic study was made of the Douglas Group (Upper Pennsyl-
vanian, Virgilian) in the northern Midcontinent region, and approximate
correlatives, in a part of eastern Oklahoma north of the Arbuckle Moun-
tains. In Oklahoma, the Douglas as currently defined is approximately
correlative with the Barnsdall, the Tallant, and the lower part of the
Vamoosa Formations.

Within the northern Midcontinent, Douglas rocks comprise a shale-
sandstone facies on the south and southeast and a shale-limestone facies
to the northwest. On the whole, the Douglas forms a predominantly terrig-
enous detritus, imperfect and incomplete wedge that thins to the north
and to the northwest. The combined Barnsdall-Tallant-Vamoosa section
displays over-all southward thinning, which is believed to have resulted
largely from multiple erosional disconformities. Stratigraphic record of
the strata studied is progressively more imperfect southward from Osage
County to Pontotoc County, Oklahoma outcrops.

The regional sedimentational framework is reconstructed as a part
of a single sedimentary basin bordered on the south by the Arbuckle Moun-
tains region and on the southeast by the Ozark Dome area, and possibly
the Ouachita Mountains region. Pre-Douglas Pennsylvanian terranes exposed
to the south and southeast are judged to have been of primary and second-
ary importance respectively as immediate sources for Douglas quartz sands
and large volumes of clay-size detritus. Pre-Pennsylvanian Paleozoic
terranes exposed in the Arbuckles and questionably in the Ouachitas re-

gion are regarded as important immediate sources for the coarse constituents



of the Vamoosa Formation of east-central Oklahoma outcrops. Influx of
terrigenous detritus rather than such things as depths of deposition,
is judged to have been of primary importance regarding the spatial dis-
tribution of Douglas sediment types.

The vast majority of Douglas rocks are believed to have been depos-
its of marine and mixed enviromments. It seems probable that southern
shores of the Douglas sedimentary basin were persistently within the
latitudes spanned by the present Creek-Seminole Counties, Oklahoma area.
Southeastern shores were generally not far southeast of present outcrops
and extended to within the area of study during part of Douglas deposi-
tion. Eastern, northeastern, and northern shores are believed to have
been largely outside the area of study. However, when wholesale facies
differences of the Iowa section are better known and more firmly related
to the Missouri and Nebraska sections, it may be established that these

differences were conditioned by proximity to northeastern shores.



INTRODUCTION

Purpose and Scope of Investigation

The purpose of this study is threefold: to describe Douglas Group
(Upper Pennsylvanian, Virgilian) rocks of the northern Midcontinent, to
develop a classification utilitarian for both surface and subsurface
studies, and to present a three-dimensional stratigraphic perspective
useful for interpretation of historical geology and as a framework for
more detailed investigations.

Study was initiated in 1958 after the author had opportunity to study
the outcropping rocks of Franklin County and adjacent parts of northeast-
ern Kansas. Scope of the project was determined after reconnaissance
study and with the advice of J. M. Jewett and R. C. Moore of the State
Geological Survey of Kansas and the Department of Geology, University of
Kansas. The area of detailed study is shown in Figure 1. Reconnaissance
study was conducted southward to the Arbuckle Mountains region. Special
emphasis has been placed on stratigraphic correlation and description of
the various rock units within the Douglas Group, which, as redefined
(Ball, in O'Connor, 1963, p. 1876-1877), extends from Lansing Group top
below to Shawnee Group base above.

Insofar as possible, attempt has been made to isolate descriptive
from interpretative discussion. Therefore, interpretation is included
largely under the headings, Classification and Historical Geology.

About 350 outcrops were studied, of which some 200 were measured and
described in either a detailed or a reconnaissance manner; /7 are included

in the stratigraphic sections in the appendix. Degree of completeness,



quality, and geographic spacing determined the selection of sections for
detailed study. About 2,500 subsurface control points were utilized.
Control is located and qualified and individuals whose work was used are

credited on Figure 1.

Field and Laboratory Techniques

Field study comprised outcrop measurement, description, photography,
and sampling as well as geologic mapping on aerial photographs and topo-
graphic sheets.

Much of the technique involved is common in any stratigraphic study
and therefore is not described. The geologic map is a compilation of the
efforts of various geologists and is so indicated (Fig. 1).

In a study that covers a relatively large area and strives for a
reasonably detailed description of the rocks under consideration, the
problem of sampling is encountered. Attempt was made to sample type sec-
tions of limestone units as completely as possible. Extension of sample
control laterally was accomplished by sampling each lithologic change
discernible in the field and retaining a maximum vertical spacing of 1 to
2 feet. Where entirely different facies were noted in tracing units
laterally, attempt was again made to sample as completely as possible.
All limestone samples taken were sawed for etched block study and acetate
peel preparation. Samples to be thin-sectioned were chosen in the fol-
lowing manner: (1) hand samples and enlarged negative prints of corre-
sponding acetate peels from limestone type sections were arranged in
stratigraphic order on tables in the laboratory; (2) after megascopic

and binocular microscope study, samples representative of certain footages
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EXPLANATION

® Outcrop sections (author)

¢ Llogs of cable tool cuttings (author)

s Loga of Kansas Sample Log Service

® Electric and radioactivity logs

¢+ Drillers logs

X Burface stratigraphic section, logs of rotary cuttings, logs of cable tool cut-
tings, and loge of cores; data represent work of individuals listed below;
from files and literature of various geological surveys

@ Where two log types for the ssme well are shown, the symbol other than that of
the Kansas Sample Log Service log marks the location
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FIGURE 1.-- Map showing lines of surface-subsurface cross sections
(Plate, section, and well numbers shown except the initial sections
in cases in which surface sections were composited across more than
one township) and distribution of control points within the area of
detailed study. Surface sections studied in the Creek - Seminole
Counties, Oklahoma area are not shown but are referenced in the text.
Approximate map traces of South Bend Limestone top (bounds Douglas
Group below), Haskell Limestone base (bounds Lawrence Formation
below), and Toronto Limestone base (bounds Douglas Group above) are
shown for Kansas. Areas of thick Pleistocene and Recent cover are
shaded. Mapping by the geologists inidcated by arrows in the ex-
planation was utilized in various areas and has been incorporated
in the forthcoming edition of the State Geologic Map of Kamsas (in
press).




of section were selected; (3) selection of additional samples in an attempt
to delimit geographic extent of different rock types; and (4) reversion
to steps (1) and (2) in cases of facies development entirely different
from that of the type section. The procedure used for limestone samples
involved preparation of large numbers of acetate peels (about 1,500) and
a minimum of thin sections (about 100). Thin sections were cut by Fred
Roberts Petrographic Section Service. The method used for preparing
acetate peels is essentially that of Herbert Mendoza and is described by
Harbaugh (1959, p. 295-296). Having both thin sections and acetate peels
of some samples to compare with samples for which peels only are avail-
able, was deemed the least time consuming and least expensive means of
gaining adequate control.

Shale and sandstone sampling was conducted in much the same manner
as for limestones but fewer samples were taken. Type sections of shale
units were sampled with a maximum vertical spacing of 5 feet and a mini-
mum vertical spacing determined by sampling between color changes and by
relative thinness of the unit sampled. No maximum vertical spacing for
sampling sandstone units was utilized; megascopic bedding characteristics
that enabled unit differentiation in the sandstones determined the verti-
cal spacing of samples taken. Geographic spacing of shale and sandstone
samples was determined largely by the degree of precision to which samples
taken could be referred to marker beds. About 50 sandstone thin sections
have been cut for petrographic examination as a supplement to outcrop and

hand-sample descriptions.

Clay minerals in the shale samples were dispersed in distilled water

(with a 1- to 3-drop NH,OH additive for some samples) and allowed to settle



for about 4 hours. The less than 2-micron fraction was then drawn off in

a medicine dropper and placed on a glass slide to dry. Diffractometer

patterns were run for each of four oriented films (untreated, glycerol-
saturated, heated to 450°C, and heated to 575°C for 30 minutes) for each
shale sample studied by X-ray diffraction. Patterns were run at a speed
of 1°28 per minute through 50 degrees total scan. Cu K«radiation was
used.

About 150 shale samples were so analyzed for clay-mineral content.

Criteria used for identification of the various clay minerals are shown

in Table 1.

MINERAL

Illite

Illite-mixed

layer

?Vermiculite

Kaolinite

Chlorite

Montmorillonite

SLIDE
TREATMENT

Untreated

Ethylene glycol
saturated

450° C

575° C (30 minutes)

Untreated

Ethylene glycol
saturated

450° ¢

575° € (30 minutes)

Untreated

Ethylene glycol
saturated

4509 C

5759 C (30 minutes)

Untreated

Ethylene glycol
saturated

4509 C

575° C (30 minutes)

Untreated

Ethylene glycol
saturated

450° ¢

575 C (30 minutes)

Untreated

Ethylene glycol
saturated

450° C

575° C (30 minutes)

FIRST ORDER PEAK

10A

10A to *14A
Expansion to 17A

Collapse
Near loss of idenity

14A to 14.5A

Slight expansion not
beyond 14.5A

Collapse to *12A

Collapse to 10A,
masked by 001
illite peak

7A (without
associated 14A
peak)

Destroyed

14A

Commonly enhanced

1154
17-18A

Collapse to %9,8A

Table 1. -- Criteria used for clay-mineral identifications.

HIGHER ORDER
REFLECTIONS

Integral series

Poorly defined

Integral series

?8light expansion

Destroyed

Integral series

Destroyed

Integral series

Destroyed

Generally
not present
Integral series

NATURE OF PEAKS

Commonly intense and
well-defined to
4th or 5th orders.

Generally broad and
diffuse.

Commonly a clear
sequence of 4 or
5 basal reflections
except in patterns
of heated slides.

Relatively well
defined lst and
2nd. order,

Commonly a clear
sequence of 4 or
5 basal reflections
except in patterns
of heated slides.

Moderately intense
except for sharp
basal reflection
in pattern of
ethylene glycol
saturated sample,



Where a double peak is recorded near the 25° scan position, the peak on
the low-angle (right-hand) side was identified as the 002 kaolinite peak,
that on the high-angle (left-hand) side as the 004 chlorite or the 004
vermiculite peak. Questionable identification of the mineral vermiculite
has been made according to criteria reported by Scafe (1963, p. 8). In-
terested readers are referred also to Grim (1953), Miller and Swineford
(1957), Proctor (1959), Brown (1961), and Kahle (1962) for theory per-
taining to identification of clay minerals by X-ray diffraction.

Shale samples examined for fossils were broken down and defloccu-
lated; clay particles were decanted, and after the residue was dried on
a steam radiator or hot plate it was examined under a binocular microscope.
Boiling in water or soaking in kerosene was necessary to break down the
most indurated shales.

Subsurface study involved the sequential utilization of drillers logs,
electric and radioactivity logs, sample logs of cable tool cuttings pre-
pared by the author, and sample logs prepared by and credited to others
(Fig. 1 and appendix). Leroy (1951), Tiratsoo (1952), Uren (1956), and
Maher (1959), were used by the author as references to theoretical inter-
pretation of lithology from electric and radioactivity logs. Maher (op.
cit.) was used as a guide to logging cuttings.

Not all geologists agree to the merit of drillers logs. Nonetheless,
the initial extension of a cross section from the surface to the shallow
subsurface in the northern Midcontinent must be made across an area in
which drillers logs are the principal type of record available (see Fig. 1),
and for which relatively few sets of cable tool cuttings are available for

study. If correlation is in error at the outset, all subsequent correlations



are affected. About 1,500 drillers 1ogsl/in an area comprising a part of
the outcrop area of Douglas Group rocks and extending as much as 20 miles
west of the outcrop area were consulted. Drillers logs obviously in
error and those that the author was unable to interpret were disregarded
and attempt was made to avoid extension of control for distances in excess
of about 6 miles between logs. Where available, areal geologic maps,
topographic contour maps, and both published and open-file stratigraphic
data were used as guides in interpretation of drillers logs. The author
found the use of drillers logs quite valuable within the limits outlined
by Leroy (1951, p. 475-478).

Distribution, thickness, and lithofacies maps were constructed.
Nine surface to subsurface cross sections and 5 subsurface cross sections
were prepared, and 8 are included in the report. Plates 7 and 8 extend
as far west as the eastern limits of more comprehensive cross sections by
W. L. Adkison (1963, and Subsurface geologic cross section of Paleozoic

rocks from Cowley County to Comanche County, Kansas, in preparation).

Previous Work

Many of the outstanding early works, which pertain specifically to
study of Douglas Group rocks, and workers (pre-1930) are cited in the
general statement of the section on classification and on Plate 1. Further
elaboration on this early published material seems unnecessary. Only a
small fraction of the basic stratigraphic data (measured sections and

areal mapping) collected, was published prior to 1930. D. W. Ohern is to

~1‘/From State Geological Survey of Kansas 0il and Gas Division files; not
all drillers logs used are located on Figure 1.
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be credited with excellent 1909-1912 work on the Penmsylvanian rocks of
northern Oklahoma; much of which remains unpublished (Gould, 1927, p. 14).
I have seen field notebooks prepared by J. M. Jewett, R. C. Moore, and

N. D. Newell during the late 1920s and early 1930s. Some of these notes
are incorporated in measured section descriptions on file with the State
Geological Survey of Kansas. The many astute observations made by these
men are cited and that part of the data pertaining to Douglas Group rocks
credited as basic to subsequent studies.

Of the studies that have been conducted exclusively on Douglas Group
rocks, only the works particularly pertinent to this study are cited here.
J. M. Patterson (1933) described the Douglas Group in Douglas and Leaven-
worth Counties, Kansas, found the section to be more fossiliferous than
previously suspected, and made pertinent observations on erosion surfaces
in Douglas Group rocks. Coal resources of the Douglas Group were compre-
hensively studied by A. L. Bowsher and J. M. Jewett (1943), and their
report includes excellent stratigraphic descriptions as well as valuable
insight pertaining to deposition of the coals (p. 37-38). T. W. Lins
(1950) studied the depositional enviromment of the Tonganoxie Sandstone
in northeastern Kansas and concluded that the Tonganoxie was a nonmarine
fluviatile deposit. The only published data on clay mineralogy of any
part of Douglas Group rocks is included in a detailed paleocecologic study
of the nodulose zone at the top of the Haskell Limestone (Miller and
Swineford, 1957). This paper, although local in scope, is the most de-
tailed account of the origin of any of the Douglas Group rocks and, as

such, represents a valuable contribution. Winchell (1957) concluded that

the "Stalnaker'" sandstone of subsurface terminology was correlative to
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the Tonganoxie Sandstone of surface terminology and that absence of Lansing
Group rocks in south-central Kansas resulted from erosion prior to deposi-
tion of the Tonganoxie Sandstone. Sanders (1959), like Lins and Winchell,
regards the Tonganoxie Sandstone as a fluviatile deposit and presents
useful maps showing net thicknesses of Douglas Group sandstone above and
below the Haskell Limestone. Study of cross stratification and ripple
marks in the Douglas Group sandstones in Kansas was conducted by Bower
(1961) who states (p. 1):

There is no indication of a southern source for the

terrigenous materials . . . sources for terrigenous materials

of the Douglas Group were located to the northwest, northeast,

and east. . . . Most of the clastics in the Douglas Group were

deposited in a fluvial environment in northwesternd’ Kansas and

a tidal flat or shallow marine environment in southeastern

Kansas.

Hicks (1962) studied cross-stratification and ripple marks in sand-
stones of the Vamoosa Formation of Oklahoma and visualized fluviatile
deposition of sandstone in the southern part, tidal flat deposition in
the central part, and shallow-water marine deposition in the northern part
of his area of study (p. 20 and Fig. 7, p. 22).

Widespread, near continuity of a number of thin stratigraphic units,
vertical sequences of strata in which rock types are repeated in the same
relative order, and dating of the diastrophic movements that formed the
Arbuckle Mountains and realization of their effect on northern Midcontinent
Late Pennsylvanian sedimentation, are especially noteworthy among the

concepts that underlie studies on Pennsylvanian stratigraphy. As pertains

to the area and the rocks discussed in this report, the published and

1/ :
= Typographical error; northeastern rather than northwestern was intended.
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unpublished work of the following geologists has been foremost in develop-

ment of one or both of the first two concepts mentioned:

J. M. Jewett,

R. C. Moore, and N. D. Newell of Kansas; F. C. Greene, Henry Hinds, and

H. S. McQueen of Missouri; G. E. Condra and E. C., Reed of Nebraska; and

M. C. Oakes and D. W. Ohern of Oklahoma.

to in appropriate parts of the report.

Their publications are referred

Any considerable advancement of

knowledge and progress in geologic study of any large problem, such as

dating the Arbuckle orogenic movements, is the product of the combined

labor of many investigators.

Table 2 shows a chronologic résume of dates

proposed for important Pennsylvanian uplift of the Arbuckle Mountains

region,.

AUTHOR

TAFF (1904, p. 37-38)

REEDS (1910, p, 42, 68)

MOORE (1921, p. 40)

MC COY (1921, p. 566)
MORGAN (1924, p. 19-21)
DOTT (1927, p, 22)

POWERS (1928, p. 1053-1055)

TOMLINSON (1929, p. 21, 47)
MOORE (1929, p, 900-901)

VAN DER GRACHT (1931, p. 1010-1014)

MOORE (1933, p. 612)

DOTT (1934, p. 584, S5S87-588, 596-597)

HAM (1954, p. 2042-2043)

DATINGS PROPOSED

Near beginning of Pennsylvanian or near close of Mississippian
At a still later time, before close of Carboniferous

Beganat close of Caney epoch

Post-Glenn formation (post-Holdenville), an epoch in mid-Pennsyl-
vanian

Just prior or during Kanwas City-Stanton time of Kansas and pre-
Semincle conglomerate

Near close of Atoka time
Toward close of Savanna time
Before close of Wewoka time
Near close of Vamoosa time

After Wapanucka time
Upper part of Marmaton time, possibly affected Hunton arch
After middle or late Kansas City time

Atoka time

End of deposition of Savanns sandstone

Seminole (mid-Pennsylvanian) time

St11l more profound folding and faulting recorded in conglomerates
of Yamoosa formation

Early Penosylvanian shortly before beginning of Dorntck Hills time
Late Peansylvanian sbout st end of Hoxbar epoch

After Dorntck Hills and Wapanucka times
After Hoxbar and Delle City times

Wichita phase of orogeny, latest Mississippian to early Pennsylvanian

Arbuckle phase of orogeny, late Deese time to pre-Pontotoc time
Post Hoxbar pre-Pontotoc time (Arbuckle orogeny)

Pre-McAlester and post-Wapanacka with greatest impetus in Atoka time
Some uplift during lower and middle Pennsylvanian time
Late Pennsylvanian time

Early Deese time

Post-Hoxbar, post Deese, post-Francis time
Late Collings Ranch time

Post-Vanoss time

Table 2. -- Dates proposed for important Pennsylvanian uplift of the Arbuckle Mountains regiun

TIME-STRATIGRAPHIC PLACEMENT
IN CURRENT CLASSIFICATION

Springeran
Post-Springeran Pennsylvanian

Pennsylvanian

Missourian

Missourian

Late Atokan

Early Desmoinesian
Late Desmoinesian
Early Yirgilian

After mid-Morrowan
Late Desmoinesian
After mid-Missourian

Atokan
Early Desmoinesian
Early Missourian

Early Virgiliasn

After early Morrowan
After mid-Minsourian

After mid-Murrowsn
After mid-Missourian

Springeran-Morrowan
Late Desmoinesian or early
Missourian to early Virgilian

After mid-Missourian to before
late Virgilian

Late Morrowan-early Atokan

Post-early Atokan-Desmoinesian

After mid-Nissourian, before late
Virgilian

Early Desmoinesian
After mid-Missourian
Middle Virgilian
Late Virgilian
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In his excellent paper on overthrusting in the Arbuckle Mountains,
Dott (1934) summarized previous work and stated (p. 576):

The foregoing review of previous literature presents the
evolution of ideas on Arbuckle structure from that of a
single uplift, formed at one period, and modified by normal
faulting, to the present conception of two uplifts, formed
at different periods, the younger finally overriding the
older in a large overthrust, accompanied by extensive
thrust faulting.

The author considers Dott's statement misleading in certain respects.
Original conception of structural history of the Arbuckle Mountains by
Taff (1904) attests explicitly to two periods of uplift. Taff (ibid.,
p. 37) pointed out that:

Near the beginning of the Pennsylvanian or near the close of
the Mississippian, the rocks of the Arbuckle region were
folded . . . Faulting on a large scale also occurred.

and (p. 38):

At a still later time, before the close of the Carboniferous,
the sediments were again folded and elevated into land. This
folding affected the recently formed conglomerates as well as
all the rocks previously deposited. Faulting occurred also
after the deposition of the conglomerate.

The deformation of the rocks now exposed in the Arbuckle

region commenced near the beginning of upper Carboniferous

time and ended before its close.

Reeds (1910) wrote a report, which emphasized physiographic history,
mineral resources, and mechanics of structural movements of the Arbuckle
Mountains. This report does not stress dating of uplift involved in for-
mation of the Arbuckles. The only mention of dating found was (op. cit.,
p. 42):

At the close of the Caney epoch, the formations constituting

the present Arbuckle Mountains remained no longer in a more

or less horizontal position beneath the sea but began to
assume their present complex folds.
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and (p. 68):

. . since the prominent uplift of Pennsylvanian time. . .

Two sets of folds have been developed which intersect each

other at almost right angles.

Reeds attempted to date broadly the Arbuckle Mountains uplift as
of post-Caney Pennsylvanian age. It is difficult to conceive that either
Taff or Reeds regarded the Arbuckle Mountains as a single unit of uplift,
formed at one time, in early Pennsylvanian, as was attributed to them by
Dott (1934, p. 570). In addition to Reeds, the only authors who mention
only one period of uplift, i. e. Moore (1921), McCoy (1921), and Moore
(1933), were concerned primarily or exclusively with what has been termed
the Arbuckle orogeny (van der Gracht, 1931, p. 1012-1013), a part of the
structural history of the Arbuckle Mountains. The Arbuckle orogeny con-
stitutes the younger of two major periods of uplift, that of the Arbuckle
anticline (Dott, 1934). The Moore (1929) article, which considers the
Arbuckle Mountains in a broader sense rather than in a restricted sensel/
and cites two major periods of uplift rather than one, leaves little
doubt of this. Most, if not all, of the e<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>