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INTRODUCTION
Looation

The Forest Gitj Basin is geographically in the Central
United States, and lies within the boundaries of four states,
Kansas, Mlssourl, Iowa, and Nebraska., The oval shaped basin
contains an area of approximately 40,000 square miles (Plate I).

Geomorphically the Forest City Basin is situated in the
Central Lowlands province., Dendritic drainage 1s eastward and
relief is moderate} however, near the junction of streams and
rivers the relief may become relatively steep, Westward regional
dip locally is interrupted by minor structural features.

Geologieally the Forest City Basin is bounded by the Salina
Basin to the west, the Cherokee EBasin to the south, and the Ill-
inois Basin to the northeast, The Nemaha Uplift separates the
Forest City Basin from the Salina Basinj and to the south the
Cherokee Basin is separated from the Forest City Basin by the
subsurface Bourbon Arch. Eastward the Osark Uplift and the Lin-
coln fold separate the Forest City Basin from the Illinois Basin,
The Sioux Uplift and the Wiseonsin Dome form the northern bound-
ary of the Foreat City Basin (Plate I),

Present Investigation

The present investigation was undertaken to study the rela-
tionship of structure to oil accumulation, and to analyze the
relationship between specific facies values and associated oil

accunulations in Cherokee and Marmaton rocks of Des Moines agse,






EXPLANATION OF PLATE 1

Location of the Forest City Basin and adjacent tectonle

framswork,
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The inveatigation also was to provide additional information
sonserning facles variation, source, and the direction of trans~
portation of sediments which comprise the Des Moines Series of
the middle Pennsylvanian period., Geologic data was summarized
by the preparation and interpretation of facies and isopach
maps, and also from previous investigations. Approximately 250
drillers' logs and sample logs were used as & source of subsur=-
face data in the construction of the facies and isopach maps,

The areal boundaries for the investigation were arbitrarily
set at the erosional outecrops in eastern Kansas, northwestern
Missourl, and southwestern Iowa. In the subswurface in western
Iowa, pre-Cretacecus erosion removed portions of the Marmaton
and Cherokee groupsj therefore, the south edge of the unconforme
ity between the Des Moines and Cretaceous rocks was cholenras
the northern areal boundary, The Bourbon Arch at the southern
margin of the Forest City Basin, and the Nemaha Uplift of Kansas
and Nebraska served as the southern and western boundaries for
the investigation,

The basal stratigraphic boundary for the Cherokee group was
placed at the contact of this group and the underlying Missis-
sippian limestones, The basal sandstones or chert-bearing beds
whioch overlie the Mississippian limestones were oconsidered Cher-
okee 1n agej however, the basal sandstones or chertebearing beds,
which were reported as containing considerable amounts of lime=
stone fragments in sample logs and drillers' logs, were con=
sidered Mississippian in age. This method of interpretation was
used to differentiate between material which was transported ard



o

that which probably formed in place. Thus material which was
transported would contain only minor amcunts of limestone frag-
ments. The upper stratigraphic boundary for the Cherokee group
i1s the base of the Fort Scott limestone of the overlying Marma=-
ton group {Plate II),

The upper stratigraphie boundary for the Marmaton group is
the Hepler sandstone lying at the base of the overlying Pleas~-
anton group. In areas where the Hepler sandstone is not present,
the top of the Lenapah Limestone served as the upper boundary,
This introduced a stratigraphic intervel variation of approxie-
mately 20 feet; however, this was conaidered to be a minor face
tor on a semleregional basis. The base of the Fort Sscott lime-
stone served as the basal stratigraphic boundary for the Marma=-
ton group (Plate II), Previous inveatigations were relied upon
for the mlneralogical composition of sandstones in the Des
Holnes Series because few well samples and well cores were
analyzed by the writer, Sandstones of Des Moines age have been
classified as to type on the basis of the most prevalent compo=
sitionj therefore, sandstones which are classified as being com=
posed mainly of one composition may locally contain a different
composition,

Previous Investigations

Many geologlec investigations have been made on various geo=
logical aspects of the Forest City Basin and the Des Moines Ser-
les, Some of the major studies include the work of Broadhead
(1873«l;) who deseribed Cherokee rocks in western Missouri; and






EXPLANATION OF PLATE II

Generalized subsurface geologic column showing the more
important stratigraphic units in the Des Moines Seriles of the
middle Pennsylvanian period, and the more important sandstones

that are petroleum reservoir rocks, .
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later reports on Cherokee or early Des Moines rocks inelude
those of Ohern (1910), Greene and Pond {1926), Plerce and
Courtier (1937), Searight and others (1953), and Howe (1956),

Extensive investigations have also been conducted on Marmae
ton rooks; probably zome of the more important investigations
include those of Moore (1936), Cline (1941), Jewett (1945), and
Mcore and others (1951),

John W, Ockerman (1935) analyzed the subsurface rocks in
northeastern Kansas, and Osborn (1938) compared the stratigraphy
of the Forest City Basin to that of the Illinois Basin, McQueen
and Greene (1938) described the stratigraphy of the Forest City
Basin, and Lee (1943) discussed the stratigraphy and structural
development of the basin, Lee (1956) further discussed the
stratigraphy and structural development of the Salina Basin and
related its geologic development with that of the Forest City
Basin, HNumerous investigations have alao been made by the State
Geological Surveys in Iowa and Nebrasks in conjunetion with

other reports.
STRATIGRAPHY OF THE DES MOINES SERIES

The Dea Molnes Series of Kansas, Missouri, Iowa, and
Nebraska is subdivided into the upper Marmaton group and the
lower Cherokee group (Plate II),

Cherokes Group

The Cherokee group has been investigated in detall by Sea=
right and others (1953), and Howe {1956)., Cherokee outcrops -—



extend in & broad belt eastward from Oklahoma through Cherokee
County, Kansas, around the flanks of the Oszark Uplift, northward
through northeastern Missouri into southeastern Iowa (Lee, 1943).
In most areas in Iowa, the Cherokee rocks are cbvered by younger
sediments or sedimentary rocks. In the subsurface, the Cherokee
group is composed predominantly of shale, many sandstonss, and
minor amounts of limeatones (Plate II). Coal 1is present as a
local component, The Cherokee group ls that interval of sedi-

- mentary rooks which lie batween the older Misslasipplan rocks
and the younger Marmaton rocks (Howe, 1956). However, near the
Hemaha Uplift, the Cherokee rocks may lie on older rocka,

The shales in the Cherockee group are micaceous, silty,
sandy, and almost any combination 1s possible, The sandstones
are mainly mlcaceous; however, chert sandstones and quartsose

. sandatones are sommon. Sandstones of Cherokee age have baen
claasified as to type on the basls of the most prevalent compo=
sltion} therefore, units which are classified quartzose may
looally contaln sub-graywacke type sandatones, The porosity of
the sandatones vary with the compositionj usually the micaseous
sandstones have the lowest porosity. The Cherokee group is,

. therefore, somposed predominantly of shale with many sandatones

and minor amounts of limsstonea and coals,

Because of the lithologie variance between subsurface rocks
and outercopplng rocks, a generalized subsurface nomenclature has
been used to disouss the stratigraphy of the Cherokee group
rather than the detalled nomenclature which is accepted for out=
cropping rocks by the various State Geologleal Surveys. This

L - - |
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subgurface nomenclature 1s accepted in Kanses and ad Jolning
states, and the names of this nomenslature ocecur in the United
States Geologlcal Bulletin 896, Lexicon of Geologlc Names of the
United States (Wilmarth, 1938), and the Kansas State Geologleal
Bulletin 10}, 01l and Gas in Eastern Kansas (Jewett, 195l),
This nomenclature 1s also accepted by the petroleum industry in
Eanses (Plate II),

The basal unit of the Cherokee group in the Forest City
Basin 1s a dark unnamed shale (Lee, 1943), This shale 1s prese
ent in the deeper parts of the basin in Brown and Doniphan Coune
tles, Kansas, and adjoining marginel areas, This unit raepresents
the earliest deposit in the Cherckee group, and the dark shale
lies In contect with ths Miasissippian limestones. The thicke
ness of the unnemed shale varles from O to 20 feet (Fig. 1,
Plate II),

The Burgess sandatone lies above the unnamed dark shale}
bowever, because of the limited areal extent of the dark shale,
the Burgess sandstone overlaps the dark shale and lies in eon=-
tact with the Mississipplan limestones, The Burgess sandstone
is composed of quarts, and chert fragments derived from exposed
Mississipplan rocks which were not covered by the deposition of
the dark shale (Lee, 1943), This sandstone varies from 0 to
approximately 150 feet thick; howsever, the average thieolkness 1is
about 25 feet,

The McLouth sandstone is an extensive sedimentary unit
which occurs in Jefferson and Leavenworth Counties, Kansas, and

parts of northwestern Missouri, and which appears to have been
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deposited as sheet or blanket bodies which may locally "wedge
out™, The MecLouth sandastone is stratigraphically above the Bur=-
gess sandatone, and 1s separated from the Burgess by a dark
shale., This dark shale overlaps the older Burgess sandstone and
most of the Mississippian rocks. Lee and Payne (194li) have re-
ported the MeclLouth sandatone to bs separated from the Migsissip-
plan rocks by a dark shalej however, in many aress, topographiec
highs ereated both by erosion and structural deformation in the
underlying Mississippian limestones, preventsd the deposition of
the dark shale. Thersfore, the McLouth sandstons may lie in
contact with the Mississippian limestones, or in contact with
the dark shale, The MoLouth sandstone is approximately 30 feetl
thick, however 1ts thiclness ranges from 0 to over 100 feet,

The mineralogical ecomposition of the MoLouth sandstone is simi-
lar to that of the Burgess sandstone (Lee and Payne, 194Li).

The Bartlesville sandstone is younger than the MeoLouth
sandstone, and the Bartlesville is separated from the MeLouth by
a shale unit (Plate II}, The Bartlesville aandstone occurs in
southern Iowa and northwestern Missourl, and locally it is pres-
ent in northeastern Kansas., In the Missourl and Iowa porticns
of the Forest City Basin the sandstone appears to be the result
of channel fillings which grade into fan or deltalc deposits,

In Kansas the sandstons appears &s local blanket or sheet depos-
its, The channel deposits may be as thiek as 70 feet, and the
sheet or blanket sandstones average about 15 feet thisk, The
Bartlesville sandstone has a sub=graywaoke composition (Greene,
1945, Siever, 1957).
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The Squirrel sandstons occupies the upper portiocn of the
Cherokee group, and has been observed in well samples in all
parts of the basin, Along the eastern margin of the basin the
sandstone ocours as channel fillings which grades laterally inte
sheet and lense shaped deposits, The sandstone is usually ap=-
proximately 30 feet thick and has a composition similar to the
Bartlesville sandstons,
Limestones have been observed in outerops, however few
- units have been reported in the subsurface because they were
| migsed or just not reported during drilling, or because they
were not present, Probably the only persistent unit of any
areal extent 1a the Verdigris limestons,

The Verdigris occurs in ths upper part of the Cherokes
group below the Squirrel sandstone (Plate II)}, The limestone is
" approximately 10 feet thick and appears to be present in all

parts of the basin exsept near the Nemaha Uplift, In outocrops

the Verdlgrls 1s a highly fossiliferous dark to gray rock con-

sisting of three limestones approximately 1 to 2 feet thisk

separated by shale beds (Howe, 1956).

Thickness of the Cherokee group 1s variable, In Brown

4 County, Kansas, it is spproximately 900 feet thick, howevar,
elsewhere it is much thinner, The average thiclimess of the
Cherokee group is about 500 fest, It becomes thinner northward
through Iowa, toward the Nemaha and Osark Uplifts, and over the
Bourbon Arch where it 1s about 250 feet thiok (Fig. 1l). The
thickness of the Cherokee group is dependent upon many factors;

however, topographic irregularities, resulting from erosion and

O
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structural deformation of the underlying units, seems to have
had the greatest effect in influencing the thicknseas,

Marmaton Group

Outeropping rocks of the Mermaton group have been discussed
by Jewett {1945)., The group includes rocks from the top of the
Cherokee group to the base of the Pleasanton group whish is the
cldeat unit in the Mlssourian Series. The subsurface rocks con-

- sist of 1limestonss of variable thicknesses separated by shales,

The Fort Scott limestone 1s the basal formation of the Mar=
maton group which is separated in the middle by a dark shale,
This unit 1a a good subsurface stratigraphic marker becauss it
is perasistent over most of the basin, Locally near the Nemeha
Uplift the Fort Scott limestone may grade into & sandstone., The
5 average thiockness of the limestone i1s about 30 feet; however,

locally the thiclimess may vary sonsiderably,.

Above the Fort Seott limestone is the Labette shale which
i1s gray in color in well samples and is approximately 30 feet
thick, Locally the Labette shale may grade into the Peru sande
stone, The Peru sandatone cccurs as channel deposits of a sub=

. graywacke composition containing many limestone fragments der-
ived from the underlying rocks (Jewett, 1945).

The Labette shale 1s overlain by the Pawnee limestone which
may ocontaln shale partings about one foot thick. In general,
the limestone is about 25 feet thickj but locally the thickness
may vary from O to about ;0 feet, The Pawnee iz the upper lime=-
stons in the lower half of the Marmaton group (Plate II),

-




The upper half of the Marmaton group eonsists of three
shales, Bandera, Nowata, and Holdenville, separated by two limee
stones, Alamont and Lenapah (Plate II), The shales may grade
locelly into channel or lense=-shaped sandastone bodies. In areas
where the Hepler sandstone, whiech is the basal rock unit of the
Pleasanton group, was not deposited, the upper Holdenville shale
of the Marmaton group cannot be distinguished from the shaly
Pleasanton group, Therefors, the Holdenville shale may not be -
. recorded on drillers' logs or sample logs. The average thicke.
ness of the individual shale units 1s about 15 feet,

The upper Lenapah limestons in many areas has been removed
by local erosion shortly after i1ts deposition, and many of the
older limestones in the upper part of the Mermston group may
locally grade into shales; therefore, many local variations may
. exist in the upper half of the Marmaton group,

The Marmeton group varies in thickness from 0 to 200 feet,
and the average thiclmess 1s about 100 feet, In general it in-
creases in thickness toward the southern part of the basin. The
Marmaton section is relatively thin over the Nemaha Uplift where
Cherokee rocks falled to cover the crest, and locally in Pottae

. watomie and Nemabe Counties, Kansas, and Nemaha County, Nebrasks,
Marmaton rocks may be missing because of non=-deposition or local
erosion., Therefore, where Cherokee rocks are not present, Mare

; maton rocks lie in contact with pre-Cambrien rocksj and in aresas
where Marmaton rocks are missing, rocks of the overlying Pleas=

enton group lie in contact with roeks of pre«Cambrian age,

L
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FACIES AND ISOPACH MAPS

s Facies as defined by Y, A, Zhemchuzinikev (1959) 1§-a rela=-
tive concept pertaining to the distinctions whiech correspond to
a stratigraphic unit, Facles reflects the environment of the
accumulation of lédimentary rocks or layers; therefore, fasles
is that which may be conceived or deduced from all indicated

. features of a sedimsntary rock or layer by which one can come to

a coneluslon about the rosk or layer and the physiogeogranhical,

blochemlcal, and geochemlcal conditions of its origin,

A facles map shows geographically the ovarall variations of
the lithologic charascterlistics of a stratigraphic unit (Krumbein
and Sloss, 1956, p, L103),

After a stratigraphic unit has bteen chosen, mumerous methods
are avallable for contrasting areal lithologile variations, One
of the more general methods used to delineate lithologic varia-
tlons or facles changes 1s by the use of slastic ratios (Krum=
bein and 3leas, 1956, p. 4O4). Determination of ths thicknesses
of clastleas and nonwclasties in a stratigraphic unit makea;pos-

slble a ratio sxpression in whichs

thickness of olastics
thlckness of non=clastics

- Claestie Ratio w-

' This informatlon may be obtained from drillerst logs, sample
logs, or electric logs, Examinatlion c¢f the ratioc quickly indi-
cates that a ratio of 1 pertalnsg to a unit whiech is composed of

P * 50 per cent clastics and S0 per cent non=clastics, Thus es the

retio increases the unit becomes more clastic, and as the ratio
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approaches sero the unit bescomes non-clastic,

If the stratigraphic unit under consideration is composed
chiefly of clastics, a sand=shale ratio may be used to indicate
the varying 1ithology (Krumbein and Sloss, 1956, p. 406). This
ratio 1s an expression between coarse and fine elasties, and may
be expressed by the following formulas

coaglomerate ¢ sandstone
siltstons ¢ shals

Sand=Shale Ratio =

A sedimentary roek interval which has a ratio of 1 will be com=
posed of 50 per cent fine clastlics and 50 per cent coarse clasg=
tica, When the ratlo approaches infinity the unit in question
increases in eomposition_toward that of a coarse clastic, how=
ever when the ratio approaches zero the unit in question approach=
es the compoaition of a fine clastic,

In conjunction with facies maps, 1sopach maps may be con=
structed to show the varying thicknesses of a stratigraphiec unit
by use of contour lines (Krumbein &nd Sloss, 1956, p. LOl).

Such maps require two key stratigraphic units which sre contine
uous over the area to be invesiigated, and can alsoc be used as
limits for the facles maps, The key units are at the top and
bottom of the stratigraphlic interval in question. W¥hen the upper
key unit of a particular stratigraphic layer is used as & datum
plane, the lower key unit reflects the shape of the topographle
and structural swface during the time the upper key unit was
being deposited., Thus isopach maps heve the advantage of show=
ing underlying structure and topographic expression at the time

-
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the atratigraphic layer was being deposited, and also show the
varying thioknesses areally, Therefore, most facies maps are
drawn on an isopach base whish provides the thicknesses of the

stratigraphic unit and also shows the lithologie variations geo=~
graphically {Krumbein, 1952). The use of such combinations,
faclies and isopach maps, results in the development of partieu~
lar patterns which were dependent upon many environmental fag-
tors during the time of deposition (Plate III), Isopachous and
. facles lines whieh show ovate patterns, two cireular parallel
lines, tend to suggest development in an evaporite or intracra-
tonie basin (Erumbein, 1952), Faociles lines may loop over isepa-
chous lines forming a curvilinear disecordant pattern (Plate III),
Such a pattern may arise when clastics are coneentrated in a
local subsiding area, such as a delta, Irregular spotty pat-
. terns occur near the edge of detrital sheet sands whers acoumu=-
| lation was intermittent (Krumbein, 1952), In areas where the
| faclies lines meet the zere isopach abruptly, & possibility ex=-
iats that the original shore line does not correspond to the
sero isopachi however, had the facies lines and the sero isopach
been parallel, a possibility would exist that the szero isopach
e was a shore line boundary (Krumbein, 1958),
The use of facles-isopach maps, and known lithologiec com=
positions provides an even greater indiecation of the tectonie
- conditions which were present at the depositional area, Quarts-
ose sandstone typloally ccours on shelf areas and indicates teg-
tonic stabllity, and graywackes are indicators of strong nega=-

tive conditions, The ocourrense of sub=graywacke sandstones,

-
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EXPLANATION OF PLATE III

The plate shows the relation between facies lines and iso-
pachous (solid) in terms of tectonics and source areas, The
lower suggests the nature of environmental influence on patterns

(Krumbein, 1952),
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coarse silty shales, and noduler limestones suggest 1ne#easing
contemporaneous tectonism (Krumbein, 19L48),

INTERPRETATION OF MAPS
Cherokee Isopach Map

The Cherokee group represents an interval between the top
. of the Mlssissippian limestones, and the base of the Marmaton
group. The thickness of this interval ranges from 0 te 000 feet
(Fig. 2). Cherokee rocks did not cover the northern portion of
the Nemaha Uplift, but along the flanks of the structure the
Cherokese rocks are approximately 350 feet thick, The Cherokes
seotion also thins over the Bourbon Aroh where it has a minimm
thickness of about 250 feet. The dendritic patterns delineated
by the isopachou: contour lines suggest that stream erosion
Played an important role in the deposition of sediments within
the basin, The shape of the dendritic patterns are indicative
of stream erosion; therefore, the thickest portions of the pat-
terns tend to suggest the location and direction of the stream
valleys. Drainage slopes within the basin were predominantly
from the north and east, however, some drainage did result from
the south and southeast because of the Bourbon Arsh and the
. Osark Uplift which 1s indicated by the shape and thicknesses of
the dendritic patterns which extend northward and westward from
the structures to the deeper parts of the basin (Fig. 2). The
.- patterns produced by the isopachous lines in southwestern Iowa

seem to suggest that several major trunk valleys pass through
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Iowa into Brown County, Kansas, The exact position of the val=-
leys 18 not known bescause only a limited number of well logs
were avallable in Iowaj in gensral, the valleys cut across south-
weatern Iowa from the northwest and north to converge approxi=
mately in Page County, Iowa (Fig. 2). The presence of numerous
atream valleys which oconverge toward the deeper part of the
basin in Brown County, Kansas, and which are represented by the
dendritic patterns of the isopachous lines, tend to suggest that
deposition and uplift ocourred contemporanecusly. The inferred
well developed valleys in the northern flank of the Bourbon Arch
also tend to suggest that the arch was a barrier from the he-
ginning which separated the Cherokee Basin from the Forest City
Basin (Fig. 2). Only minor modifications of that structure by
erosional processes would have taken place had the Bourbon Arsh
formed in the later part of Cherokee time, and the valleys in
the northern flank of the Bourbon Arch would have been discone-
tinuous with respest to other valleys 1n that portion of the
basin, Differential subsidence followed by the deposition of
sediments probably created the thickening of the Cherokee inter-
val in Franklin, Osage, and Shawnee Counties, Kansas, It should
be noted that stream valleys do not ocour in the flanks of the
Nemaha Uplift; therefors, i1t 1s highly probable the Nemaha Up=
1ift was never of high relief, and the aresl drainage from the
topographic high parts of the structure was slight,

Cherokee Facles Map

The Cherokee group in the Forest City Basin contains mostly
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shale, many sandstones, and minor amounts of limestones and coal,
Ag previocusly mentloned, the Cherokee group contains mostly clas=
tles, and the relationship of the clastica is shown by the sand-
shale ratio map (Fig, 2). The numerous different patterns and
reatios whieh are displayed on the facies map indicate that une
stable depogitional conditlions existed at the site of deposition.
The subwparallel trends formed by the facies and isopachous lines
along the western margin of the basin indicate that the northsrn
y portion of the Nemaha Uplift was probably a weatern shorsline
boundary during the deposition of the Cherckee groupj however,
the southern part of the Nemsha Uplift and the Bourbon Arech,
where the facles and isopachous lines are not parallel, were only
temporary boundaries (Fig. 2). The isopachous "zero" line along
the eastern margin of the basin in northweatern Missouri was
. arbitrarily placed at the western edge of the erosional surface
of the Cherokee group, The facies and 1sopachous lines are not
parallel in that portion of the basinj therefore, the isopachous
"zero™ line in the Missourl portion of the Foreat City Basin was
not an eastern shoreline boundary for the Cherokee group (Fig. 2).
The %gero™ isopachous line in the Iowa portion of the Forest City
. Basin was arbitrarily placed along the southern edge of the un=
conformity which oocours between rocks of Cherokee and Cretacecus
age, The faecles and 1sopachous lines tend tc be sub=parallel in
. the northern portion of the Forest City Basin; therefors, the
northern shoreline boundary for the Cherokee group nearly coin-
cides with the “gero®™ isopachous line (Fig. 2).

Most of the interior faclies patterna are linear or

A .
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curvilinear discordant which tend to indicate a near, wesk to
moderately strong orogenic source from which accumulation of
sediments was intermittent (Plate III), One would expect such
patterns where the sige and amount of material being transported
into the basin was dependent upon teetonic activity reexposing
old source areas or causing the reworking of previously deposited
sediments, In general, the patterns indicate great flexibility
in the amount of material being derived from the source, and
. many changing environmental conditions at the site of depoaition.
The Cherokee group in the northern half of the Forest City Basin
contains more sandstones than its southern counterpart. Ratios
between ,5 = 1 contain 25 to 50 feet of sandstone per 100 feet
of stratigraphic section. The northern portion of %the Forest
City Basin contalins many areas that have ratios which are greater
. than, or as great as .5 ~ 1; however, few areas ocecur in the
southern part of the basin which have a pratio as great as .5 - 1,
The only major ares with & ratio between .5 = 1 occurs in the
southeastern portion of the basin which 1s adjacent to the Osark
Uplift (Fig,., 2). Sandstones and conglomerates ocour along the
Nemaha Uplift; however, the arsal distribution of the clastics
s is 1limited, Spotty patterns occur in Wyandotte and Miami Coun=
ties, Kansas, and Andrew County, Missouri, whiech are probably
the result of sedimentary by-passing caused by fluctuations in
. current 1ntena;ty end the emount of sediments being transported
to the area of deposition, Thus during changing depositional
conditions an exact concordance seldom exists between isopachous

lines and facles lines; therefore, in most areas a facles lag




2

seeme to have developed where thickening oceurs over a broader

erea than the facles change, This 1s probably the result of un=-

stabtle tectonie envirommental) conditions and repid depomition,
Maermaton Isopach Map

The sedimentary rock interval between the top of the Chero=
kee group and the basze of the Pleasanton group is the Marmaton
group. The thickness of thisg interval ranges from about 75 feet

. in southwestern Iowa to more than 200 feet in the mouthern per=
tion of the basin, The Marmaton rocks along the creszt of the
northern portion of the Nemaha Uplift have a thiclneas of approx-
imetely 50 feet, and locally many aress exist in Pottawatomie
and Nemahe Countles, Kansag, and Nemeha County, Nebraska, where
Marmaton rocks did not cover the crest of that struecture, The

. southern portion of the Nemaha Uplift, and ths Bourbon Arsh were
buried structures during the end of Marmaton timej this is evi-
dent from the lsopachous lines which project across the struc-
tures (Fig. 3). The general southward thickening of the Marma=-
ton group indicetes that the Chsrokee Basin and Forest City
Besin were connected to form & single arsa of deposition, Only

« in the northern part of the Forest City Basin is there any evie
dence of channel deposition which is indicated by a thickening
of the dendritic patterns formed by the Marmaton isopachous

. lines, Fawer topographic features present in the underlying
rocks probably caused the development of a more uniform thiocke
ness in the gtratigrephic intervalj however, in many areas dif-

ferential compeaction of the lower Cherokee group, and alse

e




fferential subsidence followed by deposition, caused local

thickening in the Marmaton sedimentary roclis.
Marmaton Facles Map

The Marmaton group 1s composed mostly of shales and lime=
stones} therefore, a clastic ratio has been used to differen=
tlate the 1lithology. This method does not distingulsh between
sandstone and shale, as sandstone and shale are both included in
clagtic sedimentary rocks; however, minor amounts of sandstone
do oceur in northwestern Missourl where the claatic ratios are
greater than 2 (Fig. 3). The very minor subeparallel trends
formed by the facies and isopachous lines along the Nemahs Up=
11rt tend %o suggest that the Nemaha Uplift was probably a teme
porary shoreline boundary during the deposition of the Marmaton
groures The "zero™ iscpachous line was arbitrarily placed in the
northern and eastern portions of the Forest Clty Besin at the
southern and western edges of the unconformity which ocours in
the sub=surface between rocks of Marmaton and Cretaceous age,
and at outercps of Marmaton age, The facies and isopachous
lines are not perallel in the northern and eastern portions of
the basin; therefore, the i1sopachous "sero®™ line was not a shore=-
line boundary during the deposition of the Marmaton group (Fige
3).

Mest of the Interlior patterns are linear or curvilinear
discordant which tend to indicate a near, weak to moderately
strong orogenic source of sediments. The general lack of sande

stones in the Marmaton rocks tends to suggest that tectonie
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movements were of a small magnitude during Marmaton timej there-
fore, the ratios vary 1n proportion to variations in the amount
of limestones and shales present at any one area, Higher clas-
tic ratios whiech indicate a relatively high proportion of claes=
tics are concentrated in the southern portion of the basin which
suggest that the Foreast City Basin and the Cherokee Basin had
merged to form & long arm of the Ouachita Basin of western Arw
lanses and eastern Oklahoma., A concentration of fine clastics,
shales and siltstones, appear along the partislly buried Nemaha
Uplift which indicates that structure was a local source of sed=
iments for the Marmaton group (Fig. 3). Limestones generally
ocecur along areas where the stratigraphilec section is thin; howe
ever, in many areas the deposition of clastie sediments over=
shadowed the deposition of limestones., Deposition of considera=~
ble amounts of limestones and shales indicate structural move=-
ments during Marmaton time were of less intensity as compared to

Cherokee time,
GEOLOGIC HISTORY

The area which the Forest City Basin now occupies was sub=
Jected to many structural conditions prior to the development of
the baain, From late Cambrian time to the end of Arbuckle time
the Czark region of Missouri was subsiding and scutheastern
Nebraska and northeastern Kansas were rising (lLee, 1956).

After St, Peter time and prior to the deposition of the
Mississippian limestones & broad area in southeastern Nebrasia

and northeastern Kansas, which had previously been & positive
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area, began & long perlod of differential subsidence which re-
sulted in the development of the North Kansas Basin, The Ogark
region of Miassourli was being uplifted during the development ef
the North Kansss Basin (Lee, 1956),

The Forest City Basin was the result of deformation which
occurred following the deposition of the Mississippian lime-
stonesj however, before the invasion of the Pennsylvanian ses,
the beveled surface was reelevated, deformed, and subjected to

. brief intermittent erosion (Lee, 1956), The Bourbon Arch and
the Nemaha Uplift were being modifled by erosional processes
during the period of deformation, The dendritic patterns delin-
sated by the isopachous contour lines suggest that stream ero~
sion played an important role in the deposition of sedimsnts
within the basin (Fig. 2). The thickest areas within the den=-

. dritic patterns formed by the Cherokee isopachous lines indicate
the relative position and direction of the stream valleys, The
inferred, wa2ll developed, valleys in the northern flank of the
Bourben Arsch whieh ean be traced to the deeper portion of the
Foreat Clty Basin in Brown County, Kansas, tend to suggest that
the arch was a barrier which temporarily separated the Cherokee

. Basin from the Forest City Basin (Fig, 2), One would expect the
sediments present on the beveled Mississippian surfsace to be
composed mostly of silts and clays prior to the reelevation of

- that surfaee because low relief is indicative of fine sediments.
Thus upon reslevation of the Mississippian surface, the first
material removed by erosional processes would be the finer clas-

tics, The close or narrow spacing or the facles lines and the

b e .
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increase of the sand-shale ratios toward the Nemaha Uplift sug-
gests that little detrital material was being derived from that
area (Fig. 2). This also indicates that the Eemaha Uplift was
probebly always of low relief formed by minor uplift that con=
tinued throughout Cherokee and Marmeton time., These upli}tl,
characterized by continued subsidence of the basin, and reeleva=-
tion of the marginal areas, probably preserved the direstion of
transportation of sediments to the basin., Thus, the Bourbon

. Arch and the Nemaha Uplift were acting as topographic barriers

thaet confined sedimentation and formed the boundaries for an in=-

land sea,

The first unit of Cherokee age to be deposited in the Fore
est City Basin was a dark unnamed shale, The material for this
shale consisted of fine clastics, clays and silts, which were
. derived from the newly formed Bourbon Arch, the Nemaha Uplift,

and marginal areas to the north and east of the new bsain, Ine
ereasing tectonism would inorease the rate of erosion causing the
deposition of the dark shale to be gradually overshadowed by the
deposition of the Burgess sediments (Plate II), The sand-shale
retioa of the Cherokee facies map (Fig, 2) inscrease toward the
" northern portion of the basin, This suggests that the source of
detrital material for the sandstones in the Cherokee group was
north of the Forest City Basin., The source areas were probably
- parts of the Canadian Shield, the Trans-Continental Arch, and
previously deposited sediments adjacent to the source areas,.
The Burgess and NMcLouth sandatones ef the lower Cherckee

group are compossd of quartz and chert fragments, and are

L



classified as quartzose sandstones (Lee and Peyne, 19Lli, Greens,

1945, Siever, 1957). Nany concentrations of clean quartz sande

stones are probably due to the reworking of previously deposited

sediments, The detrital sediments within the Miassissippian

limestones nor the Nemaha Uplift aree could not have been the

ma Jor source of quarts, This 1s evident from the ¢lose or nare

row spacing of the facles lines and the rate of increage of the

sande-shale ratios toward the Nemaha Uplift; therefore, the

. source of quarte for the Burgess and MclLouth sandstones was
probably to the north of the basin, The higher per cent of
sandstones that are present in the northern portion of the basin
tends to support the influence of a northern source ares {(Facies
map, Fig, 2).

Marine fossilas have been identified in sedimentary rocks of

. MoLouth age (Lee and Payne, 194Y)). In eastern Jefferson County,
Kensas, the MoLouth sandstone lies at a depth approximately 500
feet below the bottom of the Fort Scott limestone. The Fort
Scott limestone baé been used as a horizontal datum for the
atudy of the structure underlying the Cherokee rocka, The low=
ezt porticn of the Bourbon Arch in the southern part of Lyon

. County, Kansas, lies approximately 375 feet below the Fort Scott
datum; therefore, the first merine sediments were deposited at &
level below the lowest portion of the Bourbon Arch, Approxi-

. mately 125 feet of structural relief separated the Forest City

and the Cherokee Basins during this periocd of marine invasion,

This approximetion does not consider the thickness of material

that was probably removed from the crest of the Bourbon Arch

& & e
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prior to the deposition of the McLouth sandstone, nor does it
consider the amount of subsidence that may have taken place be=
fore the deposition of the McLouth sandstone., However, it is
evident that & marine connection had to exist somewhere, probae~
bly between the Forest City Basin and the Illinois Basin. The
exact position of the connection between the Forest City Basin
and the Illincls Basin is not known because the present inves=
tigation was not caﬁried to the limits of the Pennsylvanilan oute
crops. Correlation of sandstones between eastern Missouri and
western Illinois have been mede, however the problem of whether
the lower Cherokee sandstones are marine or nonemarins could not
be determined (Siever, 1957), The Cherokee isopach mep (Fig. 2)
indicates a thickening of the sedimentary rocks in Putnam County,
Missourl, and Wayne County, Iowa, The Cherokee facies map (Fig.
2) indicates an influx of sendy clastics, repressented by the
ratios from .5 = 1, from the northwestern Illinois area, Siever
(1957) reports the eastern Missourl sandstones of early Cherokee
age to be finer than those of western Illinois, and that the
sendstones were probably deposited as sheet deposits that wedge
out locally, Lense-shaped sandstone bodies are also common,

The Cherokee facles map (Fig, 2) indicates a tongue of sandy
clastics of considerable lateral extent, represented by the ra=-
tios from .5 = 1, beooming smaller in geographic distribution as
the distance increases from the possible area of connection,.
This tongue of sandy clastics may represent deposition in a
coastal plain elluvial environment where current activity be=

tween the two basins was moderately strong. The fact that
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marine fossils have not been i1dentirfied In the sandstones of
early Cherokee age in the probable connection area may result
from ourrent intensity and abrasion during transportation which
modified the fossll remains beyond recognition, The plant fos=
sils that are present in the Cherokee sandstones were probably
transported to the area of deposition by saltation and flotation,
and thus would escape destruction. Diastrophic movements along
the growing Appalachian aresa probably caused the level of the

. I1linois sea to fluctuate, Plants of many types probably grew

in the oonnectlon aree between the Forest City and Illinois Ba-

8ins during times when the sea was low, The growth of plants

may also have ococurred when & static lsevel between the basing

developed that caused temporary deposition within the connection

because of a decrease in current intensity. A decrease in sea

s level, or the temporary restriction in the connection brought
non~marine oonditions to the Forest City Basin, Such cyclie
conditions existed through the entire Des Moines Epoch, It must
be presumed that the Burgess sandstone and the overlying shale
which ocours below the MeLouth sandstone must haVe'boen deposi~
ted in s non-marine enviromment becauss marine fossils have not

% | been ldentified in rocks older than McLoush age, A common
source area 1s indicated by the faect that the Burgess and Mg-
Louth sandstones have the same composition, The marine water

x entered the Forest City Basin from the Illinois Basin through a
connsction north of the Lincoln fold during the deposlition of
the McLouth sandstone, The decreasing rate of erosion in the

source areas brought about the deposition of silts and clays
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which overshadowed the deposition of the MeLouth sandstone,

The deposition of the silts and clays is represented by a
shale unit which ocours above the McLoubth sandstone and below
the Bartlesville sandstons (Plate II). Increasing subsidence in
the Forest City Basin and the Cherokee Basin followed by the de=
position of the shale unit resulted in the burial of the Bdurbon
Arch, and caused the Forest City end Cherokee Basins to merge,
Thus prior to the deposition of the Bartlesville sandstone, the
Joining of the two basins formed a long arm which was part of
the larger Quachita Basin of western Arkansas and eastern Okla=
homas The Iliinols Basin had merged with the Forest City Basin
during MeLouth time,

Renswed uplift of the structural slements which border thse
Forest Cilty Basin to the north caused an influx of different
sediments, Thils phase of deposition has been designated as the
Bartleaville sandstons, Whereas the Burgess and McLouth sande
stones are of a quartzose veriety, the Bartlesville and Squirrel
sandstones, whish occur stratigraphicaliy above the MeLouth
sandstons, ars mostly sub=graywaclkes, The Bartlesville and
Squirrel sandstones contain mica flakes, feldspar grains, angu=
lar graina of quarts, and metamorphic quartszite, (Lee and Payns,
19hk, Greene, 19,5, Siever, 1957)., The Cherokee facies map
(Filg. 2) indicates that the greater concentrations of sandstones
oceur in the northern portion of the Forest City Basin; thers=
fore, the major asource areas were probably parts of the Canadian
Shield and the Trans~Continental Arch, The change in composle
tion from quartzose to subegraywacke occurred after McLouth time
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and before the deposition of the Bartlesville sandstone., The
change in e¢ompositlion probably resvlted from ercsionzl processes
uncovering a partially buried granitic area, and indicates an
inecrease of tectonic activity in areas north of the Forest Clty
Besin,

The Sgquirrel sandstone 1s separasted from fhe Bartlesville
sandstone by a shale unit, The deposition of the shale unit in-
dicaetes tectonic activity hed diminished from that of Bartles-
ville time. This shale unit 2s separested in the middle by the
Verdigrls limestone, The Verdigris limestone 13 present over
most of the basin, and indicates that more stable conditions ex-
1sted for a short time (Plate II),

The Squirrel sandstone represents the last renewal of tec=
tonic activity during Cherokee time, This sandstone prades inte
a shale which seperates the Squirrel sandstone from the Fort
Scott limmestone of the Marmaton group.

The Marmaton group overlies the Cherokees group without no=
table disconformity (Jewett, 1945), The vast number of lime=
stones within the Marmaton group indicates that stable ocondi=-
tions existed intermittently during Marmaton time, In many
areas the shales which separate succeszive limestone units grade
into, or abruptly change to sandstones, Most sandstones ocour
as channel fillings which probably resulted from the reworking
of previously depositsd ssdiments (Jewett, 1945). Therefore,
tectonic activity during the deposition of the Marmaton group
was probably limited to subsidence within the basin and very

minor structural movements at the major source areas north of
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the Forest City Basin, An important unconformity separates Mar=-
meton roocks from the overlying Pleasanton Eroup,

Information has been presented which indicates that the
ma for source areas were probably parts of the Canadian Shield
and Trans=Continental Arch, The Nemaha Uplift was the source of
minor amounts of sediments, It was probably more a source of
fine clastics, shales and siltstones, end minor smounts of sande
stones,

The close or narrow spacing and the increasing ratio values
of the Cherokee fecies lines (Fig. 2) indicate a rapid faeles
ochangej therefore, the amount of detrital material being derived
from the Nemahs Uplift area was small, Another source of sedi=
ments was from the Ogark Uplift., The ratios from .5 = 1 of the ‘

Cherokee facles map (Fig, 2) indicate that considersble amounts

of sandy clestics were deposited in the southeastern portion of
the Forest City Basin and the northeastern portion of the Chero=
kee Basin. The encroashing Cherokee sea probably reworked this
material and deposited it as off=shore bars which are typical of
that area (Bass, 1936),

In the Des Moines Series of the Forest City Basin, lense,
sheet, and channel sandstone deposits can be classified on the
basis of shape, The lense and sheet deposits resulted from
streams depositing their loads in e shallow brackish environment
where wave action distributed the sands (Lee and Payne, 19il,
S8lever, 1957). However many sheet deposits may simply represent
non-channel sandstone phases lying bstween areas in which channel

sandstones were deposited, The channel sandstones of western

-
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i Migsourl probably grade into shset type bodies, In the Narmaton
group many channel sandsatones were derived from local sediments
(Jewett, 1945), It is further evident thet the sandstones can
be elther marine or nonemarine in origin, In general the sande
stones were deposited in a variety of shallow water, littoral,
lagoonal, deltale, and coastal plain alluvial environments (Lee
and Payne, 19Lli, Jewet:, 1¢45, Siever, 1957). Other svidence of
changing environmental conditions is provided by the large num=

8 ber of sandstones, shales, limestonea, and coals which have been
lidentified in well samples, on well logs, and at the outcrops,

The posltive areas during Des Moines time were probably the

Trans=Continental Arch, parts of the Canadian Shield, the Nemaha
Uplift, and the JOzark Uplift area, Tectonie activity during the
deposition of the Des Molnes Series was probably 1limited to ine

. termittent subslidence of the Forsst City Basin, rejuvenation ef
faulting and uplift of the source sreas, and local growing
struetural elements existed within the basin, synclines and
antlelines, which along with pre=existing structural and tope-
graphlc elements probably influenced the thickness and the type
of deposition. Thus at the end of the Des Moines Eposh, and

. prior to reglonal uplift, the Forest City, Cherokes, and Illi=-
nois Basine were part of one large embayment of the encroaching
Pennsylvanien sea (Flg, 3).

PETROLEUM PRODUCTION AND ITS RELATIONSHIP TO GEOLOCIO
STRUCTURE AND SEDIMENTARY ROCK FACIES

Petroleum productlion from sedimentary rocks in the Kansas
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portion of the Forest City Basin 1s slight in comparison to
other Kanses poste-Mississippian structural provinces, Plite IV
shows the percentage of sumulative oll proedustion by produecing
rzones for the various structural provinces in Kansss, The wri=
ter estimates that approximately 150,000 barrels of oll were
produced during 1958 in Nebraska and Missouri, Cormercial
accumulations of oll were not dissovered in Iowa during 1958,
nor wers commercial accumulatlions of oll dilscovered in sedimen=-
tary rocks of Des Moines age in the Nebraska portiecn of the Fore
est City Basin, Petroleum production during 1958 from rocks of
Des Moines age in the Kansss portion of the basin amounted teo
approximately 2,310,000 barrels (Gosbel, Hilpman, and Beens,
1959), The writer estimates approximately 15,000 barrels of oil
wes produced from rooks of Des Moines age in the Missouri por=
tion of the Forest City Basin, The major oil accumlations that
were present in the basin during 1058 ocourred in rocks of Cher=
okee age, Within the Cherokee group the Burgess, McLouth, Bare
tlesville, and Squirrel sandstones are the main reservoilr rocks,
¥inor accumulations of oll ocour in rocks of Marmaton age, and
the Marmeton group contains the Peru, Weiser, and Wayside sand=-
stones, Production recorde by county are printed each year by
the 011 and Gas Division of the Kansas Geological Survey, Plate
¥V shows the location of o0il fields whioch have production from
rocks of Dea Moines age, Statistics on oll production by county

are given in Table 1,
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EXPLANATION OF PILATE IV

Map of Kansas showlng percentage of cumulative 0il produce
tion by produeing zones for poste-Mississippian structural rrove

inces (Coebel, Hilpman, and Besne, 1959),
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EXPLARATION OF PLATE V

The map shows the location of various fields that have o0il

production from Marmaton and Cherokee rocks,
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Table 1. Barrels of oll produced from rocks of Des Molnes age
during 1958 in the Forest City Basin,

B e
e e —

01l production in bbls. by county

Above 1 Above t Above Above 3 Less than

500,000 : 100,000 t 50,000 : 10,000 $ 10,000

Allen Franklin Linn Bourbon Dougles

Anderson Miami Coffey Leavenworth
4 Johnson

Cherokee Production

Most reservoir rocks in the Cherokee group are channe) and
lense=-shaped sandstone bodies which provide stratigraphic traps
when surrounded by impermeable shale or limestone. Correlation
of the producing areas (Plate V) with the Cherokee isopach map
(Fig. 2) indicates that most accumulations are located in areas
of topographic and structural highs as reflected by thinning in
the Cherokee interval associated with the underlying Miasissipe-
pian limestones., Many of the ms jor topographic and structural
highs are reflected in surface rocks, and are mappable locally
(Jewett, 195), Therefore, & majority of the Cherokee reservolr
rocks have surface structural anomalies resulting from differen-
. tial compaction of the shals units over structural and topo-
graphic highs which are present in the underlying Mississippian
rocks, Structural control resulting from differential compac= |
tion is probably one of the major factors which influenced pe=

troleum accumulation, Accumuletion of oil in Cherokee rocks in

b e
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Franklin, Miami, and Leavenworth Counties, Kansas, 1is probably
influenced by such buried structures. Topographic and struc=
tural highs exist in Cass, Clinton, and Worth Counties, Missouri,
which have reported little, or have not, as of 1958, reported
comuerclal accumulations of peitroleum,

A good correlation between 1958 o1l accumulations in Chero=
kee rocks and a particular facies value does not exist, however,
most acsumulations ocour where the facies ratios are .5 - 1 or
less (comparison of Cherokee facles map, Fig. 2, and Plate V),
The Banker's field in Leavenworth County, Kansas, and parts of
Franklin County, Kansas, have accumulations in Cherokee rocks
thet have ratios less than ,125, One fourth of the area within
the Forest City Basin contains rocks which have a ratio that is
less than ,125, and in which acoumulation of oil has not, as of
19568, been discovered, The fact that little correlation exists
between specific facies values and present accumulations of oil
is probably the result of the number of well logs used in the
investigation, and the variability of the sand-shale ratios
within a restricted area, Also, the units selected within the
Cherockee group represent different segments of the depositional
framework, A facles study by county which would utilize a
greater number of well logs might result in & better correlation
between oil accumulations and a specific facies, This type of
facles analysis might possibly be used as & basis for future ex-
Ploration, Therefore, dus to the seml=regional aspect of the
investigation, and the changing characteristics of individual

sandstone bodies, 1t i1s impossible to draw an accurate conclusion
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between the relationahip of 1958 oil aceumulations and specifie
faclies values, The only apperent correlation is between present

acoumuliations and topographic and structural highs in the under=

lying Mississipplan limeatones as revealed by thinning in the
Cherokee stratigrephiec interval (Cherckee isopach map, Flg, 2).

Marmaton Production

A relationship between the Marmaton isopach map (Fig. 3)

- and oil accumulations in Marmaton rocks during 1958 (Plate V)
does not exlst primarily because the atructural and topographie
features which 1nfluenced Cherokee accumulation were covered by
the deposition of the Cherokee sediments, A correlation exists
between present accumulations of oll in Miami County, Kansas,
where some of the county's production is from Marmaton rocks,

and & structural high whioch 1s delineated by thinning in the

Cherokee stratigraphic interval (Fig. 2)., This correlation 1is

probably caused by differential compaction of the Cherokee

shales over a structural or topographic high in the underlying

Mississippian limestones which resulted in forming the struce

tural control necessary to influence accumulation in the Marmae-
. ton rocks,

Petroleum accumulations 1in rocks of Marmaton age in Miami

and Linn Counties, Kansas, lie between the ratios 2 - I (Marma=

‘ ton facles map, Fig, 3). Approximately one fourth of the Marma=

ton roeks in the Forest City Basin are composed of this ratio}

therefore, it 1s evident, as in Figure 2 of the Cherokee group,
little possibility exlsts for using this facies inveatigation as




. an exploration tool., One area in northeastern Miami County,
Kansas, has an oll accumulation in a specific facies which has &
clastic retio greater than 8, Several areas exist along the
Nemeha Uplirt, and an area exists in southeastern Webaunsee
County, Kansas, which contaln rocks heving & clastic ratio that
exceeds 8, and which during 1958 have not been reported as con=
taining commercial accumulations of petroleum, The relationship
of structure to oll accumulation hes been discussed; therefors,
it 1s evident that more intensive facles investigations are
needed to analyze the relationship between a specific facies
value and assoclated oll accumulation in order to permit fecies

evaluation of untested aress,

CONCLUSION

.

The Forest Clty Basin was the result of deformation which
oceurred following the deposition of -the Misslssippian lime-
stones, The Nemsha Uplift and the Bourbon Arch were formed dur=
ing this period of deformation, The Bourbon Arch and the Nemaha
Uplift were topographic barriers which confined sedimentation
and formed the boundaries for an inland sea, The oldest deposit
. of Cherokee age that is present Iin the deeper portion of the ba=

sin l& an unnemed dark shale, The first marine sediments to be
deposited within the basin are of MeLouth age, and evidence
. gained from the Cherokee faclies map indicates that marine water
probably entered the Forest City Bgain by a connection north of
the Lincoln fold from the Illinois Basin. Structursl evidencs

galned from the interpretation of the Cherckee isopach map

| } |
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indicates the flrat marine sediments were probably deposited at
a level below the lowest portion of the Bourbon Arch., There=
fore, the Bourbon Arech was a temporary barrier which separated
the Foreat City Basin from the Cherokee Basin, The Forest City
and Cherokee Basins merged sometime before the deposition of the
Bartlesville sandastone, The Burgess and McLouth sandstones have
a quartzose composition, and the Bartlesville and Squirrel sand=-
stones ars of a sub=graywacke type, The major source of sedi=-
ments was from the north, and the source area was probably parts
of the Canadian Shield and the Trans=Continental Arch, The Ne=-
maha Uplift was never of high relief, nor waa it a ma jor source
of sediments; however, the Nemahsa Uplift and the Ogark Uplift
were minor sources of sediments for areas near the structures,

A correlation exlsts between Cherokee coil accumulations
which were known during 1958, and structural and topographie
highs in the underlying Misslssippian limestones that are delin=-
eated by thinning in the Cherokee stratigraphic interval, Topo=
graphlie and structural highs in the Mississippign limestones
have besn reflected by differential compacticn of the Cherokee
shales to the Marmaton rockaj thus differential compasction may
have locally resulted in forming the structural control neces-
sary tc cause oll accumwlation in Marmaeton rocks. A relation-
ship tetween a speciflc facles value and known o0il accumulations

of 1658 was not determined,
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OVERSIZED MAP

THE FOLLOWING MAP IS FILMED IN
SECTIONS.

'THE FIRST IMAGE(S) IS OF THE LEGEND

THE FOLLOWING IMAGES WILL BE TAKEN
FROM LEFT TO RIGHT, TOP TO BOTTOM. SEE
EXAMPLE BELOW;
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The investigation of the Forest Clty Basin was undertaken
to provide additional information conserning faecies variation,
source, and the direction of transportation of sediments which
comprise the Des Molnes Series of the middle Pennsylvanian per=
iod, The study of petroleum accumulation in rocks of Cherokee
and Marmaton age and 1ts relationship to a specific facles value
and structure was also included in the inveatigation.

The Forest Clty Basin 1s located geographically in the cen-
tral United States, and lies within the boundary of four states,
Kansas, Missouri, Iowa, and Nebrasks,

The Des Moines Series 1a sub=divided into the lower Chero=
kee group and the upper Marmaton group. The Cherokee group cone
sists mainly of shale, many sandstones, and minor amocunts of
limestones and coalj and the average thieckness of the zroup is
about 500 feet, The lower Burgess and MoLouth sandstones have a
quartzose composition, and the middle Bartlesville sandstone and
the upper Squirrel sandstone have a sub=graywacke compcsition,
The Marmaton zroup is composed mostly of shales and limestones}
sandstones are present in minor amounts, and the sandstones are
of & sub=-graywacke composition, The average thickness of the
Mermaton group 1s about 100 feet,

Facies maps are used to show the geographic variations of
lithology in a particular stratigraphie seotion, and isopach
maps are used to show areal varlaetions of thickness by use of
contour lineas, The Cherokee sediments were deposited on an

irregular Mississipplen limestone surface which exhibits den-

dritiec drailnage patterns as revealed by the Cherokee isopach
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map, Evidence gained from the analysis of the Cherokee isopach
map indicates the Bourbon Arch served ss a barrier which separ=
eted the Forest City Basin from the southern Cherokee Basin,

The Hermaton group thickens toward the southern part of the Fore
est Clty Basinj the southward thickening is the result of the
Joining of the two basins,

Analysis of the Cherokee facies maps 1ndlcates the Nemaha
Uplift was not a major source of sediments for the Forest City
Basin; however, the main source of sediments for the basin was
to the north, and the source area was probably parts of the
Canadian Shield and the Trans=Continental Areh,

The oldest sedimentary rock of Cherckee sge is an unnamed
dark shale whioh is found in the deeper portion of the Forest
City Basin in Brown and Doniphan Counties, Kansas, Marine fos=
8ils have besn reported in rocks of MeLouth age, and evidence
gained from the Cherokee facies and isopach map indicates the
marine water probably entered the basin by a connection north of
the Linocoln fold from the Illinois Basin., The Forest City and
Chnerokes Besins merged sometime before the deposition of the
Bartlesvllle sandstone, 3andstones within the basin can be
either marine or non=marine, and they probably were deposited in
a variety of shallow water littoral, lagoonal, deltaiec, and
coastal plain alluvial environments. Tectonic activity during
the depositlion of the Des Moines Series was probably limited teo
Intermittent subsidence of the basin, rejuvenation of faulting
and uplift of the source areas, and local growing structural

elements existed within the basin, synoclines and anticlines,
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which along with pre-existing topographie and structural ele=
ments probably influenced the thisclkness and the type of deposi-
tion, Thus at the end of Marmaton time and pricr to reglicnal
uplift, the Cherokee, Forest City, and Illinois Fasins were part
of one large embayment of the encrosching Pennsylvanian sea as
revealed by the Marmaton isopach and facies map,

A correlation exlsts betwsen 1958 oil asccurulations of
Cherokee age and structural and topogrephiec highe in the under=
1ying Misslssipplan limestones which are delineated by thinning
in the Cherokee stratigraphic interval, Topogrephis and strus=
tural hlghs in the Mississipplan limestones have been refiscted
by differential compaction of the Cherokee shales to the ¥armae
ton rocksy thus locally differential compaction may have resulted
in forming the structural control necessary to cause oil accoumu=
letion in Mermaton rocks, More intensive investigations zre
needed to analyze the relationship between a specifie facies
velue and associated oil aceumrlations in order to permit facies

evaluetion of untested aress,




