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FIGURE  I-FOREST CiTy BAslN INDEx MAps.   Basement structure contours (in feet) are from Burchctt et al. ( 1983b); oil and gas fields
are from Burchett et al.  (1983a) and Paul e[ al.  ( L988).

This paper provides a summary of the geochemistry of
oils and potential hydrocarbon-source rocks from the
Forest City basin and adjacent areas of the midcontinent.
This summary includes ( 1) a brief review of previous
studies characterizing the geochemistry of oils and hydro-
carbon-source rocks; (2) compilations of new and pre-
viously published geochemical data characterizing (a) the

oils from the two identified major production trends in the
basin, and (b) potential hydrocarbon-source rocks, in-
cluding representative samples from fomations of Middle
and Upper Ordovician, Upper Devonian-Lower Missis-
sippian, and Middle and Upper Pennsylvanian age; and (3)
analyses of the available data which identify three different
oil groups and correlate these oils with their hydrocarbon-
source rocks.

Previous Geochemical Studies

Oils

Previous studies listing geochemical analyses of oils
from the Forest City basin and adjacent areas in the
midcontinent include Reed et al. (1986), Hatch et al.

(1987,1989), Longman and Palmer (1987), and Newell et
al. (1987).   These studies clearly document the presence of
at least two different oil groups in the Forest City basin.
One of these groups, the "Ordovician" oils, is primanly

produced from Middle and Upper Ordovician sandstones
and limestones, and Silurian-Devonian "Hunton" dolo-
mites in anticlines along the north-northeast-south-
southwest-trending basin axis close to the Humboldt fault
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(Newell et al.,  1987).   Oils from this group also are pro-
duced from Mississippian limestone and/or Pennsylvanian
sandstone reservoirs in at least three fields (Easton and
Corral Creek fields, Leavenworth County, Kansas, and
Vassal field, Osage County, Kansas) on the eastern side of
the Forest City basin.  The second oil group is primanly

produced from lenticular Middle and Upper Pennsylvanian
sandstones in the production trend on the eastern flank of
the basin.

Oils similar to those from the first group also are

produced from Middle and Upper Ordovician sandstones,
limestones, and shales in fields on the southern margin of
the Salina basin (Marion, Saline, Mcpherson, and Harvey





ft, E.  M. Greene #1  well, their fig.  5C) is very  similar to
saturated hydrocarbon distributions of the Ordovician oils
from the Forest City basin shown by previous researchers.

• (5) Jacobson et al.  ( 1988, table  I )  show that for nine

core samples from the Middle Ordovician St. Peter
Sandstone, and Glenwood, Plattevil]e, and Decorah
formations from Plymouth County, Iowa, to the north of
the Forest City basin, organic-carbon contents range from
0.4 to 9.3%; hydrogen indices, 43 to 780 mg/g, and

production index, <0.0]  to 0.03.

• (6)  Hatch et al. (1989) list analyses of 13  samples from

three partial cores of the Chat{anooga Shale in Greenwood
and Wabaunsee counties, Kansas.   These analyses show
that organic-carbon contents range from  I.9 to 5.0%,

genetic potential, 5.6 to 22 mg/g, hydrogen indices, 240 to
390 mg/g, and pristane/phytane (" = 2) were both  I.6.  T"
for these samples ranges from 434° to 445°C, which
indicates organic matter in these samples is marginally
mature to mature with respect to petroleum generation.
Hatch et al. (1989) utilize these data and compare 8'3Csat

and 8'3Carom measurements, saturated hydrocarbon
distributions,  and in/z =  191  and in/z = 217 fragmento-

grams from oils and shale extracts to determine that the
Chattanooga Shale is the source interval for the oil

produced from the Cherokee Group.

• (7) Baker ( 1962) reports organic-carbon contents,

amounts of extractable hydrocarbons, and saturated
hydrocarbon/aromatic hydrocarbon ratios of core samples
from the Middle Pennsylvanian Cherokee Group on the
Cherokee basin in southeastern Kansas and northeastern
Oklahoma.   He found that the saturated hydrocarbon/
aromatic hydrocarbon ratios from the marine shales and
limestones were similar to the oils produced from the
Cherokee Group.

• (8) James (1970) lists organic-carbon contents  and

documents variations in saturated hydrocarbon/aromatic
hydrocarbon ratios for samples of the Middle Pennsyl-
vanian Excello shale member of the Fort Scott Limestone

(upper part of the Cherokee Group) collected from the
eastern midcontinent and Illinois basin regions.   James and
Baker ( 1972) proposed that the observed variations in
saturated to aromatic hydrocarbon ratios in this shale were
controlled by differences in the relative proportions of
manne and terrestrial organic matter.

• (9) Hatch et al. ( 1984) collected 247 samples from the

Cherokee Group and Marmaton Group lithologies from
cores and coal  mines at 21  locations  in southeastern Iowa,
Missouri, and from the Cherokee platform jn southeastern
Kansas and northeastern Oklahoma.   They  list organic-
carbon contents and Rock-Eval© results for the 247
samples,  vitrinite-reflectance values (Ro) for  19 coal
samples, extractab]e organic-matter compositions for 77
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samples, and 8'`C`a, and 8'3Cdrt,in from extracts of  18 coal
and shale  samples.

• (10) Hatch et al.  (1989, appendix  3)  list a subset of the

Hatch et al.  (1984) data (72  samples from their locations  8
to  18 in southwestern Missouri,  southeastern  Kansas, and
northeastern Oklahoma).   Twenty-seven of these samples
(offshore shale lithofacies) have a potential to generate
hydrocarbons.   Organic-carbon content for these samples
ranges from 3.7 to 21.6q7o, genetic potential, 4.2 to 83
mg/g, hydrogen indices,loo to 400 mg/g, Tin,`„ 4380 to
452°C, and pristane/phytane,I.4 to 4.5  (n =  17).   The Tm@]
range indicates that organic matter in these  samples is
marginally mature to mature with respect to petroleum

generation.

•  (11) Wenger et  al.  ( 1988,  table  I)  show  that  for  11

samples of core from the 22.7-inch (57.6-cm)-thick
Excello shale member of the Fort Scott Limestone from
Greenwood County, Kansas, organic-carbon contents
range from 0.97 to 25.2%; hydrogen  indices, 97 to 360
mg/g;  8"Cuo  -26.8  to  -27.5°/oo;  and  6'3Curom,  -26.8  to -

27.8o/oo.   They also show that for  I 9 samples of core from
the 36.7-inch (93.3-cm)-thick Middle Pennsylvanian Little
Osage Shale Member of the Fort Scott Limestone from
Rogers County, Oklahoma, organic-carbon contents range
from  I.8 to 20.1 %; hydrogen indices, 69 to 410 mg/g;
8'3Cs.„  -27.9 to  -28.9°/oo;  and  6'3Carom,  -26.5  to  -28.7°/oo.

Tmax for these samples was not reported.

• (12) Ece (1989, table 3)  lists organic-carbon contents

and hydrogen indices for nine samples of the Excello shale
member of the Fort Scott Limestone collected from
outcrops in southeastern Kansas and northeastern
Oklahoma.   Foi. these samples, organic-carbon contents
range from  I.9 to  13.4%; hydrogen indices, 69 to 420
mg/g; and Tmax, 424°  to 427°C.   This Tmax range shows that
organic matter in these samples is  immature with respect
to petroleum generation.

• (13) Hatch and Leventhal  (1992)  show that for 21  core

samples from the 20.8-inch (52.8-cm)-thick Upper
Pennsylvanian Stark Shale Member of the Dennis
Limestone in Wabaunsee County, Kansas. organic-carbon
contents range from 0.5 to 29.5%, hydrogen indices from
55 to 460 mg/g, and Tma„ 4200 to 432°C.  This Tin.x range
shows that organic matter in these samples is immature to
marginally mature with respect to petroleum generation.

• ( 14) Hatch and Leventhal  ( 1997)  in their study of

geochemical processes that affect organic-matter
compositions and sulfides in the Excello shale member of
the Fort Scolt Formaljon, ljs[ organic-carbon contents,
hydrogen indices, Tm„ and organic matter 6'3C for 44
samples of three Middle Pennsylvanian marine black
shales from southern Iowa, Missouri, southeastern Kansas,
and northeastern Oklahoma.



• ( 15) Newell et al.  ( 1987) modeled the thermal matura-

tion of organic matter in the Paleozoic section in the Forest
City basin utilizing the time-temperature index calcula-
tions of Waples (1980).   They showed that the Ordovician
strata along the axis of the Forest City basin can be in the
initial stages of oil generation.   Further east in the Easton-
MCLouth production areas, Ordovician strata can also be
in the initial stages of oil generation, but higher

geothemal gradients would have to have occurred to
compensate for lesser present and past burial (Newell et
al„  1987).   Maturation sufficient to generate oil in  strata

younger than Ordovician  is difficult to achieve using
present heat flows and reasonable paleoburial depths.
More detailed modeling of paleotemperatures and organic
matter maturation on the Cherokee platform farther south
by F6rster and Memam (1994) shows similar problems in
attempting to account for observed vitrinite reflectance in
the Cherokee Group.   Here, higher maturation can be
achieved by invoking flow of heated waters out of the
deep Anadarko and Arkoma basins (F6rster and Memam,
1994).   The extent to which this fluid flow would affect the
Forest City basin is unknown.

Samples
This study reports geochemical data for 26 oils and

123  samples of potential hydrocarbon source rocks.
Locations and descriptive information for the oil samples
are in appendix  I ; sampled locations are shown in fig.  2A.
Four oils (index map locations C through F) are from the
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broad belt of oil and gas fields that extends south-
southwestward from the Kansas City region on the eastern
flank of the basin; two oils (index map locations 0 and R)
are from fields (Easton and Vassar) to the west and
downdip of the first trend.   Eighteen oils (index map

Location of rock samples
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FIGURE  2-(A)  OIL-SAMPLE LOCAT[oNS  (A-R)  AND (8)  ROCK-SAMPLE LoCATloNS  ( I-22)  FROM THE FOREST CITy BASIN  AREA  IN EASTERN

KANSAs,  NORi`HWESTERN  MlssouRI.  souTHWESTERN  lowA,  AND souTHEASTERN  NEBRASKA.   oil-sample  locations  are  listed  in  appendix

I ; rock-sample locations, appendix 2.   Oil Groups  I-3  are defined in the text.   Formation or group sampled al each location is
showTi  in  8.
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locations A, I-N, P, and Q) are from fields found along the
north-northeast-south-southwest-trending axis of the
basin. For companson with Forest City basin oils, three
additional oils (index map locations 8, G, and H) are
included in appendix  1.  Two of these oils (locations G and
H) were collected from fields in Greenwood and Woodson
counties, Kansas, on the northern edge of the Cherokee

platform region.  The third oil (location 8) was collected
from the Yaege field, Riley County, Kansas, on the
Nemaha uplift.

Locations and descriptive information for the  123
samples of potential hydrocarbon-source rocks are in

appendix 2; sampled locations are shown in fig. 28.  These
samples were collected from conventional and sidewall
cores, stnp mines, and well cuttings at 21  locations in
southwestern Iowa, southeastern Nebraska, northwestern
Missouri, and eastern Kansas.  Twenty-two samples are
from shales and limestones in the Middle Ordovician
Simpson Group; three samples, Upper Ordovician
Maquoketa Shale; 20 samples, Upper Devorian-Lower
Mississippian Chattanooga Shale; 22 samples, Middle
Pennsylvanian (Desmoinesian) Cherokee and Marmaton
Groups; and 56 samples, Upper Pennsylvanian
(Missourian and Virgilian) Pleasanton, Kansas City,
Lansing, and Shawnee Groups.  The samples from the
Middle and Upper Pennsylvanian were primarily collected
from thin, widespread, manne black shales that represent
the offshore shale lithofacies (Heckel,1977,1991 ; Ebanks
et al„  1979).

Descriptions for many of the oil and rock samples
included in this report have been previously published.
Descriptions for oils from locations G and H are from
Hatch et al.  (1989, appendix  1); the  10 oils from locations
A, K-N, P, and Q are from Hatch et al.( 1987, table  I ).
Descriptions for the samples from the Stark Shale Member
of the Dennis Limestone from location  12 are from Hatch
and Leventhal (1992, table  1 ); for the Cherokee Group
samples from locations  15 and  16, Hatch et al. (1984, table
I); and for the Chattanooga Shale samples from locations
12, 20, and 21,  Hatch et al.  (1989, appendices  1  and 2).
Descriptions for the samples of the Upper Pennsylvanian
shales from locations  1, 4nd, and  14 are from core logs at
the Iowa Geological Survey.   Descriptions for samples of
the Stark Shale Member of the Dennis Limestone from
locations  I 1  and  13 are from core logs at the Kansas
Geological Survey. whereas descriptions for samples of
the Upper Pennsylvanian shales from location 7 were

provided by R. M. Coveney, University of Missouri-
Kansas City.

Available core samples of the Chattanooga Shale in
eastern Kansas represent only a fraction of the thickness of
the formation.  As examples, the samples of Chattanooga
Shale from location  12 (Davis A #2 well) represent the
basal 3 ft (0.9 in) of the fomation, for location 20 (Bock
#1  well) the basal  12 ft (3.7 in) of shale, and for location
21  (Stauffer #1 well) the basal 9 ft (2.7 in) of shale.   In this

part of eastern Kansas, the Chattanooga Shale is between
50 and  100 ft (15-30 in) thick (Adler et al..1971, fig.13).

Analytical Methods

In this report, organic-carbon content (weight f7o)
hydrogen index (HI, mg HC/g TOC), oxygen index (01,
mg C02/g TOC), Tmar (°C), genetic Potential (Si+S2, mg
HC/g rock) and production index (PI, S,/[S,+S2]) from
Rock-Eval© pyrolysis are used to characterize organic-
matter amount, composition, thermal maturity,
hydrocarbon-generation potential , and the conversion of
organic matter to hydrocarbons.  These measurements
were detemined by the Delsi-Nermag model 11 instrument
with the attached carbon analyzer.   Methods and
interpretations of the Rock-Eval© results follow Espitali6
et al. (1977), Tissot and Welte (1978, p. 445447), OIT

(1983), and Peters (1986).
Oil samples were separated into saturated-

hydrocarbon, aromatic-hydrocarbon, I.esin (NSO), and
asphaltene fractions by a Baker-10 Extraction System (J.
T. Baker Chemical Co.) using SPE (3-ml) 20-micron
filtration columns, silica-gel columns (6 ml), and cyano
(CN) columns (6 ml).   Elutants used were cyclohexane,
cyclohexanefoenzene (3/1), and chloroform after Anders et
al. ( 1987).   Powdered rock samples were extracted by
chloroform (CHC13) in a Soxhlet apparatus for 24 hours.
Sulfur was removed by refluxing with polished copper
stnps.  The extract solution was filtered, concentrated
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under a stream of nitrogen at room temperature, and then
diluted with n-heptane to precipitate asphaltenes.  A
concentrate of the solution was separated by column
chromatography on silica gel, eluting successively with "-
heptane, benzene, and benzene-methanol (1 : 1  v/v) to
collect the saturated-hydrocarbon, aromatic-hydrocarbon,
and resin (NSO) fractions, respectively.

Gas chromatography of the saturated-hydrocarbon
fractions of both oils and rock extracts was perfomed by a
Hewlett-Packard 5880 gas chromatograph equipped with
fused-silica capillary column (50 in x 0.32 mm I.D., SE-
54).  Oven temperature was programmed from 50° to
320°C at 4°C min -I.   Detector output was digitized and
stored on computer disk for calculation of relative amounts
of hydrocarbon components.  Absolute quantification of

peaks was not attempted.  Gas chromatography-mass
spectrometry (GC-MS) was performed using a HP 5890

gas chromatograph interfaced to a VG 7035 double-
focusing mass spectrometer.   Relative amounts of
biomarker compounds were detemined by single-ion
monitoring of characteristic ions.   Relative peak heights of
in/z =  191  fragmentograms were used to compare
distributions of terpane compounds.  The identified terpane
compounds are listed in table  I.



TABLE  I-LIST oF IDENTIFIED TERPANES.

Peak          Compound Name

I.                ci9 tncyclic
2.                C2,  tncyclic
3.                 C2.i  tncyclic

4.                 c25 tricyciic
5.                  C26  tncyclics

6.                 C24  tetracyclic
7.                  C28  tricyclics

8.                 C29 tncyclics

9                 C2g norhopane
10.               C``o-17a(H),  2 lp(H) hopane
11.               C_„17ct(H), 2lB(H) homohopane (s + I)
12.                C32-17Ct(H),  21f)(H)  bishomohopane  (s  + r)

13.                C33-17Ct(H),  2lf}(H)  trishomohopane  (s  + r)

To determine carbon-isotope composition, saturated-
and aromatic-hydrocarbon fractions from oils and rock
extracts were combusted to carbon dioxide in a high-
vacuum furnace and gas-transfer system. Stable-carbon
isotope ratios were determined with a Finnigan MAT 251,
isotope-ratio mass spectrometer.   Isotope compositions of
carbon dioxide from the samples were compared directly
to reference standards of carbon dioxide prepared from
NBS-19 limestone (8L3C =  1.96o/oo PDB).   Ratios are
reported as standard per nil (o/oo) deviation relative to the
Peedee belemnite standard (PDB):

where:

Results

Oils

The saturated-hydrocarbon fractions from the oils
show three gas chromatographic patterns (figs. 3A{).
The first pattern (Group  1, fig. 3A) is shown by  18 oils and
is characterized by a dominance of odd-carbon-number H-
alkanes between #C,o and nc2o, relatively small amounts of
branched and cyclic alkanes (including the isoprenoids),
and relatively small amounts of alkanes with carbon
numbers greater than nc,9.  The second pattern (Group 2,
fig. 38), shown by seven oils, is characterized by
decreasing amounts of H-alkanes, and the presence of
isoprenoids (e.g., pristane and phytane).  The third pattern
(Group 3, fig. 3C) shown by one oil, is characterized by
isoprenoid compounds dominant over the 7!-alkanes, with
maximum "-alkane content at „Ci5.

Pristane/phytane, pristane/#C I 7, and carbon-preference
index (CPI, after Bray and Evens,  1961) for "-alkanes
between "C,2 and "C2o for the oils are listed in table 2.
Median values and ranges for these parameters are
summarized in table 4.  A plot of oil pristane/"C„ versus
CPI for "C,2-"C2o is shown in fig. 4A.   Figure 4A shows
clear differences in pristane/#C„ to nc,2-nc2o CPI for the
three oil groups.   For the Group  I  oils, pristane/"C,7 ranges
from 0.04 to 0.10; Group 2 oils, 0.49 to 0.67; and for the
Group 3 oil, 3.I.   The "C,2-HC2o CPI for the Group  1  oils is
higher (range =  I.5 to  I.6) than for the Group 2 oils (range
=  1.0 to  I.1 )  or the Group  3  oil  (1.1).

The distributions and relative amounts of tricyclic, C24
tetracyclic, and pentacyclic terpanes (in/z =  191 ) for the
oils are shown in figs. 5A{.  Terpane distnbutions for
Group 1 oils (e.g„ fig. 5A) are characterized by relatively
abundant pentacyclic terpanes (peaks 9-13), minimal
amounts of the tncyclic texpanes, and intemediate
amounts of C24 tetracyclic terpane (peak 6).  Terpane

8'3C = [(R sampleR standard) -  1]  x  103,

R = ratio of 13C to  12C.

distributions for the Group 2 oils (fig. 58) and the Group 3
oil (fig. 5C) are similar to each other, with hopane (C3o,

peak  10) the most abundant pentacyclic terpane, C2.1 (peak
3) the most abundant tncyclic terpane, relatively abundant
extended tricyclic compounds (C26, C28, and C29 doublets,

peaks 5, 7, and 8), and low relative amounts of C24
tetracyclic terpane.   Relative to amounts of pentacyclic
terpanes, the amounts of tncyclic terpanes are relatively

greater in the Group 2 oils compared to the Group 3 oil.
Measures of whole oil 8'3C for  10 oils and 813C of the

saturated-and aromatic-hydrocarbon fractions for  15 oils
are listed in table 2.  Whole oil 8]3C for six Group  I  oils
ranges from -26.7 to -31.3o/oo,  a 4.6o/oo difference; for the
three Group 2 oils, the range is -29.9 to -30.7o/oo, a
0.80/oo difference.   Oil 8'3Csa, and 8'3Carom measures show
similar trends.   For  11  Group  1  oils, 8[3Csa, ranges from
-26.8 to -31.3o/oo, a 4.5o/oo difference; for three Group 2

oils, 6'3Csa, ranges from -29.6 to -30.5o/oo, a 0.90/oo
difference;  8'3Carom for the Group  I  oils ranges from -26.2
to -31. I , a difference of 4.90/oo, 8[3Carom for the Group 2
oils ranges from -28.9 to -29.4o/oo, a difference of 0.5o/oo.

Hydrocarbon Source-rock Evaluation

Hydrocarbon source-rock potential is dependent on
the amount, thermal maturity, and composition of organic
matter in the rock.  The amount of organic matter is
measured by the organic carbon content [TOC]; relative
organic matter compositions, by hydrogen index [HI] and
oxygen index  [01].   The relative potential to generate
hydrocarbons is measured by genetic potential (GP),
thermal maturity by Tmax (°C), and vitrinite reflectance

(Ro%), whereas, the conversion of organic matter to
hydrocarbons is indicated by production index (PI).  TOC,
HI, 01, GP, Tman, and PI for 87 core and mine samples are

HflJcfe a#d IVcw€//|eochemistry of Oils and Hydrocarbon Source Rocks from the Forest City Basin     7



FIGURE  3-REPRESENTATIVE  SATURATED  HyDROCARBON  DISTRIBU-

TloNs FOR:   (A) Oil Group  I, (8) Oil Group 2,  and (C) Oil
Group 3, and rock extracts from the (D) Middle Ordovician
Simpson Group,  (E) Upper Devonian-Lower Mississippian
Chattanooga Shale (F), Upper Pennsylvanian Kansas City
Group, and (G)  Middle Pennsylvanian Marmaton Group
coal .
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TABLE  3cORC,ANIC  GEOcl+EMICAL  CHARACI`ERISTICS  OF  BITUMENS  EXTRACTED  FROM  24  SAMPLES  OF  PALEOZ0IC  ROCKS  FROM  NORl`HWESTERN

MissouRi AND NORTi+EASTERN KANSAs.   The Kansas City Group is of Upper Pennsylvanian age.   The Mamaton Group and

Cherokee Ciroup are of Middle Pennsylvanian age; the Chattanooga Shale is of Upper Devonian~Lower Mississippian age;
whereas, the Simpson Group is of Middle Ordovician age.

Location             Sample
map                number

number

Bitumen              Pristane/             PTistane/        nc,I.2oC
mg/kg a               Phytane b                H C„b              CP|

8 'Jcfa, I                  6'.Cro.nd

Kansas City Group

7                              RC12
RC5

12                               S2-I

S4-I

S5
SBT

Sll

S128
13                          W5A6

W5A12
W5A16

Marmaton Group

15                              MC12l-2

MC 121 -3

MC 121 -4

16                            349-3

Cherokee Group

16                            349-46

349-57

Chattanooga Shale

12                           DR2980
20                          STA2319
21                            BOC2174.8

Simpson Group

12                              DR3313.5

DR3315.5

DR3321.0

DR3358.2

-29.2

-29.0

Blank space Indicates no data.
Sample loca(Ions are listed in appendix 2
a.   gHCckg sample
b.   Ratios calculated from relative peak heights above base line.
c.     nc,z_,-o

CPI
Modified from Bray and Evans ( 1961 ),  *indicates CPI could not be calculated because some of the nc,2 to nc2o compounds were lost

during evaporation of excess solvent.
d.   In parts-per-nil relative to the PDB  manne-carbonate standard`
Total  bifuinen and pristane/phylane rallos for Marmaton Group, Cherokee Group, and Chatranooga Shale samples are from  Hatch el al.

(]984,  lable  7;  1989, table 5 and appendix 3).
8' 3Cca, and 8''Carom for the Simpson Ciroup samples are from Hatch e` al.  ( 1987, table 2).
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FIGURE 5-REPRESENTATIVE TERPANE  (/71/Z  =  I 91 )  ION

FRAGMENTOGRAMs  FOR:   (A) Oil  Group  I,  (8)  Oil  Group

2, and (C) Oil Group 3,  and rock extracts from the (D)
Middle Ordovician  Simpson Group,  (E) Chattanooga
Shale, (F) Kansas City Group, and (G) Marmaton
Group coal.   Numbered peaks are identified in table  I.
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TABLE  5-MEDIAN  VALUES  0F ORGANIC  CARBON,  HyDROGEN  INDEX,  AND  GENETIC  POTENTIAL  FOR  CORE.  SIDEWALL  CORE,  AND  WELL  CUTTINGS  Of

shale samples from the Upper Pennsylvanian  Shawnee Group, Lansing Group, and Kansas City Group, Middle Pennsylvanian
MarmatonGroup,CherokeeGroup,UpperDevonian-LowelMississippianChattanoogaShale,UpperOrdovicianMaquoketa
Shale, and shale and limestone samples from the Middle Ordovlcian Slmpson Group in the Forest   City basin and adjacent areas.

(Data are listed in appendices 3  and 4.)

Organic carl)on                         Hydrogen Index                              Genetic potential
(weight  %) (mg/g)a                                                      (mg,g)b

Shawnee Group  (# = 5)

Lansing Group  (" = 3)

Kansas City  Group   (H = 46)

Pleasanton Group  (" = 2)

Marmaton Group  ( n = 9)

Cherokee Group   (n =  I I )

Chattanooga Shale (H =  16)

Maquoketa Shale (n = 3)

Simpson Group  (n = 22)

10.1

(5.2-21.0)

10.0

(2.0-15.2)

12.1

(0.9-30.8)

*

(4.4-8.0)

9.9

( I .I -21.6)

5.0

( 1.1 -I 4.9)

3.6

( I.9-4.4)

1.5

(0.3-3.I )

I.I

(0.3-15.8)

220

(205-365)

130

(19-415)

295

( 13-505)

*

(]20-140)

220

(38-400)

170

(26-410)

350

(210-490)

70
(60-90)

370-380

( I  I -I,150)

22

( 12-51 )

21

(0-43-43)

32

(0.5- 150)

*

(5.7-12)

23

(0.8-64)

6.I

(0.6-49)

25

(8-57)

1.0

(0.2-2.3)

4.0

(0.3-180)

HC = hydrocarbons, TOC = total organic carbon.
a = S2ITOC,  mg  HC/g TOG.
b = Si  + S2, mg HC/g TOC.

Organic-matter Thermal Maturity

For all stratigraphic units, Tmar of organic  matter

generally increases from north to south.   Tmax ranges from
4 I I °to 433°C for shales from the Kansas City, Lansing,
and Shawnee Groups from southwestern Iowa,
northwestern Missouri, and Nemaha and Doniphan
counties,  Kansas (locations  1, 2, and 4-11, figs. 28  and
8C).   For the Up|)er Pennsylvanian rocks in the
southwestern and southern parts of the basin, Tmax is more
vanable, ranging from 423° to 439°C at locations  12 and
13 in Wabaunsee and Bourbon counties, Kansas, to 434° to
444°C at location 3 in southwestern Wabaunsee County
(figs.  28  and 8C).   Tmar ranges from 421° to 436°C for
organic matter in the Cherokee and Marmaton Groups at
location  14 in Clarke County,  Iowa, and locations 2 and  10
in Nemaha and Doniphan counties in northeastern Kansas

(figs. 28 and 8C).   For the Middle Pennsylvanian rocks in
the southwestern and southern parts of the basin, Tmax
ranges from 436° to 460°C for cuttings samples from
location 3 in southwestern Wabaunsee County, Kansas,
and location  15 in Bates County, Missouri, and for core
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# = number of samples
*  = value  not calculated.

Summanes for the Chattanooga Shale are based on cores only

samples from location  16 in Greenwood County, Kansas,
on the northern edge of the Cherokee platform (figs. 28
and 8C).

A similar general increase in T,mx from north to south
is characteristic of organic matter in the Chattanooga Shale

(figs. 28 and 88) and in the Simpson Group (figs. 28 and
8A).   For the Chattanooga Shale, Tmax ranges from 431° to
438°C at location  17 in Richardson County, Nebraska;
location 2 in Nemaha County, Kansas; and at location  12
in Wabaunsee County, Kansas.   TmQ^ ranges from 440° to
445°C in a sample of cuttings from location 3 in
Wabaunsee County, Kansas, and in core samples from
locations  19-21  in Lyons and Greenwood counties,
Kansas.   For the Simpson Group, Tma^ of organic matter
ranges from 436° to 444°C at location 22 in Atchison
County, Missouri; from 441 a to 446°C at location 2 and  10
in Nemaha and Doniphan counties, Kansas; and from 433°
to 447°C for Simpson Group rocks at location  12 in
Wabaunsee County, Kansas.

Vitrinite-reflectance (Ro) measures (appendix 4) range
from 0.39%? to 0.59% for six samples from the Kansas
City, Lansing, and Shawnee Groups from locations 2 and
I 0 in Nemaha and Doniphan coiinties, Kansas.  The range





Hydrocarbon Generation

For the Forest City basin in Iowa, Missouri, and
northeastern Kansas, production indices (for samples with
21.0% TOC) are s: 0.10 for 66 of 69 samples from the
Middle and Upper Pennsylvanian shales for four of 17
Chattanooga Shale samples, for two of three Maquoketa
Shale samples, and for  13 of 14 Simpson Group shale and
li mestone samples.

Rock-extract Compositions

Saturated hydrocarbon distributions from extracts of

potential hydrocarbon-source rocks from the Forest City
basin follow four chromatographic patterns (figs. 3Drd).
The first pattern (fig. 3D), typical of four shale samples in
the Simpson Group, is characterized by a dominance of
odd-carbon number #-alkanes between nc,o and "C2o,
relatively small amounts of branched and cyclic alkanes,
and relatively small amounts of „-alkanes with carbon
numbers greater than HC,9.   The second pattern (fig. 3E),
typical of three samples of the Chattanooga Shale, is
characterized by smoothly decreasing amounts of #-
alkanes, and the presence of intermediate contents of
isoprenoids (e.g., pristane and phytane).   The third pattern

(fig. 3F), typical of distributions from  16 samples of
Middle and Upper Pennsylvanian shales, is primarily
characterized by pristane and phytane dominant or equal in
abundance to the n-alkanes.  The fourth pattern (fig. 3G)
from the Marmaton Group coal (MC121 -4) is charac-
terized by pristane dominant over the other isoprenoids
and the "-alkanes.

Pnstane/phytane. pristane/#C „ and carbon-preference
number for the "-alkanes between „C,2 and HC2o for the
rock extracts are listed in table 3.   Median values and
ranges al.e summanzed in table 4.  Pnstane/#C„ versus
"C,2-"C2o CPI for the rock extracts is illustrated in fig. 48.
Figure 48 shows major differences in pristane/"C„ versus
"C,2-nc2o CPI.   For Simpson Group shale extracts,

pristane/"C„ ranges from 0.05 to 0.07, for Chattanooga
Shale extracts, 0.50 to 0.83, for Upper Pennsylvanian shale
extracts, 0.60 to 2.8, and for Middle Pennsylvanian shale
extracts,I. I  to 3.2.   The "C,2-"C2o CPI is higher for the
two samples from the Simpson Group ( 1.4 and  I.4)
compared to the Chattanooga Shale ( I. I ) sample or the
seven Upper Pennsylvanian shale samples ( I.0 to  I. I ).

Measures of 8'3C of the saturated and aromatic
hydrocarbon fractions from extracts from  12 rock samples
are listed in table  3.   8L3C5nt for extracts from five Kansas
City Group shales and two Chattanooga Shale samples are
more negative (range = -28.3 to -29.4o/oo) than 8'3Csa, of
extracts for the Marmaton Group shale and three Simpson
Group samples (range = -25.6 to -26.6o/oo).   Measures of
8L3CaTom  show  similar distnbutions  with  a 8L3Can,in range of
-27.9 to -29.2o/oo for extracts of the Kansas City Group

shales and Chattanooga Shale samples, and a 8"Carom range
of -25.6 to -26.6o/oo for extracts of the Marmaton Group
shale and three Simpson Group samples.

The relative amounts of tncyclic (peaks 2-5, 7-8), C24
tetracyclic (peak 6), and pentacyclic (peaks 9-13) terpanes
from rock extracts are shown in figs. 5Drf .  The terpane
distnbution in fig. 5D is typical of shales from the
Simpson Group and is characterized by minimal amounts
of the tncyclic telpanes compared to the pentacyclic
terpanes, and C24 tetracyclic terpane greater than tricyclic
terpanes.  The terpane distributions from the Chattanooga
Shale (fig. 5E) is characterized by equivalent amounts of
tricyclic and pentacyclic texpanes, with hopane (C3„ peak
10) the most abundant pentacyclic terpane, C23 (peak 3) the
most abundant tricyclic terpane, relatively abundant
extended tricyclic compounds (C28 and C29 doublets, peaks
5  and 7), and relatively low amounts of C24 tetracyclic
terpane.  The terpane distribution from the Kansas City
Group offshore shale (fig. 5F) is similar to .hat of the
Chattanooga Shale except that the pentacyclic terpanes are
relatively more abundant than tricyclic terpanes.   The
terpane distribution from the extract of the Marmaton
Group coal (fig.  5G)  is  similar to those of the Simpson
Group shales.

Discussion

Hydrocarbon Source-rock Potential

For a rock interval to be an effective source of
hydrocarbons, a minimum amount of organic matter must
be present, and this organic matter must be themally
mature with respect to petroleum generation.  The amounts
and compositions (oil and/or gas) of generated hydro-
carbons are detemined by the composition and thermal
maturity of the organic matter.
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Organic-matter Content

Ronov ( 1958) investigated some 26,000 samples of
different ages and environments from oil and nonoil

provinces.  This work demonstrated that average organic
carbon content was  1.4% for nonreservoir shale-type
sediments in petroliferous areas, compared to an average
of 0.4% for areas that were nonpetroliferous.   Based on
this study, Ronov  (1958) estimated a critical minimum





Median genetic potential for the Maquoketa Shale in
the Forest City basin indicates generally poor potential to

generate hydrocarbons.  This generally poor potential for
the Maquoketa Shale is similar to that for most samples of
the laterally equivalent Upper Ordovician Sylvan Shale in
the Anadarko basin (Burruss and Hatch,  1989, their fig. 3).

Organic-matter Thermal Maturity

The man zone of oil generation occurs over an Ro
range of about 0.5ro.7% to 1.3%, which colTesponds to a
Tina. of 435° to 460°C (Tissot and Welte,1978, p. 450-
455).  Tmar values of 411 ° to 433°C for shales from the
Kansas City, Lansing, and Shawnee Groups from
southwestern Iowa, northwestern Missouri, and Nemaha
and Doniphan counties, Kansas, show that organic matter
in these shales is immature with respect to petroleum

generation.  Tmar values of 423° to 439°C for Upper
Pennsylvanian shales in Wabaunsee and Bourbon counties,
Kansas, indicate immature to marginally mature organic
matter.  In southwestern Wabaunsee County, Kansas, T"
values of 434° to 444°C indicate marginally mature to
thermally mature organic matter.  T," values of 421 a to
436°C in shale samples from the Cherokee and Mamaton
Groups in Clarke County, Iowa, and in Nemaha and
Doniphan counties, Kansas, suggest immature to
marginally mature organic matter.   Trmx values range of
4360 to 460°C for samples in southwestern Wabaunsee
County, Kansas; Bates County, Missouri; and Greenwood
County, Kansas, indicate marginally mature to mature
organic matter.  This general north-to-south increase (from
immamre to mature) in organic-matter thermal maturity in
the Upper and Middle Pennsylvanian shales is shown in
flg. 8C where mean Tmar values are plotted.

This general north-to-south increase (from immature
to mature) in thermal maturity is also tnie for organic
matter in the Chattanooga Shale (fig. 88) and the Simpson
Group (fig.  8A).   Tma^ measures of 431° to 438°C for the
Chattanooga Shale in Richardson County, Nebraska, and
Nemaha and Wabaunsee counties, Kansas, suggest
immature to marginally mature organic matter, whereas,
Tmax of 440° to 445°C for the Chattanooga Shale in
southwestern Wabaunsee, Lyons, and Greenwood counties,
Kansas, suggest thermally mature organic matter.  T,mx
measures of 436° to 444°C for the Simpson Group shales
and limestones in Nemaha and Doniphan counties, Kansas,
Tmar of 441 0 to 446°C in Atchison County, Missouri, and
433° to 447°C in Wabaunsee County, Kansas, all suggest
marginally mature to thermally mature organic matter.

Production indices 2 0.10 are interpreted to mean that
significant hydrocarbon generation has occurred (Espitali6
et al„  1977; Tissot and Welte,1978. p. 445447).   PI is
< 0.10 for 63 of 72 samples from the Middle and Upper
Pennsylvanian shales, indicating that significant gen-
eration of hydrocarbons has not occurred.  This conclusion
supports previously intel|)reted Tmax values above, where
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we concluded that most organic matter in the Middle
Upper Pennsylvanian shales is thermally immature to
marginally mature with respect to petroleum generation.
For eight of the nine Middle and Upper Pennsylvanian
shale samples with PI 2 0.10, organic carbon contents are
low, ranging from 0.9 to 2.6%.   This relationship suggests
that these high relative PI values may represent migrated
hydrocarbons.   PI ratios 2 0.10 for 13 of 17 Chattanooga
Shale samples suggest that hydrocarbon generation has
occurred in these rocks.   PI ratios < 0.10 for  15 of 16
Simpson Group shale and limestone samples also indicate
that significant generation of hydrocarbons has not
occurred. The six Simpson Group samples with S 2%
TOG, and PI 2 0.17 may also indicate migrated
hydrocarbons.

Oil-source Rock Correlations

Oil-source rock correlations are based on compansons
of oil geochemistry with the geochemistry of bitumens
extl'acted from potential source rocks.   Bitumens and oils
are most easily correlated by companson of saturated
hydrocarbon and terpane (in/z= 191) distnbutions, and
carbon-isotope compositions of the saturated and aromatic
hydrocarbon fractions.  For oils (migrated bitumens) these

parameters are affected by biodegradation in the reservoir
and, possibly, by migration distance.   Detailed discussions
of the geologic/geochemical controls of bitumen and oil
chemistnes are beyond the scope of this paper.   For an
extensive introduction to these topics, refer to texts by
Tissot and Welte (1978,1984), and Hunt (1979); for in-
depth reviews of biomarkers, refer to Mackenzie ( 1984)
and Peters and Moldowan ( 1993).

Oil Group 1

Companson of the compositions of the Group I  oils in
the Forest City basin with the compositions of extracts of
the Simpson Group shales in the basin show similar
saturated hydrocarbon and terpane distnbutions (figs. 3A
and 5A; 3D and 5D, respectively) and pristane/"C„ versus
#Ci2-nc2o CPI (figs. 4A and 48).   These similarities
suggest that the Simpson Group shales are the source rocks
for these oils.

6'3Csat of the Group  1  oils ranges from -26.80/co to
-31.30/oo;  6'3Cunm,  from  -26.2°/oo to -31. IO/oo  (table 2).

813C compositions of the three extracts of the Simpson
Group rocks from Wabaunsee County (6'3Csa, range from
-25.60/oo to -26.4°/oo, 6'3Carom from -25.4 to -26.70/oo, table

3) are similar to the positive end of this range.  A better
match in the observed ranges of 8"Csa, and 8]3Cunm for the
Group  I  oils is with the range of composition observed

(8'3Csa, from  -24.5  to -31.1°/oo,  8'3Carom  from  -23.7  to
-31.3o/oo) in extracts of Simpson Group-equivalent rocks

in Washington and Jackson counties, in east-central and





Summary

1. Differences in saturated hydrocarbon and terpane (in/z =
191 ) distributions, pristane/"C,7 ,and nc,2-nc2o CPI of
26 Forest City basin oils demonstrate the existence of
three distinct oil groiips.   Group  I  oils are produced

primanly from lower Paleozoic reservoirs along the
north-northeast-south-southwest-trending axi s of the
basin; Group 2 oils, primanly from Middle and Upper
Pennsylvanian sandstones on the eastern flank of the
basin; and the Group 3  oil, from the Kansas City
Group in Wabaunsee County, Kansas.

2. Analyses of 123 representative rock samples from the
Forest City basin demonstrate good to excellent

potential to generate hydrocarbons for the Simpson
Group shales and limestones, Chattanooga Shale, and
Middle and Upper Pennsylvanian offshore manne
shales.

3. In general, thermal matunty of organic matter in each
stratigraphic  interval increases from north to south.
Organic matter in the Middle Ordovjcian strata is

generally marginally mature to mature with respect to
petroleum generation, whereas, organic matter in
Pennsylvanian strata is generally immature to
marginally mature.

4.  Using the Jones ( 1987) classification, compositions of
organic matter in shales from the Kansas City Group
and the Chattanooga Shale are primarily organic
facies BC, and, where thermally mature, these rocks
should generate both oil and gas.   Organic matter
compositions in shales from the Cherokee, Mamaton,
Pleasanton, Lansing, and Shawnee groups primanly
represent organic facies C and CD, and, where
thermally mature, these shales should primarily

generate gas.   Organic-matter compositions in the
Simpson Group shales and limestones range from
organic facies A to D, and, where thermally mature,
the intervals containing organic matter with facies A,
AB, and 8 compositions shoiild generate oil.

5.  Saturated hydrocarbon and terpane distributions for
Group  1  oils are similar to those from extracts of
Simpson Group rocks, suggesting that these rocks are
the sources for the oils.   Similar comparisons suggest
that the source rocks for the Group 2 oils are in the
Chattanooga Shale, whereas, source rocks for the
Group 3 oil are most likely  in  Upper Pennsylvanian
offshore marine shales.

6. The Forest City basin Group  I  oils are geochemical]y
similar to other oil groups/types produced from the
Anadarko basin, Salina basin, Iowa shelf, and the
Illinois basin.   The Forest City baLsin Group 2 oils are

geochemically  similar to oils produced from the
Anadarko basin, Cherokee platform, and the Illinois
ba`sin,  whereas, the Forest City basin Group 3 oil is
similar to oils produced from the Anadarko basin.
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Appendices

APPENDIX  I -DESCRIPTIVE INFORMATloN FOR  26 OIL SAMPLES  FROM NORTHWESTERN MISSoURl,  SOUTHEASTERN NEBRASKA,  AND EASTERN
KANSAs.   (Oil sample index map is fig. 2A.   Oil groups are defined in text.)

Location               Operator (if known)
map                     Field or well name
letter                    (Producing horizon)

Group 3 Oils

CarterG. H. DavisA#15     SESESwsec. 33,
Davis Ranch field                    T.13  S., R.10 E.,

(Kansas city ciroup)             Wabaunsee co.

Groun 2 Oils

Cities  Service Yaege #12
Yaege field
("Hunton")

?

Keegan lease
Praine Center A field
(Cherokee)

T. I.  E. Energy
Kramer lease
Gardner field
(Bartlesvil le sand)

Gene Ward Oil Co
Andersen #2,
Paola-Rantoul field
(Squirrel sand)

T.  I.  E.  Energy
Polhamus #A-4
Goodrich-Parker field
(Bartlesville  sand)

Cities Service Teeter #37
Teeter field
(58204, Burbank sand)

SE SE SE see. 25,
T.  I I  S.,  R.  8  E..

Riley Co.

SW NW SW see. 34,
T.13  S.,  R.  22  E„

Johnson Co.

SW NW SE see.17,
T.  14 S.,  R. 22 E„
Johnson Co.

sec.  32,

T.  16  S..  R.  22 E.,

Miami Co.

see.  35,
T.  19 S.,  R.  22 E„
Linn Co.

NW see.15,
T. 23 S., R. 9 E„
Greenwood Co.

AAmoco[Ieadley"A"#1-9sec.29rs2,
Wmterscheid field                   T.  23  S., R.14 E„

(Bartlesville sand)                 Woodson co.

GrouD 1 Oils

Missouri

I Waters #1  Watkins
Tarkio field
(Bartlesville  sand)

sec.  32'

T. 65 N., R.  39 W.,
Atchison Co.

Loution               Operator (if known)
map                     Field or well name
letter                   (Producing horizon)

Nebraska

J

M

M

Nemaha # I  Miles A
Dawson field
(.`Hunton" and Viola Ls.)

Reesman lease
Falls City field
("Hunton")

Seiberson lease
Falls City field

("Hunton")

Sand Rock lease
Falls City field

("Hunton")

Harper #7 lease
Falls Gty field
(``Hunton")

Walldraff lease
Falls City field

(``Hunton„)

Liniger lease
Falls City field

("Hunton„)

Tomer Production
Hustead lease
Livingood field
(Viola Limestone)

Stuckey # I Aberle
Sabetha field

("Hunton")

Carter #  I  F'arli
Strchm field
(Vlola Limestone)

Petro-Lewis # I  Potts
Mcclain field
(Viola Limestone)

SE NW NW sec.  I I,
T.  1  N„ R.  14 E„

Richardson Co.

SW   see.17,
T.   ,  N.'  R.16  E.'

Richardson Co.

SW  sec.17,

T.1  N„  R.16 E.,

Richardson Co.

NW sec. 20,
T.   I  N.,  R.16 E.'

Richardson Co.

E/2 N/2 NW sec. 20,
T.  I  N"  R.16  E..

Richardson Co.

SE SW see. 20,
T.  I  N.' R.  16 E"
Richardson Co.

N/2 NE sec. 20,
T.  1  N.,  R.   16 E.,

Richardson Co.

NE SW NW see. 3,
T.   I  S.,  R.15  E.,

Brown Co.

NW SE NW sec.  13,
T.  2 S„ R.14 E.,

Nemaha Co.

NE NW SW sec. 27,
T.  2 S., R.  14 E„

Nemal`a Co.

C SE SE sec. 7,
T. 4 S„ R.  14 E ,
Nemcha Co.

continued next page
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Appendix  I  continued

I.ocation                Operator (if known)
map                      Field ol. well name
letter                    (Producing horizon)

Lorafron

Grou_D 1 Oils (continued)

Petro-Lewis #  I  Potts
Mcclain field

(Simpson Group)

Edmiston Oil
Crook lease
Easton field

(MCLouth sandstone)

C SE SE sec. 7,
T.  4  S.,  R.  14  E.,

Nemalia Co.

SE NW SW sec.  17,
T.  8  S.,  R.  21  E.,

Leavenworth Co.

CarterG.H.  DavisA#ll      SWNWNEsec.33,
Davis Ranch field                     T.13  S.,  R.10 E„

(Viola Limestone)                   Wabaunsee co.
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Location                Operator (if known)
mat)                       Field ol. well name
letter                    (Producing horizon)

Location

P            Exxon #8 william o.
OIsen
John Creek field

(Viola Limestone)

Q           Ablah-Brandt #l  Greer
Boschfield
(IIunton)

R            Mes sman-Rinehart
#1  Woodward
Vassar field

(Mississippian  []mestone)

sec.  26,
T.15  S„  R.  9  E.,

Moms Co.

NW com  lot 3,  scc.  19,
T.  16  S..  R.  8  E„

Moms Co.

NW NE NW see. 23.
T.16  S  ,  R„  16  E.,

Osage Co.



APPENDIX  2-DESC`RIFTIVE  INFORMATloN  FOR   123  SAMPLES  oF  PALEozolc-AGE  RoCKS  FROM  souTllwESTERN  IoWA,  SOUTHEASTERN  NEBRASKA,
NORTHWESTERN  MlssouRi,  AND EASTERN  KANSAs.   (Rock-sample  index  map  is  fig.  28.)   The  Shawnee  Group  is  of Late  Pennsylva-
nian  (Virgilian) age;  Lansing,  Kansas City,  and Pleasanton Groups, Late Pennsylvanian (Missourian) age; Marmaton and
Cherokee Groups,  Middle Pemsylvanian (Desmoinesian) age: Chattanooga Shale. Late Devonian-Early  Mississippian age;
Maquoketa Shale. Late Ordovician  age; and Simpson Group,  Middle Ordovician age.

Index                   Operator
map           I,ease or well name

number

Descrlpllon

Shawnee Group

Iowa Geological  Survey
Bedford (IBC),
SE see. 4,
T.  67  N., R.  34 W„
Taylor Co.

Kansas

2

Kansas

2

Roxy Resources
# I -14 Schneider

NW SE SW see.14,
T.1  S„  R.   14 E.,

Nemaha Co.

Heller#l  Slice
NW sec.  I I '
T`  14  S..  R.  8  E.,

Wabaunsee Co

Queen Hill  Shale Member
of Lecompton Limestone
3  core samples

(IBCQHillA, 8, C)
102.1 -102.5  ft

I  ciittings sample

(970-I,000 ft)

Heebner Shale Member of
Oread Limestone
1  cuttings sample

( 1 , I 80-I ,190 ft)

IjAnsine Groan

Iowa Geological  Survey
Hillsdale/Buffington

(IHC),  see.  22,
T.  72 N., R. 42 W„
Mills Co.

Roxy  Resources
# I -14 Schneider

NW SE SW sec.14,
T.   I  S.,  R.14  E„

Nemaha Co.

Heller #1  Slice
NW  see.   I  1'

T.   14 S..  R.  8  E.,

Wabaunsee Co.

Eudora Shale Member of
Stanton Limestone
I  core sample (IHC
Eudora)  loo.2-loo.5 ft

I  cuttings  sample

( I ,330-I ,360 f()

I  cuttings sample

( 1,610-I ,630  ft)

Kansas City GrouD

Iowa Geological survey      Quindaro shale Member of
Hillsdale/Buffington  (IHC)Wyandotte Limestone
see. 22,                                         3 core samples (IHC
I  72N.,R.42W.,                   QuinA,B.C)  166.1-166.4

Mills co.                                      ft

Index                   Operator
map            Lease or well name

number

DescTi|)tioi`

Kansas Citv C,roun /coTntinued\

Iowa Geological  Survey
Jefferson Quany (IJCL)
SE NW sec.17,
T.  77 N., R.  31  W„
Adair Co.

Iowa Geological  Survey
Riverton (IRC)
SE SE SW sec. 20,
T. 67 N„ R. 41  W.,
Fremont Co.

Iowa Geological Survey
Bedford (IBC)
SE see. 4,
T.67 N., R.  34 W..
Taylor Co.

Missouri

7 R. M. Coveney  12
NE sec.  5,
T  49 N., R   33 W.,
Jackson Co.

WM-10.
SE SE see. 4,
T.  59 N„ R.  34 W.,
Andrew Co.

R. M. Coveney  15
NE see.  5.
T. 49 N.. R.  33 W.,

Jackson Co.

WM-9'
NE SE sec. 9,
T.  53 N„ R.  36 W..
Plat[e Co.

R.  M. Coveney 5
center,  sec.18,

T. 49 N., R.  33 W.,
Jackson Co.

Stark Shale Member of
Dennis Limestone
I  representative core
sample (IJCLstarkA) from
51.6-52.2 ft

I]u shpuckney  Shale
Member of Swope
Limestone., I  representative
core sample (IJCLHushA)
from 85.3-85.8 ft

Hushpuckney Shale Mem-
ber of Swope Limestone
4 core samples; (IRCHP
1-4);  1.036.6-I,039.2  ft

Hushpuckney Shale Mem-
ber of Swope Limestone
4 core samples (IBCHP
I-4) 546.3-548.5  ft

Muncie Creek Shale Mem-
ber of lola Limestone
3 core sample (RC 12)

(about 30 ft below surface)

Wea Shale Member of
Cherryvale Shale; 2 core
samples; (WMlowea  I  and
2) 415.5-421.8  ft

Stark Shale Member of
Dennis Limestone; 4 core
samples  (RC15)  about  12  ft
below  surface

Hushpuckney  Shale  Mem-
ber of Swope Limestone;  I
representative core sample

(WM9HP4) from 302.50-
304.3  ft

Hushpuckney Shale Mem-
ber of Swope Limestone
I.8 channel  sample (RC5);
from  limestone mine about
loo ft below surface

c()nlinued  next I)age
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Appendix 2 continued

Index                  Operator
map           Lease or well name

number

Description

Kansas City Group  (continuedt

Kansas

2

10

12

13

Kansas

3

Roxy Resources
#1 -14 Schneider
NW SE SW  see.  14,
T.1  S.,  R.   14 E.,

Nemaha Co.

Mid Gulf #1 Caudle Farm
NE NE NW sec. 28,
T. 4 S„ R.  20 E..
Doniphan Co.

Kansas Geological Survey
Edmonds #1 A
SE NW SW sec. 35,
T.  9 S., R.  22 E.,
Leavenworth Co.

Carter G. H. Davis #-A
SW NE SW  sec. 33,
T.13  S„  R.10 E.,

Wabaunsee Co.

Heller #1  Slice
NW sec.11,
T.14 S„ R.  8 E„
Wabaunsee Co.

1  cuttings sample (I,440-
1,470 ft)

4 cuttings samples (I,200-
1,220,I,365-I,375,1,545-

1,555  and  I,800-I,810 ft)

Stark Shale Member of
Dennis Limestone
4 representative core sam-

ples (EDS IA 3-16) from
401.35  to 403.37 ft

Stark Shale Member of
Dennis Limestone
10  representative core
samples (S2-S 13) from
1,862.7 to  1,864.4 ft

Stark Shale Member of
Dennis Limestone
I  cmings sample (1.660-
I ,680 f()

Hushpuckney Shale Mem-
ber of Swope Limestone
1  cuttings sample ( I,680-
I .700 ft)

KKansasGeologicalSurveyStari(ShaleMemberof
Wndward  #5A                    Dennis Limestone
NE SE SW SE see.12,         6 representative core
T. 25  S„  R.  2l  E.,                    samples (W5A3-W5A16)
BBourbon co.                             from  49.64-54.03 ft

Ple~ntonGrout]

Heller #1  Slice
NW see.  11,
T.14 S„ R.  8 E„
Wabaunsee Co.

2 cuttings samples ( I.7 I 0-
I,730 ft,  I,760-I.770 ft)

h4armatoncrfoun

Iowa Geological Survey
CP37'
NE SE NE sec. 2.
T.  72 N., R.  26 W„
Clarke Co.

Anna Shale Member of
Pawnee Limestone; 3 core
samples (CP37-19A,198,
19C)  164.5-166.7  ft

Little Osage Shale Member
of Fort Scott Limestone
I  core sample (CP37-24,
205.3-206.4 ft)
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Index                  Operator
map           Lease oT well nanie

number

description

Missouri

15           USAFMC  12l
SW sec.1,
T.  40 N„ R.  32 W.,
Bates Co.

Kansas

2 Roxy Resources
#1-14 Schneider
NW SE SW sec.14,
T.1  S„  R.   14 E.,

Nemaha Co.

Heller #1  Slice
NW see.  1 1,

T.14 S.,  R.  8  E.,

Wabaunsee Co.

16         Marathon oil co.
J. W. Martindell #50,
SW see. 31,
T.  23  S.,  R.10 E.,

GTeenwood Co.

Kansas

2

Anna Shale Member of
Pawnee Limestone, 2 core
samples (MC 12 I -2.
MC121-3)  62.3-65.1  ft

Lexington Coal Member,
I  core sample (MC12l-4;
73.3-73.8  ft)

I  cuttings sample (I ,540-
1,570 ft)

I  cuttings sample ( I ,780-
1,800 ft)

Excello shale member of
Fort Scott Limestone
I  core sample (349-3;
2,095.I -2,096.I  ft)

C~Groun

Roxy Resources
# I -14 Schneider
NW SE SW  sec.  14,
T.   1  S„  R.  14  E.,

Nemaha Co.

10         Mid Gulf #l  caudle Fami
NE NE NW sec. 28,
T. 4 S„ R.  20 E.,
Doniphan Co.

3             Heller #1  Stice
NW see.  I I,
T.  14 S„ R.  8 E.,
Wabaunsee Co.

16          Marathon oil co.
J. W. Martindell #50
SW sec.  31,
T. 23  S., R.  10 E„
Greenwood Co.

5 cuttings samples (I,690-
1.730,I,900-I,940,I,980-
2,000, 2,230-2,240 and
2,330-2,340 ft)

2 cuttings samples (2,020-
2,030 ft, 2,I 10-2,120 ft)

1cuttings sample ( I,850-
1,870 ft)

Unnamed coal member of
Cabaniss Formation;
I  core sample (349-38;
2.213.0-2,213.I  ft)

Unnamed shale members of
Cabaniss Fomation; 3 core
samples (349-46, 2,225.0-
2,226.4 ft; 349-57, 2,252.8-
2,253.9 ft; 349-69, 2,288.7-
2,289.3  ft)

continued next page



Appendix 2 continued

Index                   Operator
map           Lease or nell name

number

Description

Lhattanounshale
Nebraska

17

Kansas

2

18

12

19

19

20

21

Big J Production
#1  Harper-Sibbemsen
SE NE NW sec. 20,
T.1  N.,  R.16  E.,

Richardson Co.

Roxy Resources
# I -14 Schneider

NW SE SW sec.  14,
T.   I   S.,  R.  14  E.'

Nemaha Co.

Pendleton #1  Hemesch
NW SE SE sec. 9,
T.  5  S.,  R.  13  E„

Nemaha Co.

Carter G.  H. Davis #2-A
SW NE SW  sec. 33,
T.13  S.,  R.10 E.,

Wabaunsee Co.

Heller #1  Slice
NW see.  I I,
T.  14 S„  R.  8 E„
Wabaunsee Co.

Shell #1  Farr
NW SE SW see. 7,
T.  20  S..  R.12 E.,

Lyon Co.

Shell #1-9 Friday
NE SW SW sec. 9,
T.  20 S., R.12 E„
Lyon Co.

ERDA Stauffer #1
NE sec. 20,
T.  23  S„  R.12 E.,
Greenwood Co.

ERDA Bock #1

SW NE NE see.  15,
T.  23  S..  R.12 E.,

Greenwood Co,

I  core sample (HS2196)
2,196 ft

2 cuttings samples (2.540-
2,550, 2,680-2,690 ft)

I  cuttings  sample (2,730-
2,740 ft)

2 core samples (DR2977,
DR2980)  from basal 3.0 ft
of shale, 2,977-2,980 ft

1  cuttings sample, 2,OLO-
2,140 ft

I  core sample (F2427)
2,427 ft

I  core sample (F2566),
2,566 ft

5  core samples (STA2313,
STA23 I 5,  STA2316,
STA2318.  STA2319), from
basal 9.0 ft of Shale, 2,312-
2,322 ft

6 core samples (BOC2164,
BOC2166, BOC2168,
BOC2170, BOC2172,
BOC2174) from basal  12.2
ft of shale, 2,164-2,174.2 ft

Index                   Operator
map           Lease or well name

number

Description

Mrfuuoketashale

Kansas

2

12

Roxy Resources
# I -14 Schneider
NW SE SW  sec.14.
T.   I  S.,  R.  14 E.,

Nemaha Co.

Carter G. H. Davis #-A
SW NE SW sec. 33,
T.13  S.,  R.   10  E.,

Wabaunsee Co.

Heller #1  Slice
NW  see.  1 1,

T.14 S.,  R.  8  E..

Wabaunsee Co.

I  cuttings sample (3,410-
3,430 ft)

I  core sample (DR32cO )
representing basal  13 ft of
shale (3,195-3,208 ft)

I  cuttings sample (2.162-
2, L65  ft)

Siniuson Group

Missouri

22         #l  Mccartney
SE SE SE sec.  5,
T. 64 N., R.  39 W.,
Atchison Co.

Kansas

2

10

Roxy Resources
# I -14 Schneider
NW SE SW sec.  14,
T.   1  S.,  R.  14 E.,

Nemaha Co.

5 cuttings and sidewall core
samples (clay shales at
3,126,  3,130-3,140,  3,142,

3,156, and 3,173 ft)

I  cuttings sample (3,700-
3,720 ft)

Mid Gulf #l  Caudle Farm   I  cuttings sample (2,725-
NE NE NW see. 28,
T. 4 S., R. 20 E.,
Doniphan Co.

12          Carter G.  H. Davis ne-A
SW NE SW sec. 33.
T.13  S.,  R.10 E„

Wabaunsee Co.

2,730 ft)

15 core samples

(DR3298.5, DR3307.5.
DR 3311.5,  DR3312.5,

DR3313.5, DR3314.8,
DR3315.5, DR3320.4,
DR3321,  DR3322.5,
DR3323.5, DR3326.2,
DR3358.2, DR3358.7,
DR3381.4;  3,298.5-3,387  ft)
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APPENDIX  3cORGANIC-CARBON  CONTENTS  AND  ROCK-EVAL®  ANALysIS  FOR  87  SAMPLES  FROM  CORES  OF  PALEOZOIC-AC,E  ROCKS  FROM
soiiTHWESTERN  IowA,  souTHEASTERN  NEBRASKA,  NORTi+WESTERN  MissouRi,  AND  NORTiiEASTERN  KANSAs.    [Sample  descriptions  are

|'£ie&Lnnsqapsp:?tdy'XG2;u(p¥CLka-tseaFep::sj#veaxn[T£{*S[gsgjuzpa.a)¥::S#na¥oS;°nudp¢ic°rfoE::eGpreonun;Ss¥'Xa,nd`8re(pve`:i':;i:|£,8aen:La"ng

ST:SpTo°:n8:;aun:,a#iiE,:a8:I:;,8c?asnhaa!:t]LateDev°nlan-EarlyMississipplanage.,Maquokctashale,Lateordovicianage;and

Location              Sample
map                 number

number

Organic              Tmaxa
carbon               (°c)

(weight %)

IIydrogenb          Oxygenc             Geneticd                Productione
index                    index                potential                      index

(mg/g)                 (mg/g)                (mg/g)

Shawnee rtroun
Iowa

I                              IBCQHilIA                     10.I                 411                         180                          63                            19                                   0,04

IBCQHilu3                   2].0               415                      235                         52                         51                                  0.04

IBCQHillc                    5. 2              420                    220                       50                        12                               0.03

I,rinsing C~
Iowa

4                           IHCEudora                   15.2               423                      130                        52

KanusascitvGmouD
Iowa

4                        IHCQuinA
IHCQuinB
IHCQuinc

5                         IJCLstarkA
IJCLHushA

6                        IRCHP I
IRCHP2
IRCHP3
IRCHP4

I                          IBCHP I
IBCHP2
IBCHP3
IBCHP4

Missouri

RC12
WM1Owea1
WMlowea2
RC]5
WM9HP
RC5

Kansas

]1                               EDSIA16

EDSIA12
EDS I A5
EDS I A3

]2                             S2-I

S3-I

S4-I

S5
S7
SBT

28     Kansas Geological survey     Technical series  l3

continued next I)age



Appendix 3  continued

Leeation             Sample
map                  numl)er

number

Organic             Tmaxa
carbon               (Oc)

(weigl't  %)

HydTogenb          oxygenc
index                    index

(mg/g)                  (mg/g)

Geneticd               Productiorf
potential                     index
(mg/g)

Kansas City Group (continued)

S9B
Sll

S12B

S13

13                          W5A3
W5A4
W5A6
W5Alo
W5A12
W5A16

Kansas

16                           349-3

Kansas

16                            349-38

349-46
349-57
349-69

Nebt.aska

17                            HS2196

Kansas

12                           DR2977
DR2980

19                          F2427
F2566

20                          STA2313
STA2315
STA2316
STA23 I 8
STA2319

21                            BOC2164
BOC2166

2.8               438

Marmatoncrfouo

Cchattanoor!ashale

490 22

25
8

13

15

29
18

5710

1422

350                         23                          16
390                        29                         13
390                         28                         16

continued next page
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Appendix 3 continued

Luntion            Sample
map                number

number

Organic             Tmaxa
carbon              (°c)

(weight  7o)

Hydrogenb         oxygenc
index                   index
(mg/g)                (mg/a

Geneticd                Productione
potential                    index
(mg/g)

Chattanooaa Shale (continuedl

ELnsas

12                         DR3200

Kansas

12                           DR3298.5
DR3307.5
DR331 I.5

DR3312.5
DR3313.5
DR3314.8

DR3315.5

DR3320.4
DR3321.0
DR3322.5
DR3323.5
DR3326.2
DR3358.2
DR3358.7
DR3381.4

Maouoketa Shale

03             425                     90                     50

Siniuson Grouti

* indicates no data

HC = hydrocarbons; TOG = total organic carbon
a. Temperature at which the yield Of pyrolysis products (S2) is at a maximum
b. sproc, mgHc;8TOc
c. s3roc, mgco2/8Toc
d.  S,  + S2, mgHC/g sample
e.  S,/(S,  +S!)

Analyses for sarnples from the Stark Shale Member of the Dennis Limestone (S2-I  through S13) were previously listed in
Hatch and Leventhal (1992, their table 3); for Marmaton Group samples (MC12l-2 to MC 1214 and 349-3) and for
Cherokee Group samples (349-38 though 349nd9), Hatch et al. (1984, their appendix 3, and  1989, their appendix 3); and for
Chattanooga Shale samples (DR2977, DR2980, STA2313 through STA2319, and BOC2164 through BOC2174), Hatch et al.
(1989, their appendix 3).
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APPENDIX 4ueRGANlc-CARBON coNmNTs ,  RocK-EVAL© ANALys[s,  AND  vlTRINme-REFLECTANCE (Ro)  MEAsuREMENTs  roR  36 sAMPLEs  FROM
CUTTINGS  AND SIDEWAu CORES OF PALEOZOIC-AGE RoCKs  FROM  NOR"wESTERN  MissouRI  AND NORTHEASTERN  KANSAS.   [Simpson  Group

i¥£:,sin;i[;3ii{;a::i&io;i!;:a£;s:a:i:1;3s£:a::#j;i:ii:sg;#::,:n;fifes:}oO#i:;:ssg¥p;teia¥e:;fi#iatt;;g¥e;Ede;n;ni§pi¥sfij[§j'`5:gi:'i£Tg%-
Ordovician age; and Simpson Group, Middle Ordovician age.]

Location             Sampled
map                 jnteryal

number

OrgaTLic
carlron

(weigll(  %)

Hydrogenb         Oxygenc
index                    index
(mg/g)                 (m8/g)

Geneticd               Productione
potential                     index
(mg/g)

VI'Tini'e
reflectance

(q'oRo)

970-1000           7.2
1180-1190            10.4

1330-1360          10.0
1610-1630             2.0

1440-1470
1200-1220
1365-1375

1545-1555
1800-1810
1660-1680
1680-1700

Kansas

3

Kansas

2

10

1710-1730             8.0

1760-1770            4.4

1540-1570            2.6
1780-1800              I.1

1690-1730
I 900- I 940
1980-2000
2230-2240
2330-2340
2020-2030
2 1 I 0-2 I 20

1850-1870

Shawneec~

416                  365                       22                       27                         0.04                             039?
435                  200                       *

Lansing Groun

417                   415                         20
444                     19                       *

Kansas Citv Group

P-Gr-+-
440                  140                       *
444                  120                       *

Marmaton Groun

429                       38                          18
444                   60                     *

Cherokee G~

C~ttanoromshale

22                          0.04                              0.5 5

43
0.43

continued next page
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Appendix 4 continued

Location              Sampled
map                  interval

number
t!::::ic            Tdi€x)a            HfnddTxgenb         Oxygenc            Geneticd               Productioneindex                potential                      index

(weight  %)

Kansas

2                            3410-3430            3.I
3                               2162-2165              I.5

Missouri

22

2                            3700-3720            8.I
10                             2725-2730             I.I

(mg/g)                  (mg/g)                (mg/g)

Maquoketa Sliate

430                     70                         17
447                   60                      *

Siniuson Groun

441                         810                               11

446                490                     27

Vitrinite
reflectance

(%Ro)

*  ind]cates no data

HC = hydrocai'bons; TOC = total organic carbon
a. Temperature at which the yield of pyrolysis products (S2) is at a maximum
b. S2ITOC,  mgHC/gTOC

:..Sf?:,mmggHCc%g::f,e
e.  S,/(S,  +S2)
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