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FOREWORD

The DOE (formerly ERDA) management plan for enhanced recovery of oil and gas is
aimed at demonstrating new recovery technology and transferring it to the private sector.
The program is hampered by little or no field testing of the economic and technical feasibility
of new techniques. A federal research, development and demonstration (RD & D) program
has been initiated which is targeted at mitigating these economic and technical uncertainties.
In some areas or components of the program, there is a great need for a verification of the
resource base and an improvement in reservoir data.

The DOE Management Plan, through its RD & D program, stresses the need, as an
essential prerequisite, for government and industry to confirm the magnitude, location, and
condition of the resource in the target reservoirs.

The resource evaluation portion of the program includes surface and subsurface-

mapping, structural studies, geochemical studies, and data acquisition and processing for an
appraisal of potential heavy oil reservoirs,

This project is one of three being conducted by geological or mineral resource organi-
zations within the states of Kansas, Missouri, and Oklahoma. Its purpose is for better defining
the heavy oil deposits in the area contiguous to these three states.

The information in this report is timely and, although not as encouraging as had been
anticipated, will be of immense value to the industry.

Larman J. Heath
DOE Technical Project Officer
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'SUMMARY

The current naﬁional-energy—resource situation hés provided tHe
incentive to investigate mgrglfully deposits of heavy-oil bearing sapd_
étone in southeastern'Kansgs, as parf_bf a largep, thrée—state study;
The reéulﬁs of this study indicate ﬁhét‘thé size of thg heavy%oil re-
équrce in ;he three'Kansas_égunties stﬁdied_is émaller_than earlier
estimatgs suggested..

A reédurce of 200-225 mil;ion'bangls of oil in—pléce is estimated
to be present in areas of "known o%l occurrence," as .established by this
study. TheAamount of this in-place resource which may be coﬁsidered tq{
'be reserves, thatAis, recoverable under exisﬁing technology and economics,
is zero. The estimates of resource-size are severely downgraded from
earlier-estimafes mainly because of the discontinuous nature/of the
potential reservoir sandstone bpdies'andAbecause of the thinness énd
shaliness‘of some of these sandstones."The earlier impression of these
heavy-oil reservoirs, at léasﬁ in Kansaé, as being widespread, heavily
oil saturated, "blanket“ sandstones unfortunately is.not correct. There
are areas, shown oﬁ maps here, which may warrant further investigation
because of ;ocally good.oil—saturationl i.e., more than 400 barrels per
"acre foot, in trends of sandsfone thicker than 20 feet.

The Cherokee Group includes‘five separate stratigraphic intervals
in which oil-bearing sandstones are present. The concept of the origin
of these sands which is shggested by mépbing trend; of sandstone. thick-
ness and by study of‘their composition, texture,iaﬁd internal structure
is one of fluvial—déltaic'systems exténding_periodically into the area

" of southeastern Kansas from the east. The highly variable paleogeo-

graphy which resulted from this history accounts for the nature of the




sandstones. Errors in correlation of some of these sandstones which
have been discovered in the course of this study do not affect estimates
of the amount of c¢il they contain.

The geochemistry of the heavy-oils recovered from coreé is best
explained as a result of contact and washing of these sandstones Ey
natural fresh waters, with accompanying alteration by baéteria. These
hea§y-oils contain little or no gasolene—range hydrocarbons, have only

small amounts of C normal paraffins, and have slightly higher sulfur

15+ ‘
and non—hydrocarbpn contents than lighter Cherokee crude oils. The
overall average bitumen coﬁtent of these sandstones is quite low, 1.6%,
compared with deeper oil sands, somé Missouri surface samples, and wifh
other heavy-oil or tar sand deposits of the world. The average hydro-
carbon content éf this bitpmen, 70%, is, however; moderately high.

The conclusion of this .study is that there will be no.widespread
exploitation of subsurface heavy-oil sandstones within the areas of
Bourbon, Crawford, and Cherokee Counties, Kansas. Smaller areas indi—.
céted here may warrant furtﬁer drilling and investigation, but the

potential size of the heavy-oil resource is severely downgraded from

earlier estimates.



INTRODUCTION

Purpose of Study

In the present atmosphere of uncertainty concerning the future
availability of economically producible, conventiohal, domestic, petro-

leum resources, research has begun into the feasibility of using alter-

nate sources of crude oil as an element of the nation's energy budget.
The present study, funded in part by the U.S. Energy Réseérch and
Development Administration (ERDA), now Department of.Enefgy (DdE), énd in
~ part by thé University of Kansas, is a better documentation than has
been available in the pést of the extént and néﬁure of the heavy-oil
bearing sandstones in thé shallow subsurface area éf‘three counties in
sputheéstern Kansas. éomplémentafy studies of similar'deposits,in'
Contiguous areas of Missouri and Oklahoma are.being completed by organiza- .
tions in those states. Supp;rt of these studies by ERDA is a result of
that agency's interest in better Aefinition of the'hation's'energy
resources or, more specifically, in ﬁhe extent of debosits of oil whicﬁ
may be recoverable in the future by méthodS'whiéh are the sgbject of
other research spénsored by ERDA. |

Estimates 9£_Héavy—oil Resources

Earlier studies by.the U.S. Bureau of Mines (Ball, 1965; Petroleum
Sstaff, 1967) indicated tﬁat there were'approximately 350 millioﬁ barrels
of crﬁde 0il in the form of heavy—oil, that is, oil whose gravity is
'lower than 25° A.P.I., in severél counties of southeastern Kansas in
fields from which lighter oil is produced. Fﬁrthermore, atténtion was
‘callea to fhe area east of these producing fields in which there were
known to be occurrences of heavy—oi}, but fpr which no reliable estimﬁ;e

of resource-size could be cited.



A report by the Kansas Geological Survey-(Ebanks and James, 1974)
suggested that there may be as much as 400 million barrels of oil in
heavy-o0il deposité of Bourbon, Crawford, and Cherokee Counties, Kansas;
but others héﬁe estimated the resource size to be as great as 1.6 bil-
lion barrels of oil in only parts of -two counties in this area and
sevefal more billion barrels of héavy-oil in the three-state heavy-oil
province (Enright, 1964). This disparity in estimates of resource size
probably has contributed to uncertainty which may have slowed develop~

ment of the resource. Other factors which have discouraged development

"have been a lack of success in tests of various enhanced recovery methods,

mainly thermal stimulation techniques, for producing the highly viscous
oils and the generally unfavorable:economic climate for high-cost, high-
risk efforts as would be required to produée these "problem 6ils."
Recent improvements in the well—heaa price of crude oil and renewed
activity in methods of producing heavy-oils (fof example), Spefry, 1977),
provide encouragement for studies such as the present one. Reference to
earlier pilét projects conducted in the Missouri-Kénsas‘area are given
below in the section on "reserves."

Area of Study

The'principal area of interest-in the present study is the area of
Bourbon, Crawford; and Cherokee Counties, Kansas (Fig. 1). An effort
has been made throughout the study to coordinate results of field and
laboratory work with that.being done in adaacent states, so that the
%inal compilation of results will reflect the truly regional aspect of
the‘heavy—oil resource.

Compilation of existihg data in these three counties preceded the

drilling of thirty-three test holes (Fig. 1). The geologic interpreta-
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tion offered here is based on all available data, whereas, the interpre-
tation of reservoir rock quality and oil content of the sandstones is
based almost whélly on data acquired during this research program.

Further information on methods of operation and analysis are described

in Appendix A.

In Kansas, the area of study comprises approximately one million

"acres. The locations of the thirty-three test holes drilled during this

investigation were based in parf on .the need to evaluate o0il shows in
pre-existing points of control and in part on the absence of control in
parts of the area. Altﬁough providing a fairly loose network of con-
trol, this drilling program succeeded in recovering materials which are
probably representative 6f the subsurface section throughout the area,
judging frém the range of results achieved. Together with pre—existing
data, these test holes should form an adequate.basis for estimating the

resource of heavy-oil in the area of study.

GEOLOGY

Regional Geology

Whiie there are numerous geologic formations which contains surface-
indications of Heavy, viscous o0il or near-solid tar in southeastern )
Kansas and adjoining Missouri and Oklahoma (Jewett,‘1940{ Searight,
1957; Jordan, 1964), none is as important as are the formations of the
Cherokee Group of Middie Pennsyvlvanian age (Wells and Anderson, 1968;
Ebanks and Jamgs, 1974). These rocks, which occur at the surface within
part of the area of study, are continuous downdip to the west with

subsurface rocks from which more than a half-billion barrels of oil

have been produced (Goebel, 1966). In southeastern Kansas, these




Cherokee Grohp rocks lie above an ancient erbsional surface on the top
of the Mississippian Limestone which dips northwestward at a rate of 40
to 50 feet per mile (Fig. 2). A mapping datum in the middle of:the
Cherokee and the top of the Chgrokee dip in the same direction at a
lesser rate, the latter at a rate of 20 to 30 feet per milg (Figs. 3—4){
indicating a westward and southward thickéning of the Cherokee section’
f;om 350 feet in eastern Bourbon County to 455 feet in western Crawford
County. The Cherokee sediments ténded.to fill~in irregulafitigs in the
Mississippién.surface, and, -as willAbe discussed below, patterns of
sandstohé depositioﬁ were affected by somerf these irregularitieé.

There are few examples of local structures which have influenced
trapping of oil in Cherokee .rocks. " More ofteni structural attitude
ser?es only,to localize 0il or gas in updip portions of discontinuous
sandstones. Far more important in grapping oil is the actuél extent of
porous, permeable sandstone.

One local structure of note here is a small fault in the Mississip~-
pian iimestbne in T27S, R25E, Bourbon County. This northwest-southeast
trending fault is probébly an extension of the well kpown Chesapeake
Fault of gastern Barton County, Missouri (Wells, 1977). _It is note-
worthy here because it,obviously.affectea the thickness of lower Chero- -
kee sandstone deposited along its trace. ﬁovement on this fault appar-
ently did not reoccur after the Miésissippién.

The Cherokee sediments in southeastern Kansas probably have never
been buried by more than 3500 feet of younger sediment (Ebanks and
James, 1974),.m§st of the preQious cover in thg area of interest here,
of coufse, having since been groded during the time foliowing:witﬁdrawal

‘of Cretaceous seas. Hydrocarbons accumulating in these rocks probably
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were generated in the enclosing shales. Evidence for this is found in

the high organic-matter content of some of these shales and in the
discontinuify of the sandstone reservoir rocks, which precludes migra-
tion from some more distant source (Weirich, 1953). -

Thus, whatever chemical changes have been effected in these crudes,
such as the alteration to heavy-oil, have occurred in a structural
settiné'which was only élightly different from that- in which they occur
today, that is, .shallow burial with only weak deformation. The small
amount of change in the chemistry qf.the crude oil probably attributable
to this simple structural history in the shallow tri-state province
contrasts with the much greater éffects probably caused by their expo-
sure to fresh water. The causes and the variability of alteration of
original oils té heavy-oils will be discussed below.

Stratigraphy

The Cherokee Group was the earliest of the Pennsylvanian "cyclic"
sequences of sediments to be deposited in the Midcontinent area -(Howe,
1956). Cherokee sedimentsAare mainly terrigenous clastic sandstones and
shales interbedded with thin coal deposits and underclays and a few thin
limestone beds. Later cyclic sequences, such as the Marmaton Group,
which overlies the Cherokee, include much more limestone and almoéfAno
coal, supporting the concept of increasingly widespread marine invasion
of this area throughout middle and later Pennsylvanian time. Environ-
mental conditions varied with the interplay of changing‘sediment éupply |
énd rates of basin subsidence. In this setting, the Cherokee Basin has : ;
been depicted as the site of shifting and prograding alluvial and ' ﬂ

deltaic systems, estuaries, tidal delta complexes, beaches, and shallow

marine shelf environments (Bass, 1936); Baker, 1962; Hayes, 1963; Visher,

11



gg_gl; 1971).-eIndividual sand bodies in the Cherokee section have been
'described variously as ancient nearshore bars (Dillard, et al, 1941),
barrier islands (Bass, 1936), tidal flat-tidal channel deposits (Hayes,
1963), and alluvial valley-fill sediments (Rich, 1923; Charles, 1941;
McQuillan, 1968).

While each of these interpretations is probably correct in some
area, the predominant mode of deposition of the heavy-oil bearing sedi-
ments in the present study area is interpreted here to have been re-
peated prograding of fluvial-deltaic systems from the east, westward
into Kansas and ultimately southward’ into Oklahoma. Each progradation
consisted of the extension of sand-rich depositional "lobes" and of
"belts" of sandy depo;its into.or over environments in which mostly
muddy or silty sediment existed or where peat swamps had formed. The
sands deposited in this manner are, quite naturally, highly lenticular,
curvilinear, and discontinuous.' In the subsurface, they can be mapped
only as areas in which certain amounts of sand probably will occur.
These sandstones most certainly do not occur as continuous, evenly
bedded, "blanket" sandstones of uniformAthickness. This fact is impor-
tant in formulating estimates of the volume of oil-reservoir rock.in the
area. -

0il Bearing Sandstones

Within the three-county area of this study there are five strati-
graphic intervais of the Cherokee Group in which séme heavy-o0il bearing
sandstone occurs. These sandstones are identified by surface geologic
names in this reporf, and they are defined as occurring between certain
correlation markers, as described in Appendix B. The names applied
here; although they afe names of actual sandstones which havé been

defined at surface locations in northeastern dklahoma, are used inform-

12




ally. The reason for this practice-is, in part, the discontinuipy_of
these sandstones and, in part, mis—corrélations among the three states
which have been discovered as a result.of the present study. Further
work has been begun to resolve these differences, but they do not affect
the assessment of heavy-oil resources p?esented here or in subsequent
reports on Missouri and Oklahoma. The results of this additional study
will be published by appropriate State Geological Surveys in the future.

Tﬁe oil-bearing sanastones Of_importance here are, from the lowest »
upward, the Lower Warner, Uppéf Warner, Lower Bluejacket, Upper Blue-
jacket; and Lower Cabaniss Sdndstones. Only‘traces of oil were found to
occur in any of the sandstones higher 'in the seéfion than these.

The maps of sandstone digtribufion presented here (Figs. 5—8) are
%nterpretive, relying on the concept that these Cherokee sandstones are
parts of a larger system of fluvial, deltaic, and coastal sand deposits
to guide extrapolation of data from penetrationsnof the sands in wells.
Because of the scarcity of data in the ;e;terﬂ one-half of the study .
area, the result is a set of maps which may be optimistic in their

portrayal of extent of the sandstones.

;RESOURCE OF HEAVY-OIL

General

Factoré to be considered in estimating the size of the resource of
heavy-0il in southeastern Kansas subsurface Chefokee sandstones are:
areal extent and thickness of potential reservoir rock; location and
quality of oil shows in the reservoirs; and quality of the reservoir
rock in terms of iﬁs porosity and permeability. . Geochemistry of the
oils, which is ;mpgrtént to their refinability, will be discussed in a

later section.

13
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Earlier estimates of resource-size in this area (Ebanks and James,
1974) were based on projections of at least 50,000 acres of this area
being underlain by sandstones which have an average thickness of 20 feet
and which contain approximately 400 barrels of oil-per-acre-foot of
porous rock.

Oil shows

Shdws of oil were encountered in cuttings of one or more sandstones

in 29 of the 33 teét holes drilled during this project (see logs in

_ Appendix C). Approximately 1,100 feet of sandstone were penetrated by
drilling or coring. 6f this total amount of sandstone penetrated, 354
feet were cored because of oil shows in the drilling samples from the
top of the sandstone. Of the 354 feet cored, only 219 feet of oil-
bearing sandstone were recovered which warranted analysis for the con-
tents of the cores. Only 130 feet of the core analyzed contained oil-
saturation greater than 15 percent of the pore volume; further, only 9
feet of o0il sand contained an oil-séturation greater than 50 percent.
Of the 219 feet of sandstone cores analyzed, only about one-fourth, or
56 feet, contained oil in amounts greater than 400 barrels of oil-per-
acre-foot. The thickest individual sandstone with oil-saturation of
this amount was only 12 feet thick (Hole C, Upper Warner Sandstone).

No free oil, that is, o0il which would flow into an open hole, was
encountgred dﬁring tﬁis drilling. Most of the shows of oil in cuttings
samples or in the drilling fluids were easily detected by the well-site
geologist during drilling, because all of the drilling was performed
during daylight hours. These shows ranged in quality from shiny flecks
of brittle, dead oil (Gilsonite?), to smears or impregnation of the

sampies with tar-like heavy-oil, to tiny droplets of dark, live oil




“bleeding" from saméle chips ér cores. Showsﬂof oiiuwhich are.noted on
logs 6f otheriwells drilled in th¢ séudy area weré evaluated through

some of the drilling done heré, ana éhésé greatly.enlarged the base of
data for recognitién of areas which ;re favorabi; for furthe; develop;
ment. All sucﬁ data which wereAavailéble were considered in this study. -
There éfé ébvious deficiencies, howéver,iin'the inability to incérporate
information fromimany of the drillefs' logs represeﬁtiné early @rilling
in thg area. | | “

Core Analyses

Results of fhé énal&éis of cores taken during this proiégt are
presented graphically in Appendix D and on maps of sandstone distri-
bution (Figs. 5—8)..AMethods of handling of cores are descriﬁed in
Appéﬁdix A.

Results. of the core analyses.are important here for two reasons:
they are thé best sources of data available on actual amounts of oil-in-
place in the various sandstones; they provide valuable information on
the ranges of properties of these,feservoir fockg. Twenty-five cores
were taken'from sixteen different test holes.

Amounts of extractablg hydrocarbons in the cores (oil saturation)
range from zéro to 955 Bar?els per.Acre-foot. Commonly, the highest

degree of oil saturation occurs in intervals of the rock which have the

lowest porosity and are the least permeable, although this is not true

in all cases. This characteristic has been noted by others (French,
1977) and interpreted to be an indication of natural flushing of the oil -
sands by groundwater at some earlier time. Geochemistry of the oils is

compatible with this suggestion, as will be discussed below.




In Table 1 are listed average characteristics of the oil-bearing
sandstones, as determined from core analyses. Appendix D contains the
data from which these average values were computed. fhe rather large
values of standard deviatibn for some of these sets of data indicate
their variability. Further, the standard deviations of permeability
values shown on the core graphs are appa;entiy not valid, indicating
that these vélues are not normally distributed. For these reaéons, a
single arithmetic "average" value of porosity or permeability of a
sandstone does not adequately describe its nature as a reservoir rock.

Reference to the core-graphs of Appendix D confirms this.observation.

SANDSTONE POROSITY (%) PERMEABILITY (md.)
Mean Std. Dev.
Lower Cabaniss 18.7 3.4 93.7
Upper Bluejacket 18.2 » 4.9 2.4
Lower Bluejacket . 18.8 2.9 25.4
Upper Warner 20.8 3.0 94.1
Lower Warner A 20.8 , 2.5 67.9

Table 1. Petrophysical properties of. Cherokee sandsténes in subsurface

area of study. Numbers listed are arithmetic averages of values
derived from cores taken in this study (Appendix D). Standard
deviation is not given for permeability because values of this

parameter are not normally distributed.

Some intervals of sandstone are heavily saturated with oil and
include no significant discontinuities to fluid flow, such as shale
partings, or layers which are tightly cemented. Other intervals are’

composed of thin, wavy interbeds of sand and shale, or are poorly




sorted, well cemented, conglomeratic. sandstone which, although,coﬂtain-
ing o0il, are impermeable to air in-.core analysis.
'The large amount. of clay matrix in these sandstones, which is often

accompanied by mica and finely divided, fibrous, carbonaceous material,

is also detrimental to,porosity and permeability.. These constituents of

the rock are most cémmon in the -upper parts of most of the sandstones,
although they occur lower. in some.sandé which are in grada£iona1-contact
with fine sediments below. - The most favorable petrophysical properties
occur- in the middle and lower parts of most of the sandstones encountered
in this study. The fact that .not all-bflthe thickness of a sandstone
will be effective as a reservoir rock and respond favorably. to- attempts
to produce the oil it contains is, of course, important in the estima-
tion of reserves of recoverable oil in a producing area. This factor is
not considered in the approximate estimation of resources of heavy-oil
given here. L

Sandstone Distribution

Maps of sandstone distribution for each of the correlation.inter- -
vals described above, except for the'Lower Cabaniss Sandstone inﬁérval,
are giyen in Figures 5-8. No map could be drawn for thé latter because .
of the few points of control available. It is apparent from these maps
that the discontinuify and changeable thickness of the sandstones
strongly affects estimates of oil-resource élze._ ror instance, sand-
stone thicker than 2 to 5 feet is not presentAin,much of the western
one-half of the study area.

The Lower Warner Sandstone is concentrated in lobate bodies near
the Missouri-Kansas border (Fig. 5), with the exception.of a poorly

defined’ trend which probably extends, partly in outcrop,: from Missouri,
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across southeastern Cherokee County, to Oklahoma. The Upper Warner

Sandstone is volumetrically the most important of the potential reser-

voir rocks. Tt may be as thick as 60 to 80 feet in limited areas, and

it commonly is 30 to 40 feet thick (Fig. 6). This sandstone also occurs
in lobate or digitate patterns which are mapped more or less accurately,
depending on the densipy of control available.

The Lower and Upper Bluejacket Sandstones are thinner than the
Warner sandstones. -The Upber Bluejacket tends to occur more commonly
along the Missouri-Kansas border, whereas the Lower Bluejacket is more
common in occurrence in western Cherokee County (Figs. 7 and 8).

Again, the thinness and discontinuity of these sandstones implies that
0il deposits occurring in these sands will be rather small individually.

The Lower Cabaniss Sandstones are present in only a few wells in
the study area, all in the western half. ' These sandstones probably
occur as long, narrow, fairly thick sand bodies. Wells in which fairly
thick sands are present are offset by wells within a mile or two in
which no sand is present. The trend of elongatién of these sands may'be
nearly north-south through the area of study. 0il is produced from
sandstones which are equivalent to these in a complex of small fields on
ﬁhe border of northwestern Bourbon Couhty and the next county west.

Estimation of Heavy-0il Resource

0il shows in wells and the results of core analyses of each sand-
stone were used to delineate areas which seem most favorable for the
occurrence of heavy-oil déposits (Figs. 5-8). In addition, smaller
areas, in which core analyses indicate that a significant amount of dil
is present, are indicated. The ekxtent of these areas is based on know-

ledge of the type and amount of sandstone, the structural attitude of
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the beds, oil-content of key wells as derived from core analyses, and

the presence of shows of o0il in wells which are near those cored. The
sizes of these "areas of known oil occurrence" are, nevertheiesé, a
matter of judgment.

A total of 200 to 225 million parrels of oil are estimated to beé
in-place in only the areas 6f "known oil occurrence" described above and
shown on maps in Figures 5-8. This amount is significantly iower thaﬁ
the amount of heavy—oii conjectured to be present‘by Ebanks and James
(1974) and.very much lower than other estimates, which have been as high
as several billion barrels of oil (ﬁnright, 1964). Even if estimates
derived here are in error by as much aé 100% due to lack of adequate
cqntrol, the total resdurce wéuld not be anywheré near the billion-
'5arrel figure. If aﬁ arbitrary estimate of 100 million barrels’of
heavy-oil were to be assigned to the Lower Cabaniss Sandstones, which
were not adequately defined by this study, the estimates of resource-
size remain quite a bit lower than anticipated by earlier work. The
principal reason for this lower-than-expected amount of heavy-oil re-
source is the discbntinuity of potentially favorable reservoir rock.l

Reserves 9£_Recoverable 01l

The amounts of oil in the heavy—bil bearing sandstones of south-
eastern Kansas which can be considered in the category of "reserves,"
that is, oil which could be produced under currently available tech-
nology and economics, must be considered as zero. Previous attempts to
recover oil from these types of deposits have met with only limited suc-
cess and have never proven to be economically attractive. Presently,

the outlook for the economic aspects of such projects, even if they
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qualify for upper-tier grice'fo; the oil pfoduced} are qugstioﬁable
because of uncertain government policy toward taxation of these very
risky and expensive operations;

Past reviews'of field experimenfs in recpvering heavy-bil from

Missouri-Kansas Chérokee sandstones (Emery, 1962; Trantham and Marx,

~ 1966; Smith,Al966; Valleroy, et al, 1967; Heath, et al, 1972; Elkins, et

al, '1974; Harvey and Arnold, 1974) indicate several characteristics of
the deposits which have defeatédAsuccessful application of various

techniques of o0il recovery. Among these are thinness and shaliness of

many of the sandstones, shallow depth of burial, low oil-saturation,

high viscosity. of the oil, partial flushing by groundwater, and uneven

permeability distribution which leads to poor sweep—efficiency in oil-
aisplacement processes.

Unfoftunately, most of these characteristics are common to the
sandstones studied here. It may be possible, however, to locate, within
the "areas most favorable for heavy-oil oécurrence" shown on Figures 5
to 8, deposits whose quality and extent would encouragé atteﬁpts at
development. fhis possibility would be maximized by further drilling in
areas in which prospects for encountering oil in more than one sandstone
interval are good, such as in southeastern Bourbon and northeastern

Crawford Counties.
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- GEOCHEMISTRY

Intrq@ggtion

Rééional variatiohs of the chemical characteristics of Cherokee
crude oils and oil sands in southeastern Kaﬁsés have been préviously B
described apd interpreted by Ebanks and James (1974) and Gould (1975).
These studies concluded that the heavy crude oils (iess than 25° API

gravity)lcontaihslittle or no gasolene-range hydroéarbons (C -C7), and

4

that they have only small amounts of C._+ normal paraffins, higher

15
sulfur contehts;'éhd higher non-hydrocarbon contenté,'compared with
lighter!oilé (25° to 42° API gravity) present in other parts of the
Cherokee basin. These characteristics were interpreted as resulting

from a combination of fresh-water washing and bacterial alteration which

took place when surface waters entered a reservoir rock, dissolving some

of the lighter hydrocarboﬁs and introducing bacteria which destroyed

some of the lighter paraffins as well as the heavier normal paraffins
(Williams and Winters, 1969). Further study of oils extracted, from
cores obtained in the course of the present quay'are diécuéséd here
(gee Appendix E for locations of samples).
Results

The mean value of bitumen saturation of Cherokee o0il sands for
Bourbon, Cherokee, and Crawford counties are presented in Table 2. The
standard déviations for the set of samples from each county are also
presented to give an idea,éf the variation encoﬁntered. Meah Vaiueé and
standard'deviations for the. amount of hydrocarbons (saturated hydro-
carbons and aromatic hydrocarbons) present in the bitumén, and the
saturate to aromatic hydrocarbon ratios are also presented in this

table. Results of individual analyses are tabulated in Appendix F.
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Table 2 Average bitumen saturations of Cherokee 0il sands in south-
eastern Kansas.
<% Bitumen % Hydrocarbons Saturates/Aromatics

Bourbon Co.
(6 samples) 1.6 + 1.2 67 + 9 1.33 + 0.16

Cherokee Co.
(5 samples) 2.4 + 0.6 71 + 6 1.36 + 0.35

Crawford Co.
(20 samples) 1.4 + 0.8 70 + 8 1.41 + 0.17

Table 3 Average values of hydrocarbon group analyses of Cherokee oil

sands.
Saturated H.C. Aromatic H.C. NSO's Asphaltenes

Bourbon Co.

(6 samples) 38 + 6 29 + 4 15 + 5 18 + 5
Cherokee Co.

(5 samples) 41 + 8 30 + 4 15 + 3 14 + 7
Crawford Co.

(20 samples) 40 + 5 29 + 4 15 + 4 16 + 9

Table 4 Hydrocarbon Ahalyses of Cherokee 0il Samples.
For locations, see Appendix E.

H.M.C.-J3-1-2 MO.D.N.R.-20-C ERDA Bartlett
API Gravity . 24° 21° 15°
% Light HC's 21 15 10
% C 15+ 79 85 90
% Sat. HC 45 42 42
% Aro. HC 33 35 33
% NSO's 11 12 10
% Asphaltenes 11 ' 11 15
Sat/Aro 1.36 - 1.20 1.27
% HC 83 80 78
% Non-HC 17 20 22
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Methods of geochemical analysis and definitions of terms used here are .
given in Appendix G.
Table 3 contains the mean values and standard deviations for the

results of the C._+ hydrocarbon group analyses of the Cherokee oil

15
sands.” Group hydrocarbon analyses of three Cherokee oils from the area
of study and adjacent areas are presented in Table 4.
Discussion

Although the bitumen saturations and hydrocarbon contents féund in
these samp;es are vaxiable, the ranges of these cha;acteristics are
fairly consistent in all three counties. The overall average bitumen
saturation of 1.6% is quite low when compared with deeper oil sapds in
Kansas and outcrops in western Missoﬁri, as well as from the world's
méjor o0il sand deposits. Qould (1975) examined three samples of cores
from Woodson, Allen, and Bourbon counties and found bitumen saturations
of 5 to 6% in these Cherokee sands. James (unpublished data) examined
samp;es from previqusly worked_sprface quarries (Ianthalgnd Bel;amy) in
western Missouri and found saturations of 8 and 11%. Walters (1974)

observed that the major oil sand deposits of the world ¢dmmonly average

6 to 12% bitumen, and Allen and Sanford (1973) reported the bitumen con-

tent of the economical oil sand qf the Athabasca Great Canadian 0il
Sands operation as averaging 12%, gnd varying from 8 to 18%.

The hydrocarbon content of the bitumen present in ﬁhe shallow
Cherokee 0il sands of southeastern Kansas is moderately high, - averaging
about 70%, although it is fgirly variable (ranging from 50 to 82%)..‘By

way of comparison, the Athabasca oil sands average about 50% hydro-

carbons. The wide range of saturate to aromatic hydrocarbon ratios (0.8

to 1.8) is interpreted as indicating a wide range in the amounts of
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normal paraffins present in these samples. The hydrocarbon group analy-
ses indicated that the bulk of these bitumens should be considered
naphthenic in charactér as opposed to asphaltic. The compositions of
thé 0il samples examined in this study are typical of the heavier oils
frequently encountered in the Cherokee petroleum province, some of which

are presently being produced by waterflood operations.

CONCLUSION

Resulté of this re-evaluation of the extent of heavy-o0il deposits
in southeastern Kansas are discouraging to the hope that this largely
untapped resource might have become an important addition to the state's
and to the nation's energy resource budgets. Even the most conservative
earlier estimates of the volume of this resource seem now to have been
optimistic.

While there is room for further drilling and definition of locally
rich deposits in the shallow subsurface of the study area, and possibly
in some adjoining areas, it is clear that the heavy-oils do not occur in
widespread,'"blanket—like" sandstones. Rather, they occur as smaller
concentrations in irregularly distributed, discontinuous sandstone
bodies which vary greatly in thickness in short distances. This charac-
teristic will determine the size and scale of any operation designed to
recover the oils.

These heavy-oils in Kansas occur mostly at depths which are too
great to facilifate strip‘?ining.- Most of them are too shallow, how-
ever, to be amenable to high-pressure thermal recovery methods. Thin-

ness and shaliness of some of the sands are other features which dis-

courage development. There remains a possibility of application of some
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techniques of enhanced recovery, probably involying thermal stimulation

or some type of solvent flooding, if these methods can be shown to-be
applicable here, for recovery of heavy-oil in certain limited areas.
Care should be taken, however, before initiating any such project, to
establish the extent and continuity of a prospective sandstone reservoir
and the amount of oil it contains. Further, the gquality, that is the
degree of alteration, of the crude oil should also be established. Each
local deposit may vary considerably in these characteristics within a

small area.
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APPENDTIX A
FIELD AND LABORATORY METHODS

Data for the evaluations offered in this study were obtained
through combined drilling and surface geologic field work. The three
stétes which are involved in the project, Missouri, Kansas, and Okla-
homa, coordinated field and laboratory findings through frequent confer-
ences and exchaﬁges of data during the project.

Thirty-three test holes were drilled, of an original thirty-nine
locations staked based on priorities established early in the project,
before budget constraints prevented further drilling. Permitting,
drilling, casing, plugging, and reporting of the test holes were done in
accordance with regulations of the Kansas Corporation Commission. Drill
sites were restored to the satisfaction of county officials. An air-
rotary drilling technique was employed which assured almost no sample
mixing, good sensitivity to shows of oil and gas, and good definition of
coal and limestone beds. Most locations were in a shallow ditch or wide
shoulder along a county road, as approved by county officials and util-
ities representatives. Elevations of drill sites were surveyed in from
the nearest section corner, or bench mark if possible, and are reported
to an accuracy of the nearest even one-foot.

Geologists observed the drilling constantly and collected cuttings
sambles for preservation at intervals of five feet during drilling.
Cuttings were examined at interxvals as small as one foot in some cases
to obtain desired definition of thin beds. Coring points were chosen
usually on the basis of shows in the cuttings, but a few cores were

taken in anticipation of oil-bearing sandstone which occurs in a nearby
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well. A1l holes were drilled to-the first sign in cuttings of chert or

limestone at the anticipated dcpth'pf the Mississippian Limestone. . This,
procedurc, while minimizing the chance of encountering gas or léss of
circulation at total depth, did make possible the confusion of the top
of 5 residual-chert and shale formation for the "true” top of Missis-
sippiah in a few cases.

Cores were examincd. and dcscribed“in.phpifield, Oil-stained
sections of most cores werc placed in air-tight plasticlbags.for trans-
port to the core analysis laboratory.. Most or all of the fluid, loss
obscrved before analysis is considered to be due to evaporation of water
or to the prescnce of air in these cores. Very little fluid loss is
thought to be due to the blecding or flushing of oil from the cores,
because of the highly viscous, nature. of. the oils. .L;ve—gil_blecding
from cores was noted only in the less:permeable sections, and, herey the
fluid loss is probably.negligible.

Following. rig removal from a .well-site, a geophysical logging,pnit»
occupied the location. A suite of logs, including natural gamma ray,
induced neutron, gamma-gamma density, caliper, and long- and short-
normal resistivity logs were run. No reliable self-potential logs could
be obtained. The logs obtained were not recorded in an A.P.I.-approved
format or with sufficient standardization to permit ordinary log analy-
sis. No reliable sample of. water from a Cherokee sandstone could be
obtained for measurement of formation water resistivity. This further

reduced the value of the logs for quantitative analysis, but the logs

- were extremely useful in complementing sample descriptions and facili-

tating detailed well-to-well correlations.




- _—]\

Cores were analyzed by a commercial laboratory, using a fluid
extfagtion, difference-of-fluids technique to measure porosity and fluid
saturations and to ae;ive oil-content on a fQot-b&-foot basis. Perme-
ability to air was also measured and used to calculate permeability-
capacity of the cores.

Well samples and cores were returned to the laboratory for further
analysis. Cores were cut longitudinally with a rock-saw and were
examined in detail for sedimentary structures, composition, and texture.
Selécted samples were thin-sectioned. The thin-sections were examined
with a petrographic microscope and estimates of modal composition were
made. Selected samples of matrix4énd cementing minerals were analyzed
by X-Ray Diffraction technniques. |

Results of the compositional analyses were combined with physical
descriptions and log examination to map and interpret the origin of the
sandstones of most interest here. Methods of organic-geochemical analy-
sis of the oils extracted from these sandstones are described in Appen-

dix G.
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APPENDTIZX B

.~ CORRELATION OF OIL-BEARING SANDSTONES

Traditional .stratigraphic nomenclature of the three states involved

in this project does not recognize the non-continuous nature of many of
thémsdﬁdstdnéS”in“thef&reavofhsépdy; rather, these classifications of

i e : .
formations-have: fostered the widespread use of the same- name for sand-

O

g}ohes in?abéutffgén;amé'gﬁkati;iaphic position inlwidely.separéted

_ é&eas.' while it.is clear that %ome thin "marker bed;," that:i;} beds
&hich aré‘;;;géni?épigion combination geophy?iqal—sample iogsxbecause of
égmg d;gg&g;;i?grgﬁ;{é;%gfwg?§4éosition relative to other markers, do

Tt et WARL Y bt Swh AT Qe T

gr6§fdé ‘a ‘basis for srelatively long-distance correlation, the sandstone

beds between these'markers do not chfelate widely.
The stratigraphic cross-sections accompanying this report (Figs. 9

and 10) demonstrate the system of co:reiations used to subdivide the

AR e e T oLy 5w b e s

Che okee in the area‘of stud éﬁd‘provide a basis for comparing these

correlations’ with tHose in'Missouri and Oklahoma. The correlations are
:éased_onﬁfeéégﬁitibn of several.important markers: 1)Top of Cherokee

sa B K

»

gfdhp,'of‘baéétéf'fért”Sébtt Li@estoﬁé ("dswego Lime" of drillers);
?)Base of the.Verdigris Limesto;e (;Ardmore Lime" of drillers), actually
%arked on éammévgéy_;ogs,at the;top of a highly radioactive black shale
yh;gbhégqprs:qqggigggptiyhgp_Epé base Qf tﬁis limestone (there is some

H

"“:%ﬁééﬁ?%é???éY;é@Qﬁgfiécai4geélbgists"a§,tb proper choice of beds to be
:Cailed ;A#dﬁbié" ;:hence the choice ﬁere of the unequivocal radioactive
shélé);:B)po‘éf £hé:Tébsyéé;i;Aa¢tuall§ marked at the top of the radio-
active black shale between ﬁhe‘Tebo belgw and the Tiawah Limestone above

(both the coal and limestone are more inconsistent in occurrence than is

the shale marker between them); 4)Approximately the dividing point
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Lower Warner Sandstone. - In the interval betweenﬁfﬁe'Missisééﬁgian

. surface and the lower Warner marker is the Lower Warner Sandstone. This

o i sandstone is probably equivalent to the Warner Sandstone of Oklahoma
(Howe, 1956; Scruton, 1950}. Figure 5, a map of sandstone thickness,
i : depicts the distribution of the Lower Warner Sandstone. Its thickness
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varies from.zefé in most of the Qestern-two thirds of the study area to
twenty feet . in a few pléceS alQng.the Missouri-Kansas border; in one
afea, ih northeastern Crawfbrd'Counﬁy; it is as thick as thirtyAfeet.. ¢
In most.locations where it was encopntered, thé Lower Warner Sand—
stone lies just above a eoal bed in the Riverton Shale. The amount of .
dark shale beneath tHefsandstonenand coal deéends‘on the amounf of-loéai
eroéional relief‘on,the‘post—Mississippian unconforﬁity. .For instance,
in hole D (24-27S-25E) (Cross Section APA')-fhe“sandstone and coal wefe
deposited almdst‘in contact with a high-area in the underlying~limest0n¢,;
 whereas,'in4hole G - (27-29S-25E) (Cross Séction-A'-AV)»théré is a dark.-
shale seétion almost 60 féet thick beneath'the éoal where a déépfdeéresf,
siqn in the Mississippian occurs.

. Although the basal contact ﬁsually‘is éharp and the top is grada-
tional with oVerlying siltsténe, both may be.gradationél. Internal -
structure of the Lower Warner Sandsﬁone'is quite variable and includes
laréeﬁscale'cross beddingaas well as ripple cross beds and horizontai.
laminae. Beds in which fragments 6f pre;existing clay ironstone or
shale areAinéldded occur in the,sandstone,inot always at the bése.

ThevLower Warner Sandstone is ciassified a§ a sublitharénife or
lithic graywacke (Petﬁijohn, et al, 1972); because the,most éommon
minerai.is quartz, but there is also an abundance of grains of pre-
exis#ing rock (llthlc;gralns) and ftair amohnts‘(zl—zé%i‘éf fine matrix.
Carbonaééou; matter is anfimportant compongnt of these sands,_in,thea
fofm bﬁ carbonized woody fragments and‘diséeminatea fine;particlés which-
are associated with clay and silt in laminae and are scat£ered through
layers of coarser sand. 'Tﬂe grain'size'of the sandstones -is véry—fine
or fine sand_size. They are well sorted excebt for the clay and silt

matrix, and are partially cemented by silica in most cases.
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Porosity and permeability of the Lower Warner Sandstone are quite
variable. These parameters ére indicated on core logs in Appendix D and
~avera§e values for each sandstone discussed.are‘shown in Table 1. As
only oil-bearing sandstone cores we?e analyzed, thesg values may not be
truly fépresentative. Variability of the data is so great, that there
is as much vafiqtion among samples in one core.as there is among those
from différent cores. Cleaner, less shaly sands typically have perme-
abilities in the range of 100 md., while the pe;meability-of shalier
sands is less than 10 md. Values of porosity are mostly less than 20
per cent. From the nature of sandstoné distribution and the textural
variations in each-sandétone, it may be expected that the permeability
is influenced by rock fabric. .Horizontal permeabilify should be gfeater
than vertical permeability, and‘permeability in the direction of eloﬁga~
tioﬁ of these sands should be greater than permeability across this
trend, at any one location.

Upper Warner Sandstone. - The Upper Warner Sandstone occurs in the

Ainterval between the lower Warner marker and the Rowe Coal. This sand-
stone is equivalent straﬁigraphically to the sandstone called "Warner"
in Missouri, but is younger than the Warner Sandstone of theAtype;area'
in Okiahoma; It has not been recognized at the surface in Kansas, but,
possibly, some of the sandstone p;eviously mapped as Bluejacket Sand-
stone in Kansas is, in reality, this sandstone. Further studies will
resolvé this problem and, it is hoped, an gpprppriate name'can be
assigned to this unit, which is the most important oil-bearing Cherokee
sandstone in western Missouri. Fdr purposesvof this report, the name

Upper Warner Sandstone will be applied to this stratigraphic unit.




Figure.6 illustrates the trends in thickness and .distribution of
this sandstone. Its maximum thickness. is greater ;than that of any other
sandstone encountered in the study area, thickness ranging from zero to
more than forty-five feet in southeastern Bourbon County.

As with the Lower Warner Sandstone, areas of greatest thickness are
along the Missouri-Kansas border, and the sand is distributed westward
from there in very i?regular,zlobe—like~trends.__The trends in thickness
are less affected by irregularities in the surface of the Mississippian.
Limestone than are those of the underlying sandstone, but some influence
by the Mississippian is noted, especially in northern Bourbon County.

The Upper Warner Sandstone thickens both by addition of sandstone
at the top of the section and by erosion downward. into previously
deposited beds. In several locations, this sandstone is in almost
direct contact Qith a thin coal bed at its base, as.in hole N (see core

logs, Appendix D).. In areas of thicker sandstone, the lower contact is

i sharp and the éontact with -overlying siltstones and shales is grada-
tional. 1In areas farther westward and southward, both contacts are
gradational.

Internal structures in the Upper Warner Sandstone include large-
and small-scale cross bedding, horizontal.lamination, rare organic
burrows, casts of plant remains, wavy shale lamination, and thin zones
of siderite cementation. The Upper Warner.Sandstqne is classified as a
sublitharenite, but in a few sections contains little eﬁough matrix to
qualify as a litharenite or quartz wacke (Pettijohn, et al, 1972).

‘Quartz is the most important constituent of these sands, buﬁ, rock .
fragments and clay matrix are also significant. Carbonaceous fragments

and plant remains are conspicuous in some portions of the sandstone.
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The predominant grain size is very-fine or fine sand size; medium size
sand grains were logged in one core. 1In cores in whichvthe basal con-
tact is sharp, there may be a gradétion in grain size from slightly
coarser, at the base, to finer upward.

Porosity and permeability of the Upper Wafner Sandstone are as
variable among samples from one well as among samples from differént
wells, in most cases. Where this variability exists,‘higher permea-
bilities aré in the range of 100 md., and lower values are 10 md orxr
lower. An exception is the sand in hole Q, which has permeability of
100-300 md. throughout and porosity higher than 25% in most samples.
Table 1 compares these parameters with those in other sandstone zongs.
The comments made above concerning directional permeability in the Lower
Warner Sandstone apply also to those parts of the Upper Warner in which
there is a change in texture and type of internal structures.

Bluejacket Sandstones. - The Upper and Lower Bluejacket Sandstones

occur between the Rowe Coal and the lower Cabaniss marker shale. Both
sandstones occur in only certain of the wells in the area of study.
More often, one or the other, not both sandstones, occurs in a well.
The two Bluejacket sandstones, where both are present, are separated by
a thin interval of shale and limestone thch sometimes also includes a
very thin coal. The Lower Bluejacket, as described here, with these
overlying beds, most closely fits the description of the "Bluejacket
Sandstone" of Kansas ana Missouri (Howe, 1956; Searight, et al, 1953),
but correlations established in the course of this study, based on well
logs, suggest that it is the Upper Bluejacket, as described here, which
is most likely to be continuous at the surface with the Bluejacket

Sandstone at its type locality in Oklahoma (Howe, 1951).
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The distinction made here between these two-sandstones is most
clearly seen in logs of holes D ‘and Z, near the mutual eastern corners
of Bourbon and Crawford Counties, Kansas. Figures 7 and 8 depict the
distribution and thickness of these sandstones. The Lower Bluejacket is
best developed in the eastern and northern parts of the study area where
it is as thick as fifteen or twenty feet. The Upper Bluejacket is
thinnér and less conspicuous in these areas, but it exteﬁds much farther
southwestward and reaches a thickness of ten to twenty feet in western
Cherokee County. These maps of sandstene distribution demonstrate,
perhaps more than the maps of other sandstones in £he area, the need for
considering discontinuity of reservoir rock in assigning potential
reserves to areas of.oil-bearing sediments.

»  Commonly, the Lower Bluejacket is in sharp contact with underlying
sediments but grades upward into siltstone or shale; whereas the lower
contact of the Upper Bluejacket is gradational and its upper contact is
fairly abrupt. These relationships are not universal, however, as
illustrated by the cross sections A-A"' (Figs. 9-10). °

"There is less- variability in the types of internal structure in
these rocks than has been described in lower. rocks. - Small-scale cross
bedding predominates in the sandier intervals, and some large-scale
cross beds are present. In less sandy intervals, thin shale laminae and
wavy bedding are characteristic.

The Upper and Lower Bluejacket ‘Sandstones are classified, respec-
tively, as lithic arenite to lithic graywacke and as sublithic arenite
to lithic graywacke (Pettijbhn, et al. 1972). The Lower Bluejacket
contains a little more feldspar in some samples than does the Upper

Bluejacket. The sand grains in these rocks are of very fine or fine
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sand size and are well sorted. Carbonaceous fragments, leaf impressions
aﬁd casts of fossil woody material are common constituents of these
sands. In areas of less sand? deposits, siderite is usually present as
small nodules or as cement.

Permeability and porosity of these Bluejacket sandstohes are even
more variable within and among wells than are these parameters in other
sands described above. The reason is that textural variations, that is
grain size, sorting, and abundance of matrix and cement are also highly
variasle from sample-to-sample in these sands. The result is rather
poor reservoir-rock quality. As discussed above, the highest degree of
0il saturation in these sandstones commonly is in the tightest sand.
Table 1 compares the petrophysical features of these sandstones with
those of other sandstones discussed here.

Cabaniss Sandstones. - In three wells in the study area, K.G.S.

test holes GG and HH in Crawford County and Shell core hole Kan-8 (Sec.
33-26S-24E) in Bourbon County, thick sandstones were encountered in the
interval between the lower Cabaniss marker shale and the base of the
Verdigris Limestone. On cross section B-B' this interval is subdivided
by the Tebo Coal marker into upper and lower correlation units, but,
where these sandstones are well developed, this Tebo marker is absent or
obscured by the abundance of sandstone.

No attempt to map the extent of these séndstones has been made in
this study because of the few wells which encountered them. These sand-
stones probably are correlative with the intervals of Taft and Chelsea
Sandstones in Oklahoma. They are not present in any test hole in the
study area east of Range 23E, except in the Shell well mentioned above,

and four holes near this Shell test failed to find any sandstone at all

46




in this section. The low density of wells in the western half of the
study area and the obvious lenticularity of these sandstones probably
account for their seeming discontinuity.

Contacts of these sandstones with sediments above and below are
either sharp or gradational. Conspicuous cross bedding and abundant
rounded lithiclasts of shale in the sandstones are common features of
these sandstones. Grain-size variés‘from very-fine to fine sand-size
with good sorting. Grain-size, in some sands, decreases upward, and, in
some others, it is uniform throughout. The sands in K.G.S. hdle GG have
very gdod permeability and good porosity, but an equivalent interval in
HH is mostly shale, siltstone, and fine sandy laminae with low porosity
and permeability. Calcite cement occurs in small patches throughout
these sands.

The composition of the CabanissAsapdstones, which are lithic are-
nites or graywackes or are sublithic arenites, differs from that of
lower sandstones in having a larger proportion of lithic grains. Finely
dividea carbonaceous matter is disseminated throughout these sediments.
It is so abundant that, while drilling through this interval, the car-
bonaceous matter makes an oil-like scum on the drilling fluid.

Porosity and permeability ére quite good in some cores (18-20% and

40-100 md., respectively), but they are much lower in others. In gen-

eral, the abundance of clay and mica wmatrix in these sandstones results ——

in poor reservoir-rock quality, but there are oil fields adjacent to the
study area on the west from which o0il with gravity in the range 21°-30°
A.P.I. is produced from sands equivalent to the Cabaniss sandstones

described here.
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APPENDTIX C

WELL LOGS AND SAMPLE DESCRIPTIONS

Index
Well No. Location Page No.
A Sec. 35-24S-25E 49
B 9-255-25E 50
C 10-26S-25E 51
D 24-275-25E 52
F 28-285-25E 53
G 27-295-25E 54
‘G-Twin . 27-29S-25E 55
H 11-30S-25E 56
I 33-305-24E 57
K 21-32S-24E 58
L 3-335-23E 59
M 5-32S-23E 60
N 34-295-24E . 61
0 22-248-25E 62
P 3-275-24E 63
0 26-2558-25E 64
R 27-27S-24E : 65
'S 24-27S-23E 66
T 26-30S-25E 67
U 15-315-25E 68
\Y 8-30S-24E 69
X 3-29S-24E 70
Y 16-28S-24E 71
Z 26-278-25E 72
AA " 2-32S5-24E 73
BB 2-335-24E 74
CcC 3-345-23E 75
DD 13-34S-22E ' 76
GG . 32-30S-23E 77
HH 32-295-23E 78
IT 24-28S-22E 79
33 14-30S-25E 80
KK 8-275-23E el -
0il Shows in Wells
live-oil show (bleeds) - trace
live-0il show (bleeds) - abundant
heavy-o0il show (tar-like, smears) - trace
heavy-oil show (tar-like,smears) - abundant
dead-o0il show (solid, shiny to dull, no smear) - trace
dead-oil show (solid, shiny to dull, no smear) - abundant
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE A (BB 24-25-35-1) _
SE SW SE Sec. 35-T.245.-R.25E.
GROUND ELEVATION: 808 FEET o,
BOURBON COUNTY, KANSAS )

0- 14' Alluvium
14- 28' Limestone
28- 31' Shale, black
31- 32' Coal
32- 40' Limestone
40- 43' Sshale, ‘black
43- 45' Coal
45~ 70' Sandstone
70- 85' Siltstone
85-122' Shale, gray
122-123' Coal
123-128' Limestone
128-134' Shale, gray
134-140' Limestone
140-150' sShale, black
150-152' Coal
152-164' ‘Shale, gray
164-166' Coal
166-180' Shale, gray
180-181' Coal
181-206' Shale, gray
206-207' Coal
206-260; Shale, greenish gray
260-264' Limestone o
264-268' Shale, greenish gray
268-282' Sandstone
282-300' Shale, dark gray, silty
300-314' Sandstone, with shale lamin
314-346' Shale, dark gray to black
346-347' Coal
347-360' Shale, gray
360-362' Coal
362-378' Sandstone
378-379' Coal | . .
379-388' 'Shale, black
388-392' Limestone
392-395' Chert
TD 395'
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
" TESTHOLE 8 (BB 25-25-9-1)

’ m"’ 1

- 0cr on'ers

¢ . +~*’“ Tl e SESESW Sec. 9-T.255. -R.25E.
- ———————J B = - GROUND ELEVATION: 825 FEET
I I BOURBON COUNTY, KANSAS
s r
= :
S [ S
?ii : P 0- ‘8" Alluvium
> ': 8~ 12' Limestone
_t;: . b 12~ 18'  _Shale; dark gtay ’
=T i 18~ 20' ‘Coal | :
A : 20- 28' Sandstone .
R e ' 24- 78' Shale, gray, sxlty
— é:‘-~3 -:=ﬁ . 78- 80* Limestone
= L © 80~ 86°' Shale, gray
. 86- 88' Coal
= . 88-101' Shale, gray -
o e 101-104' Limestone
~ 104-108' shale, gray
=3 - T

108-110*' Coal
110-128' Shale, gray, sandy
128-130* Coal

© 130-146' 'Shale, gray, sandy
146~148' cCoal :
148-172' shale, gray’

~172-174* Coal
174~200' Shale, gray
200-204' Sandstone - ] :

204-233* ' Ssiltstone, very shaley.
233-236' Limestone

236-237' " coal

237-250"' Sandstone .

250-260" Shale, dark gray
260-262"' Coal
»262-280!,:Shale,-gteenxsh.gray
280-314' Sandstone

© 314-316"" coal
316-333"." Shale, gray, sxlty

©333-335' Coal.

1335-347' shale, black..

. 347-349' - Coal.

" 349-359°. shale, very dark gray, sandy
359-361' coal i
361-368' Siltstone, greenish gray
; . - , 368-373° Chert

' ) - TD 373"
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S TP KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
Cwee TEST HOLE C (BB 26-25-10-1)

Loe BEELIREY

3ot ers

fR I
S SW SW SW  Sec. 10-T.265.-R.25E.
' GROUND ELEVATION: 870 FEET

BOURBON COUNTY, KANSAS

0- 20' Alluvium
20- 29' Shale, gray
29- 31' Limestone
31- 37' -Shale, gray
37- 38! Coal
38- 50' Shale, gray
50- 52' Limestone
. 52- 58' Shale, black
. 58- 60' Coal
60- 78' Shale, gray
. . 78- 80'  Limestone
B 80- B82' -Coal
82- 95' - sShale, gray
95- 97' Coal .
97-120' Shale, gray
120-122' Coal .
122-160' Shale, gray, silty
160-193'. Siltstone, sandy
193-194' Coal -
194-215' Sandstone, silty
215-216' Coal
216-220' Shale, dark gray
220-276' Sandstone, shaley
276-277' Coal
277-296' Shale, dark gray
292-293' Coal
293-309' Shale, black

{I——

Wy

I

— : 309-310"' Coal

o = ! 310-318' Shale, black
= AN .
= e 318-320' Coal

320-324' Shale, black
. 324-328' Limestone
< 328-330' Chert

™ 330°
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
( BB 27-25-24-1)

NW NW NW Sec. 24 - T.275. - R.25E.
GROUND ELEVATION: 798 FEET

TEST HOLE D

BOURBON COUNTY, KANSAS

0- 40'
40- 43"
43- 50°
50- 68"
68- 79°'
79- 86'
86- 87'
87-101"

101-115'
115-124"
124-130"'
130-141"
141-164"
164-165"
165-182"'
182-184"'
184-203"
203-214'
214-215"
215-218'
218-219°'
TD 219°'

Alluvium

Shale, gray
Limestone

Shale, dark gray
Siltstone, sandy
Shale, gray, silty
Limestone
Sandstone, silty
Siltstone, shaley
Shale, gray
sandstone, shaley
Shale, gray
Sandstone

Coal

Shale, dark gray
Coal

Shale, dark gray
Sandstone

Coal

Shale, dark gray
Chert
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

TEST HOLE F ( CR 28-25-28-1)

SW SE SE Sec. 28 - T.28S. - R.25E.
GROUND ELEVATION: 906 FEET
CRAWFORD COUNTY, KANSAS

o-
20-
31-
38-
40-
50-
52-
70-
74-

20"
31
38"
40"
50"
52'
70!
74"
84"

84-100"
100-114"
114-120'
120-189"
189-222"'
222-224'
224-248'
248-289"
289-290"
290-304"'
304-306"
306-334"
334-336"
336-342"
342-348"
348-352'
352-360"
TD 360'

Alluvium

Shale, gray, silty
Limestone

Coal

Shale, black, silty

Coal

Siltstone, shaley to sandy
Shale, dark gray

Siltstone

Shale, black, calcareous
Siltstone, shaley to sandy
Shale, dark gray to black
Shale, gray with silty zones

Siltstone, very shaley

Coal

Shale, gray
Sandstone
Coal

Shale, black
Coal

Shale, dark gray
Coal

Shale, silty
Sandstone
Shale, black
Limestone
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

TEST HOLE G (CR 29-25-27-1)

NW NE NE

GROUND ELEVATION: 946 FEET
CRAWFORD COUNTY, KANSAS

0- 10'
10~ 15°
15- 22°
22- 24'
24- 25"
25- 43"
43- 44’
44- 48°
48=- 49°
49- 54°
54- 60°
60- 73"
73~ 74'
74-103"

103-105"
105-118"
118-120"
120-127'
127-133"
133-134"
134-136"
136-154"
154-156"
156-178"
178-180"
180-189'
189-190"'
190-193"
193-202'
202-203"
203-233"
233-235"
235-242"
242-244"
244-258"
258-260"
260-278"'
278-300"
300-301'
301-356"'
356-358"
TD 358'

Alluvium -
Sandstone
Shale
Limestone
Coal
Shale
Coal
Shale
Limestone
Shale
Sandstone
Shale
Coal
Shale
Coal
Shale
Sandstone
Shale
Sandstone
Shale
Coal
Shale
Coal
Shale
Coal
Shale
Coal
Shale
Sandstone
Coal
Sandstone
Coal
Shale
Coal
Shale
Coal
Shale
Sandstone
Coal
Shale
Chert

Sec. 27 - T.29S. - R.25E.
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE G-TWIN (CR 29-25-27-2)

NW NE NE Sec. 27-T.295.-R.25E.
GROUND ELEVATION: 946 FEET
CRAWFORD COUNTY, KANSAS

{No well log run)

0- 10' Alluvium
10- 15' Sandstone
15- 22' Shale
22- 24' Limestone
24- 25' Coal
25- 43' Shale
43- 44' Coal
44- 48' Shale
48~ 49' Limestone
49- 54' Shale
54- 60' Sandstone
60- 73' Shale
73~ 74' Coal
74-104' Shale

104-107' Coal
107-109' Shale
™D 109
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

TEST HOLE H (CR 30-25-11-1)

SW NW NW Sec. 11 -T.30S. = R.25E.

GROUND ELEVATION: 914 FEET
CRAWFORD COUNTY, KANSAS

0_
10-
15-
20-
29-
30~
48-
58-
60-
72-
77~
80~
'85-
108-
117-
119-
124-
126-
135-
176~
178~
193~
194-
214~
236~
238-
246~
TD

10’
15"
20'
29’
30"
48'
58°*
60’
72’
77"
78'
85"
18’
117
119'
124°
126'
135°
176"
178'
193"
194"
214"
236"
238"
246"
250"
250"

Alluvium

Shale, gray
Limesotne

Shale, gray

Coal

Shale, dark gray
Sandstone

Coal

Shale, black
Limestone

Coal

Shale, greenish gray
Sandstone

Shale, gray

Coal

Shale, gray

Coal

Shale, gray, silty
Sandstone

Coal

Shale, dark gray
Shale, dark gray
Shale, dark gray
Sandstone

Coal

Shale, gray
Chert




KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE | ( CR 30-24-33-1)

NE NE NW Sec. 33 - T.30S. - R.24E.
GROUND ELEVATION: 936 FEET
CRAWFORD COUNTY, KANSAS

0- 10' Alluvium
10- 18' Sandstone
18- 26' Shale, black
26- 28' Coal
28- 42' Shale, gray
42~ 44' Coal
44- 62' Shale, dark gray
62- 64' Coal
64- 68' Shale, gray, silty
68- 78' Sandstone
78- 94' Shale, gray
94- 95' Coal
95-102' Shale, light brown
102-114' Sandstone
114-118' Shale, gray
. 118-120' Coal
120-148' Shale, gray
148-149' Coal
149-158' Shale, black
158-176' Sandstone
176-201' Shale, gray to black
201-202' Coal
202-220' Sandstone, shaley
220-248' Shale, gray to black
248-255"' Shale, gray, silty
255~-264' Shale, dark gray
264-265' Coal
265-284' Shale, dark gray
284-286' Coal .
286-304' Shale, dark gray, silty
304-305' Coal ,
305-316' Shale, black, sandy
316-324' Shale, black
324-330"' Chert
TD 330
)
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

TEST HOLE K (CK 32-24-21-1)

NW NW NW Sec. 21-T.325.-R.24E.
GROUND ELEVATION: 925 FEET
CHEROKEE COUNTY, KANSAS

0-18"'
18-42"
42-43"
43-48'
48-60'
60-62".
™ 62'

{No well log run)

Soil
Shale
Coal
Shale
Sandstone
Shale
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE L (CK 33-23-3-1)
SW SW SW Sec. 3 - T.335. - R.23E.

GROUND ELEVATION: 920 FEET
CHEROKEE COUNTY, KANSAS

0- 18’
18- -20'
20- 21'
21- 30'
30- 38'
38- 39
40- 66"
65~ 67°'
67- 78"
78-105"

105-106"
106-120"
120-130'
130-146"
146-158"
158-172"
172-192'
192-232'
232-234"
234-280"
280-282"'
282-298"'
298-299"
299-304"
304-312"
312-315"
™ 315°

Alluvium

Shale, gray

Coal

Sandstone

Shale, dark gray to black
Coal

Shale, dark gray to black
Coal

Sandstone, shaley
Shale, gray

Coal

Shale, gray, sandy
Sandstone

Shale, gray to black
Sandstone, very shaley
Shale, gray, silty
Sandstone, shaley
Shale, gray

Coal

Shale, ‘dark gray

Coal

Shale, gray

Coal

Sandstone

Shale, dark gray

Chert



KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

s e TEST HOLE M (CK 32-23-5-1)
5 — - RN -

- NW NW NE Sec. 5-T.325. - R.23E.
‘ GROUND ELEVATION: 900 FEET
’ CHEROKEE COUNTY, KANSAS

0- 13' Alluvium
13- 17' Shale, black
17- 21' Sandstone
21- 23' Coal
23- 36' Shale, dark gray
36~ 38' Coal
38- 56' Shale, gray to dark gray
56- 58" .Coal
58- 77' Shale, gray to dark gray
77- 79' Coal
79- 82' Shale, gray
82- 90' Sandstone
90-100' Siltstone, very shaley
100-106' Shale, gray
106-107' Coal
107-117' Shale, gray
117-119' Coal
120-140' Siltstone, very shaley
140-142' Coal
142-177' Shale, gray to dark gray
177-178' Coal
178-184' Shale, light brown
184-185' Coal
185-195' Shale, gray
195-202' sSiltstone, sandy to shaley
202-204' Ceoal
204-236' Shale, gray
236-238' Coal
238-285' Shale, gray
285-299' Sandstone
299-300' Coal
N0-307' Shale, gray
307-309' Coal
309-325' Shale, gray
325-327' Coal
327-342' Shale, light gray to gray
342-344' Coal
344-360' Shale, dark gray
360-362' Coal
362-375' sShale, black, sandy
375-378' Chert
TD 378;
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE N ( CR 29-24-34-1)

NW NE NW Sec. 34 - T.295. - R.24E.
GROUND ELEVATION: 958 FEET
CRAWFORD COUNTY, KANSAS

0- 15' Alluvium
15- 60' GShale, liglL yray
60- 62' Coal
62- 64' Limestone
64- 72' Shale, gray
72- 76' Shale, black
76~ 78' Shale, gray
78- 80' Coal
80- 96' Shale, gray, silty
96- 98' Limestone
98-106' Shale, dark gray
106-108' Coal
108-129' shale, gray silty
129-130' Coal
130-156' 'Shale, gray
156-159' Shale, black
159-179' shale, gray, silty
179-181' Coal
181-212' shale, gray, silty zones
212-213' Coal
213-228' Shale, gray to black
228-259' siltstone, sandy to shaley
259-260' Coal
260-265' Siltstone, shaley
265-267' Coal
267-278' Siltstone, shaley
280-288' shale, gray
288-290' Coal
290-322' Sandstone
322-324' Coal
324-328' Shale, gray
328-329' Coal
329-343' Shale, dark gray to black
343-345' Coal
345-364' Shale, dark gray
364-378' Sandstone
378-379' Coal
379-386' Shale, gray
386-397' Chert
T 397
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

TEST HOLE O (BB 24-25-22-1)

NE NE NE

Sec. 22-T.245.-R.25E.

GROUND ELEVATION: 894 FEET
BOURBON COUNTY, KANSAS

0-

5-
12-
15-
45-
60-
82-
85-
87-

51
12'
15"
45"
60’
82"
85"
87"’
96'

96-170"'
170-172°'
172-185"
185-190"
190-196"

198-204"
204-206"
206-226"

226-228"
228-232"
232-253"
253-255"
255-275"
275-280"
280-300'
300-308"
308-310"'
310-323"
323-337"'
337-365'
165-398!
398-401'
401-414'
414-416"
416-426'
426-428"
428-429'
429-440"
440-442"
442-445"
TD 445’

Alluvium
Limestone, tan
Shale, black
Shale

Shale, silty
Limestone, light brown
Shale, black
Coal

Limestone
Siltstone & Shale
Coal

Shale

Limestone

Shale, black

Shale, gray

Coal

Siltstone, very shaley,
carbonaceous

Coal

Siltstone, very shaley

Shale, gray

Coal

Shale, greenish gray

Sandstone

Shale, gray

siltstone

Limestone, light brown

Shale, gray

Sandstone

Shale, black to dark gray

tandectone

Coal

Shale, dark gray
Coal .
Sandstone

Shale, black to dark gray
Coal

Shale, black

Sandstone

Chert, white




'KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE P (BB 27-24-3-1)

. NW NW NW  Sec. 3 - T.275. - R.24E.
GROUND ELEVATION: 932 FEET

BOURBON COUNTY, KANSAS

- 20¢h5-8- -
15(’! A

. 0- 10’ Alluvium
‘10~ 12' Coal
12- 53' Limestone
53- 95' Shale
95-110' Sandstone
110-112' Coal
112-118' Shale
118-135' Limestone
135-140' Shale
140-145' LimeStone
145-152' shale
152-153' Coal
. 153-160' Shale
© 160-175"' Sandstone
175-225' shale
225-227' Coal
227-233' Shale
233-238' Limestone
238-242' - Shale
242-248' Limestone
248-277' Shale
277-278' Coal
278-300' Shale
300~301' Coal
. 301-310' - Sandstone
310-368' Shale
368-369' ' Coal
369-370' Coal
370-395' Shale
395-398' Limestone . _
398-412' Shale '
412-430' Sandstone
430~433' Shale
433-434"' Coal
434-465' Sandstone
465~467' Coal
467-472' Shale
472-473' Coal
473~488' Shale
489-500' Shale
_ > P 300U=50%' sandstong
o . - F 1 s T 505-506"' Coal
: : . - 506-508' Shale -
v o e e 508-510' Limestone
: oo 3o ™ 510'
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

TEST HOLE Q  ( BB 25-25-26-1)
NE SE SW Sec. 26 - T.255. - R.25E.
GROUND ELEVATION: 875 FEET

o-
12-
13-
29-
35-
36-
44-
45=
48-

12!
13!
29"
35"
36"
44"
45"
48"
84’

84-119"
119-121"
121-131"
131-133"
133-145"
145-147"
147-165"
165-167"
167-182°
182-184"
184-206"
206-208"
208-235"
235-250"
250-278"
278-292"
292-293"
293-313"
313-356"
356-358"
358-375"
375-376"
376-392'
392-394'
394-402'
402-404"
404-406"
406-410"
410-414'
™ 414"

'BOURBON COUNTY, KANSAS

Alluvium
Coal
Limestone
Shale;, black
Coal

Limestone

Coal

Shale, hlack
Siltstone, shaley
Shale,. greenish gray
Coal

Shale, light gray
Limestone

Shale,’ black

Coal

Shale, gray

Coal

Shale, gray

Coal

Shale, gray

Shale, black

Shale, dark gray
Sandstone, very silty
Shale, dark gray, silty
Sandstone, silty )
Coal (trace)

Shale, dark gray
Sandstone

Coal

Shale, dark gray
Coal

Shale, black

Coal

Shale, black

Coal

Shale, black
Limestone

Chert




KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE R ( CR 27-24-27-1)

NE NE NE Sec. 27 - T.275. - R.24E.
GROUND ELEVATION: 979 FEET
CRAWFORD COUNTY, KANSAS

0- 9' Limestone

9~ 34' Shale

34- 35' Coal

35- 65' Shale |

65- 76' Sandstone

75- 77' Coal

77- 88' Shale

88-103' Limestone
103-106' Shale, black
106-112' Limestone
112-116' Shale
116-117' Coal
117-120' Shale
120-140' Sandstone
140-204' Shale
204-206' Coal
206-212' Limestone
212-228' Shale
228-229' Coal -
229-242' Shale
242-243' Coal
243-253' Shale
253-260' Limestone
260-262' Coal
262-268' Shale
268-280' Sandstone
280-286' Shale
286-287' Coal
287-292' Shale
292-300' Sandstone
300-304' Coal
304-312' Shale
312-313' Coal
313-343' Shale
343-344' Coal
344-352' Shale
352-364' Sandstone
364-365' Limestone
365-378' Shale
378-386' Sandstone
386-388' Coal
388-402' Shale
402-403' Coal
403-420' Shale
420-440' Sandstone
440-442' Coal
442-454' Shale
454-455' Coal
455-470' Shale
470-475' Sandstone
475-477' Cuoal
477-482' Shale
: - . 482-483' Chert
P ' TD 483"
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

TEST HOLE 5
SW SW SE

0-
10-
14-
15-
44-
76-
77-
78~

10"
14'
15°'
44"
76"
77"
78’
82"

82-103'
103-122"
L22-125"
125-126"
126-130'
130-135'
135-138"'
138-139"'
139-143'
143-144'
144-165"'
165-237"
237-238"
238-242'
242-248"'
248-263"'
263-264"
264-274"
274-283"
283-305"
305-315"
315-324"
324-326"
326-378"
378-379'
379-393"
393=-395"
395-404'
404-411"
411-415"'
415-416"'
416-425"'
425-428"
428-462'
462-463"
463-476"
476-478"
478-488"
488-492"
492-503"'
503-508"
508-510"'
510-512'
512-514"'
514-515"'
515-516"'

TD

516"

Alluvium
Limestone
Coal
Limestone
Shale
Coal
Shale
Limestone
Shale
Limestone
Shale
Coal
Shale
Limestone
Shale
Coal
Shale
Limestone
Sandstone
Shale
Coal
Siltstone
Limestone
Shale
Coal
Shale
Sandstone
Shale
Sandstone
Shale
Coal
Shale
Coal
Shale
Limestnne
Shale
Sandstone
Shale
Coal
Shale
Sandstone
Shale
Coal
Coal
Coal
Shale
Sandstone
Shale
Sandstone
Shale
Coal
Shale
Sandstone
Chert

(BB 27-23-24-1)
Sec. 24 - T.275. - R.23E.
GROUND ELEVATION: 927 FEET
BOURBON COUNTY, KANSAS
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

TEST HOLE T (CR 30-25-26-1)

SW SW SW  Sec. 26-T.305. -R.25E.
GROUND ELEVATION: 932 FEET
CRAWFORD COUNTY, KANSAS

0-
45-
46~
73~
83-
85-

45"
46"
73°
83"
85!
99’

99-101"
101-120"
120~-142'
142-143"'
143-151"
151-155"
TD 155°'

Mine spoils

Coal

Sandstone, carbonaceous
Shale, gray

Coal

Shale, gray to black
Coal

Shale, black
Sandstone, silty
Coal

Shale, black

Chert




KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

Jaesocrs T asnacers
T LA

S e TEST HOLE U (CR 31-25-15-1)
o . R NE NE SE  Sec. 15-T.31S. -R.25E.
. ' GROUND ELEVATION: 919 FEET

CRAWFORD COUNTY, KANSAS

0- 25'- Alluvium
21- 23' Coal
23- 34' -shale, gray
34- 35'" Coal
35- 48' Shale, dark gray
48- 52' Sandstone
52- 74' ‘Shale, dark gray’
74- 76' Coal : o
76- 82' Shale, dark gray
82- 84' Coal
84-118' Shale, dark gray
118-134' Sandstone, carbonaceous
134-136' Coal
136-150' sShale, black
150-153' Chert
TD 153
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE V ( CR 30-24-8-1)

NW NW NW Sec. 8 - T.30S. - R.24E.
GROUND ELEVATION: 935 FEET
CRAWFORD COUNTY, KANSAS

0- 2' Alluvium

2- 4' Shale, black

4- 10' Limestone

10- 20' Sandstone

20~ 97' Shale

97- 99* Coal
99-102' Limestone
102-112' Shale
112-114' Coal
114-133' Shale
133-134' Coal
134-152' Shale
152-154' Coal
154-172' Shale
172-173' Coal
173-177' Limestone
177-215' Shale
215-223' Sandstone
223-238' Shale
238-239' Coal
239-258' Shale
258-259' Coal
259-268' Shale
268-278' Sandstone
278-283"' Shale
283-285' Limestone
285-311' Shale
311-312' Coal
312-338' Shale
338-339' Coal
339-350' Shale
350-368' Shaley Sandstone
368-369' Coal
369-392' Shale
392-393' Cual
393-412' Shale
412-413' Coal
413-417' Sandstone
417-432' Sshale
432-433' Chert
TD 433°
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KANSAS GEOLOGICAL SURVEY (E.R.D.A)
TEST HOLE X (CR 29-24-3-1)

NW NW NW  Sec. 3-T.295.-R.24E.
GROUND.ELEVATION: 994 FEET
CRAWFORD COUNTY, KANSAS

0- 15' Alluvium
15- 23' Shale

23- 25' Coal

25- 32' Shale

32~ 34' Coal

34- 48' Shale

48~ 63' Limestone
63- 66' Shale

66- 75' Limestone
75- 81' Shale

81- 82' Coal
82-182' Shale
182-183' Coal
183-184' Limestone
184-197' Shale
197-198' Coal
198-203' Shale
203-204' Limestone
204-215" Shale
215-228' Sandstone
228-229' Coal
229-245' Shale
245-246' Coal
246-263' Shale
263-275' Sandstone
275-287' Shale
287-288' Coal
288-302' Shale
302-303' Coal
303-316' Shale
316-317' Limestone
317=31%" Cual
319-364' Shale
364-373' Sandstone
373-384' Shale
384-385' Coal
385-387' Shale
387-397' Sandstone
397-398' Coal
398-437'" Sandstone
437-438' Coal
438-457' Shale -
457-458' Coal
458-484' Shale
484-488' Sandstone
488-493' Shale
493-496' Shale
496-498' Chert
TD 498"
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE Y (CR 28-24-16-1)

NE NE NE  'Sec. 16-T.285.-R.24E.
GROUND ELEVATION: 939 FEET
CRAWFORD COUNTY, KANSAS

0- 5' Alluvium

5-'16' Limestone

16- 20' Black Shale

20- 30' Limestone

30- 34' Black Shale

34- 35' Coal

35- 40' Sandstone, greenish gray
40- 45' Siltstone, greenish gray

' 45-129' Shale, greenish gray to gray

129-130' Coal

130-133' Shale, dark gray
133-138' Limestone
138-154"' shale, black
154-156' Coal

156-164' Shale, gray to black
164-168' Limestone
168-182"' ‘-Shale, gray to black
182-184' Coal

184-198' Shale, gray
198-210' Sandstone
210-224' shale, dark gray
224-226' Coal

226-232' Sandstone
232-268' Shale, gray
268-269' Coal

269—273' Shale, gray
278-310' Sandstone, shaley
310-324' Shale, gray
324-325' Coal

325-328' Shale, gray
328-342' Sandstone, shaley
342-352' Shale, gray, silty
352-366' Sandstone
366-367' Coal

367-369' Shale, brown
369-371' Coal

371-385' Shale, gray
385-386' Coal

386-402' Shale

402-408' Sandstone
408-410' Coal

410-416' Shale, gray
416-418' Coal

418-422' Chert

TD 422°'




KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE *Z  (CR'27-25-26-1)
NE NE SE Sec. 26 - T.275. - R.25E.
wes. G GROUND ELEVATION: 804 FEET
; Lo CRAWFORD COUNTY, KANSAS

- 10 CPs

- s Lo

LI SN

0- 18' Alluvium

18- 20' Coal

20- 31' .Sandstone

31- 32' Coal

32- 36' Limestone

36- 64' 'Shale, black

64- 66'  Coal

66~ 70' shale, gray

70- 78' Sandstone

78~ 86' Shale, dark gray
86-105' Sandstone
105-116' Shale, gray
116-117' Coal
117-124' Shale, gray
124-125' Coal
125-138' Shale, dark gray
138-162' Sandstone
162-164' Coal
164-168' Shale, gray
168-169' Coal
169-178' Shale, black
178-180' Coal
180-196' Shale, dark gray
196-204' Sandstone
204-210' Shale, gray
210-212' Coal
212-218' Shale, black
218-220' Limestone
220-225' Chert
TD 225°'
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

TEST HOLE AA  (CK 32-24-2-1)
. - NW SW SW  Sec. 2 - T.325. - R.24E.
P ' - GROUND ELEVATION: 916 FEET
CHEROKEE COUNTY, KANSAS

0- 16' Alluviwn
16— 22' - Shale

22- 24' ‘Coal

24- 30' Clay

30- 37' Sandstone
37- 44' Ghale

44- 45' Coal

45- 58' Shale

58- 60' Sandstone
60- 62' Coal

62- 68' Shale

68- 70' Coal

70- 84' Shale

84- 85' .Coai

85- 89' Sandstone
89- 90' cCoal
90-114'. Shale
114-115' Coal
115-127' Shale
127-128' Coal
128-137' Shale
137-138"' Coal
- . . . . L. 138-180' Shale
o e 180-181" Coal
181-187' Sandstone
187~-205' Shale
205-207' Limestone
D 207°
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE BB (CK 33-24-2-1)

NW SW SW Sec. 2-T.335. -R.24E.
GROUND ELEVATION: 898 FEET

CHEROKEE COUNTY, KANSAS

0- 18' Alluvium
18- 37' Shale
37- 45' Sandstone
45- 54' Shale
S4f 56' Coal

56- 63' Shale

63- 65' Coal

65- 95'  Shale
95-100"' Siltstone
100-118' Shale
118-120' Coal
120-133" Shale
133-134' cCoal
134-140' Shale
140~141' Chert
‘rp 141"
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)

TEST HOLE CC (CK 34-23-3-1)

SE SE SW

Sec. 3 -T.345. - R.23E.

GROUND ELEVATION: 872 FEET
CHEROKEE COUNTY, KANSAS

o_
22-
27-
28~
39-
47-
54~
55-
70-
80-
91~
92-

105-
107-
153~
155-
169-
172-
178-
182-
235-
268-
D

22
27"
28'
39
47'
54"
55°*
70"
80"
a1'
92'
105°
107
153’
155"
169"
172
178*
182"
235"
268"
269’
269'

Alluvium
Shale
Coal
Shale
Sandstone
Shale
Coal
Shale
Sandstone
Shale
Coal
Shale’
Coal
Shale
Sandstone
Shale
Coal '
Shale
Coal
Shale
Sandstone
Chert
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE DD ( CK 34-22-13-1)

NW NW NW  Sec. 13 - T.345. - R.22E.
GROUND ELEVATION: 824 FEET
CHEROKEE COUNTY, KANSAS

0- 15' Alluvium
15~ 20' Sandstone
20- 22' Coal
22- 48' Shale
48- 51' Sandstone
51- 66' Shale
66- 70' Sandstone
70- 84' Shale
84- 85' Coal
85-115' shale

115-120' Sandstone
120-138' Shale
138-139' Coal ?
139-144' Shale
144-152' Coal
152-168' Shale
168-169°' Coal
169-229' Shale
229-230' Limestone
™0 230°'




KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE GG  ( CR 30-23-32-1)

SW SW SW Sec. 32 - T.30S. - R.23E.
GROUND .ELEVATION: 881 FEET
CRAWFORD COUNTY, KANSAS .

0- 22' Alluvium
'22- 49' Sshale

49- 51' Coal

51- 53' Shale

53- 60' Limestone
60~ 74' Shale

74- 75' Coal
75-110' Shale
110-112' Coal
112-133' Shale
133-135' Coal
135-145' Shale
145-238' Sandstone
238-239' Coal
239-248' Shale
248-250' Limestone
250-262' Shale
262-263' Coal
263-282' Shale
282-283' Coal
283-295' Shale
295-296' Coal
296-303' Sandstone
303-325' Shale
325-335' Sandstone
335-342' Shale
342-343' Coal
343-376' Shale
376-378' Coal
378-397' Shale
3Y/-400' Sandstone
400-402' Coal .
402-411' Shale (black)
411-413' Chert
TD , 413’
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KANSAS GEOLOGICAL SURVEY (E.R.D.A))

TEST HOLE HH
SE SE SE Sec. 32 - T.295. - R.23E.

( CR 29-23-32-1)

GROUND ELEVATION: 938 FEET
CRAWFORD COUNTY, KANSAS

o-
11—
22-
38—~
42-
53-
57-
59~

11’
22°
38"
42"
53"
57°'
59°
80"

80-170"
170-172"
172-177"
177-184"
184-233"
233-234"
234-240"
240-374"
374-375"
375-383"
383-385"
385-440"
440-443"
443-445"
445-462"
462-463"
463-474"
474-475"
475-496"
496-503"
503-508"
508-510"
510-524"
524-526"
TD 526

Alluvium
Shale
Limestone
Shale
Limestone
Shale, black
Limestone?
Sandstone, very shaley
Shale

Coal

Shale
Limestone
Shale

Ceal

Shale
Sandstone, shaley
Coal

Shale

Coal

Shale, sandy
Shale

Coal

Shale

Coal

Shale

Coal

Shale
Sandstone
Shale

Coal

Shale, pyritic
Limestone




KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE (I ( CR 28-22-24-1)

SE SENE Sec. 24 - T.285. - R.22E.
GROUND ELEVATION: 988 FEET
CRAWFORD COUNTY, KANSAS

0- 4' Alluvium
4- 21' Limestone (weathered)
21- 83' Shale
83~ 87' Limestone )
87- 89' Coal o
89- 93' Shale
93-132' Limestone
132-153' Shale
153-154' Coal
154-178' Shale
178-194' Sandstone
194-195' Coal
195-200' Shale
200-218' Limestone
218-228' Shale, black
228-237' Limestone
237-245' Shale
245-260' Sandstone
260-340' Shale
340-342' Coal
342-344' Shale
344-348' Limestone
348-368' Shale
368-370' Coal
370-394' Shale
394-399' Limestone
399-407' Shale
407-408"' ; Coal
408-420' Shale
420-433' Sandstone
433-447' Shale
447-449' Coal
449-450' Limestone
ASN=46Q' fhale
468-470' Limestone
470-493' Shale
493-495' Coal
495-525' Shale
525-540' Sandstone
540-560' Shale
560-568' Sandstone
568-570' Coal
570-576' Shale
576-578' Coal
578-603' Shale
603-604' Coal
604-612' Shale
612-614' Sandstone
614-632' Shale
632-633' Coal
633-642' Shale
642-645' Chert
TD 645'
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KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE JJ  ( CR 30-25-14-1)

SE NE NW  Sec. 14 - T.305. - R.25E.
GROUND ELEVATION: 928 FEET
CRAWFORD COUNTY, KANSAS

0- 20' Alluvium
20- 28' Shale

28- 30' Coal

30- 37' Shale

37- 42' Sandstone
42~ 43' Coal

43~ 56' Shale

56~ 59' Coal

59- 74' Shale

74- 76' Coal

76- 84' Shale
84-105' Sandstone
105-112' Shale
112-113' Coal
113-120' Shale
120-125' Sandstone
125-137' Shale
137-138' Coal
139-172' Sandstone
172-173' Coal
173-189' Shale
189-191'. Coal
191-213* Shale
213-214' Coal
214-230' Sandstone
230-231' Coal
231-240' Shale
240-241' Chert
TD 241°




8l

KANSAS GEOLOGICAL SURVEY (E.R.D.A.)
TEST HOLE KK (BB 27-23-8-1)

SWSESW Sec. 8-T.275.-R.23E.
GROUND ELEVATION: 945 FEET

BOURBON COUNTY, KANSAS

0- 5' Alluvium
5- 20' Shale

. 20~ 38' Limestone

38- 42' Shale
42- 48' Limestone
48-103' Shale

103-140' Limestone

140-179' Shale
179-190' Sandstone
190-202' Shale
202-203' Coal
203-222' Limestone
222-226' Shale
226-228' Sandstone
228-233' Limestone
233-238' Shale
238-240' Coal
240-320' Sshale
320-321' Coal
321-342' Shale
342-344' Limestone
344-372' Shale
372-374' Coal
374-382' Shale
382-383' Coal
383-412' Shale
412-413' Coal
413-420' Shale
420-430' Sandstone
430-468' Shale
468-469' Coal
469-477' Shale
477-479' Limestone
479-488' Shale
488-490' Coal
490-495' Sandstone
495-498' Shale
498-499' Coal
499-530' Shale
530-543' Sandstone
543-544' Coal
544-552' Shale
552-553' Coal
553-565' Shale
565-567' Coal
567-585' Shale
585-595' Sandstone
595-597*' Shale
597-599' Coal
599-600' Shale
600-602' Chert

TD 602°



So

Sw

Well No.

A
B
C
D
G
L
N
Q

T
Z

AA
cc
DD
GG
HH
JJ

APPENDTIX D

CORE GRAPHS AND ANALYSES

Index
Location Page No.
35-24S-25E 83-84
 9-25S5-25E 83-84
10-26S-25E 85-86
24-27S-24E : 87~88
27-295-25E 89-90
" 3-338-23E 91-92
© 34-295-24E 93-94
26-255-25E 95-96
26-30S-25E 97-98
26-27S-25E 99-100
- 2-32S-24E" 97-98
3-34S-23E 101-102
13-34S-22E 91-92
32-308-23E 103-104
32-295-23E 95-96
14-30S-25E 105-106

Key to Symbols

permeability {(md.) 53§ -- Sandstone

porosity (% B.V.)
0il saturation (% ¢)

water saturation (% ¢)

arith. mean

standard deviation

(note that std. dev. for
permeability is not valid -
no normal distribution)

E_’EE -- Shale
;_"‘: --.A:Siltstone
SR -- Coal
EES -- limestone
tif —- root traces (fossil)
¥ —— cross-bedding
+ -- burrowed
xxt —-—= siderite (bed or nodules)
©n -—- pebbles
% -- wavy bedding
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A
Sec. 35 T.24S. R.25E.

300
1
|
l

|

1

|
Rec. 20'

320
1

|
|
Rec. 20'

B
‘Sec. 9 T.25S. R25E.

J— =

19

Rec.




A
Sec. 35-T.245.-R.25E.

Upper Warner Sandstone
No Core Analyzed - no oil shows.

) B
Sec. 9-T.255.-R.25E.

Upper Warner.SandstOne . _
No Core Analyzed -~ trace of dead oil throughout.
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C

' Sec. 10 T.26S. R.25E.

1000 100 10 0
|

|
/
I
AN
Rec. 20’

K:u=1,6,0=2.5
b u=15.4, 0=3

So e
0 50
o
100 50

Swa

——

So: pu =25.8, 0=23
Sw: u=63.7, 0 =25

K: ©=74.6, 0 =82
¢ n=21.2, 0 =2.62
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So:u =25.8, 0 =17
Sw: u =58.8, 0 =16




Se

C.

Lower Bluejacket Sandstone

C

10-T.26S.-R.25E.

Effective .
Sample Depth, Porosity Percent Saturation Oil Content Pcerm. ,
" No. Feet Percent 0il Water Total Bbls./A Ft. Mill.
1 196.4 12.8 (3 85 91 60 Imp.
2 197.2 15.2 23 55 78 271 Imp.
3 198.5 11.3 3 ‘91 . 94 26 Imp.
4 199.5 15.5 18 78 926 217 0.19
5 200.5 18.2 42 46 88 593 3.9
6 201.8 19.4 63 27 90 248 - 5.7
Upper Warner Sandstone o
7 £ 240.5 15.7 40 53 93 487 0.65
8 241.5 15.4 24" 61 85 287. 0.35
.9 242.5 14.2 24 - 61 85 264 0.24
10 243.5 21.0 49 39 88 799 15.
11 244.5 22.0 53 33 86 905 13.
12 245.5 23.0 50 36 86 892 20.
13 - 246.5 - 16.2 17 76 93 214 1.3
14 247.5 21.9 36 54 - 90 612 20.
15 248.5 21.2 48 45 93 790 16.
16 249.5 22.8 54 30 84 955 25.
17 250.5 21.3 54 38 92 893 11,
18 251.5 20.6 33 54 87 . 528 9.4
19 252.5 20.3 21 50 71 331 3.5
20 253.5 18.8 17 64 81 248 9.0
21 254.5 21.9 16 68 84 272 107.
22 255.5 21.6 31 46 77 520 67.
23 256.5 23.6 - 20 60 80 366 82.
24 257.5 22.2 28 59 87 482 107.
25 - 258.5 23.4 31 52 83 563 94.
26 259.5 23.2 27 53 80 486 75.
27 260.5 22.8 33 48 81 584 101.
28 261.5 22.6 18 66 84 316 191.
29 262.5 23.1 13 75 88 233 116.
30 263.5 23.1 C 4 86 90 72 91,
31 264.5 22.6 1 80 81 18 105.
32 265.5 21.3 2 80 82 33 305.
33 266.5 22.7 2 78 80 35 284.
34 267.5 23.4 1 79 80 18 186.
35 268.5 23.2 1 80 81 18 108.
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D
Sec. 24 T.27S. R.24E.

K a

1000 100 .10 0
L |

100
1

-~

K: u=27.9, 0=38.0 So: n=27.4, 0=8
¢: u=17.6, 0=3.1 Sw: u=41,0=13.8

K
So: p=46,0=12.7
Sw: u=29.5, 0=.7
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D
Sec. 24-T.27S.-R.24E.

Upper Bluejacket Sandstone

Effective .
Sample Depth, Porosity Percent Saturation O0Oil Content Perm.,
No. Feet Percent 0il Water Total Bbls./A Ft. Mill.
1 74.5 15.6 28 49 77 : 339 3.3
2 75.5 13.0 23 69 92 232 -Imp.

Lower Bluejacket Sandstone

3 88.5 17.9 39 32 71 542 8.0
4 89.5 14.8 27 46 73 310 1.3
5 90.5 22.6 27 26 . 53 ‘ 474 v 107.
6 91.5 17.6 38 . 30 68 519 7.8
7 92.5 19.3 22 35 . 57 329 40.
8 93.5 20.1 15 41 56 234 56.
Lower Warner Sandstone

9 212.5 15.6 37 30 67 448 2.3
10 213.5 17.3 55 29 74 738 7.5
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B C

17

'. _13;,/}’

Lk
U

K a .
1000 100 .10 .0
L ] ] ] Soas.
0 100
| |
I~ 1
100 0
Sw e

-
\

K: n=82.5,a=21.39 . ' : So: p=17.5,0=5.2
é. u=21.4,0=1.83 Sw: n=45.5, 0=19.9

99




G
Sec. 27-T.295.-R.25E.

Lower Cabaniss Sandstone
No core analyzed - Sandstone not present;
Weir-Pittsburg Coal: 104'-107'

Lower Warner Sandstone

Effective
Sample Depth, Porosity Percent Saturation O0Oil Content Perm.,
No. Feet Percent 0il Water Total Bbls./A Ft. Mill.
1 285.5 21.5 12 64 76 201 69.
2 286.5 22.0 19 56 75 - - 325 108.
3 287.5 .20.6 28 52 80 448 110.
4 288.5 22.4 19 54 73 330 79.
5 289.5 22.4 18 " 52 70 314 122.
) 290.5 22.8 15 4 19 267 76.
7 291.5 22.9 17 52 69 303 60.
8 292.5 18.8 20 65 85 292 73.
9 293.5 22.2 18 57 75 311 53.
10 . 294.5 21.6 18 52 70 302 94.
11 295.5 22.4 20 16 36 348 78.
P-12 296.4 - - - - - 68.
6 16.8 6 22 28 78 -

12 296.



L
Sec. 3 T.33S. R.23E.

K a
1000 100 10 - 0
L I I |
So e _
0 100
l 1 I
[ T )
100 0
Swa :
== . 2
s ‘
A==
—_— . [
T o<
=_=T=
4 : So: 1=30.2, 0 =37.8
Sw:pu=18.4, 0=1.54 -
DD

Sec: 13 T.34S. R.22E.

K a
100 10 . 0
100
]
)
0
e

K: y=o.o,a=o.o' ' So: #=23.7,0=11.5
é: 1=13.2,0=.95 ' Sw:pu35.7, 0=5.5
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L
Sec. 3-T.33S.-R.23E.

Upper Warner interval - "Stray" sand

Effective _

Sample Depth, Porosity Percent Saturation O0il Content Perm.,
No. Feet Percent 0il Water Total Bbls./A Ft. Mill.

1 178.5 16.8 22 72 94 288 103.

2 179.5 18.4 21 73 94 300 80.

3 180.5 20.6 11 77 88 176 56.

4 181.5 18.8 40 36 76 585 88.

5 182.5 19.2 48 30 78 716 118.

6 183.5 16.5 39 60 : 99 500 12.

DD

Sec. 13-T.34S.-R.22E.

Upper Warner Sandstone

Effective
Sample Depth, Porosity Percent Saturation 0il Content Perm.,
No. Feet Percent 0il Water Total Bbls./A Ft. Mill.
1 117.5 13.2 28 '8 36 287 Imp.
; : 2 118.5 14.2 51 10 6l 563 Imp.
3 119.5 12.3 23 20 43 220 Imp.



100

K a
10 0

(log)

K: u=36, 0=53.5
$: u=16.5, 0=3.73

N

Sec. 34 T.29S. R.24E.

14'6"

Rec.
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So: u=24.5, 0 =10.4
Sw: 1=28.2, 0=15.0




N
Sec. 34-T.295.-R.24E.

Upper Bluejacket Sandstone
No core analyzed - trace of heavy-oil in top

one-half foot

Upper Warner Sandstone
No shows in upper part of sandstone’

Sample Depth,

Effective
Porosity Percent Saturation O0il Content  Perm.,

No. Feet Percent '0il Water Total Bbls./A Ft.  Mill.
1 300.5 15.5 36 49 85 434 3.8
2 301.5 20.6 6 72 78 96 11.
3 302.5 15.0 4 87 91 47 2.2
4 303.5 20.2 23 43 66 361 18.
S 304.5 17.0 3 87 90 40 16.
6 305.5 17.2 7 80 87" ) 82 20.
7 306.5 20.1 32 35 67 501 19.
8 307.5 19.7 2 73 75 31 3.8
< 308.5 17.9 2 -86 88 28 2.8

10 309.5 15.0 3 91 94 35 0.35

11 310.5 18.9 4 86 90 59 3.0

12 311.5 19.2 10 84 94 149 5.1

13 312.5 16.2 . 4 83 87 50 2.6

14 313.5 20.5 37 35 72 590 55.

15 314.5 18.6 27 45 72 390 10.

16 315.5 18.2 20 54 74 . 282 12.

17 316.5 17.4 30 49 79 452 9.9

18 317.5 21.1 29 36 65 a5 37.

19 318.5 20.2 39 33 72 " 613 73.

20 319.5 21.4 30 36 66 499 28.

21 320.5 20.2 36 40 76 565 18.

22 321.5 20.2 . 36 66 470 116.

W
o
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Q
Sec. 26 T.25S. R.24E.

Ka
1000 100 10
L 1 ] ‘ . »
(log) 0 Soe 50
100 Swa 50
T s
—~~ ¢ ~— e~ ~N
2
B P
K: p =228, 0 =97.7 So: n=13.1,0=10.4
¢:pu=24.4,0=1.42 Sw: u=56,0=10.9
HH
Sec. 32 T.29S. R.23E.
K a
100 10 0
{ 1 |
0 Soe 50
—
100 Swa 50
()
w—:
N
% S ‘
0
g 8
K: u=6.5, 0 =42.25 ‘ So: 4 =16.7,0 =11.2
¢: u=14.6,0 =2.48 . Sw: u=73.5,0=12.8
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p) ~ 0

Sec. 26-T.25S.-R.25E.

Upper Warner Sandstone
Trace of live oil show in top two feet of core; fair
heavy-oil show: 315'-320'; bottom of sand not cored,
no show of o0il in samples

Effective
Sample Depth, Porosity Percent Saturation Oil Content Perm.,
No. Feet Percent 0il Water Total Bbls./A Ft. Mill.
1 320.5 25.8 21 46 67 421 334.
2 321.5 25.2 28 49 77 548 218.
3 322.5 24.4 31 39 70 588 296.
4 323.5 25.4 24 50 - 74 474 407.
5 324.5 21.0 20 65 85 326 169.
6 325.5 24.6 26 40 66 497 296.
7 326.5 26.4 27 - 38 65 554 300.
8 .327.5 23.2 22 67 89 397 177.
9 328.5 - 23.8 4 .61 . 65 74 244.
10 329.5 26.1 12- 54 - 66 244 324.
11 330.5 26.0 6. 52 58 121 250.
12 331.5 23.0 5 60 65 89 192.
13 332.5 23.1 3 58 - 61 54 244.
14 333.5 25.4 3 69 72 59 300.
15 334.5 T 24.6 3 56 59 ' 57 319.
16 335.5 25.2 7 69 76 137 168.
17 336.5 24.1 6 75 81 112 99.
18 . 337.5° 24.3 8 57 65 151 109.
19 338.5 : 23.1 3 49 52 54 65.
20 339.5 22.2 2 70 72 34 51.
HH

Sec. 32-T.29S.-R.23E.

Lower tCabaniss Sandsloune
sandstone stringers only - see log

15 63 - 78 227 39.

1 285.5 19.5

2 286.5 14.0 29 64 .93 315 Imp.
3 287.5 14.6 32 59 91 363 Imp.
4 288.5 12.7 10 ~ 84 94 99 Imp:
5 289.5 13.8 8 88 96 86 - . . Imp.
6 290.5

13.1 6 83 89 6l Imp.



| T
Sec. 26 T.30S. R.25E.

‘.
100 10 0 _
1 ] | .

' 0 Soe 50
100 50

I

K: n=36,0=53.5 . | So:u=24.5,040.5
¢: #=16.5,0=3.73 - 4 Sw: 1 =28.24, 0 =15.2

»

Rec. 20"

. AA
Sec, 2 T.32S. R.25E.

. K a :
100 10 - 0
| J
¢o
20 15
[
e, [ERT
{=——"
u=3.97,0=3.8
1=17.0, a=1.54
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Sec. 26-T.30S.-R.25E.

Lower Warner Sandstone
Trace of live oil show: 120'-124'; Good oil show: 124'-125'

T

99

Effective
Sample Depth, Porosity Percent Saturation O0il Content Perm.,
No. Feet Percent 0il Water Total Bbls./A Ft. Mill.
1 125.5 7.9 28 48 76 172 0.19
2 126.5 13.1 - 33 22 55 336 0.17
3 127.5 "13.7 28 29- 57 ‘298 0.84
4 128.5 - 12.3 20 30 50 192 0.22
) 129.5 14.1 22 32 54 241 0.87
6 130.5 12.9 16 39 55 160 0.57
7 131.5 17.3 8 36 44 107 4.3
8 132.5 22.5 14 38 52 245 153. -
] 133.5 21.5 11 39 50 184 135.
10 134.5 18.1 14 56 70 197 128.
11 135.5 19.3 15 40 55 224 84,
12 136.5 19.5 29 23 52 440 10.
13 -137.5 18.8 27 . 14 41 394 42.
14 138.5 17.1 41 6 47 545 7.2
15 139.5 16.8 41 5 46 535 11.
16 140.5 17.6 36 7 43 493 25.
17 141.5 18.6 33 16 49 477 10.
AA
Sec. 2~T.32S.-R.24E.
Upper Bluejacket Sandstone
Effective
Sample Depth, Porosity Percent Saturation 0il Content Perm.,
No. Feet Percent 0il  Water Total Bbls./A Ft. Mill.
1 31.5 16.7 41 36 77 532 2.6
2 32.5 18.0 47 27 74 658 10.
3 33.5 17.2 50 26 76 669 6.5
4 34.5 19.2 51 19 70 761 4.2
5 35.5 16.2 48 19 67 605 0.24
6 36.5 14.7 60 23 83 686 0.30



' VAR v
Sec. 26 T.27S. R.25E.

. Ka
1000 100 10 0 .
L | | | -7
b _
25 15
L 1 [ =
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= (V]
=== 9
N * i armiara—r N B

o - T

K: #=67, 0=33.3
¢: 1=22.2,0=.71

So: u1=33.4,0 =10.33
Sw: u=38, 0 =2.98

So: u=6.07,0=7.26
Sw:u=74.3,0=15.,6
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Sec. 26-T.27S.-R.25E.

Upper Bluejacket Sandstone

Z

121

84

Effective
Sample Depth, Porosity Percent Saturation Oil Content Perm., -
No. Feet Percent 0il . Water Total Bbls./A Ft. Mill.
1 72.5 22.4 32 7 37. 69 556 20.
2 73.5 21.6 32 44 76 " 536 24.
3 74.5 21.1 51 35 . 86 835 28.
4 75.5 22.0 44 - 36 80. 751 17.
5 76.5 22.7 41 40 81 722 43.
) 77.5 21.4 41 35 76 681 25.
Lower Bluejacket Sandstone . .
Bottom of sand not cored; trace of heavy-oil in samples 93'-105’
7 , . 88.5 21.9 22 40 62 374 39.
8 89.5 22.8 25 38 63 442 - 119.
9 90.5 23.3 22 35 57 398 156.
10 91.5 22.8 24 40 64 425 20.
Upper Warner Sandstone
Trace of heavy-oil show: 140'-144'
11 145.5 18.1 12 55 67 169 18.
12 146.5 20.0- 27 40 67 419 51
13 147.5 18.7 17 54 71 247 28.
14 148.5 18.8 7 60 67 102 21.
15 149.5 16.2 3 87 . 90 38 3.5
16 150.5 ‘19.0 2 77 79 30 28.
17 151.5 18.2 2 91 93 28 43,
18 152.5 17.6 4 93 97 55 3.4
19 153.5 16.5 2 87 89 27 71.
20 154.5 21.2 2 69 71 33 147.
21 155.5 21.8 2 75 77 34 191.
22 156.5 20.2 3 82 85 47 114.
23 157.5 22.7 4 77 81 71 191.
24 158.5 22.3 2 86 88 35 172.
25 159.5 21.5 2 82 33

101.
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Sec. 3 T.34S. R.23E.

Ka
100 - 10 0 ' So e
. 0. 75
- i
100 Swa 25
& ™

. Rec.

K: u=9.2, 0=12.9 So:u=23.7,0=11.5

¢: u=18.9,0 =2.6 - - Sw: 1=35.7, 0=5.5
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" CC
Sec. 3-T.34S.-R.23E.

Upper Bluejacket Sandstone
Trace of heavy-oil stain: 40'-42'

Effective

Sample Depth, Porosity Percent Saturation O0il Content Perm.,
No. Feet Percent 0il Water Total Bbls./A Ft. Mill.
1 42.5 21.4 24 a2 . 66 399 24.
2. . 43.5 19.2 35 32 - 67 521 1.9

1.6

3 44.5 l6.2 12 33 45 151

" Lower Warner Sandstone - -
Traces of dead oil in samples: 238'-250'; core not
" analyzed, traces of dead oil in core 250'-254'.
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¢:1=20.8, 0=2.25

GG
Sec. 32 T.30S. R.23E.
. K a ’
1000 100 10 0
(I | | J ' ’ .
b : , 0 Soe 50
25 15 - —
]
100 Swa 50
}‘ A .. : = ; ..: ) //\\
a “. [ o° ‘
. S . _.'é\\ _
A A - hd —— — - A )
K: u=86.9, 0 =55 So:pu=19.7;, 0=8.17
¢: u=21.3,0=1.86 Sw: 11=53.2, 0 =17.1
: ° f———— —
S Ao
Ly — i
K: =100, o =57 —— < So:pu =14.6, 0 =10

Sw:p=56.8, 0=14.2
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GG

Sec. 32-T.30S.-R.23E.

Lower Cabaniss Sandstones
Traces of heavy-oil in broken-sandy interval 156'-174'.

Effective .

Sample Depth, Porosity Percent Saturation Oil Content Perm.,

No. Feet Percent  Oil = Water Total Bbls./A Ft. Mill.
1 176.5 20.8 32 49 81 518 4.8
2 177.5 24.4 26 45 71 493 48.
3 178.5 20.6 21 46 67 336 23.
4 179.5 22.6 16 6l 77 281 135.
5 180.5 18.7 29 60 89 422 102.
6 181.5 23.1 25 55 80 449 133.
7 182.5 19.0 23 62 85 340 53.
8 183.5 22.4 24 55 79 418 94.
9 184.5 21.9 22 55 77 375 31.

- 10 185.5 21.7 23 . 59 82 388 145.
11 186:5 19.9 24 .60 84 371 - 39.
12 187.5 20.4 8 76 84 127 83.
13 188.5 22.0 13 70 83 222 116.
14 189.5 22.6 14 74 88 246 128.
15 190.5 - o 17.9 13 60 73 181 29.
16 191.5 19.4 8 39 47 120 49.
17 192.5 0 24.3 30 28 58 567 202.

18 193.5 22.1. 4 46 50 69 149.

~ Good heavy-0il show in samples 211'-216'.

19 216.5 18.1 43 49 92 605 .73,

20 217.5 14.7 14 82 96 160 3.5

21 218.5 18.1 14 43 57 197 84.

22 219.5 22.0 19 51 70 325 101.

23 220.5 21.6 15 55 70 251 135.

24 221.5 19.9 19 65 84 294 88.

25 222.5 20.5 22 35 57 351 36.

26 223.5 20.9 29 34 63 - 471 127.

27 224.5° 22.8 14 58 72 248 92.

28 225.5 21.9 10 52 62 170 169.

29 226.5 24.4 9 76 85 171 le92.

30 227.5 22.6 3. 67 69 35 137.

31 ©228.5 22.2 3 54 57 52 . 162,

32 229.5 22.5 8 . .65 73 140 143.

33 230.5 21.2 6 t 64 70 99 149.

34 231.5 22.1 10 81 91 172 133.

35 232.3 19.8 20 47 67 308 9.5

36 5 19.3 6 45 51 90 Imp.

233.

Bottom of sandstone not cored; no show of oil in samples.
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JJ
Sec. 14 T.30S. R.25E.

Ka . Soe L
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[ 1 i¢ }__—l
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$:u=11.7, 0=.76 Sw: u=41.6,0=9.4
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1000~ 100 10 0
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0 50
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(=]
~ -
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K: =1
P u=1

06, 0 =68 So: p=25.2,
9.4,0<1.73 A Sw: p=42.2
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Lower Bluejacket interval.

JJ
Sec. 14-T.30S.-R.25E.

Effective
Sample Depth, Porosity Percent Saturation '0il Content Perm.,
No. Feet Percent - 0il Water Total Bbls./A Ft. . Mill.
1 91.5 11.1 15 35 50 129 . Imp.
2 92.5 11.2 36 45 81 314 Imp.
3 93.5 10.6 16 60 76 132 Imp.
4 94.5 12.4 14 43 57 135 . Imp.
"5 . 95.5 11.5 37 52 89 331 - - Imp.
6 © 96.5 12.3 19 38 57 182 Imp.
7 97.5 11.3 14 33 47 123 Imp.
8 98.5 13.0 20 33 53 202 Imp.
9 99.5 11.8 18 35 53 165 Imp.
Lower Warner Sandstone .
10 217.5 19.0 33 30 53 488 68.
11 218.5 18.8 31 42 73 453 - 70.
12 219.5 14.3 37 27 64 411 12.
13 220.5 19.1 22 28 50 327 11.
14 221.5 20.8 30 33 63 - 485 147.
15 222.5 19.1 31 43 74 459 95.
16 223.5 20.5 26 49 75 414 .o 109.
17 224.5 21.0 25 20 " 45 408 101.
18 225.5 - 20.7 17 63 80 274 111.
19 226.5 19.7 24. 32 56 368 94.
20 227.5 20.6 18 59 77 288 277.
21 228.5 19.9 17 " 60 77 263 167.
22 229.5 19.2 62 78

16

197

239 113.



Locations of Samples Analyzed for
Organic-Geochemical Characteristics

Core Samples:

Bourbon

Core
Core

Core .

Core

Co., Kan. '

O 0O O

Cherokee Co., Kan.

Core
Core
Core
Core

AR
L

DD
cc

Crawford Co., Kan.

Core
Core
Core
Core
Core
Core
Core
Core

7
HH
N
G
GG
H
JJ
T

Outcrop Samples:

Riverton

Iantha

Bellamy

0il Samples:

HMC-J3-1-2

MO.D.

ERDA

N.R.-20-C

Bartlett

APPENDTIX E

NE
NE
SW

NW

SW

SE

NE
SE

R

SW
SW
SE
SW

SW

SW

SW

SE

NE NE 22-245-25E
SE SW 26~-258-25E
SW SW 10-26S-25E ' )
NW NW 24-27S-25E , :
| . 1
~ '
: |
SW SW = 2-325-24E : ‘
SW SW 3-33S-23E
NW NW 13-34S-22E o ,
SE SW 3-348-23E <
NE SE 26-27S-25E
SE SE 32-295-23E : -
NE NW 34-295-24E - ; :
NE NE 27-295-25E
SW SW 32-30S-23E .
NW NW 11-305-25E
NE'NW  14-30S-25E ,
SW SW 26-30S-25E
23-34S-24E Cherokee Co., Kan.
11-32N-32wW Barton Co., Mo.
24-34N-30W Vernon Co., Mo.-
17-358<23E Cherokee Co., Kan. 155-160"
5-34N-32W Vernon Cé., Mo. 79-88'
16-34S-20E - Labette Co., Kan. - 295-360"
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APPENDTIZX F

Organic-Geochemical Characteristics of Cherokee 0il Sands.

Core Depth 3 Bitumen % H.C. Sat/Aro Sat. Aro. NSO's Asphalt.

Bourbon Co.

.0 322-336 0.1 57 1.5 34 23 22 21
O 365-395 0.1 66 1.5 40 26 19 15
0  320-328 2.0 61 1.1 32 29 14 25
C  246-249 2.5 71 1.3 40 31 15 14
C  252-258 2.7 82 1.4 48 34 7 11
D 89- 94 2.2 65 1.2 35 30 14 21

Cherokee Co.

BA 31- 34 2.8 71 1.6 44 .27 11 18

AA 34- 37 2.4 78 1.4 46 32 15 7
L 178-184 3.0 66 1.3 37 29 14 ' 20

. DD 117-120 1.4 77 1.7 49 28 17 6

cc 42- 45 2.2 65 0.8 29 36 - 18 17

Crawford Co.

Z 72- 78 2.9 71 1.4 42 29 12 17
Z 87- 92 1.7 65 1.2 35 30 22 13
Z  145-148 2.1 74 1.6 46 28 . 16 10

HH  285-286 1.6 - 74 1.4 43 - 31 18 8
N  311-320 2.2 77 1.4 45 32 16 7
G 287-290 1.7 76 1.4 44 32 11 ©13
G  290-293 1.8 67 1.3 38 29 14 © 19
G 293-296 1.1 .73 1.6 45 28 11 16

GG 177-180 2.3 75 1.2 42 33 16 ) 9

GG  185-190 1.3 67 1.2 36 31 23 10

GG 191-193 0.5 69 1.2 38 31 © 16 15

GG  216-218 1.0 68 1.3 38 130 17 15

GG 224-225 1.3 51 1.3 29 22 12 37

GG  227-228 0.02 50 1.8 32 18 13 37

(uil-water contact @ 227')
H  140-178 0.1 61 1.4 36 25 5 34
H 213-235 0.2 75 1.7 47 28 . 13 12

JJ  217-223 2.2 73 1.4 43 30 13 14

JJ  223-225 2.0 72 1.5 43 29 12 16

JJ  226~230 1.4 75 1.4 44 31 16 9
T  131-134 0.5 76 1.5 45 31 17 .7
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APPENDTIX G
Orgahic-Geochemical Analytical Techniques

The organic—geochémical methods of analysis empléyed in this study
are modifications of techniques described in a compilation by Davis and
Bray, 1969 (Analyses of oil and cép rock from Challenger (Sigsbee)
Knoll, in Initial reports of the deep sea drilling project, v. 1, chp.
22: Washington, D.C., U.S. Gov't. Print. Off., p. 415-500).
Definitions:

As used in thié report, the term,\"bitumen," means the organic
matter which is extractable from a rock sample with hydrocarbon solvent,
as described below; and the amount of bitumen is expressed as a per-
centage, by weight, of the whole rock samples. "Hydrocarbons" refers to
the saturaté and aromatic hydrocarbon compounds only, and is expressed
as percentage, by weight, of the extracted samples. Non-hydrocarbon
compounds include the nitrogen-sulfur-oxygen (NSO) heterocyclic com-
pounds and the asphaltene compounds, which are also reported as percen-

tages, by weight, of the extracted samples.

Extraction of 0il Sand Samples:

The oil sand samples were gently crushed to less than'%-inch; ten-
gram samples were extracted with a 9 to 1 mixture of benzene and
methanol for 6 hours in a Soxhlet extraction apparatus. The extract
solution was concentrated under vacuum at 35°C with a Buchler flash
evaporator; the concentrated extract solution was brought. to dryness
under a stream of dry nitrogen in tared 6-dram vials.

Asphaltene Stripping:

Asphaltene fractions were separated from the benzene-methanol
extracts by.adding 10 ml of n~pentane to the extract, mixing briefly
in an ultrasonic water-bath, and filtering after four hours through a

“%-inch cake of Hyflo Supcr Cel in fritted-glass funnels. The n-pen-

tane soluble filtrates were collected in tared-vials and brought to
dryness under nitrogen; the asphaltenes on the filter cake were washed
into tared vials with benzene-methanol and brought to dryness under
nitrogen.

Hydfocarbon Group Separatioh;

The n-pentane soluble oil fractions were separated into saturated
hydrocarbon, aromatic hydrocarbon, and nitrogen-, sulfur-, and oxygen-
containing heterocyclic (NSO's) fractions by elution-column chromato-
graphy on silica gel and alumina by successive elutions with n-pentane,
benzene, and 1:1 benzene-methanol; each fraction was collected in tared
beakers and brought to. dryness under nitrogen.
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