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ABSTRACT

Geophysical methods were employed for the search of 
petroleum in Woodson County, southeast Kansas, during the 
summer and fall of 1981. Methods selected were Radio
metrics, Magnetics, and Electromagnetics because of their 
potential benefit and relatively low cost.

The Cherokee Group of the Pennsylvanian System is the 
zone of interest. Three sandstone zones, the "Squirrel", 
"Cattleman", and "Bartlesville", are very near shore depos
its similar to the east coast of North America. The radio- 
metric survey produced highly radioactive anomalies over 
known production and over one other undrilled portion of 
the prospect. The anomalies were not characteristic of 
those reported in the literature over known petroleum 
deposits. The Magnetic survey had good results producing a 
magnetic high coincident with the radiometric anomaly due 
to expected magnetite in the sandstone bodies. The Electro
magnetic survey also yielded anomalies coincident with 
known production and with the undrilled area where the 
Radiometric and Magnetic anomalies were. An Induced Polari
zation response was expected but not observed. However, the 
data was noisy and not run in a conventional survey array.

It is recommended that Magnetic, Radiometric, and 
Electrical surveys be run over oil prospects in southeast
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Kansas when the target is a Pennsylvanian sandstone deposit 
or a structural high in Mississippian aged rocks.

iv



T-2706

TABLE OF CONTENTS

Page
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iii
Table of Contents .............................  v
List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vii
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  viii

CHAPTER 1
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1
Previous Work ................................  4
Background Information .........................  6

CHAPTER 2
Field Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
Radiometric Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28
Magnetic Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34
Electrical Survey .............................  40

CHAPTER 3
Summary of Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57

CHAPTER 4
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61
References Cited . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63
General References . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64
Appendix A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66
Appendix B . . . . . . . . . . . . . . . . . . . . . . .    86

v



T-2706

Page
Appendix C ........   90
Appendix D ..........   97
Appendix E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117

vi



T-2706

LIST OF FIGURES

Figure Page
1 Tipton Lease Location Map......................... .7
2 Tipton Lease Map............................  8
3 Paleotectonic Map of Kansas........................ 10
4 Stratigraphie Section............  13
5 Topography and Cultural Noise Map.................26
6 Radiometric Data Coverage.......................... 29
7 Radiometric Anomaly Map............................ 32
8 Magnetic Data Coverage. ..............  36
9 Magnetic Profiles..'.................................37
10 Contoured Magnetic Data.................   38
11 Electrical Field Recording Array....................42
12 Geophysical Data Coverage...........  44
13 Electrical-Analog Processing.  .......... 46
14 Electrical-Digital Processing......................47
15 Resistivity Contour Map........    .50
16 Example E-Field................   55
17 Composite Anomaly Map.......................   60

vii



T-2706

ACKNOWLEDGEMENTS

I gratefully acknowledge the help, leadership, and 
assistance that Dr. Charles H. Stoyer provided as my thesis 
advisor. I am also indebted to Dr. George V. Keller for his 
advice, his knowledge, and his ability to predict my 
failures. Dr. Cathrine Skokan also deserves thanks for her 
helpful remarks and her honest, comforting manner.

I am also indebted to the following individuals who 
helped make this thesis possible: Dr. Terrence Young, for 
his friendship and for the way he streamlined my unorgan
ized thoughts; Mr. Ron Hasz, for teaching me many valuable 
things not found in books, for his financial support of the 
project, and for his trust and honesty; Mr. Todd Gilmer, 
for his help with the field work and. for his nonacademic 
perspective on geophysics; Mr. Matt Strever, for his assis
tance in data acquisition and for his continuing support 
and friendship. Dr. Phil Romig for his assistance and 
permission to use the computer facilities; and to the 
Phillips Petroleum Company for providing a fellowship this 
final semester of my schooling.

I am indebted to Patty Roundtree for spending many 
hours typing the thesis, as well as for her support and 
encouragement.

Finally, I would like to express gratitude to my

viii



T-2706

family, too numerous to mention here, for their unending 
love, trust, support, and confidence; and special feelings 
are due my uncle, Jim Roundtree, whose death inspired me 
with the perseverence necessary to complete my academic 
goals.

ix



T-2706 Pg. 1

CHAPTER 1 

INTRODUCTION

Geophysical methods are very important in the search
for petroleum. Every year new developments come about that
make deeper, smaller targets resolvable. There is, however, 
an entire segment of the oil exploration business that does 
not employ geophysical methods. Shallow oil deposits with 
production of less than twenty barrels per day are examples 
of deposits that are typically explored for solely by 
drilling.

During the summer and fall of 1981, geophysical field
work was conducted in southeast Kansas to help find eco
nomic quantities of petroleum. Typical production from 
wells in the area is less than ten barrels of oil per day. 
Depth to the productive zone is 1400 to 1600 feet. The only 
geophysical methods commonly employed are downhole radio- 
metric logs. ^

Reasons for choosing the area for exploration were ; 1)
its known oil bearing potential, 2) rigorous physical and
economic constraints demanding an unconventional geophys
ical approach, 3) the opportunity to use geophysical 
methods not commonly used in oil exploration, as well as 
the opportunity to integrate these methods, and 4) most
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importantly, the company by which I was employed, Hasz 
Energy in Denver, Colorado,had several leases in the area.

Four geophysical methods were chosen based on reported 
successes of the methods in finding indicators associated 
with petroleum while staying within the economic con
straints posed by the size of deposits found in eastern
Kansas. A Radiometric survey was run due to its reported
success at finding radioactive "halos" surrounding oil 
accumulations. The anomalies found in southeast Kansas were 
different from those reported in the literature. A magnetic 
survey yielded an. anomaly interpreted as a Pennsylvanian 
sand channel. A Transient Electromagnetic survey was run to 
determine lateral changes in resistivity at depth. Resis
tivity anomalies found coincide well with known oil produc
tion. Finally, an Induced Polarization survey was run
because of recent reports of chargeability contrasts over 
oil pools. The results from east Kansas yielded no such
contrast. All four methods selected to help find oil accum
ulations stayed within the budget constraints and all but 
one method yielded positive results.

Equipment was provided by the Colorado School of Mines 
Geophysics Department under the specific leadership of Dr. 
Charles H. Stoyer. Hasz Energy provided the use of a scint
illometer as well as salary support for field personnel.
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The petroleum targets were stratigraphie sand channel and 
bar deposits of the Cherokee Group in the Pennsylvanian 
system. Several positive geophysical indicators were ob
tained , but the recent downturn in petroleum prices and 
demand have precluded drilling in the location of the geo
physical anomalies.

A look at previous work in similar areas using similar 
methods is covered, then a brief review of the geology and 
selection of geophysical methods to be used. Finally, 
detailed coverage of fieldwork and interpretation of data 
is presented.
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PREVIOUS WORK

Geophysical methods are not commonly used in southeast 
Kansas except for radioactive downhole logs. Some reflec
tion seismic work has been done, with limited success, but 
southeast Kansas does not have reservoirs with enough oil 
production to warrant the cost of seismic methods. Some 
exploration companies have run "electrical reflection" sur
veys and radiometric surveys, but the results are unpub
lished.

At times there has been great interest in radiometric 
oil exploration methods. At other times, such as the pres
ent, interest has waned. During the 1950’s much was pub
lished about the radiometric method, anomalies over oil 
accumulations, and mechanisms to generate the anomalies. 
Several, but certainly not all of these workers are listed 
in the General References section. There is still no agree
ment on how to emplace radioactive elements near the sur
face. Research is still needed to make the interpretation 
of radiometric data more quantitative.

Magnetic surveys are common in oil exploration, but 
usually for basement control of structures. This is also 
true in Kansas, but the author found no published indica
tions regarding magnetics to detect primary magnetite 
associated with Pennsylvanian sand bars in southeast
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Kansas. Several articles have been published regarding mag
netic anomalies associated with petroleum emplacement. 
These anomalies depend on chemical alteration above the oil 
pool. The alteration can produce deposits of magnetite and 
sulphides.

In the late 1960's a considerable amount of work was 
published on using galvanic electrical surveys to find oil. 
Recently electromagnetic methods have become popular. 
Induced Polarization and Complex Resistivity measurements 
have also been used with some success to find oil. Galvanic 
surveys have been run in eastern Kansas but mostly to find 
large scale structures near the Nemaha Ridge. No published 
reference was found for the use of transient electromag
netic or induced polarization surveys in search of petro
leum in east Kansas. Several references for electrical 
methods to find oil deposits in sedimentary rocks are list
ed in the General References section.

Although most of the methods in this thesis are not 
new, it is hoped that integrating these methods will pro
duce an exploration system that will allow greater insight 
than any single method and that will remain economical for 
use in southeast Kansas petroleum deposits.
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BACKGROUND INFORMATION

Field work was done on the Tipton lease, which covers 
one square mile. The rectangular lease is one half mile 
wide by two miles long, comprising the south half of sec
tions 21 and 22, Township 25 South, Range 14 East, Woodson 
County, Kansas (see Figures 1 and 2). The prospect lies in 
the Batesville oil field about five miles west of Yates 
Center, Kansas. The field work was based out of Yates 
Center. On the prospect, the producing zone is about 1500 
feet deep. The field work started in mid-June and lasted 
through August; however, two other prospects were also sur
veyed, so the data presented here took approximately one 
month to acquire with a three man crew.

GEOLOGY

Kansas lies on the southern extension of the Canadian 
Shield. The geology is common to stable craton type depo
sits with cyclic "layer-cake" geology and very subtle 
structures, with regional dip never exceeding ten degrees. 
Geologic units are moderately thin due to the presence of 
the stable craton during deposition. As Figure 3 shows, the 
area of interest is the Cherokee Basin, particularly
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Figure 1
Tipton lease location map
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Woodson and Greenwood counties. The Cherokee basin is 
bounded on the west by the Nemaha Anticline, a major 
structural feature, and by a more subtle feature to the 
north, the Bourbon Arch, which separates the Forest City 
Basin from the Cherokee Basin. While integrating geologic 
concepts for the area, I found the following quotation from 
Merriam (1963) interesting and sometimes helpful:

Although exploration and exploitation 
have been conducted in eastern Kansas 
for almost a century, and thousands of 
tests have been drilled, surprisingly 
little information is available. More
over, what is available is generally 
incomplete, inaccurate, or unreliable.

The hydrocarbon bearing rocks of interest are Pennsyl
vanian or older. The Permian and Pennsylvanian systems are 
very similar in Kansas, with slightly more elastics in the 
Pennsylvanian. Both systems exibit very near shore cyclic 
sedimentation, as shown by repetition of lithologies with 
intermittent coal beds. The mississippian system is domi- 
inantly limestone, and corresponds to enclosed or restrict
ed basin type deposition.
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STRUCTURAL HISTORY

Although several unconformities are present in Kansas, 
the structural history is quite simple. Any structural 
movements prior to Mississippian time are not very relevant 
for petroleum exploration. During Mississippian time the 
area was a downwarped restricted basin. At the end of the 
Mississippian system a major uplift took place in central 
Kansas. The unconformity at the base of the Pennsylvanian 
is widespread into all states adjoining Kansas.

Pre-Mississippian structural events are difficult to 
discern due to major tectonic activity at the end of 
Mississippian time. Evidence for dating this structural 
event is a change of lithology from a marine environment 
limestone to a near shore clastic deposit. Detritus came 
from the Nemaha uplift on the northwest side of the basin. 
Pennsylvanian sediments lie nonconformably on Precambrian 
basement over the Nemaha anticline. Minor changes in sea 
level during the Pennsyvanian and Permian caused the cyclic 
depositional patterns common to the two systems. These 
deposits are similar to the present day eastern coast of 
North America.

Most of the oil production comes from near shore sand 
bars created by erosion of the uplift to the northwest. The 
northeast trending deposits are generally parallel to the
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paleoshoreline and are broad, gentle sand bar deposits of 
low relief. The northeast trending deposits are thought to 
be interbar channels characterized by narrow, erratic 
deposits called "Shoestring Sands". Evidence suggests a 
link between thickening and thinning in Mississippian rocks 
and the location of these channel sand deposits. However, a 
better correlation occurs between the high percentage 
carbonate regions of the underlying Mississippian rocks and 
the location of the Pennsylvanian sand deposits (Merriam, 
1963). No major structural deformation is present across 
the prospect. For geophysical purposes, the earth can be 
treated as flat lying layers with stratigraphie changes 
within layers.

STRATIGRAPHY

A major stratigraphie break occurs in east Kansas at 
the base of the Pennsylvanian system. This is due to a 
change in the depositional environment after the uplift in 
central Kansas. Pre-Pennsylvanian rocks are thick carbonate 
and very fine grained clastic deposits common to offshore 
deposition. After the uplift at the end of the Mississip
pian system, the depositional environment changed to very
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Figure 4. Stratigraphie section
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near shore deposition. Hence, the Pennsylvaian system is 
characterized by numerous thin beds of alternating lith
ologies. This type of deposition is called cyclic, due to 
the repetitious nature of lithologies and because the num
erous thin beds are caused by slight changes in sea level.

Outcropping rocks in southeast Kansas are Pennsyl
vanian, except for the extreme southeast corner of the 
state, which is Mississippian.

The geologic section presented here (see Figure 4) is 
covered in a cursory manner, with subdivisions of systems 
only to the group level. Due to the cyclic nature of 
sedimentation in the Pennsylvanian, many members are 
present in each group, but the name of these members will 
not be included here. The seven groups present from the
outcrop down to the petroleum bearing zone are ; the
Shawnee, Douglas, Lansing, Kansas City, Pleasanton, Marma- 
ton, and Cherokee Groups. The thicknesses of the groups are
all derived from logs and from the literature (Jewett,
1954).

At the prospect area, the outcropping unit is the 
Oread limestone at the base of the Shawnee Group. The Oread 
limestone unit consists of four limestone members alternat
ing with three shale members. Thickness of the remaining 
Oread limestone is 100 to 200 feet across the prospect due
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to topography. At the base of the Oread limestone of the 
Shawnee Group lies the Douglas Group with familiar cyclic 
layers consisting of three sandstones, three shales, and 
four limestones. The Douglas Group is about 300 feet thick. 
Below the douglas group is the Lansing Group, with five 
limestone and four shale members. The Lansing Group is 
about 360 feet thick. Underlying the Lansing Group is the 
Kansas City Group which consists of fifteen limestones, 
fourteen shales, and three sandstone members. The Kansas 
City Group is about 420 feet thick. Below the Kansas City 
is the Pleasanton Group which is a shale unit with a thin 
limestone member in the middle and a sandstone at the base. 
The Pleasanton is about 120 feet thick. Underlying the 
Pleasanton Group is the Marmaton Group which has four lime
stone members and four shale members, and is about 210 feet 
thick. Below the Marmaton is the Cherokee Group.

The Cherokee Group is the oil bearing zone of inter
est. It is a very near shore zone, as indicated by the 
numerous coal beds. Within the Cherokee are four limestone 
members, a dozen coal beds, and three important sandstone 
members. These three sandstone members have local usage 
names of the "Squirrel Sand", the "Cattleman Sand", and the 
"Bartlesville Sand" from top to bottom. The "Squirrel" and 
"Cattleman" are broad, gentle features usually less than
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fifty feet thick. The "Bartlesville" sand is a narrow 
channel deposit up to one hundred feet thick and is the 
primary oil producer. All three sandstones are oil bearing, 
and are the primary target of my work. The Cherokee Group
is about 330 feet thick.

Below the Pennsylvaian System is the Mississippian 
System, which consists of relatively thick limestone, dolo
mite and shale units of much greater thickness. Structural 
highs are known to produce hydrocarbons from Mississippian 
aged rocks. The next oil producers in the section are the
Arbuckle and Simpson Groups in the Ordivician System. Few
wells have been drilled to or through Mississippian sedi
ments .

GEOPHYSICALLY SIGNIFICANT GEOLOGIC PHENOMENA

Several geologic conditions must be present for dif
ferent geophysical methods to give a response. Fortunately, 
different methods are sensitive to different geologic phen
omena. This chapter indicates which geologic factors will 
pose problems and which will give a detectable response to 
geophysical methods. An understanding of these conditions 
is necessary prior to data collection and interpretation.
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so that methods can be optimized.
Present day dip of the rocks in southeast Kansas is a 

few degrees to the west-northwest. Faults, slumps, and 
solution features exist in the area, but the size of the 
structural disturbance is always very small and so for the 
purpose of geophysics, the geology presents no structural 
problems and can be treated as a plane layered earth. The 
cyclic nature of deposition in the upper and middle Penn
sylvanian is evident, due to many thin beds of repetitious 
lithology sequences. This presents a problem of resolving 
lithologie boundaries by means of a surface geophysical 
method. The surface layer, being the Oread limestone, has 
several thin beds with expected high acoustic impedance 
contrasts, which may present coupling problems for a seis
mic surface method. Galvanic contact, however, is quite 
good due to the conductive surface layer.

The prospect, which is one square mile in area, has 
about one hundred feet of vertical relief. The area has 
been drilled since the early 1920's, and has many cased 
drill holes which can cause problems for geophysical sur
veys. Also, for radiometric surveys, contamination in the 
form of crude oil spills, artificial fertilizers, and dif
ferent road surfaces can distort the data with noise.

As a result of these conditions, each method used must
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be carefully evaluated prior to field work and must be 
monitored during data acquisition. In the interpretation 
phase, any anomaly patterns must be cross correlated with 
things like drill hole locations, roads, topography, cul
tivated land, power lines, etc. By carefully evaluating 
geologic and other conditions that affect geophysics, one 
can remove many spurious results otherwise interpretted as 
anomalies.

As mentioned above, the known producers in the area 
are the "Squirrel", "Cattleman", and "Bartlesville" sand
stones of the Cherokee Group in the Pennsylvanian System. 
These sandstones can appear in three, different deposits ; 
channel, lense, and sheetlike deposits. All of these are 
common to near shore or deltaic deposition. In Greenwood 
and Woodson counties, the "Squirrel" and "Cattleman" usu
ally appear as broad, low-relief lenses, whereas the 
"Bartlesville" is usually a channel deposit of greater 
thickness but much smaller area than the other deposits. 
Most of the economic production in the area comes from the 
"Bartlesville", although hydrocarbons are often found in 
the two other zones.

These three sandstones have many distinguishing char
acteristics, some commonplace and others unique. First of 
all, the sandstones are shale encased, allowing the primary
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migration of petroleum to take place. All of the porous 
zones are fluid saturated and permeable. The average size 
of the sand bodies is ten to fifty feet thick and a few 
hundred feet to a half mile across. The origin of detritus 
for the sandstone is the Nemaha uplift to the northwest. 
Very high magnetite content in the sandstones indicates 
that the rocks being eroded on the uplift were high in 
magnetite (Mem*am, 1963). Mississippian structures seem to 
parallel Precambrian basement structures; however, the 
issue of whether Pennsylvanian sand bar locations are rela
ted to Mississippian structures is not settled.

Of the above physical characteristics of sand bodies 
within the Cherokee Group, the high magnetite content cer
tainly makes a magnetic survey of interest in the search 
for the sand bodies. Also, the presence of a porous, fluid 
satuated reservoir makes possible a resistivity anomaly. 
The change in lithology from shale to sandstone also indi
cates a possible acoustic impedance contrast. The presence 
of radioactive elements in most hydrocarbons indicates that 
a radioactivity survey is warranted to detect the presence 
of the hydrocarbons. Finally, sand bodies in a flat layered 
geologic sequence may have a detectable density contrast. 
The analysis and utility of each of these geophysical meth
ods will be discussed in detail later.
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ECONOMICS

The shallow depth and other distinguishing physical 
properties of the oil bearing rocks would indicate that an 
exploration program incorporating geophysics would be wise; 
however, this is historically not true. Only recently have 
several geophysical methods attained the ability to resolve 
such subtle targets. Along with increased complexity and 
sophistication has come increased cost. Economics plays an 
important role in all oil exploration, but in southeast 
Kansas the economics severly constrain the geophysical 
methods used, as well as constraining the field procedures 
involved in data acquisition. With the exception of down- 
hole techniques, geophysical methods are not commonly used 
among oil explorationists in southeast Kansas.

Several factors contribute to the lack of geophysical 
exploration in southeast Kansas. Low production, shallow 
drilling depths, small leases, and high wildcat success 
ratios have deterred the use of geophysics. The wildcat 
success ratio in southeast Kansas is about one in three 
(Hasz, personal communication, 1981) without geophysics, 
which is twice the industry standard using geophysics. The 
problem in southeast Kansas is that a well producing one 
hundred barrels of oil per day is quite uncommon and the 
average well produces about seven barrels per day. The
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recent downturn in oil prices has rendered many of these 
marginal "stripper" wells uneconomic. The reason for incor
porating geophysics in southeast Kansas exploration is to 
increase the wildcat ratio to about one in two, but more 
importantly, to find the higher production areas.

Average drilling costs in the area are about six dol
lars per foot, so dry hole costs run about ten thousand 
dollars. Completion costs will add another thirty to forty 
thousand dollars. If a hole is logged, it is usually 
limited to radioactive logs. With the high water satura
tions and very gentle structures encountered there are 
often problems with water in the wells. Secondary flooding 
techniques are common in the larger bars and channels. Some 
tertiary recovery projects have also been undertaken, using 
everything including fireflood techniques.

FEASIBLE GEOPHYSICAL METHODS

Because of the physical and economic constraints, it 
was necessary to evaluate the utility and effectiveness of 
several geophysical methods. Once the promising geophysical 
methods were selected, a search for available instrumenta
tion was made.
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Seismic methods, both reflection and refraction, were 
unsuitable for use in the survey area for several reasons ; 
1) the small area to be surveyed renders seismic crew 
mobilization costs prohibitavely expensive, 2) the dimen
sions of the sand bodies are virtually at the limit of 
seismic resolving capabilities, and would require nonrou
tine field procedures and instrumentation, 3) the many thin 
layers of alternating limestones and shales would make 
energy penetration quite difficult. For these reasons, the 
seismic method was ruled out for use in finding Cherokee 
sand deposits.

A gravimetric survey was also ruled out because Missi
ssippian and Precambrian structures are not well known and 
any small perturbation in subsurface structure could total
ly overwhelm the effect of the sand body.

A magnetic survey was conducted for several reasons : 
1) the low cost of survey data, 2) the reported high magne
tite content in Pennsylvanian sand deposits, and 3) the 
reported existence of magnetic anomalies associated with 
petroleum accumulations (Campbell, 1979). Some special 
considerations were to have a high spatial sampling rate 
along profile lines and, in the interpretation of the data, 
to expect anomalous shapes due to the remanent component 
associated with sedimentary deposition of magnetite grains.
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Electrical methods were determined to be the best. 
Transient Electrmagnetics was the method with which the 
most time was spent and possibly from which the most fruit
ful data were obtained. The method was chosen for several 
reasons: 1) the equipment was available, 2) the transient 
method has very good resolving capabilities as well as good 
random noise rejection via stacking the data, and 3) the 
flexibility of the system. Its very limited use in oil 
exploration at the time put the project at the forefront of 
technology. Problems with the transient method were: high 
geologic noise associated with very conductive overburden, 
and poor coherent noise rejection due to the broad band 
recording system.

Initially Induced Polarization seemed to be the most 
powerful electrical method for oil exploration. However, 
after the results of the IP survey were obtained, the data 
did not contain all the information hoped for. The litera- 
has purported IP anomalies related to hydrocarbon deposits 
(Snyder, 1981 ) and I hoped to confirm the responses report
ed in the literature, but the results were not positive. 
Problems encountered during data acquisition may have 
caused the poor results.

A Magnetotelluric survey was not conducted, due to the 
unavailability of equipment and the poor resolving capabil
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ities for the dimensions of the sand bodies.
A Radiometric survey was conducted over ttie prospect 

because of the low survey cost and because of the anomaly 
patterns associated with hydrocarbon deposits reported in 
the literature (Sikka, 1962). A spectrographic survey would 
have been preferable, but the only equipment available was 
a total count scintillometer, which was used instead. 
Expected problems with the radiometric survey were the 
general lack of scientific basis for the existence of 
empirical anomalies.

To summarize, seismic was prohibitively expensive. 
Gravity, magnetotellurics, and seismic did not have 
sufficient resolution for the problem, or simply would not 
have a perceptable response associated with the Cherokee 
sandstones. The electrical methods were the mainstream 
exploration tool, but magnetics and radiometrics were done 
because of low cost and successes reported in the litera
ture.

*
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CHAPTER 2 

FIELD WORK *

Field work was done on the Tipton prospect, which en
compasses an area of one square mile (see Figure 2). The 
prospect is the south half of sections 21 and 22, Township 
25 South, Range 14 East, Woodson County, Kansas. The pros
pect lies in the Batesville oil field, which lies on the 
north edge of the Quincy oil field (Jewett, 1954). The 
Quincy oil pool is a large Bartlesville shoestring sand 
deposit. It trends northwest-southeast through Greenwood 
county into Woodson county. The Batesville oil field is 
probably an associated deposit with scattered production 
mainly in the Squirrel and Cattleman zones.

In the 1920's and 1930's the area was drilled for gas 
with some oil production. Today very few gas caps are found 
which introduces problems in production due to the reduced 
reservoir pressures, and also changes the expected resis
tivity model somewhat. There are two producing wells on 
the prospect in the south half of the southwest quarter of 
section 21. Production from these wells is between five and 
ten barrels of oil per day. There are two injection wells 
in the north half of the southeast quarter of section 21. 
Another well was drilled in the fall of 1981 on a geologic
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target in the northeast quarter of the southwest quarter of 
section 22 (see Figure 5). Intermittent production coupled 
with completion problems have plagued this well.

The prospect is relatively flat, with the exception of 
two hills in the southwest quarter of section 22. Vertical 
relief of the hills is about 100 feet. The area is mostly 
covered with tall grass, except for a cultivated bean field 
in the southeast quarter of section 22 and a corn field in 
the southwest quarter of section 22 and southeast quarter 
of section 21. Gravel roads run along all section lines 
bordering the prospect. Power and telephone lines run along 
most roads. Dwellings are located in the northwest corner 
of the southwest quarter of section 22. A lake is located 
due south of the southwest quarter of section 22, with its 
output drainage trending westerly across the south half of 
section 21. There are several other small ponds on the 
prospect (see Figure 5).

During the summer of 1981, when most of the data was 
collected, the humidity was is the high nineties and the 
temperature was usually over one hundred degrees. These 
conditions, as well as high electromagnetic noise levels 
during the day,caused the data collection to be done at 
night. This slowed production somewhat, but resulted in 
higher data quality which later proved to be marginal any
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way. The first data collected in the area was from the 
radiometric survey. During the rest of the summer, tran

sient electromagnetic data were taken on the Tipton pros
pect as well as on other prospects in southeast Kansas. In 
the late fall, a magnetic survey was run over the prospect, 
concluding the data acquisition over the prospect.

RADIOMETRIC SURVEY

The radiometric survey was run with a Royal scintil
lometer provided by Hasz Energy, Denver, Co. Approximately 
eight miles of carborne scintillometer data were collected 
on the prospect (see Figure 6). The crystal detector of the 
instrument was fitted with a two-pi lead shield to reduce 
above-ground noise sources. Sample interval between data 
points was approximately 260 feet. Values taken on differ
ent road bases were corrected to a datum removing the 
effects of different roadway materials.

Much empirical success has been reported in the liter
ature on finding petroleum deposits with radiometric sur
veys (Sikka, 1962). The mechanism by which these anomalies 
are produced is still a hotly debated issue. The intent 
here is not to propose a new mechanism, but only to invest-
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igate those in the literature and apply the predictions to 
the data set collected in southeast Kansas.

The background of radiometric surveys started with 
surface evidence of reservoirs at depth. Initially this was 
as simple as looking for oil seeps. Soon all the oil seeps 
were discovered, and workers found high concentrations of 
hydrocarbon gases over oil fields. This soon led to radio- 
metric surveys, which were much faster and more economical. 
Several workers have reported "halos" of high radioactivity 
surrounding oil fields. The radioactive anomalies are due 
to radioactive elements at or near the reservoir being 
transported to the surface.

Classical theory postulated the continual upward move
ment of radon gas. This theory had problems with the verti
cal migration of the gas because the maximum permeability 
path was never exactly vertical. Also, the primary radio
active source in sedimentary rocks is potassium-40.

The second mechanism for radioactive elements emplaced 
near the surface depends on the upward migration of natural 
gas from the reservoir. This upward movement of gas causes 
the displacement of ground waters to the surface. After the

ygas has essentially boiled off the ground waters, capillary 
attraction causes upward movement of water in or near the 
reservoir, wliich contains soluble radioactive elements.
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When the waters reach the surface they evaporate, leaving 
the radioactive residue to accumulate in the near surface 
(Merritt, 1952).

Some interesting work was done by Miller (1958) in 
which samples of gas were taken along traverse lines over 
known oil fields and the samples were analyzed for molec
ular content. Surprisingly, methane is most common directly 
over the petroleum deposit. Ethane and higher hydrocarbons 
were most common in halo patterns about the edges of the 
field. The oil water interface is where soluble radioactive 
elements from the oil dissolve in the water. Hence the 
radioactive anomalies emanate around the edges of the oil 
field. In lieu of these principles, if the oil deposit is 
the only source of gas, then, depending on what predominant 
molecule makes up most of the gas, a radioactive anomaly
should be present overlying a petroleum deposit. On this 
basis, a radioactive anomaly was expected over the known
producing area of the prospect.

The data collected was corrected for any man-made 
deposits such as road beds and was then convolved with a 
digital smoothing filter with coefficients of .05, .25, .4, 
.25, .05. The data were then converted to percent anomaly
based on the maximum difference in millirad per hour values 
across the prospect. The data were then plotted in profiles
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and contoured (see Figure 7). As seen in the data, radio
active highs are present overlying the known production as 
well as an area in the southeast corner of section 22. It 
will be shown later that the anomaly in the southeast cor
ner of the prospect is coincident with a magnetic high and 
a high conductivity region at depth.

The presence of a radiometric high directly over the 
producing area, instead of a halo around the production, 
indicates that methane was the primary gas migrating up
ward. However, petroleum is known to have many gases and on 
this basis alone, the anomaly is unexplained. As mentioned 
earlier, the reservoirs in the area were largely degassed 
in the 1920's and 1930's, which would certainly allow 
enough time for rainfall to dissolve the radioactive ele
ments, deposited prior to 1920, to be removed and trans
ported elsewhere. On this premise, no radioactive anomaly 
should exist. The Cherokee Group has several coal beds, and 
these coal beds produce moderate amounts of methane. Per
haps methane gas migration takes place all over the pros
pect and is responsible for the transport of radioactive 
elements associated with the petroleum accumulation. Where 
there is no oil, the methane migration continues but does 
not cause any radioactive elements to migrate to the sur
face.
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The results of the radiometric survey are qualitative, 
but do seem to indicate high radioactivity areas possibly 
associated with petroleum accumulations. The cost of the 
radiometric survey was quite low and should be run on all 
prospects if only to amass a large data base so that 
responses can be empirically determined for a specific oil 
province. Much work needs to be done on this fast, inexpen
sive, but potentially powerful geophysical method. Regard
ing the equipment used, a spectrometer would yield data 
that would be much easier to interpret and probably aid in 
deciphering the mechanism by which radioactive elements are 
being transported.

MAGNETIC SURVEY

The November 1981 magnetic survey consisting of four 
east-west lines across the prospect and four north-south 
lines in section 22 (see Figure 8). Unfortunately, data 
could not be collected on adjoining property, and the mag
netic anomaly found does not return to background level at 
the Tipton lease boundary. Ten miles of magnetic data were 
taken at a spatial sampling interval of thirty feet. The 
instrument used was a McPhar, one gamma sensitivity, proton
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precession magnetometer provided by the Colorado School of 
Mines Geophysics Department under the authorization of Dr. 
Maurice Major. The data were corrected for linear drift, 
then convolved with a five point digital smoothing filter 
with coefficients of .1, .2, .4, .2, .1, and plotted in
profiles as well as contoured (see Figures 9 and 10).

The data quality is very good with very little drift 
during acquisition and good tie points where lines cross. 
Known sources of error were edited from the data set and 
usually occurred at fences, metal buildings, cased drill 
holes, power lines, and trash piles. The data set is rela
tively flat, with a plateau in the southeast corner of sec
tion 22. Depth to the causative body is difficult estimate 
because the data set is limited to the boundaries of the 
lease, and the data values do not get down to a background 
level. Hence a depth was estimated using a half width ap
proach and finding the width of the anomaly by doubling the 
distance from peak to background. This estimated depth to 
the body is within the zone of interest for petroleum.

Another problem is that the profiles do not show a 
negative lobe associated with the peak, which is explained 
by the expected presence of a remanent component of the 
magnetic field due to sedimentary deposition of the magne
tite grains. Unfortunately, no quantitative measurements of
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SEC. 21 SEC. 22

SCALE 1 2 5 .3 * 4 B

MAGNETIC PROFILE A A'

MAGNETIC PROFILE B B*

*0  GAMMAS 
<B

Figure 9. Magnetic profiles
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moment orientation or susceptibility values are available. 
However, the literature reports up to eight percent magne
tite by weight in Pennsylvanian and Permian sandstones in 
east Kansas (Mem*am, 1963).

With the problems of anomaly width and uncharacteris
tic shape pushed aside, one can see from the data set (see 
Figure 7) that a definite anomaly exists in the southeast 
quarter of section 22. If we assume that the anomaly is 
symmetrical, a depth estimate of about 1200 feet puts the 
magnetic body near the top of the Cherokee Group. If indeed 
the anomaly seen in the southeast corner of the prospect 
indicates Cherokee sand deposits, then why is not a similar 
anomaly seen in the south half of the southwest quarter of 
section 21? There may well be a similar anomaly there but 
the data collected over the area was extremely erratic, in
dicating many near surface magnetic sources of noise.

Such was the case; there lies a trash dump with many 
rusted tin cans, four large storage tanks, two cased wells 
with electric pump jacks on them, .and numerous pieces of 
iron and wire laying around. Even after smoothing the data 
it was useless, due to 1000 gamma spikes over distances of 
100 feet.

Magnetic anomalies may also indicate oil bearing Mis
sissippian rocks. Precambrian basement structural highs are
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often associated with Mississippian structural highs, due 
to post Mississippian structural movement. These Mississip
pian highs are often oil bearing and hence the magnetics, 
by finding the basement highs, would be useful in finding 
petroleum accumulations in Mississippian rocks as well.

In conclusion, the results of the survey were quite 
positve, and magnetics should probably be run over all 
prospects in southeast Kansas due to the potential of find
ing Pennsylvanian sand deposits and the low cost of running 
such a survey. The results on the Tipton prospect showed a 
magnetic high consistent with a radiometric high in the 
southeast corner of the prospect. This could not be related 
to the known production on the prospect though, because the 
data over the known production were too noisy. It is 
unfortunate that more data were not collected, especially 
off the prospect, but that is a common problem in the 
interpretation of all geophysical methods.

ELECTRICAL SURVEY

Eighty percent of the field time was used taking elec
trical data on the Tipton prospect as well as other pros
pects in southeast Kansas. The electrical survey was run
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using the TDEM (time domain electromagnetics) truck provid
ed by the Colorado School of Mines Geophysics Department 
under the authorization and guidance of Dr. Charles H. 
Stoyer. The system is quite advanced and is very flexible. 
The field configuration used was two orthogonal grounded 
wire dipoles with a fixed transmitter location. The receiv
er was then moved to various locations on the prospect and 
data were collected at those points. Data collected were 
the electromagnetic force (EMF) from the time varying vert
ical magnetic field, and the voltage from four orthogonal 
dipoles with a common centerpoint (see Figure 11).

The transmitter consists of a twenty five kilowatt 
generator producing 220 volt, three phase power, which is 
then switched on and off with Cutler Hammer switches, which 
can then be boosted through a transformer to 440 or 880 
volts, and finally rectified. The output of the transmitter 
is a square wave with no dead time. The frequency of the 
square wave is controlled with a synchronized clock ident
ical to the one in the receiver. On the Tipton lease, peak- 
to-peak currents were about 100 amperes. The dipole length 
was 200 meters for both dipoles.

The receiver is mounted in a Ford van and controlled 
by a digital MINC-11 computer. The source of the magnetic 
field EMF is a twenty six turn loop with an equivalent area
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RECORDING
TRUCK

PREAMP
DIPOLE EDIPOLE W

^ L O O P  FOR MEASURING 
VERTICAL MAGNETIC FIELD

Figure 11. Electrical field recording array
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of 149,000 square meters. The source of the electric field 
potential was a fifty meter long wire with porous pot coup
ling to the earth.
Four potentials were recorded in the north, south, east, 
and west directions from the center point. Each voltage 
measured went into a preamplifier with gain control, 60 
hertz notch filter, and spontaneous potential bucking. The 
signal was then run down a 100 meter length of shielded 
cable to the recording truck. It was then fed into another 
gain change amplifier and low pass filtered. Then it was 
digitized with a twelve bit A/D converter, sent to a stor
age oscilloscope and put in the operators control. From 
there the operator has capabilities to continue stacking 
the transients, take only selected transients, or let the 
computer set a coherence window to accept only certain 
transients.

Nine sets of data were taken at each point: four elec
trical transients from dipole one, four electrical tran
sients from dipole two, and one magnetic transient from one 
of the dipoles depending on source-receiver orientation. 
The field procedure was to record five transients from one 
dipole and then record the remaining four transients after 
switching to the other transmitter dipole. Nineteen sta
tions were occupied on the prospect (see Figure 12).
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Results expected from the electromagnetic survey were 
to find a high resistivty area occupied by the hydrocar
bons, as well as a reduced resistivity overburden overlying 
the oil pool (Snyder, 1981). The transient electric field 
was expected to show some very long, slow decays overlying 
the petroleum accumulation, indicating a large chargeabil- 
ity contrast due to postulated sulphides overlying an oil 
pool (Snyder, 1981).

The digital processing of the data was very powerful 
and flexible in getting the data into an interpretable 
form. The computer system has many available options, of 
which the following is only a typical processing sequence. 
Two analog inputs are fed into the digital processing 
sequence, one is the recorded transient, and the other is 
the step response of the system (filters etc.). Ideally one 
wants the impulse response of the system, but physically 
producing an impulse is difficult, so a step function is 
fed into the system and the recorded response is differ
entiated, producing the impulse response. The impulse is 
then deconvolved with the recorded data, and theoretically 
the data are free of influence from the system.

Other preliminary operations performed on the data 
are : low pass filtering, smoothing, windowing the useful 
portion of the transient, and finally computing the early
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PREAMP

SIGNAL
INPUT

RECEIVER TRUCK

OUTPUT

NOTCH
FILTER

COMPUTER
CONTROL

COMPUTER

LOW PASS 
FILTER

S. P.
BUCKING

CONVERTER

STORAGE
OSCILLOSCOPE

GAIN CHANGE 
AMPLIFIER

GAIN CHANGE 
AMPLIFIER

GAIN CHANGE 
AMPLIFIER

Figure 13. Analog processing sequence
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INPUT
MODEL

DISK
STORAGE

WINDOW
TRANSIENT

EDIT
DATA
SET

DECONVOLVE
SYSTEM

RESPONSE
DIFFERENTIATE 
STEP RESPONSE

WINDOW 
SYSTEM RESPONSE

COMPUTE
APPARENT

RESISTIVITY

INVERT TO 
GEOELECTRIC 

SECTION

NOTCH, HIGH PASS.
LOW PASS, OR 

HANNING FILTER

Figure 14. Digital processing sequence
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and late time apparent resistivity versus time plots. All 
of these manipulations are performed by the program called 
TDEM created by Dr. Charles H. Stoyer. Diagrams of the 
analog and digital portions of the Colorado School of Mines 
TDEM recording system are provided in Figures 13 and 14 
respectively.

Another of Dr. Stoyer's programs called SATI (semi
automatic transient inversion) will perform one dimensional 
inversion given an apparent resistivity versus time plot 
and a first guess geoelectric section model. All of the 
curves on the prospect were inverted via this program, and 
several interpretation schemes were used to present the 
output of the SATI program. Of the methods used to present 
the data, the procedure that yielded the best results was 
to use a model with fixed thicknesses of layers and opti
mize the resistivity of those layers. Then a contour map 
showing lateral changes in resistivity was made for the 
layers in the geoelectric section. The thicknesses were 
chosen to match known lithologie boundaries.

The resistivity contour map for the interval corres
ponding to the Cherokee Group is shown in Figure 15. As 
seen in the figure, there are two regions of high conduct
ivity at the depth of the suspected oil producer. The high
est conductivity region corresponds with the radiometric
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and magnetic anomalies. The other region corresponds with 
the known producing area. The correlation of anomalies with 
petroleum production was good, except that the producing 
areas were expected to have a high resistivity instead of a 
high conductivity, due to the emplacement of resistive 
hydrocarbons.

The increase in pore space in the sandstones relative 
to the encasing shales and overlying carbonates allows much 
more fluid to be present. The Cherokee Group, like almost 
all oil producing formations, is below the water table, and 
the waters at a depth of 500 feet or more are saline. Water 
has a greater capillary attraction to a sand grain than 
does oil, and hence even in an oil saturated reservoir, 
with very few exceptions, at least ten percent of the pore 
volume will be filled with saline pellical waters (Baars, 
personal communication, 1982). The important thing is that 
the .water is spread across each grain surface, and hence 
provides a continuous current path across the reservoir.

A high resistivity anomaly would be present if the 
hydrocarbons were present in the form of gases, for they 
would totally displace the pellical waters. As mentioned 
earlier, the gas caps were bled off in the 19201s and 301s, 
so now the reservoir fluid is almost totally liquid. With a 
saline water film to provide a current path, one would
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expect a high conductivity anomaly over the producing area 
in the absence of a gas cap (Keller, personal communica
tion, 1982). The interpretation of the transient magnetic 
field yielded a large, high conductivity region superim
posed on the magnetic anomaly in the southeast corner of 
section 22, indicating a porous sandstone providing a good 
current path across it. The producing area also had a simi
lar anomaly, but with a smaller conductivity contrast.

The results of the transient magnetic field survey 
were quite good; the survey was probably the most defini
tive of the geophysical methods used. It was also by far 
the most expensive survey to run, due to high noise levels 
that rendered many nights of recording useless. Even with 
large currents and small offsets, the noise would start and 
the data would be overwhelmed. Limitations on the system, 
then, are its capability to remove or reject noise of all 
types, its expense to run in the field, and the much more 
difficult processing and interpretation procedure involved. 
Even though the system may be able to find porous sand bars 
at depth, just like magnetics, transient EM data can not 
tell if there is oil in the rock. Overall the transient EM 
data provded the best indicator for finding the Cherokee 
sand deposits.

The transient electric field was measured at each
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station as described above. Four components of the electric 
field were measured so that the first and second vertical 
derivatives of the electrical field with depth could be 
computed. The reason for the two orthogonal current dipoles 
was twofold: 1) the entire prospect could be surveyed with
out getting on line with a dipole while measuring the vert
ical component of the transient magnetic field and, 2) the 
electric dipoles could be mathematically rotated to get the 
maximum and minimum values of the resistivity ellipse 
(Doicin, 1976).

In recording the decay of the electric field, the dir
ect current value prior to the decay is also recorded. The 
direct current survey did not prove to be very useful, be
cause with only nineteen data points, each at a different 
distance from the source, an adequate resistivity map could 
not be generated for the zone of interest. The averaging of 
the resistivity between source and receiver, common to DC 
surveys, reduced resolution to an unacceptable level. DC 
surveys would be potentially useful if soundings were made 
or if profiling was done at several a-spacings. The bene
fits of using a DC survey in the area are: 1) low data
acquisition cost and simple instrumentation required, 2) 
very good galvanic contact to the ground, 3) mathematical 
ease in data manipulation and interpretation, and 4) the
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very high sensitivity of DC surveys to a very conductive 
layer at depth.

As stated earlier, four components of the electric 
field were measured such that derivatives of the vertical 
electric field could be computed. Unfortunately, the noise 
levels so high and the dipole lengths so short (50 meters) 
that, instead of computing a derivative, the summing of the 
transient decays left the value of the derivative far sub
dued by the noise level. No consistent results could be ob
tained for the derivative, but all was not lost. Often one 
dipole would be very noisy and its conjugate dipole could 
be inverted and used because they were quite similar, with 
only a 50 meter dipole length.

The primary goal of recording the transient E-field 
was to get the induced polarization response. Recent suc
cess has been claimed in the literature for finding hydro
carbons with induced polarization or complex resistivity 
measurements (Snyder, 1981). Hence, the expected result was 
to find a rise in the voltage at some time after the EM 
effects subsided (Bode, personal communication, 1981). This 
bump in the transient would be attributed to a chargeabil- 
ity phenomenon. The IP response is caused by a "sulphide 
plume" above the oil accumulation. Certainly most crude 
oils contain some sulpher and, if this sulpher can be re
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moved and transported upward into reducing conditions, the 
sulphides can and do form.

California, West Texas, and the Rocky Mountains are 
regions where high sulpher oils are common (Levorsen, 
1954). These areas are also relatively arid compared to 
east Kansas. Figure 16 illustrates a typical transient 
E-field from the prospect. As seen from the decay, there is 
no indication of an induced polarization response. The 
justification for no IP response is that the oil is rela
tively low sulpher in the first place, and if a "sulphide 
plume" was ever present, the high rate of rainfall has 
moved enough oxygen rich groundwater to oxidize those sul
phides deposited.

Processing of the transient E-field data included 
smoothing the decay using the smoothing filter in the TDEM 
program. Then the curve was integrated, and the values of 
the integrations over different windows for all components 
of the E-field were plotted at the station locations. The 
results, again, were dominated by noise, and did not cor
relate to the other anomalies. This is due to the very 
small or nonexistent IP response. Instrumentation and field 
procedures were not optimum however, which could partially 
explain the poor results.

The preamplifiers used were the same as those used to
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record the transient magnetic field? however, the source 
impedance of the loop was much lower than that of the gal
vanic contact to the ground, which caused common mode and 
isolation problems. Results of the survey were degraded by 
all of the above problems, and I feel that these problems 
must be eliminated before there can be any analytic or 
scientific predictions about such a new and difficult prob
lem. Recommendations for the future are: 1) Stick with a 
conventional array so that the results can be compared to 
those of other workers in the field, and so there will be 
one less variable parameter and, 2) In galvanic surveys the 
input impedance of the preamplifier must be quite high and 
preferably isolated, to prevent common mode voltage prob
lems .
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CHAPTER 3 

SUMMARY OF RESULTS

The radiometric survey was fast and easy to run, but 
the anomaly pattern associated with known petroleum produc
tion was uncharacteristic. The literature reports finding 
radiation "halos" or high radioactivity regions surrounding 
an oil pool. The radiometric anomaly on the Tipton prospect 
is a high radioactivity level directly over the petroleum 
with no apparent halos. This is explained by the following: 
1) the reservoirs have been degassed, 2) methane produced 
from coal beds is probably the primary source of gas to 
cause radioactive elements to migrate to the surface, and 
3) high rates of rainfall and groundwater movement have 
caused any "halos" present prior to 1920 to be dissolved 
and transported away.

Due to the low cost, ease of acquisition and inter
pretation , and the potential benefits of this powerful 
geophysical method, a radiometric survey is recommended on 
all petroleum prospects in southeast Kansas.

The magnetic survey was economical, fast, easy to 
interpret, and yielded very significant results. The pres
ence of magnetite in Pennsylvanian sand channel deposits is 
truely a blessing to the oil explorationist in southeast
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Kansas. Problems encountered with the magnetic survey were: 
1) an incomplete data set, 2) no knowledge about the mag
netic susceptibility of the Cherokee sandstone deposits, 
and 3) no information about the magnitude or direction of 
the suspected remanent component.

Although the magnetic survey was not free of problems, 
it did indicate a sandstone deposit in the southeast corner 
of section 22 where other anomalies also coincide. A mag
netic survey should be run over all prospects in' southeast 
Kansas where the target is a Pennsylvanian sandstone or a 
structural upwarp in the Mississippian aged rocks.

The electrical survey was quite complicated and costly 
but yielded the most definitive results. The vertical com
ponent of the magnetic field was recorded, processed, and 
inverted to give a geoelectric section. A contour map of 
resistivity was generated at the depth coinciding with the 
Cherokee Group sandstones. Two anomalies appear from the 
map, one low resistivity section where oil is currently 
being produced and the other in the same location as the 
radiometric and magnetic anomalies in the southeast corner 
of section 22. The transient E-field was expected to yield 
a large IP response over the oil field because of sulphide 
deposits reported in the literature over such oil pools. 
Very little or no IP response was seen in the survey.
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Several things could have caused this lack of an IP respon
se : 1) a lack of sulphides deposited over the oil pool or
the oxidation of them after they were deposited, 2) noise 
levels greater than the IP response, or 3) unconventional 
survey procedure.

A composite map of the three data sets, radiometrics, 
magnetics, and electromagnetics, that yielded consistent 
anomalies, is shown in Figure 17. The data is viewed from 
the north looking south for purposes of illustration. The 
electrical data were plotted as conductivity so that all 
anomalies will be consistent. The two producing wells are 
shown in the right hand corner of the plots. The proposed 
drill hole location is shown on the left side of the plot. 
As seen from the data the oil producing regions have high 
radioactivity, high magnetic fields and, high conductivity.
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Figure 17. Composite anomaly map 
view looking south for illustration
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CHAPTER 4 

CONCLUSION

Geophysical methods are useful for oil exploration in 
southeast Kansas. Methods and field procedures must be un
conventional and closely monitored to be economically 
feasible.

Resistivity, magnetic, and possibly radiometric anom
alies indicate the presence of Pennsylvanian sandstone de
posits. The data acquisition, processing and interpretation 
of both the radiometric and magnetic surveys is easy and 
inexpensive. The electrical survey data are more complex 
and expensive to process but provide the best tool to find 
porous conductive zones associated with oil reservoirs.

Induced Polarization phenomena reported in the litera
ture was not present in the data collected. Several prob
lems existed in methodology, instrumentation, and noise 
reduction? hence, it is not claimed than sulphides do not 
exist above oil pools but only that their effect is not 
seen in southeast Kansas. High groundwater flow rates may 
have oxidized any suphides deposited above the oil pools.

Due to the limited scope of this project the work 
presented here by no means exhausts the topic or even this 
data set. Multidimensional inversion of the EM data would
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surely produce more information. The other data sets could 
too have been investigated more thoroughly but the limits 
of time and funding have only advanced the project to its 
present state. However, significant results were obtained.

A memo was prepared for Hasz Energy recommending a 
drill site in the southeast corner of section 22, T25S, 
R14E, Woodson County, Kansas. The downturn in petroleum 
prices have delayed the drilling of the anomalies on the 
prospect, so no field check of the interpretation has been 
made to date.

Due to the lack of geophysical data in southeast 
Kansas, it is recommended that a radiometric and magnetic 
survey be run over all petroleum prospects in the area. An 
electrical survey should also be run if equipment and 
qualified personnel are available to acquire, process, and 
interpret the data.
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APPENDIX A

Contained within are displays of all raw electrical field 
decays. The curves are plotted voltage versus time. All 
curves are one second in length. The curves are title as 
follows :

Tnnnxxyz

where T = Tipton Prospect
nnn = number of station occupied
xx = AA or ÀB depending on source orientation
y = E for electrical field
z = N, S, E, or W for orientation of receiv

ing dipole.
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APPENDIX B

Contained within are displays of all the raw magnetic field 
transient decays. The curves are plotted EMF versus time. 
All curves are exactly one second in length. The curves are 
titled as follows :

Tnnnxxyy

where T = Tipton Prospect
nnn = number of station occupied
xx = AA or AB depending on source orientation
yy = HZ for vertical component of the magnetic 

field
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APPENDIX C

Contained within are displays of the step and impulse res
ponse of the three low pass analog filter settings used in 
data acquisition. LP4 was rarely used and only in very 
noisy conditions. Curves are plotted voltage versus time. 
All curves are one second in length. Curves are titled as 
follows :

RAWLPn

where n = number of low pass filter setting 
and RAWLP is the step response

or LPn
where n = number of low pass filter setting 

and LP is the impulse response
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APPENDIX D

Contained within are plots of apparent resistivity versus 
time. The curves are represented as early and late time 
plots where the upper curve is the late time and the lower 
curves is the early time resistivity. The plots are titled 
as follows :

Tnnnxxyy

where T = Tipton Prospect
nnn = station number occupied
xx = AA or AB depending on source orientation
yy = HZ for the vertical component of the 

magnetic field
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APPENDIX E

Contained within are the results of inverting the transient 
magnetic field data to a resistivity versus depth section. 
Three and four layer inversions were done as shown.

RI, R2, R3, and R4 are the resistivities of the first, second, 
third, and fourth layers respectively.

HI, H2, and H3 are the thicknesses in meters of the first, 
second, and third layers respectively.

The error between the model and the actual data is also given 
in percent.
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