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PREFACE

During recent years, personnel of the Kansas Geological Sur-
vey engaged in geophysical studies have become increasingly
aware of the paucity of literature concerning geophysical work
in Kansas. Decision was made, therefore, to assemble a group of
papers dealing with geophysics and geophysical exploration in
Kansas for publication as a special volume, to be entitled Sym-
posium on Geophysics in Kansas. This volume would have special
significance also in commemorating the activities of the Interna-
tional Geophysical Year.

In marked departure from previous publication policy of the
Geological Survey, papers were solicited from individuals, in-
dustries, and governmental agencies known to have participated
in geophysical studies in Kansas. Response to request for papers
was heartwarming; thus, this volume is a truly representative
collection of papers dealing with all phases of geophysics and
geophysical exploration. Some of the papers are provocative and
significant in terms of understanding of the earth’s crust in Kan-
sas; others are case histories, which will provide a foundation for
subsequent exploratory studies; and still others outline the special
problems of geophysical exploration and provide some of the
answers. All papers contribute to the published literature and
serve as a useful guide to future geophysical studies that may en-
hance our knowledge of the earth’s crust or aid our search for
fuels and other raw materials beneath the earth’s surface.

For many contributors to this Symposium, the experience of
writing for publication is new. We sincerely hope that the experi-
ence has been pleasant and that the habit of writing has been
encouraged; we would hope to see other papers by these same
authors in the future. The efforts of all contributors are warmly
appreciated.

Regarding the technical aspects of manuscript preparation, the
editor wishes to point out that all manuscripts have been shaped
to the uniform style of Kansas Geological Survey publications.
Effort has been made to seek conformity in stratigraphic and
structural nomenclature. The views of the authors, however, are
their own and may serve to stimulate others to re-examine old
and established concepts.

WiLriam W. HAMBLETON
Editor
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FOREWORD
WaLrLace E. PraTrt

“The great revolutions in outlook are long in the
making, . . . at last they change all our ways of thought.”
J. Bronowski. The Common Sense of Science (1953).

The achievements of geophysicists have been less conspicuous
in Kansas than in some of her sister states. Nevertheless, geo-
physics has already contributed an imposing array of new knowl-
edge on the structure and composition of that part of the earth’s
crust which underlies Kansas. With the constant improvement of
exisiting techniques and the prospect of continuing vigorous
effort, geophysicists may confidently expect to make even greater
future additions to this knowledge.

Although relatively few people other than specialists in the
field of geophysics have realized the scope of geophysical explora-
tion in Kansas, the State Geological Survey has kept itself fully
informed of the progress of this effort. Moreover, it has been
commendably anxious that the economic and scientific impor-
tance of this work be generally realized. So informed and so
moved, the Survey resolved to take advantage of the widespread
interest created by the activities of the International Geophysical
Year to publish a description of the methods employed and an
analysis of the results obtained by geophysical exploration in
Kansas. This project now takes form as a Symposium on Geo-
physics in Kansas.

To appreciate fully the change in “our ways of thought” al-
ready wrought by geophysics in Kansas, we must resurrect and
ponder the viewpoint that prevailed among geologists in Kansas
before geophysics had revealed any of the amazing facts with
which it now confronts us. Fifty years ago it was the privilege
of this writer to participate as a student assistant in the prepara-
tion of Volume IX, University Geological Survey of Kansas
(1908), a Special Report on Oil and Gas. Then the pre-geophysi-
cal concept of Kansas geology was in its finest flower.

The successive chapters of the text and the illustrations in
Vol. IX—the discussion of the stratigraphic sequence and the
graphic cross sections of measured outcrops—all testify elo-
quently to the presence uniformly beneath the surface of Kansas
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of an unbroken sequence of very great thickness—several thous-
ands of feet at least—of bedded rocks of marine origin. Yet even
before the manuscript for the report was completed, persistent
reports came to the office of the State Geologist that granite had
been encountered at shallow depths (barely more than 2,000
feet) in different wells currently drilling in Kansas in search
for oil.

These reports served only to strengthen the all but sacrosanct
belief that only marine sedimentary rocks were to be found,
down to profound depths, anywhere in Kansas. The established
climate of geologic opinion steadfastly denied the validity of the
reports. From several wells samples of cuttings were submitted,
consisting of sharp fragments of fresh quartz and pink feldspar.
Even this evidence was rejected. The cuttings were identified as
sandstone.

This incident reveals how little we had learned of subsurface
conditions in Kansas, even years after we had begun to study
the logs and examine the drill cuttings of relatively deep ex-
ploratory wells. The “Granites of Kansas” were still a live sub-
ject of debate and mild controversy a decade after Volume IX
was issued. It was not until February 1917 that Ray Moore, who
had recently succeeded to the position of State Geologist, could
announce to his colleagues, with some degree of finality: “So far
as Kansas is concerned we can assert that there is crystalline
rock in our back yard”.

It is probably true, as the popular view holds, that the bulk
of our accumulated knowledge of the earth’s crust beneath Kan-
sas has been revealed to us, not by geophysics, but by the wells
we have drilled in search for oil. Certainly most of the oil dis-
covered in Kansas so far has been found without recourse to
geophysics. But these statements only conceal a more significant
truth. Geophysics only came into common use in Kansas in the
middle 1930’s. By that time Kansas’ six major oil fields—the ulti-
mate production of which will exceed 100 million barrels each—
had already been discovered. Geophysics could hardly have con-
tributed importantly to these discoveries. It is a very different
story with discoveries over the last decade, nearly all of which
involved the use of geophysics. Future exploration for oil seems
destined to lean even more heavily on geophysics. And if it is
true that great volumes of information have come to us from
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the records of exploratory wells, it is equally true that much
information of more revealing character has been obtained—and
could only be obtained—through geophysics.

Without geophyics we would not be able to visualize as clearly
and as confidently as we do the general conformation of the
major structural lineaments beneath Kansas; the Forest City
Basin, the Salina Basin, the Barton Arch, and the Nemaha
Tectogene, as examples. Neither would we be able to map with
equal precision the minor structural details. A single gravity or
seismic profile across the length of Kansas would have revealed
these features to us. With such a profile we would have been
more comprehensively informed of subsurface structure in Kan-
sas than we actually were after the logs of thousands of ex-
ploratory wells had been analysed. Possessing such a profile
we could never have fallen into the errors that for so long blinded
us and stood in the way of more rapid economic progress.

To the suprise of veteran Kansas geologists of that day, some
of the earliest successes in geophysical exploration in Kansas
were obtained with the magnetometer. But the largest number
of oil field discoveries must be credited to the seismograph, and
the seismograph continues to be Kansas’ most widely used geo-
physical technique. Gravity surveys have proved less useful
than the seismic method in the past, but with markedly increased
proficiency in interpretation, which has come with experience,
and with faster, more precise determinations made possible
through improved instruments, gravity surveys will undoubtedly
prove to be more effective in the future than they have been in
the past.

To geophysics is due, in large part, a “revolution in outlook”
of geologists in Kansas, which though “long in the making” bids
fair at last to “change all our ways of thought”.
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GEOLOGIC FRAMEWORK OF KANSAS—A REVIEW
FOR GEOPHYSICISTS

by
JoHN M. JEWETT AND DANIEL F. MERRIAM*

ABSTRACT

In Kansas, characteristics of the rock section down to the sub-Paleozoic
erosional surface are fairly well known. Rocks constituting this part of the
crust are, in this paper, grouped in six divisions for convenience in discussion.
These divisions are: Cambrian-Ordovician, Silurian-Devonian, Mississippian,
Pennsylvanian-Permian, Mesozoic, and Tertiary-Quaternary rocks. The less
well known Precambrian rocks, into which the sub-Paleozoic floor is cut,
are included as a seventh division and are by far the greatest part of the
earth’s crust in Kansas.

Structure of the rocks is revealed by outcrop and subcrop patterns on
erosional surfaces, including unconformities and the present land surface.

Petroliferous provinces in Kansas coincide with major post-Mississippian
—pre-Desmoinesian rather than earlier structural provinces.

INTRODUCTION

A basic background in geology is necessary for an exploration
geophysicist to evaluate his data properly. Inasmuch as most geo-
physical work at present being conducted in Kansas is of an ex-
ploratory nature, it seems fitting to include in this volume a brief
resume of Kansas geology. The regional aspects have been known
for years, but refinements and details are constantly being brought
to light by a never-ending search for underground resources in
which geophysics is playing an increasing role from year to year.
The value of geophysics, a relatively new ‘tool in applied science,
may be estimated by its increased use in oil finding. Of the nu-
merous methods available, seismic exploration has been by far
the most successful, because of the solving of many problems by
close cooperation between the geologist and geophysicist. Tech-
niques have been devised to minimize many of the effects of
geological irregularities that at one time tended to impair the
quality of geophysical data. It is hoped that this paper may provide
some basic material on which the geophysicist may base future
interpretations.

That part of the earth in Kansas about which we have consid-
erable direct information comprises nowhere more than a few

* State Geological Survey of Kansas
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10 Kansas Geological Survey—Symposium on Geophysics

thousand feet of rock. The crust is made up of crystalline rocks of
Precambrian age of indefinite thickness and a veneer of sediments
ranging in thickness from 600 to 9,500 feet. In the following para-
graphs these rocks are described briefly; later, structural condi-
tions are discussed. It should be mentioned here, however, that
although the total amount of recorded vertical movement is mea-
sured in thousands of feet, development of major structures has
not sharply modified the original horizontal position of Paleozoic
and younger rock layers. The dip of the beds, except in small
“pseudostructures” such as those due to slumping into solution
cavities, in no place is known to exceed 10 degrees (directly above
the Precambrian surface along the east side of the Nemaha Anti-
cline). In outcropping rocks, dips of more than a fraction of one
degree are rare.

THE ROCKS

For convenience of discussion, rocks of Kansas are divided
into seven main units. Although these units contain rocks assigned
to more than one geological system, each unit is characterized by
uniformity of structural attitude and similarity of lithology. Four
of these units crop out within the state: (1) Tertiary-Quaternary,
(2) Mesozoic, (3) Pennsylvanian-Permian, and (4) Mississippian;
the other three, which in Kansas are known only through infor-
mation obtained by drilling, are: (5) Silurian-Devonian, (6) Cam-
brian-Ordovician, and (7) Precambrian.

The geologic map of Kansas (Moore and Landes, 1937) shows
distribution of outcropping rocks in Kansas; classification and a
brief description of Kansas rocks are given by Moore, Frye, and
Jewett (1944), and Moore and others (1951, 1952). Regional or
local descriptions of Kansas rocks are found in many other reports.
Distribution of different rock units in the state is shown by a
generalized geologic map (Fig. 1); stratigraphic sequence is repre-
sented by a composite section of rocks present in Kansas (Fig. 2).
Following are brief summarizations of the general nature of the
seven rock divisions.

QUATERNARY-TERTIARY Rocks

Quaternary (or Pleistocene) deposits in Kansas are more
widespread than indicated on the geologic map of the state (Moore
and Landes, 1937). Even disregarding soils, properly classifiable
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Jewett and Merriam—Geologic Framework 13

as Pleistocene sediments, much of the land surface in Kansas is
underlain by Pleistocene deposits. Most of these deposits (loess,
alluvium, dune sand, and in northeastern Kansas, glacial deposits)
are unconsolidated. They are generally less than 100 feet thick,
but locally form a masking blanket 500 feet thick or more.

Tertiary formations, widespread in western Kansas, resemble
the Quaternary in their blanketing relations to older strata and
their incomplete consolidation. Deposits of probable Tertiary age
are widespread in eastern Kansas also, but relatively thick Ter-
tiary deposits are confined to the western part of the state, where
they attain a thickness of about 400 feet. Kansas Quaternary sedi-
ments are described by Frye and Leonard (1952), Tertiary rocks
by Frye, Leonard, and Swineford (1956).

MeEesozoic Rocks

The Mesozoic is represented chiefly by Cretaceous rocks.
Strata of Cretaceous age are spread across all of western and
northwestern Kansas and extend as far east as parts of central
Kansas. Maximum thickness in Kansas occurs near the north-
western corner of the state, where some wells penetrate nearly
3,000 feet of these beds. Cretaceous rocks, for the most part, con-
sist of brown ferruginous sandstone, dark clayey shale, and chalky
limestone. Jurassic and Triassic rocks lie below the Cretaceous in
parts of western Kansas, and elsewhere Cretaceous deposits lie
unconformably on various Permian formations; north of Kansas
they overlap onto Precambrian. Thus the division is set apart
structurally from older rocks. Jurassic rocks, which attain a thick-
ness of about 350 feet, are present west of a line extending from
Smith County in north-central Kansas to Morton County in the
southwest corner. They consist of shale, sandstone, and limestone,
but include minor amounts of chert and anhydrite. Triassic rocks
(Moore and others, 1951) occur only in the extreme southwestern
part of the state, in parts of Morton, Stanton, and Hamilton Coun-
ties. These rocks are redbeds that are difficult to differentiate
from underlying Permian deposits. Triassic beds are locally as
much as 320 feet thick. Mesozoic rocks in the subsurface of
western Kansas have been described by Merriam (1957), the
Jurassic by Merriam (1955), and the Triassic by McLaughlin
(1942). Other references to Mesozoic rocks in the state include
Bass (1926), Elias (1931), Frye and Brazil (1943), Latta (1946,
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14 Kansas Geological Survey—Symposium on Geophysics

1948) , McLaughlin (1943), Plummer and Romary (1942), Rubey
and Bass (1925), and Twenhofel (1924).

PENNSYLVANIAN-PERMIAN Rocks

Lying unconformably below the Mesozoic is a great thickness
of upper Paleozoic strata included in the Permian and Pennsyl-
vanian Systems. These rocks, which are older than the Mesozoic
beds above them, have an entirely different structure and are
separated by an important unconformity from still older rocks.
Permian and Pennsylvanian rocks constitute a structural unit
ranging in thickness from a featheredge in southeastern Kansas,
where the sequence has been beveled by erosion, to somewhat
more than 6,000 feet in southwestern Kansas. These rocks are ex-
posed in east-central and eastern Kansas, where the dip is gently
westward except as modified here and there by dips in other
directions. In eastern Kansas, westward dip definitely is inter-
rupted by the Nemaha Anticline (Fig.3).

West Eost
4000 | WeRace | Logen I Gove l Trego I Elis | Russat! |ElbnvM| Sotine |Dﬁucnl Morrs ‘ Lyon l Mﬂlrmlm
PRt Tertiory ond Plerstocene

3,000'

Q10 20 30 40 3pMILES

Cretoceous

F16. 3—Generalized east-west cross section of Kansas rocks. Major post-
Mississippian structural provinces revealed include (from east to west)
Forest City Basin, Nemaha Anticline (under Morris County), Salina Basin,
Central Kansas Uplift (under Ellsworth, Russell, and Ellis Counties), and
Hugoton Embayment. Note that younger rocks are not affected by these
structures.

Most of the upper and middle Permian rocks (mostly redbeds
and evaporites) in Kansas are believed to have been deposited in
a shallow marine basin (Swineford, 1955). On the outcrop the
strata are mainly shale and siltstone, many of them red and there-
fore commonly referred to as Permian redbeds. Beds of anhydrite
and gypsum are not uncommon, but because of their solubility,
not all of them crop out. A few thin but persistent beds of dolo-
mite occur in the redbed part of the Permian section.

The Stone Corral formation (Cimarron anhydrite of subsur-
face terminology), in the Permian Leonardian Series (Fig. 2), is
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16  Kansas Geological Survey—Symposium on Geophysics

in a part of Clark County most of the Ninnescah section seemingly
is salt. Depth to this salt is about 1,250 feet below the land surface
in Kiowa County, about 1,000 to 1,500 feet in Clark County, and
about 1,600 feet in Meade and Gray Counties. Over a large area
in southwestern Kansas a saliferous shale lies between two an-
hydritic beds of the Stone Corral formation (Merriam, 1957a).
Locally this part of the formation seems to be entirely salt. Salt-
bearing beds about 200 feet thick have been logged in the Harper
formation, next above the Stone Corral, at depths ranging from
about 1,100 to 1,550 feet in Gray and Meade Counties. In Clark
County a 300-foot salt section, seemingly in the Salt Plains forma-
tion, is found at depths ranging from 650 to 1,000 feet, and in
Seward County the same salt bed lies at a depth of 1,300 to 1,400
feet.

Salt in the Flowerpot formation, a short distance below the
Blaine formation, lies at a depth of about 450 feet in parts of Clark
County, about 1,000 feet in Gray County, 950 feet in Seward
County, 1,000 feet in Morton County, 1,250 feet in Stanton County,
and 1,100 feet in Hamilton County. Although individually the salt
beds are not thick, collectively they are of utmost importance be-
cause locally the thickness of the salt changes abruptly, especially
near margins of the deposits.

Beds forming approximately the lower 800 feet of Permian
rocks in Kansas (rocks of the Wolfcampian Series) are mainly of
marine origin; they are similar in many respects to the Pennsyl-
vanian rocks that except locally lie comformably below. The lower
Permian deposits and outcropping Pennsylvanian beds consist
mostly of alternating layers of shale and limestone. There are a
few sandstone and coal beds in the Permian, but lenticular or
channel sandstone bodies make up a considerable part of the
Pennsylvanian section, and coal is characteristic of most parts of
the sequence. Coal mines in Cherokee rocks are common in the
outcrop area in southeastern Kansas, and some now abandoned
shafts reached Cherokee coal beds in the Leavenworth-Atchison
area in northeastern Kansas. Younger coal beds are mined in
Bourbon, Linn, and Osage Counties.

Divisions of Pennsylvanian rocks assigned to different series
(Fig. 2) are separated, especially in the outcrop area, by uncon-
formities that may represent lapses of considerable time in the
record. Although lateral continuity of lithology and almost uni-
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Jewett and Merriam—Geologic Framework 17

form thickness of stratigraphic units are characteristic of lower
Permian and Pennsylvanian rocks in Kansas, abrupt changes are
not uncommon (Jewett and Muilenburg, 1957).

Lower Pennsylvanian rocks occur in the subsurface of the
Hugoton Embayment in southwestern Kansas according to Moore
(1949) and Thompson (1944). These rocks have been assigned to
the Morrowan and Atokan Series principally on the basis of their
fusulinid fauna. Moore (1949, p. 30) shows the general distribu-
tion of rocks of Morrowan and Atokan age encountered in wells.
The pre-Desmoinesian rocks seemingly are marine and consist
of alternating limestone and shale. The maximum thickness is
about 850 feet (Moore and others, 1951, p. 102).

Other useful references on rocks of Permian and Pennsyl-
vanian age include Howe (1956), Jewett (1954), Moore (1936),
Moore, Frye, and Jewett (1944), Moore and others (1951a),
O’Connor and others (1953, 1955), and Swineford (1955).

MississIPPIAN Rocks

A small part of southeasternmost Kansas contains outcrops of
Mississippian rocks, but strata of Mississippian age are widely
exposed in neighboring areas. The outcrop area in extreme south-
eastern Kansas is part of the Tri-State zinc and lead mining
district, where there are numerous underground workings. These
rocks constitute a stratigraphic-structural division in Kansas and
are commonly designated by drillers as ‘“Mississippi lime”. Missis-
sippian rocks are characterized by the dominance of limestone in
the deposits, and they are set apart structurally by prominent un-
conformities at the top and base. Most information about Missis-
sippian rocks in Kansas has been obtained from well data, and it
has been made known especially through the work of Lee
(1939, 1940, 1943, 1956). The surface of Mississippian rocks in
eastern Kansas is inclined gently westward but in northwestern
Kansas is inclined southeastward. The greatest depression on the
Mississippian surface is along the Oklahoma line in southwestern
Kansas. Mississippian rocks are absent from crests of some major
uplifts. Absence of some lower Mississippian formations may be
due in part to nondeposition, but their thinning and complete re-
moval from major structural features is the result of uplift and
erosion prior to Pennsylvanian sedimentation. Thickness of Mis-
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sissippian rocks exceeds 1,000 feet in southwestern Kansas; thick-
ness of a few hundred feet is more common in the rest of the state.

In places in Kansas, Mississippian limestone is underlain by a
sequence of shale assigned to the Boice formation and Chattanocoga
formation. Separately and collectively, these units, which are be-
lieved to be disconformable one to the other, sometimes are called
“Kinderhook shale”. According to Moore and others (1951, p.
111) the maximum known thickness of the Boice shale, probably
of Mississippian age, is 110 feet; the Chattanooga, probably of
Devonian age, 250 feet.

SiLuriaN-DEVONIAN Rocks

Rocks, predominantly limestone and dolomite, of Devonian
and Silurian age lie unconformably below the Mississippian and
unconformably on Ordovician rocks. In places they overlap dif-
ferent Ordovician formations, but in general, their structural
attitude and distribution accords more closely with Ordovician
than with Mississippian rocks. These commonly undifferentiated
rocks are known as “Hunton”; however, Lee (1956) has shown
that a disconformity separates Devonian and Silurian rocks. Like
Mississippian rocks, the “Hunton” has been removed by erosion
from the highest parts of the Nemaha Anticline, Central Kansas
Uplift, and Chautauqua Arch; elsewhere in northeast Kansas (the
North Kansas Basin), these rocks are present and attain a maxi-
mum total thickness of 650 feet. “Hunton” rocks are not known
to be present elsewhere in the state except in the northern part
of the Sedgwick Basin in Harvey County and in parts of McPher-
son, Marion, Sedgwick, Butler, and Reno Counties. Small out-
liers of “Hunton” are known beyond the larger areas of occur-
rence. (Lee, 1956).

CamMBRIAN-ORDOVICIAN Rocks

A sixth rock division comprises all Paleozoic rocks older than
Silurian; these lie above a great unconformity at an erosion sur-
face cut into Precambrian crystalline rocks. The division consists
chiefly of dolomite but includes some limestone and sandstone;
the rocks are Ordovician and Cambrian in age. Well-known sub-
divisions are Maquoketa (Sylvan) shale, Viola (Kimmswick)
limestone, Simpson group (including St. Peter sandstone), “Ar-
buckle group”, Eminence dolomite, Bonneterre dolomite, and
Reagan sandstone. The last three formations are of Late Cam-
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brian age. The combined thickness of rocks in this division is
about 1,500 feet, but in many places thinning due to retarded rate
of sedimentation, nondeposition, or erosion leaves only a few
hundred or a few score feet of these rocks. They, along with other
Paleozoic formations including some of middle Pennsylvanian
age, are absent from higher parts of the Nemaha Anticline, Cen-
tral Kansas Uplift, and Cambridge Arch.

PrECcAMBRIAN Rocks

Precambrian rocks in Kansas, as far as known, comprise a
metamorphic group that has been intruded by a suite of igneous
rocks. Important contributions to the knowledge of these buried
rocks recently have been made by Farquhar (1957, p. 53), who
writes:

“The metamorphic group consists mainly of quartzite, granulite, schist,
phyllite, and gneiss. Impure marble has been reported in two places. Some
of the gneiss is metasedimentary, and some is foliated ‘earlier’ granite, in-
jected about the time of regional metamorphism. The intrusive suite is com-
posed mostly of Precambrian ‘later’ granite, but a few wells near the center,
of the state encounter gabbro and syenite, probably also Precambrian in age.
Widely scattered minor intrusives include diabase and pegmatite.”

Configuration of the Precambrian surface is discussed in another
section of this paper.

IcNEOUS AND METAMORPHIC ROCKS OF UNKNOWN AGE

Igneous rocks are exposed in small outcrops in Riley and Wood-
son Counties (Fig. 1). In Riley County in northeastern Kansas,
five small plug-like intrusions of basic igneous rock crop out in an
area of lower Permian sedimentary rocks. The rock is peridotitic
and contains abundant inclusions of slightly altered sedimentary
rock. In Woodson County at Rose Dome, coarse-grained granite
crops out seemingly in a small dike covering about 40 acres.
Rocks of Missourian age are slightly arched in the area surround-
ing the granite outcrop; slight alteration of the sedimentary rock
is evident. Also in Woodson County, at a locality known as Silver
City a few miles south and west of the granite exposure, peridoti-
tic igneous rock is exposed along with fine-grained quartzite de-
rived from sandstone of the Douglas group (Virgilian, Pennsyl-
vanian). Metamorphic rock derived from dark carbonaceous
shale and impure limestone is exposed at the same place. Here,
too, surrounding strata are slightly arched.
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Age of outcropping igneous rocks in Kansas is unknown.!
Because the Riley County basic rocks are fine grained and contain
inclusions of the adjacent sediments that are not greatly altered,
it seems probable that molten material solidified under no great
thickness of rocks. Because of vulcanism elsewhere believed to be
of Cretaceous age, it has been postulated that these igneous rocks
in Riley County are Cretaceous. It is believed that the pre-Cre-
taceous and early Cretaceous land surface in eastern Kansas was
at about the same position in relation to lower Permian strata
as it is now; hence a few hundred feet of Cretaceous sediments
may have been the only cover originally above the intrusion;
igneous material may even have reached the surface. Granite at
Rose Dome is coarse grained and probably cooled under a con-
siderable thickness of rock. It is also probable that the peridotite
at Silver City solidified under a thick cover, possibly including
Cretaceous sediments as well as Permian and Pennsylvanian.

References on Kansas igneous and metamorphic rocks in-
clude Dreyer (1947), Jewett (1941), Knight and Landes (1932),
Moore and Haynes (1920), Twenhofel and Edwards (1921), and
Wagner (1954).

MAJOR UNCONFORMITIES AND STRUCTURES

Extensive surfaces of erosion are the keys to understanding
structural geology of large segments of time and space. Distribu-
tion of rocks and their thicknesses at interfaces of unconformities
(and at the present land surface) are more important in this
respect than is the mere attitude of strata in reference to hori-
zontal planes.

PRECAMBRIAN SURFACE AND SUB-PALE0z0Ic UNCONFORMITY

The Precambrian surface in Kansas is nearest the present land
surface and highest above sea level in Nemaha County, north-
eastern Kansas, and lowest at a point near the southwestern cor-
ner of the state. The relief of the Precambrian surface in the state
is shown in Figure 5.

The Precambrian surface (Fig. 5), as the term is used here,
refers to the present surface on Precambrian rocks, and not to a
surface that existed in Precambrian time; perhaps none of it is of

' Recent thermoluminescence studies by William C. Pearn (personal com-
munication October 23, 1958) indicates an early Tertiary age for the Silver
City intrusive.
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pre-Paleozoic age. On higher parts of uplifts, Precambrian rocks
were being eroded as late as middle or late Pennsylvanian time.

Farquhar (1957) found that the oldest known rocks in Kan-
sas, a metamorphic group, comprise mainly quartzite, granulite,
schist, phyllite, and gneiss; there is some impure limestone or
marble. Schist, gneiss, and quartzite are believed to have been
converted into their present rock types from sandstone and shale.
These were intruded by granite that is now granitic gneiss. Later,
as shown by Farquhar (1957, p. 64), these metamorphic rocks
again were intruded by igneous rocks including granite.

It is inferred that the metamorphism that converted very an-
cient sediments into quartzite, schist, and other altered rock types
took place under a deep cover. Granite, and granite that later be-
came gneiss, now on the Precambrian surface must have been
originally deep in the earth’s crust. The rocks that covered the
granite in Precambrian time are not the cover that now lies above
the basement. Prior to accumulation of Paleozoic sediments, ero-
sion removed thousands of feet of igneous and metamorphic rocks.
The removal of rocks represented by the sub-Paleozoic uncon-
formity required a long time, possibly more than a billion years.
What became of the sediments produced by Precambrian erosion
is one of the mysteries of geology.

Cambrian, Ordovician, Silurian, and Devonian sediments ac-
cumulated above the Precambrian surface. These rocks are chiefly
dolomite and limestone, but include some clastic deposits. The
carbonate rocks were in part rendered porous by dolomitization
and during time of exposure were modified by weathering. De-
position of the sequence was interrupted from time to time by
uplift and exposure, resulting in many unconformities. There are
two outstanding unconformities during whose formation older
rocks were regionally tilted at low angles and beveled. One was
developed before Simpson deposition and the other was formed
between the time of accumulation of Silurian and Devonian parts
of the “Hunton” (Wallace Lee, personal communication, 1958).

Lee (1956) has shown that the Simpson group (including the
St. Peter sandstone) is an important marker or reference zone.
The Simpson lies in the basal part of the section of rocks regarded
as middle Ordovician in age (Fig. 2). According to Lee (1956,
p. 18. 133) two large structural features were developed by pre-
Simpson deformation.
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Southeast Nebraska Arch.—A structure named the Southeast
Nebraska Uplift by Lee (1943) and later called the Southeast
Nebraska Arch developed in southeastern Nebraska and north-
eastern Kansas before Simpson deposition. In Kansas the area of
uplift includes all or parts of Marshall, Pottawatomie, Washing-
ton, Riley, Nemaha, and Jackson Counties. Data indicate pre-
Simpson elevation of the area, beveling of uplifted formations, and
deposition of Simpson rocks on Precambrian granite on the crest
and across the truncated older Arbuckle rocks on the flank of
the uplift. Part of the granite area was re-exposed in pre-Penn-
sylvanian time, but the relative amounts of erosion of granite
during these pericds of exposure is not determinable.

Pre-Simpson Syncline.—Lee (1956, fig. 2A) shows a “pre-St.
Peter syncline” plunging southward from Russell and Barton
Counties. The configuration of the structural pattern is revealed
by the 500-foot thickness line of Arbuckle rocks. No geographic
name has been assigned to this structure.

PRE-M1ss1sSIPPIAN UNCONFORMITY AND SUB-CHATTANOOGA
SURFACE

Figure 6 shows distribution of rocks on a surface directly be-
low Chattanooga shale, or where Chattanooga (or Boice) shale
is absent, next below Mississippian limestone. No Mississippian
or Chattanooga rocks remain on the northern part of the
Nemaha Anticline, on isolated areas farther south along the
crest of the uplift, or on the Central Kansas Uplift, structures that
are post-Mississippian in age. The distribution of rocks on the
pre-Mississippian surface in these areas is therefore inferential.
It is probable that in the area of the Ellis Arch the post-Devonian
—pre-Mississippian outcrop of Arbuckle rocks was similar in
shape but of less area than the pre-Pennsylvanian outcrop of
Arbuckle rocks in the same area.

Crustal movements prior to deposition of Mississippian rocks
or, in eastern Kansas, before accumulation of Chattanooga shale
had marked effects on Kansas geology. The main structural fea-
tures recorded in the pattern of pre-Mississippian and pre-Chat-
tanooga outcrops are: Chautauqua Arch, Ellis Arch, North Kan-
sas Basin, and Southwest Kansas Basin. Central Kansas Arch is
a name sometimes used for the combined Ellis and Chautauqua
Arches and the connecting relatively lower, but nevertheless
positive, element between the arches (Fig. 7).
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Ellis Arch.—The Ellis Arch was the ancestral Central Kansas
Uplift. Compared with the contemporanecus Chautauqua Arch,
uplift of the Ellis Arch seemingly was small, but the arch was
high enough to restrict distribution of Chattanooga shale toward
the west. Rejuvenation-of the Ellis Arch (Central Kansas Uplift)
resulted in an enlarged anticlinal area of much greater structural
relief.

Before leaving discussion of the Ellis Arch it seems desirable
to note the connection between the Ellis Arch and the contem-
poraneous Chautauqua Arch as elements of a larger curving fea-
ture that has been called the Central Kansas Arch (Rich, 1933,
p. 796, fig. 2). The Central Kansas Arch must not be confused
with the Central Kansas Uplift, the rejuvenated post-Mississip-
pian Ellis Arch.

Some of the higher elements of the younger Nemaha Anti-
cline such as the Burns Dome seemingly lie on the extension of
northwest-trending anticlinal folds on the Central Kansas Uplift.
It has been assumed that similar structural features were de-
veloped in pre-Mississippian time. Inasmuch as the Ellis Arch had
only minor structural relief in pre-Mississippian time (Lee, 1953,
fig. 2A), it seems probable that secondary anticlinal folds upon
its crest were also minor, but there seems to be no means of dif-
ferentiating the early deformation of secondary folds from the
more pronounced movements of the rejuvenated structure.

Southwest Kansas Basin.—Merriam (1955a) made no dis-
tinction between the Hugoton Embayment and the Southwest
Kansas Basin (as defined by Moore and Jewett, 1942). The ac-
cumulated thickness of pre-Mississippian rocks in the basin indi-
cates that the area properly is designated as a major depressional
feature and may be regarded as ancestral to the Hugoton Em-
bayment.

PosT-MississiPPIAN UNCONFORMITY AND SUB-PENNSYLVANIAN
SURFACE

Crustal movement and erosion after Mississippian time re-
sulted in development of the sub-Pennsylvanian surface. The
tectonic movements determined the strike and dip of rocks
cropping out on that surface, and the great structural features
pictured in the outcrop pattern (Fig. 8) are the main structural
and petroliferous provinces in Kansas. -
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Some of these structural elements inherited a few of their
attributes from earlier tectonic activity, but in the main they
seemingly originated in crustal disturbances that occurred in pre-
Pennsylvanian and early in Pennsylvanian (post-Morrowan—
pre-Desmoinesian) time. The dominant positive structures are
the Central Kansas Uplift and the Nemaha Anticline. The highest
parts of the two structures were not buried until late Pennsyl-
vanian time.

Central Kansas Uplift.—The Central Kansas Uplift occupies
about the same area in Kansas as does the older Ellis Arch (Fig.
7, 9). The uplift is the largest positive area in the state and covers
an area of approximately 5,700 square miles. The structure is
entirely within Kansas.

A maximum section of 5,000 feet of sedimentary rock is pres-
ent over the Precambrian basement complex of the structure. On
the flanks, pre-Pennsylvanian strata are truncated, and locally on
the crest completely removed, and overstepped by Pennsylvanian
beds. A fairly representative section of Permian rocks, including
the Hutchinson salt and other evaporite deposits, extends across
the uplift. Lee (1956) cites an interesting case of salt flowage in
Rooks County, where salt flowed plastically, it is believed, toward
anticlinal areas, probably after Permian time.

The Precambrian complex on the Central Kansas Uplift con-
sists of a variety of igneous and metamorphic rocks. Information
is available in this province because many wells have been drilled
to the crystalline rocks. Many buried hills of Precambrian age
are known and some of these in Barton County have been de-
scribed by Walters (1946). Structures along the crest and flanks
of the uplift are small but important.

Some further references on the geology of the Central Kansas
Uplift are Barwick (1928), Koester (1935), Lee, Leatherock, and
Botinelly (1948). McClellan (1930), and Morgan (1932).

Walters (1946) described in detail the pre-Pennsylvanian sur-
face in northeastern Barton County, which is of special interest
and importance because it illustrates the character of the surface
in the central area of uplift. Now hidden beneath a cover of sev-
eral thousand feet of Pennsylvanian and younger rocks are sink-
holes. valley sinks, and solutionral valleys that formed on an ex-
posed surface of Arbuckle rocks. probably in Pennsylvanian time.
The sinks are filled mainly with Pennsylvanian material, but
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presence of untransported residual weathered products of dolo-
mite in the lowest part of the depressions indicates that the valleys
as well as the sinkholes are solutional features. Some sinkholes
reported in areas of intense drilling are more than 150 feet deep.
The solutional features have been found to be barren of petroleum
although much oil oceurs in adjacent rock. Glover (1953) out-
lined the problem of buried karst topography in relation to seismic
studies and noted that because of a “draping” effect of beds over

sinks, a “Lower Kansas City” reflection revealed presence of
sinkholes. '

Nemaha Anticline—The Nemaha Anticline, extending across
Kansas from an area near Omaha to the vicinity of Oklahoma
City, is of great interest. As far as subsurface structures are
known, it is unique as a narrow, single anticline of great length.
Throughout most of its length it is much steeper on the east flank
than on the west.

Since 1914 when oil was discovered at Augusta in Butler
County (Berry and Harper, 1948), the anticline has been sub-
jected to intensive exploration. Permian rocks extend over the
crest of the anticline on the surface, except in northeastern Kan-
sas and parts of Nebraska where there is an inlier of Pennsyl-
vanian rocks. Reversal of dip over the crest of the anticline can
be observed in surface rocks.

Lower Paleozoic rocks were stripped from the crest of the
anticline by pre-Pennsylvanian erosion and were beveled in
several areas north of northern Butler County; Pennsylvanian
sedimentary rocks directly overlie crystalline Precambrian rocks
or truncated pre-Pennsylvanian rocks in northeastern Kansas.
During the early part of the Pennsylvanian, the Precambrian was
exposed as a low ridge or chain of hills, which shed some sediment
into adjoining basins. In Nemaha County, Pennsylvanian rocks
less than 600 feet thick lie on Precambrian rocks on the crest of
the anticline, but southward the thickness of sedimentary cover
increases. Along the crest near the Oklahoma-Kansas line sedi-
mentary rocks are about 4,000 feet thick. There is some evidence
that the steeper, east flank of the Nemaha Anticline is locally
faulted.

The famous El Dorado and Augusta oil fields in Butler County
lie cn the Nemaha Anticline. In these fields the chief producing
zone (called “Varner” at Augusta and “Stapleton™ at El Dorado)
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is weathered rock below the pre-Pennsylvanian surface. Several
other pools, mostly on the western flank of the uplift in its south-
ern part, have yielded great quantities of oil from Ordovician,
Mississippian, and Pennsylvanian strata.

The Precambrian rocks encountered in most wells on the
Nemaha Anticline are granite, which commonly is deeply weath-
ered. Metasediments have been penetrated by some bore holes.

Forest City Basin, Bourbon Arch, and Cherokee Basin.—Thin-
ning of Cherokee sediments in a narrow area extending north-
westward from Bourbon County to Lyon County indicates that
eastern Kansas was briefly separated into two depositional basins,
the Forest City Basin in the north and the Cherokee Basin in the
south. The low separating structure expressed in pre-Pennsyl-
vanian rocks is known as the Bourbon Arch (Fig. 9). The Forest
City Basin extends into northwestern Missouri, southeastern
Nebraska, and southwestern Iowa. In Kansas, Pennsylvanian
sedimentation seemingly began earlier in the Forest City Basin
than in the Cherokee Basin, but the latter is the northern or
Kansas part of a sedimentational area that extended from eastern
Oklahoma, and the Oklahoma part contains Pennsylvanian sedi-
ments that are older than any in eastern Kansas.

The Nemaha Anticline marks the west boundary of the two
basins. Although the separating Bourbon Arch may have been
an area of meeting of sediments from southerly and northerly
directions later in Pennsylvanian time, in general the Forest City
and Cherokee Basins may be regarded as one continuous struc-
tural province of great longitudinal extent.

Thus it is seen that for a very brief time the Bourbon Arch
separated two areas accumulating sediments, but it should be re-
membered that in middle and late Pennsylvanian time sediments
were being deposited over a vast area in middle North America.
Although there were temporary divides here and there, it is mis-
leading to place too much emphasis on individual basins.

The synclinal arca in the western part of the combined struc-
ture is of special interest. In the north this is called the Brown-
ville Syncline (Condra, 1927, p. 17), and although the name Wal-
nut Syncline (Fath, 1921, p. €6) has been given to part of the
same structure in Butler County, a single name may well be ap-
plied throughout the entire length of the structure (Jewett, 1951,
p. 122). The Davis Ranch cil pools (Smith and Anders, 1951) and
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graphic and structural conditions in the Salina Basin have been
made by Lee, Leatherock, and Botinelly (1948) and Lee (1956).

The basin is the second largest in the state, extending over an
area of about 12,700 square miles. Cretaceous rocks now cover
the western part of the basin, whereas Permian beds are exposed
on the east side. The axis of the basin seems to be recognizable in
Cretaceous rocks slightly east of the position indicated by the
Pennsylvanian-Permian beds and slightly west of the position on
the Precambrian surface. The east and west flanks of the basin
are sharply delineated, but the southern end is somewhat ob-
scure. Small structures of importance in the basin include the
Abilene Anticline, northern part of the Voshell Anticline, and
others—parallel to the Nemaha Anticline.

Sedimentary rocks present in the basin include formations of
Cambrian, Ordovician, Silurian, Devonian, Mississippian, Penn-
sylvanian, Permian, Jurassic, Cretaceous, and Tertiary age. The
maximum section encountered is about 4,500 feet thick. It should
be noted, however, that post-Permian and pre-Pennsylvanian
rocks are assigned to the Salina Basin only geographically. The
Salina Basin before Pennsylvanian time and after Permian time
was a part of other structural provinces. In the southwestern part
of the basin, presence of the Hutchinson salt member of the
Wellington formation (Permian) is of special interest. The north-
ern and eastern limits of this deposit extend from Rooks County
through Osborne, Mitchell, Lincoln, and Saline Counties to Mc-
Pherson County.

The Precambrian basement complex beneath the Salina Basin
consists mainly of metamorphic rocks; granitic rocks are also
present. One well in Clay County encountered diabase. This is the
only known occurrence of this type of rock in the state. In Riley
County, in the eastern part of this basin, five intrusive plugs of
peridotitic material probably of Cretaceous age are exposed.

Sedgwick Basin.—A basinal area southeast of the Central
Kansas Uplift, east of the Pratt Anticline, and west of the Nemaha
Anticline is called the Sedgwick Basin (Fig. 9). It is differentiated
from other structural provinces partly because it is more or less
separated geographically from northward and westward continua-
tions of other basinal areas and partly because of the general
nature of geologic structure and of oil and gas occurrence in the
region. Large amounts of oil and gas are produced in the Sedgwick
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Basin area from anticlinal folds on trends generally parallel to
the Nemaha Anticline. Thinning of Mississippian rocks in Marion
and McPherson Counties (Lee, Leatherock, and Botinelly, 1948,
pl. 8) indicates post-Mississippian separation of the Sedgwick and
Salina Basins.

The area of the Sedgwick Basin is more than 8,000 square
miles. Surface beds are Permian and Tertiary in age. The “Equus
beds” (Pleistocene), famous as a fresh-water reservoir, form an
extensive cover over the northern part of the basin. These beds,
also called the McPherson formation, are alluvial material in a
stream-cut valley whose position was determined, at least in part,
by slumping that followed solution of salt beds.

Sedimentary rocks of Cambro-Ordovician, Siluro-Devonian,
Mississippian, Pennsylvanian, and Permian age are present in the
Sedgwick Basin. Surface rocks dip gently west and northwest.
A sedimentary section about 5,500 feet thick occupies the deepest
part of the basin. The Hutchinson salt, a member of the Permian
Wellington formation (Fig. 4), is present west of a line from
McPherson County to Sumner County. The former extension of
the salt under less soluble beds that now crop out can be traced
in slumped topography.

Strata in the Sedgwick Basin are characterized by facies
changes and increased thicknesses southward from a shelf area
into the deeper part of the more southerly Anadarko Basin.

Hugoton Embayment—The Kansas part of the Anadarko
Basin is known as the Hugoton Embayment (Maher and Collins,
1948), sometimes referred to as the Dodge City Embayment
(Moore and Jewett, 1942). The Anadarkoe Basin has had a com-
plex history, but the Kansas part is limited geographically by up-
lifts (Fig. 9) that are clearly of post-Mississippian age and hence
the Hugoton is classified as a major post-Mississippian—pre-Penn-
sylvanian structure.

The Hugoton Embayment covers an area of about 28,600
square miles or one-third of the state. Extensive surface deposits
of Cretaceous, Tertiary, and Pleistocene age mask the structure
of the underlying Paleozoic beds. As the structural development
of the embayment was concluded before the Mesozoic, the atti-
tude of the older beds has no counterpart in the younger ones.
Many small normal tension-type faults are known from surface
exposures in the Cretaceous beds, especially the Niobrara forma-
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tion. Such faults are numerous in Logan County, where they were
mapped by Johnson (1958). Prominent normal faults include the
Crooked Creek and Fowler Faults in Meade County, which ex-
tend from surface rocks down at least into the Permian, and the
Syracuse Fault in Hamilton County.

The thickest known section of sedimentary rocks in Kansas is
in the Hugoton Embayment, where possibly 9,500 feet may be
present. This section includes rocks of Cambro-Ordovician, Mis-
sissippian, Pennsylvanian, Permian, Triassic, Jurassic, Creta-
ceous, Tertiary, and Pleistocene age.

In the southern part of the embayment near the Oklahoma
border, little information concerning the basement rocks is avail-
able. On the basis of the scanty data, however, it seems that the
deeper part of the embayment is floored by metasediments;
most of the northern part is granite.

In the northwest part of the state, which may be regarded as
the northernmost extension of the Hugoton Embayment, Missis-
sippian rocks overlie Ordovician rocks. The western limit of the
Hutchinson salt extends across the embayment from Gove County
south to Seward County. Younger Permian salt beds are present
also in southwestern Kansas (Fig. 4). Redbeds of Triassic age
(Moore and others, 1951) occur in extreme southwestern Kansas,
mainly in Morton County. Jurassic rocks are present in the north-
west corner of the state. Rocks of Cretaceous age increase in
thickness northwestward.

Many of the Paleozoic sedimentary units change facies to the
south into the Anadarko Basin of Oklahoma, and also west into
Colorado toward the area of the Rocky Mountains.

Pratt Anticline—On the sub-Pennsylvanian areal geologic
map (Fig. 8) a small area of Viola limestone is represented, chiefly
in Pratt County, south of the Central Kansas Uplift. In some pub-
lications, maps show this area as the southern extension of the
Central Kansas Uplift, but it is now believed to be an anticlinal
element approximately parallel to the Nemaha Anticline.

The Pratt Anticline is the smallest structure in the state that
may be regarded as a “major” structural feature; it occupies an
area of about 1,000 square miles. It is located mainly in three
counties—Stafford, Pratt, and Barber. Surface beds in Stafford
and Pratt Counties are Tertiary and Pleistocene deposits; a large
area is covered By dune sand. Permian redbeds crop out in Bar-
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ber County. Subsurface rocks include those of Cambro-Ordovi-
cian, Mississippian, Pennsylvanian, and Permian age, and total
about 5,000 feet in thickness. There is a large area on the crest of
the anticline where Mississippian rocks are absent and Pennsyl-
vanian beds overlie rocks of Ordovician age. The Hutchinson salt
and other evaporites are present throughout the province.

Cambridge Arch.—Only the southern end of the Cambridge
Arch extends into Kansas in Norton and Decatur Counties; hence,
this province covers only about 1,100 square miles in Kansas. It
is elongate southeastward on the same trend as the Central Kansas
Uplift, Chadron Arch of Nebraska, and Chautauqua Arch in
southeastern Kansas; the structures form an arc of uparched
features convex to the southwest. The deformation of the Cam-
bridge Arch is mainly post-Mississippian.

Surface rocks covering the Cambridge Arch are Tertiary and
Cretaceous in age. Jurassic rocks are present in the subsurface.
On the crest of the structure, Precambrian rocks are overlain by
Pennsylvanian strata; older Paleozoic rocks are truncated and
overstepped on the flanks. The Precambrian surface plunges
southeastward and slopes both northeastward and southwestward
away from the crest. In southeastern Norton County the plunge
reverses; a low broad saddle separates the Cambridge Arch
proper from the area of the Central Kansas Uplift. The Precam-
brian is reported to be granite, schist, gneiss, and quartzite. The
pattern of distribution of different rock types suggests that granite
was intruded into pre-existing sediments (Merriam and Atkin-
son, 1955, p. 3) .

The arch is flanked by several smaller paralleling anticlinal
and synclinal structures. The Stuttgart-Huffstutter Anticline lies
east of the Cambridge Arch and is separated from it by the north-
erly plunging Long Island Syncline. On the west side of the arch,
the Jennings Anticline, which plunges southward, is a secondary
feature.

Minor Structures in Paleozoic Rocks.—In previous paragraphs
some minor structures have been mentioned as explanatory of the
general character of some of the major elements. Now it seems
advisable to call additional attention to some of the small struc-
tures.

A structural map contoured on top of the Lansing group, Mis-
sourian Series, Pennsylvanian System (Fig. 10, in part from At-
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kinson, 1955) , reveals greater complexity than is pictured in maps
that show only major structure. It should be mentioned that a
map showing geologic structure by means of contour lines in
reference to a datum, such as present sea level, represents the
attitude of the upper surface of a layer of rock at the present
time; structures are the composite result of all movements taking
place after deposition of the stratum that is contoured. The most
recent major structural adjustment affecting Kansas is believed
to be a regional uplift that brought the Rocky Mountains to about
their present elevation in late Pliocene and early Pleistocene time.

Lansing rocks extend over much of the state but have been
eroded east of a line from Leavenworth County on the north to
Montgomery County on the south. In a large area in the subsur-
face in parts of Barber, Harper, Sumner, Cowley, Sedgwick, and
Chautauqua Counties, the top of the Lansing probably has been
eroded; consequently it is not feasible to use that horizon as
datum in the area (Winchell, 1957). Elsewhere, except in the
extreme western part of the state, the top of the Lansing group (or
top of the Stanton formation) is easily recognized in well logs.
Thus, abundant information is available to facilitate use of this
datum for structural contouring.

The most obvious structure on the map (Fig. 10) is the Nema-
ha, a southerly plunging anticline. The element is broader in the
north in Marshall and Nemaha Counties. Just east of the Nemaha
Anticline is the Brownville Syncline. The Bourbon Arch is not
revealed on the map; hence the Forest City and Cherokee Basins
are not shown as separate provinces, but, the western boundary
of the combined basins is the east flank of the Nemaha Anticline.
The Salina Basin axis lies close to the Central Kansas Uplift,
showing the basin to be asymmetrical in cross section. A wide,
gently dipping homocline modified by minor irregularities ex-
tends westward from the crest of the Nemaha to the trough of the
Salina Basin. The Central Kansas Uplift is discernible as a north-
westerly plunging “high” in Rice, Ellsworth, Barton, Russell,
Ellis, and Rooks Counties. Several minor anticlinal features are
associated with the uplift. The Cambridge Arch in Norton and
Decatur Counties is represented as a southeasterly plunging anti-
cline. The Hugoton Embayment lies west of the Central Kansas
Uplift and Cambridge Arch. Axis of the embayment extends
southward from Trego County through Ness, Edwards, and
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Kiowa Counties to Comanche County. The deepest part of the
embayment is in Comanche County where Lansing rocks lie 2,800
feet below sea level, in contrast to 750 feet above sea level on the
high point of the Nemaha Anticline. The western flank of the
Hugoton is recognizable in extreme western Kansas. The steep
northeast dip in Morton County reveals a flank of the Keyes
Dome, which chiefly is in the Oklahoma Panhandle.

In addition to structures represented in Figure 10, it is deemed
worthwhile to discuss briefly some other minor structures, in
order to classify them geographically in various petroliferous
provinces, which are defined in reference to the sub-Pennsylvan-
ian buried surface. Some structures listed in this part probably
are of comparatively recent origin, but most of them cannot be
detected readily in surface rocks (Fig. 11).

In the Cherokee Basin a belt about 60 miles wide just east of
the Nemaha Anticline contains several anticlinal folds, the axes
of which are approximately parallel to the larger anticline. In
southeastern Elk County and in adjacent parts of Wilson and
Chautauqua Counties, the Longton “ridge” has been identified in
buried Pennsylvanian rocks along a line about 25 miles long.
Another trend, extending from southeastern Cowley County
northeastward to northeastern Greenwood County, contains the
axes of the Otto, Dexter, and Beaumont Anticlines. In central
Cowley County and farther west, the Winfield, Rainbow, and
Graham Anticlines may be described as en echelon folds parallel
to the Nemaha Anticline. These anticlines contain oil and gas
pools. Farther east in the Cherokee Basin there are many other
deviations from regional dip.

Only a few smaller structures in the Forest City Basin have
been named. Sharp structures are obvious in outcropping rocks
in Linn and Wyandotte Counties and other places. Small buried
anticlines in the trough east of the Nemaha Anticline contain oil
pools in Viola and “Hunton” rocks. There are similar oil-bearing
structures in the trough of the Forest City Basin both to the
north and south. The McLouth Dome, in Jefferson and Leaven-
worth Counties, is an example of a small dome, weakly revealed
by outcropping rocks but becoming more pronounced and faulted
at depth, in the Forest City basinal area. Oil and gas occur in the
McLouth structure in Pennsylvanian and Mississippian rocks.
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A fairly distinet anticlinal fold, called the Barneston Arch in
its northern part and the Abilene Anticline farther south, extends
from western Dickinson County or perhaps eastern Saline County
northeastward to Marshall County and beyond into Nebraska
(Jewett, 1951). Petroleum has not been found in the structure.
Oil pools in Saline and McPherson Counties seemingly are in
anticlinal structures that have axes in en echelon position with the
Abilene Anticline. There are many other minor folds in the
Salina Basin area.

The Sedgwick Basin has trends of anticlinal folds parallel to
the Nemaha Anticline. One trend includes the Bluff City Anti-
cline in Harper and Sumner Counties, Valley Center Anticline
(with a great oil pool) in Sedgwick County, and Elbing and
Florence-Urshel trends farther northeast. Large oil pools have
been found along most of the length of nearly 100 miles. Farther
west are the Halstead-Graber trend and the Voshell Anticline.

As elsewhere in Kansas, much oil on the Central Kansas Up-
lift area is produced from stratigraphic traps, but anticlinal folds,
too, are of great importance. Some of the positive structural ele-
ments superposed on the larger structure are due to differential
compaction of sediments above and around buried hills in the
basement rocks. Several distinct folds of tectonic origin have axes
trending northeast-southwest; the Fairport Anticline is an ex-
ample (Fig. 11). It is nearly at right angles to the Rush Rib,
which trends northwest through Ellis, Rush, and Barton Counties.

In the Hugoton Embayment many structural traps have small
closure (Goebel and Merriam, 1957), hence are difficult to find,
and therefore detailed work is necessary. Of more importance at
present are stratigraphic traps, which account for a major share
of production from this province.

In this discussion of smaller structures in the several petrolif-
erous provinces, some mention of the occurrence of oil and gas
in structural traps was made. It should be stated here that
throughout the oil-producing parts of Kansas there are also a
large number of oil pools in stratigraphic traps of various kinds.
Space here does not permit discussion of the details of strati-
graphic traps. Many, but not all, stratigraphic traps are below
great unconformities, chief among which are the sub-Pennsyl-
vanian unconformity along part of the Nemaha Anticline and on
the Central Kansas Uplift; the sub-Chattanooga unconformity,
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especially on the ancient Chautauqua Arch; and the sub-
Maquoketa unconformity, which has not been mentioned pre-
viously in this paper. In places beveled edges of Simpson, Viola,
and other rocks are next below the Maquoketa.

Shoestring oil pools, properly classed as stratigraphic traps,
are especially important in the Cherokee Basin and in the south-
ern part of the Forest City Basin. The shoestrings, Pennsylvanian
in age, are elongate sandstone bodies within shale. Examples of
shoestring fields include Bush City, Colony West, Elsmore, Fox-
Bush, Hamilton, Keighley, Quincy, Sallyards, Seeley-Wick,
Teeter, and Thrall-Aagard. Shoestring sands in Butler and Green-
wood Counties have been studied in detail by Bass (1936).

The great accumulation of gas in the Hugoton Gas Area in the
Hugoton Embayment is trapped chiefly because of change in
porosity of lower Permian strata on the eastern flank of the Las
Animas Arch (Garlough and Taylor, 1941; Hemsell, 1939). The
Novinger oil field occurs in a “reef-like” limestone body of Mar-
maton age (Renfroe, 1954). Other fields in the Hugoton Embay-
ment are in lenticular sand bodies and may be classed as strati-
graphic traps.

STRUCTURE SHOWN ON ToP oF DAkOTA FORMATION

The sub-Mesozoic surface in western and central Kansas
where Mesozoic sediments are present and an inferred pre-Meso-
zoic surface in eastern Kansas are shown on an areal geologic map
(Fig. 12).

Figure 13 is a structural map contoured to show the present
attitude of the top of the Dakota formation, Gulfian Series (from
Merriam, 1957b) . Datum points used in making the map are lim-
ited to the western and central parts of Kansas because Creta-
ceous deposits are not present in eastern Kansas.

Structural conditions revealed by mapping top of the Dakota
formation indicate movements that occurred in Late Cretaceous
and later time. Regional movements near the end of Cretaceous
time and near the end of Tertiary time, which are most evident
in the Rocky Mountains, affected most or all of Kansas.

In Paleozoic time the stratigraphic making of western Kansas
chiefly was influenced by events that accompanied the develop-
ment of the Anadarko Basin, but post-Cretaceous developments
in western Kansas were closely connected with the subsidence of
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the Denver Basin. With the exception of the Cambridge Arch,
formerly existing major elements in western Kansas were in-
active. There may have been some activity along the Nemaha
Anticline in eastern Kansas.

Three major structural features, including the Cambridge
Arch that has been discussed previously, are indicated on the
Dakota structural map.

Western Kansas Basin.—The Western Kansas Basin was modi-
fied by northwestward tilting, it is believed, near the end of the
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F16. 14—Mesozoic structural provinces in Kansas.

Mesozoic (Fig. 14). The low northerly dip of the basin is revealed
stratigraphically as low as the Stone Corral formation (Permian).
Several minor structures are evident in the basin.

Las Animas Arch.—Development of the eastern flank of the
Las Animas Arch in western Kansas can be recognized in beds as
old as the Stone Corral formation (Permian), but the northeaster-
ly dip on the flank was accentuated after Dakota time (Creta-
ceous) in Kansas. The arch was mainly a post-Cretaceous struc-
tural feature (Lee and Merriam, 1954).

Cambridge Arch.—The Cambridge Arch is evident in Creta-
ceous beds; this indicates differential structural movement there
at least as late as post-Niobrara time. The arch separates the
Western Kansas Basin on the west from the Salina Basin (?) on
the east and plunges southward, dying out near the north end of
the Central Kansas Uplift (Fig. 14). The arch was affected by
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Jewett and Merriam—Geologic Framework 45

adjustments in the Denver Basin and was subjected to northerly
and northwesterly tilting.

PRESENT LAND SURFACE

The present land surface in Kansas is regarded as an im-
portant key to a large segment of the geologic history of the area.
The land surface in Kansas slopes gently eastward through the
eastern part of the High Plains, Plains Border, Smoky Hills, and
scarped plains in the east. Altitude of the highest point in the
state, in Wallace County, is 4,135 feet above sea level, and of the
lowest point, in Montgomery County where Verdegris River
flows into Oklahoma, is about 700 feet. Areal geology on the
present land surface is shown in Figure 1. Eastward inclination of
the land surface is discordant with regional structure of all out-
cropping rocks older than Tertiary. It is believed that the present
eastward slope of the land was established near the end of Tertiary
time.

In Kansas, east of the Flint Hills at about the geographic loca-
tion of the Nemaha Anticline, outcropping Pennsylvanian and
Permian rocks dip gently to the west and north of west. The aver-
age inclination of beds is about 20 to 25 feet per mile. The Nemaha
Anticline interrupts and locally reverses the dip of outcropping
strata (Fig. 3), and this regional dip is modified in many places.
Direction of regional dip at various places is nearly that of radial
lines extending from the center of the Ozark Dome as it is placed
in Missouri by the areal geologic outcrop pattern on the present
land surface. For some miles west of the Flint Hills the situation
is comparable, except that direction of dip of Permian rocks that
crop out there is more directly westward.

Dip of beds away from the Ozark area probably should be re-
garded as indication of regional uplift centered in the Ozark area.
Because of the monotonous westerly dip of beds, the name Prairie
Plains Monocline (Prosser and Beede, 1904) has been applied to
the area (or to the structural element). The nearly parallel ar-
rangement of Permian beds and other strata down to the sub-
Pennsylvanian surface indicates that most of the inclination was
developed after deposition of Permian sediments,

Three or more alluvial terraces in positions that range from
a few feet above flood plains to about 200 feet above the valley
floors are common in eastern Kansas. Their histories probably are
directly connected with glaciation. Alluvial terraces are present
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in southeastern Kansas as well as along streams in and near
glaciated northeastern Kansas. Alluvial fills below eastern Kan-
sas flood plains are as much as 100 feet thick (Kansas River Val-
ley at Kansas City).

Glacial till and outwash material are present almost every-
where in an area in northeastern Kansas bounded roughly by
Missouri River, Kansas River, and Big Blue River. Bedrock out-
crops are not plentiful in the glaciated area. Thickness of drift
may exceed 200 feet, but in most places is less than 100 feet. Pre-
Kansan valleys, now completely filled with as much as 200 feet of
drift, are known. Well drillers have reported as much as 300 feet
of unconsolidated material in places. Presence of comparatively
thick glacial drift in northeastern Kansas is of consequence in in-
vestigations by geophysical methods.

Thick deposits of loess are present along Missouri and Kansas
Rivers. Terraces along the river valleys in places are underlain
by a section consisting of loess in the upper part and alluvium in
the lower part. Reddish color is common to both materials, and
close inspection is required to detect contacts. Where alluvium,
loess, or glacial deposits are absent, soil in eastern Kansas is un-
derlain by shale, siltstone, sandstone, or limestone. Limestone, and
less commonly other rocks, may be seen in many natural ex-
posures.

The eastern margin of Cretaceous deposits on the Kansas land
surface has retreated farther west in southern Kansas than in the
central and northern parts of the state. Hence along or near the
southern boundary of Kansas, Permian rocks crop out within 100
miles of the Colorado line (Fig. 1). These Permian beds are
younger than those exposed farther east. The Blaine formation,
mentioned previously as a subsurface marker, crops out in
Comanche and Barber Counties. Hills in Barber County cut from
Nippewalla redbeds are capped by Blaine gypsum. In the same
area widespread karst topography has developed in the Blaine
anhydrite and gypsum beds.

The Smoky Hills, eroded from Dakota sandstone and clay,
mark the approximate eastern edge of Cretaceous deposits.
Comanchean beds are present in areas just east of the Dakota
sandstone hills; in Clark, Comanche, and Kiowa Counties there is
a sizable area of Lower Cretaceous outcrop. These deposits,
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Kiowa shale and Cheyenne sandstone, are exceptionally well
exposed in the vicinity of Belvidere in Kiowa County.

The Blue Hills, designated as the eastern margin of the High
Plains, mark the eastern margin of thick Tertiary deposits in
Kansas. The actual line of contact at the surface between Cre-
taceous (and very locally, in southern Kansas, Permian beds) and
overlying thick and extensive Tertiary deposits is very irregular
because of recent erosion. In Wallace County the line of contact
is within a few miles of the Colorado border. These Tertiary beds
are assigned to the Ogallala formation and are chiefly of Pliocene
age, but it is possible that older Tertiary deposits, probably Mio-
cene, are present in the subsurface in southwestern Kansas.

The Kansas part of the High Plains may be said to be built of
Pliocene beds and veneered with Pleistocene. Most of the mate-
rial was eroded from a former generation of Rocky Mountains.
This thick accumulation of mostly unconsolidated material makes
up a great wedge of silt, sand, clay, and gravel; it contains an
abundance of fresh water.

An interesting layer of rock marks the top of the Ogallala
formation. This is a pisolitic limestone that some authors call the
“Algal limestone”. According to Swineford, Leonard, and Frye
(1958) it is thought to have developed by soil-forming processes
acting on sands and silts of the uppermost part of the Ogallala
formation. The absence of definite fossils; anomalous distribution
of detrital grains with respect to odlites, pisolites, and bulbous
structures; inverted orientation of bulbous structures themselves;
and physiographic and climatic considerations all argue against
algal origin of the rock. The so-called “Algal limestone” is a con-
venient datum plane; it is the uppermost part of the Ogallala
formation, and except where there is local Pleistocene cover, it
marks the High Plains surface and the top of the great mass of
debris washed from the mountains.

The present attitude of the “Algal limestone” (Fig. 15) is es-
sentially an eastward-dipping homocline modified by minor ir-
regularities superposed on the major structure (Merriam and
Frye, 1954). The surface is gently inclined eastward from an
altitude of about 4,000 feet on the Kansas-Colorado line to about
1,600 feet in eastern Mitchell and Lincoln Counties in central
Kansas. If more detailed control were available, the map probably
would reveal minor noses and re-entrants in addition to those
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shown. The map does not reveal any pre-Tertiary structural
provinces.

It is believed that deposition of the material that makes up the
Ogallala formation is correlative with the cutting of a widespread
peneplain or erosional surface in the Rocky Mountains (the
Rocky Mountain or Flattop peneplain, Fenneman, 1931, p. 107).
The present attitude of the top of the Ogallala formation, however,
is not that of the surface at the time of its origin. At the time of
completion of the peneplain in the mountains, a continuously
graded plain made by degradation in the mountains and by ag-
gradation in the plains area stretched far eastward. The High
Plains at the time were not very high. Regional uplift took place
soon after Ogallala deposition, and seemingly steepened the gen-
eral eastward slope of the land surface of Kansas.

The over-all eastward inclination of the land surface in Kansas
is not, of course, shown on a structure map unless the datum bed
is parallel with the general land surface. A map of western Kan-
sas showing present structure on top of the Ogallala formation, for
example, does show inclination of the land surface. The present
attitude of the surface does in large part, however, represent the
result of tectonic movements, and movements that tilted the sur-
face of Kansas tilted all rocks below the surface and tilted all pre-
existing structures. The eastward slope in Kansas has been modi-
fied to an undetermined but presumably negligible degree by
erosion.
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EXPLORATION GEOPHYSICS IN KANSAS
By

DanNieL F. MErrIAM AND WiLLIiAM W. HAMBLETON*

ABSTRACT

Although much geophysical work has been conducted in Kansas in the
last three decades, few results have been published. Information, however,
is available on the number of crews, crew weeks, and county location of
exploratory work, so that some conclusions can be drawn as to the relative
value of the different geophysical methods in locating hidden mineral de-
posits. Most of the present exploratory work in Kansas is being conducted
by private industry in locating petroleum reserves. Seismic techniques have
proved to be the most successful of the geophysical tools.

A complete bibliography of published geophysical papers on Kansas is
presented. The subjects include magnetic, gravity, electrical, and seismic
work, but exclude bore-hole investigations and geochemical studies.

INTRODUCTION

Applied geophysics is a relatively new tool in the search for
fuels and other raw materials concealed in the earth’s crust. Only
within the last thirty years have geophysical techniques been
successful in mineral exploration. During the early years of geo-
physical exploration these techniques were tried and some were
developed in Kansas and they proved their value or failed. Im-
proved procedures, advanced instrumentation, and fresh ideas
constantly are offered to assure better and more precise results in
exploration. Yesterday's failure may be tomorrow’s success with
intelligent scrutiny of any geophysical exploration problem. On
the whole, results have been rewarding in Kansas and the future
looks bright for geophysics.

Although geophysical work has been conducted for many
years in Kansas, because the information has potential value to
its owner few results have been published. Data on exploratory
activity in Kansas are available from many sources, including the
National Oil Scouts and Landman’s Association Yearbooks,
American Association of Petroleum Geologists annual develop-
ment issues, Society of Exploration Geophysicists annual review
of geophysical activity, Interstate Oil Compact Commission’s
monthly newsletter, and Kansas Geological Survey annual de-

* State Geological Survey of Kansas.
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velopment reports. Information from various sources does not
always agree, but disagreement is negligible and does not affect
the over-all picture of Kansas geophysical activity.

A complete bibliography of published geophysical papers on
Kansas to October 1958 is presented at the end of this paper.
Reference is made to magnetic, gravity, electrical, seismic, and
radioactivity studies, but not to bore-hole investigations or geo-
chemical studies. It is hoped that this list of published literature
dealing with geophysical activity in Kansas may serve as a useful
guide to future geophysical studies in the state.

EXPLORATION REVIEW

Most geophysical exploration programs in Kansas at present
are concentrated in the search for new oil and gas reserves. Mag-
netic, gravity, and seismic methods are used, but seismic explora-
tion has proved to be the most successful of the geophysical tools,
and thus the oil hunter uses it almost exclusively. Gravity surveys
have had slight success; magnetic work has been little used in
recent years. Only a minor amount of geophysical work is being
done to locate ore deposits, construction material, and ground
water.

In addition to commercial activity and research by private in-
dustry, some research is being conducted by governmental
agencies. Most information obtained by private concerns does not
find its way into the literature; much of the work of research in-
stitutions is published. The U. S. Coast and Geodetic Survey, U. S.
Geological Survey, and Bureau of Reclamation have sponsored
several projects in Kansas (Deel and Howe, 1948; Duerksen,
1949; Happ, 1946; Jakosky, 1950; Pakiser, Mabey, and Warrick,
1954). Geophysical work also has been conducted by the State
Geological Survey of Kansas in areas shown on Figure 1 (Dreyer,
1947, 1947a, 1948; Hambleton and Merriam, 1955; Jakosky,
Dreyer, and Wilson, 1942; Merriam, 1954; and Merriam and Ham-
bleton, 1956) .

PeTROLEUM EXPLORATION

Magnetic Methods

Most of the central and western part of Kansas had been sur-
veyed with magnetometer by 1929. Even at that early date, there
had been geophysical activity in all but 29 of the 105 counties in
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F1c. 1—Index map showing areas in which geophysical work has been con-
ducted by State Geological Survey of Kansas (Numbers refer to published
Survey Bulletins).

the state (Heiland, 1929). These early studies were concentrated
along the Nemaha ridge, other south-trending anticlines, and
shoestring oil fields.

Magnetic work was being conducted in the state as late as
1937, but no details are available. As recently as 1942, 75 crew
months were reported in the state; since that time there has been
little magnetic exploration, except for 5 crew months reported
during 1946. Although at present there is no magnetometer crew
working in the state, one was reported to have worked a total of
4 crew weeks in extreme eastern and southeastern Kansas in
Labette and Cherokee Counties during 1957.

Sporadic use of magnetic exploration for oil and gas in Kansas
would indicate that it has not been successful. Likewise, it is
doubtful that the airborne magnetometer is playing much of a
role in petroleum exploration in Kansas, although information
concerning its use is not available.

Electrical Methods
There has been no electrical (resistivity) exploration in Kan-
sas recently, and essentially negative results were obtained in
the 1930’s (Karcher and McDermott, 1935).
Gravity Methods

As early as 1925, pendulum equipment was being used in
Kansas for petroleum exploration (Eckhardt, 1949). Seemingly,
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F16. 2—Graph showing number of geophysical and core-drill crews working in Kansas.

this was the first commercial use of gravity methods in the state.
Early use was made of the torsion balance along the Nemaha
ridge and on the Central Kansas Uplift for detailing basement
topography (Heiland, 1929), and other work was conducted in
south-central and central Kansas. A torsion-balance survey crew
was reported working in the state in 1937 and 1938.

In recent years the gravimeter has been used with some suc-
cess in western Kansas. The total amount of gravity work has de-
clined since 1942, except for an increase from 1948 to 1951 (Fig.
2), a slight increase during 1955, and in 1957 one gravity crew
worked more than 50 crew weeks.

Even though gravity methods and instrumentation have im-
proved considerably in the last decade, it is doubtful that the
gravimeter will find increased use in petroleum exploration in
Kansas, because it is not a high-resolution tool.

Seismic Methods

The amount of published material on seismic work in Kansas
is small in relation to the amount of seismic exploration. Weather-
by (1949, p. 286) reported that an extensive area in central Kan-
sas had been mapped on the “Cimarron anyhydrite” by the spring
of 1929. This was soon after the first successful application of
seismic methods to oil finding in Oklahoma in the late 1920’s. Sub-
sequently, the seismograph has been used extensively in Kansas
and has found favor with the oil industry.

Inasmuch as many oil-producing structures in Kansas exhibit
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monthly from October 31, 1948, to August 31, 1958 (based on information from 1.O.C.C.).

very low relief, sources of error in seismic operation and inter-
pretation must be evaluated with care. Thralls and Mossman
(1952) demonstrated that arbitrary application of near-surface
corrections to seismic data can lead to erroneous results. The
problem of lateral variation in seismic velocity due to alteration
of shallow Permian salt beds by ground water has been discussed
by Widess (1952). Glover (1953) summarized the problems of
seismic work in Kansas and suggested methods for minimizing
errors, including use of isotime maps. The wisdom of careful at-
tention to sources of error, development of a systematic program,
and adoption of improved methods of interpretation is shown in a
case history of the Smallwood pool in Stafford County (Beebe
and Ballou, 1956).

A seismic reflection quality map of the United States, which
designates areas as “good”, “fair”, or “poor to no good” was pub-
lished by Lyons in 1951. The map, on a small scale, shows reflec-
tion quality in Kansas as “good” to “fair”, except in southwestern
Kansas, in a narrow belt along the southeast border of the state,
and over the northern part of the Nemaha Anticline.

The development of reflection seismograph for use in shallow
investigations was reported by Pakiser, Mabey, and Warrick
(1954). High-frequency reflection seismograph now makes it
possible to map structure on shallow horizons that reflect struc-
ture at depth.

The total number of exploration crews in Kansas has increased
since 1946 because of the increased number of seismic parties; the
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number of gravimeter and core-drill crews has decreased. A
graph showing the number of crew weeks worked in Kansas from
1937 to 1957 (Fig. 3) shows relation to economic conditions of
the country. In pre-World War II days, exploration was slow, but
increased rapidly during the war. A postwar slump is evident
especially in 1947 and 1949. The Korean conflict brought about
renewed exploration activity, mainly seismic. Activity in 1956 de-
clined from the preceding four years, possibly reflecting tight
credit and increasing interest in foreign exploration. This decline,
however, was reversed in 1957.

YEAR
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Fi16. 3—Graph of geophysical and core-drill activity in terms of crew weeks
from 1946 to 1957.

A more detailed graph shows the number of seismic, gravity,
and core-drill crews in Kansas on a monthly basis from October
1948 through August 1958 (F'ig. 2; also see Table 1). Crew activity
can be correlated with economic conditions and global politics
from this graph also. As this graph is more up-to-date than Figure
3, it shows the early 1958 “recession”; also, it shows return to a
normal level of activity later in 1958.

Seismic exploration has been concentrated mainly in the
western part of the state, centering in the areas of the Central
Kansas Uplift, Pratt Anticline, Sedgwick Basin, and Hugoton Em-
bayment. Some work also has been reported in the vicinity of the
Cambridge Arch, along the Nemaha Anticline, and in the Salina
and Cherokee Basins. From 19 to 41 percent of the total new oil
and gas field discoveries in the state from 1953 to 1957 have been
credited to seismic work. If present trends in seismic explora-
tion continue, the subsurface in Kansas will be scrutinized even
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TaBLe 1.—Number of crews operating in Kansas

Seismic Gravimeter Core-drill Total Total crew weeks

Year crews crews crews crews all geophysical
1957 21 1 1 24* 797
1956 25 1 2 28 547
1955 39 1 3 43 740
1954 28 1 3 32 729
1953 25 1 4 30

1952 27 1? 3 30 967
1951 25 1 S 31 792
1950 746
1949 7 1 4 12 622
1948 7 3 9 19 934
1947 4 2 5 11 513
1946 1 0 7 8 677

* Includes 1 magnetic crew.

more closely. Refinement in instrumentation and interpretation,
however, probably will have more effect than a high level of
crew-month activity.

ExPLORATION FOR OTHER NONMETALS AND METALS

Only a minor amount of geophysical work is being done in
Kansas at present to locate ore deposits, construction material,
and ground water.

Metal mining in Kansas is confined to the Tri-State zinc and
lead district. Several published papers indicate that magnetic,
electrical, and gravity surveys may have value in finding possible
new areas for detailed exploration in the Tri-State district.
Jakosky, Dreyer, and Wilson (1942) report that prior to their
work, geophysical investigations in the Tri-State area had been
either of very short duration or regional rather than detailed in
character.

Some work has been done with electrical resistivity equipment
in locating construction material and in determination of over-
burden in connection with highway construction by the Kansas
Highway Commission, but little information is available on the
results. Also, seismic refraction surveys were found to be of some
use at dam sites for the purpose of mapping bedrock (Jakosky,
1950).

The Kansas State Board of Health, Oil Field Section, had some
success with electrical resistivity methods in locating areas where
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fresh ground water was being polluted by brine at shallow depths
in central and southeastern Kansas, but this work has been dis-
continued.

It is not known whether any geophysical method is being used
commercially to locate ground-water supplies. Electrical resis-
tivity methods (Merriam, 1954) and shallow seismic methods
(Pakiser, Mabey, and Warrick, 1954) seemingly offer the best
results in this field.
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