Geology, Mineral Resources, and Ground-Water
Resources of Elk County, Kansas

PART 1
ROCK FORMATIONS OF ELK COUNTY

By
GEORGE J. VERVILLE:
Abstracted for this report by John M. Jewett

PART 2
MINERAL RESOURCES OF ELK COUNTY

By
Roserr KuLsTaD, NORMAN PLUMMER, WALTER H. SCHOEWE,
AND EpwiN D. GOEBEL

PART 3
GROUND-WATER RESOURCES OF ELK COUNTY

By
CHARLES K. BAYNE

University of Kansas Publication

STATE GEOLOGICAL SURVEY OF KANSAS

VOLUME 14
1958



STATE GEOLOGICAL‘ SURVEY OF KANSAS

FrankLIN D. MurpHY, M.D.
Chancellor of the University, and ex officio Director of the Survey

Frank C. FoLEy, PH.D.
State Geologist and Director

VOLUME 14

GEOLOGY, MINERAL RESOURCES, AND GROUND-WATER
RESOURCES OF ELK COUNTY, KANSAS

PART 1
ROCK FORMATIONS OF ELK COUNTY
By

GEORGE J. VERVILLE:
Abstracted for this report by John M. Jewett

PART 2
MINERAL RESOURCES OF ELK COUNTY
By

RoBerT KuLsTap, NorMAN PLuMMER, WALTER H. SCHOEWE,
AND Epwin D. GoEBEL

PART 3
GROUND-WATER RESOURCES OF ELK COUNTY

Prepared by the State Geological Survey of Kansas and the United States Geological Su'rveg, with the
cooperation of the Division of Sanitation of the Kansas State Board of Health and the Division of
Water Resources of the Kansas State Board of Agriculture

By
CHARLES K. BAYNE

Printed by authority of the State of Kansas
Distributed from Lawrence

UNIVERSITY OF KANSAS PUBLICATION
Jury 1958



CONTENTS

PAGE

Part 1: Rock Formarions oF ELk County, by

George J. Verville (abstracted by John M. Jewett)
Abstract
Introduction
Location and geography
Field work
Previous geologic work in.the area ...
Acknowledgments ....... . :
Stratigraphy of outcropping rocks ...
Quaternary System
Pleistocene Series
Stream valley alluvium
Terrace deposits
Tertiary (?) System
Pliocene (?) Series
Terrace deposits

Permian System
Wolfcampian Series
Chase group .
Barneston limestone
Florence limestone member ...
Matfield shale
Blue Springs shale member ...
Kinney limestone member ...
Wymore shale member ...
Wreford limestone
Council Grove group ...
Speiser shale ..
Funston limestone ...
Blue Rapids shale ...
Crouse limestone ...
Easly Creek shale
Bader limestone
Middleburg limestone member ...
Hooser shale member
Eiss limestone member ...
Stearns shale ...
Beattie limestone ...
Morrill limestone member ...
Florena shale member ...
Cottonwood limestone member ...
Eskridge shale ...
Grenola limestone ...

Burr limestone member ...
Legion shale member ...
Sallyards limestone member ...
Roca shale
Red Eagle limestone ...
Howe limestone member ..
Bennett shale member ...
Glenrock limestone member .
Johnson shale ...

Long Creek limestone member ...
Hughes Creek shale member ...
Americus limestone member ...
Admire group ...

Janesville shale 16

. Hamlin shale member ... 16
Five Point limestone member ... 17

West Branch shale member ... 17

Falls City limestone .. 17
Onaga shale 17
Hawxby shale member ... ... 17
Aspinwall limestone member ... . 17
Towle shale member 17
Pennsylvanian System .. 17
Virgilian Series 17
Wabaunsee group ... 17
Wood Siding formation 17
Brownville limestone member ... 18

Pony Creek shale member .......
Grayhorse limestone member
Plumb shale member

Nebraska City limestone member ... 18
Root shale 18
French Creek shale member ... 18
Jim Creek limestone member ... 18
Friedrich shale member ... 18
Stotler limestone ... 18
Grandhaven limestone member ... 19
Dry shale member .. 19
Dover limestone member ... 19
Willard-Pillsbury shale ... 19
Emporia limestone ... 19
Elmont limestone member ... 19
Harveyville shale member ... 19
Reading limestone member ... 19
Auburn shale 20
Bern limestone 20
Wakarusa limestone member ... 20
Soldier Creek shale member ... 20
Burlingame limestone member ... 20
Scranton shale ... et eeenen 20
Silver Lake shale member ... 20

Rulo limestone member ... 20

Happy Hollow limestone member
White Cloud shale member ...........

Howard limestone .................. .21
Utopia limestone member ... .21
Winzeler shale member ... 21

Severy shale
Shawnee group

Topeka limestone ... 21
Coal Creek limestone member ... 21
Undifferentiated shale and limestone

member ...

Hartford limestone member .
Calhoun shale ...,
Deer Creek limestone .

Ervine Creek limestone member ... 23

Larsh-Burroak shale member ... 23




Rock Bluff limestone member ... 23

Oskaloosa shale member ... 23
Ozawkie limestone member ... .. ... .. 23
Tecumseh shale 23
Lecompton limestone .. 23

Avoca limestone member
King Hill shale member
Beil limestone member ...
Queen Hill shale member

Big Springs limestone member ... 24
Doniphan shale member ... 24
Spring Branch limestone member ... 24
Kanwaka shale 24
Stull shale member 24
Clay Creek limestone member ... 25
Jackson Park shale member ... 25
Oread limestone 25
Kereford limestone member .. 25
Heumader shale member ... .25
Plattsmouth limestone member ... 25
Heebner shale member ... ... 25
Leavenworth limestone member .25
Snyderville shale member ... . 26
Toronto limestone member ... 26
Douglas group 26
Lawrence shale 26
Unnamed shale unit ... . 26
Amazonia limestone member ... 26
Ireland sandstone member ... 26
Stranger formation 26
Robbins shale member ... .. 26
Haskell limestone member .
Vinland shale member ... 27
Westphalia limestone member ... ... 27
Tonganoxie sandstone member ... 27
Missourian Series 27
Pedee group ... 27
Weston shale .27
Part 2: MiNeraL REesources oF Erk County, by
Robert Kulstad, Norman Plummer, Walter H.
Schoewe, and Edwin D. Goebel ... .27

Gravel 32
Ceramic materials 32
Coal 33
Subsurface rocks 34
Stratigraphy and structure 34
Permian rocks 36
Pennsylvanian rocks 36
Mississippian rocks 36
Pre-Chattanooga rocks 36
Oil and Gas . 36
Introduction 36
Exploration and production ... 36
Producing formations 37
Secondary recovery 37
Part 3: GrRounD-WATER RESOURCES oF ELK CouNTy, by
Charles K. Bayne 37
Introduction 37
Well-numbering system 37
Principles of occurrence 38
Ground-water recharge 39
Ground-water discharge 39
Discharge by evaporation and transpiration ........ 39
Discharge by seeps and springs ... 41
Discharge from wells 41
Chemical character of water ... 41
Dissolved solids 41
Hardness 41
TXON e 43
Fluoride 43
Nitrate 43
Chloride ... 44
Sanitary considerations ... 44
Ground-water regions in Elk County ... 44
Wreford-Americus region ...... 44
Hamlin-Dry region 45
Dover-Burlingame region 45
Silver Lake-Severy region 45
Topeka-Lecompton region ... 46
Tecumseh area ... 46
Kanwaka region ... 46

Oread region

Introduction ..o .21 Ireland region
Economic geclogy of outcropping rocks ................ 28 Stranger region ... 47
Limestone ..... Alluvium-terrace region .47
The Plattsmouth limestone Records of typical wells ... 49
The Ervine Creek limestone . . . Logs of test holes . ... 54
The Red Eagle limestone .......................... References ..o 55
ILLUSTRATIONS
PLATE PAGE  FIGURE PAGE
1. Areal geology of Elk County ...... in pocket 4. Diagrammatic representation of outcropping
2. Mineral resources of Elk County ... .in pocket upper Virgilian (Pennsylvanian) rocks ... 10
3. Ground-water resources of Elk County ........ in pocket 9. Diagrammatic representation of outcropping
4. Views of quarrying operations at Moline ... 31 middle Virgilian (Pennsylvanian) rocks ... 1
6. Diagrammatic representation of outcropping
FIGURE PAGE lower Virgilian (Pennsylvanian) rocks ... 12

1. Index map of Kansas showing area discussed
in this report . 5
2. Diagrammatic representation of outcropping

middle Wolfcampian (Permian) rocks ........ 8
3. Diagrammatic representation of outcropping lower

Wolfcampian (Permian) and upper Virgilian

(Pennsylvanian) rocKS ..o 9

7. Physical properties of rock at Moline Quarry ... 30

8. Geologic cross section through southern Elk
County SO

9. Map illustrating well-numbering system

10. Graphical representation of analyses of water
from wells ..o 42

11. Geologic cross sections across Elk River valley .... 48




TABLES

TABLE PAGE  TABLE PAGE
1. Chemical analyses of limestone ... 29 6. Dissolved solids in water samples .................. 41
2. Ceramic data on shale samples ... 32 7. Hardness of water samples 43
3. Results of lightweight aggregate bloating 8. Iron in water samples 43

tests on shales 33 9. Nitrate in water samples 43
4. Chemical analyses of shales 32 10. Ground-water regions and designating symbols 44

5. Analyses of water from typical wells ... 40 11. Records of wells 50




PART 1
ROCK FORMATIONS OF ELK COUNTY

By

GEORGE J. VERVILLE

Abstracted for this report by John M. Jewett

ABSTRACT

The surface of Elk County, in southeastern Kansas, is
underlain by bedrock of Virgilian (Pennsylvanian) and
Wolfcampian (Permian) age. There are local, relatively
thin Pleistocene (Quaternary) deposits and accumula-
tions of gravel that are probably of late Tertiary age.
Subsurface rocks in descending order are Permian, Penn-
sylvanian, Mississippian, Devonian (?), Ordovician, Cam-
brian, and Precambrian.

Mineral resources that are being utilized include oil,
gas, and limestone. Clay and a very small amount of coal
are available for exploitation. Ground water that is not
mineralized is not plentiful. It is present in valley alluvium
and at shallow depths in some of the bedrock formations
in quantities sufficient to meet the needs for domestic and
stock water.

INTRODUCTION

This is the fourth in a series of reports on the
stratigraphy, economic geology, and ground-
water resources of eastern Kansas counties, con-
sisting primarily of maps (Pl 1, 2, and 3) but
containing brief descriptive stratigraphy and dis-
cussions of oil and gas, ground water, and other
useful geologic materials. Previously published
reports in the series are on Chase County (Moore
and others, 1951), Lyon County (O’Connor and

others, 1952), and Osage County (O’Connor and
others, 1954).

LocatioN AND GEOGRAPHY

Figure 1 shows the location of Elk County in
Kansas. Locations of counties that are the sub-
jects of previously published reports in this se-
ries and areas in which studies are in progress
are shown in the same figure.

Elk County lies in southeast Kansas, the sec-
ond county from the southern state boundary
and fourth from the eastern boundary. The
county comprises the south % of Township 28,
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and all of Townships 29, 30, and 31 South, in the
east %2 of Range 8, Ranges 9, 10, 11, and 12, and
the west 25 of Range 13 East. The latitude of the
county’s northern boundary is 37° 36’ 15’ north,
and the longitude of the eastern boundary is 95°
58’; the area is 651 square miles.

According to the 1950 Federal census, the pop-
ulation of Elk County was 6,679; of Howard, the
county seat, 1,149; of Moline, 871; and of Long-
ton, 478. Farming, cattle raising, and oil produc-
tion are the chief industries of the county.

The altitude of the land surface in Elk County
ranges from approximately 850 feet to 1,600 feet
above sea level; the surface slopes eastward from
the Flint Hills escarpment, which lies along the
western boundary. The county lies in the Arkan-
sas River basin and is drained principally by Elk
River and its tributaries.

FieLp Work

Field work on which the stratigraphic part of
this report principally is based was done in the
summers of 1949 and 1950 by George Verville,
who was assisted in 1949 by Bruce Walker and in
1950 by Elliott Riggs. Several years ago R. C.
Moore spent considerable time studying the out-
cropping rocks in Elk County. Results of his stud-
ies, including a l-inch areal geologic map, were
used by Verville. Ground-water investigations
were carried on by Charles K. Bayne, who su-
pervised test drilling in alluvial deposits. A very
large part of the data concerning oil and gas ex-
ploration and development was obtained by
Frank Moffitt, who did field work in Elk County
in the summer of 1951. The field studies of Ver-
ville and his assistants and of Moffitt were done
under the general supervision of J. M. Jewett,
who with the cooperation of Robert O. Kulstad
did some field work on economic geology and
other phases of the investigation. William R.
Atkinson supplemented Moffitt’s work by adding
development statistics through 1955.

Areal geology of Paleozoic rocks was mapped
by Verville on air photographs (scale 1:20,000).
For measuring rock sections in detail he used a
rule, hand level with stadia, or telescopic level
and 12-foot rod. Pleistocene deposits were mapped
by Bayne.

Previous Georocic WORK IN THE AREA

Knowledge of the geology of Elk County and
other Kansas counties has accumulated over a
period of many years; many geologists have con-
tributed to the store of data that is available
when new work is undertaken in any area. Gen-
eral descriptions of rocks that crop out in Elk
County are included in several reports (Condra
and Upp, 1931; Moore, 1936, 1949, and 1951;
Moore, Frye, and Jewett, 1944; Moore and others,
1951). Exposures of some of the beds were de-
scribed by Condra and Busby (1933) and by
O’Connor and Jewett (1952). Mineral resources
of the county were discussed by Landes (1937),
and oil and gas by Jewett and Abernathy (1945)
and by Jewett (1949, 1954). Oil and gas develop-
ments in Elk County and other oil and gas pro-
ducing counties are discussed in the annual oil
and gas development reports of the State Geo-
logical Survey, the latest of which is Bulletin 128
(Goebel and others, 1957). Subsurface geology
in Elk County relative to oil and gas has been de-
scribed by several geologists and especially by
Ley (1924). The areal and structural geology of
that small part of Elk County which is included
in the Fredonia quadrangle was mapped by Wag-
ner (1954, Pl. 1).
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STRATIGRAPHY OF OUTCROPPING ROCKS

Plate 1 is an areal geologic map of Elk County.
Stream valley alluvium and terrace deposits are
of Pleistocene and late Tertiary (?) age, but
most of the area is occupied by more strongly
consolidated rocks of late Pennsylvanian and
early Permian age. On this and following pages,
where the rock succession in Elk County is de-
scribed, statements of thickness and distribution
apply to this county only unless otherwise indi-
cated. Exposures of most of the outcropping Pa-
leozoic rocks in the county are represented
graphically in Figures 2, 3, 4, 5, and 6.

QUATERNARY SYSTEM

PLEISTOCENE SERIES

Stream Valley Alluvium

Stream-laid deposits of gravel, sand, silt, and
clay as much as 40:feet thick occupy the valleys
of Elk and Fall Rivers. Thinner accumulations
partly fill the valleys of smaller streams. In the
larger valleys coarse material, . predominantly
chert, limestone, and sandstone gravel, commonly
is found in a lower zone ranging from a fraction
of an inch to 8 feet in thickness. Sand is inter-
mingled with the pebbles, some of which are 2
to 3 inches in diameter. The upper part of the
deposit consists mostly of clay and silt but grades
downward into more sandy material. Colors gen-
erally are darker near the present land surface,
but variations of tan and buff predominate in
the lower parts.

The position of present stream valley alluvium,
except very narrow belts in small valleys, and

the position of the lowest recognizable terrace are
shown together on Plate 1.

The thicker deposits of alluvium constitute the
most important fresh-water-bearing formation in
Elk County.

Terrace Deposits

Stream-laid deposits of clay, silt, sand, and
gravel, of Pleistocene age, occur in terraces at
elevations lower than those of material believed
to have been deposited by streams in Late Terti-
ary time. Three terraces are recognized along
parts of Elk River valley near Longton. The low-
est one is narrow and discontinuous. In lithology
and thickness the material of this terrace is simi-
lar to the alluvium below the present floodplain,
and its position in reference to the river valley
suggests correlation with the Wiggam terrace
along Cottonwood and Neosho Rivers farther
north in Kansas (O’Connor, 1953, p. 6).

The most prominent and extensive Pleistocene
terrace lies a few feet above the lowest terrace
and about 15 to 20 feet above the present flood-
plain. The material of this terrace is similar to
that of the lower and younger valley fills. The
position of this intermediate terrace suggests
correlation with the Emporia terrace in Chase
and Lyon counties (Moore and others, 1951, p. 6;
O’Connor, 1953, p. 7). The Emporia terrace is
judged to be late Kansan in age.

The third and highest Pleistocene terrace is
recognized only in the vicinity of Longton, where
it is 20 to 25 feet above the intermediate level.
Material below this terrace consists of a thin zone
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of fine material underlain chiefly by chert gravel.
Material in the two lower terraces yields con-
siderable water to wells. The uppermost terrace,
however, generally is above the water table.

TERTIARY (?) SYSTEM

PLIOCENE (?) SERIES

Terrace Deposits

Remnants of a terrace ranging from about 100
to 150 feet above the river valley occur in isolated
locations in the Fall River watershed. The de-
posits constituting the terrace are composed
mainly of coarse chert gravels and are, probably
at least in part, of late Tertiary age. The average
thickness is a few feet. In a few places these chert
gravels yield a small amount of water to shallow
wells.

PERMIAN SYSTEM

WOLFCAMPIAN SERIES
CHASE GROUP

Barneston Limestone

The lowermost member of the Barneston for-
mation, the Florence limestone member, is the
youngest consolidated rock in Elk County. It
caps two small hills in the extreme northwestern
part, hence is of little importance as an aquifer.

Florence limestone member—Exposures of the
Florence limestone are poor and are covered
mostly with fragmental chert weathered from
higher parts of the rock. Only the lower few feet
of this extremely cherty limestone occurs in Elk
County.

Matfield shale

Present only in the extreme northwestern part
of the county, the Matfield shale has a thickness
of 55 to 60 feet.

Blue Springs shale member.—The thickness of
the Blue Springs shale is about 25 feet. Expo-
sures in Elk County do not allow exact measure-
ments or descriptions, but in neighboring parts of
Cowley County this unit contains some thin-
bedded fossiliferous limestone interbedded with
gray shale in the upper part and about 2 feet of
gray-green limestone about 6 feet from the base.
The rest is bluish-gray and bright-red shale. The
formation is unimportant as an aquifer.

Kinney limestone member.—The Kinney lime-

stone holds two fairly prominent benches in the
extreme northwestern part of Elk County, where
the unit is believed to comprise two limestones
separated by a few feet of shale. The total thick-
ness is about 15 feet.

Wymore shale member.—The Wymore shale is
covered by soil in the small areas of its outcrop
in northwestern Elk County. In neighboring parts
of Cowley County it is about 9 feet thick and
consists of gray and red shale and includes some
lavender limestone in its lower middle part.

Wreford Limestone

Like higher beds, the Wreford limestone is
poorly exposed. Measurable exposures in the
western part of the county are limited to only a
few feet of cherty limestone, which occurs in the
lower part of the formation, and they are not
suited for differentiating the members of the for-
mation. The upper beds generally are reduced to
cherty rubble, which blankets the bench held by
the formation. The thickness probably is between
30 and 35 feet. The formation is an important
aquifer.

COUNCIL GROVE GROUP
Speiser Shale

The thickness of the Speiser shale is commonly
about 28 feet, but one section containing only 19
feet was measured. The upper part consists of
thin, gray and buff, nodular limestone and shale
beds. There is considerable red and green ma-
terial in the lower part. The upper part is abun-
dantly fossiliferous, and large specimens of Der-
byia are plentiful. The formation is of little or
no importance as a source of ground water.

Funston Limestone

Where measured, the Funston limestone ranges
in thickness from 11 to 13 feet and consists of two
limestones separated by 4.5 to 7 feet of buff, gray,
and red shale. Locally, the shale is calcareous
and contains nodular, partly fossiliferous lime-
stone. The upper limestone, about 2 to 4 feet
thick, is dense and platy to massive. The lower
limestone, about 1.5 to 2.5 feet thick, is bluish
and commonly contains fossil mollusks and algal

. remains. The formation is of little or no import-

ance as an aquifer.
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Blue Rapids Shale

The average thickness of the Blue Rapids shale
is about 23 feet. Thin, locally cherty limestone is
fairly characteristic, especially of the upper part.
Colors of the shale are gray, greenish, and red.
Locally, specimens of the large brachiopod Jure-
sania are common in the upper part, and sparse
algal remains occur in the middle and lower parts.
Little if any ground water is obtained from the
formation.

Crouse Limestone

The Crouse limestone is about 9 feet thick and
in most exposures consists (in descending order)
of: 2 to 3 feet of yellowish, thin-bedded, platy
limestone; 3 to 4 feet of bluish-gray, dense, mas-
sive, locally cherty limestone; and about 3 feet
of irregular, thin-bedded to nodular limestone,
which characteristically contains discoidal fossil
algal colonies (Ottonosia), which at least in part
are coatings on clam shells. The more massive
upper and middle parts of the formation hold a
prominent topographic bench along the line of
outcrop. A few wells derive water from the
Crouse limestone.

Easly Creek Shale

The average thickness of the Easly Creek shale
is about 10 feet. The formation is characterized
by its distinet brown and red colors and the pres-
ence of small white algal masses. This formation
is of little or no importance as a source of ground
water.

Bader Limestone

About 28 feet is the average thickness of the
Bader formation in Elk County, where it is com-
posed of bluish and greenish-gray, thin-bedded
limestone and gray, buff, yellow, brown, green,
and red shale. Boundaries of members are de-
fined with some difficulty. Little or no ground
water is derived from the Bader formation.

Middleburg limestone member.—The Middle-
burg limestone is about 6 feet thick and consists
of gray to greenish, thin-bedded limestone that
weathers whitish and is interbedded with gray to
greenish shale. The dense, tough limestone com-
monly contains fossil pelecypods. Its position is

marked by a low indistinct bench below the more

deeply weathered Easly Creek shale.

Hooser shale member—About 11 feet is the
average thickness of the Hooser shale. In de-
scending order it consists of: about 4.7 feet of
buff to yellow shale; 0.2 foot of greenish-gray,
molluscan limestone; 2.5 feet of interbedded dark-
blue to greenish, nodular, fossiliferous limestone
and buff shale; and 4.1 feet of varicolored, algal
shale, which commonly is poorly exposed.

Eiss limestone member.—The thickness of the
Eiss limestone is about 11 feet. The upper 2
feet is blue-gray, massive limestone, commonly
conspicuously pitted and faded to light gray by
weathering. It is underlain by about 2 feet of red
and green shale. The rock in the lower part
(about 7 feet) is buff and gray thin-bedded lime-
stone, the lowermost part of which is nodular
and contains fossiliferous gray shale.

Stearns Shale

The Stearns shale is about 13 feet thick. It is
well exposed in only a few places, but where seen
it consists of about 5 feet of gray shale overlying
about 6 feet of red and brown shale, which is
underlain by about 2.5 feet of bluish to dark-
gray shale and nodular limestone. The more
brightly colored shale contains small bodies that
are believed to be fossil algae. The brachiopods
Meekella and Juresania and the pelecypod Awvi-
culopecten occur in the nodular limestone and
associated shale. The formation is of no impor-
tance as an aquifer.

Beattie Limestone

The Beattie formation consists of two limestone
members and a shale member, and it ranges in
thickness from about 15 to 29 feet. The formation
is of little or no importance as a source of ground
water.

Morrill limestone member.—The thickness of
the Morrill limestone averages about 9 feet, but
may be as little as 7 feet locally. The upper part
is buff to whitish, irregularly thin bedded lime-
stone, and the next lower unit, commonly about
2 feet thick and 3 to 5 feet below the top, is buff
to bluish, massive limestone that weathers with
an irregular, pitted, light-gray surface. The lower
part is buff to yellowish, thin-bedded, nodular
limestone interbedded with yellow fossiliferous
shale. Fusulinids and sea-urchin plates and spines
are abundant in the massive and lower, shaly
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parts. Material believed to be of algal origin cov-
ers many of the sea-urchin fragments.

Florena shale member.—The average thickness
of the Florena shale is about 8 feet; a maximum
of 14 feet was measured near the Elk-Cowley
County boundary between sections 3 and 4, T.
31 S., R 8 E. This unit consists of gray, brownish,
and bluish clay shale that is abundantly fossil-
iferous. Light-gray, argillaceous, nodular lime-
stone in discontinuous beds occurs locally in the
upper part where the Florena shale is thicker.
The brachiopod Chonetes is the most plentiful
fossil, but there is an abundance of other forms,
including fusulinids, conodonts, mollusks, bryo-
zoans, echinoderms, and trilobites.

Cottonwood limestone member—The Cotton-
wood limestone is bluish-gray limestone, inter-
bedded with buff and gray shale, and its average
thickness is about 5 feet. Fusulinids are fairly
common in the upper part, and gastropods, pele-
cypods, and productid brachiopods are common
in the lower part.

Eskridge Shale

The average thickness of the Eskridge shale is
about 23 feet. Gray and red shale and some pur-
plish and greenish limestone are characteristic.
The formation commonly is concealed under a
grass-covered slope marked by a bench held by
distinctive massive limestone beds in its middle
part. The Eskridge shale is of no practical im-
portance as an aquifer.

Grenola Limestone

The thickness of the Grenola limestone is about
45 feet. The Neva limestone, uppermost member
of the formation, is the most conspicuous part. A
few springs issue from the Grenola, and probably
a few shallow wells produce water irom it.

Neva limestone member—The Neva limestone
is about 20 feet thick. There is some shale in the
lower part, especially in the southern part of ad-
jacent Greenwood County, but to some extent
it grades into nodular and thin-bedded limestone
in southern Elk County. The upper part of the
unit is composed of massive and thin-bedded
limestone. Light gray is the prevailing color.
Fusulinids are plentiful.

Salem Point shale member.—The thickness of
the Salem Point shale averages about 7 feet.

Gray to brown shale is the prevalent rock. Some
bluish-buff limestone occurs in the upper part,
and the middle part is characteristically marked
by “limestone box work”, a network of calcite
veins. A thin, dense, pelecypod-bearing limestone
occurs in the lower part.

Burr limestone member.—The Burr limestone
is about 4 feet thick and consists of two massive,
blue-gray to dark-gray dense limestones sepa-
rated by about 0.2 foot of shale. Fossils include
ostracodes, the pelecypod Myalina, and small
snails.

Legion shale member.—About 5 feet is the
common thickness of the Legion shale. It com-
prises gray to buff shale and a few limestone
stringers. This rock is sparsely fossiliferous, con-
taining a few pelecypods and the brachiopod
Juresania.

Sallyards limestone member.—Measured sec-
tions of the Sallyards limestone show a thickness
of 3.5 to 4.1 feet. Where best exposed it consists
of bluish-gray massive to platy, irregularly bed-
ded limestone that weathers dark gray. Pelecy-
pods, crinoid fragments, and bryozoans are com-
mon.

Roca Shale

The Roca shale is about 15 feet thick. The up-
per few feet is gray to brown shale that in some
places contains small white to cream-colored
nodules, which are believed to be fossil algae.
The rest of the formation commonly is red to
purplish shale, but in some exposures the lower-
most part is green, gray, or brown. This forma-
tion commonly is concealed under a grass-covered
slope. The formation is of little or no importance
as a source of ground water.

Red Eagle Limestone

The Red Eagle limestone is about 19 feet thick.
The formation consists almost entirely of lime-
stone, but members recognized farther north in
Kansas and in southern Nebraska are differenti-
ated (O’Connor and Jewett, 1952). Exposures in
Elk County are sparse; an outcrop in sec. 4, T.
31 S, R. 8 E,, affords the best opportunity for
study. The formation is of little or no importance
as an aquifer.

Howe limestone member.—The Howe limestone
is 2.5 feet thick. It is buff and chalky and occurs
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as a massive bed. Recognizable fossils are minute
foraminifers and minute gastropods.

Bennett shale member.—The Bennett shale is
represented almost entirely by a limestone facies.
The measured thickness of the member is 19.9
feet. All except the lower 0.3 foot of the unit is
coarsely crystalline gray limestone that weathers
buff. It occurs in irregular well-jointed beds a
few inches thick, and the lower part is somewhat
nodular. The lowest 0.3 foot is gray, silty shale,
containing rusty-brown fragments of Orbicu-
loidea.

Glenrock limestone member—The lowermost
member of the Red Eagle formation is a silty,
nodular, gray, fusulinid-bearing limestone 0.2
foot thick.

Johnson Shale

The thickness of the Johnson shale is about 20
feet. Where best exposed the upper 7 feet is
bluish-black shale including several thin, blue,
dense, nodular limestone beds. This is underlain
by 1.9 feet of yellowish, vuggy, earthy limestone,
containing a profusion of variously oriented cal-
cite veins, which stand out in relief on weathered
surfaces producing a honeycomb, or “boxwork”,
effect. In the upper part, ostracodes, pelecypods,
and productid brachiopods are abundant, and
other fossils are common.

Foraker Limestone

The Foraker limestone is a cherty limestone
and shale formation about 55 feet thick carrying
a prolific fusulinid fauna. This formation is the
main aquifer in the northwest part of Elk County.

Long Creek limestone member.—The Long
Creek limestone is about 6 feet thick. The upper
part, about 1 foot, is gray to tan, tough limestone
that weathers nearly white to bright yellow
orange and is believed to be mostly algal. At ex-
posures in southern Greenwood County, the
middle part of the unit is seen to consist of brown
and gray shale that is platy in its lower part.
The lower part is dark-gray to bluish, fusulinid-
bearing limestone and includes a thin algal zone
at the top. In Elk County the Long Creek lime-
stone is commonly present on gentle slopes at a
considerable distance west of the escarpments
held by thicker limestones in the same forma-
tion. Consequently, exposures are generally poor.

Hughes Creek shale member.—The Hughes
Creek shale is about 40 feet thick and consists
mainly of dense, gray, massive, cherty, fusulinid-
bearing limestone and dark-gray, blue-gray, and
vellow-gray, fossiliferous shale. About one-half
of the thickness of the unit is shale. The lime-
stone, unlike the shale, is fairly well exposed and
bears abundant fusulinids in both the chert nod-
ules and the calcareous matrix. Other fossils in-
clude ostracodes, crinoid fragments, bryozoans,
brachiopods, pelecypods, and conodonts.

Americus limestone member.—The thickness
of the Americus limestone ranges from about 7.5
to 11 feet. The unit comprises two limestones sep-
arated by shale. In the northern part of the
county, the upper limestone is about 1.6 feet thick,
blue gray, massive, and cherty. The separating
shale is about 4.5 feet thick, bluish to-yellow, and
contains some platy to nodular limestone beds in
the lower part. The lower limestone is about 1.4
feet thick. It is bluish gray and consists of two
beds, the lower of which contains thin zones of
gray to tan limy pebbles. In the southern part of
Elk County, the upper part consists of blue-gray,
massive limestone about 3.5 feet thick. The shale,
in the middle part of the unit, is about 4.5 feet
thick and is blue gray to black. Locally, it is al-
most coaly. A few blue limestone stringers are
in the shale. The lower limestone, about 2 feet
thick, is bluish gray, massive, and contains tan
and gray limy pebbles in the lower part. In the
upper part it has irregular thin beds, and fusuli-
nids are abundant.

ADMIRE GROUP

Janesville Shale

In Elk County the Janesville shale is about 70
feet thick. It comprises two shale members sep-
arated by a limestone member in the middle part.

Formerly, strata now recognized as the Janes-
ville shale (Moore and Mudge, 1956, page 2273
and fig. 1) were classed as three separate forma-
tions (Hamlin shale, Five Point limestone, and
West Branch shale) that now are regarded as
members of the Janesville formation.

Hamlin shale member—The Hamlin shale is
about 35 feet thick. It comprises two shale units
separated by a limestone near the top. The upper
part is the Oaks shale bed, which ranges from
about 3 to 7 feet in thickness and averages about
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6 feet. There are few exposures of this part of the
Hamlin shale in Elk County, but where seen it is
brownish in the upper part grading through yel-
lowish into dark gray or nearly black; or the per-
sistent brown part is underlain by thin, yellow-
gray limestone, which overlies yellow and bluish
platy shale. In turn, this latter is separated from
greenish shale below by a thin bed of limestone.
Small white nodules in the brown shale in the
upper part of the Hamlin are believed to be fossil
algae.

A limestone bed is the middle unit in the Ham-
lin shale. This unit is believed to be the Houchen
Creek limestone. Its thickness is about 3.5 feet.
It is buff to orange yellow, earthy, and shaly, and
it is characteristically marked by well-developed
calcite veinwork, which stands out in relief as
pronounced “boxwork” where weathered.

The lower part of the Hamlin shale was for-
merly known as the Stein shale member of the
Hamlin formation. The strata have a thickness of
about 32 feet. Where best exposed, they grade
from gray to yellow shale in the upper few feet
to the green and red material that constitutes
most of the unit. The lower part consists of yellow
to orange and gray shale overlying greenish-gray,
blocky shale. Locally, there is a well-developed
“boxwork” of calcite and some silty, crinkly, thin-
bedded limestone in the middle part.

Five Point limestone member.—This limestone
is about 2 feet thick, dark to brownish gray, and
weathers to yellow orange. It is massive and at
the outcrops commonly is broken down into two
or three irregular beds. Fusulinids are abundant,
and brachiopods and bryozoans are common.

West Branch shale member.—Measured sec-
tions of the West Branch shale range from about
20 to 36 feet in thickness. A thin bed of coal oc-
curs about 8 to 14 feet below the top. The upper
part of the formation is greenish-gray shale,
which grades downward into bluish-gray to black
shale containing some greenish material. Yellow
to tan calcite “boxwork” and limestone stringers
occur locally in the lower part.

Falls City Limestone

The Falls City limestone is 2 to 3 feet thick. It
is earthy to dense, dark-blue to yellowish-gray
limestone containing numerous joints filled with
calcite. In some places, the lower part is massive

and the upper part is nodular; in other places,
the unit consists of three or more nearly uniform
beds. Most of the fossils are fragmentary. Com-
posita, Meekopora, bellerophontid gastropods,
and crinoids are most common.

Onaga Shale

The Hawxby shale, Aspinwall limestone, and
Towle shale formerly were classed as individual
formations, but according to present classifica-
tion (Moore and Mudge, 1956), they are regarded
as members of the Onaga shale, which in Elk
County has an average thickness of about 20 feet.

Hawxby shale member.—The thickness of this
unit ranges from about 6 to 8 feet. The upper part
is gray and locally contains micaceous sandstone.
The lower part is red, purple, green, and yellow.
Locally, a thin, bluish-gray, nodular limestone,
believed to be algal, is present next below the
upper gray part.

Aspinwall limestone member—The average
thickness of the Aspinwall limestone is 2 feet.
Locally, about 0.6 foot of shale occurs between
the upper and lower parts. Exposures in Elk
County are poor, but where best seen the unit is
thin-bedded to slabby and dark gray. It contains
a mixed molluscan-bryozoan-brachiopod fauna.

Towle shale member—The Towle shale has an
average thickness of about 20 feet. It commonly
consists of yellow to gray micaceous shale, which
weathers greenish gray. Locally, the upper part
contains several thin bluish limestone beds inter-
bedded with gray and tan shale. Physical evi-
dence of disconformity at the base of the Towle
shale was not observed in Elk County.

The Admire group of rocks is of only minor im-
portance as aquifers. Locally, small amounts of
water are obtained from relatively shallow dug
wells.

PENNSYLVANIAN SYSTEM
VIRGILIAN SERIES

WABAUNSEE GROUP
Wood Siding Formation

As defined by Moore and Mudge (1956, p.
2273), the Wood Siding formation comprises beds
formerly assigned to the Brownville, Pony Creek,
and Caneyville formations. The first two of these
units (two uppermost) were retained by Moore
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and Mudge as members of the Wood Siding form-
ation.

In Elk County, the Wood Siding formation has
an average thickness of about 40 feet. The forma-
tion is of little importance as an aquifer.

Brownwville limestone member.—The Brown-
ville limestone ranges from about 1 to 2 feet in
thickness. It commonly is a single massive bed of
gray limestone that weathers yellow or brown.
Its outcrop is persistent. The rock is character-
ized by an abundance of fusulinids and the brach-
iopods Chonetes and Marginifera. It also contains
crinoid fragments, echinoid spines, and bryozoans.

Pony Creek shale member.—The average thick-
ness of the Pony Creek shale is about 18 feet.
Gray brown in the upper part, the shale grades
downward into bluish green and yellowish gray.
A thin coal bed occurs about 9 feet below the top
of the formation. Pelecypods and ostracodes have
been observed in the shale.

Grayhorse limestone member.—This unit is
slightly more than 1 foot thick. It consists of dark-
gray massive limestone that weathers buff to yel-
lowish and breaks down into thin wedge-shaped
slabs, giving the ledge a distinct cross-bedded
appearance. Locally, it is a coquina of small frag-
ments of pelecypods, Myalina being the most
common.

Plumb shale member.—Plumb is a new strati-
graphic name introduced by Moore and Mudge
(1956, p. 2275) for shale that formerly was re-
garded as the middle unit of the Caneyville for-
mation.

This part of the Wood Siding formation ranges
in thickness from about 17 to 30 feet. It is bluish-
gray to yellowish, micaceous shale, which locally
contains some sandstone and thin limestone beds.
In the southern part of Elk County, the upper
part of the unit contains three limestone beds.
The upper one is 0.5 foot thick, dark gray, weath-
ering yellow to rusty, and contains fusulinids. The
middle limestone is a 1-foot bed of dark-blue,
brownish-weathering limestone crowded with
small snails, brachiopods, and bryozoans. The
lower limestone is lenticular, dense, and blue, and
contains small siltstone pebbles in its lower part.
Muyalina is abundant in shale above the thin lime-
stones in that area.

Nebraska City limestone member—The Ne-
braska City limestone is about 1 foot thick. It
consists of bluish-gray, dense, locally somewhat

impure, massive limestone that weathers buff to
orange. Observed fossils include fusulinids, the
pelecypod Avwiculopinna, crinoid fragments, and
small brachiopods.

Root Shale

Moore and Mudge (1956, p. 2275) have defined
the Root shale as a formation comprising strata
formerly assigned to (in descending order):
French Creek shale, Jim Creek limestone, and
Friedrich shale formations; these units now are
regarded as members of the Root formation. In
Elk County this formation is about 70 feet thick.

French Creek shale member.—The average
thickness of the French Creek shale is about 37
feet; as much as 42 feet was measured in the
northern part of the county. The member com-
prises gray and greenish to bluish shale and gray
to brown sandstone. Locally, the sandstone fills
channels. In the northern part of the county, a
thin coal bed lies near the top of the unit.

Sandstone in the French Creek shale yields
small amounts of water in a few places.

Jim Creek limestone member.—The Jim Creek
limestone is about 1 foot thick. It is dark blue to
bluish gray and massive. The rock weathers
purplish, making identification easy. Fusulinids
are common and pelecypods are sparse.

Friedrich shale member.—The Friedrich shale
is about 30 feet thick and consists of gray to blu-
ish shale, which becomes more micaceous and
sandy southward in the county. A thin bed of
coal occurs about 1 foot below the top of the
member. A sandstone ranging from a featheredge
to as much as 10 feet thick commonly is seen be-
low the coal bed, but locally the position of the
sandstone is ocupied by sandy shale. In the north-
ern part of the county, one or more thin pelecy-
pod-bearing limestones occur in the lower part
of the formation. Locally, small quantites of water
are obtaned from the Friedrich shale.

Stotler Limestone

Moore and Mudge (1956, p. 2275) have de-
fined the Stotler limestone as a formation com-
prising the Grandhaven limestone, the Dry shale,
and the Dover limestone as members; these units
formerly were regarded as individual formations.

In Elk County the Stotler formation averages
about 38 feet thick.
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Grandhaven limestone member—The average
thickness of the Grandhaven limestone is about
10 feet. The unit consists of two or three thin
limestones separated by gray and brown shale
beds 4 to 11 feet thick. Locally, there is a thin
coal bed in the shale. The lowermost limestone
bed of the member is dark gray and weathers
brown and is less than 1 foot thick. The upper-
most limestone is bluish and weathers to a rusty
brown. It averages about 1 foot in thickness and
contains “Osagia”, small brachiopods, and crinoid
fragments. Crurithyris, rhomboporid and fene-
stellid bryozoans, and crinoid fragments are
abundant in the shale portion.

Dry shale member—The Dry shale averages
about 7 feet thick and consists of gray and brown
shale, which is fossiliferous, containing ostra-
codes, pelecypods, gastropods, bryozoans, and
crinoid fragments. A thin coal bed lies in the up-
per part of the member. The Dry shale carries
very little water.

Dover limestone member—The Dover lime-
stone is about 21 feet thick, and it consists of three
thin limestones separated by gray, brown, and
greenish-gray shale beds. The separating shales
are locally fossiliferous. The upper limestone is
2 to 3 feet thick. It is bluish-gray, brown-weath-
ering thin-bedded limestone composed mostly of
algal material, “Osagia”. The middle limestone
is a single bed of dark-gray limestone that char-
acteristically weathers into slabs and contains an
abundance of black cryptozoans and slender
specimens of Triticites. The lower limestone av-
erages about 1.7 feet in thickness; it is dark blue,
dense, and massive, and weathers buff to bright
orange. The brachiopod Chonetes is abundant in
this lower bed.

Weathered parts of the Dover limestone locally
are sources of some water in wells.

Willard-Pillsbury Shale

Moore and Mudge (1956, p. 2275) have intro-
duced the name Pillsbury as the name of strata
between the Dover and Maple Hill limestones.

Because the Maple Hill and Tarkio limestones
and the intervening Wamego shale have not been
identified as far south as Elk County, strata be-
tween the Dover limestone (above) and the El-
mont limestone are classed as Willard-Pillsbury.
In Elk County the thickness of this part of the

section averages about 9 feet and diminishes
southward in the county. Lithologically the unit
is variable, but one or more thin coal beds are
present in all exposures studied. Thin-bedded or
slabby limestone, in places overlain and under-
lain by coal deposits, seemingly is persistent in
the northern and central parts of the county, and
locally there is a limestone “boxwork” in the
lower middle part of the section. The shale com-
monly is buff to greenish gray. Plant remains are
present in the limestone beds that are associated
with coal seams, and an assemblage of bryozoans,
brachiopods, pelecypods, echinoderm fragments,
and ostracodes is characteristic of the upper part
of this stratigraphic unit.
Locally, the formation yields some water.

Emporia Limestone

Moore and Mudge (1956, p. 2276) revived the
name Emporia limestone. The formation, as de-
fined by Kirk (1896, p. 78-85), includes the El-
mont limestone, the Harveyville shale, and the
Reading limestone, units that for most of the
intervening time were regarded as individual Zor-
mations. In Elk County the Emporia formation
has a thickness of about 22 feet.

Elmont limestone member.—The maximum
thickness of the Elmont limestone is slightly more
than 5 feet. This unit changes markedly in li-
thology, faunal content, and thickness across the
county. At exposures in the northern part, it is
slightly less than 2 feet thick, and is bluish-gray,
buff-weathering, somewhat massive limestone
containing an abundance of small, slender fusu-
linids. Farther south it is about 5 feet thick, blu-
ish gray, slightly cross-bedded, somewhat con-
glomeratic, and crinoidal. The Elmont limestone
is the source of water in some relatively deep
wells.

Harveyville shale member.—The average thick-
ness of the Harveyville shale is about 9.5 feet.
Gray, micaceous, silty and sandy shale, which
contains algal pellets in the upper part and lim-
onitic concretions in the lower and which is
streaked with orange, grades southward into blu-
ish- and greenish-gray and reddish clay shale. A
thin bed of coal lies in the lower part of the unit
in the northern part of the county.

Reading limestone member.—The Reading
limestone averages 6 feet thick, but in the north-
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ern part of the county about 10 feet has been
measured where two or three thin limestones
separated by shale are present below the more
persistent part. This persistent part is a bluish-
gray, massive, vertically jointed limestone, about
2.5 feet thick. Locally, as much as 4 feet of thin-
bedded, algal limestone lies above the main, mas-
sive unit. The shale parts are gray and bluish
gray to bluish black. Fusulinids are abundant in
the main massive ledge. The lower limestones
commonly are abundantly fossilferous, containing
fusulinids, bryozoans, ostracodes, and algal re-
mains.

Auburn Shale

The Auburn shale averages slightly less than
40 feet thick. The formation is variable in lithol-
ogy, consisting of red, gray, brown, and blue-
green, clayey to sandy shale containing thin blue
limestones, gray bedded to nodular siltstones, and
buff to brown limestone “boxwork”. Some of the
thin limestones in the middle and lower parts of
the Auburn shale are fossiliferous. This forma-
tion is unimportant as an aquifer.

Bern Limestone

The Bern limestone (Moore and Mudge, 1956,
p. 2276) includes the Wakarusa limestone, Sol-
dier Creek shale, and Burlingame limestone, for-
merly classed individually as formations. In Elk
County the Bern formation is about 12 feet thick.

Wakarusa limestone member.—The average
thickness of the Wakarusa limestone is about 5
feet but 7.7 feet was measured in the southern
part of the county and only 2 feet in the northern
part. Light bluish-gray fusulinid- and algal-bear-
ing limestone is characteristic. Where thickest,
the member includes about equal amounts of gray
shale and limestone. The shale occurs in the mid-
dle part. The Wakarusa limestone locally yields
some water.

Soldier Creek shale member.—The Soldier
Creek shale is commonly slightly less than 3 feet
thick and consists of bluish- and greenish-gray
clay shale locally streaked with yellow. It is spar-
ingly fossiliferous, crinoid fragments and ostra-
codes being the most plentiful forms.

Burlingame limestone member—The Burlin-
game limestone averages about 3 feet thick. It is
thinner and somewhat more massive in the north-

ern part of the county than in the southern part.
The rock is commonly brown, algal in its upper
par, and fusulinid bearing in the lower part.
Locally, in the southern part of the county, the
two parts are separated by slightly less than 1
foot of gray, calcareous, algal shale. In addition
to “Osagia” in the upper part and small fusulinids
in the lower, echinoid fragments, bryozoans,
brachiopods, and pelecypods are fairly common
fossils in the formation.

Scranton Shale

Strata between the base of the Burlingame
limestone and (downward) the top of the Howard
formation (Utopia limestone) are included in the
Scranton shale (Moore and Mudge, 1956, p. 2277).
In Elk County the Scranton formation has a
thickness of about 125 feet.

Silver Lake shale member—The Silver Lake
shale averages about 40 feet thick. The member
consists of gray shale and includes thin, platy,
impure, pelecypod-bearing limestone beds in the
upper part. The lower part is sandy and micace-
ous and contains thin sandstone lenses and sandy
concretions. Vertical jointing is common in the '
lower part. In the northern part of the county,
there is a thin coal bed about 15 feet below the
top of the member. Locally, channel-filling sand-
stones carry some water.

Rulo limestone member.—The Rulo limestone
averages slightly less than 1 foot in thickness. It
is dark gray and weathers brown and platy. Its
upper part, at least locally, is algal. Fossils are
not plentiful in the Rulo limestone, but the alga
“Osagia”, productid and spiriferid brachiopods,
gastropods, and echinoderm fragments are pres-
ent. Seemingly the Rulo limestone has been re-
moved locally by intraformational erosion (Fig.
4, stratigraphic section 8).

Cedar Vale shale member.—About 30 feet is
the average thickness of the Cedar Vale shale.
The member is poorly exposed; it, with the over-
lying Silver Lake shale, almost everywhere is
concealed by long, grass-covered slopes. The po-
sition of the separating Rulo limestone is marked
by a slight bench about midway between the
Burlingame and Happy Hollow limestones. Al-
most all of the upper part (about 1 foot) of the
Cedar Vale is gray shale containing marine fos-
sils in the upper part and sparse land plant fossils
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in the lower part. Next below is a thin coal bed,
the Elmo. Sandy shale or thin-bedded sandstone,
below the Elmo coal, grades downward into more
clayey, gray and yellow shale. Locally, sandstone
in the Cedar Vale shale carries some water.

Happy Hollow limestone member.—The thick-
ness of the Happy Hollow limestone ranges from
about 2 to 10 feet and most commonly is about
3 feet. In most exposures the member comprises
one or more massive beds of pinkish-brown, mas-
sive limestone containing abundant large fusuli-
nids. The member is unusually thick in sec. 8, T.
30 S, R. 10 E.,, where it consists of 11 feet of
light-gray to buff limestone, massive in the lower
part but irregularly bedded in the upper part. The
increase in thickness is due to accumulation of
algal material.

White Cloud shale member.—The thickness of
the White Cloud shale is about 50 feet. Where
best exposed, approximately 30 feet in the upper
part is gray to yellowish brown, finely laminated,
and micaceous; the uppermost part is sandy. The
lower part of the White Cloud member comprises
dark gray to black shale and limestone beds rang-
ing from a featheredge to a few inches in thick-
ness. Algal remains, corals, ostracodes, and brach-
iopods are present as fossils in the limestone and
shale beds in the lower part of the unit. Sandy
parts of the White Cloud carry some water.

Howard Limestone

In Elk County the Howard limestone is 11 to
12 feet thick. The formation includes three lime-
stone and two shale members. A persistent coal
bed is present in the lower shale member. A few
shallow wells obtain water from weathered parts
of the formation.

Utopia limestone member.—The average thick-
ness of the Utopia limestone is about 5 feet. The
rock is dark bluish gray and weathers rusty
brown, buff, or bright orange. Locally, it is nearly
a coquina of shell fragments and algal remains.
Thin bedding is characteristic of the ledge.

Winzeler shale member—In all exposures
where studied, the Winzeler shale is less than 2
feet thick, and in several places the unit was ob-
served to be little more than a thin shale parting
between the overlying and underlying limestones.
In the thicker sections the Winzeler shale is yel-
lowish brown and clayey.

Church limestone member.—The Church lime-
stone averages only about 2 feet thick, but inas-
much as it is massive and resistant to weathering,
it is the most prominent part of the Howard for-
mation. The rock is dark bluish gray, hard, and
dense. Weathered surfaces are bright brown to
buff. Fusulinids are common, and other fossils
are fairly plentiful.

Aarde shale member—In measured sections
the Aarde shale ranges from 1.6 to about 5 feet
in thickness. It comprises gray and black fissile
shale in the upper part and a thin coal bed (the
Nodaway), gray shale, and underclay in the lower
part. Locally, south of T. 30 S., a thin bed of
dark-gray limestone occurs a short distance above
the coal bed.

Bachelor Creek limestone member.—The Bach-
elor Creek limestone averages slightly less than
3.5 feet thick. It is light to dark bluish-gray lime-
stone that weathers dark gray and buff. The rock
is silty and impure and contains echinoderm frag-
ments, pelecypods, and brachiopods.

Severy Shale

The Severy shale averages about 70 feet in
thickness; it is composed of gray to buff, silty and
sandy, micaceous shale, the upper part of which
locally contains lenses and nodules of hard,
bluish-gray siltstone and sandstone. The lower
part commonly is laminated gray silty and sandy
shale including yellowish and bluish streaks.
Vertical jointing is common in the lower part,
which locally contains some red clay. South of
the town of Howard, hills that lie east of the
Howard limestone escarpment are capped with
bluish-gray siltstone in the upper part of the
Severy. The Severy shale does not carry import-
ant amounts of water.

SHAWNEE GROUP

Topeka Limestone

In Elk County the Topeka limestone has a
thickness of 40 to 50 feet. Of the nine members
recognized within the formation farther north in
Kansas, only the upper and lower ones are differ-
entiable in Elk County.

Coal Creek limestone member.—The upper-
most division of the Topeka formation in Elk
County is a persistent fusulinid-rich limestone
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that, according to R. C. Moore (personal com-
munication), is traceable into the Turkey Run
limestone of the Pawhuska formation in northern
Oklahoma. It is here called Coal Creek limestone,
however, because it occupies the position of the
topmost member of the Topeka formation farther
north. Its thickness in Elk County ranges from
about 5 to 8.5 feet. The rock mainly is dark to
brownish gray and weathers buff to gray. The
ledge is thin and wavy bedded. It is character-
ized by abundant, large fusulinids. Algae are
numerous in places at the top. Common fossils in-
clude “Osagia”, Triticites, rhomboporid bryo-
zoans, brachiopods, and echinoderm fragments.
Several species of pelecypods and a small, high-
spired gastropod are present in the lower part.
Undifferentiated shale and limestone. — The
middle part of the Topeka formation in Elk
County, comprising shale and limestone about 35
feet thick, is not classifiable in terms of member
divisions recognized in northern Kansas and Ne-
braska. Hence, in this report strata between the
Coal Creek member and the bottom limestone
member (identified as Hartford) are undifferen-
tiated. They correspond in stratigraphic position
to the members that in the north have been
named (in downward order) Holt shale, Du Bois
limestone, Turner Creek shale, Sheldon lime-
stone, Jones Point shale, Curzon limestone, and
Iowa Point shale. It is pointless to describe fea-
tures that distinguish these units farther north
because they are all foreign to the middle Topeka
succession in Elk County. '
The upper part of the undifferentiated Topeka
beds as just defined consists of 15 to 23 feet of
predominantly shaly strata characterized by the
abundance and variety of invertebrate fossils
found at most outcrops. These include especially
abundant Chonetes shells and very slender small
fusulinids (T'riticites), which may lie closely to-
gether in alignment on thin limestone plates;
common Neospirifer, Echinoconchus, Dictyo-
clostus, Juresania, and other brachiopods; and a
profusion of well-preserved small gastropods and
pelecypods. Crinoid remains and ammonoids are
less common. A zone of abundant slender ramose
bryozoans (Rhombopora) occurs commonly at
the top of the shale, just below the Coal Creek
limestone. Most of the shale is light ash gray in
fresh exposures; but some layers are yellowish,

and weathered outcrops are gray to brownish.
Earthy to silty limestone occurs as plates, as nod-
ules, and in thin beds a fraction of an inch thick.
Some beds are calcereous fossiliferous siltstone,
which breaks with irregular conchoidal fracture.
According to Moore (personal communication),
this shaly division of the Topeka formation is
widely distributed in Chautauqua and Green-
wood counties, to the south and north of Elk
County, respectively.

Next below the fossiliferous shaly unit is a
fairly persistent brown-weathering limestone,
which is blue gray to dark blue in fresh expo-
sures. The topmost bed is massive and hard, has
an even upper surface, and contains abundant
“Osagia”. Lower beds lack “Osagia” but carry
brachiopods and, in places, fairly numerous ro-
bust fusulinids. This division, about 3 to 5 feet
thick, which may represent the Curzon member,
overlies light-tan, fine-grained sandstone or very
sandy shale at some outcrops, especially in the
vicinity of Moline, and this sandy zone aids in
distinguishing the limestone.

Beneath the sandstone is 3 to 5 feet of bluish
silty to clayey unfossiliferous shale. Generally
this is a covered zone. It is the basal division of
the undifferentiated Topeka beds.

Hartford limestone member.—The lowermost
Topeka member in Elk County consists of thin-
bedded, fine-grained, blue-gray to dark-blue lime-
stone, the basal 0.5 to 1 foot of which is character-
ized especially by adundance of large algal colo-
nies (Ottonosia) associated with the chambered
sponge Amblysiphonella. The thin-bedded strata
locally contain fusulinids, but in some outcrops
search fails to discover these fossils. The Otto-
nosia-Amblysiphonella bed is an extremely per-
sistent marker, which has been identified by
Moore from northern Kansas to Oklahoma, and
it serves to define the lower boundary of the
Topeka formation.

Calhoun Shale

In Elk County the Calhoun shale is almost non-
existent, for the maximum thickness of shaly
strata between the basal Topeka Ottonosia-Am-
blysiphonella bed and the “Osagia”-bearing, eas-
ily identified top of the Ervine Creek limestone
(uppermost member of the Deer Creek forma-
tion) is barely 5 feet. This section is not com-
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monly exposed. Where well exposed, this se-
quence is seen to consist of unfossiliferous dark-
blue to drab, silty to clayey shale. Near Moline
and east of Howard, this shale is less than 0.5
foot thick, and locally it is absent.

The Calhoun shale is of no importance as an
aquifer.

Deer Creek Limestone

The Deer Creek limestone is 55 to 70 feet thick.
The formation includes three limestone and two
shale members. The upper member, the Ervine
Creek limestone, caps a pronounced escarpment
across the east-central part of Elk County.

The Deer Creek formation is an important
aquifer in a large area where it lies at shallow
depth. Springs are present along its outcrop.

Ervine Creek limestone member.—The Ervine
Creek limestone in Elk County is about 15 to 25
feet thick. Where best exposed, in a quarry
northeast of Moline, it consists of 23 feet of nearly
uniform fossiliferous light-gray limestone. The
top is a massive osagite bed having an even upper
surface. The member is darker gray near the top
and lighter gray and somewhat uneven bedded in
the lower part. There are numerous very thin,
dark shale partings that separate the massive
beds. The member is characterized by robust
fusulinids. Other marine invertebrates are also
well represented.

Larsh-Burroak shale member—The Larsh-
Burroak shale averages about 3 feet in thickness.
It is gray and bluish gray in the upper part and
black and fissile in the lower part.

Rock Bluff limestone member.—The Rock Bluff
limstone ranges in thickness from 1.5 to 2 feet.
It is dark-bluish, hard, brittle limestone occurring
commonly in one vertically jointed bed. The rock
weathers into sharp, angular blocks. Fusulinids
are the most numerous and characteristic fossils.

Oskaloosa shale member—The thickness of the
Oskaloosa shale averages about 28 feet, but as
much as 34 feet was measured. The member is
mostly red to green and purplish shale containing
sandstone lenses and plates. Locally, sandstone
in the upper middle part is cross bedded, and it
may be thick enough and hard enough to be
prominent topographically. In some exposures
there is a 4-foot bed of greenish to dark-gray
algal limestone about 2.5 feet above the base.

Ozawkie limestone member—The lower mem-
ber of the Deer Creek formation averages about
2.5 feet thick. It comprises two or three beds of
limestone separated by gray-brown, yellowish, or
locally red and green shale. Bluish-gray, mottled
algal and fusulinid limestone is characteristic.

Tecumseh Shale

The Tecumseh shale consists mostly of sandy
and silty gray shale, red, green, and bluish-gray
shale, and sandstone. Its average thickness is
about 45 feet. Locally, the upper 15 to 20 feet
consists of thin to fairly massive, cross-bedded
layers of gray sandstone, which weathers buff and
reddish. A thin bed of limestone occurs about 12
feet above the base of the formation. The shale
below this limestone is more clayey than that
above. It contains occasional calcareous nodules,
and pelecypods are common in its upper part.
Sandstones in the Tecumseh formation, in an
area south and west of Elk Falls, yield consider-
able amounts of ground water.

Lecompton Limestone

The thickness of the Lecompton limestone is
about 55 feet. The formation contains four lime-
stone and three shale members. Small supplies of
water are obtained locally from the weathered
upper part of the formation.

Avoca limestone member—The Avoca lime-
stone averages about 8.5 feet in thickness. The
upper part, commonly less than 1 foot thick, is
dark-gray shelly limestone underlain by less than
1 foot of gray-brown fossiliferous shale. The most
persistent and characteristic part lies next below.
It is a limestone bed about 1 foot thick, hard,
dense, brittle, vertically jointed and containing
abundant cryptozoans (Ottonosia), which always
are associated with Amblysiphonella. Thus, this
unit duplicates characters of the basal Topeka
(Hartford member) bed. The lower part consists
of about 1.6 feet of gray, clayey, fossiliferous shale
underlain by about 4 feet of blue-gray, wavy-
bedded limestone that weathers brown and con-
tains abundant fusulinids. Other marine inverte-
brates also are well represented in the Avoca
member.

King Hill shale member.—The thickness of the
King Hill shale ranges from about 5 to 10 feet.



24 GeorogIcAaL SurvEy oF KaNsas

The member contains a considerable amount of
red and greenish-gray clay, but where thin it is
composed principally or wholly of gray and blu-
ish shale.

Beil limestone member.—The Beil limestone
has an average thickness of about 9 feet. In some
exposures about 7 feet of gray to cream, yellow-
weathering, massive to thin-bedded limestone is
separated below by about 1.5 feet of gray shale
from 1 foot of bluish-gray, dense limestone. In
other places there is 2 feet of thin, irregularly
bedded, yellow-weathering limestone underlain
by about 9 feet of light-gray, cream-weathering
limestone that is especially massive in its upper
part. Corals, characteristic of the Beil in many
places, are not particularly abundant in Elk
County. Somewhat common fossils are robust
fusulinids, corals, bryozoans, and brachiopods.

Queen Hill shale member.—The average thick-
ness of the Queen Hill shale is about 3.5 feet. The
unit thickens southward, and the greatest thick-
nesses were measured in localities where the un-
derlying Big Springs limestone and Doniphan
shale are unusually thin. This member is com-
posed principally of dark-gray clayey shale.
Black, fissile shale occurs in the middle part of
the member in Chautauqua County, and although
not observed in southern Elk County, it is prob-
able that this lithology extends that far.

Big Springs limestone member. —The Big
Springs limestone has an average thickness of
about 4.5 feet. The upper part is massive, dense,
and vertically jointed. The lower part commonly
is composed of one or more thin beds of limestone
and thin shale layers. Locally, the lowermost part
is a calcareous sandstone, and in all places where
studied it is somewhat sandy. Fossils include
fusulinids, ostracodes, and rhomboporid and fen-
estellid bryozoans.

Doniphan shale member.—The thickness of the
Doniphan shale averages about 23 feet but in
measured sections ranges from 18 to 28 feet. This
unit comprises gray to buff, silty and sandy shale
and sandstone. In places the upper part is mainly
greenish-gray, slightly cross-bedded sandstone,
and locally the middle part contains several thin
sandstone beds. In some places, sandstone is thick,
hard, massive, and topographically prominent.

Spring Branch limestone member—The aver-
age thickness of this lowermost member of the
Lecompton formation is slightly more than 4 feet.

In general, there is a slight decrease in thickness
southward across the county. At some exposures
the unit consists of three massive limestone beds
separated by thin layers of slabby or nodular
limestone. This facies comprises an upper bluish-
gray, dense, algal and fusulinid limestone; a mid-
dle bed of sandy impure limestone that weathers
brown or orange; and a lower massive, algal
limestone that weathers into irregular slabs. In
other places there is an upper bed less than 2
feet thick that is mottled light gray and contains
abundant “Osagia”, and a lower bed of bluish-
gray sandy limestone about 1.5 feet thick. These
two beds are separated by about 1.5 feet of gray
shale.

Kanwaka Shale

In southern Elk County and in neighboring
parts of Chautauqua County, the section between
the base of the Lecompton formation and the top
of the Plattsmouth limestone is 125 to 135 feet
thick. Seemingly, this section includes beds that
are equivalent to the Kereford limestone and
Heumader shale, which farther north are classed
as the upper two members of the Oread forma-
tion, but which have not been identified in this
area. Furthermore, the Clay Creek limestone,
which farther north separates the upper member,
the Stull shale, from the Jackson Park shale, has
not been identified in southern Elk County. In
northeastern Elk County, where the three mem-
bers of the Kanwaka formation have been identi-
fied, the thickness of the formation is about 90 to
100 feet. Sandstone is quantitatively important in
the formation in both parts of the county. The
Elgin sandstone, in the lower part of the forma-
tion, is one of the most important aquifers in Elk
County.

Stull shale member.—The average thickness of
the Stull shale in northeastern Elk County is
about 30 feet. In an exposure in sec. 21, T. 28 S.,
R. 12 E., the member is about 35 feet thick. The
following units are differentiated and are re-
garded as somewhat characteristic for the area:
8 feet of greenish-gray clay shale containing a
zone of red clay in the middle part; 6 feet of thin,
buff, fossiliferous limestone interbedded with
gray shale containing fossil plants; and 21 feet of
shale, orange and buff in the upper part, but grad-
ing downward through bluish-gray, pelecypod-
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bearing shale into green and red or bluish and
buff shale and including a few thin beds of lime-
stone about 7 or 8 feet from the base. These beds
of limestone contain Chonetes.

Clay Creek limestone member.—In northeast-
ern Elk County, the Clay Creek limestone has an
average thickness of about 4.5 feet. The upper
part consists of as much as 3 feet of thin, gray,
slabby, coquinoid limestone interbedded with
gray shale. The lower part consists of as much as
3 feet of thin-bedded, buff to orange, fusulinid-
bearing limestone, interbedded with gray and
buff shale. Elsewhere in the area the member is
thinner and comprises gray, pelecypod-bearing
limestone and shale. The lower part of the unit
characteristically is sandy. Seemingly, the Clay
Creek limestone pinches out in southern Elk
County, or inasmuch as the lower part becomes
increasingly sandier southward, more probably
the rock is represented by one of several thin
sandstone beds that lie about 30 feet below the
top of the Kanwaka formation.

Jackson Park shale member.—The Jackson
Park shale in northeastern Elk County ranges
from 40 to 50 feet in thickness. The upper part
consists of bluish-gray or reddish clay and is un-
derlain by buff to yellowish-gray or gray, mas-
sive, cross-bedded sandstone. The lower part of
the sandstone body locally fills channels. At some
exposures the base of the channels is near
the top of the Kereford limestone, and in some
places the base of sandstone beds lies only a few
feet above the Plattsmouth limestone, suggesting
that the Kereford limestone and a part of the
Heumader shale were removed by erosion before
deposition of the sand. In places where the chan-
nels are less deep, the lower part of the Jackson
Park shale consists of gray to tan, silty and sandy
shale and thin sandstone beds.

In southern Elk County, where the Stull and
Jackson Park shales are not differentiated, sand-
stone 50 to 75 feet thick extends downward nearly
to the top of the Plattsmouth limestone. This is
the Elgin sandstone, which is believed to be prop-
erly regarded as a part of the Jackson Park mem-
ber.

Oread Limestone
The Oread formation is about 120 feet thick in

Elk County. All of the four limestone and three
shale members are represented, and all but the

upper two members are well exposed. The Platts-
mouth and Snyderville members are of some im-
portance as aquifers.

Kereford limestone member.—The Oread for-
mation crops out in northeastern and southeast-
ern Elk County, but only in the northeastern part
has the Kereford limestone been recognized. In
the area where it has been identified, the Kere-
ford limestone is slightly less than 1 foot thick
and consists of dark-gray shaly limestone weather-
ing buff and gray that occurs in two beds sepa-
rated by gray shale. Both limestone and shale
contain fusulinids.

Heumader shale member. —In localities in
northeastern Elk County where the Heumader
shale has been identified, it is about 16 feet thick.
The upper part is light gray, is silty to sandy, and
contains numerous well-preserved specimens of
the small pelecypod Astartella. The lower part,
ranging from about 2 to 8 feet in thickness, is
fossiliferous gray shale, locally containing a thin,
fusulinid-bearing limestone bed. In southern Elk
County, fossiliferous shale above the Plattsmouth
limestone may be the Heumader shale member of
the Oread formation.

Plattsmouth limestone member.—The Platts-
mouth limestone averages about 15 feet in thick-
ness, but as much as 18 feet was measured. It
consists of light-gray limestone in irregular beds.
The upper few {eet consists of wavy beds of soft,
impure limestone separated by thin shales. The
middle part is bluish gray, brittle, and dense but
becomes more crystalline and lighter in color
downward. The lower 4 or 5 feet consists of dense
gray limestone that weathers buff or brown.
These lithologic units are not sharply defined but
grade into one another. The Plattsmouth lime-
stone contains a mixed fauna of marine inverte-
brates including fusulinids.

Heebner shale member.—The Heebner shale is
about 4.6 feet in thickness. The upper part is
characteristically gray or brownish, and the lower
part is black and fissile. The black part is about 3
feet thick in all exposures studied in Elk County.
Marine invertebrate fossils occur in the zoné of
transition between the gray and black parts.

Leavenworth limestone member—The thick-
ness of the Leavenworth limestone averages
about 1.3 feet and ranges from 1.0 to 1.8 feet. This
unit is a single, massive bed of dark-blue, dense,
brittle limestone that has prominent vertical
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joints. Weathering produces a buff or orange ve-
neer. The most numerous fossils are small fusuli-
nids. Small brachiopods and fragments of echino-
derms are less plentiful. )

Snyderville shale member.—In measured sec-
tions the Snyderville shale ranges in thickness
from about 60 to 68 feet. The unit comprises
principally red, green, and bluish shale, greenish-
gray siltstone, and sandstone. In the northeastern
part of the county, this member is red, buff, and
light-gray shale and includes about 12 feet of
buff to yellow sandstone in the upper part and a
few sandstone lenses and ironstone concretions
scattered through the lower 45 feet. In the south-
eastern part, approximately the lower half of the
Snyderville is gray, thin-bedded and cross-bed-
ded, fine-grained, micaceous sandstone containing
a small amount of sandy shale.

Toronto limestone member.—The thickness of
the Toronto limestone ranges from about 6 feet
in northeastern Elk County to 2 feet or less in the
southeastern part. In the northern area, the mem-
ber consists of thin beds of limestone separated
by shale partings. A molluscan bed is near the
top, and the other beds bear fusulinids. In the
southern area, where the Toronto is less than 2
feet thick, it consists of two molluscan limestones
separated by a bed of bluish-gray shale.

DOUGLAS GROUP
Lawrence Shale

The thickness of the Lawrence shale ranges
from 90 to 170 feet. Units definitely recognized in
Elk County are: a clay shale in the upper part,
the Amazonia limestone, and the Ireland sand-
stone in the lower part. The Ireland sandstone is
one of the most important aquifers in Elk County.

Unnamed shale unit—A sequence of 60 to 65
feet of rock, mostly beds of shale, lies below the
Toronto limestone and above the Amazonia. Ex-
posures of this part of the stratigraphic section
are poor. In general, the sequence comprises gray
to buff, silty or sandy shale, and a small amount
of gray, greenish-gray, and buff sandstone. A thin
coal bed lies about 2 feet below the top of the for-
mation. Shale above the coal is crowded with
fusulinids in the upper part and contains a pro-
lific pelecypod fauna in the lower part.

Amazonia limestone member—The Amazonia
limestone averages slightly less than 5 feet thick,

but as much as 9 feet was measured. The thick-
ness decreases southward. Where the rock is
thickest, it consists of thin, slabby, irregular beds
of dark-gray to bluish-gray, light-weathering, ex-
tremely fossiliferous limestone. Elsewhere it is
reduced to a bed of fusulinid-bearing limestone
less than 2 feet thick. In some places the unit is
shaly and sandy in its lower part. Common fossils
in the Amazonia are marine invertebrates and
algae.

Ireland sandstone member.—In this part of
Kansas, the Ireland sandstone is regarded as in-
cluding beds that lie next below the Amazonia
limestone; in some other places, an unnamed
shale lies between the Amazonia and Ireland
members. The thickness of the Ireland sandstone
ranges from about 30 to perhaps as much as 100
feet. The sandstone is interpreted as being a de-
posit that accumulated on an irregular erosional
surface and as consisting of a series of channel
fills that grade laterally into a more extensive but
thinner sheetlike deposit that lies above divides
between channels. In the deeper channels the
measurable thickness is about 80 feet. The rock
consists principally of gray to reddish or buff,
fine- to medium-grained sandstone. Where the
sandstone fills channels, the contact with the un-
derlying Robbins shale is sharp; elsewhere it is
less well marked.

Stranger Formation

The Stranger formation ranges in thickness
from about 65 to 130 feet. It includes two lime-
stone, one sandstone, and two shale members.
Small supplies of ground water are obtained from
the formation.

Robbins shale member.—The thickness of the
Robbins shale ranges from 65 to 112 feet. In lo-
calities where the Ireland sandstone is relatively
thin and seemingly is a sheetlike deposit over
divides on the post-Robbins erosional surface, the
Robbins shale is thick; the contact between the
Ireland and Robbins may not be sharply defined,
however. Throughout the area of outcrop, the
two units have a uniform combined thickness of
about 150 feet. The Robbins shale consists of gray
to bluish, clayey to silty, blocky shale in its lower
part but grades upward into silty and sandy shale
and gray to yellowish to reddish-gray sandstone.

Haskell limestone member.—The Haskell lime-
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stone is a persistent, massive limestone and has
an average thickness of about 1.5 feet. The thick-
ness decreases southward. This rock is about 2.6
feet thick in neighboring parts of Wilson County
(east of Elk County) and about 0.8 foot thick
in northeastern Chautauqua County. The Haskell
is dark bluish-gray, hard limestone that weathers
buff. Abundant dark-gray to black, irregularly
layered bodies are believed to be algal colonies.

Vinland shale member.—The Vinland shale
averages about 18 feet in thickness. It thickens
southward, from about 4 feet in west-central Wil-
son County to about 35 feet in northeastern Chau-
taugua County. The upper part is composed of
yvellowish and gray shale that grades downward
into greenish gray. Poorly preserved specimens
of the pelecypod Myalina are present in the upper
part of the unit in southeastern Elk County; in
the northeastern part of the county, the unit is
more calcareous and more abundantly fossilifer-
ous, carrying fenestellid bryozoans, small brach-
iopods, and crinoid fragments.

Westphalia limestone member.— The West-
phalia is a discontinuous, dark-gray, sandy to
shaly, fusulinid-bearing, algal limestone and has
an average thickness of slightly less than 3 feet.
It is slightly thicker in the northeastern part of
the county than it is in the southeastern part. In
the northern area the thickness ranges from a
featheredge to nearly 5 feet; but locally the lime-
stone is absent, and about 15 feet of gray, yellow,
and greenish shale lies between the Haskell lime-

stone and the Tonganoxie sandstone. The West-
phalia, although fusulinid bearing, contains a rel-
atively large amout of clastic material, including
fragments of coaly material, mica flakes, silt, and
fine sand. Fossils other than fusulinids include
algae, fragments of crinoids and other fossils, and
productid and spiriferid brachiopods.

Tonganoxie sandstone member—The thickness
of the Tonganoxie sandstone ranges from about
2 to 40 feet. In the southeastern part of Elk
County, the unit is thin, greenish gray, brown
weathering, and calcareous. Worm borings and
castings are numerous. Only the upper part of the
Tonganoxie sandstone is exposed in the north-
eastern part of the county, but the member is
thicker there. The thin veneer of sandstone in the
southeastern part probably was deposited on a
divide between channels, and it is probable that
shale, equivalent in age to a part of the Tonga-
noxie member, rests directly on some part of the
Weston shale.

MISSOURIAN SERIES

PEDEE GROUP
Weston Shale

The maximum measured thickness of the ex-
posed part of the Weston shale, oldest outcrop-
ping rock in Elk County, is about 22 feet. The
rock is gray to greenish-gray, clayey to silty shale,
bearing small limonitic concretions.

PART 2
MINERAL RESOURCES OF ELK COUNTY

By

RoBErT KuLsTap, NorMAN PLUMMER, WALTER H. SCHOEWE,

AND EpwiN D. GoOEBEL

INTRODUCTION

The known useful mineral resources in Elk
County include oil, gas, limestone, shale and clay,
sandstone, and gravel. Ground water, another
important mineral resource, is discussed in Part
3 of this report. Natural gas has been produced
in the county since 1901 and oil since 1902 (Jew-
ett, 1954, p. 202). Both hydrocarbons still are im-
portant there. The county has very large reserves

of limestone, sandstone, shale and clay, and
gravel. Although several thin beds of coal occur
here, there is no coal mining. Locations of lime-
stone quarries are shown on Plate 1, which is
primarily an areal geologic map. Oil and gas de-
velopments in the county are shown on Plate 2,

‘which map shows locations of all wells drilled for

oil and gas of which the State Geological Survey
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has record, the status of each well, the location of
pipe lines, and the outlines of established oil and
gas fields as of 1956. For all wells known to be
producing, the producing zone is indicated, and

the age of the oldest rock penetrated is indicated
for all dry holes. Geographic and cultural features
are also shown on this map.

ECONOMIC GEOLOGY OF OUTCROPPING ROCKS

Properties, sequence, and age of outcropping
rocks are discussed in Part 1 of this report. Their
distribution is shown on Plate 1.

LIMESTONE

Limestone crops out extensively in Elk County.
The separate beds have been quarried at several
places in the county. The limestone quarry op-
erating near Moline is one of the largest of its
kind in central United States; therefore, lime-
stone constitutes one of the county’s most valu-
able natural resources. The locations of the Mo-
line quarry and of the several inactive quarries
are shown on Plate 1.

The potential value of a limestone deposit de-
pends on numerous factors: the quality of the
rock, the thickness of the bed, the availability of
a market, and the expense necessary to quarry
the rock. One of these factors could outweigh all
others under special circumstances; therefore,
any of the many limestone beds exposed in Elk
County might have value at some time. There are
some beds, however, that because of quality and
thickness seem more likely to become valuable
than others and therefore are discussed further.

THE PLATTSMOUTH LIMESTONE

In Elk County the Plattsmouth limestone mem-
ber of the Oread formation averages approxi-
mately 15 feet thick. It has uniformly thin wavy
beds and a relatively high content of calcium
carbonate (Table 1). Detailed description of the
Plattsmouth is found elsewhere in this report.
No physical test of this limestone in Elk County
is included in this report, but this limestone is
quarried extensively for commercial purposes in
other parts of the state. There are several small
abandoned quarries in the Plattsmouth limestone
in the county.

THE ERVINE CREEK LIMESTONE

The Ervine Creek member of the Deer Creek

formation and closely associated overlying lime-,

stone beds in the Topeka formation form a deposit
approximately 40 feet thick in Elk County. The
Ervine Creek is about 20 feet thick and is wavy
bedded much like the Plattsmouth limestone. The
Ervine Creek is the rock quarried at Moline. The
overlying limestone beds, assigned to the Topeka
formation, contain some shale beds but consist
mostly of thick-bedded blocky limestone. Under
present quarrying procedure, the Topeka beds
are treated as overburden. Detailed descriptions
of this total thickness of limestone can be found
elsewhere in this report.

Chemical data of the Ervine Creek and associ-
ated beds, as shown in Table 1, reveal a relatively
high content of calcium carbonate. Physical tests
of the Ervine Creek and the overlying Topeka
beds were made by the Kansas State Highway
Commission in 1946 on samples obtained from the
face of the quarry operating near Moline. Figure
7, which shows the results of these tests, indicates
the specific gravity, Los Angeles and soundness
numbers, and the place where each of the sam-
ples was taken in the quarry. The specific gravity
of the rock is the ratio of its weight to the weight
of an equal volume of water. It gives some indi-
cation of the porosity of the rock. The Los Ange-
les number indicates a degree of resistance to
abrasion. A detailed description of this test is
found in American Society for Testing Materials
Standards for 1955; nevertheless, some descrip-
tion seems necessary here. The Los Angeles test-
ing machine itself is essentially a rotating barrel
containing several baffles. After the sample is
crushed to the size of coarse aggregate, a specified
amount is placed in the machine. The machine is
then run at a specified speed for a specified num-
ber of revolutions. The size of the aggregate is
measured on screens both before and after the
test. The loss in weight, expressed as percentage
of the original weight, is the Los Angeles number.
A high number would therefore indicate a soft
rock, and a low number a hard one. The sound-
ness number is an expression of the resistance of
the rock to freezing and thawing. Various tests



have been devised to measure this property of
construction materials. One of these is actual
freezing and thawing of the rock aggregate a
specified number of times under circumstances
comparable to weather conditions. The soundness
is expressed as a decimal part of 1, which number
would indicate a perfect specimen.

Rock from the Moline quarry is used as aggre-
gate in road paving and airplane runways, as rail-
road ballast, road metal, and agricultural lime-
stone. In late 1955, officials of the company op-
erating the quarry reported that the quarry em-
ployed about 40 people and that it had an average
daily production of approximately 6,000 tons. The
production capacity, of course, exceeds this fig-
ure. Approximately 95 percent of the production
of the quarry is transported by rail. The quarry
serves a small local market but chiefly supplies
many parts of the state where rock suitable for
construction materials is not available.

Several pictures of the Moline quarry may be
seen in Plate 4. As of 1956, the average thickness
of the overburden was 25 feet. Much of it is lime-
stone; consequently, its removal is a quarrying
operation in itself. After the removal of the over-
burden, a bed of rock (the Ervine Creek lime-
stone) 20 to 22 feet thick is available for produc-
tion (Pl. 4A). Vertical shot holes are made with
wagon drills from the top of the exposed ledge
of quarried rock. These are loaded and shot.
Blasted rock is loaded with power shovels into
trucks (Pl. 4B) that transport it to the primary
crusher located near the quarry face (Pl. 4C).
A series of belts transports the crushed rock from
the primary crusher over a considerable distance
to the rest of the plant, where it undergoes fur-
ther crushing, screening, and washing (Pl. 4A,
D). Finished rock products either are loaded di-
rectly for transportation or are stockpiled (Pl
4E). The plant makes extensive use of conveyor
belts for both its loading and stockpiling.

THE RED EAGLE LIMESTONE

The Red Eagle formation constitutes a third
limestone of potential value. The formation con-
sists of a lower member, the Glen Rock lime-
stone; a middle member, the Bennett shale; and
an upper member, the Howe limestone. Accord-
ing to O’Connor and Jewett (1952), however, in
southern Greenwood County and farther south,
the Red .Eagle consists almost entirely of lime-
stone. Where the Red Eagle crops out in western
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TABLE 1.—Chemical analyses of limestone from Elk County
CaCO3 MgCO3 Equiv.

g loss of H0, etc., is reported as L.O.I.

, vanadium oxide, and zirconium oxide if present.

Lab
no.
5622
5610

569
5376
5378
5379
5380
5381
5612
5383
5382
5377
5374

Location

Wi, 3-31-8E
SE NE SE 21-29-13E 52361

SE NE 21-31-13E

Net loss on ignition at 1000° C.
Carbon dioxide—where determined the remainin,

+ AlO.
§ Fe22033

CSLine NE12-30-10E 5611
SE SW NE 12-30-10E

SW 9-30-11E

Center SE 36-28-8E
C 21-30-11E

NE 6-31-10E
NE 6-31-10E

SE 11-30-10E
NW SW 12-30-10E

NE SE 15-31-8E
NE 23-30-10E
NE 3-30-12E

Includes manganese oxide, titania
Total iron expressed as Fe203.

Name and

thickness

of member
Red Eagle 19 ft.
Foraker 30 ft.

Bachelor Creek 4 ft.
Coal Creek 6 ft.

Topeka 4.1 ft.
Ervine Creek 20 ft.

Ervine Creek 12 ft.

Biel 9.5 ft.
Haskell 1.3 ft.
* L.O.L

Plattsmouth 9 ft.
1 CO2

Foraker 35 ft.
Wakarusa 5 ft.
Burlingame 5 ft.
Topeka 10 ft.
Plattsmouth 12 ft.
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Fi1c. 7—Physical properties of rock at Moline Quarry (Courtesy of State Highway Commission).
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PrLaTE 4.—The Moline Quarry of Concrete Materials and loading truck at primary crusher. D. Subsequent crushing,
Construction Co. A. Aerial view of quarrying, crushing, screening, and washing operations. E. Loading and stock-
and loading operations. (Picture courtesy of Max F. piling of the finished product.

Oelschlaeger.) B. Loading trucks at quarry face. C. Un-
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Elk County (Pl 1), it averages about 20 feet
thick. Chemical data pertaining to the Red Eagle,
as shown in Table 1 from one sample, show a
high content of calcium carbonate. A more de-
tailed description of this limestone unit is found
elsewhere in this report. ’

GRAVEL

Cherty limestones, especially the Florence,
Wreford, and Foraker, of the upper part of the
Elk County stratigraphic section crop out in the
western part of the county. Upon weathering,
these limestones yield great quantities of chert
fragments that accumulate in creek beds through-
out the vicinity of the outcrop area. These chert
gravel deposits have provided considerable ma-
terial for secondary roads in the county.

GEeoLoGICAL SURVEY OF KaNsas

CeEraMIC MATERIALS

Shales from five localities were tested to de-
termine their general ceramic properties and
their bloating characteristics in the production
of lightweight concrete aggregate. Sample EK-1
represented all of the clayey portion (22 feet) of
the Robbins shale; sample EK-2 the entire thick-
ness (32.5 feet) of the Heumader-Jackson Park
shale; sample EK-3 the upper 17 feet of the
French Creek shale; sample EK-4 the upper 31
feet of the White Cloud shale; and sample EK-5
the upper 22 feet of the Severy shale. All these
shales except the Severy are predominantly
clayey. The Severy is somewhat silty, as indi-
cated by a silica content of 62.50 percent (Table
4).

The data obtained from standard ceramic tests

TaBLE 2.—Ceramic data on shale samples from Elk County
PrasTic AND DRY PROPERTIES

Thickness Water of Drying

Sample Stratigraphic sampled, plasticity, shrinkage,
no. Location position feet percent percent
EK-1 SW SW 22-31-13E Robbins 22 25.25 5.87
EK-2 E Cen. SW 22-30-12E Heumader-Jackson Park 325 24.34 6.64
EK-3 SW SW 7-31-9E French Creek (upper) 17 23.72 455
EK-4 Cen. N1, 16-30-10E White Cloud 31 2431 3.1
EK-5 SW NW 2-30-10E Severy (lower) 15 19.50 1.92
FIRED PROPERTIES
Percent absorption
Linear Total linear
Sample Fired to shrinkage, shrinkage, 24 hours 5 hours Saturation
no. cone Fired color percent percent cold water  boiling water coefficient
EK-1 06 Red 5.93 11.80 3.78 497 0.76
04 do 7.20 13.07 0.68 281 .24
EK-2 06 Red 2.69 9.33 9.36 10.58 .88
04 do 511 11.75 4.88 5.93 82
EK-3 06 Red 3.52 8.07 10.18 12.26 .83
04 do 4.39 8.94 8.27 10.73 7
EK-4 05 Bright Red 3.37 6.57 11.43 13.70 83
02 Red 5.98 9.18 5.63 8.12 .69
2 Dark Red 8.29 11.75 0.68 2.59 .26
EK-5 06 Red 1.57 3.49 13.83 16.59 83
04 . do 2.89 4.81 11.05 13.82 .80
02 Dark Red 4.58 6.50 7.31 10.00 13
2 do 8.20 10.12 1.05 3.56 .29
TABLE 4—Chemical analyses of Elk County shales
Sample Ignition
no. SiO2 AlO3 Fe03 TiOg CaO MgO Py05 SO3 K20 Naz0 loss
EK-1 54.20 19.87 6.37 0.98 3.20 2.04 0.18 0.14 3.12 0.49 8.32
EK-2 59.55 20.00 5.23 1.70 141 1.69 0.03 nil 3.03 0.28 7.07
EK-3 58.85 18.91 8.38 0.99 1.29 1.59 0.19 0.02 3.19 0.88 5.58
EK-4 59.17 19.05 8.40 1.30 0.42 1.52 0.12 nil 3.05 0.93 548
EK-5 62.50 16.95 6.61 1.08 0.68 224 0.19 0.01 2.88 1.75 4.56
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(Table 2) indicate that all the shales tested are
suitable for the production of heavy clay prod-
ucts such as brick, hollow tile, quarry tile, and

drain tile. All the samples tested fired to some

shade of red. Optimum firing temperatures range
from cone 07 (about 1780°F) for sample EK-1
to cone 02 (about 2015°F) for sample EK-5. The
optimum temperature for sample EK-2 is cone 05
(about 1890°F), and for EK-3 and EK-4 cone 03
(about 1990°F).

All the shales except the Severy would require
some care in drying because the high clay con-
tent tends to produce warping. These same shales
would also have to be fired somewhat slowly be-
cause they are “tight” and as a consequence do
not oxidize easily.

The bloating tests for lightweight aggregate
were made in a batch-type rotary kiln (Plummer
and Hladik, 1951). The samples were fired to in-
cipient fusion, and unit weights were determined
on samples crushed through rolls set 3/16 inch
apart. This crushing produced an aggregate of
slightly more than 3/8 inch maximum diameter.
Unit weights of the crushed samples ranged from
42.3 pounds per cubic foot for sample EK-1 to 61.3
for sample EK-2 (Table 3). This is below the
limit of 75 pounds per cubic foot set by the Amer-
ican Society for Testing Materials for lightweight
bloated shale aggregate, but unit weights in the
range of 40 to 50 pounds per cubic foot are usu-
ally regarded as more desirable. This limitation
would exclude samples EK-2 and EK-4 from the
more desirable shales for use in the production
of lightweight aggregate.

TaBLE 3.—Results of lightweight aggregate bloating tests
on Elk County shales

Firing temperature,
e

grees F.

Q
£, #2222 B2 &5 AT Ii§
we BEE EES =2 s% 5328 shk:
EK-1 9 2130 2190 2200 42.3 Dark gray
EK-2 9 2190 2210 2260 61.3 Gray
EK-3 8 2160 2170 2250 53.2 Dark gray
EK-4 10 2180 2220 2240 59.8 Dark gl.'ay
EK-5 9 2110 2180 2260 44.6 Gray

The five shales tested do not represent all the
Elk County shales having possible ceramic value,
but they do represent a quantity of good grade

shale in excess of any probable demand of the
future.

CoaL

Coal occurs at several horizons in Elk County,
but as far as is known only the Nodaway and
Elmo coals, both in the Wabaunsee group of rocks
(stratigraphic column, Pl. 1), have been mined.
Schoewe (1946) presents data on the history, lo-
cation of mines, production, and reserves of coal
in the Wabaunsee group.

The Nodaway coal occurs in the Howard lime-
stone formation above the Bachelor Creek lime-
stone and below a limestone bed 4 to 5 inches
thick, which is separated by about 1 foot of black
fissile and gray shale from typical massive, well-
jointed Church limestone above. The coal crops
out at places along the edge of the Howard lime-
stone escarpment, especially between Howard
and Mound Branch of Elk River. The Nodaway
coal is thin, and as far as known it was mined in
a drift mine in the SE% sec. 21, T. 30 S,, R. 10 E,,
where according to Whitla (1940, p. 36) the coal
is 18 inches thick. About 4.5 miles north of How-
ard, in sec. 11 and 12, T. 29 S,, R. 10 E,, it is prob-
ably no more than 5 inches thick where a very
small amount of coal was taken from several
shallow pits. .

Most of the coal mined in Elk County was the
Elmo coal, which occurs just below the Rulo lime-
stone (stratigraphic column, Pl. 1). The Elmo
coal mines, four strip and one shaft, are in the
valley of Mound Branch less than 5 miles south-
west of Howard, in sec. 20 and 21, T. 30 S, R. 10
E. The coal ranges from 16 to 18 inches in thick-
ness and was reported mined last in 1922.

According to published data, the cumulative
coal production from Elk County totaled 3,615
tons from 1894 to 1902. It is known that coal was
mined in the county for local domestic use as
early as 1877; mining activity was discontinued
in 1922. Total cumulative production of coal in
the county is estimated at 10,000 tons, most of
which was Elmo coal.

Elk County contains approximately 544 acres
of land underlain by an 18-inch Nodaway coal
bed. This amounts to about 1,220,000 tons of coal,
of which at least 50 percent, or 610,000 tons, is
recoverable. The amount of land underlain by
Elmo coal that is 18 inches thick is 986 acres (1.4
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square miles) and contains 2,020,000 tons of coal,
of which 75 percent, or 1,515,000 tons, is recov-
erable. Elk County, therefore, has a total recov-
erable measured coal reserve of 2,125,000 tons.

SUBSURFACE ROCKS

STRATIGRAPHY AND STRUCTURE
Conditions along an east-west line through the
southern part of Elk County are shown on Figure
8. Major rock units are differentiated.
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shown by numerous unconformities separating
Paleozoic formations. Erosion seems to have been
widespread from late Ordovician to early Missis-
sippian time, from the close of Mississippian to
early Pennsylvanian time, and since Permian
time.

The most striking local feature in Elk County
is the Longton ridge, which extends into Chau-
tauqua County to the south and is about 25 miles

o ' 2

Horizontal scale in miles

through southern part of Elk County, differentiating major rock

long. The highest part of the ridge is found in
sec. 33, T. 31 S, R. 12 E.

Generally, in the surface strata there is only
slight evidence of various Mississippian folds.
The folds of the surface strata seem to be reflec-
tions of subsurface structural features, but not
all surface folds are located over or near sub-
surface structures. :
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Shownee
group

Douglas — Pedee
groups

Lansing
group

—
Konsos City
group
Sea level
—
——Fieosonton QIOUR
Marmoton

group

—

Cherokee
group

Mississippion
System

o7 Devenian SLsen.

—____Mississippian

Cambro — Ordovician
System

GREENWOOD CO |
RBE R9E. RIOE. RIIE RI2E. RBE‘{
=

' CHAUTAUQUA CO.

Oi -——7—._'_‘-—[. /1T
E'_J—A’*}—ﬁ *ifjlzsss
§! i ‘ | e (‘:OUNTY] igsg
0 S a
AT
8 _ 5
ST LR
gL T T3
|

MONTGOMERY coi



36 GEOLOGICAL SURVEY OF KANSAS

departures from the westward dip. The differ-
ences range from steepening to reversal. Several
of the more important oil fields have been devel-
oped on the structural features formed by these
local variations upon the Prairie Plains mono-
cline.

PERMIAN ROCKS

Thickness of the Council Grove group in Elk
County is about 125 feet. The group consists
principally of limestones and shales. Rocks of the
Admire group consist of shales, thin beds of lime-
stones, and some coal. They have a total thick-
ness of about 90 feet in the county.

PENNSYLVANIAN ROCKS

The Wabaunsee group consists of shale, sand-
stone, and thin beds of limestone. In Elk County
it has a total thickness of about 300 feet. The
Shawnee group here is about 425 feet thick, and
it is characterized by thick limestone beds and
distinctive cyclic sedimentation. The Douglas
group has a total thickness of about 300 feet and
consists chiefly of clastic rocks—shale and sand-
stone. The thickness of Douglas rocks differs in
different parts of .the county, as shown by Figure
8. The Lansing group in Elk County is about 225
{eet thick. It consists principally of two lime-
stones separated by a thin shale. The Kansas City
group, consisting chiefly of limestones, is about
440 feet thick in the county. The underlying
Pleasanton rocks consist chiefly of shale and
sandy shale and are about 60 feet thick. Marma-
ton rocks, consisting of alternating beds of shale
and limestone but including some sandstone and
coal beds, are 250 feet thick. The Cherokee group
is about 300 feet thick and consists mostly of
shales but includes some thin limestones and
sandstones.

MISSISSIPPIAN ROCKS

Pre-Pennsylvanian rocks are in unconformable
contact with the Cherokee group throughout Elk
County. Undifferentiated Mississippian lime-
stones in Elk County range from 150 to 300 feet
in thickness (Lee, 1939, plate 1). The formations
are the “Warsaw”, Keokuk, Burlington, Reed
Springs, and St. Joe limestones and Northview-
Compton (undivided shale and limestone) (Lee,

1940). The Chattanooga shale in Elk County is
about 50 feet thick.

PRE-CHATTANOOGA ROCKS

The Cambro-Ordovician rocks in Elk County
have not been completely subdivided. The Cotter
dolomite unconformably underlying the Chatta-
nooga shale is the youngest Ordovician rock in
Elk County. The Cambro-Ordovician rocks range
from about 750 to 1,165 feet in thickness and are
principally cherty dolomites and limestones.

O1. AND GaAs

INTRODUCTION

Data on oil and gas wells in Elk County were
collected in the field during the summer of 1951
by Frank Moffitt. Compilation of information
from the reference file of drillers logs and allied
oil and gas information in the Oil and Gas Di-
vision of the State Geological Survey was com-
pleted by R. Kenneth Smith, Edwin D. Goebel,
William R. Atkinson, and P. Lorenz Hilpman.
Considerable data on Elk County wells were
given to the authors by the following individuals
and agencies: H. E. Redmon, C. W. Studt, E. P.
Trout, Kansas Well Log Bureau, and the Con-
servation Division of the Kansas Corporation
Commission.

The Geological Survey has no logs for many of
the wells located on the oil and gas field map,
Plate 2. Wherever substantial evidence existed
that a well had been drilled, a well symbol has
been put on the map, even though exact locations,
records of stratigraphic zones, or drillers logs of
many of the holes are not available. Probably a
few of the wells drilled in Elk County are not
represented on the map, but there has been rea-
sonable diligence in the compilation.

EXPLORATION AND PRODUCTION

Oil was first discovered in Elk County near
Longton in 1902. The southwestern part of the
county is the principal oil-producing area. Elk
County’s first reported gas well is the one com-
pleted in 1901 near Elk Falls. Gas production has
been relatively important since about 1921, and
the southern half of the country is the principal
gas-producing area.
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Producing formations.—QOil and gas are pro-
duced {rom three sandstones in the Vilas shale
in the Lansing group, which is Pennsylvanian in
age (Jewett, 1954, p. 203) . The uppermost of these
sandstones is known as the “Bush-Denton” (or
“Ferguson”), the middle is the “Longton” (or
“Webb”), and the lowermost is the “Encill” sand.
Production is also known from the “Stalnaker”
in the Lansing group. The “Layton” sandstone in
the upper part of the Kansas City group yields
oil and gas. Oil and gas in the Marmaton group
come from the “Old Red” or “Wayside” sand in
the Nowata shale, the “Weiser” sand in the Ban-
dera shale, the “Peru” sand in the Labette shale,
and the Little Osage shale of the Fort Scott for-
mation. Oil and gas sands of the Cherokee group
include the “Bartlesville” about 180 feet below
the top and the “Burgess” near the base. The pro-
ductive part of the Mississippian rocks is a weath-
ered zone in the upper part. The Cotter dolomite
of the Arbuckle group, Ordovician, produces oil
{rom a porous zone in the upper part. Goebel and
others (1957, page 170) report the depths to the
tops of the various producing rocks in Elk
County.

The peak year for oil production in Elk County
was 1927, when more than 895,000 barrels was re-

ported. Production during 1955 amcunted to more
than 304,000 barrels from approximately 281
wells. Cumulative reported oil production from
the county amounts to approximately 14.5 million
barrels, as of 1956.

SECONDARY RECOVERY

The earliest secondary recovery project in Elk
County was in the New Albany field. In 1927 air
under pressure was applied to the oil reservoir.
The oil-producing formation in the field was the
“Wayside” sandstone encountered at a depth of
about 560 feet. Air under pressure was applied
until 1937; natural gas was then substituted for
air as the driving medium (Grandone, 1944).

The Longton field is the only other major field
in Elk County to which secondary recovery
methods have been applied. Commencing in 1947,
fresh water from shallow wells was injected into
the “Longton” shallow sand at a depth of 570
feet. On several other smaller fields pilot water-
flood studies have been made. As of January 1,
1956, no secondary recovery operations were re-
ported in the county.

The calculated water-flood reserves as of Jan-
uary 1, 1948, were more than 1,860,000 barrels of
cil (Sweeney, 1949, p. 11).

PART 3
GROUND-WATER RESOURCES OF ELK COUNTY*

By

CHARLES K. BAYNE

INTRODUCTION

The rural population of Elk County depends
almost entirely on ground water for a water sup-
ply. During the summer of 1950, a study of the
ground water in Elk County was made by the
State Geological Survey of Kansas and the
United States Geological Survey in cooperation
with the Division of Sanitation of the Kansas
State Board of Health and the Division of Water
Resources of the Kansas State Board of Agricul-
ture. During the well inventory, records were
collected on 161 wells. The inventory included for

* Although the ground-water section of this report is a co-
operative product of the State Geological Survey of Kansas and
the U.S. Geological Survey, the stratigraphic nomenclature used
is that of the State Geological Survey of Kansas.

each well a measurement of its depth, the depth
to water, and identification of the principal aqui-
fer penetrated. Six test holes were drilled in the
valley of Elk River to determine the thickness
and character of the alluvial deposits. General
information on yields of wells, water-bearing for-
mations, and quality of water was obtained from
many residents in the area.

WELL-NUMBERING SYSTEM

The wells and test holes included in this report
(Table 11) are numbered according to the follow-
ing formula, using the General Land Office clas-
sification system. The number is designated ac-
cording to township, range, section, quarter sec-
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F1e. 9—Map of Elk County illustrating well-numbering system used in this report.

tion, quarter-quarter section, and 10-acre tract
within the quarter-quarter section. The quarter
sections, the quarter-quarter sections, and the 10-
acre tracts are designated a, b, ¢, and d in a coun-
terclockwise direction, beginning in the north-
east quarter. For example, the well in the NW1j4
NW¥; SWY% sec. 30, T. 31 S, R. 12 E., is num-
bered 31-12-30cbb, as shown in Figure 9.

PRINCIPLES OF OCCURRENCE

The following discussion of the principles of
the occurrence of ground water applies specific-
ally to Elk County. For a more detailed discus-
sion of the occurrence of ground water the reader
is referred to Meinzer (1923). A discussion of the
occurrence of ground water as applied to Kansas
is given by Moore and others (1940).

The rocks that directly underlie the surface of
Elk County include open spaces that contain
gases or liquids. The number, size, shape, and ar-
rangement of these openings are controlled by the
character of the rock; thus, the occurrence of

ground water is determined by the geology of
the county. The openings range from microscopic
pores to large solution channels. If the openings
are connected, water may move from one to an-
other. In general, water moves freely in rocks
having large openings, and such rocks yield more
water to wells than do rocks having smaller open-
ings.

In Elk County the source of ground water
is precipitation that falls as rain or snow. A part
of the precipitation percolates downward to the
zone of saturation and becomes ground water.
The rest of the precipitation runs off directly
over the surface, evaporates, or is transpired from
the soil by plants.

Where porous permeable rock extends some
distance above the zone of saturation, the upper
surface of the saturated zone is called the water
table. In Elk County, the ground water in the
alluvium of the stream valleys and parts of the
upland areas is in the zone of saturation beneath
the water table. If the upper surface of the zone
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of saturation is restricted beneath impermeable
rock, the water table is absent, and the water is
under artesian conditions, and in a well will rise
above the top of the bed in which it is confined.
The level to which the water would rise when
under artesian conditions is called the piezometric
surface. In Elk County the piezometric surface is
above the land surface only in one area of about
160 acres in the valley of Painterhood Creek in
sec. 1, T. 30 S., R. 12 E., near the community of
Busby. Wells here obtain water from the Ireland
sandstone member of the Lawrence shale at a
depth of about 40 feet. Records were obtained
on several of the wells, and the artesian head was
measured. The maximum head measured was
that of well 30-12-1ba, which was 4.60 feet above
the land surface (Table 11).

GROUND-WATER RECHARGE

Recharge is the addition of water to the under-
ground reservoir and may be accomplished in
several ways. In Elk County the principal source
of recharge is local precipitation. Smaller amounts
are contributed by infiltration from streams and
ponds and by subsurface inflow from adjacent
areas.

In Elk County the normal annual precipitation
is 35.09 inches. Approximately 65 percent of the
precipitation occurs in the growing season, from
April through September. The normal annual
precipitation amounts to about 2.9 acre-feet, or
slightly less than 1 million gallons per acre.

A minimum value for the quantity of ground
water recharged may be estimated from the
amount discharged from ground-water bodies
into streams, as the pumpage is probably nearly
constant and is relatively small. The true value
would be larger by the amount of ground water
evaporated and transpired, but this amount was
relatively small at the times when the analyses
of surface flow were made.

GROUND-WATER DISCHARGE

The amount of ground water discharged into
the streams was obtained by separating the base
flow from the total discharge of Elk River at the
gaging station near Elk City in Montgomery
County, only a few miles downstream from the
boundary of Elk County. Elk River drains about
64 percent of the area of Elk County. Flows for

November, December, and January were used in
calculating the base flow, as evapotranspiration is
low during these months, and periods were se-
lected when there was no direct surface runoff
from precipitation; therefore, the flow of the
stream represented essentially ground-water dis-
charge. A curve representing base flow or ground-
water discharge was drawn from hydrographs
prepared from records for several years. Assum-
ing that the base flow is nearly constant through-
out the year, the annual ground-water discharge
for the basin was computed to be about 27,000
acre-feet, which is equivalent to about 5.5 percent
of the annual precipitation (2 inches). Extending
this figure to cover the whole county, the total
ground-water runoff would be about 42,000 acre-
feet.

Discharge of subsurface water has been divided
by Meinzer (1923) into ground-water discharge
(discharge from the zone of saturation) and
vadose-water discharge (discharge of soil water
or other water not derived from the zone of sat-
uration) . In Elk County, water is discharged from
the zone of saturation by seeps and springs,
evapotranspiration, and withdrawal from wells.
Ground water is also discharged from Elk County
by percolation through consolidated and uncon-
solidated rocks into adjacent areas, although this
quantity is probably offset by the amount gained
by percolation into the county from outside areas.

DiscHARGE BY EVAPORATION AND TRANSPIRATION

The quantity of ground water discharged from
an aquifer by evaporation and transpiration de-
pends on the climate, type of vegetation, depth
to the water table, and type of rocks and soil
above the water table. In most of Elk County the
water level is too deep for much discharge of
ground water by evaporation and transpiration;
these processes are most active in the wvalleys,
where the water table is shallow.

The total discharge of water from the area by
evapotranspiration, of which the discharge of
ground water makes up only a small part, can be
estimated by subtracting the total runoff from the
total precipitation on the area when ground-
water storage remains about constant and pump-
age is small. In Elk County the precipitation was
about normal in 1946. The total runoff was about
116,000 acre-feet, or about 15 percent of the pre-
cipitation; hence, about 85 percent was discharged
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by evapotranspiration. The manner in which pre-
cipitation falls will cause considerable variation
in the quantity of water discharged by evapo-
transpiration. The precipitation in Elk County in
1946 and 1947 was 35.37 and 36.63 inches, re-
spectively, but the distribution in the two years
was different. Total evapotranspiration during
1946 and 1947 was about 85 and 60 percent, re-
spectively.

DISCHARGE BY SEEPS AND SPRINGS

Most of the ground-water discharge in Elk
County takes place through seeps and springs
along the outcrops of the aquifers. The base flow
of all perennial streams in the county is main-
tained by seeps and springs. The total discharge
by these means was computed to be about 42,000
acre-feet per year.

DiscHARGE FROM WELLS

All municipal and large industrial water sup-
plies in Elk County are obtained from surface-
water sources. Ground water is withdrawn from
wells for domestic and stock use. Domestic and
stock wells are generally drilled or dug, but a
{ew wells in the alluvium of Elk and Fall Rivers
are driven. The yearly pumpage from wells in
the county is about 110 million gallons, or about
338 acre-feet. The yield of domestic wells in Elk
County ranges from as much as 50 gallons a min-
ute for some wells in the Wreford limestone in
the northwest corner of the county and in the
alluvium of Elk and Fall Rivers to only a few
gallons an hour from some wells in sandy shales
and massive limestones.

CHEMICAL CHARACTER OF WATER

The chemical character of the ground water in
Elk County is indicated by the 24 analyses of
water given in Table 5. The water samples were
collected from typical wells and springs in the
principal aquifers and were taken from places
spaced as evenly as practicable within the county.

The samples were analyzed by Howard A.
Stoltenberg, chemist, in the Water and Sewage
Laboratory of the Kansas State Board of Health
in Lawrence.

DissoLvED SoLips

The residue left after a natural water is evap-
orated consists of rock minerals and minor

amounts of organic material and water of crystal-
lization.

Water containing less than 500 parts per mil-
lion of dissolved solids is generally regarded as
satisfactory for domestic use, except for difficul-
ties resulting from hardness or excessive iron
content. Water containing more than 1,000 ppm
of dissolved solids may contain enough of certain
constituents to cause a noticeable taste or to make
the water unsuitable for use in some other re-
spects. The amount of dissolved solids in the 24
samples collected in Elk County is given in
Table 6.

The water from 10 wells of a total of 24 that
were sampled in Elk County had less than 500
ppm of dissolved solids and is suitable for most
domestic uses. Ten samples had between 500 and
1,000 ppm of dissolved solids, and the water from
4 wells contained more than 1,000 ppm. Well 28-
11-24cd had the highest concentration of dissolved
solids, 5,130 ppm.

TaABLE 6.—Dissolved solids in water samples from wells
and springs in Ellk County

Dissolved solids

(parts per million) Number of samples

Less than 300 1
300 to 499 ) 9
500 to 749 6
750 to 999 4
1,000 or more 4

HARDNESS

Hardness is the property of water that gener-
ally receives the most attention, because of its
effect when soap is used with the water. Nearly
all the hardness in water is caused by calcium
and magnesium, which also cause most of the
scale in boilers.

In addition to total hardness, Table 5 gives the
carbonate and noncarbonate hardness. The car-
bonate hardness is due to the presence of calcium
and magnesium bicarbonates and may be almost
completely removed by boiling. The noncarbon-
ate hardness is caused by the presence of sulfates
and chlorides of calcium and magnesium. The
carbonate hardness is sometimes called temporary
hardness, and the noncarbonate hardness is called
permanent hardness.

Water having a hardness of 50 ppm or less is
soft; hence, treatment for softening water of this
type is not ordinarily necessary. Water having a
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hardness of 50 to 150 ppm is suitable for most
uses, but does increase the use of soap; therefore
industries such as laundries, which are large
users of soap, find it profitable to soften the water.

GEOLOGICAL SURVEY OF KANSAsS

The fact that hard water causes scale in boilers
is an additional reason for industry to do this.
Hardness of more than 150 ppm can be noticed
by almost anyone, and when the hardness reaches
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Fic. 10—Graphical representation of analyses of water from wells in principal water-bearing formations in Elk

County.
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200 ppm, it requires reduction for most uses.
Where municipal water supplies are softened,
the hardness is generally reduced to 80 to 100
ppm. The improvement of the water by further
softening is not generally thought to be worth
the increased cost.

Of 24 samples of water collected from wells in’

Elk County, two had a hardness of less than 50
ppm, one had a hardness between 150 and 300
parts, and 14 had a hardness of more than 300
parts, including two that had a hardness of more
than 1,000 ppm. The two samples in which the
water had a hardness of less than 50 ppm were of

TaBLE 7.—Hardness of water from typical wells in Elk

County
Hardness as CaCO,
(parts per million) Number of samples
Less than 50 2
50 to 149 1
150 to 299 7
300 to 499 : 10
500 to 999 2
1,000 or more 2

the sodium bicarbonate type; that is, they had a
very large percentage of sodium and bicarbonate
and carbonate but a small percentage of calcium
and magnesium. The relation between sodium,
calcium, and magnesium content and hardness is
shown in Figure 10, which is a diagram of the
analyses of two soft and two hard waters. The
hardness of the 24 samples of water collected in
Elk County is given in Table 7.

IroN

Iron is a common troublesome constituent of
ground water. The quantity of iron in the water
may vary greatly from place to place, even within
the same formation. If iron is present in ground
water in quantities in excess of about 0.3 ppm,
the excess iron will precipitate upon exposure to
air. Generally where iron is present in sufficient
quantity to cause a disagreeable taste or to stain

TaBLE 8.—Iron content of water samples from wells and
‘ springs in Elk County

cooking utensils and textiles, it may be removed
by aeration and filtration. In some waters the ad-
dition of other chemicals is necessary to remove
the iron. Table 8 indicates the iron content in the
24 samples of water from wells and springs in
Elk County.

FLUORIDE

Generally only a small amount of fluoride is
present in ground water. Fluoride in water con-
sumed by children is closely related to dental
health. Water containing more than about 1.5
ppm of fluoride may cause mottling of tooth
enamel, the severity of the mottling increasing
with the fluoride content. Small quantities of
fluoride, not sufficient to cause mottled enamel,
may reduce tooth decay (Dean, 1936; Dean, Ar-
nold, and Elvove, 1942).

In Elk County only one sample of water (well
29-12-32dc) had a fluoride content greater than
1 ppm; this had a fluoride concentration of 9 ppm.

NITRATE

The range of nitrate content in waters in Elk
County is great. The source of nitrate in well
water in Kansas is not definitely known. One
possible source is nitrate-bearing rocks within
the aquifers, although such rocks have not been
found in Kansas in association with well waters
containing excessive nitrate. Another source is
contamination of the well by surface water con-
taining high concentrations of nitrate. These sur-
face waters may derive the nitrate from barn-
yards, artificial fertilizers, or nitro-biological ac-
tivity associated with certain legumes that in-
crease the nitrate in the soil.

Dug wells are more susceptible to contamina-
tion than drilled wells, because they are more
difficult to seal at and just below the surface than
drilled wells, in which the casing generally serves
as a good seal against contamination. Table 9
compares nitrate contents in 9 dug and 14 drilled
wells sampled in Elk County.

TaBLE 9.—Comparison of nitrate in dug and drilled wells
in Elk County

Iron
(parts per million) Number of samples

Less than 0.1 6
0.10 - 0.29 8
0.30 - 0.99 3
1.0 -19 3
2.0 or more 4

Number of samples
Nitrate
(parts per million)

Dug wells Drilled wells

Less than 25 1 8
25 to 49 2 3
50 to 99 0 0

100 to 199 3 1

200 or more 3 2
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Excessive nitrate in well water may cause in-
fant cyanosis (“blue baby”) when the water is
used in the preparation of formulas. The Kansas
State Board of Health regards water containing
more than 90 ppm (as NO,) as unsafe for use in
infant feeding and regards water containing less
than 50 ppm as safe. The nitrate in well water
cannot be removed by boiling, as that only con-
centrates the nitrate; and its removal by chem-
ical means cannot be done practically.

In Elk County 14 of the 23 samples of water
contained less than 50 ppm of nitrate and were
in the safe range. Nine samples had a nitrate con-
tent of more than 100 ppm. The highest nitrate
content was in water from well 31-13-21dd in

alluvium. This water contained 885 ppm of nit-
rate (Table 5).

CHLORIDE

Chloride is abundant in sea water and oil-field
brines and is dissolved in small quantities from
many rock materials. Chloride where concen-
trated is corrosive to steam boilers.

In Elk County only four samples of water had
more than 150 ppm of chloride. The highest, 565
ppm, was in the sample from well 28-11-24cd.
Water containing 550 ppm of chloride tastes salty
to most persons; as little as 250 ppm can be de-
tected by some persons.

SANITARY CONSIDERATIONS

The analyses of the water from wells in Elk
County (Table 5) indicate only its mineral con-
stituents and do not show its sanitary condition.
Concentrations of certain minerals, however, such
as chloride or nitrate, may indicate possible pol-
lution.

In Elk County nearly all the rural population
is dependent on wells for a water supply. In con-
struction of wells, therefore, care should be taken
to prevent pollution. A well should not be con-
structed near possible sources of pollution, such
as barnyards, cesspools, or privies. The well
should be so constructed that surface water
drains away from the well rather than toward it.
If it is necessary to drill a well where drainage
will be toward it, the well should be finished with
earth mounded around it as a barrier against sur-
face water. Drilled wells are generally protected
by the casing, which forms a seal, but in some

areas, wells must be dug to obtain adequate stor-
age capacity.

GROUND-WATER REGIONS
IN ELK COUNTY

For the purpose -of discussing the availability
of ground water, Elk County has been divided
into regions coinciding with the outcrops of dif-
ferent geologic formations. Although the regions
cannot ke sharply delimited, they were selected
because of similarities of aquifers or of wells
within a region. The name selected for a region
is the name of the geologic formation where only
one formation is present and the hyphenated
names of the upper and lower formations or mem-
bers where more than one is included. The names
of the ground-water regions and the letters des-
ignating the regions on the ground-water map
(Pl. 3) are given in Table 10.

TaBLE 10.—Names of ground-water regions in Elk County
and designating symbols used on Plate 3

Region or area Symbol used on Plate 3

Wreford-Americus region WA
Hamlin-Dry region HD
Dover-Burlingame region DB
Silver Lake-Severy region SS
Topeka-Lecomton region TL
Tecumseh area TLt
Kanwaka region K
Oread region (e]
Ireland region I
Stranger region S
Alluvium-Terrace region AT

WREFORD-AMERICUS REGION

The westernmost region in Elk County is the
Wreford-Americus region designated by the sym-
bol WA on Plate 3. The rocks in this region are
a sequence of shales and limestones. The lime-
stones are relatively thick, and many of them con-
tain chert. The topography of the region is typ-
ical of the Flint Hills. The Americus limestone
member of the Foraker limestone forms a lower
escarpment recognized over much of the southern
part of the outcrop; the Wreford limestone forms
an uprer escarpment; and the intervening lime-
stones form a series of terracelike benches.

The chief aquifers of this region are the Wre-
ford and Foraker limestones. Water is yielded to
wells through joints and solution channels in the
cherty members of these formations. Other aqui-
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fers in the area are the Crouse, Bader, Beattie,
and Grenola limestones. The Neva limestone
member of the Grenola yields water to springs
over a part of its outcrop in Elk County, but of
the wells inventoried none was obtaining water
from the Neva limestone. In Cowley County,
however, the Neva yields water to many wells
and springs (Bass, 1929).

Wells in the Wreford-Americus region are gen-
erally drilled wells ranging in depth from 20 to
125 feet. Most of the wells in the area yield ade-
quate and dependable supplies of water, but dur-
ing the drought period 1933 to 1939, because
many wells failed, many ponds were constructed
or water had to be hauled. The yield from wells
in this area ranges from as much as 50 gallons
a minute from the Wreford limestone to only a
few gallons an hour from other aquifers (Table
11). Many springs and seeps issue from rock in
this area, which is the headwater area of Elk
River and Caney Creek—both spring-fed streams.

Water from the aquifers in this region is gen-
erally good except for hardness, which is mostly
of the carbonate type and can be removed by
relatively simple treatment. Samples were col-
lected from two wells in the Wreford-Americus
region. Well 28-8-33dd yields water from the
Wreford and Crouse limestones. This water has
a total hardness of 349 ppm. The carbonate, or
temporary, hardness of the water from this well
is 276 parts. Well 30-8-24bd yields water from
the Foraker limestone; this water has a total
hardness of 308 ppm, of which 300 ppm is car-
bonate, or temporary, hardness.

HamMmLIN-Dry REGION

The Hamlin-Dry region, designated by the sym-
bol HD on Plate 3, is a relatively narrow belt ly-
ing below the escarpment of the Foraker lime-
stone. In this area sandstone and sandy shales of
the Admire group and upper part of the Wabaun-
see group yield water to wells. The wells are typ-
ically shallow dug wells, many of which yield
small supplies inadequate for stock water.

The water from wells in this region is generally
hard. The noncarbonate hardness generally is
high because of the high sulfate content. The
analysis of water from well 31-8-25aa in this re-
gion is given in Table 5.

DovErR-BURLINGAME REGION

The Dover-Burlingame region, designated by
the symbol DB on Plate 3, was defined because of
similarities in the limestones. The limestones in
this region form escarpments, although the es-
carpments are not nearly so pronounced as those
in the Wreford-Americus region. The limestones
are thin but persistent and uniform in thickness,
and from them water is obtained through joints
and solution channels within the formations. The
shales in some parts of this region are sandy or
contain channel sandstones that yield small
amounts of water to wells. Wells in the Dover
limestone are generally shallow dug wells and
yield small amounts of water. The Dover lime-
stone does not yield water in this area to wells
drilled below the weathered zone. The Elmont
limestone does not yield water to wells at shallow
depths, but several wells obtain water {rom
depths of 75 feet or more. Yields of wells in the
Elmont are small, probably not more than 1 or 2
gpm. The Wakarusa limestone and Burlingame=
limestone are separated by the thin Soldier Creek
shale, and it is difficult to determine which of the
two is the principal source of water in many
wells. Most wells in the Wakarusa and Burlin-
game limestones yield small amounts of water,
but they may yield as much as 10 ppm. A spring
in a road cut in the SW%4 sec. 23, T. 27 S., R. 10
E., Greenwood County, in the Burlingame lime-
stone had an estimated flow of 10 gpm.

The water in the Dover-Burlingame region is
generally hard.

S1iLvER LAKE-SEVERY REGION

The Silver Lake-Severy region, designated by
the symbol SS on Plate 3, is underlain predom-
inantly by shale and sandy shale. The only
escarpment-forming limestone is the Howard,
which yields small amounts of water to wells in
some areas where it has been altered near the
surface by weathering. Most wells in this region
cbtain water from sandy shales or sandstones of
the upper part of the Cedar Vale shale, the middle
part of the White Cloud shale, or the upper part
of the Severy shale. The yield of wells in this
area is generally small, a few gallons an hour,
and generally not enough for stock-water sup-
plies. Wells drilled through a large thickness of
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the Severy shale into the Topeka or the Deer
Creek limestone generally yield poor water. Most
wells in this area are shallow dug wells, although
a few are drilled as much as 100 feet deep.

The water in the shallow wells in this region
is generally good but is somewhat hard. The
hardness is mostly carbonate. The water from
well 29-10-1dd in the Howard limestone or the
upper part of the Severy shale had a total hard-
ness of 266 ppm, which was carbonate hardness.
The water from well 30-10-28cd in a sandstone
in the White Cloud shale had a hardness of 230
ppm, of which 188 parts was carbonate (Table 5).

TopreEkA-LeEcomPTON REGION

The Topeka-Lecompton region, TL on Plate 3,
is the largest limestone region in Elk County. It
includes outcrops of the Topeka, Deer Creek, and
Lecompton limestones and also the Tecumseh
shale, the extent of which is shown separately
on Plate 3 as an area and designated by the sym-
bol TLt. The limestones in this region are rela-
tively thick and are similar in their ground-water
characteristics in that they yield water from the
top members of the formations. The Topeka lime-
stone yields small supplies generally from dug
wells from the “Red” limestone, which probably
is equivalent to the Coal Creek limestone mem-
ber. The Deer Creek limestone, which is prob-
ably the best aquifer in the Topeka-Lecompton
region, yields supplies to wells penetrating the
Ervine Creek limestone member. Many small
springs issue from this rock along the outcrop.
The Avoca limestone member and Beil limestone
member of the Lecompton limestone yield small
supplies to wells in some areas. In the northern
part of its outcrop the Doniphan shale member
contains more sand than in the southern part and
is the best aquifer of the formation. Most of the
wells producing from the Lecompton limestone
have small yields. Wells obtaining water from the
Doniphan member are as deep as 125 feet.

TECUMSEH AREA

In the Tecumseh area, TLt on Plate 3, wells
obtain water from the Tecumseh shale. In the
area south and west of Elk Falls it is sandy and
resembles in part locally a channel-filling sand-
stone. Farther north the Tecumseh does not
contain enough sandstone to yield appreciable

amounts of water. Most wells inventoried in this
region are drilled wells and yield water from
depths of as much as 140 feet.

The water in the Topeka-Lecompton region is
generally hard. Most of the hardness is carbonate,
but well 28-11-24cd yields, from the Deer Creek
limestone, water that has a noncarbonate hard-
ness of 2,190 ppm and contains 832 ppm of nitrate,
which indicates contamination. Water from well
29-12-32dc is a sodium bicarbonate water con-
taining much sodium, bicarbonate, and carbonate,
and is very soft. This well yields water from the
Doniphan shale member of the Locompton lime-
stone, which is sandy in this area. The analyses
of the water from wells in the Topeka-Lecompton
region are given in Table 5.

Kanwaka Region

In the Kanwaka region, designated by the sym-
bol K on Plate 3, water is obtained from wells in
the Kanwaka shale, which is divided into three
members: in descending order the Stull shale,
the Clay Creek limestone, and the Jackson Park
shale.

In the Stull shale member, a lenticular or
channel-filling sandstone yields water to wells.
In Elk County, this sandstone reaches a thickness
of about 30 feet. Wells in this sandstone yield
adequate supplies of good water.

A channel-filling sandstone (Elgin) whose top
is a few feet below the top of the Jackson Park
shale reaches a thickness in Elk County of about
35 feet, and in places it lies directly on the Kere-
ford limestone member of the Oread limestone.
In Chautauqua County near Elgin, it reaches its
maximum thickness of 150 feet. In Elk County,
wells penetrating this sandstone yield adequate
supplies of water for stock and domestic use.

The quality of water from the Kanwaka re-
gion differs from place to place. The northern
part of the aquifer generally yields poorer water
than the southern part.

Drillers report areas where salt water is pres-
ent in this region. The analyses of water samples
also indicate that the ground water in parts of
the region is strongly mineralized. The water in
well 29-12-8bb had 439 ppm of chloride and 1,279
ppm of dissolved solids. The total hardness of this:
water was 908 parts, of which 292 parts was car-
bonate hardness. The water in well 31-12-30cb, in
the southern part of the region, had only 22 ppm
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of chloride and 324 parts of dissolved solids. The
total hardness was 272 parts, 210 parts of which
was carbonate hardness (Table 5).

Oreap REGcioN

The Oread region, designated on Plate 3 by the
symbol O, lies just east of the Kanwaka region
and comprises the outcrop areas of units of the
Oread limestone. Wells in this region yield water
from the Plattsmouth limestone member and the
Snyderville shale member of the Oread lime-
stone. The yield of wells in the Plattsmouth mem-
ber is generally small, and the rock may provide
only enough water for domestic wells. Wells in
the Snyderville shale member yield water from
sandy zones and generally yield slightly more
than the wells in the Plattsmouth.

The water from the Oread region is generally
hard; most of the hardness is carbonate (Table
5).

IRELAND REGION

The Ireland region, designated by the symbol
I on Plate 3, is the largest of the sandstone regions
in Elk County. It is underlain by beds of the
Lawrence shale, of which the Ireland sandstone
member is the best aquifer. Wells in the Ireland
sandstone member are either dug or drilled. The
best wells are drilled and range from 40 to 160
feet in depth. The quantity of water derived from
the Ireland by wells ranges from about 1 to 10
gpm and averages about 2 gpm.

Near the community of Busby in sec. 1, T. 30
S., R. 12 E,, in an area of about a quarter of a
square mile, artesian water flows from wells that
penetrate the Ireland sandstone member to an
average depth of about 40 feet. The yields from
these wells range from an estimated 0.5 gpm in
some wells to about 3 gpm in well 30-12-1ba. The
artesian head of this well was 4.60 feet above the
land surface (Table 11). In other wells in the
region the water rises above the aquifer, but the
static level is below the land surface.

The water from wells in this region is relatively
hard, but the hardness is generally carbonate.
Well 30-12-1ba yields a sodium bicarbonate water
in which the calcium and magnesium content is
low and the sodium content is high. This well
yields water from the Ireland sandstone member
and is a flowing artesian well. Water in some

wells in the northern part of the region is re-
ported by drillers to be salty.

STRANGER REGION

The Stranger region, designated on Plate 3 by
the symbol S, is the area of outcrop of beds of
the Stranger formation, which extend from the
base of the Ireland sandstone member downward
through the Tonganoxie sandstone member of the
Stranger formation. Wells yield water from sandy
shale and sandstone of the Robbins and Vinland
shale members and from the Tonganoxie sand-
stone member of the Stranger formation. The
Tonganoxie sandstone probably yields water to
wells in the southeast part of the county and to
a few wells in the northeast part of the county.
The yield of most of the wells is not large, and
where the Tonganoxie is found at a depth of more
than 100 feet the water is generally slightly salty.
The quality of the water in the Stranger region
is similar to that in the Ireland region.

AvrLuviuM-TERRACE REGION

The Alluvium-Terrace region, designated by
the symbol AT on Plate 3, consists of areas un-
derlain by unconsolidated alluvium and terrace
deposits along the valleys of Elk and Fall Rivers.
The area of these deposits is not large, but the
deposits yield water to wells in larger quantities
than any other aquifer in the county.

The terrace deposits do not yield as much
water to wells as the alluvium, because generally
the water table is near the base of the terrace
deposits. The coarse gravels are generally thinner
in the terraces than in the alluvium. A cross sec-
tion of the alluvium of Elk River along a line
extending from about 150 feet south of the NE
cor. SEY; sec. 5, T. 31 S,, R. 12 E,, to about 150
feet south of the NE cor. SEY; sec. 17, T. 31 S,,
R. 12 E,, is shown as B-B’ in Figure 11. This cross
section shows three terraces. The first is a low,
discontinuous terrace in which the ground-water
characteristics are similar to those in the alluvial
floodplain and which is therefore mapped as al-
luvium and is included in the discussion of the
alluvium. The second terrace lies about 17 feet
higher than the low terrace. The second terrace
is about 0.5 mile wide, and its deposits are not
so good an aquifer as are those at the low terrace.
The gravels are thinner than in the low terrace,
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and the water table is near the base of the terrace
deposits. Wells in this terrace area generally yield
adequate supplies for stock or domestic use, but
large supplies could not be developed. The third
terrace lies about 20 feet above the second and
overlies the bench made by the resistant Toronto
limestone member of the Oread limestone. At its
widest part this terrace is about 0.75 mile wide.
The terrace gravels are thin and lie above the
level of the water table in the floodplain. The
wells in this area are small because they depend
on seepage water from the shales in the valley
sides and on infiltration in seasons of heavy rain-
fall. '

The terrace area in the northeast part of the
county along Fall River is similar to the second
terrace along Elk River.

The alluvium along Elk River provides mod-
erate supplies from the east county line west-
ward, upstream, to an area just below Elk Falls.
Upstream from Elk Falls the alluvium thins and
is not an important aquifer, although it yields
water to a few wells. The wells in the alluvium
below Elk Falls obtain water from chert gravels
and sands that are not continuous over the entire
valley but, where present, yield water to wells
freely. These chert gravels and sands, as indi-
cated by test drilling and logs of wells, are gen-
erally about 5 feet thick and are not more than
10 feet thick in any of the test holes.

Upstream from the eastern edge of the out-
crop of the Oread limestone the valleys of Elk and
Fall Rivers are narrow. Downstream from the
eastern edge of the outcrop the valleys widen as
the stream crosses the softer shales of the Law-

rence and Stranger formations. East of the Elk
County line the valleys continue to widen for a
distance of about 5 miles, to the western edge of
the outcrop of the Stanton limestone. Below this
point the valleys again narrow.

Valley widths are shown by cross sections A-A’
and B-B’ in Figure 11. Cross section A-A’ is
across the Elk River valley 1 mile west of the
Elk-Montgomery County line, and cross section
B-B’ is about 7 miles west of cross section A-A’
near Longton.:

Where gravel is present in the alluvium, wells
yield as much as 50 gpm. Even where gravel is
absent, the silts are generally so sandy that very
good stock wells can be developed.

Water from the alluvium and terrace area of
the Fall River valley is generally good. It is rel-
atively soft and the hardness is carbonate. The
water from the alluvium and terrace area of the
Elk River valley is not so good as that in the
Fall River valley. The chloride content is greater,
and the water has a greater total hardness. The
samples of water from wells in the alluvium of
Elk River were high in nitrate, probably owing
to local contamination.

RECORDS OF TYPICAL WELLS

Descriptions of wells visited in Elk County are
given in Table 11. Information classed as “re-
ported” was obtained from the owner or tenant.
Depths of wells not classed as “reported” were
measured and are given to the nearest tenth of
a foot below the measuring point. Depths to water
level not classed as “reported” were measured
and are given to the nearest hundredth of a foot.
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Remarks
(Yield given in gal-
lons a minute;
drawdown in ft.)

sandstone at 37. Good
do

Gravel 18 to 37 feet,
well

Yield about 7

Good well
Good well

Date of
measure-
ment
9-7-50
9-7-50
9-7-50
9-7-50
9-7-50

to
12.10 12-14-50

13.50 12-14-50

4.77
16.88

Depth
level
9.86
12.78
26.38

1.3
0.6
1.5
0.3
0.9
0.3
0.6

land
surface

Feet
above water

Measuring point

Description

do

Base of pump
do
do

do
do
do
do
Top of well curb

do
Base of pump

E, electric; H, hand operated; W, windmill.

6. D, domestic; In, industrial; N, not being used; S, stock.

S
S
S

D,S

Use of
water
(6)
S
D
D
D
D,S
D,S

Cy,H
Cy,H
Cy,H
Cy,H
Cy,H
Cy,G
Cy,H

(5)

depths to water level are given in feet.

B, bucket; J, Jet.
Type of power:

of lift

Method
5. Method of lift: CY, cylinder; F, natural flow; N, none; P, pitcher pump; T, turbine;

7. Measured depths to water level are given in feet, tenths, and hundredths; reported

do

do

de

do
Ireland sandstone
Vinland shale

do
Vinland shale
Stranger formation

Ireland sandstone

Geological source
Alluvium

Principal water-bearing bed

Character
of material

do

do
Gravel

do

do
Sand and

do
Sandstone

do

do

TaBLE 11.—Records of wells in Elk County, continued
do

measureg depths are given

gravel and
sandy silt

’

Type
of
(4)

GI

GI

GI

R

GI

R

GI

GI

360 R

in.
48
48
40

(3)

36.0
28.0
36.8
37.0
21.0
42.0
19.0
23.0
35.0
42.0
75.0

Depth Di-
Type of well, ameter

(2)
Dr
Dr
Dr
Du
Dr
Du
Du
Du
Dr
Dr

of well feet of well, casing
Du

Owner or
tenant
C. V. Haines
R. L. Piper
B. S. Slewart
B. C. Bryant

E. Ballinger
dug and drilled well; Dr, drilled well; Du, dug well; Sp, spring.

and
location
(1)

31-13-3ca
in feet and tenths below measuring points.

4. GI, galvanized sheet iron; N, none; R, rock.

Well no.

1. Well number in parentheses indicates that analysis of water is given in table.

2. DD,
3. Reported depths below the land surface are given in feet;

31-13-20bb H. M. Duryea
31-13-34bd B. C. Bryant
31-13-34dd C. H. Holland

(31-13-21dd) H. Cox
31-13-27cbc  J. M. Cox
31-13-32db F. Stark

31-13-8ba

31-13-17ca
31-13-34aa
31-13-27cc

LOGS OF TEST HOLES

Sample logs of six test holes drilled in the val-
ley of Elk River are given on the following pages.
These test holes were drilled in November 1950.
Samples were collected and studied by Charles
K. Bayne.

31-12-8ad. Sample log of test hole in SE cor. NEYj sec. 8,
T. 31 S.,, R. 12 E., 25 feet north of half-section line and
8 feet west of section line. Drilled 1950. Surface altitude,
908.5 feet. Depth to water, 16.1 feet.
Thickness, Depth,
feet feet
Road fill 35 35
QUATERNARY-Pleistocene
Terrace deposits

Silt and clay, yellow to tan ... 4.5 8
Silt and clay, yellow to tan, and
some very fine sand ... 5 13
Silt and clay, tan; contains much
fine sand and some chert gravel .. 5. 18
Gravel, chert, and fine quartz sand 2.5 20.5
PENNSYLVANIAN

Lawrence shale
Sandstone, very fine grained, yel-
low green to olive ................ 2 22.5

31-12-9ccb. Sample log of test hole in NW cor. SW¥s SW4
sec. 9, T. 31 S., R. 12 E., on east road shoulder 60 feet
south of hedge. Drilled 1950. Surface altitude, 891.0 feet.
Depth to water, 17.0 feet. .
Thickness, Depth,
feet feet
Road fill 3 3
QUATERNARY-Pleistocene
Terrace deposits

Silt and clay, tan ... 5 8

Silt and clay, tan, and some fine sand 5 13

Silt and clay, tan-red, and fine sand 5.5 185

Gravel, chert, clayey, tan ... 6.5 25
PENNSYLVANIAN

Lawrence shale
Shale and sandstone, laminated,

yellow green; alternating hard
and soft layers ... 1.5 26.5

31-12-17aa. Sample log of test hole in NE cor. sec. 17, T.
31 S, R. 12 E., 15 feet south and 25 feet west of section
corner in field. Drilled 1950. Surface altitude, 886.0 feet.
Depth to water, 14.3 feet.
Thickness, Depth,
feet feet
QUATERNARY-Pleistocene

Alluvium
Silt, black ... 3 3
Silt and clay, dark gray to tan ... 5 8
Silt and clay, tan; contains some
dark-gray clay and shells ... 5 13
Silt and clay, tan to brown; contains
shells S (1] 23
Silt and clay, gray to blue gray ... 2 25
Gravel, chert and sandstone, fin
quartz sand, and shells ................ 6.5 315
PENNSYLVANIAN
Lawrence shale
Shale, sandy, laminated, thin hard
zones, blue gray to blue green ... 2 33.5
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31-13-21cc. Sample log of test hole in SW cor. sec.
21, T. 31 S., R. 13 E,, 100 feet south of school, 25 feet west
of road, in school yard. Drilled 1950. Surface altitude, 850.9
feet. Depth to water, 7.0 feet.
Thickness, Depth,
feet feet
QUATERNARY-Pleistocene

Alluvium
Silt, gray black 3 3
Silt and clay, yellow, gray mottling 5 8
Silt and clay, yellow, gray mottling;
contains some fine sand ... 5 13
Silt and clay, yellow, gray mottling;
contains much fine sand ... 11 24
Silt and clay, gray to blue ............. 6 30
Gravel, chert and sandstone, and
fine quartz sand ... 5 35
PENNSYLVANIAN
Tonganoxie sandstone
Shale, laminated, light gray ... 3 38

31-13-27¢cb. Sample log of test hole in NW cor. SWY, sec.
27, T. 31 S, R. 13 E,, in field 50 feet east of section line,
25 feet south of half-section line. Drilled 1950. Surface
altitude, 847.3 feet. Depth to water, 10.9 feet.
Thickness, Depth,
feet feet
QUATERNARY-Pleistocene
Alluvium
Silt, gray black ... 3.5 35

Silt and clay, tan ... 4.5 8
Silt and clay, tan, some gray mot-

tling 10 18
Silt and clay, tan, mottled gray; con-

tains some fine sand ... 11 29
Clay, blue, and chert gravel; con-

tains some fine quartz sand ............ 10 39

PENNSYLVANIAN
Tonganoxie sandstone

Shale, blue, sandy, hard ... 1 40

31-13-34bb. Sample log of test hole in NW¥y NWY; sec.
34, T. 31 S., R. 13 E., 200 feet east and 600 feet south of
section corner, in field 150 feet north of river. Drilled 1950.
Surface altitude, 847.7 feet. Depth to water, 11.1 feet.

Thickness, Depth,
feet feet
QUATERNARY-Pleistocene
Alluvium
Silt, clayey, gray, mottled tan ........... 7 7
Silt, tan 12 19
Silt, tan; contains some fine sand
and shells ... 5 24
Silt, tan; contains some fine quartz
sand and chert gravel, and shells 5 29
PENNSYLVANIAN
Tonganoxie sandstone
Shale, blue to blue green ......... 5 34
Shale, soft, blue green .... . 4 38
Shale, hard, blue green 2 40
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