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CHARLES K. BAYNE
WALTER H. SCHOEWE

Geology and Ground-Water Resources

of Brown County, Kansas

ABSTRACT

Brown County is in the northern tier of counties in
the State and is the second county west of the east border.
It has an area of 576 square miles. It is in the Dissected
‘Till Plains section of the Central Lowlands Province. The
annual long-term mean precipitation is 34.20 inches, and
the mean annual temperature is 53.3°F. Agriculture is
the principal source of income in the County.

Rocks that underlie, but do not crop out in, the
County range in age from Precambrian to Pennsylvanian
(Virgilian). Rocks that crop out in the County range in
age from Pennsylvanian to Permian. Cenozoic rocks con-
sist of glacial till of Kansan age and loess of Wisconsinan
and Illinoisan(?) ages. Fluvial deposits of Wisconsinan
and Recent ages occur in the major valleys. The County
lies in the Forest City Basin, which was a part of the
North Kansas Basin prior to elevation of the Nemaha
Anticline during Mississippian time.

Ground water is the principal source of water in the
County; Horton is the only city that obtains its water
supply from surface water. Glacial drift is the prin-
cipal source of ground water in the area. Yields rang-
ing up to 450 gpm (gallons per minute) are obtained
from the glacial drift, but yields of less than 100 gpm are
more common. Rocks of the Council Grove Group in
northwestern Brown County yield as much as 250 gpm.
Pennsylvanian sandstones in eastern Brown County yield
small quantities of water. Generally less than 20 gpm of
water are obtained from fluvial deposits in the major
stream valleys.

Nearly all ground water in the area contains enough
dissolved mineral matter to be considered hard. Chloride
concentrations are not high at depths ordinarily reached
by wells, but at greater depths they are present in high
concentrations. Nitrate concentrations are higher in many
wells than the recommended standards.

INTRODUCTION
PURPOSE OF INVESTIGATION

A program of investigation of the ground-
water resources of Kansas was begun in 1937 by
the U.S. Geological Survey and the State Geo-
logical Survey of Kansas in cooperation with the

Manuscript received June 10, 1966.

Environmental Health Services of the Kansas
State Department of Health and the Division of
Water Resources of the Kansas State Board of
Agriculture. The investigation upon which this
report is based was begun in the summer of 1960
and completed in the fall of 1962. The present
status of other investigations in Kansas is shown
in Figure 1.

Ground water is one of the principal natural
resources of Brown County. Nearly all domestic
and industrial supplies are obtained from ground
water. It is the source of water supply for all
cities in the County except Horton, which uti-
lizes a surface-water supply.

At the present rate of withdrawal, much of
the area has an adequate supply of ground water
available, but local areas experience shortages
during periods of prolonged drought. There-
fore, knowledge of the quantity and quality of
the available water supplies and the location of
additional supplies is important.

LOCATION AND EXTENT OF AREA

Brown County is in the northern tier of
counties and is the second county west of the
east border of the State. It is bounded on the
north by Richardson County, Nebraska, on the
east by Doniphan County, Kansas, on the south
by Atchison and Jackson counties, and on the
west by Nemaha County. The county contains
576 square miles.

PREVIOUS INVESTIGATIONS

Although many reports have described rocks
of the same age as those in Brown County and
many have made specific reference to Brown
County, only two reports, one by Schoewe
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(1938) and one by Fishburn and Davis (1962)
describing the occurrence of celestite, are wholly
concerned with Brown County.

Lee (1943) described the stratigraphy and
structural development of the Forest City Basin.
Moore (1936 and 1949) described the stratig-
raphy of the Pennsylvanian rocks in Kansas,
including those in Brown County. Mudge and
Yochelson (1962), in a report on the stratig-
raphy and paleontology of the uppermost Penn-
sylvanian and lowermost Permian rocks, re-
ferred to the rocks in Brown County; and
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Mudge, et al. (1959), in a report on the geology
and construction-material resources in Nemaha
County, described rocks which crop out in
Brown County.

Frye and Walters (1950) studied glacial de-
posits in northeastern Kansas. A report by Frye
and Leonard (1952) describing the Pleistocene
geology of Kansas mentions localities in Brown
County, and Schoewe (1946) described the coal
resources of the Wabaunsee Group in the Coun-
ty. A report on the geology and ground-water
resources of Jackson County, Kansas, by Walters
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(1953) described rocks and ground-water condi-
tions in Jackson County which are similar to
those in Brown County, and Frye (1941) de-
scribed ground-water conditions in Atchison
County adjacent to Brown County.

METHODS OF INVESTIGATION

Field work in Brown County was begun by
Schoewe in 1930. Further work by Schoewe was
done on water supplies in 1934 in connection
with the Kansas Emergency Relief Commission.
Field work was begun by Bayne in Brown
County in June 1960 and continued through
October. Additional field work was done by
Bayne in both 1961 and 1962. During the in-
vestigation, 130 wells were inventoried and other
information was obtained. In 1960, 226 holes
were augered for geologic and hydrologic in-
formation. Thirteen test holes were drilled by
the State Geological Survey of Kansas with an
hydraulic rotary drilling machine in areas where
Paleozoic rocks were too deep to reach with the
auger. In the preparation of this report, one
driller’s log of a public-supply well and logs of
six holes drilled in 1948 and one drilled in 1957
were used.

The geology was mapped on areal photo-
graphs in the field and transferred to a base map
modified from topographic quadrangle sheets.

During the investigation, 22 samples of
water were collected and analyzed for the min-
eral content. Analyses of six samples previously
collected and nine samples from municipal sup-
plies are included in the report. All analyses
were made by the Environmental Health Serv-
ices Laboratory of the Kansas State Department
of Health under the supervision of Howard
Stoltenberg, chief chemist.

WELL-NUMBERING SYSTEM

The well and test-hole numbers in this report
give the location of the wells and test holes ac-
cording to the system of subdivision of the pub-
lic lands by the U.S. Bureau of Land Manage-
ment. The first numeral of the well number
indicates the township, the second number indi-
cates the range, and the third number indicates
the section. The quarter sections (160 acres),
quarter-quarter sections (40 acres), and the
quarter-quarter-quarter sections (10 acres) are
designated «, &, ¢, or d in a counterclockwise
direction beginning in the northeast quadrant
(Fig. 2). For example, well 1-15E-26dcd is in
the SE SW SE sec. 26, T 1 S, R 15 E. If two or
more wells are located in the same 10-acre tract,
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Ficure 2.—Sketch of Brown County, Kansas, illustrating
the well-numbering system used in this report. Location
is section 26, T 1 S, R 15 E, showing the method of
dividing sections into quarter sections, quarter-quarter
sections, and quarter-quarter-quarter sections.

the location number is followed by serial num-
bers in the order in which they were inventoried.
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GEOGRAPHY
PHYSIOGRAPHY AND TOPOGRAPHY

Brown County is in the Dissected Till
Plains section of the Central Lowlands Province
(Schoewe, 1949). Northeastern Kansas was in-
vaded by ice during two glaciations. The first
may have entered Brown County, but it did not
cover the entire County. During the second
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glaciation, ice covered all of Brown County, and
the present landscape is the result of this glacia-
tion and subsequent erosion. The glaciers left
a mantle of glacial drift of variable thickness
over the entire County, and the typical bedrock-
controlled topography of the Osage Cuesta sec-
tion south of this area is entirely lacking in
Brown County.

Interstream areas are relatively smooth,
broad, well-rounded remnants of the original
ground-moraine topography left by the melting
ice as the glacier retreated. Nearer to the major
drainageways, the area is more dissected, the
surface reduced to gentle slopes, and the valleys
wide and open. Adjacent to the larger streams
the surface is highly dissected into a rough, hilly
topography. Most bluffs are very steep and
ledges of limestone, sandstone, and shale crop
out.

The highest point in the County, near the
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west border about 6 miles south of the Kansas-
Nebraska line, is 1,330 feet above sea level. The
lowest, about 850 feet above sea level, is in
northeastern Brown County near the junction
of the Nemaha River and Roys Creek. The
names and locations of 7%;-minute topographic
quadrangles covering the County are shown in
Figure 3.

DRAINAGE

The southeastern and east-central part of
Brown County is drained by Wolf River, a
tributary of the Missouri River. Southwestern
and south-central Brown County are drained by
the Delaware River, a tributary to the Kansas
River. The northern part of Brown County is
drained by Pony Creek, Walnut Creek, and
Roys Creek, all of which are tributary to the
Nemaha River.
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CLIMATE

Brown County has a humid climate. A 75-
year record of weather data covering the period
1889 to 1963 is available from the U.S. Weather
Bureau station near Horton. The average an-
nual precipitation for the period of record is
33.53 inches. In 44 of the years the precipitation
was below average, and in 31 of the years the
precipitation was above average. About 79 per-
cent of the precipitation falls during the grow-
ing season of April through October. The
monthly mean precipitation for the period 1931
to 1955 is given in Table 1, and the annual
precipitation and the departure from the long-
term mean precipitation are shown in Figure 4.

TasLE 1.—Monthly mean precipitation at Horton, Kansas.

Month Precipitation, Month Precipitation,
inches inches
January ... 099 July ... 3.13
February 98  August _._. 4.38
March ... 2.03  September 3.82
April ... 3.03 October ... 2.15
May ... 4.66 November .. 1.59
June ... 6.14 December 1.30
Total 34.20

The summers are generally hot. The mean
annual temperature is 53.3°F. The winters are
characterized by brief severe cold periods. The
lowest temperature of record was -25°F on
February 12, 1899, and on December 5, 1924.
The highest temperature of record, 112°F, oc-
curred on August 13, 1936.

The average date of the latest killing frost
is April 19, and the average date of the earliest
killing frost is October 15. The average grow-
ing season is 179 days.

POPULATION

The population of Brown County, according
to the 1960 census, was 13,229, a decrease of 9.7
percent. from that in 1950. Urban areas in-
creased 2.9 percent during this period, while
rural. areas decreased 13.4 percent. The popula-
tion density is 22.9 persons per square mile com-
pared to the State average of 26.6.

The 1960 population of the 10 incorporated
cities was: Everest, 348; Fairview, 272; Hamlin,
99; Hiawatha, 3,391; Horton, 2,361; Morrill,

299; Powhattan, 128; Reserve, 138; Robinson,"

317; and Willis, 109. »

AGRICULTURE

Agriculture is the principal source of income

in Brown County and the total income in 1959
from agricultural products was $17,000,000.
The average gross income per farm was about
$10,000, which is about the average of the State
as a whole.

MINERAL RESOURCES
Oi1L anD Gas

Oil was produced from two wells in the
Livengood field in northwestern Brown County
during 1964. Production is from the Hunton
group of Devonian and Silurian ages at a depth
of about 2,580 feet. The field was discovered in
1944 and cumulative production is 104,060 bar-
rels (Oros and Beene, 1965). Gas has not been
found in commercial quantities in the County.

CONSTRUCTION MATERIALS

Concrete aggregate—Material suitable for
use as concrete aggregate is present in limited
quantities in Brown County, but it is not pro-
duced commercially. The known reserves of
sand and gravel generally contain too much silt
to make good concrete aggregate. Most of the
limestone is unsuitable for commercial use.

Structural stone—Structural stone is present
in limited quantities in Brown County but is
not preduced commercially. South of Brown
County the Cottonwood Limestone Member of
the Beattie Limestone is suitable as structural
stone, but in Brown County this limestone is
softer and is not as resistant to weathering as it
is in the central part of the State and, therefore,
is not used extensively.

Road metal—Glacial outwash sand and
gravel is produced from several pits in Brown
County for use as road metal. In some of these
pits glacial boulders are present, which limits
the usefulness of this material. In northwestern
Brown County chert gravel dcposits are locally
present in the highest uplands. These are more
uniform in size than the glacial outwash gravel
and generally do not contain boulders. They are
used extensively for road metal in the north-
western part of the County.

Crushed stone from the Grenola Limestone
and the Dover Limestone Member of the Stotler
Limestone have been used for road metal, al-
though good quarry sites are limited in the

-County.

Loess for use as a mineral filler in road metal

‘is available in unlimited quantity in the north-

east quarter of the County.
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CoAL

An estimated 100,000 tons of Elmo coal have
been mined in Brown County. The Elmo coal
bed occurs near the top of the Cedar Vale Shale
Member of the Scranton Shale. Although coal
is no longer mined in the County, potential re-
serves estimated at 679,400,000 tons are present
(Schoewe, 1946).

SUBSURFACE ROCKS!

Rocks which occur in the subsurface, but do
not crop out in Brown County, range from Pre-
cambrian to Pennsylvanian (Virgilian) in age.
Much of the following discussion of these buried
rock units is from a report on the Forest City

Basin by Lee (1943).

PRECAMBRIAN ROCKS

The Precambrian rocks which underlie
Brown County are believed to be principally
granite. The depth to the upper surface of the
Precambrian ranges from 2,500 to 3,000 feet
below sea level. The Precambrian rocks occupy
an asymmetrical synclinal trough, the west flank
of which rises sharply in the direction of the
Nemaha Anticline. East of the synclinal axis the
beds are less steeply dipping. Only one well in
Brown County (sec. 8, T 1 S, R 15 E) has
reached the Precambrian, at a depth of 4,016
feet.

PALEOZOIC ROCKS

The Precambrian rocks in Brown County
are overlain by a succession of Paleozoic rocks.
The Lamotte Sandstone of Late Cambrian age
is the oldest of these rocks and is probably pres-
ent in the part of the synclinal basin extending
through the central part of the area. Rocks of
the Arbuckle Group of Late Cambrian and
Early Ordovician age overlie the Lamotte, where
present, and the Precambrian in other areas.
Few wells have penetrated these rocks and little
is known of their thickness and lithology in the
County; however, they probably underlie all of
the area. The St. Peter Sandstone of Middle
Ordovician age unconformably overlies Ar-
buckle rocks and in turn is unconformably over-
lain by the Middle Ordovician Viola (Kimm-
swick) Limestone and the Upper Ordovician

1The nomenclature and classification of the geologic units
described in this report follow the usage of the State Geological
Survey of Kansas. They differ somewhat from usage adopted by
the U.S. Geological Survey.

Maquoketa (Sylvan) Shale. In a well in sec.
24, T4S,R 16 E, 265 feet of Viola and Maquo-
keta were penetrated.

Rocks of Silurian age rest unconformably on
older rocks in the County. The Silurian rocks
consist principally of dolomite in this area, but
locally some limestone is interbedded with the
dolomite. A thickness of 263 feet of Silurian
rocks was present in the well in sec. 24, T 4 S,
R 16 E, but these rocks thin toward the south-
east as indicated by a log of a well in sec. 17,
T 6 S, R 20 E, where the Silurian is absent.
Rocks of Devonian age unconformably overlie
Silurian rocks in Brown County. The Devonian
rocks are predominantly dolomites. In some
areas hundreds of feet of older rocks were re-
moved by erosion prior to the deposition of
Devonian beds. In the well in sec. 24, T 4 S,
R 16 E, 163 feet of Devonian rocks were pene-
trated; however, in the well in sec. 17, T 6 S,
R 20 E, where Silurian rocks were absent, more
than 300 feet of Devonian rocks were present.

The Chattanooga Shale of Late Devonian
and Early Mississippian age is about 231 feet
thick in Brown County. This shale thins toward
the southeast and is overlain by Mississippian
rocks. The well in sec. 24, T 4 S, R 16 E, pene-
trated 282 feet of Mississippian; however, the
Mississippian rocks do not exceed 100 feet in
thickness in the northwestern part of the County
and are locally absent over the Nemaha Anti-
cline a few miles west of Brown County.

Rocks of the Cherokee Group of the Penn-
sylvanian System are about 650 feet thick in
Brown County. In this area the Cherokee is
composed principally of gray shale, although
some black shale is present. The sandstone
commonly present in the Cherokee in eastern
and southeastern Kansas occurs sparsely in the
County. The Cherokee Group thins toward the
south and west and is absent in local areas in
adjacent Nemaha County where it was never
deposited over local highs on the Nemaha Anti-
cline. In Brown County this unit is conform-
ably overlain by rocks of the Marmaton and
Pleasanton groups which have a combined thick-
ness of about 200 to 250 feet. In this area the
contact between the Marmaton and the Pleasan-
ton is not distinct.

Rocks of the Kansas City Group overlie the
Pleasanton rocks in the County. These, together
with the overlying Lansing Group rocks, are
composed of alternating beds of limestone and
shale and some sandstone, and although the in-
dividual beds range considerably in thickness,
the aggregate thickness of the rocks is 325 to
350 feet.
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The Stanton Limestone of the Lansing
Group is overlain by 130 to 195 feet of shale,
sandstone, sandy shale, and minor amounts of
limestone of the Douglas Group. In local areas
in northeastern Kansas, the Weston Shale and
the Tatan Limestone members of the Stranger
Formation of the Douglas Group are present.
These units, which formerly comprised the
Pedee Group, have been entirely removed in
parts of the area, and the Tonganoxie Sandstone
Member of the Stranger Formation rests un-
conformably on the Stanton Limestone. West
of the outcrop area along the Missouri River,
the Weston Shale Member thins rapidly. In
Brown County the Weston is probably no more
than a few feet thick and may be absent locally.
The Iatan Limestone is also absent locally. The
thick sandstone beds commonly found in the
Douglas Group in the area south of the Kansas
River are not present in Brown County; how-
ever, sandy shale beds are common in the upper
part.

The Lawrence Formation of the Douglas
Group is overlain by a sequence of four lime-
stone formations and three shale formations that
comprise the Shawnee Group. In Brown Coun-
ty this group has a nearly constant thickness of
about 300 feet. The individual beds of the
Shawnee Group are comparatively uniform in
thickness and lithology and are traceable over
considerable distances. The upper and lower
contacts of the Shawnee Group appear to be
conformable with beds above and below.

GEOLOGY AND GROUND-WATER
CHARACTERISTICS OF
OUTCROPPING ROCK UNITS

The previously described Pennsylvanian
rocks do not crop out in Brown County but crop
out in eastern and southeastern Kansas. Rocks
of Pennsylvanian, Permian, and Pleistocene ages
crop out in Brown County (Table 2, PL 1).
The Pennsylvanian and Permian rocks in Brown
County are largely concealed by a mantle of
Pleistocene glacial drift or loess. Bedrock out-
crops are confined essentially to the major stream
valleys with glacial drift and loess covering the
interstream areas (Pl. 1). Alluvial deposits are
widespread in the valleys of the larger streams.

PENNSYLVANIAN SYSTEM—
UPPER PENNSYLVANIAN SERIES
WaBaUNSEE GRrouP

The Wabaunsee Group in Brown County
consists of about 400 feet of limestone, shale,

Kansas State Geol. Survey Bull. 186, 1967

sandy shale, sandstone, and coal. The limestones
of the Wabaunsee Group are thinner than those
of older Pennsylvanian strata or of the Council
Grove Group of Permian age and characteris-
tically weather to a tan or brown color. The
shales of the Wabaunsee Group are generally
tan, green, or gray, and contain channel sand-
stone and coal.

All but the lower two units of the Wabaun-
see Group, the Severy Shale and the Howard
Limestone, crop out in Brown County and are
described on the following pages.

SCRANTON SHALE

The five members of the Scranton Shale (Pl
1) are, in ascending order, the White Cloud
Shale, Happy Hollow Limestone, Cedar Vale
Shale, Rulo Limestone, and Silver Lake Shale.
The Happy Hollow and Rulo limestone mem-
bers are lenticular in this area and are locally
absent. Where the Happy Hollow is absent, the
White Cloud and Cedar Vale cannot be differ-
entiated. Where the Rulo is absent the contact
between the Cedar Vale and Silver Lake is
placed at the top of the Elmo coal which occurs
at or near the top of the Cedar Vale Shale Mem-
ber. About 75 feet of the total thickness of the
Scranton Shale is exposed in Brown County.

The White Cloud Shale Member consists of
gray, bluish-gray, and some tan shale, sandy
shale, and locally some sandstone. The only ex-
posures of the Member in the County are in
the Wolf Creek valley near Robinson. The base
of the Member is not exposed, and the probable
thickness of the unit is about 20 to 25 feet. No
wells are known to produce water from the
White Cloud, but small supplies? probably could
be developed from the sandstone which occurs
locally.

The Happy Hollow Limestone Member is
generally a single tannish-brown bed of impure
limestone, less than 1 foot thick, containing
fusilinids and a brachiopod fauna. The Happy
Hollow appears to be lenticular in Brown
County and may be absent in local areas. The
unit is best exposed in the Wolf Creek valley in
the vicinity of Robinson. It does not yield water
to wells in the area.

The Cedar Vale Shale Member, which over-
lies the Happy Hollow, is composed of beds of
bluish-gray to tannish-gray shale, gray clay,
sandy shale, and some sandstone. The Elmo
coal occurs near the top of the Cedar Vale. This

21n this report, small supplies refers to yields generally less
than 10 gpm, moderate supplies 10 to 100 gpm, and large
supplies to more than 100 gpm.
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coal, which commonly is 12 to 18 inches thick,
but has been reported to be as much as 30 inches
thick locally, has been extensively mined in the
Roys Creek area in northeastern Brown County
and in Wolf Creek valley near Robinson
(Schoewe, 1946). Most of the mining occurred
many years ago, and since about 1934 little
mining has been done except by individuals for
personal use. No wells are known to produce
water from the Cedar Vale, but small supplies
are probably available from the sandy shale and
sandstone in the unit.

The Rulo Limestone Member is a single bed
of hard, gray, fossiliferous limestone, which is
lenticular and locally absent. In Brown County
the Rulo ranges in thickness from 0 to about
3 feet. No water is obtained from this unit in
Brown County.

The Silver Lake Shale Member comprises
the strata between the top of the Rulo Member
and the base of the Burlingame Limestone
Member of the Bern Limestone. The Silver
Lake consists of gray, grayish-green, and tan
shale. The shale is silty to sandy and locally
contains a channel sandstone. Commonly the
Silver Lake ranges in thickness from 20 to 25
feet, but thicknesses of sandstone of 25 to 30
feet have been observed, making the total thick-
ness considerably more than is normal for this
unit. Small supplies of water are available from
the sandstone in the Silver Lake, but no wells
are known to utilize this aquifer.

BERN LIMESTONE

The Bern Limestone consists of three mem-
bers which, in ascending order, are the Bur-
lingame Limestone, the Soldier Creek Shale,
and the Wakarusa Limestone. The thickness of
the Bern Limestone in Brown County is about
30 to 32 feet.

Section through the Bern Limestone and Auburn
Shale in SW NW NW sec. 16, T 3 S, R I8 E,
exposed in road ditch on a north-facing hill.

Thickness,
feet
Glacial drift 8§+
EMPORIA LIMESTONE
READING LIMESTONE MEMBER
Limestone, impure, earthy, light-gray,
blocky, contains large Allorisma ............. 0.5
AUBURN SHALE
Shale, gray and buff, platy in part; contains
many thin limy zones .....cooeeeeeeeeecee 12.8
Shale, light-gray; contains many very thin
beds of limestone 6.9
Shale, black, fissile to platy, limy at base ... 0.4
Shale, light-gray, not bedded; has appear-
ance of loess 3.0

Shale, light-gray to gray; contains a per-
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Thickness,

feet
sistent 1-foot bed of limestone 2 feet
above base and 0.2-foot-thick limestone
5.8 feet above base ..o

—
ot
o

|

w
h
-

BERN LIMESTONE
WAKARUSA LIMESTONE MEMBER
Limestone, bluish-gray on fresh break,
weathers grayish-brown, breaks down
into chips and small blocks ................ 1.0
Limestone, dark bluish-gray on fresh break,
weathers brown; contains many crinoids,

fusilinids, and algae ... 1.7
Shale, gray, platy 1.1
Limestone, brown, impure, breaks into chips

and blocks; contains a few brachiopods

and crinoids 0.5
Shale, gray, well-bedded; contains no fossils 2.2
Limestone, grayish-brown, blocky to earthy,

no- fossils 0.6

7.1
SOLDIER CREEK SHALE MEMBER
Shale, gray, well-bedded and jointed .......... 5.5
Covered interval 4.8
10.3
BURLINGAME LIMESTONE MEMBER
Covered interval (in nearby exposures con-

tains a 1.3-foot limestone encrusted with

algae and underlain by 0.8 foot of gray

shale) 2.1
Limestone, light-brown; contains brachio-

pods and crinoids 1.0
Shale, grayish-buff 1.2
Limestone, gray, impure, weathers into

chips and small blocks, few fossils .......... 0.5
Limestone, contains limonite concretions in

upper part, grayish-brown on fresh break,

weathers reddish-brown, upper surface

irregular 2.0
Base covered 6.8

The Burlingame Limestone Member consists
of several limestone beds separated by thin beds
of shale. The lower limestone can be separated
into two beds, the lowest of which has an irregu-
lar upper surface, contains limonite concretions,
and weathers reddish-brown. This bed is over-
lain by a thin bed of limestone that is lighter in
color and weathers into small chips and blocks.
The limestone is in turn overlain by a grayish-
buff shale, that ranges in thickness from about
1 foot to 8 feet. The shale is overlain by a light-
brown, fossiliferous limestone about 1 foot thick.
Opverlying this limestone is a thin, gray, clayey
shale that is overlain by a thin, tannish-gray
limestone encrusted with algae. The aggregate
thickness of the Burlingame ranges from about
8 to 11 feet in Brown County. Only small quan-
tities of water are obtained from it.

The Soldier Creek Shale Member is a gray,
thin-bedded shale. Joints in the shale are pres-
ent in most outcrops, and the shale adjacent to
the joints is stained with limonite. The thickness
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of the Soldier Creek in Brown County is about
10 feet. The unit does not yield water to wells
in the area.

The Wakarusa Limestone Member consists
of several limestone beds separated by thin beds
of shale. The lower limestone is a thin-bedded,
gray, blocky to earthy, nonfossiliferous lime-
stone about 0.6 foot in thickness. This limestone
is overlain by a thin-bedded gray shale about
2 feet in thickness. The shale is overlain by a
brown, impure limestone about 0.5 foot thick
which contains a sparse brachiopod fauna. Next
above is a gray, platy shale about 1 foot thick.
This shale is overlain by a 2.7-foot limestone
which is bluish-gray at the top and dark bluish-
gray in the lower part. The lower bed contains
crinoids, large fusilinids, and algae. The aggre-
gate thickness of the Wakarusa is about 7 feet.
No water is obtained from this unit.

AUBURN SHALE

The Auburn Shale is about 34 feet thick in
Brown County. In this area the Auburn may be
divided into three lithologic units or zones. The
lower zone is a gray to light-gray, platy shale
containing a persistent limestone bed near the
middle and another limestone near the base.
The middle zone is a massive, silty, light-gray
shale which on some outcrops resembles loess
and on other outcrops a well-cemented mud-
stone. The upper zone is a gray, platy shale
containing numerous thin limestone beds that
are commonly quite fossiliferous. Between the
upper platy zone and the middle (loess-like)
shale, a black fissile or platy shale 0.2-foot to
0.4-foot thick occurs. This fissile shale, although
thin, is very persistent and makes an excellent
marker bed for identification of the Auburn
Shale. The Auburn yields no water to wells in
the area.

EMPORIA LIMESTONE

The Emporia Limestone (Pl. 1) consists of
three members, which in ascending order are:
the Reading Limestone, the Harveyville Shale,
and the Elmont Limestone. The thickness of
the Emporia in Brown County is 35 to 40 feet.

The Reading Limestone Member is com-
posed of three or, locally, four limestone beds
separated by thin beds of shale having an ag-
gregate thickness in the County of 4.5 feet to
6.5 feet. The lower limestone bed is a soft,
bluish-gray limestone ranging in thickness from
0.5 foot to 1 foot. This bed contains a brachio-
pod fauna and very large Allorisma. The lower
limestone bed is overlain by a gray, thin-bedded
shale which rarely exceeds 1 foot in thickness.

This is generally overlain by a dark-gray thin-
bedded shale which locally contains a very dark-
brown fossiliferous limestone at the top. The
upper limestone bed of the Reading is a dense,
hard, bluish-gray limestone which weathers
grayish-brown to brown. This bed contains
fusulinids, crinoids, and brachiopods. The
Reading yields no water to wells in Brown
County.

Section through the upper part of the Auburn
Shale, and the Reading Limestone Member and
the lower part of the Harveyville Shale Member
of the Emporia Limestone in NW SW SW sec.
4, T 4 S, R 18 E. Exposed in road cut about
1,000 feet north of corner.

Thickness,
feet
Glacial drift
Interstratified till and outwash gravel ... 10+

EmPoORIA LIMESTONE
HARVEYVILLE SHALE MEMBER
Shale, gray, clayey; contains thin limestone
beds and some siltstone ... .
Limestone, grayish-brown, blocky, few fos-
sil fragments 0.8

Shale, dark-gray to grayish-green ... 0.8

Shale, light-gray to buff; contains a thin
micaceous sandstone in upper part ... 14.8
28.4

READING LIMESTONE MEMBER

Limestone, dark-brown, upper surface very

even, lower surface uneven; contains
fusulinids, crinoids, and brachiopods ...... 2.5
Shale, red and gray ... 1.0

Limestone, dull gray, weathers brown; con-
tains many fossil fragments ... 0.3
Shale, gray - 01

Limestone, soft, impure; contains large
Allorisma and some brachiopods ........... 0.5
4.4

AUBURN SHALE

Shale, gray, limy and platy in lower part ... 15.0
Shale, black, fissile to platy ... 0.5
Base covered 15.5

The Harveyville Shale Member includes the
strata between the top of the Reading Lime-
stone Member and the base of the Elmont Lime-
stone Member. The Harveyville is composed of
bluish-gray and tannish-gray clayey shale and
has a thickness of 32 feet in Brown County. It
contains a bed of limestone as much as 2 feet
thick near the middle of the unit and, locally, a
thin-bedded sandstone a few feet below this
limestone. The Harveyville does not yield water
to wells.

The Elmont Limestone Member in Brown
County is composed of two limestone beds sep-
arated by a thin shale bed. The Elmont ranges
in thickness from 3 to 5 feet. The lower lime-
stone bed is grayish-brown and contains fossil
fragments. Locally, this lower bed is pelletal or
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conglomeratic. The shale separating the upper
bed from the lower bed is clayey, calcareous, and
gray. The upper limestone is bluish-gray and
fossiliferous and weathers to a grayish-brown
color. Small fusulinids and brachiopods are the
most common fossils. The Elmont yields no
water to wells in the County.

WILLARD SHALE

The Willard Shale overlies the Elmont
Limestone Member of the Emporia Limestone
in Brown County (Pl. 1) and has a thickness of
about 30 feet. The Willard is composed of non-
calcareous, sandy, micaceous, gray to tannish-
gray shale and commonly has one or more sand-
stone beds near the top. The lower part of the
Willard is poorly exposed in Brown County; it
forms the covered slope between the Emporia
and Zeandale limestones. The upper part of the
Willard is generally composed of sandstone ex-
hibiting various degrees of cementation. In
some outcrops the sandstone is almost a loose
sand, while in other exposures it is well ce-
mented and appears massive. Small quantities
of water are available to wells from the sand-
stone in the Willard in south-central Brown
County.

Section through the lower part of the Tarkio
Limestone Member of the Zeandale Limestone
and the upper part of the Willard Shale exposed
in the bank of a creek in NW SW sec. 21, T 4 S,
R1I7E.

Thickness,
feet
ZEANDALE LIMESTONE
TARKIO LIMESTONE MEMBER
Limestone, light-yellow or tannish-brown,
hard, dense; fossil fragments ... 33
3.3
WILLARD SHALE
Shale, tannish-brown to grayish-brown ......_. 0.3
Sandstone, fine, tannish-brown, soft ... 5.1
Shale, tannish-brown, very sandy and mica-
ceous .. - 15.6
Base covered 21.0

ZEANDALE LIMESTONE

The Zeandale Limestone consists of three
members which, in ascending order, are the
Tarkio Limestone, Wamego Shale, and the
Maple Hill Limestone members (Pl. 1). The
thickness of the Zeandale ranges from 16 to 20
feet, and is best exposed in south-central Brown
County.

Section of Zeandale Limestone measured by
R. C. Moore in the spillway of Mission Lake
near the C sec. 28, T4 S, R 16 E.
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Thickness,
feet
PILLSBURY SHALE
Shale, yellowish-brown and bluish-gray;
contains carbonaceous streaks, very sandy,
micaceous upper part locally grades into

yellowish-brown massive sandstone ... 14.0
Sandstone, yellowish-brown, medium- to
fine-grained, soft, massive, cross-bedded
and lenticular 3.0
Shale, light bluish-gray with brown streaks,
calcareous, micaceous and sandy ... 55
22.5

ZEANDALE LIMESTONE
MAPLE HILL LIMESTONE MEMBER
Limestone, light bluish-gray, weathers light
greenish-brown, earthy, massive, breaks
into small chips, lower part dark-blue,
very hard, dense, fossiliferous ................. 1.2
WAMEGO SHALE MEMBER
Shale, light-blue, weathers brown, thinly
laminated; lower part contains ironstone
concretions 1 inch thick, 8 inches in
diameter
TARKIO LIMESTONE MEMBER
Limestone, light greenish-gray to brown,
soft, shaly, grades to calcareous shale,
forms slight projection
Shale, light-blue to purple, clayey,
blocky ... 0.3
Limestone, light creamy-buff to brown,
weathers to rich dark brown on faces,
very massive, hard; contains crinoids,
abundant robust fusilinids, breaks into
large angular blocks ... 4.0

16.6

10.0

1.1

ard,

WILLARD SHALE
Shale, light-blue, calcareous, blocky, upper
0.5 foot contains numerous Chonetes,
Enteletes, Derbyia, Productus, and Echino-

conchus .. 20
Sandstone, blue to bluish-gray, lower part
thin-bedded to shaly, cross-bedded; con-
tains dark carbonaceous streaks, grades
locally into massive sandstone both lat-
erally and vertically, upper part thin-
bedded, ripple marked, and micaceous,

weathers brown

The Tarkio Limestone Member is a hard,
grayish-brown to tannish-brown limestone con-
taining crinoids, large fusilinids, and a few
brachiopods. It is massive and breaks down into
large, angular blocks. Locally, an upper bed of
yellowish-brown earthy limestone about 1 foot
thick is present. The Tarkio weathers to a rich
brown color. The thickness of the Tarkio is
about 5 feet. The Member yields no water to
wells in the County.

The Wamego Shale Member is a light
bluish-gray shale which weathers tannish-brown.
Locally a zone of ironstone concretions occurs
near the base of the Wamego, and locally a thin
ceal or carbonaceous zone is present just below

the Maple Hill Limestone Member. The Wa-
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mego ranges in thickness from 10 to 14 feet.
It yields no water to wells in the area.

The Maple Hill Limestone Member is a
hard, gray to tannish-gray, earthy limestone
which weathers to a tannish-brown color. The
Maple Hill breaks along joints into large slabs
which, upon further weathering, break into
small chips and plates. Locally, the lower part
of the Maple Hill is a very hard, dense, dark-
blue limestone. The unit is very fossiliferous
and ranges from 1 foot to 1.5 feet in thickness.
The Maple Hill yields no water to wells in the
area.

PILLSBURY SHALE

The Pillsbury Shale consists of beds of gray
to grayish-green, sandy, micaceous shale inter-
bedded with sandstone. The sandstone is mas-
sive to thin bedded locally and is generally soft,
often breaking down into almost loose sand.
The sandstone is locally cross-bedded and is
ripple marked in the upper part. Shale is more
prominent in the lower part of the Pillsbury,
and a thin coal occurs locally near the top. Its
thickness ranges from about 15 to 25 feet in
Brown County. Wells yield small quantities of
water from the sandstone beds.

STOTLER LIMESTONE

The Stotler Limestone is composed of three
members which, in ascending order, are: the
Dover Limestone, Dry Shale, and Grandhaven
Limestone. In Brown County the Grandhaven
Member was not observed and may not be
present; however, it does occur in nearby areas.

The Dover Limestone Member is a hard,
gray to tannish-gray limestone that weathers
brown. It contains large fusulinids, algae, and
a brachiopod fauna. The fossils and color of the
Dover closely resemble those of the Tarkio
Limestone Member of the Zeandale Limestone,
but the two differ in weathering characteristics.
The Tarkio breaks into large angular blocks
upon weathering, whereas the Dover breaks
into nodules or chips. The thickness of the
Dover is about 5 feet. It yields no water to wells
in the area.

The Dry Shale Member is composed of
clayey, calcareous gray shale that locally con-
tains beds of sandy shale and possibly some
sandstone. The Dry Shale Member thins toward
the northern part of the State, and it may be
absent in local areas in Brown County. Where
the Grandhaven Limestone Member is absent,
the Dry Shale Member and the overlying Fried-
rich Shale Member of the Root Shale cannot be

differentiated. The Dry Shale Member attains
a maximum thickness of about 8 feet in the
County. Some water is produced from sand-
stone at about the position of the Dry Shale
Member; however, the sandstone may be in the
lower part of the Friedrich instead of the Dry
Shale Member.

The Grandhaven Limestone Member does
not crop out in Brown County. Exposures in
adjoining areas show that the Member consists
of a bed of tannish-brown to brown limestone
that weathers blocky to shaly. It is sandy, con-
glomeratic, and fossiliferous. It is about 2 feet

thick.

ROOT SHALE

The Root Shale consists of three members
which, in ascending order, are: the Friedrich
Shale, Jim Creek Limestone, and French Creek
Shale members. The Root Shale occupies a part
of the slope between the bench-forming Brown-
ville Limestone Member of the Wood Siding
Formation and the Dover Limestone Member of
the Stotler Limestone. The intervening lime-
stones do not form a bench, and separation of
the strata is difficult. The Root Shale is poorly
exposed in Brown County, the best exposures
occurring in vertical stream banks and a few
roadside ditches. It ranges in thickness from
about 45 to 50 feet.

The Friedrich Shale Member is a tannish-
gray to bluish-gray calcareous clay shale in
places containing a thin coal near the top. Lo-
cally, dark-gray lenses of shale occur through-
out the Member, sandstone is present in the
lower and middle parts, and a bed of fossilifer-
ous shale occurs near the top. The Friedrich
Shale Member is about 25 feet thick in Brown
County. In the northern part of the State where
the Grandhaven Limestone Member of the
Stotler Limestone is missing, the Friedrich is
difficult to separate from the underlying Dry
Shale Member. Small quantities of water are
available to wells from the sandstone in the
Friedrich.

The Jim Creek Limestone Member is a hard,
gray to bluish-gray limestone that breaks into
small shaly-appearing chips upon weathering.
The Jim Creek is very fossiliferous, and the
fauna includes brachiopods and small fusulinids.
The Jim Creek ranges in thickness from 0.5 to
1 foot in Brown County and yields no water
to wells.

The French Creek Shale Member is a gray
to grayish-green clayey, noncalcareous shale,
locally sandy in the middle part. The Lorton
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coal (Schoewe, 1946) is generally present in the
uppermost part of the French Creek, and
another thin coal or, locally, a carbonaceous
zone, occurs a few feet below the Lorton coal.
A bed of fossiliferous shale occurs at the top of
the French Creek. In places this bed is com-
posed chiefly of Derbyia. The French Creek is
about 20 feet thick. Small yields of water are

available to wells from the sandy zones in the
French Creek.

Section from wupper part of Friedrich Shale
Member of the Root Shale through the Brown-
ville Limestone Member of the Wood Siding
Formation measured by W. H. Schoewe in NE
sec. 34, T4 S, R16 E.

Thickness,
feet
Woop Sipine FormaTION
BROWNVILLE LIMESTONE MEMBER
Limestone, yellowish-brown, granular; con-
tains crystalline calcite, weathers brown,
platy base grades irregularly into shale
below; contains abundant fossils .............. 2.0
PONY CREEK SHALE MEMBER
Shale, limy, micaceous and sandy; contains
brachiopods; contains a thin, hard, blue
limestone in the lower part (Grayhorse?
Limestone Member) ..o 9.0
PLUMB SHALE MEMBER
Shale, sandy, red and gray ... 5.0
NEBRASKA CITY LIMESTONE MEMBER
Limestone, massive, very fossiliferous; con-
tains large Productus, crinoid, bryozoans,
Chonetes, weathers light gray ... 1.6

Root SHALE
FRENCH CREEK SHALE MEMBER

Limy shale, made up largely of Derbyia ...... 1.0
Coal e 01
Shale, ray .o 3.85
Coal 0.25

Shale, gray, sandy, laminated, pyritic con-

cretions at base, thin beds of black shale .. 15.65
JIM CREEK LIMESTONE MEMBER
Limestone, bluish-gray, fossiliferous, grades
into unit below .. 0.35
Shale, dark-gray; contains thin plates of
very fossiliferous limestone ... 1.0
FRIEDRICH SHALE MEMBER
Shale, clayey, gray ................ e 6.0
Sandstone 14+
Base covered ... 28.2

WOOD SIDING FORMATION

The Wood Siding Formation is composed of
five members which, in ascending order, are:
the Nebraska City Limestone, the Plumb Shale,
the Grayhorse Limestone, the Pony Creek Shale,
and the Brownville Limestone. The Formation
is best exposed in the southern part of Brown
County in the valleys of Delaware River and
its tributaries. The thickness of the Wood Sid-
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ing ranges from about 17 to 20 feet. A measured
section through the Wood Siding and the upper
part of the Root Shale is given above.

The Nebraska City Limestone Member is a
thin, but persistent, dark-gray limestone that
weathers light gray. This Member is commonly
about 1.5 feet thick and contains an abundant
brachiopod fauna. No water is obtained from
the Nebraska City in Brown County.

The Plumb Shale Member is a clayey, cal-
careous, gray shale which locally contains some
red shale. In some places the lower part of the
Plumb is sandy and micaceous. In Brown
County the Member is about 4 feet thick. It
yields no water to wells in the area.

The Grayhorse Limestone Member is a hard,
gray to bluish-gray limestone which is locally
very fossiliferous. It is commonly less than 1
foot thick. The Member is locally absent or
consists of a very thin limestone or limy zone.
It yields no water to wells in Brown County.

The Pony Creek Shale Member is a silty,
gray shale that contains sandstone in the lower
part. The uppermost bed of the Pony Creek is
a very fossiliferous gray shale which contains
Chonetes and Marginifera. This fauna is simi-
lar to that of the overlying Brownville Lime-
stone Member. The Pony Creek ranges in thick-
ness in the County from about 8 to 10 feet.
Small supplies of water are available to wells
from the sandstone beds in the Pony Creek.

The Brownville Limestone Member is a tan-
nish-gray limestone which weathers brown. The
limestone is commonly massive but weathers
blocky to platy. The Brownville is abundantly
fossiliferous, containing Chonetes, Marginifera,
crinoids, and bryozoans. The Member is about
2 feet thick in Brown County and yields no
water to wells in the area.

PERMIAN SYSTEM—
LOWER PERMIAN SERIES

Rocks of the Lower Permian Series are
divided into three groups in Kansas. These are,
in ascending order: the Admire Group, Coun-
cil Grove Group, and the Chase Group. Only
rocks of the Admire and Council Grove groups
crop out in Brown County.

Apmire Grour

The Admire Group consists chiefly of clastic
deposits but contains thin limestone beds. Shale
predominates in this sequence of rocks, and, be-
cause there are few scarp-forming or resistant
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rocks present, the unit is poorly exposed
throughout most of the County. Admire rocks
occupy the long slope between the resistant
rocks of the overlying Council Grove Group and
resistant beds which occur well down into the
Wabaunsee Group of Pennsylvanian age. The
Admire Group consists of three formations with
a thickness of about 110 feet in the County.

ONAGA SHALE

The Onaga Shale is the lowermost forma-
tion of the Admire Group and consists of three
members which are, in ascending order: the
Towle Shale, the Aspinwall Limestone, and the
Hawxby Shale members. The thickness of the
Onaga in Brown County is about 36 feet.

Measured section of strata from Five Point
Limestone Member of the Janesville Shale
through Brownuville Limestone Member of the
Wood Siding Formation exposed in road ditch
along west side of sections 15 and 22, T 2 S,
R I6 E.

Thickness,
feet

PERMIAN SYSTEM
JANESVILLE SHALE
FIVE POINT LIMESTONE MEMBER
Limestone, dark-gray, weathers light gray
and slabby; contains fossil fragments .... 1.8
WEST BRANCH SHALE MEMBER
Shale, light-gray to bluish-gray, well-
bedded to blocky and clayey; contains
a thin, flaggy to nodular impure lime-

stone about 10 feet above base .......... 27.0
28.8
FALLS CITY LIMESTONE
Limestone, dark-brown, tannish-brown
with dark reddish-brown spots on fresh
break; a porous coquina of pelecypod
shells 3.0
3.
ONAGA SHALE
HAWKSBY SHALE MEMBER
Shale, bluish-gray, blocky to platy ............ 10.4

ASPINWALL LIMESTONE MEMBER
Limestone, impure, weathers white, dis-
continuous 0.6
TOWLE SHALE MEMBER
Shale, bluish-gray and tannish-gray; con-
tains very dark-gray shale in middle
part

PENNSYLVANIAN SYSTEM
WOOD SIDING FORMATION
BROWNSVILLE LIMESTONE MEMBER

Limestone, dark grayish-brown, two beds
separated by thin shale parting, lower

bed contains many Chonetes, other
brachiopods, and crinoids .................. 1.5

5

Base covered 1.

The Towle Shale Member is a clayey, non-
calcareous tannish-gray to gray shale. Dark-gray
shale and maroon shale occur locally in the

lower and middle part, and locally, a channel
sandstone is present. The Towle is about 25
feet thick in Brown County, and, although no
wells are known to obtain water from the Mem-
ber, small quantities of water should be avail-
able from the channel sandstone.

The Aspinwall Limestone Member is a
medium-hard, gray to tannish-gray limestone
that weathers white. This Member, although
commonly about 1 foot thick, is variable in
thickness and may be locally absent. The Aspin-
wall yields no water to wells in the County.

The Hawxby Shale Member is a silty, cal-
careous, tannish-gray to gray shale. Dark-gray
shale occurs locally in the middle part of the
unit, which is about 10 to 12 feet thick in Brown
County. The Hawxby is poorly exposed in the
County where it underlies the steep, grassy slope
below the Falls City Limestone. The Hawxby
Shale Member yields no water to wells.

FALLS CITY LIMESTONE

The Falls City Limestone is composed of two
limestone beds separated by a shale bed. The
upper limestone bed is a coquina of pelecypod
shells which give the rock a porous or granular
appearance (when struck with a hammer, the
limestone has a hollow sound). This limestone
is commonly about 2-feet thick; however, in the
NE cor. sec. 7, T 4 S, R 16 E and NW cor. sec.
8, T 4 S, R 16 E, it thins to about 3 inches in
thickness but retains its normal lithologic and
textural appearance. This bed generally forms
a bench on the slopes and is an excellent marker
bed in this area. The upper limestone bed of
the Falls City appears to be an excellent water
reservoir, and seeps occur in local areas just
below the Falls City, but no wells are known to
obtain water from this bed. The lower lime-
stone bed is composed of impure, shaly lime-
stone and is probably discontinuous, as it cannot
be distinguished in most cutcrops of this section
of rocks. The shale separating the two limestone
beds is a clayey, tannish-gray, noncalcareous
shale where it can be identified and is generally
about 3 feet thick.

JANESVILLE SHALE

The Janesville Shale consists of two shale
members and one limestone member, having a
total thickness of about 70 feet in Brown
County. The members of the Janesville are, in
ascending order: the West Branch Shale, the
Five Point Limestone, and the Hamlin Shale.

The West Branch Shale Member is com-
posed of about 27 feet of gray, grayish-green,
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and tan shale. This shale is silty, calcareous,
and locally contains thin zones of impure lime-
stone. The West Branch does not yield water
to wells in the County.

The Five Point Limestone Member is com-
posed of two limestone beds and an intervening
shale bed that varies in thickness within rela-
tively short distances. The upper limestone bed
is generally a hard, dense, gray limestone con-
taining many fossils, but locally it may be an
earthy, rubbly, fossiliferous limestone. The shale
bed is a drab, grayish-brown, clay shale which
varies in thickness from less than 1 foot to about
4 feet. The lower limestone is a gray, dense,
hard limestone which weathers platy, the in-
dividual plates being about 0.5-inch thick. This
lower limestone generally is unfossiliferous and
uniform in appearance and weathering charac-
teristics, but locally, it is a dense, gray limestone
containing small gastropods in the lower part
and a brachiopod fauna in the upper part.
Here the limestone becomes nodular upon
weathering. The Five Point is as much as 5
feet thick in local areas but is commonly 3 feet
thick or less. No wells obtain water from it in
Brown County.

The Hamlin Shale Member is about 40 feet
thick in Brown County. The Hamlin is com-
posed principally of gray and tannish-gray cal-
careous, clay shale, but locally, the upper few
feet may contain black or dark-gray fissile shale.
Sandstone and sandy shale are present in the
middle and. lower parts. Locally in Brown
County, celestite (SrSO4) occurs in veins or
joint fillings in the shale just below the zone
containing the dark shale. This zone is about
10 feet thick and, according to Fishburn and
Davis (1962), the celestite was a product of
chemical precipitation brought about by stagna-
tion of a local area in the Permian sea and con-
centrated in the joint-controlled veins by circu-
lating ground water. Below the celestite zone,
sandstone, sandy shale, and gray and tan clay
shale are present to the top of the Five Point
Limestone Member. Some water is available to
wells from the sandy shale and sandstone in the
Hamlin, but yields are small.

Section of part of Foraker Limestone and Ham-
lin Shale Member of the Janesville Shale ex-
posed in road cuts west from NE NW NE sec. 7,
T3S, RI6E.

Thickness,
feet
CounciL Grove GRouUP
FORAKER LIMESTONE
HUGHES CREEK SHALE MEMBER
Shale, sandy, tannish-gray and light-gray;
contains a brachiopod fauna ...........
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Thickness,
feet
Limestone, dark-gray, weathers tannish-
gray; contains fusulinids ... 1.0
Shale, gray, fossiliferous ... 22
Limestone, hard, dark-gray, weathers
tannish-gray; contains fusulinids ....... 1.0
Shale, gray and light-gray ... ... .. 5.6

Limestone, impure, buff, upper 4 inches

hard, contains a mixed brachiopod

fauna and fusulinids in lower part ... 1.2
Shale, gray and tannish-gray ... 6.8
Limestone, impure, nodular; contains

Productus and spiriferid brachiopods .. 1.2
Shale, light-gray, sandy in part; contains
thin sandy siltstone partings ... . 5.8

Shale, dark-gray, platy ... 5.0
32.8
AMERICUS LIMESTONE MEMBER

Limestone, gray, crinoidal bed, hard ....... 0.9
Shale, dark-gray 1.0
Shale, black ... 0.6
Shale, tannish-gray 2.0

Limestone, gray, impure, massive to
nodular ... 1.0
5.5

ApMIRE GROUP
JANESVILLE SHALE

HAMLIN SHALE MEMBER
Shale, gray ... 1.0
Shale, light-gray, very limy ... 1.0
Shale, light tannish-gray 3.2

Shale, gray; contains celestite in joint
fillings ... 10.
Shale, gray, sandy ... 6
Shale, gray; contains calcareous pellets ... 4

Sandstone, massive, micaceous, well-
cemented 2
Shale, tannish-gray, very sandy ... 6.0

Base covered .. 343

CounciL Grove Groupr

The Council Grove Group, according to the
Kansas classification, is composed of seven lime-
stone and seven shale formations. Six of the
limestones and five of the shales crop out in
Brown County, comprising a thickness of about
220 feet of strata.

Rocks of the Council Grove are considerably
different from those of the Admire and Wa-
baunsee groups. The limestone units of the
Council Grove are generally thicker than those
of the other groups, and many contain appre-
ciable amounts of chert which is scarce in the
older rocks. The Council Grove limestones are
generally lighter in color and lack the brown
color upon weathering of the Admire and Wa-
baunsee limestones. The shale in the Council
Grove is variegated in color and contains more
lime and is more fossiliferous than the older
rocks. Coal and sandstone are rare in occurrence
in comparison with the older rocks.
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FORAKER LIMESTONE

The Foraker Limestone consists of three
members which are, in ascending order: the
Americus Limestone, the Hughes Creek Shale,
and the Long Creek Limestone. The total thick-
ness of the Foraker Limestone is about 40 feet.

The Americus Limestone Member consists
of two limestone beds separated by an interven-
ing shale bed. The upper bed is a hard, gray to
bluish-gray limestone containing crinoids, brachi-
opods, and bryozoans. It ranges in thickness
from about 0.7 to 1.0 foot and maintains a rather
uniform appearance and thickness in the Coun-
ty. The lower limestone, which is about 1 foot
thick, is quite variable in lithology in the
County. Locally this bed may be a pelletal lime-
stone containing fossil fragments, or it may be
a dense, hard limestone resembling the upper
bed. In other exposures, the lower bed is shaly
and grades into the underlying shale, which is
the top of the Admire Group. The shale bed
between the two limestone beds is tannish-gray
to gray and in most exposures contains a thin,
black zone near the middle. It is calcareous and
unfossiliferous and ranges in thickness from
about 1 foot to 3.5 feet but commonly is about
1.5 feet in thickness. The Americus yields no
water to wells in the area.

The Hughes Creek Shale Member is a silty,
calcareous, gray to tannish-gray shale and gen-
erally contains some dark-gray shale in the low-
er part. Several thin beds of limestone occur in
this Member. The Hughes Creek is fossiliferous
throughout; fusulinids are especially common in
the thicker limestone bed. The Hughes Creek
is about 32 feet thick in the County and does
not yield water to wells in the area.

The Long Creek Limestone Member is a
soft, massive, gray to tannish-gray, slightly dolo-
mitic limestone. It is locally porous and cavern-
ous. The Long Creek ranges in thickness from
6 to 8 feet in Brown County but is poorly ex-
posed because it is less resistant to weathering
than the underlying limestone. It weathers back
from the bench formed by these limestones and
is generally mantled by colluvial material. Water
is available to wells from the porous limestone
in the Long Creek, but it is generally high in
sulfates. The sulfate concentration increases
with depth.

JOHNSON SHALE

The Johnson Shale is a silty, calcareous and
platy, dark-gray shale in the upper part and a
gray, blocky, calcareous shale in the lower part.
The lowermost part is fossiliferous containing a

mixed fauna of brachiopods, crinoids, and bryo-
zoans. The Johnson Shale averages about 20
feet in thickness in most of its outcrop area in
Kansas, but in Brown County the Johnson
ranges from 5 to 7 feet in thickness. The John-
son Shale yields no water to wells in the County.

RED EAGLE LIMESTONE

The Red Eagle Limestone is about 5.5 feet
thick in Brown County and consists of three
members which, in ascending order, are: the
Glenrock Limestone, the Bennett Shale, and the
Howe Limestone.

Section from lower part of Grenola Limestone
down to the Johnson Shale. Exposure in a creek
bank in NE SE SE sec. 3, T 1 S, R 15 E,
measured by C. K. Bayne and S. M. Ball.

Thickness,
feet
GRENoOLA LIMESTONE
BURR LIMESTONE MEMBER
Limestone, bluish-gray, weathers tannish-
8TAY e 0.5
LEGION SHALE MEMBER
Shale, gray, calcareous, poorly exposed ....... 3.0
SALLYARDS LIMESTONE MEMBER
Limestone, tannish-gray ... . 0.9
4.4
Roca SHALE
Shale, tannish-gray to gray, sandy ............. 12.0

Limestone, earthy, very porous, boxwork

structure . 45

Shale, clayey, gray and tannish-gray, limy
in middle part of wunit ... 4.2
Shale, gray, laminated, platy to massive ...... 13.0
33.

Rep EAGLE LIMESTONE
HOWE LIMESTONE MEMBER
Limestone, single massive bed, gray, fos-
siliferous 0.9
BENNETT SHALE MEMBER
Shale, gray, clayey to silty, flaky to blocky .. 1.3
Shale, black, fissile to platy; contains Ordi-
culoidea and conodonts ... 1.7
GLENROCK LIMESTONE MEMBER
Limestone, single massive bed, silty, contains
Allorisma and other pelecypods, fusu-

linids, productids, and bryozoans ............ 1.2

Limestone, gray, shaly, weathers rubbly;
contains brachiopods and crinoids ............ 0.5
5.6

JorNsoN SHALE
Shale, dark-gray, silty, flaky ... 2.0
Limestone, shaly, discontinuous over short
distances, contains bellerophontid gastro-

pods 0.0 to 0.9
Shale, dark-gray, clayey to silty, platy to
flaky 15
Limestone, gray, nodular to shaly; contains
Composita, Chonetes, and crinoids ........_. 1.0
Shale, dark-gray, papery ... .. 1.0
5.9

The Glenrock Limestone Member is about
1.5 feet thick. The upper 1 foot is a hard, mas-
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sive, gray limestone containing many fossils.
The lower 05 foot is a gray, silty limestone
which weathers flaky and contains a brachiopod
fauna and crinoids. The Glenrock yields no
water to wells in Brown County.

The Bennett Shale Member is about 3 feet
thick in Brown County. The upper part is a
gray to dark-gray, calcareous clay shale which
weathers flaky. The lower part of the Bennett
is a black, fissile shale which contains Orbicu-
Joidea and conodonts. The Bennett yields no
water to wells in the area.

The Howe Limestone Member is a soft, silty,
gray limestone about 1 foot thick. The unit con-
sists of one massive bed which in the upper part
contains fragments of brachiopods and many
ostracodes. Locally, the Howe yields small
quantities of water to wells.

ROCA SHALE

The Roca Shale is about 34 feet thick in
Brown County. The upper part of the Roca is
gray to tannish-gray sandy shale. The middle
part is composed of very porous limestone hav-
ing a boxwork structure. Below the porous
limestone is a zone of limy shale. The lower
part of the Roca is a gray, clayey, massive to
flaky shale. The porous limestone in the middle
part of the Roca is an important aquifer in
northwestern Brown County. Yields up to 150
gpm may be obtained locally from this bed.
South of the center of the County the porous
limestone thins or is absent, and little or no
water is obtained from the Roca.

GRENOLA LIMESTONE

The Grenola Limestone consists of five mem-
bers which, in ascending order, are: the Sall-
yards Limestone, the Legion Shale, the Burr
Limestone, the Salem Point Shale, and the Neva
Limestone. The thickness of the Grenola in
Brown County is about 28 to 30 feet.

The Sallyards Limestone Member is a hard,
gray to tannish-gray fossiliferous limestone. The
Sallyards generally consists of a single bed
which weathers blocky. The Member ranges in
thickness from 1 to 1.5 feet in the County and
yields no water to wells in the area.

The Legion Shale Member is composed of
gray and tannish-gray silty calcareous shale that
contains a thin zone of black platy or fissile
shale near the top. The Legion ranges in thick-
ness from about 1.5 to 3 feet in the County. No
water is obtained from the Legion in the area.

The Burr Limestone Member is poorly ex-
posed in Brown County. Generally the Member
is covered by colluvium and slump from the
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overlying beds. In adjacent areas the Burr con-
sists of two or more beds of limestone separated
by beds of shale. In Brown County only the
lowermost limestone bed and an overlying shale
were observed. This limestone bed is a hard,
gray, fossiliferous limestone about 1 foot thick
which weathers into small tannish-gray chips.
The Burr yields no water to wells.

The Salem Point Shale Member is a silty,
calcareous, greenish-gray to tannish-gray shale,
which in Brown County ranges in thickness
from about 4 to 8 feet. The Member is poorly
exposed and does not yield water.

The Neva Limestone Member is about 13
feet thick in Brown County and consists of al-
ternating beds of limestone and shale. Most of
the limestone beds in the Neva are massive,
somewhat porous, and fossiliferous. The upper-
most bed of limestone is about 6 feet thick and
consists of an upper soft, shaly, tannish-gray
limestone underlain by a massive brownish-gray
limestone about 4 feet thick. The limestones
below the uppermost bed are gray. The shale
beds are gray and tannish-gray and are silty, cal-
careous, and thin-bedded. A black fissile shale
occurs in the lower part of the Neva in this area.
The Neva Limestone Member yields small to
moderate quantities of water to wells in western
Brown County.

Section from the Morrill Limestone Member of
the Beattie Limestone through the Neva Lime-
stone Member of the Grenola Limestone in SE
sec. 19, T1S,R 15 E, measured by R. C. Moore.

Thickness,
feet
BEATTIE LIMESTONE
MORRILL LIMESTONE MEMBER
Limestone, gray, weathers granular, hard,
dense, fossiliferous; lower part light
blue, weathers bluish-gray, fine-textured,
carthy; contains an abundant molluscan

fauna - 09
Shale, greenish-gray _ ... 0.7
Limestone, white, soft, shaly ... 1.3

FLORENA SHALE MEMBER
Shale, light-gray, very calcareous and fossil-
iferous 3.0
COTTONWOOD LIMESTONE MEMBER
Limestone, white, soft, chalky, massive,
weathers shelly; contains many fusulinids 5.5
11.4
ESKRIDGE SHALE
Shale, greenish-gray, calcareous, partly cov-
ered 28.0
28.0

GRENOLA LIMESTONE

NEVA LIMESTONE MEMBER
Limestone, light tannish-gray, lower part
single massive bed 4 feet thick, upper

part soft, somewhat shaly ... 6.0

Shale, calcareous, grayish-brown
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Thickness,
feet
Limestone, gray, impure, earthy, massive .. 1.4
Shale, greenish-gray, calcareous ... 0.8
Limestone, light- and dark-gray, impure,
weathers blocky, very fossiliferous ......... 0.4
Shale, soft, black, fissile 3.0

Shale, light- and dark-gray, hard, calcare-
ous, grades to soft shaly limestone; con-

tains Orbiculoidea and other brachiopods 0.9
Limestone, hard, dense, massive, light-gray 1.2
SALEM POINT SHALE MEMBER
Shale, gray to tannish-gray, blocky ......... 8.0
Base covered .. 23.0

ESKRIDGE SHALE

The Eskridge Shale is composed of vari-
colored shale with gray and tannish-gray being
the dominant colors. Several persistent thin beds
of limestone, generally less than 1 foot thick,
occur in the Eskridge. The thickness in Brown
County is about 30 feet. The Eskridge occupies
the slope between the Grenola Limestone and
the Beattie Limestone and is generally poorly
exposed. Partial exposures are best seen in road
ditches and stream banks. Coal occurs in the
upper part of the Eskridge in Brown County
(Moore, ez al., 1951). This coal is thin and dis-
continuous and not of commercial quality. The
Eskridge yields no water to wells in the County.

BEATTIE LIMESTONE

The Beattie Limestone consists of three
members which, in ascending order, are: the
Cottonwood Limestone, the Florena Shale, and
the Morrill Limestone. The Beattie is about
12 feet thick in Brown County.

The Cottonwood Limestone Member is a
light-gray to white, massive limestone. The
Member is best exposed in northwestern Brown
County where it is about 5.5 feet thick. The
Cottonwood in northern Kansas is not as hard
as it is in the central part of Kansas and does
not form the conspicuous bench strewn with
large blocks of limestone so characteristic of the
Member in the central part of the State. In
Brown County the Cottonwood contains abun-
dant fusulinids and scattered chert nodules.
Solution channels are present in the Member
and, in some localities small quantities of water
are obtained from it.

The Florena Shale Member is a silty, very
calcareous, light-gray to tanmsh—gray shale. The
Florena is very fossiliferous, containing a mixed
fauna in which Chonetes is especially abundant.
The Florena is about 3 feet thick in northwest-
ern Brown County but thickens to about 6 feet
in the west-central part. The Florena yields no
water to wells in the area.

The Morrill Limestone Member consists of
two limestone beds separated by a shale bed.
The upper limestone bed is a hard, dense, gray
limestone containing brachiopods, and, upon
weathering, the limestone has a granular ap-
pearance. The lower limestone bed is soft and
weathers shaly. The intervening shale is gray
to grayish-green. The Morrill is about 3 feet
thick in Brown County and yields no water to
wells in the area.

STEARNS SHALE

The Stearns Shale is poorly exposed in
Brown County where it occupies the slope be-
tween the small benches formed by the Beattie
Limestone and the Bader Limestone. The
Stearns is about 15 feet thick in the County and
is composed of gray and tannish-gray silty cal-
careous shale grading downward to gray-green
shale. It commonly contains a thin limestone
near the top. The Stearns yields no water to
wells in the area.

BADER LIMESTONE

The Bader Limestone consists of three mem-
bers which, in ascending order, are the FEiss
Limestone, the Hooser Shale, and the Middle-
burg Limestone members. The Bader is about
25 feet thick in the County.

Section from Crouse Limestone through the
Bader Limestone in SE NE SW sec. 25, T 1 S,
R 14 E, measured by M. R. Mudge (slightly
modified by Bayne).

Thickness,
feet
GLACIAL TILL
Till, clayey, noncalcareous, brown, numer-
ous small erratics
CROUSE LIMESTONE
Limestone, medium hard, tan to tannish-
brown, massive, weathers tan and blocky 1.7
Limestone, medium hard, tan, thin-bedded;

5

Weathers shaly; fossiliferous ................. 1.1
Shale, clayey, calcareous, tannish-gray,
weathers tan and blocky; contains cal-
careous nodules 7.1
Limestone, medium hard, gray; weathers
tan and blocky, cavernous, fossiliferous .. 1.3
11.

EasLy CREEK SHALE

Shale, silty, calcareous, thin-bedded to
blocky, light-gray to grayish-green, mot-
tled with maroon in middle part, calcare-
ous lenses in middle part and calcareous
nodules in upper part ... 2.8

Shale, silty, calcareous, mostly blocky; some
thin-bedded, alternating between gray,
grayish-green and maroon ... 2.9

Shale, silty, calcareous, mostly thin-bedded,
some blocky, inter-bedded gray, grayish-
green and maroon beds somewhat thicker
than overlying beds ... 7.2
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Thickness,
A feet
Shale, clayey, calcareous, grayish-green;
weathers tan, thin-bedded, numerous cal-

careous lenses which weather cavernous .. 2.9
5.

15.8
BADER LIMESTONE
MIDDLEBURG LIMESTONE MEMBER
Limestone, hard, tannish-gray; weathers tan
and blocky; cavernous and porous in
upper part; many fossil fragments in
upper part which weather faster than
matrix and give the surface a porous
appearance 1.1
Limestone, soft, tannish-gray; weathers tan
and blocky to shaly in lower part ... 0.7
Limestone, hard, gray, massive; weathers
tannish-gray; blocky near top and shaly
in lower part; contains numerous high-
spired gastropods in lower part; fossil
fragments common throughout __._._..__.. 2.0
HOOSER SHALE MEMBER
Shale, silty, calcareous, tannish-gray, thin-

bedded; weathers tan and blocky ... 1.6
Limestone, hard, dense, weathers light-gray 0.1
Shale, silty, calcareous, thin-bedded to

blocky, grayish-green in upper part and

tannish-gray in lower part; contains cal-

careous lenses in lower part ... 3.1
Shale, silty, calcareous, thin-bedded, maroon

with grayish-green lenses; calcareous

nodules at base
Shale, silty, calcareous, maroon

1

6

Shale, silty, calcareous, grayish-green ........ 0.6
Limestone, hard, clayey, gray .............. . 02
3

2

Shale, silty, calcareous, tannish-gray
Shale, clayey, noncalcareous, grayish-green
EISS LIMESTONE MEMBER

Limestone, soft, dolomitic, massive, tan,
irregularly porous .29

Shale, silty and clayey, calcareous, tannish-
gray; weathers tan, blocky ... 5.6

Limestone, medium hard, gray to light-
gray, massive; weathers light-gray and
shaly; abundant high-spired gastropods in

lower part, very fossiliferous ................. 1.6
23
STEARNS SHALE
Shale, silty to calcareous, thin-bedded to
blocky, gray to grayish-green; lower part
weathers cavernous ............................. 5.3
Base covered 3

The Eiss Limestone Member consists of two
or more limestone beds separated by shale. The
uppermost bed of limestone is dolomitic and
generally massive and soft. The shale bed is
silty, calcareous, and tannish gray. The lower
bed of limestone is about 1 foot thick and is a
gray silty to shaly, very fossiliferous limestone.
A type of high-spired gastropod is especially
abundant in the lower part. The Eiss is about
10 feet thick in Brown County and yields no
water to wells in the area.

The Hooser Shale Member is a silty, cal-
careous shale. The unit is varicolored with gray-
ish green and tannish gray dominant. One or
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more thin beds of limestone occur in the Hooser
in Brown County. The Hooser is about 11 feet
thick and yields no water to wells in the area.

The Middleburg Limestone Member is about
4 feet thick in Brown County and is composed
of one or more beds of limestone, locally sep-
arated by a thin bed of shale. The limestone is
medium hard and light-gray and weathers tan-
nish gray. The uppermost limestone bed is
porous. The lower bed of limestone is hard,
massive, and very fossiliferous. A type of small
high-spired gastropod is especially abundant in
this bed. The Middleburg yields no water to
wells in Brown County.

EASLY CREEK SHALE

The Easly Creek Shale is a silty, calcareous,
varicolored shale. Gray and grayish green are
the dominant colors; however, maroon shale
occurs throughout the section, and tan shale is
present in the lower part. Thin, limy zones
occur in the middle and lower parts. The Easly
Creek is not fossiliferous in Brown County. It
ranges in thickness from 16 to 19 feet and does
not yield water to wells.

CROUSE LIMESTONE

The Crouse Limestone is the uppermost rock
of Permian age which crops out in Brown
County. The Crouse consists of two limestone
beds separated by a relatively thick bed of shale.
The lower limestone bed is a hard, dense, mas-
sive, gray limestone about 1 foot thick and is
fossiliferous throughout. The shale bed is
clayey, calcareous, and tannish-gray. It is some-
what platy at the top and blocky in the lower
part. This shale is about 6 feet thick. The upper
limestone bed is about 3 feet thick and is a
tannish-gray, earthy limestone which weathers
porous. The Crouse yields no water to wells in
Brown County.

QUATERNARY SYSTEM—
PLEISTOCENE SERIES

The Pleistocene Epoch is the last of the
major divisions of geologic time and has been
called the “Ice Age” owing to the presence of
continental glaciers in North America and else-
where. The Pleistocene Series in Kansas has
been divided into the Nebraskan, Kansan, II-
linoisan, and Wisconsinan glacial stages and the
Aftonian, Yarmouthian, Sangamonian, and Re-
cent interglacial stages. Events in each of the
periods of continental glaciation followed a
cyclic repetition. Each cycle consists of a glacial
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and an interglacial stage. The cycle in a mar-
ginal belt around a glaciated area and ahead of
an advancing glacier is characterized by a period
of down-cutting in the valleys with some local
deposition of sediments followed by a period of
deposition of coarse material. Progressively finer
heterogeneous material is deposited on the melt-
ing ice as the glacier retreates, and finally devel-
opment of a soil profile occurs during the inter-
glacial stages over a large area where surface
conditions are relatively stable.

During the Nebraskan and Kansan stages,
continental glaciers covered part of northeastern
Kansas. The Kansan glacier covered all of
Brown County, and deposits of this age occur
in the County. The Nebraskan glacier probably
entered the County, but no glacial deposits
associated with this stage of glaciation were
identified. Non-glacial Pleistocene deposits of
pre-Kansan age are present in the County. The
thickness of the Pleistocene rocks and their rela-
tion to the underlying Pennsylvanian and Per-
mian rocks are shown on the cross sections on

Plate 2.

NEBRASKAN AND AFTONIAN STAGES

Deposits of chert gravel containing some
locally derived limestone gravel crop out in
northwestern Brown County. Local deposits of
similar lithology crop out and are found in test
holes beneath glacial drift of Kansan age in east-
ern Brown County. Both of these deposits, be-
cause they occur below the drift and apparently
do not contain glacial material, are considered to
be of Nebraskan and Aftonian ages (Pl 1).
North and northwest of Morrill, numerous de-
posits of chert gravel occur in the highest topo-
graphic position, and in northeast Brown County
similar gravel is present below lacustrine de-
posits in a deep channel. The deposits are gen-
erally less than 10 feet thick, and in northwest
Brown County they lie above the water table
and yield no water to wells. The gravel in the
channel area in northeastern Brown County is
as much as 20 feet thick. These deposits are
saturated, and yields up to 100 gpm may be
available in local areas although they are not
utilized at present.

KansaN AND YARMOUTHIAN STAGES

Several deposits associated with the glacier
that covered Brown County during the Kansan
Stage were identified during this study. These
are glaciolacustrine deposits assigned to the At-

chison Formation, glacial till or sediments laid
down directly by the melting ice, and outwash
deposits, or deposits laid down by meltwater
flowing from the ice. These outwash deposits
are in part equivalent to the Grand Island
Formation.

GLACIOLACUSTRINE DEPOSITS

Glaciolacustrine deposits composed of silt
and very fine sand were present in several test
holes in northeast Brown County. No outcrops
of these deposits were observed in the County
during the study, but in adjacent Atchison and
Nemaha counties, similar deposits crop out. In
these areas the deposits display bedding and
staining by limonite on the bedding planes. In
Atchison County these deposits have been named
the Atchison Formation (Frye and Leonard,
1952). In Brown County the Atchison occurs
near the base of a buried channel in the north-
east part of the County (Pl. 2) and are overlain
by glacial till or outwash material. It is believed
that these deposits were laid down in relatively
quiet water such as in a lake formed when the
advancing ice blocked an old drainageway.
Locally in this part of the County, the Atchison
is underlain by a gravel of local origin which is
believed to be of Nebraskan age. The Atchison
Formation ranges in thickness from 0 to about
50 feet in Brown County. The Atchison For-
mation lies below the water table, and small
supplies of water could be obtained, but no
wells are known to obtain water from this
Formation in the County.

KANSAS TILL AND OUTWASH DEPOSITS

The Kansas Till is a non-stratified glacial
deposit consisting principally of clay but con-
taining silt, sand, gravel, cobbles, and boulders
deposited by the melting ice. Lenses of sand
and gravel may be present at any horizon in the
till. The unweathered till ranges from tannish
gray to dark gray or bluish gray, and the
weathered till is generally tannish brown or
brown. The till contains fractures which dip at
a steep angle and which have been filled with
calcium carbonate and stained by limonite.
Boulders are interspersed throughout the till
and range widely in concentration over relative-
ly short distances. The maximum thickness of
till encountered in test holes in Brown County
was about 115 feet.

Outwash deposits consisting of poorly-sorted
to moderately-sorted silt, sand, and gravel are
present in much of Brown County. This ma-
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terial was deposited by meltwater streams flow-
ing away from the ice front and occurs both
under and on top of till. These deposits range
in thickness from 0 to about 100 feet. The out-
wash deposits appear to have been deposited in
poorly defined channels which generally are not
traceable more than short distances away trom
the outcrop area. One of the more prominent
channels, about 1 mile west of Everest, is a
north-south trending channel and may extend
north and northwest to an area about 1 mile
northeast of the community of Baker where out-
wash gravel is exposed in gravel pits. The
material comprising this deposit is principally
quartz sand; however, granitic and metamor-
phic rocks and boulders are also present. It is
moderately well sorted but contains a small
amount of silt and fine sand. The city of Everest
obtains the municipal water supply from well
5-18-6dbb which was test-pumped at a rate of
250 gpm from these deposits.

In the area adjacent to Walnut Creek in
west-central and northern Brown County and
adjacent to Wolf River in east-central Brown
County, numerous outcrops of outwash occur.
An outwash deposit in SW NE sec. 32, T 2 S,
R 16 E is exposed in a pit in a terrace adjacent
to Walnut Creek. In this pit quartz sand is the
most common material, but pebbles derived
from glacial till and locally-derived material are
also present. A molluscan fauna from the silt
in this pit indicates a late Kansan age. All the
outwash deposits except the chert gravel de-
posits of pre-Kansan age and the glaciolacustrine
deposits of the Atchison Formation are con-
sidered in this report to be a part of the Grand
Island Formation, although some are laid down
directly on till and some occur in terrace posi-
tion and may be somewhat younger.

Little water is ordinarily available to wells
from the till, although in local areas, sand and
gravel lenses incorporated in the till yield small
quantities of water. The outwash deposits com-
prise the most important and widespread aqui-
fer in Brown County. Yields ranging from a
few gallons per minute to as much as 450 gpm
are obtained. The major streams in the County
have entrenched their valleys below the drift
deposits in most of the area, and subsequent
draining near the stream has made it difficult to
obtain dependable water supplies from the drift
in these areas. The changes in lithology and
sorting which occur in glacial drift make it
difficult to predict the availability of water from
the drift; however, in a drift deposit 20 to 30
feet thick, one can expect one or more lenses of
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sand or gravel from which yields of several gal-
lons per minute can be expected.

ILLINOISAN AND SANGAMONIAN STAGES

Following the retreat of the Kansan glacier,
erosion began on the till plain and most of the
outwash deposits were laid down. During the
Illinoisan Stage, erosion continued in the area,
and a great quantity of material was removed
(Pl 2). It is probable that some deposition
occurred during the Illinoisan, but quantita-
tively it was small, and the deposits were either
removed during the Wisconsinan Stage or were
not recognized in this study. A few discontinu-
ous fluvial deposits in terrace position along
Walnut Creek valley in north-central Brown
County may be Illinoisan in age, but they are
small in areal extent and are not shown on
Plate 1.

In many local areas the upper surface of
drift below the Wisconsinan loess is weathered.
Part of this weathering could have occurred
during Yarmouthian time when conditions
were relatively stable, but it is believed that a
soil formed during this period would have been
largely removed by erosion during Illinoisan
time and that the weathering is principally of
Sangamonian age. Some loess and alluvial de-
posits of Illinoisan and Sangamonian age may be
present in the County, but, with the exception
of the fluvial deposits in Walnut Creek valley,
they are not recognized. These deposits yield
no water to wells in the area.

WiscoNsiNaAN AND RECENT STAGES

During the early Wisconsinan time, many of
the older deposits were eroded. The present
stream system was established, and the streams
entrenched their valleys to about their present
level. This early eroding phase was followed by
a period during which the valleys were partly
filled with alluvial material, and loess derived
from the valley trains from the Wisconsinan
glaciers to the north was deposited in the up-
lands and on the valley walls.

The loess deposits (Pl. 1) may contain some
loess of Illinoisan age, but are principally com-
posed of early Wisconsinan loess (Peoria For-
mation) and late Wisconsinan loess (Bignell
Formation). The Bignell and the Peoria loess
can only be differentiated in this area through
their contained molluscan fauna or, locally, by a
zone which is leached of calcium carbonate at
the top of the Peoria Formation. The maximum
observed thickness of loess in Brown County
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was 86 feet. The loess is thickest in the north-
east part of the County near the Missouri River
and thins toward the west and southwest (PL. 2).
The loess is not an aquifer in the area.

The Wisconsinan and Recent alluvial de-
posits (Pl. 1) are composed of clay, silt, sand,
and gravel. These deposits are generally poorly
sorted, and relatively small supplies of water are
obtained from them. The thickness of the Wis-
consinan and Recent alluvial deposits ranges
from only a few feet to about 55 feet.

STRUCTURAL DEVELOPMENT

Much of the following discussion on struc-
tural development is based on the report, Stratig-
raphy and Structural Development of the Forest
City Basin by Lee (1943).

Many unconformities are recognized in the
Paleozoic rocks in northeastern Kansas. The
most important of these are at the base of the
Middle Ordovician St. Peter Sandstone, the base
of the Devonian, the base of the Upper De-
vonian and Lower Mississippian, the Chatta-
nooga Shale, and the top of the Mississippian.
The erosion represented by each of these uncon-
formities was preceded by important structural
movement, and each period of erosion resulted
in almost complete base leveling.

Prior to deposition of the St. Peter, north-
eastern Kansas had been an area of slow general
uplift. During this period, many hundreds of
feet of rock were deposited and, in turn, re-
moved over minor flexures. It was on this base-
leveled surface that the St. Peter Sandstone was
deposited. At the end of the deposition of the
St. Peter Sandstone, the pattern of structural
movement changed, and the area began a gen-
eral subsidence, marking the beginning, in Late
Ordovician time, of the North Kansas basin.
This basin was the dominant structural feature
in northeastern Kansas until the end of Chat-
tanooga time, although local deformations oc-
curred in the area throughout this period.

The first movement along the Nemaha Anti-
cline occurred during Early Mississippian time,
resulting in folding of Lower Mississippian
rocks over the anticline and the development of
local parallel structures. This folding was slow
and probably continued throughout the deposi-
tion of Mississippian rocks. The Nemaha Anti-
cline bisected the North Kansas basin, forming
the Salina basin on the west and an unnamed
basin on the east. The folded rocks were then
eroded to near base level. This was followed by
renewed movement along the Nemaha Anticline
which caused the re-elevation of the area west of

the Anticline and the downwarping of the area
east of the Anticline, forming the Forest City
basin.

The Forest City basin was separated from
the Cherokee basin of Oklahoma and southern
Kansas by the Bourbon Arch, through Bourbon,
Allen, and Coffey counties. Early Cherokee de-
posits in both the Forest City and Cherokee
basins are abnormally thick and differ in lithol-
ogy to the extent that the sandstones commonly
found in the Cherokee basin are largely absent
in the Forest City basin. In middle Cherokee
time, the Bourbon Arch was topped, and the
Forest City basin became an extension of the
larger Cherokee basin.

Minor flexing of the area continued during
Pennsylvanian and Permian time, although the
Permian record is largely lost through later ero-
sion. The westward dip of the surface rocks in
the area occurred principally prior to Cretaceous
time, but there has been some deformation and
great elevation of the entire area since that time.

GROUND WATER

SOURCE AND PRINCIPLES
OF OCCURRENCE

The source and principles of occurrence of
ground water as related to Brown County are
discussed on the following pages. The prin-
ciples governing the occurrence of ground water
have been discussed by many authors (Meinzer,
1923a; Moore, et al., 1940) and the reader is
referred to their reports for a more detailed dis-
cussion of the subject.

Water in the pores or interstices of rocks in
the zone that is completely saturated is called
ground water. In Brown County ground water
is derived from precipitation in the form of rain
or snow that falls on the County or in nearby
areas. Part of the precipitation leaves as runoff
discharged by streams, part evaporates, and part
is transpired by vegetation. The part that
escapes runoff, evaporation, or transpiration
moves slowly downward through the soil and
the underlying strata until it reaches the zone
of saturation. After reaching the ground-water
body, the water percolates through the rocks in
a direction determined by the geology, topog-
raphy, and geologic structure, until it is dis-
charged by wells and springs, or by evaporation
and transpiration in areas where the water table
is relatively near the surface, or it is discharged
directly into streams or other bodies of water.

The amount of water that can be stored in
a water-bearing formation is dependent upon
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the porosity of the formation. Porosity is ex-
pressed as the ratio of the volume of interstices
in the material to the total volume of the ma-
terial. Saturated rocks of high porosity do not
necessarily yield large quantities of water to
wells; one rock may readily yield most of the
water contained in its pores, but another having
equal porosity but smaller pores may retain most
of its contained water due to capillary attraction.

The quantity of water a water-bearing ma-
terial will yield and the rate at which water will
move through it are governed by its physical
and hydrologic properties. Sediments are seldom
homogeneous; their physical and hydrologic
properties range widely, being governed by the
size, shape, number, and degree of interconnec-
tion of the voids in the material. A water-bear-
ing rock may have high porosity in relatively
large voids, but, unless the voids are intercon-
nected, little water can move through it, result-
ing in low permeability and transmissibility.
Under such conditions a satisfactory well can-
not be obtained. :

Permeability may be defined as the capacity
of rock to transmit water. The field coefficient
of permeability of an aquifer may be expressed
as the rate of flow of water at the prevailing
temperature, in gallons a day, through a cross-
sectional area having a thickness of 1 foot and
a width of 1 mile for each foot per mile of hy-
draulic gradient. The coefficient of transmissi-
bility is the field coefficient of permeability
multiplied by the saturated thickness, in feet,
of the aquifer.

The water table is the upper surface of the
zone of saturation except where that surface is
formed by an impermeable body. If the upper
surface of the zone of saturation is formed by an
impermeable body, no water table exists. The
water level in a well drilled into saturated ma-
terial under water-table conditions will stand in
the well at the level at which it was first reached.
When water is confined in a bed under pressure
by an impermeable bed, artesian conditions exist.
The water in a well drilled into an artesian
aquifer will rise to a level higher than the level
at which it was reached; if the pressure is great
enough to lift the water above the land surface,
the well will flow. In Brown County much of
the water contained in the Pennsylvanian and
Permian rocks is under some artesian pressure,
but only one well was observed flowing at the
surface. Well 4-16-17daa flowed at a rate of
about one-half gallon per minute from the Pills-
bury Shale and/or the Zeandale Limestone.
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WATER TABLE AND
MOVEMENT OF GROUND WATER

The factors that control the shape and slope
of the water table are the topography of the land
surface, the underlying bedrock, the transmissi-
bility of the material through which it moves,
the relative location of areas of recharge and
discharge from the ground-water reservoir, and
the relative rate of recharge and discharge.

In most areas the water table has the same
general shape as the land surface but is more
subdued in form and fluctuates in response to
gain or loss of water in the aquifer. In some
aquifers the fluctuation may be slow and of very
little magnitude, but in others the response may
be rapid, and fluctuations may be relatively large.
Figure 5 shows the hydrographs of four wells in
Brown County. Well 3-17-31bbb obtains water
from Pennsylvanian limestone, and the other
wells obtain water from glacial drift. The hy-
drographs of wells in the glacial drift are very
similar and can be directly related to the weather
cycle with lowering water level during periods
of drought and rising water level in response to
precipitation. Well 3-17-31bbb also can be cor-
related to the weather cycle, but the response to
precipitation and periods of drought is much
less than in the wells in glacial drift.

Contours on the water table are shown for
part of Brown County on Plate 1. In the west-
ern part of the County, water is obtained prin-
cipally from rocks of Pennsylvanian and Per-
mian ages, and, because the water table is dis-
continuous or absent in this area, water-table
contours are not shown. In the eastern part of
the County, the contours are dashed through
bedrock areas where the water table is discon-
tinuous. In Brown County the shape of the
water table is controlled largely by the topog-
raphy and to some extent by the underlying bed-
rock. Most of the major streams have cut
through the glacial drift. Discontinuous out-
crops of bedrock occur along the valley walls,
and alluvial deposits occur in the valley bottoms.
Ground water moves in a 90-degree direction
from any point on a contour, and it is apparent
from the contours on Plate 1 that ground water
moves toward and into nearly every stream of
any size in the County. Near the valley walls
the contours are more closely spaced. This in
part indicates steeper topographic conditions but
also indicates lower transmissibility of the less
permeable bedrock and colluvium through
which the water moves. In the upland areas
largely underlain by glacial drift (Pl 1), the
contours are more widely spaced, reflecting the
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flatter upland topography and the more perme-
able material through which the water moves.
In the valley alluvial deposits, water-table con-
ditions exist, and locally this water table is con-
tinuous with the water table in the uplands. In
those areas where bedrock is present in the
valley walls, the water table is discontinuous.

DEPTH TO WATER

In Brown County the depth to water in the
unconsolidated deposits is generally greatest in
areas of the highest topography The depth to
water may determine in a given area the type of
well or the type of pump used to obtain the
water. In Brown County in areas where the
depth to water is less than 25 feet, suction pumps
are commonly used. In areas where the depth is
below the level for efficient use of suction pumps,
force or jet pumps are commonly used. In areas
where the water table is shallow, many wells
are dug or bored, but in areas where there is

an appreciable depth to water, most wells are
drilled.

The quantity of water discharged by evap-
oration and transpiration is closely related to
the depth of water. In areas where the water
table lies at a depth below the root systems of
the vegetation, little water is transpired, and
where the depth is more than a few feet, little
water is evaporated directly from the zone of
saturation or the capillary zone. In Brown
County along the edges of many of the valleys
(PL. 2) and on the slope of many of the rounded
hills in the drift area, the water table is at or
near the surface. Seeps are present locally in
these areas and much water is lost by evapora-
tion and transpiration.

The depth to water in wells in Brown
County is given in Table 6, and the depth to
water in test holes in the glacial drift and valley
alluvial deposits is given in Table 7. Depth to
water in the glacial drift area is shown in Figure
6. The depth to water in wells given in Table 6
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that obtain water from bedrock aquifers does
not necessarily indicate the depth at which
water was first reached in the well, since water
in some of the bedrock aquifers occurs under
artesian conditions and rises above the aquifer.
Water in glacial drift and in alluvial deposits in
the valleys occurs under water-table conditions.
The depth to water in the County ranges from
0 to about 80 feet.
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SATURATED THICKNESS
OF GLACIAL DRIFT

Data on the saturated thickness of the glacial
drift were obtained from test-hole information
and are shown on Figure 6 and given in Table
7. The thickness of saturated material in a
water-table aquifer has an important effect on
the quantity of water available for use. In wells
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Ficure 6.—Depth to water and saturated thickness in areas underlain by glacial drift, Brown County, Kansas.
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having materials of equal permeability, the well
with the greatest saturated thickness will have
the largest potential yield. In Brown County the
thickness of saturated material in the glacial
drift area is an important factor in yield and
reliability of wells from this aquifer. This ma-
terial, although composed principally of fine
materials, contains pockets or lentils of sand and
gravel, and where 20 or 30 feet of saturated
material is present, one or more of these per-
meable zones usually can be found in which a
dependable water supply can be developed. In
northwestern and western Brown County and
adjacent to many of the streams in ecastern
Brown County, the drift is thin and dry or con-
tains only a thin zone of saturation. In the
eastern part of the County much of the area has
a saturated thickness in excess of 20 feet; the
maximum (161 feet) is in the northeastern part
of the County.

AVAILABILITY OF GROUND WATER

Ground water is available in Brown County
from glacial drift, alluvial deposits in valley
areas, and bedrock aquifers. The glacial drift,
occurring over much of the upland area of the
County, is the most extensive and the most im-
portant of the aquifers. It ranges widely in
thickness and lithology over short distances and,
as these factors affect the availability of water
from the drift, yields and dependability of wells
in the drift range widely. Where the streams
have cut through the drift and erosion has
thinned the glacial deposits adjacent to these
valleys, the drift is partly drained and is locally
dry, resulting in either meager supplies or no
water in these areas.

Moderate to large supplies of water are avail-
able from the drift in local areas in the County.
The largest yields and most extensive supplies
occur north of Hiawatha. The drift is thicker
in this area and contains more outwash ma-
terial than elsewhere. Yields may range up to
450 gpm in this area but more commonly are
about 100 gpm or less. In an area just west of
Everest, moderate supplies of water are available
from channel deposits. These deposits are gla-
cial outwash deposits and consist of moderately
well-sorted sand and gravel occurring in a north-
south trending channel (Fig. 6). Everest ob-
tains water from these deposits in Atchison
County. Well 5-18-6dbb was pumped at a rate
of 250 gpm with 9 feet of drawdown during
tests, but it is usually pumped at about 90 gpm.

The channel in which these deposits occur is
narrow and the areal extent of the aquifer is
limited.

A pre-Kansan buried channel (Fig. 6) trend-
ing east-west just south of the line between
Townships 1 and 2 in Ranges 17 and 18 is a
potential source of moderate to large supplies of
ground water. This channel locally contains
pre-Kansan sand and gravel deposits in the basal
part that are overlain by pro-glacial Kansan
lacustrine deposits that are, in turn, overlain by
Kansan glacial drift. The lacustrine deposits
consist of very fine, bedded sand and some silt,
as much as 50 feet thick. This sand is too fine
to be successfully screened, and a well cannot be
finished in it, but in the areas where it overlies
sand and gravel deposits, a well screened in the
lower sand and gravel could utilize the water
stored in the lacustrine deposits.

In most of Brown County it is difficult to
predict yields from wells in the glacial drift be-
cause the drift changes so markedly in lithology
in short distances, but generally in the eastern
part of the County adequate and dependable
water supplies for domestic and stock use can
be obtained.

Small quantities of water are generally avail-
able from alluvial deposits in the stream valleys
in Brown County. The materials comprising
these deposits are generally poorly sorted and
contain much silt and clay intermixed with sand
and gravel. This results in wells with small
yields. The city of Reserve obtains water from
alluvial deposits in Walnut Creek valley, and
the city of Robinson obtains water from similar
deposits in Wolf River valley. The yield from
the municipal wells for these cities is about 20
gpm per well.

The quantity of water available to wells in
Brown County from bedrock aquifers ranges
widely, depending on local conditions and the
individual aquifer. In eastern Brown County
many wells obtain water from sandstone beds in
the Wabaunsee Group. Yields of wells in sand-
stone aquifers in the County are generally small
but dependable. Numerous springs occur along
the walls of the major valleys in eastern Brown
County. These springs issue from limestones of
the Wabaunsee Group, and where these lime-
stones are overlain by glacial drift, much of the
flow of the springs is from water moving down-
ward from the drift. Water moves through, and
is discharged from, the limestone joints and
solution channels. In a north-south-trending
area in the central part of the County, rocks of
the Admire Group and the upper part of the
Wabaunsee Group are generally poor aquifers.
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During periods of drought, water shortages oc-
cur in wells utilizing these aquifers; locally,
however, dependable wells obtain water from
thin sandstone beds.

In northwestern Brown County water is
obtained from rocks in the lower part of the
Council Grove Group. The Grenola Limestone,
the Roca Shale, and the Long Creek Limestone
Member of the Foraker Limestone are the prin-
cipal aquifers. Yields ranging up to 250 gpm
have been obtained from wells in this area; how-
ever, yields less than 100 gpm are common.
South from the line between Townships 2 and
3, these aquifers are much less permeable and
yields of only a few gpm are obtained. Water
from the lower part of the Council Grove Group
is generally high in sulfate, with an increase in
concentration with depth. Numerous springs
yielding water from these aquifers occur in the
area west and northwest of Morrill, which ob-
tains water from these aquifers in and just south
of the city.

UTILIZATION OF GROUND WATER

In Brown County, ground water is used
principally for domestic, stock, and public sup-
plies. Only one industry uses ground water
from privately owned wells, and irrigation is
not practiced in the County.

Dowmestic aND Stock SupPLIES

Nearly all water for domestic use and much
of the water for stock use in rural areas in the
County is obtained from privately owned wells.
These range in depth from about 20 to 200 feet.
There is no correlation between depth and loca-
tion or source, for shallow wells and deep wells
are found in all parts of the County. Most deep
wells are drilled wells, and the shallow wells
are about equally divided between dug and
drilled wells, although nearly all new wells are
drilled. Most domestic and stock wells are
pumped at a low rate, although many are capa-
ble of yielding more water with the proper
pump installation. Yields of domestic and stock
wells in the County range from a few gallons
per hour to about 40 gpm. In local areas where
water shortages periodically occur, cisterns are
used for supplemental water supplies. Many
ponds have been constructed for stock use.

PusLic SuppLIES

Six cities in Brown County have public water
supplies; five use ground water and one uses
surface water.
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The original water system for Everest was
built in 1921. In 1934 water was obtained from
four wells 60 to 65 feet deep located in the city.
Water was obtained from glacial drift and the
Bern Limestone. About 1955 better quality
water was obtained from outwash channel de-
posits about 2 miles south of the city. Well
5-18-6dbb is 41 feet deep and was tested at a
rate of 250 gpm. The well is normally pumped
at a rate of 90 gpm. Analyses of water from well
4-18-29bda in the old well field and from the
new well (5-18-6dbb) are given in Table 3.
Storage is provided by an elevated steel tank
with a capacity of 25,000 gallons. The average
daily use is about 25,000 gallons. The water is
chlorinated but receives no other treatment.

Hiawatha is the largest city in Brown Coun-
ty. The original water system for the city was
built in 1887 when water was obtained from
one dug well in a valley about 1 mile south of
town. This well was the only source of supply
until about 1912 when a spring (3-17-5aac) was
improved and connected to the system. In 1921
another spring (2-16-36ddb) was improved and
added to the system. Four additional wells
located south of the city were added in the
period between 1921 and 1945, and in 1947 two
wells (1-17-32ccd and 2-17-5abd) were drilled
about 4 miles north of the city. The present
supply is obtained from five wells. In 1925 the
average monthly pumpage was about 6,000,000
gallons, in 1935 about 7,000,000 gallons, in 1945
about 8,000,000 gallons, and in 1962 about
12,000,000 gallons. Storage is provided by a
500,000-gallon elevated steel tank located in the
city and a 60,000-gallon underground concrete
reservoir located about 2 miles north of the city.
The water is good-quality, calcium-bicarbonate
water (Table 3) and is chlorinated but receives
no other treatment.

The present Horton water supply is obtained
from Mission Lake at the northeast edge of the
city. The original water supply was owned by a
private water company which obtained water
from wells in alluvial deposits in Delaware
River valley at the southwest edge of the city.
In 1928 the city took over the operation of the
water system and drilled wells in the alluvium
of Mission Creek at the east edge of the city.
These wells and a small lake above the well field
were used until Mission Lake was built on this
creek in 1935. The average daily use in Horton
is about 300,000 gallons. Storage is provided by
an elevated steel tank of 250,000-gallon capacity.

The Morrill water supply is obtained from
two wells drilled in 1951 about 1 mile south of
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the city. These wells are about 90 feet deep and
yield water from the Grenola Limestone and the
Roca Shale. The water is calcium-bicarbonate
water and is hard but otherwise of good quality
(well 1-15-35dcd, Table 3). The wells are
pumped at a rate of about 100 gpm. Formerly
the city obtained water from two wells in the
southwest part of the city, but this water was
high in sulfates (Table 3, well 1-15-26dcd), and
the wells are no longer used except in an emer-
gency. This water was obtained from the Long
Creek Limestone Member of the Foraker Lime-
stone. The average daily use is about 15,000
gallons and storage is provided by an elevated
steel tank of 50,000-gallon capacity. The water
is chlorinated but receives no other treatment.

The Reserve water supply is obtained from
one well in alluvial deposits in Walnut Creek
valley at the east edge of the city. This well
(1-17-7cbc) yields about 20 gpm. Another well
drilled in 1956 near the original well was used
for a short time but is now abandoned. The
water is hard but is otherwise of good quality
(Table 3). The average daily use is about
10,000 gallons, and storage is provided by an
elevated steel tank of 30,000-gallon capacity.

The city of Robinson obtains its water sup-
ply from two wells (3-18-4cdcl and 3-18-9baa)
in alluvial deposits in Wolf River valley at the
south edge of the city. These wells normally
yield about 20 gpm, but they are affected by
drought conditions, and yields decline during
long periods of drought. Well 3-18-4cac was
formerly used for the water supply, but the
yield was inadequate, and this well is now used
only as a reserve-supply well. Storage is pro-
vided by an elevated steel tank having a capacity
of 25,000 gallons. The average daily use is about
20,000 gallons.

INDUSTRIAL SUPPLIES

Only one industry in Brown County uses
privately owned wells. The American Tele-
phone and Telegraph Company uses water from
wells 3-15-27cabl and 3-15-27cab2 for cooling
purposes in a cable relay station. The wells each
produce about 10 gpm from the Foraker Lime-
stone at a depth of about 100 feet. The analysis
of a sample of water from well 3-15-27cabl is
given in Table 3.

TEMPERATURE

The temperature of ground water ordinarily
receives little attention in the discussion of the

quality of water or its suitability for use, but
many industries prefer ground water for use in
cooling systems because of its uniform tempera-
ture. The temperature of ground water at rela-
tively shallow depths in an area is generally very
near the mean annual temperature for that area
(in Brown County, the mean annual tempera-
ture is 53.3°F).

CHEMICAL CHARACTER
OF GROUND WATER

When water comes in contact with rocks that
form the crust of the earth, it dissolves a part of
the rock material. The type and composition of
the rock through which it passes thus deter-
mines, to a large degree, the chemical character
of such ground water. The more soluble min-
erals are taken into solution more easily and in
greater concentration than the less soluble min-
erals.

The chemical character of ground water in
Brown County is indicated by analyses of 37
samples of water from wells, test holes, and
springs given in Table 3 and by 29 analyses
shown on Figure 7. Of the 37 analyses, nine are
of water from public-supply sources. Although
not all the minerals present in the water were
determined, those that commonly are present in
sufficient quantity to adversely affect the quality
of the water for domestic, industrial, and irriga-
tion use are reported. )

The mineral constituents listed in Table 3
are reported in parts per million (ppm) by
weight. The concentration of minerals in water
in equivalents per million (epm) can be com-
puted by multiplying the ppm by the conversion
factors given in Table 4. When expressed in
equivalents per million, the sum of the anions is
equal to the sum of the cations. In an analysis
expressed in equivalents per million, unit con-
centrations of all ions are chemically equivalent.

CuemicaL ConsTITUENTS IN ReLaTioN To Use

The dissolved solids, hardness, iron, fluoride,
nitrate, sulfate, and chloride in the samples of
water from Brown County are summarized in
Table 5 and briefly discussed in the following
paragraphs.

DISSOLVED SOLIDS

The residue after water has been evaporated
consists of mineral matter, some organic matter,
and water of crystallization. The kind and
quantity of minerals in the water determine its
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TasLE 4.—Factors for converting parts per million to
equivalents per million.

Kansas State Geol. Survey Bull. 186, 1967

TasLE 5.—Dissolved mineral constituents in ground
water, Brown County, Kansas.

Mineral Chemical Conversion
constituent symbol factor
Calcium Ca** 0.0499
Magnesium ... Mgt .0822
Sodium Na* .0435
Carbonate .0333
Bicarbonate . .0164
Sulfate .0208
Chloride .0282
Nitrate 0161
Fluoride . 0526

usability. Water containing less than 500 ppm
of dissolved solids generally is satisfactory for
domestic use. Water containing more than 1,000
ppm of dissolved solids may contain enough of
certain constituents to cause a noticeable taste or
to render it unsuitable