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WILLIAM L. JUNGMANN

Geology and Ground-Water
Resources of Neosho County, Kansas

ABSTRACT

Neosho County has an area of 576 square miles
and is within the Osage Plains section of the Central
Lowlands province of eastern Kansas. Sedimentary
rocks of Cambrian, Ordovician, Devonian(?), Mis.
sissippian, Pennsylvanian, Tertiary, and Quaternary
ages overlie the Precambrian basement complex, and
they have a thickness of 2,100 feet. Rocks exposed
in the County are of Pennsylvanian, Tertiary, and
Quaternary ages that attain a thickness of 700 feet.
Structure is controlied by the Prairie Plains Mono-
cline in which the exposed Pennsylvanian rocks
dip northwest at about 20 feet per mile.

Wells in consolidated rocks of Pennsylvanian age
vield less than 1 gallon per minute of water from
some limestone and shale aquifers to more than 30
gallons per minute from sandstone aquifers. The
water from the consolidated aquifers is highly min-
eralized, but the sandstones tend to yield a softer,
less mineralized water. Wells within unconsolidated
Pleistocene alluvial deposits yield up to 30 gallons
per minute,

The chief use of the ground water is for domestic
and stock purposes, whereas all municipal systems
use treated surface water. The estimated total use
of ground water in 1961 was 109 million gallons (334
acre-feet).

INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION

The investigation of the geology and
ground-water resources of Neosho County
was made in order to determine the quantity
and quality of ground water available for
domestic, stock, municipal, and industrial
uses. The investigation upon which this report
is based is part of a continuing program of
ground-water investigations in Kansas begun
in 1937 by the U.S. Geological Survey and
the State Geological Survey of Kansas in co-
operation with the Environmental Health Ser-

Google

vice of the Kansas State Department of Health,
and the Division of Water Resources of the
Kansas State Board of Agriculture.

LOCATION AND EXTENT OF AREA

Neosho County, in southeastern Kansas, is
bounded on the east by Bourbon and Crawford
counties, on the north by Allen County, on
the west by Wilson County, and on the south
by Labette County (Fig. 1); it has an area
of about 576 square miles.

PREVIOUS INVESTIGATIONS

The rocks that crop out in Neosho and ad-
jacent southeastern Kansas counties have been
studied and described by many workers.
Some of the most significant reports are by
Haworth (1915), Sayre (1930), Moore
(1936), Jewett (1941), 1945, 1951) Keroher
and Kirby (1948), Howe (1956), Farquhar
(1957), and Harbaugh (1959).

Studies pertaining to the ground-water
resources of the area have been made by
Bailey (1902), Haworth (1913), Moore,
et al. (1940), Lohman, et al. (1942), and
Williams (1944, 1948).

The oil and gas resources of Neosho County
and adjacent areas have been discussed by
Moore and Haynes (1917), Moore and
Elledge (1920), Lee (1939), Jewett and
Abernathy (1945), Jewett (1954), and Run-
nels, et al. (1952). Coal resources of the area
have been studied by Whitla (1940), Schoewe
(1944, 1955), Abernathy, et al. (1947),
Hambleton (1953), and Schieicher and
Hambleton (1954).
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Jungmann—Geology and Ground-Water Resources of Neosho County, Kansas 7

tory. Altitudes at the augered test holes were
determined using an alidade and plane table.
Altitudes of inventoried wells and the cable-
tool test holes were interpolated from topo-
graphic maps of the area. Samples of water
were collected from 42 selected wells. Chemi-
cal analyses of the water were made by the
Environmental Health Service Laboratory of
the Kansas State Department of Health.

WELL-NUMBERING SYSTEM

The well numbers used in this report are
based on the location of each well according
to the General Land Office survey of the area.
The number contains, in abbreviated form,
the township, range, section, quarter section,
and quarter-quarter section of each location.
When two or more wells are within the same
d0-acre tract, they are numbered serially ac-
cording to the order in which they were
inventoried. The quarter sections within each
mile section are designated a, b, ¢, and d in
a counterclockwise direction, with a indicating
the northeast quarter. The 40-acre tracts
within each quarter section are designated in
a similar manner. For example, well 27-18-
22caa 1Fig. 2) is in the NE NE SW sec. 22,
T27S,RI8E.

ACKNOWLEDGMENTS
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Ficvre 2—Map of Neosho County, Kansas, illustrat-
ing well-numbering system used in this report.

unpublished data on the geology and ground-
water resources of the area collected by mem-
bers and former members of the U.S. and
State Geological Surveys were utilized in the
preparation of this report: their assistance is
gratefully acknowledged.

GEOGRAPHY
TOPOGRAPHY AND DRAINAGE

Neosho County is near the southeast edge
of the Osage Cuesta division of the Osage
Plains section of the Central Lowlands
physiographic province (Schoewe, 1949).
The major topographic features are the
southeast-trending valley of Neosho River and
the gentle, rolling hills and low cuestas formed
on the uplands by differential erosion of
limestone, sandstone, and shale.

The highest point in Neosho County, about
1.090 feet above mean sea level, is in the
northeast corner near Bourbon County.
The lowest point in the County is about 810
feet just west of the Crawford County line on
the southern boundary of the County. Thus,
the maximum relief is about 250 feet.

Neosho County is drained by the Neosho
River and its tributaries. except for the south-
west corner, which is drained by tributaries
of the Verdiztis River.
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CLIMATE

Neosho County has a humid, continental
climate. The mean annual precipitation at
Chanute is 37.88 inches and the mean annual
temperature is 57.6° F (Records, U. S.
Weather Bureau). About three-fourths of
the annual precipitation falls during the
growing season, which averages 194 days.
The average date of the first killing frost in
the fall is October 21, and the average date
of the last killing frost in the spring is
April 10.

POPULATION

Neosho County had a population of 19,455
in 1960, ranking 28th among the counties of
the State. Chanute, the largest city, had a
population of 10,849. Erie, the county seat
and second largest city in the County, had a
population of 1,309. Other communities and
their 1960 populations are: St. Paul, 675;
Thayer, 396; Galesburg, 128; Earlton, 104;
and Stark, 96.

AGRICULTURE AND INDUSTRY

Agriculture is an important part of the
economy of Neosho County. Machinery and
tools for the petroleum industry, cement, fer-
tilizer, waxes, and processed food products are
manufactured.

MINERAL RESOURCES

Oil and gas—O0il was discovered in the
County in 1899 east of Chanute along the
Neosho River valley. In 1961, oil production
from 1,920 wells in nine fields amounted to
477.038 barrels of which about 80 percent was
obtained from 33 secondary recovery projects.
Gas production, which began in the County in
1891, amounted to 84,703,000 cubic feet dur-
ing 1961. Nearly all petroleum and gas pro-
duction in the County is from the “Bartlesville
sand,” a sandstone in the middle part of the
Cherokee Group.

Investigations by the State Geological Sur-
vey of Kansas (Runnels, et al., 1952) show
that black shale of the Pleasanton Group may
vield as much as 6.47 gallons of oil per ton
when subjected to distillation processes,
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Limestone—In 1961, limestone quarried
for various purposes amounted to 935,615
tons valued at $935,609. Lime for agricul-
tural purposes accounted for 64,571 tons of
the total production. This tonnage, valued
at $88,685, made Neosho County the largest
producer of agricultural lime in the State.

Ceramic materials.—In 1961 no shale crop-
ping out in Neosho County was utilized for
ceramic purposes. However, both the Lane
and Bonner Springs shales and shale from the
Pleasanton Group have good firing properties
(Norman Plummer, personal communication).
In the early part of the twentieth century a
brick plant operating near Chanute used the
Lane and Bonner Springs shales as raw ma-
terial. This shale was used as a source of
alumina and silica for the manufacture of
cement in 1961.

STRATIGRAPHY OF
SUBSURFACE ROCKS

Sedimentary rocks of Paleozoic and Ceno-
zoic ages overlie the basement complex of
Precambrian age in Neosho County. The
subsurface Paleozoic rocks of Cambrian,
Ordovician, Devonian(?), Mississippian, and
Pennsylvanian ages have an average thick-
ness of 2,100 feet, as shown by logs and drill
cuttings from oil and gas wells in the area.

PRECAMBRIAN ROCKS

The Precambrian rocks of Kansas, as shown
by drill cuttings from wells, consist of quartz-
ite, schist, slate, marble, prophyry, and
granite. The Precambrian surface in Neosho
County slopes to the west from about 1,000
feet below sea level at the Crawford county
line to about 1,200 feet below sea level at
the Wilson county line. An apparent ridge of
low relief on the Precambrian surface trends
east-west through central Neosho County
(Jewett, 1954, fig. 9).

CAMBRIAN SYSTEM

The Lamotte Sandstone of Late Cambrian
age unconformably overlies the Precambrian
rocks and is conformable with the overlying
Bonneterre Dolomite. The Lamotte is an



lungmann—Geology and Ground-Water Resources of Neosho County, Kansas 9

unsorted quartzose sandstone with an arkosic
zne in the basal part. The sandstone is
thought to be present and to have a thickness
of less than 20 feet throughout Neosho
County. In the Dack et al. #1 Arnett well
‘NE NW SW sec. 8, T30 S, R 18 E) in
southwestern Neosho County, 65 feet of Bonne-
terre Dolomite of Late Cambrian age under-
lies the Arbuckle Group and is conformable
with it.

CAMBRIAN AND ORDOVICIAN SYSTEMS

In Neosho County four subdivisions of
the Arbuckle Group of Late Cambrian and
Early Ordovician ages are recognized. The
Eminence Dolomite of Late Cambrian age
is 39 feet thick in the Dack et al. # 1 Arnett
well. The subdivisions of rocks of Early
Ordovician age in the well are: the undivided
Gasconade Dolomite and Van Buren Forma-
tion with a slight thickness of the Gunter
Sandstone Member at the base, 295 feet; the
Roubidoux Formation, 30 feet; and the un-
differentiated Cotter and Jefferson City dolo-
mites, 483 feet. In Neosho County, Upper
Ordovician rocks and Silurian rocks are miss-
ing (Lee and Merriam, 1954).

DEVONIAN OR MISSISSIPPIAN SYSTEM

The Chattanooga Shale of Late Devonian
and Early Mississippian age is represented
bv 5 feet of black shale in Neosho County.
The shale is conformably overlain by rocks of
Early Mississippian (Kinderhookian) age.

PENNSYLVANIAN SYSTEM

Pennsylvanian rocks in Neosho County are
represented by the Desmoinesian and Mis-
sourian stages. The Desmoinesian Stage com-
prises the Cherokee Group and Marmaton
Group. Rocks of the Pleasanton Group and
the Kansas City Group and part of the Lan-
sing Group represent the Missourian Stage.

No rocks older than the Pawnee Limestone
of the Marmaton Group crop out in the
County. Test holes in the Neosho River
valley in T 31 S, R 21 E, Labette County,
3 miles south of the Neosho and Labette
county line, encountered limestone and shale
members of the Fort Scott Limestone.
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STRATIGRAPHY OF
OUTCROPPING ROCKS'

The terminology used to describe the bed-
ding of the several geologic units is that pro-
posed by McKee and Weir (1953) and modi-
fied by Ingram (1954). Grain sizes used in
the descriptions of sandstones, siltstones, and
alluvial deposits are those given in the Went-
worth Grade Scale as modified by Dunbar
and Rodgers (1957, p. 161). The texture
of limestones has been described according
to an adaptation of the Wentworth Grade
Scale proposed by Payne (1942, p. 1706). A
graphic column of outcropping rocks in the
County is shown in Figure 3.

PENNSYLVANIAN SYSTEM—MIDDLE
PENNSYLVANIAN SERIES

Desmoinesian Stage—Marmaton Group
Pawnee Limestone

The Pawnee Limestone is the oldest rock
that crops out in Neosho County. Only the
Laberdie Limestone Member of the Pawnee
is seen in the County.

Laberdie Limestone Member

Medium-bedded to thick-bedded, light-gray,
medium-crystalline limestone about 20 feet
thick comprises the Laberdie in Neosho
County. Massive colonies of the coral Chae-
tetes are abundant near the top of the Laber-
die. Gray clay-shale partings occur between
the limestone beds. The only outcrop of the
Laberdie found in Neosho County is in the
SE sec. 31, T 30 S, R 21 E.

Bandera Shale

The Bandera Shale, which is composed of
three lithologic units, ranges in thickness
from about 60 feet near the Crawford county
line to about 90 feet at the Labette county
line. Excellent exposures of the formation
are found along the Neosho River in the
southeastern part of the County.

The lower unit of the Bandera is a
brownish-yellow to dark-brown, medium-
bedded quartzose sandstone with predomi-

1. he classification and nomenclature of rock units described
in this report follow that of the State Geological Survey of
Kansas and differ somewhat from the classification and nomen-
clature of the U. S. Geological Survey.
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- nantly iron-oxide cement. Thickness of this
sandstone ranges from 30 to 45 feet. Indi-
vidual sandstone beds have an average thick-

- ness of about 1 foot and are separated by
brownish-yellow, sandy shale partings. In
some localities near the southern boundary
of the County, the interbedded, sandy shale
is the dominant lithology. Where this occurs
the sandstone beds are about 3 inches thick.
The sand is moderately sorted with a grain
size ranging from less than 0.1 mm to 1.0 mm
in diameter. The base of the Bandera is
covered by terrace and alluvial deposits in
the Neosho River valley except in SE sec. 31,
T 30 S, R 21 E, where the underlying Pawnee
Limestone is exposed.

Overlying the sandstone is a dark brownish-
orange, medium-bedded, sandy shale that
ranzes from 20 to 30 feet in thickness.
Current-formed ripple marks are common on
bedding planes. The sand grains are pre-
dominantly of quartz, moderately rounded,
and generally less than 0.5 mm in diameter.

The upper portion of the Bandera is a
dark-gray, blocky clay shale ranging in thick-
ness from 10 to 15 feet. Marine fossils such
as brachiopods and crinoid columnals are
sparsely distributed at the top of this unit in
a 0.5-foot yellow clay-shale zone.

Altamont Limestone

The Altamont Limestone in Neosho County
- comprises two limestone members separated
bv a shale member. In ascending order, the
members are: Amoret Limestone, Lake Neo-
sho Shale, and Worland Limestone. The for-
mation is as much as 30 feet thick in some
areas, but the average thickness is about 20
feet. Excellent exposures of the Altamont
occur in the southeastern part of the County
where it forms prominent bluffs along the
west side of the Neosho River valley.

Amoret Limestone Member

The Amoret Limestone Member in Neosho
County consists of one bed of massive lime-
stone or, locally, of two limestone beds sep-
arated by a thin shale. The two limestone
beds are best exposed in the vicinity of Neosho
County State Lake. Near the lake the lower-
most limestone is a wavy-bedded, light-gray
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limestone about 10 feet thick that weathers
tan on the outcrop. Jewett (1941, p. 332)
reported the brachiopod Mesolobus in the
basal portion of this bed. A zone of light-
gray clay shale about 1 foot thick sep-
arates the lower limestone from an overlying
massive, light-gray to bluish-brown limestone
about 5 feet thick. The texture of the upper
limestone ranges from finely-crystalline to
marly. Locally, a 0.5-foot gray shale bed is
found about 1.5 feet below the top of this
limestone. Crinoid columnals and brachiopod
fragments are the most common fossils.
Northeast of the lake along the outcrop of
the Altamont, a 3-foot massive-bedded lime-
stone is the only bed representing the Amoret.

Lake Neosho Shale Member
The Lake Neosho Shale Member is well ex-

posed only in the vicinity of the type section
near the Neosho County State Lake. In this
area the Member consists of about 3 feet of
black fissile shale. Locally, discontinuous
lenses of dark-blue, blocky shale occur at the
top. Oblate, phosphatic concretions about 0.5
inch thick and uniformly about 1.5 inches in
their longest dimension are common through-
out the bed. Northeast of the lake, along the
line of outcrop of the Altamont where the
limestone members are not everywhere well
exposed, the approximate stratigraphic posi-
tion of the Lake Neosho Shale may be inferred
from the presence of the phosphatic concre-
tions weathered from the outcrop.

Worland Limestone Member

The Worland is a light-gray, very finely
crystalline, massive limestone, which weathers
almost white on the outcrop. Average thick-
ness of the Member is about 9 feet. Locally,
the upper 3-4 feet of the Worland is thin
bedded with gray. clay-shale breaks. Trans-
parent void-filling calcite is found throughout
the Member but is more common in the upper.
thin-bedded limestone. Fossils such as the
brachiopod Mesolobus and crinoid columnals
which have been replaced by crystalline cal-
cite are common. Where the Worland is
composed of a single massive bed. two sets of
vertical joints enlarged by solution activity
are a conspicuous feature. The major joint
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limestone with thin (0.25-inch) gray, clay-
shale partings.

Vertical joints, a conspicuous feature of
the Idenbro, have been widened by solution
so that the limestone weathers into blocks 5
to 8 feet in length, 3 to 4 feet in width, and
about 6 feet in thickness. The upper surface
of the Member, where it is exposed, develops
a characteristic hummocky. pitted appearance.
" Large productid brachiopods are common
throughout the limestone.

Holdenville Shale

The Holdenville Shale occurs only locally
in Neosho County. Thickness of the forma-
tion. where present, ranges from a few inches
to as much as 15 feet. At the base of the
" Holdenville a 1-foot bed of greenish-gray,
limonite-stained clay shale occurs. At most
outcrops of the formation in Neosho County,
a 0.4-foot coal bed overlies the thin, basal
clav-shale zone. Above the coal is an 0.8-foot
bed of black, carbonaceous shale. The black
shale contains abundant fragments of the
fossil plant Calamites. Locally, the black
shale and plant fossils are silicified, and finely
crystalline quartz is found on the bedding
planes. The Holdenville above the black shale
i= vellowish-gray, variegated clay shale which
weathers to a very pale greenish gray.

Pre-Missourian erosion has removed the
Holdenville in many localities in the County
and rocks of the overlying Pleasanton Group
rest on the Lenapah Limestone or lower beds.

PENNSYLVANIAN SYSTEM—UPPER
PENNSYLVANIAN SERIES

Missourian Stage—Pleasanton Group

The Pleasanton Group comprises three for-
mations which are, in ascending order: Semi-
nole Formation, Checkerboard Formation, and
Tacket Formation (Jewett, et al., 1964).
Thickness of the Pleasanton Group at the
outcrop in Neosho County ranges from 30
feet near the Labette County line in T 30 S,
R20 E to 60 feet in T 27 S, R 21 E.

Seminole Formation

The Seminole Formation of the Pleasanton
Group comprises two members which are, in
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ascending order. the Hepler Sandstone and
South Mound Shale. The thickness of the
formation in Neosho County ranges from 1
foot to 4 feet.

Hepler Sandstone Member

The Hepler Sandstone Member is a blanket-
type deposit that is present nearly everywhere
in eastern Kansas as the basal unit of the
Missourian Stage. Thickness of the Member
in Neosho County ranges from 0.3 foot to 3
feet. The dominant lithology of the Hepler
is a moderately sorted, very fine-grained to
fine-grained quartzose sandstone that is well-
cemented with calcium carbonate. The Mem-
ber is generally reddish-brown on weathered
surfaces but in fresh exposures it is gray to
yellowish-gray. Silt is a minor constituent
of the Hepler in Neosho County. The sand-
stone is generally thin bedded to very thin
bedded, but locally, as in the creek bed in
the southern half of sec. 18, T 30 S, R 20 E.
the Hepler is an homogeneous unit about
0.75 foot thick.

The Hepler was deposited upon an ero-
sional surface formed during pre-Missourian
time. This surface has a local relief of about
30 feet, as inferred from elevations of the
contact of the Hepler with underlying beds.

South Mound Shale Member

The South Mound Shale Member in Neosho
County is a gray clay shale. Locally, the
basal part of the Member is slightly silty. The
thickness of the South Mound is uncertain in
much of the County, as the overlying Checker-
board Limestone is missing and the South
Mound Shale Member is overlain by the lower
shale member of the Tacket Formation.
Where the Checkerboard is present, as in the
southern half of the County, the Member can
be differentiated, and the thickness ranges
from about 0.3 foot to 2 feet.

Checkerboard Limestone

South of Neosho County in Labette and
Montgomery counties, the Checkerboard Lime-
stone comprises two unnamed limestone mem-
bers separated by an unnamed shale member
(Jewett. et al., 1961). In Neosho County,
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in the area south and east of Kimball to
shout 14 feet at the type section north of the
.d townsite of Hertha in the south-central
wrt of the County. The Hertha Limestone
tomprises three members which are, in ascend-
inz order, the Critzer Limestone, Mound City
shale. and Sniabar Limestone.

Critzer Limestone Member

The Critzer is a medium-crystalline, bluish-
zray limestone with an average thickness of
sbout 3 feet. Locally, in the central part
of the County, the Critzer is a silty, yellowish-
brown limestone in which crinoid remains are
common. In the northeastern part of the
County, the Critzer and the overlying Mound
City Shale were apparently not deposited, and
the Sniabar rests on rocks of the Pleasanton
Group. The Critzer Member supports the
prominent escarpment formed by the Hertha
outh of T 27 S.

Wound City Shale Member

The Mound City Shale Member is very thin
or absent in outcrops of the Hertha Lime-
stone in Neosho County. At the type section
of the Hertha, NE sec. 20, T 20 S, R 20 E,
the Mound City is represented by 1.5 feet of
silty shale. There, the upper 0.5 foot is a
light-gray shale that grades abruptly down-
ward into black platy shale. South of the
tipe section of the Hertha, the Mound City
thickens. Core samples taken by the Kansas
Hichway Department along U.S. 59 south of
Erie show the Mound City to be about 6 feet
of black platy shale. In the northeastern
part of the County the Mound City is missing
and the Sniabar Limestone Member of the
Hertha rests directly on rocks of the Pleasan-
ton Group.

Sniabar Limestone Member

Medium-gray, tan-weathering, finely crystal-
line, medium-bedded limestone is character-
istic of the Sniabar Member of the Hertha.
Average thickness of the Member is about 7
feet, although in the northern part of the
County the Member attains about 4 feet.
Chert nodules, a prominent feature of the
Sniabar in the northern part of the County,
weather locally from the limestone and com-
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pose nearly the entire outcrop. Stringers
of very finely crystalline calcite are abundant
and brachiopods are fairly common in the
lower part of the Member.

Ladore Shale

The Ladore Shale consists predominantly
of medium to dark-gray clay shale throughout
its outcrop area in Neosho County. The
thickness of the formation is uniformly about
40 feet. Oblate, dark-gray to dark-bluish-gray,
argillaceous limestone concretions, 0.5 inch to
3 inches in thickness, are found in the lower
36 feet of the shale. Locally, these concre-
tions are the dominant lithology in the Ladore.
A few miles south of Erie, these concretions
form residual deposits which resemble the
mounds of Tertiary(?) chert gravel found
to the northwest along the bluffs bordering
the Neosho River valley. The concretions
in these deposits are extensively weathered
and much of the calcium carbonate has been
removed, leaving a soft light yellowish-brown
clay. Samples from test holes augered
through the alluvium of the Neosho River
valley indicate that the basal 5 feet of the
Ladore is a light-gray, silty shale.

Above the zone of limestone concretions is
a 3-foot yellow clay shale with interbedded
0.5- to 1.5-inch limestone lentils. An 0.8-foot
zone of yellowish-brown, sandy shale is com-
monly found at the top of the Ladore just
below the overlying Middle Creek Limestone
Member of the Swope Limestone. Many
brachiopods, fenestrate bryozoan fragments,
and crinoid columnals are found in this shale.

Swope Limestone

The Swope Limestone comprises the fol-
lowing members, in ascending order: Middle
Creek Limestone, Hushpuckney Shale, and
Bethany Falls Limestone. The formation
ranges in thickness from about 7 feet to
nearly 13 feet.

Middle Creek Limestone Member

The Middle Creek Limestone Member is a
3-foot bed of medium to dark-gray, finely
crystalline limestone. Fragments of brachio-
pods, crinoids, and bryozoans largely replaced
by coarsely crystalline calcite occur sparsely
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wne of medium- to light-gray, clay shale is
found above the black shale. Very finely crys-
talline pyrite is commonly found on bedding
planes in the black shale. Closely-spaced
vertical joints give a columnar appearance to
the black shale at some localities. The aver-
aze thickness of the Member is about 3 feet.
Locally, along the outcrop in Neosho County,
the thickness is as much as 5 feet. Thicken-
ing of the upper clay shale zone from 0.5 to
asmuch as 2 feet is the apparent reason for
the change in the overall thickness of the
Member.

Finterset Limestone Member

The Winterset Limestone Member crops out
over about 20 percent of the surface of Neosho
County (Pl. 1). Maximum thickness of the
=~ Member is about 60 feet although in most
%= localities the thickness is about 35 feet. Where

pre-Chanute erosion has cut into the Winter-
sl as seen in the bluff along Neosho River
east of Chanute, the Member is represented
-V only by a zone of limestone rubble about 1
i foot thick,
L For purposes of discussion, the Winterset
v~ may be divided into a lower, very thick-
(»'" bedded zone and an upper, thin-bedded to
medium-bedded zone. The lower thick-bedded
portion of the Winterset is a massive, medium-
gray. finely crystalline limestone with an aver-
age thickness of about 20 feet. Weathered
sur‘faces of the rock are light-gray or almost
“hﬂe. Fossils such as the brachiopod Echi-
naria, crinoid columnals, and fragments of
fenestrate bryozoans are common. White,
nodular chert is abundant in the limestone;
and. although the chert is not bedded, some
orizons are Jocally almost entirely chert.
Cf{mmon]_v an oolitic zone from 3 to 5 feet in
. thickness is found at the top of the unit.
"> The upper thin-bedded to medium-bedded
- Portion of the Winterset is a light-gray to
brmvnish-gray limestone that ranges in thick-
tess from about 15 feet to as much as 30 feet.
The limestone is very finely crystalline and
almost semi-lithographic in texture. Very
coarsely crystalline, void-filling calcite is
.= found throughout the thin-bedded zone. Dark
v brownish-yellow mottling, probably due to

I
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oxidation of included iron, is conspicuous on
broken surfaces of the light-tan fragments
found in the zone of weathering. In some
localities part of the upper zone appears to be
composed of algal material. Dark-gray un-
dulating plates of fine-grained calcite, 1 to 3
inches long and about O0.l-inch thick, are
found throughout the rock oriented approxi-
mately parallel to the bedding planes. These
stringer-like forms are slightly darker than
the matrix in which they are found. Har-
baugh (1959) has discussed the Plattsburg
Limestone, which is apparently quite similar
to the Winterset with respect to the occurrence
of algal remains. Some replacement of cal-
cite by dolomite has occurred in the algal
zone. The dolomite is bone white to light
pink in color. Distorted dolomite rhombo-
hedrons are seen in some hand specimens.

In the northeastern quarter of the County,
a 3-foot bed of light-gray, silty, clay shale is
found approximately 12 feet above the base
of the thin-bedded zone of the Winterset. This
shale bed is well exposed only in the area
around and to the northeast of Stark where it
weathers into small blocks or cubes about 1
inch square. Laminae of sandy shale are
interbedded with the clay shale. These laminae
are less easily weathered than the clay shale
and stand out in relief on the face of the out-
crop.

Above the shale, the Winterset contains sev-
eral odlitic horizons. At most localities the
oolites are in the upper 3 to 4 inches of the
limestone slabs. Small-scale cross bedding of
the odlites is seen at some outcrops.

Echinaria is abundant in the upper medium-
bedded part of the Winterset: however, its
average size is somewhat less than in the lower
Other marine fossil remains
such as crinoid columnals and bryozoan frag-

massive zone.

ments are about as abundant as in the lower
zone. White and grav chert nodules are more
abundant in the thin-bedded part than in the
massive. lower part of the Winterset. At some
outcrops of the Winterset in northeastern
Neosho County. residual chert deposits weath-
ered from the upper zone are as much as 5

feet in thickness.
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Missourian Stage—Kansas City Group
(Linn Subgroup)

Cherryvale Shale

Five members ordinarily make up the
Cherryvale Shale. They are, in ascending
order: the Fontana Shale, the Block Lime-
stone, the Wea Shale, the Westerville Lime-
stone, and the Quivira Shale. In Neosho
County, the Westerville Limestone Member
is missing, and a limestone tentatively iden-
tified as the Block Limestone Member is seen
only in the northeastern part of T 30 S,
RI1SE.

A greenish-gray, blocky, clay shale about
15 feet thick lies at the base of the Cherry-
vale throughout most of the County. The
shale is not well exposed except in T 30 S,
R 18 E. The shale is overlain in T 30 S,
R 18 E by a dark-gray, thick-bedded, fine-
grained limestone about 3 feet thick, which
is probably an equivalent of the Block. Two
lenticular 0.1-foot coal beds separated by
about 0.5 foot of yellow, sandy, clay overlie
the basal clay shale zone in the southern part
of T29 S, R 18 E. Elsewhere in the County,
a fine-grained, thick-bedded, quartzose sand-
stone occurs above the basal clay shale zone
in the approximate stratigraphic position of
the Block Limestone Member. Above the
Block, the Cherryvale is predominantly a
light-tan to reddish-brown, thin-bedded, sandy
shale. In T 28 S, R 18 E a massive bed of
sandstone about 3 feet thick occurs about 10
feet below the overlying Drum Limestone.
In T 28 S, R 18 E, 0.5 foot of fossiliferous,
yellow clay shale is at the top of the Cherry-
vale and directly underlying the Drum Lime-
stone. Large crinoid columnals (0.5-0.75
inches in diameter), brachiopod fragments,
and fenestrate bryozoan fragments are com-
mon in this shale.

East of the Neosho River. in T 27 S,
R 18 E and T 27 S, R 19 E, pre-Chanute
erosion has removed the Cherryvale and the
overlying Drum Limestone, and the Chanute
Shale rests directly upon the Dennis Lime-
stone.

Drum Limestone

The Drum Limestone is comprised of two
members which are, in ascending order, the
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Cement City Limestone and the Corbin City

Limestone. In Neosho County differentiation -
of the members is difficult as much of the
Drum has been removed by pre-Chanute

erosion.

InT 28 S, R 18 E the Drum is a light- °

brown, thin-bedded, fossiliferous limestone
that weathers dark brown.
unit in this area is about 3 feet. Large
crinoid columnals and fenestrate bryozoan
fragments are abundant and brachiopods such
as Dielasma and Hustedia are common.
Sayre (1930, p. 1-129) has described the
fauna of the Drum Limestone.

Farther to the southwest, there is a facies
change in the Drum. The light-brown, thin-

bedded limestone present in T 28 S, R 18 E

apparently grades laterally into a medium-
gray to yellow-gray, very thick-bedded, finely
crystalline, sparsely fossiliferous limestone.
The formation ranges in thickness from about

4feetinT30S,R17E to 10 feetin T 29§, .

R19E.

Chanute Shale

Two sandstone members and an intervening

shale member comprise the Chanute Shale in -

Neosho County. The members are, in ascend-
ing order, the Noxie Sandstone, an unnamed
shale member, and the Cottage Grove Sand-
stone.

Noxie Sandstone Member

Thin-bedded to medium-bedded, fine-grained
to very fine-grained, quartzose sandstone is
characteristic of the Noxie Sandstone Member
in Neosho County.
are well rounded to subangular. Silt. silica,
and iron oxide are the common cementing
materials in this Member. Calcium carbonate
cement is rare and is abundant only locally.

The thickness of the Noxie ranges from less

than 1 foot in the central part of T 27 S,
R 19 E to about 30 feet in the southeastern
part of T 27 S, R 18 E. Elsewhere along
the outcrop, the Noxie has an average thick-
ness of about 6 feet.

In T 27 S, R 18 E the Noxie Sandstone
lies unconformably upon the Stark Shale
Member of the Dennis Limestone. Drillers’
logs of wells drilled southwest and west of

Thickness of the -

Individual sand grains .
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(hanute indicate that in the subsurface the
Chanute ranges in thickness from about 30
feet to as much as 110 feet. In this area the
Noxie appears to have been deposited in a
channel about 4 miles wide with a northeast-
southwest orientation through the north-
western corner of the County (Fig 4).
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Fictre 4.—Generalized map of the northwest quarter
of Neosho County Kansas, showing the approximate
location of the ancient channel in which the Noxie
San.nti:aone Member of the Chanute Shale was de-
posi

Unnamed shale member

The upper portion of the Noxie Sandstone
Member grades into an unnamed shale mem-
ber. Locally, in the subsurface southwest
of Chanute, this unnamed member consists
of as much as 7 feet of light grayish-green
clay shale which is slightly silty in the upper
2 feet. Drillers’ logs show that the Thayer
coal commonly lies at the top of this shale and
ranges in thickness from 0.4 foot to 2 feet.
At outcrops of the Thayer coal the underlying
shale is generally less than a foot thick and
in some locations a few inches of underclay
is seen beneath the coal. This clay shale is
not a continuous bed in western Neosho
County, and, where it is absent, differentiation
of the Noxie and Cottage Grove sandstone
members is limited to localities where the
Thayer coal is present.

Cottage Grove Sandstone Member
The lithology of the Cottage Grove Sand-
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stone Member is nearly indistinguishable from
that of the Noxie Member. However, the
Cottage Grove is very thick-bedded in con-
trast to the generally thin-bedded or laminated
Noxie. The massive character of the Cottage
Grove Sandstone is well seen in the spillway
of Santa Fe Lake at the south edge of Chanute.
The weathered surfaces of both the Cottage
Grove Sandstone and the Noxie Sandstone
are yellowish-orange to deep brownish-red.
When unweathered the sandstones of the Cha-
nute Shale are very light gray. This color is
the criterion for the well driller’s term “white
water-sand” commonly applied to the Cottage
Grove and Noxie members.

Iola Limestone

Three members comprise the Iola Limestone
in Neosho County. The members are, in as-
cending order: the Paola Limestone, the Mun-
cie Creek Shale, and the Raytown Limestone.
The formation ranges in thickness from about
8 feet near the Wilson county line west of
Thayer to about 36 feet in the Ash Grove
Cement Company quarry northwest of Cha-
nute.

Paola Limestone Member

Light tannish-gray, finely crystalline, yel-
lowish-brown-weathering limestone is charac-
teristic of the Paola in Neosho County. Small
crinoid columnals and brachiopod fragments
are common near the base. White, ellipsoidal,
phosphatic concretions about 1 inch in their
longest dimension occur on the weathered
upper surface of the limestone in the west-
central and southwestern part of the County.
In T 28 S and T 29 S, where the Iola was
apparently deposited around erosional rem-
nants of the Chanute Shale, the Paola is
slightly sandy. The Member has an average
thickness of 2 feet, but in some localities in
the southern part of the outcrop the Paola is
represented by only a few inches of flaggy,
finely crystalline, crinoidal limestone.

Muncie Creek Shale Member

The Muncie Creek Shale Member is domi-
nantly a clay shale that ranges in thickness
from about 3 feet in the northern part of T
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29 S near the Wilson county line to 5 feet in
the western part of T 27 S, R 18 E. In the
vicinity of Chanute the Member consists of
about 3 feet of light-gray, calcareous clay
underlain by approximately 2 feet of black,
fissile, carbonaceous shale that contains
sparsely distributed, ellipsoidal, phosphatic
concretions. Farther to the south along the
outcrop the black shale is missing and the
Muncie Creek is represented by 2 to 3 feet of
gray clay shale.

Raytown Limestone Member

In T 27 S, R 18 E the Raytown Limestone
Member consists of about 35 feet of massive-
bedded, light-gray, tan-weathering, finely
crystalline limestone. Dark-brown, coarsely
crystalline veinlets of calcite are seen through-
out the Member. Although the Raytown gen-
erally is very thick-bedded, bedding planes
about 8 inches apart may be seen where the
limestone has been exposed to weathering.
Southward the Raytown decreases uniformly
in thickness so that in the northeastern part
of T 29 S, R 17 E, the thickness is about 8
feet. In this area the Raytown is a single
massive bed which lacks the bedding planes
seen on weathered outcrops farther to the
north.

Missourian Stage—Kansas City Group
(Zarah Subgroup)

Lane Shule and Bonner Springs Shale

The Lane Shale and the Bonner Springs
Shale are considered as a single unit in
Neosho County because they are indistinguish-
able without the intervening Wyandotte Lime-
stone. The sequence is conformably overlain
by the Plattsburg Limestone and rests con-
formably on the lola Limestone. Total thick-
ness of the Lane and Bonner Springs shales
is about 60 feet.

The lower part of the Lane. Bonner Springs
is dominantly a blocky, gray to light-gray clay
shale. In T 27 S, R 18 E a dark-gray to
black shale about § feet thick is found in a
position 10 feet above the top of the under-
Iving lola Limestone. Locally. in the north-
weslern part of the County. a sandy. vellowish-
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gray shale about 1 foot thick is found im-
mediately overlying the Iola.

The Wyandotte Limestone, a formation that
normally lies above the Lane Shale and below
the Bonner Springs Shale, is not identifiable
in Neosho County. However, a zone of tab-
ular, argillaceous limestone concretions ap-
proximately 1 foot thick found above the
lower shale unit and about 20 feet below the
base of the Plattsburg may represent the nor-
mal stratigraphic horizon of the Wyandotte
Limestone.

Above the limestone nodules, the shale is
yellowish-brown in color and is unfossiliferous
except for a l-foot zone just beneath the
Plattsburg where brachiopod and crinoid
fragments are common.

Missourian Stage—Lansing Group
Plattsburg Limestone

The Plattsburg Limestone is the youngest
limestone unit in Neosho County. The area
of outcrop of the Plattsburg is not extensive,
being limited to about 4 square miles in
T27S,R17E,and T 28 S, R 17 E (see
PL1).

The three members of the formation, in
ascending order, are: the Merriam Limestone,
the Hickory Creek Shale, and the Spring Hill
Limestone. The thickness of the formation
is about 25 feet in the extreme northwest
corner of the County and is as much as 50
feet in T 28 S, R 17 E near the Wilson

county line.

Merriam Limestone Member

A very finely crystalline, gray to dark-gray
bed of fossiliferous limestone that has an
average thickness of about 1.5 feet represents
the Merriam Limestone Member in Neosho
County. The bed weathers to a light grayish-
tan color. Marine fossils such as brachiopods.
fragments of horn corals, sponges, and crinoid
columnals are sparsely distributed throughout
the Member.

Vertical joints about 4 feet apart cause
the Merriam to appear as discrete blocks at
the outcrop. These joints are part of a sys-
tem, of which one set trends about N 45° W,
and the other, which is more obvious on air
photographs, trends about N 40° E.
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Hickory Creek Shale Member

The middle member of the Plattsburg
Limestone is not well exposed in much of its
outcrop area. The best exposure of the
Hickory Creek Shale Member is southwest
of Chanute in a quarry in the SW sec. 25,
T 27 S, R 17 E, where it is 3.5 feet thick
and consists predominantly of calcareous
shale. The shale is light gray but weathers
to a light greenish-gray. Very thin laminae
of limestone are interbedded with the shale
in the lower 2 feet, above which is found a
0.6-foot bed of medium-gray unfossiliferous
limestone. In some parts of the quarry a
crav shale layer about 1 inch thick is found
in the middle of the thin limestone. The
upper 1 foot of shale contains more inter-
bedded limestone laminae than does the lower
part. In this zone are a few crinoid columnals
and fenestrate bryozoan fragments.

Although the Hickory Creek is not well
seen in other outcrops of the Plattsburg,
especially where the overlying Spring Hill
Limestone Member has been removed by ero-
sion, a weathered zone of gray, calcareous
material above the Merriam probably repre-
sents the Member.

Spring Hill Limestone Member

The upper member of the Plattsburg caps
several prominent escarpments along the Wil-
son county line. The thickness of the Mem-
ber is about 3 feet where it caps Plattsburg
erosional outliers in T 27 S, R 17 E to 20 feet
inT 28 S, R17 E. The 3 feet of Spring Hill
probably does not represent the original
thickness of the Member in T 27 S, R 17 E.
In some localities, the Spring Hill is missing
entirely and the Plattsburg escarpments are
supported by the Merriam Limestone Member.

The lower portion of the Spring Hill is
senerally finely crystalline, light bluish-gray
to medium-gray, thin-bedded limestone that
weathers to a light tan. Yellow clay shale
partings are found between the beds in nearly
all outcrops. Enteletes and Composita are
common in the limestone, and Heterocoelia
beedei occurs in the lower part of the Member.

About 8 feet of very thick-bedded limestone
is found at the top of the Plattsburg in
T 28 S, R 17 E. The lithology is similar

Google

to the lower, thin-bedded portion of the Mem-
ber, except for cross-bedded oblites that are
found some places in the upper 2 to 3 feet.

Vilas Shale

Only weathered remnants of the Vilas Shale
are found in Neosho County. A few feet of
weathered light-gray shale is found on the
Plattsburg escarpment in T 28 S, R 17 E.
In the NW sec. 2, T 27 S, R 17 E. a thin
veneer of weathered gray shale is seen over-
lying the Spring Hill Limestone Member of
the Plattsburg Limestone. Generally, in
western Neosho County, the Vilas has been
weathered, and all that remains on the Platts-
burg escarpment are residual clay deposits
which no longer retain the characteristics of
the formation.

TERTIARY SYSTEM
Pliocene Series(?)
Pre-Kansan Deposits

Pre-Kansas deposits of angular to sub-
angular, light-brown chert gravel in a matrix
of dark reddish-brown silt and clay are found
at several sites in the northern half of Neosho
County (Pl. 1). These gravel deposits rest
on bedrock surfaces which are 100 to 120 feet
above the level of the present flood plain, and
70 to 90 feet above the top of terrace deposits
of Kansan age. The thickness of the ‘deposits
ranges from a few inches to as much as 12
feet. The chert fragments range in diameter
from about 0.5 inch to as much as 2 inches,
and comprise about 75 percent of the de-
posits. While the age of these deposits is un-
known, they are as old as Nebraskan and may
be as old as Pliocene. It is probable that
other deposits of the pre-Kansan gravels occur
that are too small or inconspicuous to be seen
in the field and, thus, are not mapped.

QUATERNARY SYSTEM

Pleistocene Series
Kansan Stage

Material thought to be of Kansan age has
been found in only one locality (SW NW
sec. 21, T 290 S, R 21 E) in Neosho County
tPL. 1). A deposit of angular to subangular
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chert pebbles ranging from 1 to 2 inches in
diameter in a red clay matrix lies on a bed-
rock surface about 30 feet above the present
flood plain. The thickness of the deposit is
about 6 feet, and the areal extent is only a
few hundred square yards. Farther north,
relatively flat surfaces developed on bedrock
immediately adjacent to the Neosho River
valley may represent the bedrock floor of a
valley cut by the Neosho River during the
Kansan glacial Epoch. No deposits have been
found on these surfaces which can be identi-
fied as Kansan in age.

Hlinoisan Stage

The most conspicuous geomorphic feature
in the Neosho River valley, exclusive of the
present flood plain, is the Illinoisan terrace
escarpment. Although the terrace has as much
as 15 feet of local relief above the flood plain,
it is a discontinuous feature and may be differ-
entiated only in a few areas in the valley
(Pl. 1). The pronounced escarpment of the
terrace is well seen in section C-C’ in Figure 5.

The deposits are predominantly silt and
clay-sized material in the upper portion with
some fine to coarse sand at the base. In some
areas, small amounts of the fine chert pebbles
are found lying on bedrock at the base of the
deposits. Average thickness of the terrace de-
posits is about 25 feet. Logs of test holes
drilled in the Neosho River valley in Neosho
County and Labette County may be found at
the end of this report.

Wisconsinan and Recent Stages

Deposits of Wisconsian and Recent ages
comprise the flood plains of the Neosho River
valley and its tributaries. Deposits of Wis-
consinan age are similar in lithology to the
deposits of Illinoisan age. Silt, fine to coarse
sand, and very coarse chert pebbles were
found in test holes drilled in this material.
Generally, the chert pebbles are confined to a
3-foot zone at the base of the deposits. The
thickness of the Wisconsinan deposits ranges
from 18 feet to 40 feet and averages about
25 feet. These deposits are confined to the
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Neosho River valley and have an average
width of 1.5 miles (Pl. 1). The maximum
width of the flood plain is 4 miles in the
southeast corner of the County.

In general, material of Recent age is con-
fined to the active channel of the streams.
The deposits consist primarily of silt, clay,
fine sand, and chert and limestone pebbles.
Near the headwaters of some of the smaller
streams, pebbles and cobble-sized fragments
of shale occur as bar accumulations in the
channel. Thickness of the Recent deposits
ranges from a few inches to as much as 10
feet.

STRUCTURAL GEOLOGY

A detailed treatment of the structural geol-
ogy of Neosho County is not within the scope
of this report. However, certain gross aspects
of the structural setting of the area are
evident in the outcropping and near-surface
rocks.

The Prairie Plains Monocline is the domi-
nant regional structure that affects the rocks in
Neosho County and eastern Kansas. This
structure, which is thought to be post-Permian
in age, imparts a regional dip to the rocks of
about 20 feet per mile to the northwest.
Locally, the dip of the strata increases to
about 40 feet per mile; in some areas, the
rocks are essentially horizontal. This struc-
ture is related to the quality of the ground
water in consolidated rock aquifers in the
County, i.e., the concentration of dissolved
solids in water from a given aquifer increases
down-dip from the outcrop. The regional
structure controls the occurrence of ground
water only to the extent that the depth of
burial of a given aquifer increases down-dip.
and as a result the permeability of the aquifer
and the quantity of water available to wells
decreases. The apparent domal features south-
west of Earlton in T 28 S and T 29 §,
R 17 E (Pl. 1) are not structural features,
but are sedimentary phenomena which are
explained in the section Stratigraphy of Out-
cropping Rocks.
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GROUND-WATER RESOURCES

SOURCE, OCCURRENCE, AND MOVEMENT
OF GROUND WATER

The discussion of the occurrence of ground
water in Neosho County is based partly on
a detailed treatment by Meinzer (1923,
1923a). A general discussion of the princi-
ples of ground-water occurrence with special
reference to Kansas has been given by Moore,
et al. (1940).

Ground water is that water below the sur-
face of the land in the zone of saturation.
It is derived mainly from precipitation and
reaches the zone of saturation by percolation
downward through the soil and subsoil.

The rocks in the outer crust of the earth
are not solid but contain many openings, or
voids, that hold air, water, or other fluid.
Generally, the rock formations below a cer-
tain level are saturated with water. The
upper surface of the zone of saturation is
neither a level surface nor a static surface,
but one that has many irregularities, which
are generally similar to the irregularities of
the surface topography. Under natural con-
ditions, the small part of the precipitation that
reaches the zone of saturation moves slowly
toward the streams and discharges into them
or is lost by transpiration and evaporation
in the valley areas.

Water in the zone of saturation, available
to wells, may be confined or unconfined.
Unconfined or free ground water does not
have a confining or impermeable body re-
stricting its upper surface. The upper surface
of unconfined ground water is called the water
table. The water in weathered limestone,
sandstone. and shale, the alluvial deposits in
Neosho River valley and other stream valleys,
and colluvial slope deposits is unconfined in
most localities. Ground water is said to be
confined or artesian if it occurs in permeable
zones between relatively impermeable beds
that confine the water under pressure. Most
of the wells constructed in the unweathered
Pennsylvanian bedrock of Neosho County tap
confined ground water.

GROUND-WATER RECHARGE AND
DISCHARGE

The addition of water to natural under-
eround reservoirs i called recharge and may
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be effected in several ways. The most im-
portant source of recharge is local precipita-
tion and this is the major source of recharge
for weathered bedrock aquifers in the upland
areas of Neosho County. Lesser amounts are
contributed to these aquifers by influent seep-
age from streams and ponds and by sub-
surface inflow from adjacent areas. Locally,
influent seepage from streams may contribute
an important amount of recharge to adjacent
alluvial deposits and to the bedrock aquifers
where streams cut across permeable zones.

However, in the Neosho River valley the
gradient of the water table, as indicated by
water levels in test holes (Fig. 5), is toward
the river. Therefore, it is unlikely that any
recharge reaches the Wisconsinan and Recent
deposits of the valley from the river except
during periods of flooding.

Although no data on amounts are available,
some recharge must be taking place in the
Chanute Shale from the alluvial deposits or
from the Neosho River in the area northeast
of Chanute where Wisconsinan alluvium over-
lies northwestward-dipping sandstone beds in
the Chanute Shale.

Recharge is seasonal in the Midwest. Gen-
erally the water levels of wells are lowered by
natural drainage into streams during the
winter, when the soil is frozen and precipita-
tion is slight. During the spring precipita-
tion is relatively abundant, temperature is
moderately cool, and transpiration and eva-
poration are low, which results in the greatest
amount of recharge during the year. Re-
charge may occur during other seasons when-
ever precipitation is sufficient to overcome the
soil-moisture deficiency of a preceding dry
period.

Ground water moves downward under the
influence of gravity through the permeable
rocks, in accordance with their character and
structure, to points of lower elevation. It
may discharge directly into a stream as a
spring or seep or it may be discharged by
evaporation or transpiration where the water
table is near the surface. A part of the
eround water is discharged from wells, but
this amount is small in Neosho County com-
pared with that discharged by other means.

Under natural conditions, over a long
period of time, approximate equilibrium exists
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between the amount of water that is added an-
nually to ground-water storage and the amount
that is discharged annually.

CHEMICAL CHARACTER OF
GROUND WATER

Various gases and minerals are taken into
solution by water as it is precipitated and as
it percolates through the rocks of the earth’s
crust. The type and quantity of impurities in
ground water may be determined by chemical
analysis. The corrosiveness, encrusting tend-
ency, palatability, and other properties can
be predicted from the results of a quantitative
analysis of the water.

Analyses of 42 water samples from wells
in Neosho County are shown in Table 1.
Mineral concentrations are given in parts per
million (ppm).

The samples of water from wells in Neosho
County were analyzed by Howard A. Stolten-
berg. Chief Chemist, in the Sanitary Engineer-
ing Laboratory of the Kansas State Depart-
ment of Health. The analyses indicate only
the dissolved mineral content of the water and
do not indicate the bacteriological content.

Chemical Constituents in Relation to Use

The following discussion of the chemical
constituents of ground water has been adapted
in part from publications of the U. S. Geologi-
cal Survey, the State Geological Survey of
Kansas, and the U.S. Public Health Service.

Dissolved Solids

When water is evaporated, the residue con-
sists mainly of mineral constituents, but it
mav also include small quantities of organic
matter and some water of crystallization. Wa-
ter containing less than 500 ppm (parts per
million) of dissolved solids is generally suit-
able for domestic use except for difficulties
that may result from hardness or excessive
iron or manganese. Water containing more
than 1.000 ppm of dissolved solids is likely
to have enough of certain constituents to im-
part a noticeable taste or otherwise render
the water unsuitable or undesirable for use.

Hardness

The hardness of water is most commonly
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recognized by the scum or curd formed when
soap is used with the water. Salts of calcium
and magnesium cause nearly all the hardness
of ordinary water. These salts also cause
scale in steam boilers or other containers in
which water is heated or evaporated. The
total hardness of a water may generally be
divided into carbonate hardness and non-
carbonate hardness. The carbonate hardness
is due to calcium and magnesium carbonates
and may be almost completely removed by
boiling. This type of hardness is often called
temporary hardness. The noncarbonate hard-
ness is caused by the sulfates and chlorides of
calcium and magnesium and cannot be re-
moved by boiling. This type of hardness is
often referred to as permanent hardness.
There is no difference between carbonate and
noncarbonate hardness in regard to the re-
action with soap.

Water with a hardness of less than 60 ppm
is generally considered soft and, ordinarily,
treatment for removal of hardness is unneces-
sary. Hardness ranging from 60 ppm to 150
ppm does not interfere with the use of water
in most situations, but it does increase the
consumption of soap. Laundries and other
industries using large quantities of soap may
profitably soften such water. Hardness greater
than 150 ppm can be noticed by almost any-
one, and if the hardness is 200 ppm or greater,
the water is generally softened before use.
When municipal supplies are softened. an
attempt is usually made to reduce the hardness
to about 80 to 100 ppm. Further softening of
a public supply is not considered worth the
additional expense. For purposes of discussion
in this report, water with hardness ranging
from 0-60 ppm is considered soft; 61-120 ppm,
moderately hard; 121-180, hard; and greater
than 180 ppm, very hard.

Nitrate

The use of water containing an excessive
amount of nitrate in the preparation of a
baby’s formula may cause methemoglobinemia
in the child, a condition of the blood which
results in cvanosis or oxvgen starvation. Some
authorities specify that water containing
greater than 15 ppm of nitrate should not be
used in formula preparation for infants under
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3 months (Metzler and Stoltenberg, 1950).
Water containing 90 ppm is generally con-
sidered dangerous to infants and water con-
taining as much as 150 ppm may cause severe
cvanosis. Cyanosis is not produced in older
children and adults by the concentrations of
nitrate ordinarily found in drinking water.
Boiling of water containing excessive nitrate
does not render it safe for use by infants.
Rather, boiling reduces the volume of the
water by evaporation and increases the con-
centration of nitrate in the water. Therefore,
only water known to be free of excessive
nitrate should be used for preparing infant
formulas.

The nitrate content of water from some wells
s somewhat seasonal, being highest in winter
and lowest in summer. In general, water from
wells that are susceptible to surface contamina-
tion is likely to be high in nitrate concentra-
tion.

Nitrate was found in concentrations greater
than 45 ppm in 23 of the 42 water samples
analvzed for this report.

Fluoride

Fluoride is present in ground water gener-
ally in only small quantities. A knowledge of
the fluoride concentration is important be-
cause use of water containing greater than
1.5 ppm of fluoride by children during the
period of formation of permanent teeth may
result in mottling of the enamel. If the fluo-
ride concentration is as much as 4.0 ppm,
about 90 percent of children using the water
mav have mottled enamel (Dean, 1936).

Whereas too much fluoride may have a
detrimental effect, moderate concentrations of
fluoride (1.0-1.5 ppm) help to prevent tooth
decay (Dean, et al., 1941). The U. S. Public
Health Service has established 1.5 ppm as the
maximum concentration of fluoride permissi-
ble in drinking water used on interstate car-
riers.

Chloride

Chloride salts are very abundant in nature.
Sea water and oil-field brines contain them in
large quantities, and smaller amounts may be
dissolved from rock materials by ground

water. Water containing less than 250 ppm
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of chloride is satisfactory for most purposes.
Water containing more than 250 ppm usually
is objectionable for municipal supplies, while
water containing more than 350 ppm can be
unfit even for irrigation and industrial use.
Water with as much as 500 ppm of chloride
has a salty taste. However, cattle will often
tolerate concentrations as high as 4,000 or
5,000 ppm. The removal of chloride is too
difficult and costly to be economical for most
water uses.

Iron

Next to hardness, iron is the constituent of
natural waters that is generally most objec-
tionable. The quantity of iron in the water
may differ greatly, sometimes even in the same
aquifer. If the water contains 0.3 ppm or
more of iron in solution, the iron may settle
out as a reddish sediment when the water is
exposed to air. Iron at concentrations greater
than about 0.3 ppm gives a disagreeable taste
to water and stains laundry, cooking utensils,
and plumbing fixtures. Iron can generally
be removed by aeration and filtration, but
some waters require chemical treatment for
adequate removal of iron.

Manganese has the same effect as iron, ex-
cept that the stain is black. Iron and man-
ganese are considered together in evaluating
the usefulness of water.

Sulfate

Sulfate in ground water is derived prin-
cipally from gypsum and anhydrite (calcium
sulfate), and from the oxidation of pyrite
(iron disulfide). Magnesium sulfate (epsom
salt) and sodium sulfate (glauber’s salt), if
present in concentrations greater than about
250 ppm, impart a bitter taste to water and
have a laxative eflect upon persons not ac-
customed to drinking it. More than 250 ppm
of sulfate is considered undesirable.

Sanitary Considerations

The analyses of water given in Table 1 in-
dicate only the amount of dissolved mineral
matter in the water and do not show the
bacteriological content of the water. How-
ever, high concentrations of certain constitu-
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ents such as nitrates or chlorides may indicate
pollution of the water.

No cities in Neosho County depend upon
wells for their water supplies, but much of
the rural population of the County rely upon
private wells for water for domestic and stock
use. Therefore, care should be taken to pre-
vent pollution of these wells. Generally, wells
should not be located downhill from such
sources of pollution as barnyards, privies,
septic tanks, or cesspools. Also, a well should
be completely sealed at the top and around
the casing to prevent contamination of the
ground-water supply by dust, insects, vermin,
debris, and surface water. Dug wells are
relatively more vulnerable to contamination
because the large diameters common among
this type of well renders proper sealing more

difficult.

AVAILABILITY OF GROUND WATER

In Neosho County fresh ground water is
known to occur in consolidated rocks to a
depth of nearly 300 feet and in unconsolidated
rocks to a depth of 35 feet. The consolidated
rock aquifers consist chiefly of limestones,
shales, and sandstones of Pennsylvanian age.
The sandstones constitute the most permeable
consolidated rock aquifers.

The unconsolidated rock aquifers are allu-
vial deposits of silt, fine sand, and pebble-sized
chert fragments of Pleistocene and Recent ages
that occur in the stream valleys as valley fill
and as low, highly dissected terraces.

Consolidated Rocks
Limestone and Shale Aquifers

The limestone and shale formations in the
County possess a well-developed joint pattern
which apparently persists at depth. Because
of these joints and other fractures, yields of
about 1 gpm may be obtained from wells to
a depth of about 300 feet. Weathering proc-
esses have enlarged openings along the joints,
fractures. and bedding planes near the land
surface. In these rocks. shallow dug or drilled
wells may yvield as much as 3 gpm. Dug wells,
with a Jarger storage capacity. are generally
more satisfactorv than drilled wells in these
aquifers.

The Bandera Shale is the oldest formation
in the Countv from which fresh water is
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obtained. Well drillers report that water in
rocks of the Pawnee Limestone and older
Pennsylvanian rocks is highly mineralized and
unfit for human or animal consumption.

Pre-Pennsylvanian Rocks

A well drilled in 1936 in SE SE sec. 13,
T 29 S, R 20 E to a depth of 1,010 feet is
reported to have produced highly mineralized,
though potable, water from limestone of Mis-
sissippian age. The City of St. Paul used this
well as a municipal supply for a short time
in 1936 and 1937. In 1937, the static water
level in this well was reportedly about 35 feet
below the land surface. The well has subse-
quently been plugged, and no recent water-
quality or water-level data are available.

The City of Walnut, Crawford County. Kan-
sas, has a well 1,015 feet deep in SW SW sec.
20, T 28 S, R 22 E (about 3 miles east of the
Neosho county line) which obtains water from
a zone of saccharoidal dolomite and quartz
sand informally called the “Swan Creek.” The
“Swan Creek,” which is in the upper part of
the Cotter Dolomite of Ordovician age, occurs
in the interval between 990-1,010 feet in the
well. Water from the overlying Mississippian
and Pennsylvanian rocks, which contains high
concentrations of chlorides and sulfates, is
kept out of the well by steel casing that is
cemented in place to a depth of 931 feet. In
November 1964, the well was producing ap-
proximately 80 gpm. The chloride content of
a water sample taken in 1956 soon after com-
pletion of the well was 570 ppm. Subsequent
analyses performed in 1959 and 1961 have
shown chloride concentrations of 640 ppm and
710 ppm, respectively. Although the water
contains enough chloride to be objectionable.
it is rendered usable by mixing it with water
of much lower mineral content from shallow
wells.

It is likely that wells penetrating the “Swan
Creek” in Neosho County will encounter water
with a much higher chloride content.

Tacket Formation

Wells obtaining water from the black shale
of the Tacket Formation can generally be ex-
pected to yield at least 1 gpm. The highest
vield reported from the Tacket is 1.5 gpm in
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wells 28-20-9da and 30-19-24bb. Water in
aufficient quantity for domestic use is available
from the Tacket to depths of 200 feet, as in
wells 28-19-31cc and 30-17-35ab. In general,
water of suitable quality for human consump-
tion in quantities adequate for domestic use
may he obtained from the Tacket throughout
the County wherever the Formation outcrops
(see Pl. 1) or wherever it may be penetrated
at a depth of 200 feet or less (usually 5 to 8
miles west or northwest of the outcrop).

All wells except one (28-20-9da) obtaining
water from the Formation that are 100 feet
or more in depth reportedly yield water con-
taining enough sodium chloride (more than
20 ppm) to have a discernibly salty taste.
The quality of water in shallow dug wells
penetrating the Tacket is reportedly suitable
for human use.

The maximum yield of 1.5 gpm that can
be expected from the Tacket indicates that it
is not an aquifer that may be developed for
irrigation, industrial, or municipal water sup-
plies.

Swope Limestone

The Hushpuckney Shale Member of the
Swope is one of the most productive shale
aquifers in the County. Yields of 0.5 to 1.5
gpm may be expected from the black shale
member in the area bounded on the east by
the outcrop of the Swope Limestone and on
the west by the west line of R 18 E (Pl 1).
Locally. yields from 2 to 5 gpm are obtainable
from the Hushpuckney as indicated by wells
28-21-21bb and 30-19-6cd. Well drillers and
well owners report that in most wells water
enters the well bore throughout the full thick-
ness of the black shale. However, in wells
with relatively high yields such as 30-19-6¢cd
{5 gpm) the water is encountered in the few
inches of the shale just below the overlying
Bethany Falls Limestone Member.

Water from wells in the Hushpuckney is
generally of a quality suitable for domestic
use. although very hard water is common. The
sulfate concentration in water from this Mem-
ber is generally low (less than 30 ppm), ex-
cept for water from well 30-19-4bb2, which
has a concentration of 234 ppm. This amount
is still below the concentration of 250 ppm
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that the U. S. Public Health Service considers
objectionable. Water slightly salty to the
taste is reported in many wells penetrating the
Hushpuckney at a depth of 75 feet or more,
although water from well 30-18-25da2, which
is 100 feet deep, reportedly has no detectable
sodium chloride taste.

Dug or drilled wells penetrating the Bethany
Falls Limestone Member of the Swope gen-
erally will yield 0.5 to 1.5 gpm of very hard
water. The area in which these yields may be
expected is bounded on the east by the outcrop
of the base of the Swope Limestone and ap-
proximately on the west by the west line of
R19E (PL1).

The water from wells in the Bethany Falls
is generally free from noticeable chloride con-
centrations. One well (27-20-7cb) reportedly
yields some natural gas. This was the only
well in the Bethany Falls found to yield gas
and the condition is probably not common in
the aquifer. The chemical quality of water
from well 28-19-7cd (Table 1), except for the
high nitrate concentration (124 ppm), is prob-
ably typical of water from the Swope Lime-
stone.

Shallow dug and drilled wells obtaining
water from the Bethany Falls and the Hush-
puckney where the two members lie at or near
the land surface have a tendency to go dry
during periods of deficient rainfall. This
dependency upon local rainfall for recharge,
as well as the low yields common from the
Hushpuckney and Bethany Falls, precludes the
development of these two aquifers other than
for small domestic or stock supplies.

Dennis Limestone

The Stark Shale Member of the Dennis
Limestone is probably the most productive
shale aquifer in the County. Dug or drilled
wells penetrating the Stark generally vield
from 0.3 to 4 gpm at or a few inches below
the contact of the shale and the overlving
Winterset Limestone. The marked variance in
yields from wells in the shale is a reflection of
local differences in permeability of the aquifer
which, in turn. is directly related to the num-
ber of joints. cracks. and voids between bed-
ding planes that are present in the shale. There
seems to be no pattern to the occurrence of
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high or low yields throughout the area in
which water is available from the Stark except
that T 29 S, R 19 E (Centerville Township)
appears to be an area in which as much as
4 gpm (well 29-19-1cd) may be generally
available. Numerous small springs issue from
this horizon at the outcrop of the Stark, which
lies near the base of the Dennis Limestone,
as shown on Plate 1.

The area in which water of usable quality
is available from the Stark is bounded on the
east by the base of the Dennis Limestone
(Pl. 1) and approximately on the west by
U. S. Highway 169. Near the western edge of
this area slightly salty water is present locally
in the shale as indicated by the analyses of
water from well 28-18-4cd (1,250 ppm of
chloride) and the report of brackish water in
well 28-18-10abl. Hydrogen sulfide is com-
monly reported to be present in water from
the Stark. Concentrations of sulfate greater
than 250 ppm were found in 3 out of 5 water
samples from the Stark (wells 28-18-20adl,
20-19-7dc, and 29-19-30bb). Indirect evidence
of high sulfate concentrations, i.e. many re-
ported instances of laxative effects on persons
unaccustomed to drinking the water, indicates
that excessive sulfate concentrations are com-
mon in water from the shale.

The upper, medium-bedded zone in the
Winterset Limestone Member of the Dennis is
the most productive limestone aquifer in Neo-
sho County. Although most wells in the
Winterset will reportedly yield from 0.2 to
1.0 gpm, locally yields as high as 2 or 3 gpm
are possible (as in wells 27-19-24ba and
27-18-29¢b, respectively). Nearly all wells (11
out of 13) found to be yielding water from
the Winterset in usable quantities lie in the
northern tier of townships in the County, i. e.,
T 27 S, R 18, 19, 20, and 21 E. Wells 28-19-
1ha and 30-18-20ab2 both have reported yields
of less than 1 gpm. Undoubtedly shallow dug
or drilled wells located elsewhere in the
County where the Winterset crops out or is
near the land surface (Pl. 1) may obtain small
amounts of water from the limestone especially
during periods of ample rainfail.

Water from the Winterset is generally of
good quality although reportedly very hard in
most wells. Samples from two wells penetrat-
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ing the Member were higher than 200 ppm < |

total hardness (27-21-8cc and 28-19-1ba, Ta- -

ble 1). The iron concentrations in these sam-

les were 0.43 ppm and 1.3 ppm respectively, «

both of which are greater than the 0.3 ppm
considered objectionable by the U. S. Public
Health Service.

i

v

The low yields obtainable from the Winter- - :
set and the Stark preclude their development " *
as a supply other than for domestic needs. - :

Sandstone Aquifers

Bandera Shale

The Bandera Shale in Neosho County will
yield 0.5 to 5 gpm from wells located in the

area bounded on the north by the north line

of T 28 S, R 21 E, on the east by the Craw-
ford county line, on the south by the Labette

county line, and on the west by the west lines

of T30S, R20E, T29S,R20E, and T 28
S, R 21 E. Drillers report that water from
the Bandera in other parts of the County is
generally too highly mineralized to be used.
Most wells in the Bandera in this area obtain
water from sandstone beds in the middle of
the formation. In local areas, some water is
available from the sandy shale and clay shale
in the upper part of the Bandera, i.e., wells
28-21-29aa and 28-21-29da. As much as 5
gpm is available from wells in T 30 S in the
area between Labette Creek and the Crawford
county line as indicated by wells 30-19-35bb
and 30-21-22cd, which reportedly yield 5 gpm

and 4 gpm respectively. The relatively high -

potential yield in this area is probably a re-
flection of the greater thickness of the sand
bodies in the middle of the Bandera.

The quality of water from the formation is
generally good, except that it is commonly
very hard. Iron concentrations in 4 out of 5
water samples were greater or only slightly
less than the 0.3 ppm considered objection-
able. The nitrate content of all the samples
except one (from well 30-19-35bb, Table 1)
exceeds the limit recommended by the Public
Health Service. There are insufficient data
to determine if the high nitrate concentration
is characteristic of water from the Bandera
or merely isolated occurrences caused by local
conditions.
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The limited yields available from wells in
the Bandera indicate that development of the
aquifer for other than domestic and stock use
s infeasible.

Nowata Shale

In southeastern Neosho County shallow
wells dug or drilled into the Nowata Shale
may produce as much as 1 gpm, although
vields are generally less. In general, the
Nowata yields usable quantities of water only
from wells near the outcrop in areas where
the formation is predominantly a sandy shale,
such as south of the central part of T 28 S.

Analyses of samples from wells 29-20-1dd
and 30-20-22dd (Table 1) indicate that water
from the Nowata is of good quality although
very hard. The relatively high concentrations
f)f sulfate (237 ppm) and nitrate (137 ppm)
in the sample from well 30-20-22dd may only
reflect local conditions, such as contamination
by surface water.

The fact that few wells yield water from the

Nowata coupled with the reportedly low yields
available from the two wells inventoried (0.3
gpm from well 29-20-1dd and 1.0 gpm from
}«'ell 30-20-22dd) indicate that the formation
1s not a reliable aquifer for even domestic or
stock supplies.

Hepler Sandstone Member

Shallow dug or drilled wells penetrating the
Hepler Sandstone Member near its outcrop
in the northern part of the County (Pl 1)
may yield 1 gpm or less of potable water.
Because of the lateral variations in lithology
and thickness of the Member it yields water
only locally. Only two wells, 28-21-5bb1 and
* .2&21-5bb2, were inventoried that are def-
- nitely known to obtain water from the Hepler.
The quality of water from well 28-21-5bbl
~ (Table 1) is probably representative of water
from the Hepler. However, the excessive

«* Titrate content (111 ppm) may only reflect

+ local conditions.

The low yields available from the Hepler
coupled with the somewhat local occurrence
¢ of ground water in the Member makes it un-
* suitable generally for development of even
- domestic and stock supplies.

Google

Galesburg Shale

Wells penetrating the sandy shale and sand-
stone of the Galesburg Shale may be expected
to yield from 0.5 to 2 gpm of potable water
in the area bounded on the east by the outcrop
of the base of the formation (located from a
few tens of feet to a few hundred feet west of
the outcrop of the Swope Limestone as shown
on Pl. 1) and on the west by a line approxi-
mately parallel to and about 5 miles west of
the outcrop of the overlying Dennis Limestone.
A few small springs occur on the outcrop of
the formation in the central portion of the
County and at least one, 28-20-9da, has been
enlarged and developed for a domestic water
supply. In general, wells in the northern
and southern portions of the County obtain
water from the Dodds Creek Sandstone Mem-
ber at the base of the formation, whereas wells
in the central part of the County, especially
T 29 S, R 19 E, yield water from sandy shale
in the middle and upper part of the Galesburg.

High fluoride concentrations are apparently
common in water from the Galesburg—3 out
of 4 samples contained greater than 1.0 ppm
and 2 of these 3 (27-19-30cd2 and 29-18-35dc¢)
had concentrations of 4.0 ppm fluoride (Ta-
ble 1). Nitrates in the two wells mentioned
above were quite low, 0.4 ppm and 1.5 ppm
respectively. However, the concentration in
the sample from well 30-17-2dd was 49 ppm
which is above that deemed objectionable by
the Public Health Service. The nitrate content
of the water from well 30-19-19bb was 1.319
ppm, which is more than two and one-half
times higher than the nitrate content of any
other sample analyzed (Table 1). This ex-
tremely high concentration is thought to be
the result of some type of contamination by
decaying vegetation or animal waste and can-
not be considered representative of water from
the Galesburg.

The low yields reported from wells pene-
trating the Galesburg indicate that it is un-
suitable for development other than for do-
mestic and stock supplies.

Chanute Shale

The Chanute Shale is the most productive
consolidated-rock aquifer in the County. Two
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sandstone members, the Noxie at the base of
the formation and the Cottage Grove at the
top. yield 0.5 to 15 gpm of potable water to
wells in the western quarter of the County.

East of Chanute, where the Noxie Sandstone
Member overlies the Winterset Limestone
Member of the Dennis Limestone or, locally,
fills a channel eroded into the Dennis, yields
up to 4 gpm (as in well 27-18-24cc) may be
expected. West and south of Chanute and
beneath the city itself, the Cottage Grove and
Noxie Sandstone members are in contact or
are separated only by a thin clay-shale zone.
The sand composing the two members was
apparently deposited in the deepest part of the
channel described previously (see discussion
of the stratigraphy of the Chanute Shale and
Fig. 4). Wells penetrating the combined thick-
nesses of the two members in this area locally
encounter as much as 110 feet of saturated,
fine-grained sandstone. Some wells, such as
27-18-20ad, that obtain water from this sand-
stone reportedly yield as much as 10 gpm. In
general, yields of 0.5 to 4 gpm may be ex-
pected. Permeability tests conducted under
laboratory conditions upon core samples of
the sandstones indicate that as much as 75 gpm
may be obtained locally from properly de-
veloped wells (O. S. Fent, Hydraulic Drilling
Co., Salina, Kansas, personal communication,
1965). South of the area underlain by the
channel sandstone, in T 29 S, R 17 E, and T
30 S. R 17 E, yields as great as 15 gpm, as in
well 29-17-24bd2, may be encountered.

The quality of water from wells in the
Chanute is generally good, although the water-
sample analyses (Table 1) showed very hard
water to be common. Chloride content high
enough to be objectionable (1,115 ppm) was
found only in the sample from well 29-18-20ac.
In five out of eight samples analyzed the
chloride concentration was less than 40 ppm.
Sulfate concentrations in three samples were
greater than 700 ppm, but sulfates in the other
samples were well below the 250 ppm con-
sidered objectionable. =~ No physiological
effects attributable to high sulfate concentra-
tions were reported for other wells penetrating
Nitrate content of the eight
samples ranged from 1.5 to 518 ppm and was
greater than 45 ppm in samples from four

the Chanute.
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wells. Hydrogen sulfide gas, common in the
bedrock aquifers in the County, was reported
present in only one well yielding water from
the Chanute. This well (30-17-2dd) pene-
trates both the Chanute and Galesburg shales.
As the hydrogen sulfide is reportedly notice-
able only after extended periods of pumping
at about 2 gpm, it is probable that the gas is
entering the well from the sandstone in the
Galesburg.

In general, water from the sandstone beds
in the Chanute contains lower concentrations
of chlorides, sulfates, and nitrates than does
water from sandstone and limestone aquifers
stratigraphically lower than the Chanute.

In view of the 75 gpm that may be avail-
able, as reported by Fent, and the yields of as
much as 15 gpm reported by well owners, it
is possible that small industrial or municipal
supplies may be developed in the Chanute.
Any attempt to develop such supplies should.
of course, be preceded by test drilling and
pumping tests.

Other Aquifers

In addition to the limestone and shale
aquifers discussed above, the well inventories
showed that small amounts of water of usable
quality are available locally from the Alta-
mont, Lenapah, Hertha, and Iola limestones
as well as from the Ladore and Cherryvale
shales. These formations generally do not
yield water in sufficient quantities for other
than domestic and stock supplies.

Unconsolidated Rocks
Neosho River Valley

Although few wells exist in the Neosho
River valley, this should not be construed as
an indication that little water is available in
the valley. Rather, it reflects a cultural ad-
justment to the danger of flood damage pres-
ent in the valley, i.e., few landowners or
tenants maintain homes in the valley and con-
sequently few water-supply wells exist.

Hllinoisan Terrace Deposits

No privately owned wells in the County that
vielded water from the terrace deposits of
Illinoisan age were inventoried. However,
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one test well (27-18-9bb), drilled in July of
1964. is probably representative of wells that
may be developed in the terrace deposits. This
well penetrated 30 feet of unconsolidated ma-
terial, the lower 10.5 feet of which consisted
of fine to coarse, rounded, chert gravel, and
fine to coarse sand with about 10 percent of
the material composed of silt and clay. The
well vielded 20 gpm during a pumping period
of 30 minutes with a total drawdown of 11.3
feet. The fact that the drawdown produced
by a pumping rate of 20 gpm was more than
60 percent of the saturated thickness of the
aquifer may indicate that a reduced pumping
rate is necessary to obtain a sustained yield
from wells in these deposits. A pumping rate
of about 10 gpm is probably the maximum
possible over an extended period from single
wells in the terrace deposits.

Wisconsinan and Recent Alluvium

Four wells obtaining water from Wiscon-
sinan gravel deposits were inventoried in Neo-
sho County. The minimum yield reported
from these wells was 3 gpm (well 28-20-30ca)
and the maximum yield was 8 gpm (well 29-
20.3ab). Analyses of water samples from two
of these wells, 28-20-30ca and 29-21-32dd
(Table 1), indicate that water in the Wiscon-
sinan deposits is generally of good quality.
The excessive nitrate (71 ppm) in the sample
from well 28-20-30ca renders the water dan-
serous for infants, but the concentrations of
other ions in the water are well below those
considered objectionable by the Public Health
Service.

One test hole (29-20-15ad) drilled in the
vallev west of St. Paul in July of 1964 con-
tained 4.5 feet of medium to coarse chert
gravel in the interval from 20 to 24.5 feet.
Total depth of the well was 25 feet with the
bottom 0.5 foot penetrating light-gray Holden-
ville Shale. After installation of torch-
perforated steel casing, the well was pumped
for one hour at 20 gpm. Total drawdown at
the end of the hour was 0.6 foot. In view of
the performance of this well, it is likely that
other properly developed wells on the flood
plain (Pl. 1) penetrating sand and gravel
deposits of similar lithology and thickness at
the base of the Wisconsinan alluvium would

Google

yield comparable quantities of water. It is
possible that properly developed wells in de-
posits of this type may yield as much as 50
gpm in local areas. As the saturated thickness
of the material (that part of the deposit that
lies below the water table) is generally about
10 feet during periods of normal rainfall, the
available drawndown in wells and conse-
quently the yields would vary with time.
During periods of deficient rainfall, for ex-
ample, it is quite likely that the water table
would drop and as a result the available draw-
down and yields would decrease.

In summary, it seems probable that 10 gpm
is the maximum yield that may be expected
from the Illinoisan terrace deposits for ex-
tended pumping periods. Yields of as much
as 30 gpm are probably available for long
periods of time from properly constructed
and developed wells in the Wisconsinan allu-
vium. Wells producing as much as 50 gpm
may be adversely affected by slight lowering
of the water table and can be expected to
decrease in yield over an extended pumping
period.

Other Stream Valleys

The valleys of the smaller streams that are
tributaries to the Neosho or Verdigris rivers
contain alluvium of Pleistocene and Recent
ages. These deposits are composed predomi-
nantly of very fine-grained material. but lo-
cally lenses of sand and chert pebbles are
present in the basal part. The thickness of
the alluvium ranges from 0 to as much as
30 feet.

Few wells obtain water from these deposits.
but as much as 1 gpm is probably available
everywhere the alluvium is more than 10 feet
thick. One well (28-19-14cd) drilled into
the alluvium of Canville Creek reportedly
yields as much as 30 gpm for extended periods
of time. The water from this well is of good
quality (Table 1), although very hard (346
ppm total hardness), and is probably repre-
sentative of water available from the alluvial
deposits in the smaller valleys.

UTILIZATION OF GROUND WATER

In Neosho County, the chief use of ground
water is for domestic and stock purposes. It
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is estimated that in 1961 about 300,000 gpd
(gallons per day) were obtained from wells
and springs. The total 1961 use is estimated
at 109 million gallons or about 334 acre-feet.

No cities or towns in Neosho County utilize
ground water for their municipal supply. All
public supplies in the County are obtained
from surface-water sources. However, some
residents of the municipalities with public
supplies use private wells to supplement their
water supply when surface-water sources are
deficient.

Use of ground water for industrial pur-
poses is limited to wells used by service sta-
tions for car-washing facilities. No irriga-
tion projects that use ground water are known
in Neosho County.

SUMMARY

In Neosho County the rocks above the
Precambrian basement complex have an aver-
age thickness of about 2,100 feet and all are
of sedimentary origin. Rocks of Cambrian,
Ordovician, Devonian(?), Mississippian,
Pennsylvanian, Tertiary, and Quaternary ages
are present. The exposed Pennsylvanian,
Tertiary, and Quaternary rocks are nearly 700
feet thick.

The dominant regional structure is the
Prairie Plains Monocline, chiefly post-Permian
in age, which imparts to the outcropping
Pennsylvanian rocks a northwestward dip of
about 20 feet per mile. Locally, the dip is
as much as 40 feet per mile to the northwest.

Fresh water is obtained from wells as deep
as 300 feet in consolidated rock aquifers, but
most wells in the County are less than 100
feet deep. Most wells in the County are drilled
wells, but large-diameter dug wells are com-
mon in the low-yielding limestone and shale
aquifers; driven wells are the usual type found
in the stream valleys.

In general, sandstone aquifers in the
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Bandera, Galesburg, and Chanute shales are
more productive than limestone or shale
aquifers. Yields range from less than 30
gallons per hour in some of the limestone and
shale aquifers to slightly more than 15 gpm
in the sandstone aquifers. The highest re-
ported yields were from wells obtaining water
from the Noxie and Cottage Grove sandstone
members of the Chanute Shale.

Yields of as much as 30 gpm are reported
from unconsolidated rocks of Wisconsinan
age in the valley of Canville Creek. Test
drilling and a short-term pumping test of a
well penetrating Wisconsinan deposits in the
Neosho River valley indicate that as much as
50 gpm may be available locally from wells
completed in the sand and gravel at the base
of the Wisconsinan material.

Water from most wells in the area is highly
mineralized. However, water from the sand-
stone and unconsolidated rock aquifers tends
to be softer and generally of better quality
than that from limestone and shale aquifers.
Nitrate concentration greater than 45 ppm was
found in 23 of 42 water samples analyzed for
this report. In view of the common occur-
rence of high-nitrate water and the hazard
that such water poses for infants, it is ad-
visable that water for domestic use be analyzed
to determine the nitrate content.

RECORDS OF WELLS, TEST
HOLES, AND SPRINGS

Information pertaining to 171 water wells,
test holes, and springs in Neosho County and
northern Labette County is given in Table 2.
Measured depths to water are shown to the
nearest 0.01 foot, whereas depths reported by
the owner, tenant, or driller are given only to
the nearest foot. Similarly, measured depths
of wells are shown to the nearest 0.1 foot,
whereas reported depths are shown only to
the nearest foot.
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Jungmann—Geology and Ground-Water Resources of Neosho County, Kansas

LOGS OF TEST HOLES

Presented on the following pages are logs of
15 test holes in Neosho County and northern
Labette County drilled with a truck-mounted
power auger owned by the U. S. Geological
Survev. Also included are logs of two test
holes drilled with a cable-tool machine.

27-18-9bbb.—Sample log of test hole in NW NW
NW sec. 9, T 27 S, R 18 E, at south end of board
fence behind building; drilled July 29, 1964. Alti-
tude of land surface 925 feet; depth to water 15.20
feet.

Thicknrss, D) pth,

feet fret

Soil, black ...... ... . ... ... 2 2

QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE
Aluvium
Silt, brown, sandy .. ... ... 2 4
Silt, gray, limonite mottling,

clayey .. ... ... ... .. 4.5 8.5

Silt, brown, some very fine
sand, slightly clayey, much

sand at bottom ........... 11 19.5
Gravel, brown, very coarse,
much very fine to coarse
sand, silt and clay, lime-
stone cobbles at 26 feet ... 10.5 30
PENNSYLVANIAN
UpPER PENNSYLVANIAN SERIES
MissOURIAN STACE
CHANUTE SHALE
Shale, gray ..... ... ... .. 1 31

27-18-21bdd.—Sample log of test hole in SE SE
NW sec. 21, T 27 S, R 18 E, between house and
south fence of corral about 30 feet north of base of
hicghway fill embankment; augered Nov. 4, 1960.
Altitude of land surface 906.2 feet; depth to water

10.60 feet.
Thickness, Depth,
feet fret
Soil, black, sandy ... .. ... 35 3.5
QU ATERNARY
PLEISTOCENE SERIES
W ISCONSINAN STAGE
Alluvium
Sand, light-brown, fine-grained,
silty, yellow clay stringers. . 5
Sand, medium-brown, clayey, 5 13.:
Fine chert pebbles, light.
brown,silty ... ... . ... 6.5
Fine chert pebbles, coarse
sand, clayey
PENNSYLVANIAN
UpPER PENNSYLVANIAN SERIES
MiSSOURIAN STAGE
CHANUTE SHALE
Shale, bluish-gray

oo o0
Lhin

8

,,,,,,,,,, 23

27-18-21-dab.—Sample log of test hole in NW NE
SE sec. 21, T 27 S, R 18 E, on north shoulder of
abandoned highway about 400 yards east of over-
pass: augered Nov. 4, 1960. Altitude of land sur-
face 904.2 feet; depth to water 5.22 feet.

Google
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Thickness, Depth,
feet fret
Soil, brown . . ... ... 35 3.5
QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE
Alluvium
Silt, brown, yellow clay string-

ers, some coarse sand ... .. 5 8.5
Silt, grayish-yellow, clayey .. 5 13.5
Fine to very coarse brown
chert pebbles, brownish-
gray silt ... .. . 5 18.5
PENNSYLVANIAN
UrPER PENNSYLVANIAN SERIES
MissOURIAN STACE
CHANUTE SHALE
Shale, light-gray, slightly cal-
careous . ................ 18.5

27-18-22caa.—Sample log of test hole in NE NE
SW sec. 22, T 27 S, R 18 E, on west side of driveway
35 feet south of U. S. Highway 59; augered Nov. 4,
1960. Altitude of land surface 904.0 feet; depth to
waler 15.67 feet.
Thickness, Depth,
feet feet
Soil, dark-gray, clavey .35 3.5
QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE
Alluvium
Silt, brownish-yellow, clavey 10
Sand, brown, fine-grained.
some fine chert pebbles . 5
PENNSYLVANIAN
UprPER PENNSYLVANIAN SERIES
MissOURIAN STAGE
DENNIS LIMESTONE
Limestone, light-brown, finely

crystalline 185

27-18-23bce.—Sample log of test hole in SW SW
NW sec. 23, T 27 S, R 18 E, on north side of U. S.
Highway 59 inside fence row ahout 6 feet west of
gate; augered Nov. 3, 1960. Altitude of land surface
910.9 feet; depth to water 14.50 feet.

Thickness, Depth,
feet feet
Soil, light-brown 35 3.5
QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE
Alluvium
Silt, light-brown, clayey 5 8.5
Silt, dark-brown, clavey 5 13.5
Silt, light-brown, clayey .10 23.5
Silt, brown 1.5 25

Sand, dark-gray, few fine chert
pebbles .. .. o1 26
PENNSYLVANIAN
UppER PENNSYLVANIA SkRIEs
MISSOURIAN STAGE
DENNIS LIMESTONE
Limestone, light-brown ... . 26

27-18-23cba.—Sample log of test hole in NE NW
SW sec. 23, T 27 S, R 18 E. on levee 13 feet south of
U. S. Highway 59: augered Nov. 3, 1960. Altitude of
land surface 906.7 feet: depth to water 11.00 feet.



Thickness, Depth,
feet feet
Fill material ... ... .. .. ... 8.5 3.5
QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE
Alluvium
Silt, brewnish-black, some
very fine sand, clayey ... .. 5 13.5
Silt, light-yellowish-brown,
some very fine sand, clayey, 5 18.5
Silt, light-brown, some fine
sand, micaceous, clayey ... 5 23.5
Silt, dark-gray, medium sand.. 5 28.5
PENNSYLVANIAN
UpPER PENNSYLVANIAN SERIES
MissOURIAN STAGE
DeNNIs LiMESTONE
Limestone, light-gray, finely-
crystalline ....... ... . . . . 28.5

28-20-30daa.—Sample log of test hole in NE NE
SE sec. 30, T 28 S, R 20 E, 15 feet south of driveway
into barnyard on west shoulder of U. S. Highway 59;
augered Nov. 3, 1960. Altitude of land surface 890.9
feet; dry hole.
Thickness, Depth,
feet feet
Seil, black ... ... . . .. .. 35 35
QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN (?) STAcE
Alluvium
Silt, yellowish-brown, clayey,
slightly calcareous ... . . .
Silt, brownish-gray, some
coarse limestone sand . 6.5
PENNSYLVANIAN
UpPER PENNSYLVANIAN SERIES
MissoURIAN STACE
HertiaA LiMESTONE
Limestone, gray ......

13.5 17
23.5

23.5

28-30-30ddd.—Sample log of test hole in SE SE
SE sec. 30, T 28 S, R 20 E, about 4 feet west of drive-
way on north side of road; augered Nov. 3, 1960.
Altitude of land surface 887.3 f.et; depth to water
17.30 feet.

Thickness, Depth,
feet feet
Soil, dark-gray, silty . . 3.5 3.5
QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE
Silt, light-yellowish-brown,
clayey ... .. .. ... .. 2 5.5
Silt, yellowish-brown, some
very fine sand .. ... o 8.5
Silt, light-vellowish-brown,
clayey, slightly caleareous. . 5 13.5

Silt,  yellowish-brown, mica-
ceous, clayey ... ... .. 6 19.5
Pex~NsyLvanian
UppPeR PENNSYLVANIAN SERIES
MiISSOURIAN STAGE
Hertoa LiMestone
Limestone, gray .

28-20-31ddb.—Sample log of test hole in NW SE
SE sec. 31, T 28 S, R 20 E, on north side of U. 8.

Google
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Highway 59 at base of highway fill on driveway head-
ing north; augered Nov. 3, 1960. Altitude of land
surface 880.3 feet; depth to water 4.20 feet.

Thickness, Depih,
feet feet
Soil, dark-gray, sandy ...... 35 3.5
QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE
Alluvium
Silt, brownish-black, clayey.. 2 5.5
Silt, brown, clayey .......... 3 8.5
Sand, brownish-black, very
fine-grained, clayey ...... . 15 235
Sand, brown, silty, some
coarse chert pebbles . ... .. 6.5 30
PENNSYLVANIAN
UpPeR PENNSYLVANIAN SERIES
MissouriaN Stace
LADORE SHALE
Shale, gray ............. .. 30

29-20-6cde.—Sample log of test hole in SW SE SW
sec. 6, T 29 S, R 20 E, on east side of abandoned
road 5 feet north of east side of concrete culvert:
augered Nov. 3, 1960. Altitude of land surface 877.9
feet; depth to water 2.30 feet.
Thickness, Depth,
feet feet
Soil, black, silty ..... .. ... 3.5 3.5
QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE
Alluvium
Silt, brownish-black, clayey.. 5
Silt, brownish-black, some
coarse to very coarse sand,
few fine chert pebbles .... 5 13.5
Silt, light-brown, some coarse
to very coarse sand ..... .. 5 18.5
Silt, light-brown, some coarse
sand ... ... ... ... . .. .. 65 25
Chert pebbles, fine, some silt
andclay ........ ... .. ... 5 30
Sand, medium - gray,
grained
PENNSYLVANIAN
UprPER PENNSYLVANIAN SERIES
MissoURIAN STAGE
LADORE SHALE
Shale, medium-gray, slightly
calcareous

29-20-15add.—Sample log of test hole in SE SE
NE sec. 15, T 29 S, R 20 E, at north edge of con-
crete parking apron; drilled July 28, 1964. Altitude
of land surface 870 feet; depth to water 15.05 feet.

Thickness,  Deph,
feet fort
) | 6 6
QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE
Alluvium
Silt, dark-gray, clayey ... ... 7.5 13.5
Silt, gray-orange, variegated,
clayey; some very fine sand,
black ironstone concretions, 4.5 18
Sand, gray, very fine, clayey.. 2 20

-

RS
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Gravel, brown chert, medium
to very coarse, much very
fine sand and silt, clayey .. 4.5
PENNSYLVANIAN

MippLE PENNSYLVANIAN SERIES
DESMOINESIAN STACGE

HOLDENVILLE SHALE
Shale, light-gray

24.5

31-21-15eec.—Sample log of test hole in SW SW
~W sec. 15, T 31 S, R 21 E, on north edge of grader
Jitch on north side of U. S. Highway 160 about 3
iret west of driveway into field; augered Nov. 2,
1960. Alitude of land surface 836.1 feet; depth to
water 13.67 feet.

QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE

Thickness, Depth,

Alluvium feet feet
Silt, brown e .. 35 3.5
Clay, yellowish-brown, silty 5 8.5
Sand, yellowish-red, very fine-

grained, clayey .. ... . .. 5 13.5

Sand, yellowish-brown, fine-
grained, some coarse chert
pebbles, clayey .. ... . .10

PENNSYLVANIAN
MippLE PENNSYLVANIAN SERIES
DESMOINESIAN STAGE
Fort Scort LiMESTONE
LiTTLE OSAGE SuaLE MEMBER

23.5

Siltstone, light-gray, some
very fine sand grains, very
hard . ... 05 24,

31-21-16dde.—Sample log of test hole in SW SE
SE sec. 16, T 31 S, R 21 E, 6 feet east of driveway
and 10 feet north of east-west fence; augered Nov. 2,
1960. Altitude of land surface 837.5 feet; depth to
water 14.50 feet.

QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE Thickness, Depth,
Alluvium [ fret

Silt, light-brown, clayey . .. 135 13.5
Silt, brownish-black, clayey . 5 18.5
Nosample .............. ... 5 23.5
Silt, brownish-black, clayey .. 5 28.5
Sand, brown, quartzitic, very

fine-grained ............ .. 33.5
Coarse chert pebbles ... .. .6 39.5

PENNSYLVANIAN
MipLE PENNSYLVANIAN SERIES
DESMOINESIAN STAGE
Fort Scorr LiMEsTONE . ... . 0.5 40

31-21-17ded.—Sample log of test hole in SE SW
SE sec. 17, T 31 S, R 21 E, on west shoulder of north-

Google

south road about 100 feet north of U. S. Highway
160; augered Nov. 2, 1960. Altitude of land surface
846.7 feet; depth to water 14.90 feet.

Thickness, Depth,
feet feer
Road Al ... .. .. . ... ... ... 35 3.5
QUATERNARY
PLEISTOCENE SERIES
ILLINOISAN STAGE
Terrace deposits
Silt, yellow, clayey ... ... ... 5 8.5
Silt, yellow, clayey, slightly
calcareous ............... 5 13.5
Silt, light-yellow, clayey .... 6.5 20.0
PENNSYLVANIAN
MippLE PENNSYLVANIAN SkRiks
DESMOINESIAN STAGE
Fort Scort LiMESTONE .. ... .. 20.0

31-21-20aba.—Sample log of test hole in NE NW
NE sec. 20, T 31 S, R 21 E, in grader ditch on east
side of creek about 15 feet south of highway slah:
augered Nov. 2, 1960. Altitude of land surface 839.06
feet; depth to water 11,90 feet.

Thickneas, Depth,
feet feet
Soil, black .. . 3.5 2.5
QUATERNARY
PLEISTOCENE SERIES
ILLINOISAN STAGE
Terrace deposits
Silt, yellow, clayey .. .65 10
Silt, yellow, elayey, some fine
chert pebbles . ... . 7 17

Shale, weathered, dark-gray,
some fine chert pebbles. . 1 1¢
PENNSYLVANIAN
MipbLE PENNSYLVANIAN SERIES
DESMOINESIAN STAGE
Fort Scott LiMestoNE . 18

31-21-21bba.—Sample log of test hole in NE NW
NW see. 21, T 31 S, R 21 E, on west bank of creek
about 3 feet south of base of riprap at west end ot
bridge; augered Nov. 2, 1960. Altitude of land sur-
face 838.8 feet; depth to water 5.20 feet.

Thickness, Depth,
feet feet
Soil, black . .35 3.5
QUATERNARY
PLEISTOCENE SERIES
WISCONSINAN STAGE
Alluvium
Silt, dark-gray, clayey 5 8.5
Silt, yellow, clavey ... .. .. 5 135
Sand, light-brown, very fine-
grained, clavey ... . 5 18.5
PENNSYLVANIAN
MinpLE PENNSYLVANIAN SERIES
DESMOINESIAN STAGE
ForT Scott LIMESTONE 185
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:‘fvlé2l-22aba’}:—5§m§1e2 llO]% gf) tfest holehianW NW Thfif"lm‘", fop:b.
sec. 22, T 31 S, , eet south of junction i . o v
of railroad and U. S. Highway 160; augered Nov. 2, Safnidl;e.yerll:iw ls‘:i'b'i;)i”uné c‘ie;y

1960. Altitude of land surface 849.3 feet; depth to grained, y

stringers ................ 5 135
water 21.42 feet. Thickness, Depth Sand, light-yellowish-brown,
feet  feet _very fine-grained, clayey ... 5 18.5
Soil, yellowish-brown, clayey, 3.5 35 Silt, light-yellowish-brown,
QUATERNARY clayey ............... ... 9.5 28
PLEISTOCENE SERIES PENNSYLVANIAN
ILLINOISAN STAcE MippLE PENSYLVANIAN SERIES
Terrace deposits DESMOINESIAN STAGE
Silt, yellowish-brown, clayey, 5 85 Fort Scort LIMESTONE . . 28
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