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GEOLOGY AND GROUND-WATER RESOURCES
OF KANSAS RIVER VALLEY BETWEEN
WAMEGO AND TOPEKA VICINITY

By Henry V. BEck
ABSTRACT

The geography, geology, and ground-water resources of Kansas River valley
from Kiro in Shawnee County to the west boundary of Range 10 East in Potta-
watomie County are described in this report. The area comprises about 280
square miles, including parts of Shawnee, Wabaunsee, and Pottawatomie Coun-
ties. It is a major agricultural area and a potential industrial area.

The valley is asymmetrical, having steep bluffs on the south and gentle slopes
on the north. The indurated rocks, limestone, shale, and sandstone of Penn-
sylvanian and Permian age, dip gently westward to ‘the Nemaha Anticline,
where the dip reverses. These rocks are the source of construction materials
and small but important quantities of ground water.

Unconsolidated Pleistocene sediments blanket much of the area north of the
river, and sediments representing all subdivisions of the Pleistocene Series are
present. The principal deposits are till of Kansan age, terrace deposits formed
during the Kansan, Illinoian, and Wisconsinan stages, loesses of Illinoian and
Wisconsinan age, alluvium of Wisconsinan and Recent age, and dune sand of
Recent age. The interglacial stages are represented by soils formed during
times of ice retreat. ’ :

The Illinoian and Wisconsinan terrace deposits and Wisconsinan and Recent
alluvium are the most prolific sources of ground water, yielding large supplies
for irrigation and municipal wells. The till of Kansan age, found chiefly on
divides, yields little water. The Kansan terrace deposits, which rest on bedrock
that lies above the present valley surface, have been dissected by erosion; hence
much of the water drains from them. The principal use of ground water is for
irrigation, and the data indicate that the supply of ground water is sufficient for
additional development of irrigation and industrial supplies.

Maps, cross sections, plates, and figures are used to present geologic and
ground-water data. Well logs, water-level measurements, aquifer-test data,
and chemical analyses are given.

INTRODUCTION

Kansas River valley has been studied from Kansas City to Kiro,
near Topeka, and this investigation was begun in the summer of
1951 to extend the study upstream to Wamego. This investigation
was made and the report was prepared to fulfill the requirements
of a Doctorate thesis at the University of Kansas.

The increased use of ground water for irrigation in Kansas River
valley from Kiro to Wamego has made it desirable to investigate the
quantity, quality, and availability of ground water. This study was
made to evaluate the present ground-water supply and to serve as a
guide for future ground-water development.

(7)
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LocATION AND EXTENT OF THE AREA

The part of Kansas River valley described in this report extends
from the east boundary of Range 14 East near Topeka to the west
boundary of Range 10 East near Wamego, a distance of 30 miles.
The north and south limits of the area are governed by the geology
and drainage (Fig. 1). The drainage area of Kansas River in the
western part of Shawnee County, in the eastern part of Pottawatomie
County, and in the northeastern part of Wabaunsee County was
studied. A total of about 280 square miles was mapped; the main
valley floor contains approximately 140 square miles.
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Fic. 1.—Index map of Kansas showing area described in this report.

PreEvVIOUs INVESTIGATIONS

The stratigraphy of the Pennsylvanian rocks in the Kansas Valley
region was described by Moore (1936, 1949), and their distribution
is shown on the geologic map of Kansas (Moore and Landes, 1937).
The Upper Pennsylvanian and Lower Permian rocks have been re-
classified by Moore and Mudge (1956). The outcropping rocks of
Pennsylvanian and Permian age in Pottawatomie County were
mapped by Glenn Scott of the U. S. Geological Survey during 1948
and 1949, and this map will be published in a circular describing
the construction materials of that county.

The first mention of glaciation in Kansas was by Hay (1892). He
described some of the glaciated areas and recognized the southern
limit of the ice advance in Kansas as coinciding with the bluffs
along the south side of Kansas River valley in Wabaunsee County.
Haworth (1894) explained the glacial gravels composed of flint or
chert as deposits derived from local limestones. Because these
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gravels were poorly sorted, he concluded that water had acted on
them only slightly, if at all. A study of the glacial boulders by
Swem (1896) showed that 75 percent of them are 1 to 3 feet in
diameter and composed of Sioux Quartzite. The quartzite shows
little weathering, whereas granite boulders are deeply weathered.

Smyth (1896) described a well-defined boulder belt extending
from the southeastern corner of Shawnee County northwestward to
Shunganunga Creek, thence west northwest, which in Pleistocene
time temporarily dammed Kansas River south of Wamego. Later,
Smyth (1898) described a series of possible lakes formed by dam-
ming of Kansas Valley by glacial ice. Kaw Lake was the greatest
of these, extending from Wabaunsee westward to Salina. }

Todd (1911, 1918, and 1920) described and mapped Pleistocene
deposits in eastern Kansas. He interpreted the age of the topo-
graphically high chert gravels to be Pliocene, concluding that they
were overridden in places by the advancing ice. He recognized
some major drainage changes and pointed out that most drainage
ways have been deepened since retreat of the ice front.

Schoewe (1922, 1930, 1938, 1939) described many glacial deposits
and mapped the location of glacial striae in eastern Kansas. The
glaciated area of Kansas was remapped, and revised borders were
delineated along the west and south of the territory.

By means of mineralogical and grain-size analysis of glaclal sedi-
ments in the vicinity of Manhattan, Harned (1938) concluded that
field observations were not conclusive in establishing the origin of
parent material of soils. Lill (1946) reported illite, a clay mineral,
in glacial sediments, particularly in Marshall and Washington Coun-
ties, which lie to the west of the area of this report.

The first major attempt to correlate the nonglacial sediments of
Pleistocene age in the central Great Plains with the glacial sedi-
ments was that of Frye, Swineford, and Leonard (1948). This
correlation was based on petrographic and paleontological evidence.
Frye and Leonard (1949) described the stratigraphic sequence in
northeastern Kansas. Buried soils separating loess deposits were
formed mainly during the interglacial stages. Frye (1949, p. 482)
pointed out that fossil soils are perhaps the most usable lithologic
criterion for stratigraphic correlation and classification of Pleisto-
cene sediments in Kansas.

A subsurface reconnaissance of glacial deposits in northeastern
Kansas was made by Frye and Walters (1950). That study dis-
closed a sag in the bedrock floor across southern Marshall and Nem-
aha Counties that was interpreted as a possible post-Nebraskan,
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pre-Kansan erosional feature. Their cross sections indicate that the
surface traversed by the glaciers had less relief than the present
surface. .

Frye (1951) pointed out that all evidence seemed to indicate that
interglacial intervals were times of soil formation and that glacial
intervals were times of soil destruction or burial. The stratigraphic
sequence in Kansas shows five major and several less distinct soil-
forming intervals. The soils formed during these intervals, from
oldest to youngest, are the Afton, Yarmouth, Sangamon, and Brady
buried soils, and modern surface soil. The definition, description,
and correlation of late Pleistocene loesses are included in a paper by
Frye and Leonard (1951). The considerable difference between
the early and late Pleistocene sediments throughout the state was
pointed out.

-Davis (1951) studied the gravels in the terrace deposits in Kansas
River valley between Topeka and Lawrence. He concluded from
the lithology that four principal gravels can be recognized: (1)
pre-glacial gravels, (2) glacial outwash of Kansan age, (3) gravels
from Kansas Till, and (4) gravels of Illinoian to Recent age. A
report of the Pleistocene stratigraphy of Kansas by Frye and Leon-
ard (1952) gives a history of the unit names and their present
usage. Their report includes a summary of the Pleistocene geology
of Kansas and a reconnaissance map that shows the areal distribu-
tion of Pleistocene sediments. The geology and ground-water re-
sources of Kansas River valley between Lawrence and Topeka were
described by Davis and Carlson (1952), who proposed the names
Menoken, Buck Creek, and Newman for terraces along Kansas River.

METHODS OF INVESTIGATION

The geology of the area was mapped on aerial photographs hav-
ing a scale of about 3 inches per mile and transferred to a base map
(PL 1). Reconnaissance trips were made into adjacent areas to aid
in comprehension of the regional geology. Rocks of principal in-
terest in this study were those belonging to the Pleistocene Series.
The sedimentary rocks of Pennsylvanian and Permian age were
grouped into convenient units for mapping and for showing their
relation to the Pleistocene sediments.

Wells were inventoried, and the depths to water, depths of wells,
and other useful information are summarized in Table 7. Samples
of water were collected from 15 wells, and chemical analyses of
them were made by the State Board of Health (Table 4). The lo-
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cations of wells inventoried, the depths to water, and the water-table
contours are shown on Plate 2.

Information for three geologic cross sections (PL 3) was obtained
from test drilling by the Federal and State Geological Surveys.
Idealized geologic sections showing stages of development of Kan-
sas River valley are given in Figure 4. Logs were prepared after
examination of cuttings in the field, supplemented by microscopic
examination of selected cuttings in the laboratory.

Samples of gravel were collected from various deposits in the:
area, and the size distribution of constituent particles was deter-
mined by mechanical analyses. The material retained on the 4-
millimeter sieve was studied further to determine its composition,
as was done by Davis (1951) to differentiate gravels of four dif-
ferent ages.

WELL-NUMBERING SYSTEM

The well-numbering system used in this report gives the location
of wells according to General Land Office surveys and according to
the following formula: township, range, section, 160-acre tract
within the section, and 40-acre tract within the quarter section. If
two or more wells are in the same 40-acre tract, the wells are num-
bered serially according to the order in which they were inventoried.
The 160-acre and 40-acre tracts are designated a, b, ¢, and d in a
counterclockwise direction beginning in the northeast quarter. Be-
low are two examples illustrating the well-numbering system:

Well number General Land Office description

10-12-20bc .. ... e SW% NW% sec. 20, T. 10 S., R. 12 E.

9-146da ................ . NE% SEY% sec. 6, T.9S.,R. 14 E,
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GEOGRAPHY

ToPOGRAPHY

The part of Kansas River valley between Topeka and Wamego is
on the boundary between the Dissected Till Plains and Osage Plains
sections of the Central Lowlands physiographic province as defined
by Fenneman (1931) and Frye (1946, p. 276). Schoewe (1949,
p. 276) includes this part of the valley in the Attenuated Drift Bor-
der of the Dissected Till Plains. He points out that the topography
is more bold than the true Dissected Till Plains but less bold than
the Osage Plains to the south because discontinuous deposits of till
mask the bedrock topography. ‘

Where Kansas River is close to the south side of the valley, an
asymmetrical profile normal to the course of the river is produced.
The south valley wall is more abrupt than the north valley wall, and
the north-flowing tributaries have steeper gradients than the south-
flowing ones. The main valley of Kansas River is divided topo-
graphically into the channel-scarred flood plain and a flat poorly
drained terrace.

The total relief of the area is about 345 feet, and local relief is
about 150 feet. The highest point in the area, on the divide be-
tween Kansas River and Mill Creek in Wabaunsee County, has an
altitude of about 1,240 feet; the lowest point, along Kansas River at
the eastern extremity of the area, has an altitude of about 895 feet.

CLIMATE

Kansas River valley is included in the area having a humid con-
tinental climate. According to the U. S. Weather Bureau, at Wa-
mego the warmest months are July and August, which have monthly
mean temperatures of 81.3° and 79.6°F, respectively, and daily
maximums often in excess of 100°F. The summer of 1954 was un-
usually hot and the temperature was above 110°F for two days. The
coldest months generally are December and January, which have
monthly mean temperatures of 33.7° and 30.5°F, respectively. Win-
ters are generally mild, but there are occasional cold waves during
which the temperature is between 10° and -5°F for one to five days
at a time. The annual mean temperature in the region is about 56°F,
and the average length of the growing season is about 185 days.

Most of the precipitation is received from April through Septem-
ber. The normal annual precipitation is 31.73 inches at Willard,
the recording station nearest the center of the area. Figure 2 gives
the normal monthly precipitation at Willard, and Figure 3 gives
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the monthly precipitation and the cumulative departure from nor-
mal for the period April 1951 to January 1957.

TRANSPORTATION

The area is served by main lines of the Union Pacific Railway
Co., which parallels Kansas River on the north side of the river, and
the Chicago, Rock Island, and Pacific Railroad, which parallels the
river on the south side from the east end of the area to the junction
of Kansas River and Mill Creek, about 2 miles east of Maple Hill,
where the railroad turns southwestward up Mill Creek valley.

Paved highways passing east-west through the area are U. S.
Highways 24 and 40 and Kansas Highway 10. The last two are the
principal highways on the south side of the river between Topeka
and Junction City. U. S. Highway 24 parallels the river on the
north side. Kansas Highway 63 is a paved highway north from St.
Marys. The secondary roads in the area are all-weather gravelled
roads maintained either by the townships or the counties.
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AGRICULTURE AND INDUSTRY

The principal crop grown in the area is corn. Much seed corn is
raised between Wamego and Silver Lake for the Kansas Farmers
Union in St. Marys. Other major crops include wheat, alfalfa, and
soybeans. The uplands are used chiefly for grazing livestock, as
the land is generally too rough and stony to be cultivated. Some
of the highest divide areas have been planted to wheat or milo.

There are very few industries in this part of Kansas River valley.
Alfalfa-dehydrating plants operate seasonally at Belvue, Rossville,
and Wamego. No quarries were active in 1956, but there are many
inactive limestone and gravel quarries.

GEOLOGY IN RELATION TO GROUND WATER

Indurated rocks of Pennsylvanian and Permian age crop out along
the sides of Kansas River valley. The regional dip is westward
about 15 feet per mile from Kiro to the vicinity of Belvue. From
the vicinity of Belvue westward, the buried Nemaha Anticline
causes a reversal, and the rocks dip gently eastward. Unconsoli-
dated sediments of Quaternary age blanket most of the area, how-
ever.

For convenience in mapping and description, the limestones,
shales, and sandstones of the Pennsylvanian and Permian Systems
were grouped into units larger than formations as defined by Moore
and others (1951). With the exception of the Council Grove Group
(Permian), which was arbitrarily divided into three unequal parts,
subgroups and groups were mapped as units. A generalized geo-
logic section of the Pennsylvanian, Permian, and Quaternary units
mapped is given in Table 1.

PENNSYLVANIAN SYSTEM
VIRGILIAN SERIES
Wabaunsee Group

Sacfox Subgroup.—Strata of the Wabaunsee Group exposed be-
low the base of the Burlingame Limestone were mapped as the
Sacfox Subgroup. Only the Silver Lake Shale and Rulo Limestone
are exposed. They crop out on the south side of the river at the
base of the bluff east of Mission Creek (Pl 1).

The Silver Lake Shale is blue gray and weathers gray to yellow
(Pl 4A). Itis clayey and contains thin lenticular beds of impure
platy limestone. The Rulo Limestone is blue gray and weathers
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PrATE 4.—A, Silver Lake Shale and overlying Burlingame Limestone in road
cut in SE4 NEY sec. 36, T. 11 S., R. 14 E. B, Tarkio Limestone in quarry in
sec. 29, T. 11 S., R. 14 E.
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mottled light and dark brown. The exposed thickness of the Sacfox
Subgroup is about 32 feet. No wells that yielded water from the
Sacfox Subgroup were inventoried.

Nemaha Subgroup.—The Nemaha Subgroup includes strata from
the base of the Burlingame Limestone to the top of the Tarkio Lime-
stone. The contact between the Sacfox Subgroup and the Nemaha
Subgroup is conformable. The outcrops of the subgroup are most
extensive on the south side of the river east of Maple Hill (Pl 1);
there are less extensive outcrops on the north valley wall, where
overlying Quaternary sediments have been removed by erosion.

The limestone formations in the Nemaha Subgroup range in thick-

ness from 1 to 6 feet and the shales from 10 to 40 feet. The lime-
stones are generally fossiliferous and brown and weather mottled
brown. In limestone formations that contain two or more layers,
the layers are separated by thin shale partings. The Tarkio Lime-
stone (Pl. 4B) may be identified on the basis of large fusulinids and
algal remains, and the Reading Limestone may be identified easily
in a weathered exposure because it weathers into three or four
layers of uniform thickness (Pl. 5A). The shales are generally dark
gray or blue and weather gray or light tan. They are generally
clayey and contain calcareous layers just below the limestones.
Lenticular layers of clayey limestone are common in the Auburn
Shale.
" Good exposures of the Nemaha Subgroup may be seen in road
cuts along Kansas Highway 10 and U. S. Highway 40 in Shawnee
County. The total thickness of the subgroup may be as much as
117 feet, but is about 90 feet in the area mapped. Laterally the
shales and limestones thicken and thin somewhat, making it difficult
to trace formations on the basis of thickness alone. Wells of small
yield .may be developed locally in the weathered zones of the lime-
stones and shales of the Nemaha Subgroup. Analyses of water from
this subgroup in adjacent areas indicate that the water is hard.

Richardson Subgroup.—The Richardson Subgroup includes the
limestone and shale formations from the top of the Tarkio Lime-
stone to the top of the Brownville Limestone. The subgroup crops
out generally on the sides of the valley from the vicinity of Willard
west to Turkey and Bourbonais Creeks and from Wamego west to
Range 9 East. In the central and western parts of the valley, much
of the subgroup is covered by younger sediments.

The Richardson Subgroup is composed predominantly of clayey
and sandy blue-gray shale, but parts of the Pony Creek and Dry
Shales are variegated red and green. The sandy beds may be mi-
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PLATE 5.—A, Reading Limestone underlying Harveyville Shale and over-
lying Auburn Shale in road cut in SW% SW¥% sec. 30, T. 11 S., R. 14 E.
B, Brownville Limestone capping hill in SW% SW¥ sec. 18, T. 10 S., R. 13 E.
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caceous, yellow or brown, loosely cemented sandstone. The Fried-
rich Shale locally contains sandstone-filled channels cut down as
much as 25 feet into lower beds. Most of the shales in this unit
contain thin coal beds a fraction of an inch to 2 inches thick. Some
parts of the shales are calcareous or contain thin limestone.

The limestone formations are blue gray to gray and weather tan
or brown. They generally contain one or two layers and may
weather into platy limestones. Where the limestone formations are
composed of two or more layers, the shale partings nowhere are
more than a few inches thick. Characteristic fossils in the lime-
stones are fusulinids, brachiopods, and pelecypods and other mol-
lusks. Meekopora and Chonetes are distinctive in the Brownville
Limestone, and local algal or algal-like deposits are prominent in
the upper part of the Grandhaven and Dover Limestones. The
most prominent outcropping limestones are the Brownville, Dover,
and Maple Hill. \

The thickness of the Richardson Subgroup is 150 feet. The in-
dividual shales range in thickness from 10 to 30 feet in this part of
Kansas, and the limestones from 1 to 12 feet. The Grandhaven
Limestone southeast of Maple Hill, consisting of two layers of lime-
stone and an intervening shale layer, is about 6 feet thick. The
Brownville Limestone (Pl 5B) is the thickest single bed of lime-
stone in this subgroup and is about 4 feet thick.

Some stock wells south of the river yield small supplies of water
from one or more of the limestones of the Richardson Subgroup.
Many ponds have been constructed in the outcrop region of the
Richardson Subgroup to supplement the ground-water supply.

PERMIAN SYSTEM
WOLFCAMPIAN SERIES

All the Permian rocks exposed in Kansas River valley are in-
cluded in the Wolfcampian Series. The base of the Permian Sys-
tem is the Indian Cave Sandstone member of the Towle Shale. The
indian Cave Sandstone was not observed in this area, but may be
present locally. Permian rocks crop out from Cross and Mill Creeks
westward, as shown on Plate 1. ‘

Admire Group

The Admire Group is compesed of four shale and three limestone
formations and has been mapped as a single unit. The most exten-
sive outcrops of the Admire Group are in the divide area between
M:ll Creek and Kansas River and northeast of St. Marys. In Rob-
erts and Wells Creek valleys south of Kansas River, the group is
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covered extensively by a terrace deposited during the Illinoian
Stage of the Pleistocene Epoch. Elsewhere, the group is concealed
by thin deposits of weathered Kansas Till.

The shales of the Admire Group are chiefly clayey, but some are
silty, calcareous, or sandy. The shales are very thin bedded to al-
most fissile. They are dark blue gray and weather light gray or tan.
The Hawxby Shale contains many thin-bedded clayey limestone
lenses.

The limestones are generally gray or light brown and weather tan
or buff and are generally massive but weather thin bedded or platy.
The Five Point Limestone, the upper limestone of this group, prob-
ably is the most porous.

The maximum thickness of the Admire Group is about 125 feet.
About 115 feet of this thickness is shale and the other 10 feet is
limestone. Individual limestone formations are 1 to 6 feet thick in
this area. The Five Point Limestone consists of two limestone lay-
ers separated by a thin shale and its total thickness is about 6 feet;
the Falls City Limestone is about 2 feet thick; and the Aspinwall
Limestone is 1 to 3 feet thick.

A few stock wells probably obtain small supplies of ground water
from the Five Point Limestone.

Council Grove Group

The Council Grove Group includes rocks from the base of the
Foraker Limestone to the base of the Wreford Limestone. In Kan-
sas River valley the lower seven formations of the group are ex-
posed. These formations were divided into three units for con-
venience of mapping and description. The lower unit includes strata
from the base of the Americus Limestone member of the Foraker
Limestone to the base of the Burr Limestone member of the Gren-
ola Limestone; the middle unit includes strata from the base of the
Burr Limestone to the base of the Cottonwood Limestone member
of the Beattie Limestone; and the upper unit includes the Cotton-
wood Limestone and Florena Shale members of the Beattie Lime-
stone. The formations crop out from about 4 miles east of St. Marys
to the vicinity of Wamego. Many of the limestones produce promi-
nent topographic benches.

Lower unit.—The Americus Limestone is the basal member in the
lower unit of the Council Grove Group and conformably overlies
the Hamlin Shale of the Admire Group. The lower unit is exposed
most extensively on the north side of the valley from St. Marys west,
where it forms part of the north bluff of the valley. In the valleys
of south-flowing tributaries to Kansas River, it has been covered by
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fills of Pleistocene age. Extensive areas northwest of Maple Hill
are underlain by members of this unit. Terrace deposits cover all
but the uppermost strata of the lower unit in the vicinity of Roberts
and Wells Creeks.

The lower unit includes the Foraker Limestone, Johnson Shale,
Red Eagle Limestone, Roca Shale, and the lower two members of
the Grenola Limestone. The limestones in the Council Grove lower
unit are generally massive and dense. The exception is the Long
Creek Limestone, which is argillaceous, porous, and thin bedded.
It contains many nodules and geodes of celestite and quartz, in-
dicative of subsurface water action. The shales in the lower part
of the unit are dark-gray to green clayey shales and contain lenses
of very fossiliferous argillaceous limestone. One argillaceous lime-
stone lens in the Hughes Creek Shale member contains very abun-
dant fusulinids, and one in the Bennett Shale member contains an
abundance of the brachiopods Marginifera, Composita, and Or-
biculoidea. The Roca Shale is variegated red, green, and tan and
is nonfossiliferous. Outcrops of the Sallyards Limestone and Legion
Shale members of the Grenola Limestone are shown on Plate 6B.

The shales of this unit range in thickness from 2 to 30 feet. The
Roca Shale generally is the thickest and the Legion Shale member
the thinnest. Except the Long Creek Limestone member, which is
commonly about 10 feet thick, the limestone strata range in thick-
ness from 1 to 5 feet.

The weathered zones of the calcareous shales are possible sources
of small quantities of ground water. Seeps from the calcareous
parts of the Hughes Creek Shale and Bennett Shale are common,
and some springs were observed issuing from the base of the Howe
Limestone member. The best source of ground water from the
lower unit is the Long Creek Limestone member, and some of the
upland wells south of Belvue were reported to produce a maximum
of about 10 gallons a minute from it.

Middle unit—The Burr Limestone, Salem Point Shale, and Neva
Limestone members of the Grenola Limestone and the Eskridge
Shale are included in the middle unit of the Council Grove Group
(PL 1). The Burr Limestone and Cottonwood Limestone members
form prominent rock terraces. The unit underlies the divides both
north and south of Kansas River and is covered by thin deposits of
weathered till or residual mantle.

The predominant material of this unit is shale. The Eskridge
Shale is clayey, variegated green, red, and tan, and weathers blocky
(Pl. 6A). In some localities it contains thin argillaceous lime-
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stones. A limestone layer in the upper part of the Eskridge Shale
contains abundant pelecypods Myalina and Aviculopecten. The
Salem Point Shale member between the Neva Limestone and the
Burr Limestone is generally clayey and dark gray and weathers tan.

The limestone members present in the middle unit are the Burr
and Neva Limestones. The Burr Limestone member (Pl. 6B) con-
sists of two beds separated by a thin shale, and both beds are dense,
massive, and tan. The bottom of the lowermost bed is oélitic and
has a sandy appearance. The Neva Limestone member consists of
three beds of limestone separated by thin shales, the middle lime-
stone bed being much thicker than the lower and upper. Weathered
outcrops of the middle limestone are thin bedded and locally honey-
combed. The middle bed is light gray to tan, and the color is not
altered by weathering.

The formations of the middle unit of the Council Grove Group
have a combined thickness of about 65 feet. Thickness of the Esk-
ridge Shale ranges from 25 to 35 feet, of the Neva Limestone mem-
ber from 8 to 10 feet, of the Salem Point Shale member from 8 to
12 feet, and of the Burr Limestone member from 6 to 8 feet.

The Neva and Burr Limestone members are the best aquifers in
the middle unit. Several domestic and stock wells in areas adjacent
to Kansas River valley obtain small supplies of ground water from
the Neva Limestone.

Upper unit.—The strata included in the upper unit of the Council
Grove Group are the Cottonwood Limestone and Florena Shale
members of the Beattie Limestone. They crop out on the crest of
the divide north of St. Marys and in the upland southwest of Belvue.
"~ The Cottonwood Limestone member is a massive tan limestone
(Pl. 6A) and is recognizable because of an abundance of slender
fusulinids in the upper part and flint nodules in horizontal layers at
three or four levels in the massive layer. The lower 1 to 2 feet is
fractured in an irregular pattern; otherwise, the member is a single
massive layer about 5 feet thick.

The Florena Shale member is calcareous and silty, and its lower
part is fossiliferous in most exposures. One of the most abundant
fossils is Chonetes. The member is deeply weathered in exposures,
is gray to tan, and is 2 to 8 feet thick.

The Cottonwood Limestone member is not an important aquifer
in this area. Some seepage between the Florena Shale member and
the overlying mantle was noted in the divide areas.
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QUATERNARY SYSTEM
PLEISTOCENE SERIES

Quaternary deposits in Kansas River valley range in age from pre-
Kansan to Recent and disconformably overlie the Paleozoic rocks
of Permian and Pennsylvanian age. The oldest sediments are gravels
that contain no material of glacial origin and are classed as pre-
Kansan. The most recent deposits are sand dunes formed from the
alluvial sands of the present river channel. The Quaternary deposits
are the principal source of ground water in Kansas River valley and
the adjacent upland. They are also the parent material from which
most of the soils have developed.

Pre-Kansan Gravels

Gravels classed as pre-Kansan (Nebraskan or Tertiary ?) occur
in small isolated deposits high on the divides above Kansas River
northeast of Rossville and northwest of Wamego. The gravels are
composed principally of chert and limestone and contain very small
quantities of erratic material. Davis (1951) concluded that their
composition is considerably different from glacial outwash, and he
classed them as pre-Kansan or remote Kansan proglacial gravels.
The constituent particles of chert and limestone are subangular to
subrounded fragments, which could have been derived from Paleo-
zoic limestones cropping out west of this area.

The thickness of the gravels ranges from a featheredge to 10 feet
and averages about 5 feet. The gravels cannot be traced laterally
any great distance because they have been eroded since their dep-
osition. They are embedded in a matrix of clay, which decreases
the porosity and permeability of these deposits; hence the gravels
are not an important source of ground water.

Kansas Till

Deposits consisting of clay, sand, gravel, and boulders are present
over part of the area on the crests of the divides and o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>