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GEOLOGY AND GROUND-WATER RESOURCES
OF DOUGLAS COUNTY, KANSAS

By Howarp G. O’CoNNOR
ABSTRACT

This report describes the geography, geology, and ground-water resources
of Douglas County, Kansas, which has an area of about 474 square miles and in
1955 had a population of 32,067. The area lies within the Dissected Till
Plain and the Osage Plain sections of the Central Lowlands physiographic
province. Kansas River drains the northern three fourths, and tributaries of
Marais des Cygnes River drain the southern fourth, The mean annual pre-
cipitation at Lawrence is 34.57 inches and the mean annual temperature
56.5° F. Farming, chemical manufacturing, and educational institutions employ
many residents of the area. Oil and gas, sand, gravel, and limestone are
mineral resources currently being produced.

In Douglas County the rocks above the Precambrian basement are 2,400
to 3,000 feet thick and are all of sedimentary origin. They include rocks of
Quaternary, Pennsylvanian, Mississippian, Devonian, Ordovician, and Cam-
brian age. The exposed Pennsylvanian and Quaternary rocks are nearly 1,000
feet thick; their distribution is shown on a geologic map. The thickness, atti-
tude, and sequence of the rock units are shown in cross sections.

The dominant regional structure is the Prairie Plains Monocline, which is
chiefly post-Permian in age and which causes the outcropping Pennsylvanian
rocks to dip northwestward about 20 feet per mile. Faulting and small sharp
flexures in southern Douglas County affect the Pedee, Douglas, and lower Shaw-
nee rocks. The faults and folds are believed to be chiefly nontectonic in
origin. Extensive submarine slides and differential compaction suggest that
the structures are penecontemporaneous and probably are restricted to the
post-Stanton rocks.

Wisconsinan and Recent alluvial deposits 45 to 90 feet thick in the Kansas
River valley yield large supplies of ground water and constitute the most im-
portant aquifer in the area, as more than four-fifths of the ground water
pumped comes from an area of 6 square miles in the Kansas River valley.
Illinoisan fluvial deposits and Kansan glacial and fluvial deposits locally yield
small to moderate ground-water supplies. The Ireland Sandstone member
of the Lawrence Shale and the Tonganoxie Sandstone member of the Stranger
Formation are the most important bedrock aquifers; they provide water for
domestic and stock requirements and small amounts for municipal water sup-
plies.

Fresh ground water occurs locally to a depth of about 500 feet. Water
from Quaternary deposits is generally good except for carbonate hardness and
locally excessive iron content. The Ireland and Tonganoxie Sandstones yield
calcium and magnesium bicarbonate water of good quality in water-table areas,
and downdip or downgradient in the artesian areas they yield a sodium bi-
carbonate water, which is generally soft though high in dissolved solids.

Ground-water pumpage in 1955 was 2,266.4 million gallons, or 6,950 acre-
feet, divided as follows: public supplies 1,610 acre-feet; industrial supplies
4,490 acre-feet; irrigation supplies 630 acre-feet; and other pumpage, 220
acre-feet, Industrial and irrigation use has greatly increased since 1950.

Field data upon which this report is based include records of 436 wells,
test holes, and springs; logs of 196 wells and test holes; and chemical analyses
of 113 water samples.

(9)
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INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION

A study of the geology and ground-water resources of Douglas
County was begun in the spring of 1952 by the State Geological
Survey of Kansas and the U. S. Geological Survey in co-operation
with the Division of Sanitation of the Kansas State Board of Health
and the Division of Water Resources of the Kansas State Board of
Agriculture. As water from wells constitutes an important supply
for municipal, industrial, irrigation, domestic, and stock needs, this
investigation was made to determine the distribution, thickness, and
lithologic and hydrologic properties of the rocks containing fresh
water in the county.

Because rocks older than late Missourian (Pennsylvanian) age do
not contain fresh water they are considered only briefly in this re-
port. Other mineral resources and the structural geology of the
area also are discussed briefly. Data regarding present and poten-
tial ground-water developments, together with the effects of pump-

ing on discharge, recharge, and quality of the water, are summarized
for the principal aquifers.

LocaTioN AND EXTENT OF AREA

Douglas County is in central eastern Kansas and is bounded on
the north by Jefferson and Leavenworth Counties, on the east by
Johnson County, on the south by Franklin County, and on the west
by Osage and Shawnee Counties (Fig. 1). It includes all or parts
of 22 townships, constituting about 474 square miles.
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Fic. 1.—Map showing area discussed in this report, and other areas in

Kansas for which ground-water reports have been published or are in prep-
aration.
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PrevVIOUS INVESTIGATIONS

The sequence of rocks that crop out in Douglas and adjacent
eastern Kansas counties has been studied and described by many
geologists (Haworth, 1894, 1894a, 1895; Bennett, 1896; Beede, 1898;
Todd, 1909, 1911, 1918, 1918a; Hinds and Greene, 1915; Wing, 1921;
Schoewe, 1923, 1924, 1930, 1930a, 1930b, 1949; Moore, 1932, 1936,
1949; Rich, 1932, 1932a, 1933; Patterson, 1933; Moore, Elias, and
Newell, 1934; Newell, 1935; Hoover, 1936; Moore and Landes, 1937;
Moore, Frye, and Jewett, 1944; Frye and Walters, 1950; Lins, 1950;
Moore and others, 1951; Frye and Leonard, 1952; O’Connor and
others, 1955; Ball, 1957; Laughlin, 1957; and Sanders, 1957). Coal
resources of the area have been studied by Haworth (1898), Whitla
(1940), Bowsher and Jewett (1943), and Abernathy, Jewett, and
Schoewe (1947).

Studies relating to the ground-water resources have been made
by Bailey (1902), Haworth (1913), Moore and others (1940), Loh-
man (1941), Davis and Carlson (1952), Merriam (1954), Foley,
Smrha, and Metzler (1955), Grimes (1957), and Dufford (1958).

The subsurface geology has been described by McClellan (1930),
Ockerman (1935), Lee (1943), Lee and others (1946), Lee, Leath-
erock, and Botinelly (1948), and Lee and Merriam (1954). The
geology pertaining to oil and gas has been discussed by Jewett and
Abernathy (1945) and by Jewett (1949, 1954). Named structures
that have geographic application to Douglas County have been
listed by Jewett (1951). Recently Farquhar (1957) has summar-
ized information on the geology of the Precambrian rocks in Kansas.

METHODS OF INVESTIGATION

The data upon which this report is based were obtained chiefly
in the spring and summer of 1952 and 1953 during which time wells
were inventoried, test holes were drilled, water samples were col-
lected for chemical analysis, and most of the areal geology was
mapped. About three months of additional field work between
1954 and March 1957 included the drilling of several more test
holes, inventorying additional wells, collecting additional water
samples for chemical analysis, conducting pumping tests, logging
water wells, and completing the geologic mapping. Data submitted
to March 1957 by co-operating water-well drillers are included in
the report.

Geologic and ground-water data collected and given in reports
by Lohman (1941), Davis and Carlson (1952), and Dufford (1958)
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were partly restudied, and some were modified before inclusion in
this report. Test holes reported in Table 9 were drilled with a
hydraulic-rotary drilling machine owned by the State Geological
Survey and operated by W. T. Connor, K. L. Walters, and E. L.
Reavis, and with a power auger operated by John Perry and Wil-
liam Gellinger. Drill cuttings were collected in the field and later
examined microscopically in the laboratory. Altitudes of wells and
test holes were determined by W. W. Wilson and the author by
planetable and alidade surveys or by interpolation from 7%-minute
topographic maps having 10-foot contour intervals.

The base map used in Plates 1 and 2 was compiled from aerial
photographs obtained from the Production and Marketing Admin-
istration, U. S. Department of Agriculture, and from maps of the
Soil Conservation Service, the State Highway Commission of Kan-
sas, and the Kansas Turnpike Authority. Areal geology was mapped
on aerial photographs (scale 1:20,000) and latér transferred to a
1:40,000-scale base map.

WELL-NUMBERING SYSTEM

The well and test-hole numbers used in this report give the lo-
cation of wells according to General Land Office surveys. The
well number is composed of township, range, and section numbers,
followed by lowercase letters that indicate the subdivision of the
section in which the well is located. The first letter denotes the
quarter section, the second letter denotes the quarter-quarter sec-
tion, or 40-acre tract, and the third letter, when used, indicates the
quarter-quarter-quarter section, or 10-acre tract. The 160-acre, 40-
acre, and 10-acre tracts are designated a, b, ¢, or d in a counter-
clockwise direction, beginning in the northeast quarter. When two
or more wells are located within a 10-acre tract, the wells are
numbered serially according to the order in which they were in-
ventoried. An example of the well-numbering system is given in
Figure 2.

ACKNOWLEDGMENTS

Appreciation is expressed to the many residents who supplied
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Mr. N. J. Burris, of the State Board of Health, and water superin-
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Fic. 2—Map of Douglas County illustrating well-numbering system used
in this report.

tional Alfalfa Dehydrating and Milling Co., and Cooperative Farm

Chemical Association generously provided information concerning

their ground-water developments.

Jungmann Bros., Messrs. E. V. Smith, Farrell Bryan, and W. D.
and Homer Wilson, D. W. Brewer & Sons, Messrs. Lee Hendee, Jr.,
and Lon Dietrich, Carl Moore & Son, Mr. Harold Lutz, Baugher
& King Drilling Co., Mr. H. R. Swank, Walter Fees Drilling Co.,
Messrs. J. S. Holmes and Raymond and Kenneth Schutz, Air Made
Well Co., and Layne-Western Co., provided logs of wells that they
had drilled in this area.

John D. McNeal and other geologists of the State Highway
Commission of Kansas made available from their files much geo-
logic information, including geologic profiles of several highway
projects,
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Stratigraphic sections and other unpublished data on the geology
and ground-water resources of the area collected by many other
members and former members of the U. S. and State Geological
Surveys were utilized in the preparation of this report, and their
help is gratefully acknowledged.

The manuscript for this report has been reviewed critically by
several members of the Federal and State Geological Surveys; by
Robert Smrha, Chief Engineer, and George S. Knapp, Engineer,
Division of Water Resources, Kansas State Board of Agriculture;
and by Dwight F. Metzler, Director, and Willard O. Hilton, Geol-
ogist, of the Division of Sanitation of the Kansas State Board of
Health,

The illustrations were drafted by Barbara Daly and Nancy
Chamney.

GEOGRAPHY

ToroGRAPHY AND DRAINAGE

Douglas County lies partly within the Dissected Till Plains and
partly within the Osage Plains sections of the Central Lowlands
physiographic province as defined by Fenneman (1931). Schoewe
(1949) included the area partly in the Attenuated Drift Border
division of the Dissected Till Plains and partly in the Osage Cuestas
division of the Osage Plains. The major topographic features are
the east-trending Kansas and Wakarusa River valleys and the upland
cuestas formed by differential erosion of the limestone, shale, and
sandstone beds. Locally, as in the Hesper area in the eastern part
of the county, plains developed on glaciofluvial deposits are minor
topographic features.

Kansas River and its tributaries drain the northern three fourths
of the county and tributaries of Marais des Cygnes River drain the
southern fourth. The highest point in the county is in the south-
western part and is about 1,200 feet above sea level; the lowest point
is along Kansas River at the east edge of the county, about 778 feet
above mean sea level. Kansas River has an average gradient of
about 2 feet per mile.

CLIMATE

Douglas County has a humid continental climate. Nearly three
fourths of the annual precipitation falls during the growing season,
which averages 196 days. The average date of the last killing frost
in the spring is April 10 and the average date of the first killing frost
in the fall is October 23.
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The mean annual precipitation at Lawrence is 34.57 inches and
the mean annual temperature, 56.5° F.

The mean monthly and annual precipitation and temperature are
given in Table 1.

TABLE 1.—Monthly and annual precipitation and temperature at Lawrence,
1931-55. From records of U. S. Weather Bureau

Mean precipitation, Mean
Month inches temeprature, ° F

Januwary ........... ... 1.22 315
February .................... 1.07 35.8
March ...... ... ... .. ...... 2.16 44 4
April . ... .. 3.43 56.4
May ........................ 4.83 65.3
June ............. ... .. ... .. 475 754

July ... 3.48 80.6 i
August ...................... 4,67 78.8
September ............... .. .. 3.31 70.7
October ..................... 2.33 59.8
. November ................... 1.91 447
December ................... 1.41 34.9
Mean annual, 1931-55....... 34.57 56.5

PoruraTION

Douglas County was organized in 1855. In 1955 it ranked 12th
among the counties in the state, having a population of 32,067.
Lawrence, the county seat and largest city, had a population of
20,928. Other important communities and their 1955 populations
are Baldwin, 1,376; Eudora, 1,410; and Lecompton 279.

TRANSPORTATION

Douglas County is served by the main lines of the Atchison,
Topeka & Santa Fe Railway system; the Chicago, Rock Island &
Pacific Railroad; and the Union Pacific Railroad.

There are about 99 miles of improved state and federal high-
ways and turnpikes in Douglas County. The principal highways
are U. S. 40, crossing the county from east to west in the northern
part, and U. S. 56, from east to west in the southern part. U. S.
24 crosses the northeast corner of the county, and Kansas Highway
10 extends eastward from Lawrence into Johnson County. The
Kansas Turnpike nearly parallels U. S. 40. U. S. 50 and Kansas
Highway 33 are hard-surfaced roads in the southeastern part of the
county. U. S. 59 crosses the middle of the county from north to
south. About 0.2 mile of Kansas Highway 32 extends eastward
from its junction with U. S. 24 and 40 in the northeast corner of
the county.
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AGRICULTURE AND INDUSTRY

Agriculture is an important part of the economy of Douglas
County. According to the 1954 Census of the State Board of Ag-
riculture, there were then 1,435 farms. Crops produced in 1956
had a value of $6,834,410. Livestock and poultry having a value
of $5,009,340 also were produced in 1956. The acreage of prin-
cipal crops grown in 1956 is shown in Table 2.

Several chemical industries produce ammonia, urea, ammonium
nitrate, phosphates, phosphoric acid, dry ice, and boron chemicals.
The University of Kansas and Haskell Institute at Lawrence and
Baker University at Baldwin have about 2,000 full-time employees
and are an important segment of the economy.

TaBLE 2.—Acreage and value of principal crops grown in Douglas County
in 1956. Kansas State Board of Agriculture, 1958

Crop Acreage Value
Corn ... 29,400 $1,501,200
Wheat ....... ... .. ... ... ... 32,700 2,286,400
Oats ... 15,300 356,300
Soybeans ..................... 8,600 252,880
Hay ... 31,200 1,252,000
Sorghums for forage............ 2,100 69,300
Sorghums for grain............. 9,500 380,260
Sorghums for silage............ 3,900 397,800
Other crops .................. S 338,270
Total .o L $6,834,410

MiINERAL RESOURCES

Oil and gas.—In 1955, oil production from 20 wells in two fields
amounted to 10,853 barrels. The Baldwin field has produced oil
since 1919, and in 1955 there were 19 wells producing from the
Squirrel sand in the upper part of the Cherokee Group at a depth
of about 800 feet. One well in the Eudora South field is reported
to have produced 72 barrels of oil from the Squirrel sand at a
depth of about 700 feet (Goebel, Hornbaker, Atkinson, and Jewett,
1956).

Gas in commercial quantities has not been produced for several
years, but gas for local farm consumption is obtained from some
wells in the eastern half of the county, principally from the Squirrel
sand, 700 to 800 feet deep, but also from sand in the Pleasanton
Group at a depth of about 340 feet. Figure 3 shows the location
of oil and gas fields and the dry holes that have been drilled outside
the producing areas prior to January 1957.

Although no oil or gas has been found in rocks older than the
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Fic. 3.—Map of Douglas County showing location of oil and gas fields and
dry holes drilled outside of producing areas prior to January 1957.

Cherokee Group, known structural conditions suggest that strati-
graphic traps may exist in Devonian or Viola (Kimmswick) rocks
(Jewett, 1954).

Coal—Bowsher and Jewett (1943) report that coal has been
mined in 21 different operations in Douglas County, the first coal
having been mined during settlement of the area in the 1860’s. The
principal coals mined in the past have been the Blue Mound coal
in the Stranger Formation and the Lower Williamsburg coal in the
Lawrence Shale. In addition, at least three other named coal beds
have been recognized, namely the Upper Williamsburg coal near
the top of the Lawrence Shale and the Upper and Lower Sibley
coals in the Stranger Formation,

In the Blue Mound area (sec. 21, 22, 27, and 28, T. 13 S., R. 20 E..)
three coals are present in the Tonganoxie Sandstone member of
the Stranger Formation. According to Whitla (1940) the lowest

2—5329
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of these, the Blue Mound coal, is 12 to 14 inches thick and lies
approximately 55 feet below the top of the Tonganoxie Sandstone
member. Two other coal beds, measuring 6.5 and 3 inches thick,
respectively, lie approximately 37 feet and 55 feet above the Blue
Mound coal; these are the Lower and Upper Sibley coals.

The Lower Williamsburg coal has been mined locally on several
farms in T. 13 and 14 S., R. 18 E., and is reported to range in thick-
ness from 8 to 14 inches.

The Upper Williamsburg coal, because of its thinness, has not
been mined in Douglas County. In the vicinity of Lone Star Lake
a coal bed 0.5 to 1 foot thick, believed to be the Upper Williams-
burg, occurs about 10 feet below the top of the Lawrence Shale.
The Williamsburg coals are chiefly in the southern part of the
county.

The Douglas Group coals have not been mined for many years
and most of the former workings are now obscure. Bowsher and
Jewett (1943) gave the mine locations and history of production
of the Douglas coals in detail.

Sand and gravel.—Arkosic sand and gravel is dredged from Kan-
sas River just below the Bowersock mill and dam at Lawrence.
This plant, operated by the Bowersock Mills & Power Co., is the
only commercial producer of sand and gravel in the county. Sev-
eral small sand and gravel pits in Kansan glaciofluvial deposits
have been operated intermittently in other parts of the county, as
at Shank Hill in sec. 26, T. 13 S., R. 19 E. Because these deposits
are not well sorted and may contain large boulders and cemented
zones, the pits are difficult to operate,

A large sand and gravel pit was operated at Lakeview during
construction of the Kansas Turnpike. Dredging in the ancient
meander of Kansas River that now forms Lakeview Lake removed
several thousand yards of sand and gravel and created a deep hole
in the former uniformly shallow lake.

The chief use of sand and gravel produced locally is for paving
and construction. Bowdish and Runnels (1952) demonstrated that
the Kansas River sand can be used to produce a nearly pure feld-
spar product of commercial grade and a high-quality silica sand
having less than 0.03 percent Fe,O,, suitable for use in glass, glass
fiber, and the ceramic industry.

Limestone.—The outcropping limestones have been quarried and
used for concrete and other aggregate, crushed rock for road metal,
agricultural limestone, riprap, subgrade and embankment material,
and building stone.
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Three limestones are currently being quarried and crushed for
concrete aggregate, road metal, and agricultural lime. Of these the
Plattsmouth Limestone member of the Oread Limestone is the most
extensively quarried, chiefly because it is relatively thick (commonly
about 18 feet), has desirable physical properties, and is found near
the principal areas of use. Several quarries have produced lime-
stone from the Toronto Limestone member of the Oread Limestone
in the area north of Baldwin, where it locally is 9 to 12 feet thick.
The Stoner Limestone member of the Stanton Limestone has been
quarried 1 mile northeast of Eudora and along Little Wakarusa
Creek about 24 miles south of Eudora, where it is 16 or 17 feet
thick. Chemical analyses of rock samples from some of the im-
portant limestone ledges are given in Table 3.

No quarries are operated for the production of dimension stone,
but several ledges have been quarried and the stone used locally
for building. The Toronto Limestone member of the Oread
Limestone was quarried along the outcrop where little or no over-
burden was present, at several places just west of the Kansas Uni-
versity campus and on the campus. It weathers brown and is dura-
ble, as is evident in the several University buildings constructed of
the Toronto Limestone. It does not withstand weather quite as
well as the more widely used Cottonwood Limestone member of
the Beattie Limestone and the Fort Riley Limestone member of the
Barneston Limestone used in buildings and bridges throughout east-
ern Kansas. Several structures in Baldwin utilize the Haskell Lime-
stone as building stone. The gymnasium shows the pleasing gray
color and weathering characteristics of this stone.

The Clay Creek Limestone member of the Kanwaka Shale, the
Spring Branch and Avoca Limestone members of the Lecompton
Limestone, and the Ozawkie Limestone member of the Deer Creek
Limestone have been used in the construction of small bridges, rural
schools, and numerous farm buildings in the area but have not been
quarried extensively. The Westphalia Limestone, because of its
thinness and smooth surfaces, has been quarried locally for flagstone.
Projects requiring riprap for road, bridge, or railroad fill and em-
bankment protection have utilized the nearest local limestone avail-
able in sufficient quantities and having the necessary physical prop-
erties,

Sandstone—Massive beds of the Ireland Sandstone member of
the Lawrence Shale and the Tonganoxie Sandstone member of the

Stranger Formation were quarried locally for building stone in the
late 19th and early part of the 20th centuries. Where used as build-
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ing stone the rock, generally all six faces, has been sawed into rec-
tangular blocks. Although relatively soft when cut, it commonly
develops a hard crust on exposure to weathering, is durable, and
has a pleasing tan or gray-tan color.

Friable deposits of the Ireland Sandstone member have been
utilized recently as subgrade material in local road construction.

Zinc and lead.—Haworth (1904) reported that a mining company
was formed in 1901 to mine lead and zinc ore in Douglas County,
after farmers living south and west of Lawrence discovered fairly
large crystals of both ores in several localities in the area, but no
mining was done. Several farmers report that small amounts of
ore recovered from streambeds and shale banks on their farms were
smelted, and the metal sold at Lawrence. No reports of zinc or lead
having been marketed commercially have been verified, however.

The mined ore was chiefly sphalerite containing small amounts
of galena. It occurs with calcite in calcareous concretionary masses
and septaria in some of the shale beds. During this investigation
it was found to be most abundant in the Lawrence-Snyderville Shale
where the Toronto Limestone member of the Oread is absent, in
the southern part of Douglas County. Similar concretions are found
in other Pennsylvanian shales in other areas also. Nowhere in east-
ern Kansas are these concretions of economic importance, however.

Ceramic materials.—Material suitable for the manufacture of
brick and tile is abundant in eastern Kansas in the Pennsylvanian
shales, chiefly illitic shales. Recent studies by Plummer and Hladik
(1948, 1951) have indicated that both lightweight and dense con-
structional aggregates can be manufactured from Pennsylvanian
shale and Pleistocene silt, which crop out in Douglas County. Both
the Pennsylvanian and the Pleistocene materials produce ceramics
that are red or dark in color.

The Lawrence Vitrified Brick & Tile Co. operated a plant at the
north end of Mississippi Street in Lawrence (NE¥ sec. 25, T. 12S.,
R.19E.) from 1899 to the 1920’s. This plant manufactured building
tile, silo blocks, face brick, paving brick, and common brick. Much
of the paving brick in Lawrence streets was manufactured here.
Silt, sand, and gravel from Kansan terrace deposits adjacent to the
plant and shale from the lower part of the Lawrence Shale were
combined in various proportions to produce the desired tile or brick.

Clayey parts of the Lawrence Shale excavated on the University
of Kansas campus have been used with good results by the pottery
classes in the Department of Design for modeling, throwing, and
slip casting of pottery (Norman Plummer, personal communication).
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Economic value of mineral resources—Schoewe (1956) lists the
minerals produced commercially in 1955 as sand, gravel, stone, and
oil, and their total value as about $194,600. Oil was valued at about
$30,600, and the sand, gravel, and stone were valued at about
$164,000. Non-commercial production of gas was not included.

SUBSURFACE STRATIGRAPHY *

Sedimentary rocks of Paleozoic and Quaternary age underlie
Douglas County. The Paleozoic rocks are of Pennsylvanian, Missis-
sippian, Devonian, Ordovician, and Cambrian age and overlie the
Precambrian basement. The thickness of the Paleozoic rocks ranges
from about 2,400 feet in the southeast corner and the northeast
corner along Kansas River to about 3,000 feet in the northwest
corner of the county. The general thickness and character of the
subsurface rocks are known through the study of logs and samples
of drill cuttings from oil and gas wells in the area. The sequence
and attitude of the major rock units are shown in a cross section on
Plate 1.

An excellent discussion of the stratigraphy and structural develop-
ment of the Forest City Basin, which includes the area of this report,
was prepared by Lee (1943). More recently Lee and Merriam
(1954) prepared north-south and east-west cross sections through
Douglas County, which depict the Paleozoic structural movements
that affected the area.

PrecaMBRIAN Rocks

Quartzite, schist, slate, marble, porphyry, and granite have been
reported from wells drilled into the Precambrian in Kansas. Lee
(1943) identified as pink granite the Precambrian rock in the
R. F. Duffens No. 1 Stanley well (NW% NE% NW% sec. 3, T. 14 S.,
R. 21E.) and the C. J. Neuner et al No. 1 Emmett well (SE% NW¥%
sec. 6, T. 14S., R. 18E.)

The Precambrian topography slopes to the northwest across
Douglas County from about 1,400 feet below sea level in the south-
east corner to approximately 2,000 feet below sea level in the north-
west corner (Jewett, 1954, fig. 9).

CamBrIAN Rocks

The Lamotte Sandstone of Late Cambrian age underlies the
Arbuckle Group and overlies Precambrian rocks. Throughout Doug-
las County it is believed to be generally less than 30 feet thick, -and

* The s't'raﬁgraphié nomerclature of this report is that of the Kansas Geological Survey
and .does not necessarily follow. the. nomenclature. of the U. S, Geological Survey, . .
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locally may be absent. It is reported to be 7 feet thick in the
Duffens No. 1 Stanley well in central eastern Douglas County and
15 feet thick in the Neuner No. 1 Emmett well in central western
Douglas County. The Lamotte is a fine- to coarse-grained sand-
stone composed chiefly of quartz or quartz and feldspar.

CaMBRIAN AND OrpoviciIAN Rocks

In Douglas County the Arbuckle Group, of Early Ordovician and
Late Cambrian age, consists of five recognizable subdivisions. The
upper three, of Ordovician age, and their thickness in east-central
Douglas County (Duffens No. 1 Stanley well) are as follows: (1)
undifferentiated Cotter and Jefferson City Dolomites, 106 feet; (2)
Roubidoux Dolomite, 167 feet; and (3) undivided Gasconade Dolo-
mite and Van Buren Formation [including a slight thickness of Gun-
ter Sandstone in the basal part], 206 feet. The lower two subdi-
visions of the Arbuckle, of Late Cambrian age, and their reported
thickness in this well are, (1) the Eminence Dolomite, 175 feet, and
(2) the Bonneterre Dolomite, 19 feet (Lee, 1943, fig. 5). Except for
the Roubidoux Dolomite, which thickens slightly to the northwest
across the county, all the subdivisions of the Arbuckle thin to the
north and west. The thickness of the Arbuckle ranges from about
750 or 800 feet in the southeast to about 500 feet in the northwest.

OrpoviciaN Rocks

Late Ordovician rocks in eastern Kansas are represented by the
Maquoketa Shale, and Middle Ordovician rocks by the Viola Lime-
stone. Both Middle and Early Ordovician rocks are included in the
Simpson Group.

The Maquoketa Shale is present only in the northwestern part of
the county (Lee, 1943, fig. 11), where it ranges in thickness from a
featheredge to nearly 50 feet and consists of greenish-gray silty
dolomitic shale and silty dolomite. The Viola Limestone is present
throughout the area and consists of slightly more than 100 feet of
limestone.

The Simpson Group is distributed throughout the county and
comprises the Platteville Formation and the underlying St. Peter
Sandstone. The upper beds include gray lithographic limestone,
gray shale, brown cherty dolomite, and green shale. Lower beds
are chiefly medium- to coarse-grained, well-rounded white sand-
stone and some shale (Lee, 1943; Moore and others, 1951). The
Simpson Group has a thickness of about 50 to 100 feet. According
to Lee (1943, fig. 13), Silurian rocks are absent in Douglas County.
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Devonian Rocks

In Douglas County the Devonian rocks are believed to be present
directly below the Chattanooga Shale everywhere except in a small
area in the east-central and southeastern parts (Lee and Merriam,
1954, fig. 2), where Viola Limestone directly underlies the Chatta-
nooga Shale. A maximum of slightly less than 100 feet of Devonian
limestone and dolomite is present in the northwest (Lee, 1943,
fig. 12). Undifferentiated Silurian and Devonian rocks are com-
monly termed the “Hunton” Group in eastern Kansas.

MississipPIAN OR DEvVONIAN Rocks

The Chattanooga Shale of Mississippian or Devonian age ranges
in thickness from slightly less than 50 feet to about 100 feet and is
thickest in the northwestern part of the county (Lee, 1943, fig. 14).
It is greenish-gray, dark-gray, and black shale, and is silty and
pyritiferous in part. Locally a thin sandy shale or sandstone in the
lower part is correlated with the Misener Sandstone member in parts
of eastern Kansas.

MississipPIAN Rocks

Lee (1943, fig. 16) indicated that the Mississippian rocks had a
thickness range of about 250 to 400 feet, thinning in the southern
part of Douglas County and in Franklin County (Lee, 1939, p. 36).
The Spergen(?) and Warsaw Limestones of Meramecian age, the
Burlington Limestone of Osagian age, and the Sedalia and Chouteau
formations of Kinderhookian age are believed to be present in the
county (Lee, 1940, pl. 6). The Mississippian rocks are chiefly lime-
stone and dolomite.

PeENNsyLvaNiaN Rocks

The Pennsylvanian rocks are represented by the Virgilian Series,
the Missourian Series, and the Desmoinesian Series. The Wabaun-
see, Shawnee, and Douglas Groups make up the Virgilian Series.
The Missourian Series consists of the Pedee, Lansing, Kansas City,
and Pleasanton Groups. The Marmaton and Cherokee Groups com-
pose the Desmoinesian Series. Pennsylvanian rocks exposed in
Douglas County are discussed in more detail in the following pages.
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STRATIGRAPHY OF OUTCROPPING ROCKS
PENNSYLVANIAN SYSTEM—MISSOURIAN SERIES
Lansing Group
Plattsburg Limestone

The Plattsburg Limestone is the lowermost and oldest outcrop-
ping formation in Douglas County. It is poorly exposed in the bluff
along Kansas River east of Eudora, and along the lower part of
Captain Creek and parts of Little Wakarusa Creek. The forma-
tion comprises the following three members in ascending order:
Merriam Limestone, Hickory Creek Shale, and Spring Hill Lime-
stone, In the subsurface the formation ranges in thickness from
about 12 to 32 feet.

Spring Hill Limestone member.—Only the Spring Hill Limestone
member of the Plattsburg Limestone is exposed in Douglas County.
It is light-gray to light-tan thin-bedded, wavy-bedded argillaceous
limestone, and is about 13 to 22 feet thick in the Eudora area. Com-
posita, echinoid, and crinoid fragments are common.

Vilas Shale

The Vilas Shale is poorly exposed east of Eudora along Kansas
River and Captain Creek and locally south of Eudora along Little
Wakarusa Creek. It is chiefly gray or greenish-gray silty shale
in the upper part and sandy micaceous shale or silty sandstone in
the middle and lower parts. Locally the lower middle part may
be dark from disseminated carbonaceous material. The shale
ranges from about 10 to 26 feet in thickness in the Eudora area,
but may be much thinner in the subsurface. Except for carbona-
ceous plant fragments and sparse mollusks, the formation is not
fossiliferous.

Stanton Limestone

The Stanton Limestone comprises three limestone and two
shale members and is a resistant cuesta-forming formation. It
commonly has a thickness of about 44 feet and is well exposed
along stream bluffs in the vicinity of Eudora.

Captain Creek Limestone member.—The Captain Creek Lime-
stone member, which was named for exposures east of Eudora
along Captain Creek, is the lowermost member of the Stanton
Limestone, The Captain Creek is gray or gray blue, dense, and
fine grained, and when weathered its even, massive bedding is
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noticeable. In the middle or upper part a persistent zone of
Enteletes pugnoides is observed and is characteristic. Fusulinids
and small Cryptozoon are common in the upper part also. The
Captain Creek has a thickness of 6 to 7 feet.

Eudora Shale member.—Shale beds about 7 feet thick compose
the Eudora Shale member. The middle lower part is typically a
black, carbonaceous fissile and thin-bedded shale. Commonly about
half a foot of gray or buff shale separates the dark shale from the
top of the Captain Creek Limestone member. The upper part of
the member consists of gray or greenish-gray thin-bedded shale.
Except for conodonts and macerated plant fragments in the black
fissile beds, the shale is not fossiliferous.

Stoner Limestone member—The Stoner Limestone member is
the thickest and most persistent bench-forming member of the
Stanton. It has a thickness of 15 to 17 feet in outcrops-and quarries
in the Eudora vicinity (Pl 4A). It is light-bluish-gray, wavy-
bedded limestone containing numerous thin shaly partings. The
limestone is fine grained and contains much crystalline calcite. Al-
though not so fossiliferous as cyclical equivalents in the Shawnee
Group, such as the Plattsmouth and Beil Limestones, it contains
numerous brachiopods, crinoid and echinoid fragments, bryozoans,
and fusulinids. The upper surface of the member is hummocky and
irregular,

Rock Lake Shale member—Outcrops of the Rock Lake Shale
member are chiefly marine sandstone in this area. The member
commonly has a thickness of 10 to 15 feet, but locally is as thin as
4 feet. Where the member is thick the lower part consists of gray,
blue, and green shale containing carbonized plants and, locally, a
thin coal less than 1 inch thick. The middle and upper parts con-
sist of gray, buff, or dark-brown thin-bedded to massive very fine
grained micaceous sandstone. Marine fossils, chiefly the pelecypods
Myalina and Aviculopecten, in the upper part serve to distinguish
this sandstone from the younger nonmarine Tonganoxie Sandstone,
Where the member is thin it comprises roughly equal parts of shale
and sandstone. The contact of the marine sandstone with the
underlying shale is distinct and uneven and suggests a discon-
formity. A complete section of the Rock Lake Shale is well ex-
posed and has a thickness of about 15 feet in the Killough quarry
in the NW¥ sec. 20, T. 13 S., R. 21 E. Here the overlying South
Bend Limestone rests on massive sandstone of the Rock Lake Shale,
and ground water has locally dissolved parts of the limestone and



PLaTE 4.—A, Stoner Limestone member of Stanton Limestone overlain
by Kansan glaciofluvial deposits in quarry, NE cor. sec. 4, T. 13 S., R. 21 E,;
B, Massive Tonganoxie Sandstone member of Stranger Formation at Dight-
man’s Crossing, Wakarusa River, NE%X NEX sec. 14, T. 13 S., R. 20 E.
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reprecipitated it in the upper sandstone beds. This has resulted in
the development of a gradational contact between these members
and a hard calcite-cemented sandstone in the upper part of the
Rock Lake Shale member.

South Bend Limestone member.—The uppermost member of the
Stanton Limestone, the South Bend Limestone, has a thickness
of about 1 to 4 feet. It is medium-bedded, blocky, fine-grained
to sandy gray limestone. Although the upper contact is distinct,
the lower contact may be gradational into sandstone of the underly-
ing Rock Lake Shale member. The member is fossiliferous, con-
taining abundant fusulinids and several species of brachiopods.
Locally it is disconformably overlain by basal deposits of the
Stranger Formation, or is absent, and the Stranger Formation rests
on the Rock Lake Shale member.

Pedee Group
Weston Shale

The ‘Weston Shale conformably overlies the Stanton Limestone
and is overlain disconformably by the Stranger Formation and the
Lawrence Shale. Locally the Weston Shale is absent where post-
Weston erosion cut deep channels through the shale into the Stanton
Limestone, and the younger rocks of the Douglas Group directly
overlie the Stanton Limestone. The shale is thickest where the
Stranger Formation is thin, and is best exposed in the Vinland and
Clearfield areas.

The Weston Shale consists of slightly more than 100 feet of gray-
blue and gray marine shale. The lower 50 to 60 feet is a hard
medium-gray or bluish laminated and fissile clayey shale containing
several zones of dense pinkish-gray clayey -ironstone concretions,
which weather yellowish brown or reddish brown. The concretions
are elliptical, flattened parallel to the bedding, and 2 to 12 inches
in diameter occurring both in layers and as scattered concretions.
The upper part of the formation is commonly more bluish than the
lower part, is a slightly silty clayey shale, and at least locally has
carbonized plant fragments at the bedding planes. The upper part
also contains clay-ironstone concretions, but they are generally
smaller and less numerous than those in the lower part.

Marine fossils in the formation are sparse, but thin fossiliferous
zones contain fragments of bryozoans, crinoids, and brachiopods.
Weathered outcrops of the shale are mottled olive and gray, or tan,
the color depending on the degree of oxidation of the beds.
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Some exposures of the Weston Shale directly underlying the un-
conformity show evidence of a soil development, as represented by
a more massive blocky claystone indicative of the B horizon of a soil
enriched with clay, and lacking the fissile shaly texture typical of
Weston Shale. A caliche zone is present also in some places.

PENNSYLVANIAN SYSTEM—VIRGILIAN SERIES
Douglas Group
Stranger Formation

The Stranger Formation is divided into five members designated,
in ascending order, the Tonganoxie Sandstone, the Westphalia
Limestone, the Vinland Shale, the Haskell Limestone, and the Rob-
bins Shale. The formation rests unconformably on various parts of
the Weston Shale and Stanton Limestone. Its maximum thickness
is about 160 feet, but locally the Stranger Formation is absent and
the Ireland Sandstone member of the Lawrence Shale directly over-
lies the Weston Shale.

Tonganoxie Sandstone member—The Tonganoxie Sandstone
member in this area is believed to be a nonmarine sandstone that
occupies an erosional river valley cut into the Weston Shale and
Stanton Limestone. Lins (1950) described the lithology, origin,
and environment of the Tonganoxie Sandstone member in its out-
crop area in Douglas, Leavenworth, and Wyandotte Counties. The
erosional valley trends southwestward and is 14 to 20 miles wide.
The city of Lawrence overlies about the middle of the valley. Ac-
cording to Lins, the Tonganoxie Sandstone member contains four
distinct lithologic units, which, in ascending order are conglomerate,
sandstone, shale, and coal. Sanders (1957), in a study of the sand-
stones of the Douglas and Pedee Groups in northeastern Kansas,
concluded that the ancient Tonganoxie Valley of Lins continued in
a southwesterly direction from the vicinity of Lawrence for at
least 70 miles and had a width of 12 to 20 miles. The general loca-
tion of the deeper part of the ancient Tonganoxie Valley is shown
in Figure 4.

The basal conglomerate consists of fragments of concretions de-
rived from the Weston Shale, fragments of limestone derived from
the Stanton and Iatan Limestones, reworked invertebrate fossils,
plant fragments, quartz sand and silt, and cementing material. The
conglomerate is thickest and best developed where the Stranger
Formation is in contact with parts of the Stanton Limestone. As
would be expected, the conglomerate is not present everywhere,
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F1c. 4—Generalized map of Douglas County showing location of ancient
valley in which Tonganoxie Sandstone member of Stranger Formation was
deposited.

sandstone or sandy shale being the basal deposit locally. In areas
of thin Tonganoxie overlying pre-Tonganoxie hills of Weston Shale,
the basal deposits of the Tonganoxie may be represented by a thin
zone of subrounded to subangular shale and siltstone pebbles. A
thin deposit of Tonganoxie Sandstone overlying thick Weston Shale,
between which the disconformity can be recognized, is well ex-
posed along the north side of a road cut in the SW¥% NE¥% sec. 26,
T.14S,R. 20 E.

The Tonganoxie Sandstone member is chiefly fine to very fine
(% to ¥ie mm) angular to subangular clear quartz, which is slightly
cemented with calcite. Poorly sorted silty and shaly beds may con-
tain as much as 20 percent of mica by volume. Festooned cross-
bedded and massive sandstone (Pl 4 B) is present in the lower part
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of the Tonganoxie Sandstone member at many places. The well-
sorted channel-sandstone deposits grade laterally and vertically into
thin-bedded argillaceous sandstone, siltstone, and shale, which are
more micaceous and carbonaceous than the massive sandstone. The
upper and middle parts of the member contain the fairly persistent
Upper and Lower Sibley coals and, locally, other thin coals.

On fresh exposures the sandstone is very light gray to dark gray,
the darker sand containing more carbonaceous material, the lighter
sand being better sorted and cleaner. Small amounts of dissemi-
nated pyrite and iron-bearing clay minerals cause the sandstone to
become stained with iron and to weather to tan or yellow brown
on outcrops. The siltstone and shale beds of the Tonganoxie Sand-
stone member are gray to blue and weather tan to yellow brown.
Ironstone and limonite concretions occur both in zones and scat-
tered through the shaly parts of the member. Where the West-
phalia Limestone member can not be recognized, the top of the
Tonganoxie Sandstone member is placed at the top of the Upper
Sibley coal. The thickness of the Tonganoxie ranges from 0 to about
120 feet.

Westphalia Limestone member—The Westphalia Limestone
member is a medium-gray, carbonaceous laminated limestone as
much ‘as 1.5 feet thick, but it is not continuous and hence is not
present at some of the outcrops of the section of rocks in which it
normally occurs. A zone of calcareous shale above the Upper Sibley
coal marks its probable position where limestone is not present, how-
ever. In addition to the carbonized plant fragments found in the
bedding planes, it also contains the ostracode Jonesina howardensis
and tiny gastropods. Its position directly over the Upper Sibley
coal, its faunal assemblage, and its laminated appearance make
this limestone unlike other underlying and overlying limestones
and very easy to identify. The bed can be observed at several local-
ities in the drainage area of Coal Creek and is well exposed in a
road cut in the NE% NEY4 sec. 13, T. 14 S., R. 20 E.

Vinland Shale member.—Gray clayey to sandy shale and sand-
stone beds, chiefly marine, ranging from about 6 to 25 feet in thick-
ness, compose the Vinland Shale member. A zone of the pelecypod
Myalina persists nearly everywhere in the shale and sandstone at the
top of the member. Beds of sandstone in the upper part locally at-
tain a thickness of about 12 feet. The sand is fine to very fine,
slightly micaceous, and on outcrops is commonly well cemented
with calcite. Beds of calcite-cemented sandstone directly underly-
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ing the Haskell Limestone member are exposed in road and creek
cuts near the center of the S% sec. 8, T. 14 S., R. 20 E. At a small
quarry along the east side of a creek in the NW% NE% sec. 4, T. 15
S., R. 21 E., the equivalent beds are 10 to 15 feet of thin, irregular
beds of silty and sandy limestone interbedded with limy sandstone,
all of which contain a molluscan fauna. In sec. 34 and 35, T. 14 S.,
R. 20 E., the Vinland Shale member contains a zone of red and
green shale together with a thin coal above the sandstone in the
upper part of the member. Most outcrops of the Vinland are gray,
tan-weathering, silty to sandy shale. Septarian concretions occur
locally in the upper part.

Haskell Limestone member—OQverlying the Vinland Shale mem-
ber is the gray to bluish-gray, fine-grained Haskell Limestone mem-
ber, which weathers brownish gray. The lower part of the Haskell
Limestone member may be silty or very sandy locally where it over-
lies and is gradational into beds of sandstone in the Vinland Shale
member. The lower, sandy part contains abundant mollusks. Fu-
sulinids, brachiopods, crinoids, and calcareous “Cryptozoon”-type
algae are common in the upper and middle parts, and locally the
upper part is otlitic. The upper surface has numerous depressions
containing small phosphatic nodules. The nodules contain a fauna
(Twenhofel and Dunbar, 1914) including ganoid fish skulls and
brain casts, nautiloids, ammonites, and orbiculoid brachiopods.
Miller and Swineford (1957) discussed the paleoecology of the
nodulose zone and concluded that the nodules are genetically re-
lated to and should be included with the Haskell Limestone rather
than the Robbins Shale member.

The Haskell Limestone member is well exposed in and east of the
city of Lawrence between Kansas and Wakarusa Rivers, and in the
Coal Creek drainage area. It is the most widespread and distinctive
marker bed between the Oread and Stanton Limestones in both the
subsurface and outcrop areas of the Douglas and Pedee Groups.
Its thickness ranges from about 1.3 to 5 feet. In the southern part
of Douglas County post-Robbins pre-Ireland erosion locally re-
moved the Haskell Limestone member and older beds.

Robbins Shale member.—The Robbins Shale member is a gray
marine clayey shale 50 to 100 feet thick in the vicinity of its type
locality near Yates Center in Woodson County. In southern Doug-
las County the Robbins Shale member ranges in thickness from
0 to about 12 feet and is directly overlain by massive beds of the
Ireland Sandstone member, which are believed to be of nonmarine
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origin. In the northern two-thirds of the county, the Ireland Sand-
stone member is not recognized and the sequence from the base of
the Oread Limestone to the top of the Haskell Limestone member
is chiefly silty and sandy shale. Earlier workers (Patterson, 1933;
Moore, 1936, 1949; Lins, 1950; Reynolds, 1957) studying these beds
in the vicinity of Lawrence concluded that nearly all the clastic beds
between the Oread Limestone and the Haskell Limestone member,
except for a few inches of shale directly overlying the Haskell Lime-
stone member, should arbitrarily be included in the Lawrence Shale.
This provides a practical solution for mapping also, as the top of
the Haskell and the base of the Oread are contacts that can be
readily mapped in the field. The top of the Haskell Limestone
was mapped throughout Douglas County as the boundary between
the Lawrence Shale and the Stranger Formation, and the thin
Robbins Shale member in the Baldwin area has been mapped with
the Lawrence Shale. Where pre-Ireland erosion removed the Has-
kell Limestone the base of the Ireland Sandstone is mapped as the
formation boundary.

It is to be noted that Patterson (1933) collected several species
of foraminifera, chiefly arenaceous types, ostracodes, and holo-
thurian plates and spicules from the “lower Lawrence” shale beds
above the Haskell Limestone member. Detailed stratigraphic and
paleontologic studies of the Lawrence-Robbins shale section may
reveal the presence of a considerable thickness of the marine or
brackish-water Robbins Shale.

The Robbins Shale member exposed in the Baldwin area is a
marine gray to blue argillaceous very thin bedded shale that
weathers yellow tan. A few inches above the base is an impure
goethite bed about 2 or 3 inches thick containing a molluscan fauna.
Sparse marine fossils also occur in the lower part of the shale, Miller
and Swineford (1957) described in detail the lower part of the
Robbins Shale.

Lawrence Shale

The Lawrence Shale includes strata between the Robbins Shale
member and the Oread Limestone in the southern third of Douglas
County, but in the northern two-thirds, because the contact be-
tween the Robbins Shale and Lawrence Shale is indeterminate,
all deposits between the Oread Limestone and the Haskell Lime-
stone arbitrarily have been included with the Lawrence Shale. The
top of the Haskell Limestone is mapped on Plate 1 as the base of the

3—5329
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PLATE 5.—A, Westward-dipping foreset beds of thick Ireland Sandstone
member of Lawrence Shale at “Hole in the Rock”, NE% NW¥% sec. 2, T. 15
S., R. 19 E.; B, Detrital Amazonia(?) Limestone member in upper part of
Lawrence Shale, center S% SEX% sec. 2, T. 14 S., R. 18 E.
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Lawrence Shale, except where pre-Ireland erosion has cut through
the Haskell, in which case the disconformity is mapped as the base
of the Lawrence Shale. In areas south of the Worden fault in
southern Douglas County where the Toronto Limestone member of
the Oread Limestone is missing, the base of the Leavenworth Lime-
stone is mapped as the upper boundary of the Lawrence Shale.

The Lawrence Shale contains two named members, the Ireland
Sandstone and the Amazonia Limestone, and two unnamed shales.
The formation commonly is 140 to 170 feet thick but locally in the
area south of the Worden fault it is only 60 feet thick.

Ireland Sandstone member.—The name Ireland Sandstone mem-
ber is applied to one or more beds of sandstone in the lower part
of the Lawrence Shale below the Amazonia(?) Limestone. The
sandstone is similar in lithology, color, composition, and texture to
the Tonganoxie Sandstone except that it may be slightly coarser.
In the subsurface the Ireland Sandstone is light gray where clean
and well sorted, and medium or dark gray where carbonaceous ma-
terial is more abundant. The direction of streamflow during deposi-
tion of the Ireland Sandstone member is indicated by the direction
of inclination of foreset beds in some outcrops (Pl. 5A). The Ireland
Sandstone is chiefly very fine to medium (%6 to % mm), angular
to subangular quartz containing a small percentage of mica, pyrite,
and clay minerals and weathers tan or yellow brown. Thin-bedded
and shaly parts of the Ireland may contain more clay and silt than
sand.

The Ireland Sandstone, ranging in thickness from 0 to about 150
feet, fills a west-southwest-trending erosional valley cut into the
Stranger Formation and Weston Shale in southern Douglas County
(Fig. 5).

In the headwaters area of Captain Creek the relation of the Ire-
land Sandstone to the topography over which the sandstone was
deposited can be clearly observed. In sec. 21 and 22, T. 14 S., R. 21
E., a deep channel filled with massive crossbedded sandstone and
conglomerate trends nearly west along the northern part of each
section. The base of the sandstone rises southward and is about
100 feet higher in the southwest corner of sec. 22 (Pl 3, F-F’). Ex-
posures along Captain Creek near the north side of sec. 21, T. 14 S.,
R. 21 E,, show conglomerate at the base of the Ireland Sandstone in
contact with the Weston Shale.

The Ireland Sandstone member was deposited in an ancient
erosional valley about half a mile wide cut to a depth of about 100
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Fic. 5.—Generalized map of Douglas County showing location of ancient
valley in which Ireland Sandstone member of Lawrence Shale was deposited.

feet below the Haskell Limestone in southeastern and south-central
Douglas County. In an area 5 to 15 miles wide adjacent to the
major channel, post-Stranger pre-Ireland erosion cut less deeply
into the Stranger Formation and Weston Shale. In this wide area
basal deposits of the Ireland Sandstone lie at various positions rang-
ing from 50 feet or more below to about 12 feet above the Haskell,
and in most of this area the sandstone adjacent to the principal
sandstone-filled area shown in Figure 5 is about 40 feet thick. The
Ireland Sandstone thins and becomes shaly in the central and north-
ern parts of Douglas County and can not be differentiated.

Test hole 15-21-4bcc was drilled through 115 feet of Ireland
Sandstone having an exceptionally thick conglomerate—nearly 46
feet—in the lower part. The base of the Ireland member is less
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than 30 feet above the Stanton Limestone, erosion having cut out
all the Stranger Formation and most of the Weston Shale. Abundant
fragments of detrital coal in the conglomerate and lower part of the
sandstone must have been derived from coal beds in the Stranger
Formation exposed locally as a result of post-Stranger pre-Ireland
and early Ireland erosion. Rich (1932a, 1933) reported the occur-
rence of abundant coal fragments in the lower part of the Ireland
Sandstone in Franklin County and suggested a similar source.

Amazonia(P) Limestone member—The Amazonia(?) Limestone
member is doubtfully recognized throughout most of the outcrop
area. A few drillers logs indicate a thin limestone in the upper
part of the Lawrence Shale, which may be the Amazonia(?) mem-
ber. Locally the member may be present as an impure silty lime-
stone or as detrital limestone. Such a detrital limestone, about 4
feet thick and containing considerable coal and shale fragments
and having the appearance of a local channel filling, is well ex-
posed near the center of the S¥% SEX sec. 2, T. 14 S., R. 18 E. (PL
5B). A similar detrital limestone is present farther north in parts
of adjacent Leavenworth County (Reynolds, 1957).

Where a limestone bed is not recognized the member may be
represented by a zone of calichelike nodules of limestone about 20
to 45 feet below the top of the Lawrence Shale. Thickness of the
member ranges from somewhat less than 1 foot to about 6 feet.
Fragments of crinoids and brachiopods, small gastropods, and
pelecypods are the common fossils.

Unnamed members.—Between the Ireland Sandstone and Ama-
zonia(?) Limestone members there commonly is 5 to 20 feet of
sandy and silty gray shale containing the Lower Williamsburg
coal. That part of the formation between the Toronto and Ama-
zonia(?) limestone members is chiefly shale and ranges from about
20 to 40 feet in thickness. It contains the thin Upper Williamsburg
coal, best developed in the southern half of the county. This upper
shale is olive, gray, and greenish gray and in many outcrops has a
red or maroon zone, about 2 feet thick, 10 to 25 feet below the top.
A bed of very fine grained sandstone several feet thick, partly ce-
mented with calcite, or interbedded sandstone and siltstone occurs
locally in the lower part and makes a subdued topographic bench
on hillsides. The Upper Williamsburg coal, 0.5 to 1 foot thick, is
present about 10 feet below the Toronto Limestone in the vicinity
of Lone Star Lake.



38 Geological Survey of Kansas

Shawnee Group
Oread Limestone

The Oread Limestone is the lowest of the scarp-forming lime-
stones of the Shawnee Group. Its average thickness, where all
four limestone and three shale members are present, is about 60
feet. In part of southern Douglas County the Toronto Limestone
member is absent, the beds between the base of the Lawrence
Shale and the base of the Leavenworth Limestone are termed
the Lawrence-Snyderville Shale, and the base of the Leavenworth
Limestone member is mapped as the base of the Oread Limestone.

Toronto Limestone member—The Toronto Limestone member
typically is light yellow brown or light gray when fresh but on
exposure becomes a deep yellow brown. Its average thickness is
about 10 feet. The rock appears massive on fresh exposures, but
breaks into slabby and irregular fragments upon weathering. Gen-
erally there are at least two thin partings consisting of shale or
shaly limestone in the bed. Parts of the member contain abundant
fossils, which weather white. Fusulinids and crinoid fragments
are common, and bryozoans, horn corals, brachiopods, mollusks,
and algae are locally abundant. Scattered chert nodules, weather-
ing yellow brown, are common in the upper part in many outcrops.

Exposures of the Toronto Limestone in the area north of
Baldwin, chiefly in T. 14 S., R. 20 E., are atypical and include light-
gray-weathering, conglomeratic or brecciated semilithographic or
thin-bedded argillaceous limestone in the lower part or locally
throughout the member (Pl 6B). Typical yellow-brown-weathering
Toronto locally may be slightly sandy, whereas the light-gray semi-
lithographic limestone appears pure but contains areas of light-
greenish-gray clay and scattered pyrite nodules % to 1 inch in
diameter,

In parts of T. 14 and 15 S., R. 20 E., the Toronto Limestone mem-
ber grades from typical Toronto to brecciated and conglomeratic
limestone. The Toronto Limestone member is absent as a result
of nondeposition or post-depositional erosion in parts of southern
Douglas County.

Snyderville Shale member.—The shale beds overlying the Toronto
Limestone member are chiefly green and gray argillaceous and silty
shale, claystone, and siltstone. Although the thickness of the shale
averages about 10 or 15 feet, it ranges from about 0.1 foot to 45 feet.
The lower and middle parts are chiefly a structureless claystone or



PrLaTe 6.—A, Plattsmouth Limestone, Heumader Shale, and Kereford
Limestone members of Oread Limestone in quarry along Kansas river at
east edge of Lecompton, NW4 SW¥ sec. 35, T. 11 S., R. 18 E.; B, Lower
and middle Oread Limestone showing unusually thin Snyderville Shale mem-
ber and brecciated thin- to medium-bedded Toronto Limestone member below
normal Heebner Shale and Leavenworth Limestone members. View north
from SWX NW¥4 sec. 27, T. 14 S., R. 20 E., Blue and Bald Mounds on hori-
zon; C, Thick black fissile Heebner Shale member south of Worden fault,
NW4% NWX sec. 8, T. 15 S., R. 19 E. Note large calcareous concretions, which
occur only in the abnormally thick black Heebner Shale. Compare with black
Heebner Shale in 6B.
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siltstone, which weathers into blocky irregular fragments and has
the appearance of an old soil or underclay. In a small quarry in
the SE% SW¥ sec. 20, T. 14 S., R. 20 E., this “soil” of the Snyderville
seems to be particularly well developed, extending deep into the
underlying Toronto. The Toronto seems to be partly leached and
“rotted”.

Above the structureless claystone or siltstone, in the top 2 or 8
feet of the member, locally a thin carbonaceous streak is overlain
by gray calcareous and fossiliferous marine shale.

In the outlier of Oread Limestone at the northeast edge of Bald-
win (sec. 34 and 85, T. 14 S., R. 20 E.) the Snyderville, about 45
feet thick, contains at its base nearly 10 feet of limestone conglom-
erate derived from the reworked Toronto Limestone member. In
a new road cut in the SW4 NW¥ sec. 27, T. 14 S., R. 20 E., the
Snyderville is only about 1 foot thick (Pl 6B).

To the west of Baldwin, south of the Worden fault, the base of
the Snyderville cannot readily be identified, but the upper part of
the Lawrence-Snyderville deposits is silty and sandy, contains 2 or 3
thin coal seams, and locally several thin molluscan limestones, which
may be an expanded equivalent of the marine upper 2 or 3 feet of
the Snyderville in the area north of the fault. At several exposures
in the Worden area Lawrence-Snyderville beds show evidence of
penecontemporaneous slumping and sliding.

Leavenworth Limestone member—The Leavenworth Limestone
member ranges in thickness from 0.8 foot to 2 feet except along and
south of the Worden fault, where locally it is as much as 3.4 feet
thick. It is composed of a single massive bed of hard gray-blue
fine-grained limestone, which weathers light gray or creamy tan
(Pl 6B). It is brittle and breaks along closely spaced, nearly verti-
cal joints, forming fragments having sharp edges. Many outcrops
show a highly developed system of incipient vertical fractures, which
cause the bed to break into sharp-edged angular fragments where it
is exposed to active mechanical weathering processes.

Fossils are most abundant in the upper and lower parts and in-
clude fusulinids, crinoid and brachiopod fragments, and small cryp-
tozoon-type algae. Small mollusks are generally abundant in the
lower and upper 0.2 foot of the bed. The lower molluscan part
locally weathers shaly and rusty brown.

Heebner Shale member—The Heebner Shale is composed of

about 5 to 8 feet of shale in central and northern Douglas County.
The upper part is thin-bedded gray to olive shale generally con-
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taining few or no megafossils, although sparse brachiopods are
present locally. The lower part consists of hard black, carbonaceous
fissile shale containing conodonts and small elliptical gray-brown
phosphatic concretions. The average thickness of the black fissile
shale is 3 to 4 feet. In a few exposures the black shale does not
lie directly on the Leavenworth Limestone but is separated from it
by a few tenths of a foot of thin-bedded gray to olive shale.

In parts of south-central Douglas County south of the Worden
fault the Heebner Shale is unusually thick, being about 14 to 18 feet.
The sequence of lithologies is typical, except that large elliptical
and elongate dense gray carbonaceous and pyritic limestone con-
cretions are common in the black fissile shale (Pl. 6C), which may
be as much as 12 feet thick compared with the average 3 or 4 feet
elsewhere.

Plattsmouth Limestone member. — The Plattsmouth Limestone
member, about 18 feet thick (Pl. 6A), is composed almost entirely
of light-gray to nearly white wavy-bedded limestone, which weath-
ers light gray to light tan. Scattered blue-gray chert nodules occur
persistently near the middle of the bed. Thin gray shale partings
between the wavy beds of limestone range in thickness from a
featheredge to about 0.5 foot, but the aggregate thickness of shale
beds in the member is small. The limestone, the chert, and the
shale partings are fossiliferous; the fossils include fusulinids,
crinoids, brachiopods, mollusks, corals, and algae. In many fossils
the contained calcite is much more coarsely crystalline than that of
the limestone matrix.

At several localities sinkholes have developed in and through the
Plattsmouth Limestone member. These are associated with drain-
age changes (E% sec. 15, T. 13 S., R. 18 E.) or with faulting or de-
formation of the beds (sec. 32, 33, and 36, T. 14 S., R. 19 E., and E%
sec. 12, T. 15 S., R. 18 E.).

Heumader Shale member—In most outcrops, the Heumader
Shale member is 2 to 4 feet thick (PL 6A), but locally it is slightly
thicker. It is chiefly gray to green clayey and calcareous shale.
Some exposures contain abundant fossils, chiefly brachiopods and
mollusks, whereas others are seemingly unfossiliferous.

Kereford Limestone member.—The top member of the Oread
Limestone consists of 2.5 to 9 feet of gray limestone and calcareous
shale beds, which weather light gray to tan. In most exposures
limestone composes two-thirds or more of the member, but cal-
careous shale beds may constitute half or slightly more of the de-
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posits locally. Both limestone and shale beds contain abundant
fossils, including fusulinids, brachiopods, horn corals, bryozoans,
mollusks, crinoids, and algae. The lower limestone beds tend to be
flaggy, and the upper limestone beds locally are odlitic.

Because the Kereford is relatively thin and nonresistant to weath-
ering and is but a few feet above the escarpment-making Platts-
mouth Limestone, natural exposures are not common. The Kere-
ford is well exposed, however, in several quarries in the Plattsmouth
Limestone,

Kanwaka Shale

Thickness of the Kanwaka Shale ranges from 56 to 87 feet but
averages about 60 feet. The formation includes one limestone and
two shale members.

Jackson Park Shale member.—The basal member of the Kanwaka
consists of blue to gray silty to sandy micaceous shale, 33 to 52
feet thick, that weathers tan. Carbonized plant remains occur in
the shale, and locally it contains a very thin coaly streak in the
upper part. The member becomes more sandy toward the south-
west and in places includes beds of very fine-grained sandstone
in the lower part.

Clay Creek Limestone member—The Clay Creek Limestone
member is blue-gray, fine-grained to granular limestone, 3 to 6 feet
thick, that weathers brownish gray. The lower and middle parts
of the member are massive, vertically jointed limestone in fresh
exposures but shelly where weathered. This part contains abundant
fusulinids, brachiopods, and crinoid fragments.

The upper part consists of fossiliferous gray shale, as much as
1.2 feet thick, overlain by gray algal and molluscan fragmental lime-
stone a few tenths of a foot thick.

Stull Shale member—The Stull Shale member ranges from about
18 to 28 feet in thickness and comprises blue-gray clayey, silty, and
sandy micaceous shale and gray very fine grained micaceous sand-
stone. Both shale and sandstone weather buff to tan. Sandstone
in the middle and upper part of the member is as much as 11 feet
thick in the north, but is much thinner or absent in the central
and southern parts of the county. Carbonized plant remains are
common in the shale beds and, locally, one or more very thin coals
are present. The upper part of the member contains a sparse
molluscan fauna in the Twin Mounds area, south of Wakarusa
River.
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Lecompton Limestone

The thickness of the Lecompton Limestone ranges from about
40 to 57 feet. The four limestone and three shale members that
compose the formation closely resemble, in sequence and lithology,
the members of the Oread Limestone.

Spring Branch Limestone member—The Spring Branch Lime-
stone member is the basal member of the Lecompton Limestone
and is 8 to 14 feet thick. The lowest 5 feet is massive light-tan or
light-gray-brown limestone in its unweathered state, but deep
yellow brown where weathered, similar to the Toronto Limestone
member of the Oread Limestone. This basal 5 feet is more re-
sistant to weathering than the upper part and forms a prominent
bench on hillsides. The massive bed contains chiefly crinoid and
brachiopod remains in the lower 2 or 8 feet and a profusion of
fusulinids in the upper part.

Overlying the resistant bench are beds of shaly limestone, shale,
and limestone generally 3 to 8 feet thick. Fusulinids are plentiful
in the lower 1 to 3 feet of these shaly beds. Interbedded unfossil-
iferous or sparsely fossiliferous beds of gray to tan shale and lime-
stone overlain by a thin gray semilithographic, algal, or conglom-
eratic limestone constitute the upper part of the member.

Excellent exposures of the Spring Branch and other members
of the Lecompton Limestone can be observed along the Kansas
Turnpike in sec. 24, T. 12 S., R. 18 E., and in road and railroad
cuts in the NW¥ sec. 36, T. 11 S., R. 17 E., just west of Grove.

Doniphan Shale member.—Dark-gray, weathering tan to brown,
clayey shale 2 to 5 feet thick composes the Doniphan Shale mem-
ber. Carbonized plant remains are present in the lower and
middle parts and sparse mollusks in the upper part. The beds of
the middle part locally contain a thin coal smut. The shale is partly
thin bedded to subfissile, partly poorly bedded clay, which weathers
blocky.

Big Springs Limestone member—The Big Springs Limestone
member is a dark, blue-gray dense to fine-grained limestone 2 to
3 feet thick, comparable to the Leavenworth and Rock Bluff Lime-
stone members of other Shawnee formations. It weathers light
tan, has prominent vertical joints, and locally may contain a thin
shale break in the lower middle part. Fusulinids are abundant,
especially in the lower part, but calcareous algae of the Cryptozoon
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and Osagia types, crinoids, bryozoans, brachiopods, and small mol-
lusks also occur in the member.

Queen Hill Shale member—The Queen Hill Shale member is 2
to 5 feet thick. The lower part is hard black fissile and subfissile
shale, which is nonfossiliferous except for finely divided carbona-
ceous plant material and conodonts, The upper part is gray, tan-
weathering, thin-bedded shale.

Beil Limestone member.—The Beil Limestone member is 9 to 10
feet thick. The lower half consists of relatively massive, somewhat
irregularly bedded light-gray fossiliferous limestone. Thin irregular,
featheredge shale partings also are included in this part of the mem-
ber. The upper beds consist of interbedded thin nodular limestone,
shaly limestone, and very calcareous shale. The entire member is
abundantly fossiliferous, and the fossils weather free from the en-
closing shaly matrix of the upper beds. Fusulinids, the corals
Caninia and Syringopora, several species of brachiopods and bryo-
zoans, crinoid fragments, and bellerophontid gastropods charac-
terize the fauna. Weathered outcrops of the Beil Limestone are
light gray, tan, and buff.

King Hill Shale member.—The King Hill Shale member averages
8 or 9 feet in thickness but locally may be as thin as 5 feet. It is
chiefly gray, green, and yellow clayey and calcareous shale contain-
ing a persistent yellow impure “boxwork” limestone in the upper
part and generally one or more thin impure limestones in the middle
and lower parts. Sparse mollusks and brachiopods may occur in
the top foot of the shale, but the member is almost devoid of mega-
fossils.

Avoca Limestone member.—The uppermost member of the Le-
compton Limestone is the Avoca Limestone member, which ranges
in thickness from 3 to 4.5 feet. It is chiefly a dense, gray-blue mas-
sive limestone, which weathers blue gray to buff. The lower and
middle part, a single massive bed, contains abundant fusulinids.
Overlying this massive bed, in several exposures, is 0.1 to 0.5 foot
of gray shale capped by a thin shaly, coquinoid, or algal limestone.

A fairly common feature of the upper part of the Avoca is
the dark-gray somewhat fan-shaped areas containing irregular fine
concentric markings, which are thought to be burrows of a worm.
These worm markings are well exposed and abundant in the Avoca
outcrop in the bed of Spring Creek near the center of the SE% SE4
sec. 2, T.12S., R. 17 E.
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Tecumseh Shale

Along Kansas River the Tecumseh Shale is about 65 feet thick
but thins southward to about 58 feet. The lower 35 to 45 feet is
chiefly gray micaceous sandy and silty shale and siltstone, which in
several exposures consist of alternating light and dark varvelike
laminae ranging in thickness from about 1 to 100 mm. The dark
units are thinner and much more carbonaceous than the lighter
colored units. Next higher is a very fine grained gray quartzose
sandstone ranging in thickness from 0 to about 10 feet. Where
sandstone is absent the upper beds are gray to olive sandy and silty
shale. Although plant fossils are common in much of the member,
marine fossils are found only in the upper few feet of shale and are
rare or absent in most exposures. Locally, about 10 feet from the
top of the formation the shale contains a few limy nodules or a thin
irregular limestone. Weathered exposures of beds in the Tecumseh
Shale range from light yellow gray to tan.

Deer Creek Limestone

The Deer Creek Limestone is divided into three limestone and
two shale members having an aggregate thickness of about 34 feet.
Generally the formation is slightly thinner in outcrops in Douglas
County than in adjacent Osage, Shawnee, and Jefferson Counties.

Ozawkie Limestone member—The basal member of the Deer
Creek Limestone directly overlies the thick Tecumseh Shale and
ranges from about 5 to 11 feet in thickness. The lower part typi-
cally is a massive, gray, brown-weathering limestone containing
abundant fusulinids and Osagia. Upper beds are massive light-
gray to buff earthy, impure molluscan limestone, which weathers
to various shades of yellow or brown. Although the limestone is
massive, it commonly weathers into irregular shelly chips. Locally,
as along the Kansas Turnpike in the NW¥4 sec. 22, T. 12 S., R. I8 E.,
the upper and lower beds are shaly unfossiliferous limestone and
the middle beds are chiefly massive light-gray oélitic limestone.

Oskaloosa Shale member—The thin Oskaloosa Shale member
overlies the Ozawkie Limestone member and ranges from about 3 to
5 feet in thickness in outcrops. The member is thin-bedded shale
and blocky clay. Itis gray to greenish on fresh exposures but drab
yellow when weathered. Fossils are rare or absent in most ex-
posures,

Rock Bluff Limestone member—The Rock Bluff Limestone



46 Geological Survey of Kansas

member in the Deer Creek megacyclothem is analogous to the Big
Springs and Leavenworth Limestone members of the Lecompton
and Oread megacyclothems, respectively, and is a persistent and
distinctive part of the formation. It is a single bed of hard, dense
to fine-grained dark-blue-gray limestone, which is about 2 feet
thick and has prominent vertical joints. It weathers light gray tan
to gray brown. Fusulinids, brachiopods, crinoid fragments, and
small mollusks are the common fossils found in it.

Larsh-Burroak Shale member—Black, slaty, and fissile shale
about 0.5 foot to 2.0 feet thick forms the basal part of the Larsh-
Burroak Shale except in some places where it is separated from the
underlying Rock Bluff Limestone by 0.1 foot or less of brown clayey
shale. The upper beds are dark- to light-gray thin-bedded shale.
Recognizable fossils are scarce but there are conodonts and fish
remains in the black shale, and sparse specimens of the brachiopods
Crurithyris and Orbiculoidea may be found in the dark-gray shale.

The Larsh-Burroak member ranges from about 2.5 to 5.0 feet in
thickness and commonly is about 3 feet thick.

Ervine Creek Limestone member.—The Ervine Creek Limestone
member ranges from about 13 to 17 feet and averages about 15
feet in thickness. The basal part, about 10 to 14 feet thick, is light-
gray to white hard thin, wavy-bedded limestone containing several
thin gray shale partings. The limestone is dense to finely crystalline,
but contains irregularly distributed veinlets and fossil replacements
of coarsely crystalline clear calcite. Fusulinids, brachiopods, crin-
oids, and echinoid and bryozoan fragments are common, and
mollusks, corals, and sponges also may be found in the bed. Sparse
chert nodules occur near the middle.

A thin, medium- to dark-gray shale about 1 foot thick overlies
the wavy-bedded limestone locally and is overlain by about 3 feet
of gray argillaceous and coquinoid limestone containing a molluscan
fauna and the brachiopods Derbyia and Linoproductus. These
upper few feet of shale and limestone tend to weather more rapidly
and are not well exposed in most natural outcrops.

Calhoun Shale

In the vicinity of Big Springs the Calhoun Shale is about 60 to
68 feet thick. It is chiefly silty and sandy partly laminated carbo-
naceous gray shale containing a very thin carbonaceous bed or coal
bed 1 to 2 feet from the top. An intraformational channel sand-
stone trending south and west through the town of Big Springs
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is well exposed in cuts on U.S. Highway 40 in the SW¥% sec. 11,
T.12 S, R. 17 E. About 30 feet of gray fine to very fine grained
(% to Y6 mm) crossbedded micaceous, quartzose sandstone can be
observed in the upper and middle parts of the formation in cuts
along Kansas Turnpike in the SEY sec. 11, T. 12 S., R. 17 E. Both
the shale and the sandstone contain plant remains, and a few pelecy-
pods were found at the top of the formation. The shale and sand-
stone weather yellow brown to tan.

Topeka Limestone

The Topeka Limestone is the youngest Pennsylvanian formation
exposed in Douglas County and it is exposed only in the vicinity
of Big Springs. Only the lower part of the formation is present in
Douglas County.

Hartford Limestone member—The Hartford Limestone member
is 6 to 8 feet thick and consists of two limestone beds separated by
a thin shale bed just below the middle of the member.

The limestones are light gray but readily weather to a deep
yellow brown. The lower part is abundantly fossiliferous, con-
taining fusulinids, crinoids, bryozoans, brachiopods, Cryptozoon,
and gastropods. The upper part contains chiefly large gastropods,
productid brachiopods, the brachiopod Derbyia, and algae. The
upper part locally has a semiodlitic texture, and the top surface
may be very uneven. The thin middle shaly part is limy and fossil-
iferous.

Iowa Point Shale member—Gray, tan-weathering thin-bedded
calcareous shale averaging 2 to 3 feet in thickness is correlated with
the Towa Point Shale. Although not as fossiliferous as adjacent
limestone beds, it commonly contains fusulinids, brachiopods, and
bryozoans,

Curzon Limestone member.—Interbedded massive to thin-bedded
limestone and thin-bedded calcareous shale having a thickness of
about 12 feet compose the Curzon Limestone member. The lime-
stone and shale beds are light to medium gray in unweathered ex-
posures, but where weathered are yellow brown. Fossils are
abundant and include crinoids, echinoids, horn corals, fusulinids,
and several species of brachiopods and bryozoans.

Jones Point Shale member—The youngest beds of the Topeka
Limestone exposed are beds of gray shale that overlie the Curzon
Limestone member and probably represent part of the Jones Point
Shale member. The exposed thickness of this member is about 1
foot.
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QUATERNARY SYSTEM—PLEISTOCENE SERIES
Pre-Kansan Deposits

Leached and oxidized gravel consisting chiefly of chert pebbles
Y%-inch to 2 inches in diameter in a reddish sandy clay matrix is
exposed at several places east and south of Lawrence and in the
vicinity of Eudora. Although the gravel deposits consist chiefly
of chert pebbles, all exposures examined contain erratics or rocks
foreign to the pre-Pleistocene bedrock of the drainage system.
Chert gravels are exposed in road cuts along Kansas Highway 10
in the SW¥ sec. 4, NE% sec. 9, and NW¥ sec. 10,in T. 13 S., R. 20 E.;
in pasture land west of Haskell Institute in the NW¥ sec. 7, T. 13
S., R. 20 E.; and south of Wakarusa River along Haskell Avenue
in the SE¥% sec. 19, T. 13 S, R. 20 E. These chert gravels rest on
Pennsylvanian bedrock at altitudes of 880 to 900 feet. Erratics
make up a significant part of the gravel, ranging from about 1
percent to perhaps 40 percent locally. The extensive distribution
of chert gravel at this altitude indicates that these bodies are
remnants of deposits of a stream that flowed at this level prior
to invasion of the area by the Kansan glacier. Chert gravels con-
taining more than a very small percentage of erratics are judged
to have been reworked by the Kansan glacier and glacial melt water.

Chert gravel containing very sparse erratics and overlain by red
Kansan water-laid silts rests on Pennsylvanian shale at an altitude
of about 840 feet about 100 feet south of Kansas Highway 10, in
the NE cor. sec. 7, T. 13 S., R. 21 E., near Eudora. Chert gravels
containing numerous erratics overlie the Stanton Limestone at an
altitude of about 850 feet and are overlain by Kansan silts and
sands at the eastern boundary of the county along Kansas High-
way 10.

The leached and oxidized condition of these gravels, their topo-
graphic position, and their position below Kansan drift indicate that
they are probably early Pleistocene in age. Chert-gravel deposits
containing few or no erratics and lying at altitudes of 930 to 950
feet along the north bluff of Kansas River in Leavenworth County
in sec. 19, 20, and 29, T. 12 S., R. 21 E., may be of early Pleistocene
or late Tertiary age.

As outwash from the Nebraskan glacier has not been conclusively
demonstrated to have been discharged into the Kansas River drain-
age system (Frye and Walters, 1950; Frye and Leonard, 1952), the
chert-gravel deposits containing only very small amounts of erratics
probably represent late Tertiary stream deposits or early Kansan or



Geology and Ground Water, Douglas Co. 49

PLEISTOCENE

RECENT

Late Wisconsinan

Bignell Formation

Bradicn Terrace deposits
a [F13P11iBrady soil1#Y 11
>

Earl © | Peoria Formation
arly o
Wisconsinan
c
o Terrace deposits
Fe!
c
(([3) 11113 Sangamon soil 1131 11
Sangamonian
Loveland Formation
Illinoisan e S S
Crete Formation
P N ivarmouth soil $13 11 1T
Sappa Formation
Yarmouthian PP
Ash bed % **
* scpﬁegﬁrlevg ow ok xxx ¥
/\/\/\M/VWW
Grand Island
Kansan Fm. .
an S . Kansas Till
o P
(‘5 .~ Atchison Fm.
° P 131 T Aafton soil3T T T T
RS
Aftonian S
§ Fullerton Formation
/\./\_/\_/‘\/'\/\Nv\/\/\
Holdrege Formation
Nebraskan / Nebraskan Till

/
7 David Gity Formation

F1c. 6.—General classification of Kansas Pleistocene deposits.

4—5329



50 Geological Survey of Kansas

Nebraskan deposits that were only slightly contaminated with north-
ern erratics by Kansan proglacial streams. Chert-gravel deposits,
previously cited, which are found south of Wakarusa River, con-
taining more than very small amounts of erratics are judged to
have been modified by outwash associated with the Kansan glacier
or by glacial ice.

No uncontaminated chert-gravel deposits large enough to map
and clearly older than Kansan were observed by the writer, and none
are shown on Plate 1.

Kansan Stage

Deposits of Kansan age include lacustrine, fluvial, and glacial
sediments. They are complex and have a greater vertical distribu-
tion in the topography than other Pleistocene deposits, chiefly be-
cause of the advance and retreat of a continental ice sheet into
and from the area.

Drainage systems were disrupted and in particular the Kansas
River system was greatly enlarged.

The general classification of Kansan and other Pleistocene de-
posits used in Kansas is shown in Figure 6. '

Pro-Kansan outwash deposits are defined as the Atchison Forma-
tion, and where overlain by Kansas Till they can be readily identi-
fied. The Atchison Formation is not recognized outside the glaciated
area. Retreatal-Kansan outwash deposits comprise the Grand Island
and Sappa Formations. The Grand Island Formation consists
chiefly of coarse gravel and sand, which locally interfinger with
Kansas Till. The Sappa Formation, consisting chiefly of silt, con-
formably and gradationally overlies the Grand Island Formation
and represents deposits formed during the later phase of glacial re-
treat. Outwash in this area is judged to be associated with the
retreatal phase of glaciation, although locally, stratified Kansan de-
posits cannot clearly be identified as pro-Kansan or retreatal-Kansan
in the terminal area.

Kansas Till

Areas mapped as Kansas Till (Qkt) on Plate 1 include sediments
that were probably deposited directly from glacial ice. The till is
dominantly unstratified and unsorted. Most of the till in the upland
between Kansas River and Wakarusa River is clay and probably
accumulated by lodgment from the base of the ice. Such deposits
are well exposed along U. S. Highway 40 in the NE cor. sec. 26, T.
12 S, R. 18 E,, and in pasture ditches in the SW¥ sec. 2, T. 13 S,



PraTe 7.—A, Kansas Till overlying varved lacustrine beds of Atchison

Formation, SW4% SWX sec. 2, T. 13 S., R. 19 E.; B, Coarse Kansan gravels

capping Shank Hill in the Wakarusa River valley, NE4% SE4 sec. 26, T. 13 S.,

gh %3( E.;ll C, Closeup view of coarse, poorly sorted Kansan deposits capping
ank Hill.
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R. 17 E. Other till deposits accumulated by dumping or being let
down by slow wastage of the ice (superglacial ablation moraine).
Such till is characterized by less clay and silt in proportion to gravel
and sand, having been repeatedly washed by trickles of melt water
during melting of the glacial ice. Southwest of Lawrence one such
till deposit (Pl. 7A) overlying undisturbed lacustrine silt is well
exposed in the SW cor. sec. 2, T. 13 S, R. 19 E. Locally, small
bodies of stratified sand and gravel occur in the till in high upland
positions, as in the NW¥% SEX sec. 24, T. 12 S., R. 18 E. All grada-
tions between unstratified and unsorted till containing much clay
to well-stratified and sorted glacial sands and gravels may be found
in the area, and in many places where exposures are poor or lacking
it is difficult to determine whether a deposit should be classed as
till or as associated sorted and stratified glacial deposits (Atchison,
Grand Island, and Sappa Formations).

Undoubtedly there are small areas of thin till that are not shown
on Plate 1 because the deposits were too poorly exposed to be identi-
fied and delineated.

Kansan Glaciofluvial and Glaciolacustrine Deposits

Glaciofluvial and glaciolacustrine deposits (Atchison, Grand Is-
land, and Sappa Formations) associated with the Kansan glacier are
abundant and occur in high, intermediate, and low topographic
positions in northern Douglas County. These deposits, mapped on
Plate 1 as Qko, include the Atchison, Grand Island, and Sappa
Formations and locally some till, but are mostly Grand Island and
Sappa Formations. The predominance of stratified deposits rather
than till in the terminal area of the glacier indicates that the Kansan
glacier at its climax may have been a slowly flowing, rapidly melting
ice mass. Much of the sediment carried by glacial ice, which
originally may have been deposited as till or moraine, was subse-
quently modified by glacial melt water to produce stratified glacial
deposits.

At its maximum extent the glacier probably occupied both the
Kansas and the Wakarusa River valleys and the intervening divide,
as indicated by scattered deposits of till on the divide between these
rivers and by the presence of stratified gravels containing erratics
at several high points in the topography south of Wakarusa River.
Todd (1909) in discussing the history of Wakarusa River also noted
and discussed the distribution and features of Kansan deposits in
Douglas County. Schoewe (1930, fig. 1) depicted the maximum
extent of the ice sheet in Douglas County. Where these stratified
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gravels are well exposed, as at Shank Hill in the SEX sec. 26, T. 13
S., R. 19 E,, (PL 7B, C) and in several road cuts, they consist of
poorly sorted sand and gravel ranging in thickness from about 2
feet to 30 feet. The thin deposits are leached and consist chiefly
of chert, quartz, and igneous and metamorphic rocks from the north.
The igneous and metamorphic rocks include pink and red Precam-
brian Sioux Quartzite derived from outcrops in southwestern Minne-
sota, northwestern Iowa, or southeastern South Dakota. Sioux
Quartzite is the most distinctive of the northern rock types. Green-
stone and gray granite from outcrops in northern Minnesota and
western Ontario are common also. The thicker deposits are leached
only in the upper part and contain chiefly limestone and other local
rock types. A series of these deposits may be traced from the area
southwest of Clinton eastward and southward across the county to
a point near Clearfield, thence eastward into Johnson County, as
follows: NW cor. sec. 33, T. 13 S., R. 18 E. (altitude 1,020 ft.),
SE% sec. 34, T. 13 S., R. 18 E., and NEX sec. 3, T. 14 S, R. 18 E.
(=1,070 ft.), N% sec 30, T. 13 S., R. 19 E. (1,030 ft.), SEX sec.
26, T. 13 S., R. 19 E. (1,007 ft.); a series of irregular, narrow linear
and knob hills in sec. 29 and 30, T. 13 S., R. 20 E. (900 to 950 ft.);
and a series of irregular, narrow linear and knob hills trending
directly southeast from the SE4 NE% sec. 33, T. 13 S., R. 20 E,, to
the center of the north side of sec. 17, T. 14 S., R. 21 E. (900 to
1,010 ft.). These gravels, judged from their areal distribution,
topographic position, form, structure, size, and degree of sorting,
are unquestionably ice-contact deposits laid down in and along the
margin of the ice. Probably a series of streams locally flowed on
Pennsylvanian bedrock along the glacier front. Streams also flowed
in marginal crevasses on or within the ice to form stratified drift.
Many short-lived marginal lakes were formed in blocked northward-
flowing tributaries of Kansas River and Wakarusa River during the
maximum advance of the glacier.

As the glacier became stagnant or nearly stagnant, marginal
and superglacial streams were gradually replaced by englacial and
subglacial streams flowing at lower altitudes. A glacial stream
entered Douglas County along the west boundary in sec. 23, T. 17 S.,
R. 13 E,, and flowed generally eastward for about 4 miles along the
north side of the present Wakarusa River. The deposits of this
stream now form a ridge of gravel, sand, and silt 30 to 40 feet thick
locally and having a crest altitude of about 990 feet. Along parts
of the stream course, erosion has reduced the ridge to a boulder
belt only a few feet thick. To the east these deposits are found
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in a belt % to 1 mile wide trending eastward through Clinton at an
altitude of =+ 960 feet as a filled abandoned valley (B-B’, PL. 3).
South of Lawrence in sec. 11 and 12, T. 13 S., R. 19 E., these de-
posits form a prominent ridge having a crest altitude of slightly
more than 900 feet (E-E’, PL. 3). The lower and middle parts of
the deposit forming this ridge are composed of boulders, gravel,
and sand; the deposit becomes finer upward, as indicated by logs
of test holes and water wells. Locally the gravels are chiefly chert,
but abundant limestone boulders and erratics from the north are
common also. Road cuts along U.S. Highway 59 have exposed
unstratified bouldery and gravelly clay (till) at the top of the de-
posits. The distribution, topographic position, structure, and li-
thology of Kansan deposits probably result from the following se-
quence of events. During Nebraskan and early Kansan time prior
to the advance of the Kansan glacier south of Kansas River, an east-
flowing stream occupied the Wakarusa Valley and deposited chert
and limestone gravels. During early Kansan time the stream prob-
ably entrenched itself, and for a short time proglacial melt water
flowed down the valley, contributing small numbers of erratics to
the chert and limestone gravel before being overridden by the
glacier. As the glacier became nearly stagnant and the volume of
melt water increased, a subglacial stream became re-established in
much of the preglacial Wakarusa Valley. Much of the coarse rock -
material carried by the ice became stream load as the nearly stag-
nant ice melted, and the stream bed was alluviated. Subsequently,
as the glacier continued to dissipate, a major glacial stream be-
came established in the Kansas River valley, perhaps capturing
much of the drainage system of Wakarusa River. Locally, tll
was deposited on glacial-stream gravel in parts of the Wakarusa
Valley. The presence of till on outwash gravels may indicate minor
readvances of the ice near its margin in the Wakarusa Valley.
Till and fluvial deposits are recognized also southeast of Lawrence
on the upland area along the divide between the Kansas and Waka-
rusa River valleys. Probably they have an interfingering and com-
plex relationship similar to that of described deposits in sec. 11 and
12, T.13 S, R. 19 E. Schoewe (1930b, p. 72), studying excavations
in glacial deposits in the NW4% NE¥X sec. 7, T. 13 S,, R. 20 E,, at
Haskell Indian Institute, recognized two tills, the slightly different
lithologies of which probably resulted from minor fluctuations of
the Kansan glacier. Subsequent Pleistocene studies in northeastern
Kansas indicate that only the Kansan glacier reached as far south
as the Wakarusa Valley.
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Lacustrine deposits of silt and sand deposited in temporary lakes
resulted from derangement of early Kansan drainage by glacial
ice and glacial deposits at the climax of Kansan glaciation. One
such varved lacustrine deposit exposed on the west side of a small
nob hill in the SW cor. sec. 2, T. 13 S, R. 19 E,, (PL 7A) is at
least 7 feet thick, and consists of 24 or more pairs of alternating
thin dark-brown and thicker light-gray beds of silt and sand over-
lain by about 6 feet of unstratified and unsorted limestone gravel.
The limestone gravel overlying the lake silt has many of the charac-
teristics of superglacial till. Another varved lacustrine deposit is
partly exposed at the base of a road cut 500 to 700 feet north of the
SE cor. sec. 8, T. 14 S., R. 21 E. About 2 feet of alternating thin
red-brown and thicker gray beds of silt and sand consisting of at
least 8 varves is overlain by 1 to 2 feet of very fine red-brown sand
and 3 to 10 feet of slightly bedded till. The till consists chiefly
of sand, gravel, and cobble-size fragments of red-brown sandstone.
Just north of the map area another pro-Kansas lacustrine deposit
consisting of at least 22 feet of tan and gray laminated silt and sand
overlain by Kansas Till is well exposed along Kansas Highway 32
in the SW¥% sec. 14 and NW% sec. 23, T. 12 S., R. 20 E., Leaven-
worth County.

Although temporary proglacial lakes must have been formed at
many places as a result of blockage of Wakarusa and Kansas Rivers
and their tributaries by the advancing Kansan glacier, exposures of
lacustrine deposits are rare. The lacustrine deposits in general
probably were thin and may have been incorporated in or destroyed
by the advancing glacier. Where these lacustrine deposits were
not capped by a protective cover of till or gravel, they probably were
destroyed by erosion subsequent to the retreat of the ice.

The most extensive area of Kansan glaciofluvial and glacio-
lacustrine deposits in Douglas County is in the Hesper area south
of Eudora and east of Little Wakarusa Creek and extends east-
ward to Kill Creek in Johnson County. This 50-square-mile area,
south of Kansas River, is covered with glacial drift except where
post-Kansan streams have cut through the deposits into underlying
Pennsylvanian rocks. Schoewe (1930a) and Hoover (1936) re-
- garded Kansan deposits in the Hesper area as reworked till. Duf-
ford (1958), working in the area north of Hesper, classed the same
deposits as part of the Menoken Terrace deposits, chiefly retreatal-
Kansan outwash. In this study it was found that both outwash and
till are included.
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The early Kansan topography in the Eudora-Hesper area was a
lowland, developed on the soft shales and sandstones of the Pedee
and Douglas Groups, flanked by higher limestone cuestas both to the
east and west. As the composition of till strongly reflects the char-
acter of the bedrock exposed upstream, it would be expected that
sand, silt, and clay of local derivation would characterize any till or
reworked till deposits in the area. The southernmost deposits of till
in Douglas County are in this area (sec. 17, T. 14 S., R. 21 E.),
indicating that the glacier must have overridden most of the area
north of section 17 at its maximum extent. Many of these Kansan
deposits are partly stratified. Basal deposits commonly are gravel
or sand and locally are well sorted and clean but elsewhere are
clayey and poorly sorted. Clayey and silty sand, or sandy clay,
containing scattered gravel and cobbles, compose the upper part
of these Kansan deposits in much of the area south of Eudora.
Such a sequence is not everywhere present, because locally the
deposits consist of unstratified sandy and gravelly silt and clay.

Kansas River has a surface altitude of about 780 feet and the
surface of the Kansas River alluvium is at an altitude of about
800 feet in the vicinity of the north end of cross section F-F' (Pl. 3)
just east of Eudora. Kansan deposits along the south bluff have
surface and base altitudes of about 885 and 855 feet, respectively.
Southward, the surface and base of these Kansan deposits rise
gently about 100 feet in a distance of about 7% miles, forming a
gently north sloping plain (Pl. 8A). This gently sloping plain is the
principal geomorphic feature of the area, but locally there are
smaller geomorphic features that are conspicuous. One such fea-
ture is a prominent northeastward-trending ridge 20 to 30 feet
high and about 1% miles long, which crosses the east county bound-
ary into Johnson County (sec. 26, 27, and 34, T.13S.,R. 21 E.). An
auger hole along the crest of the ridge at an altitude of about 941
feet, and less than % mile into Johnson County, penetrated 52 feet
of sandy clay and sand. Adjacent to the ridge on the northwest
is a series of small, obscure roughly symmetrical mounds. Al-
though the origin of these features is uncertain, they may be depo-
sitional features associated with the wasting phase of the glacier.

Because of the various features of Kansan deposits south of
Eudora, there seems to be no sharp dividing line between till and
stratified drift; rather, one grades into and interfingers with the
other. Most of the sediments are judged to have been deposited
prior to the retreat of the Kansan glacier to a position north of
Kansas River, and many of the stratified deposits are time equiv-



PrLaTe 8.—A, Part of extensive plain in Hesper area developed on Kansan
glaciofluvial deposits. View south from near center W. side NEY% sec. 27,
T. 13 S, R. 21 E.; B, Toe of Menoken Terrace along north side of Kansas River
valley, S. side SW4 SW¥4 sec. 9, T. 12 S., R. 20 E. Terrace-shale contact about
at position of automobile. Newman Terrace surface in background; C, Poorly
sorted Grand Island gravel and sand in basal Menoken Terrace deposits ex-
posed just right of center in 8B.
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alents of and related to the stratified deposits found in the Wakarusa
River valley. The Grand Island and Sappa Formations compose
the bulk of the deposits.

When the Kansan glacier retreated north of the Kansas River
valley, large volumes of melt water discharged coarse, poorly sorted
gravels (Pl 8B, C) into the valley—the principal ice-marginal
stream in the area—forming deposits 20 feet thick or more, which
locally along the north side of the valley interfinger with Kansas
Till (Davis and Carlson, 1952). The river gravels are nearly
identical with gravel in the till. Dissipation and northward retreat
of the glacier resulted in rapid alluviation of the valley with pro-
gressively finer sediments. At places, more than 60 feet of leached
and oxidized reddish-brown sand, silt, and clay make up the upper
part of this alluvial fll.

Most of the retreatal-Kansan deposits that filled the Kansas River
valley have been removed by post-Kansan erosion, but remnants
in the form of terrace deposits occupy an area of about 3 square
miles along the south side of the Kansas River valley between
Lawrence and Lakeview and a similar area on the north side of the
valley. These Kansan terrace deposits are deeply dissected and
have only approximately accordant summits ranging in altitude from
about 890 to 930 feet. The combined areas have been named the
Menoken Terrace (Davis and Carlson, 1952), and retreatal Kansan
deposits (Grand Island and Sappa Formations) have been mapped
as Menoken Terrace deposits in parts of the Kansas River valley
(Davis and Carlson, 1952; Dufford, 1958; Beck, 1959). The name
Menoken Terrace is used only as a geomorphic term in this report
for a terrace on sediments of Kansan age in the Kansas River valley

Illinoisan Stage

During the Illinoisan Stage, continental glaciers were more remote
from Kansas than during other Pleistocene stages. Indirect effects
were the erosion of much of the previously deposited Kansan de-
posits in the Kansas River valley and its tributaries and the en-
trenchment of the river to a depth of 50 to 60 feet below basal
Kansan deposits (E-E’, PL. 3). Then followed aggradation of the
valley to a depth locally of 70 feet or more. Minor amounts of
loess were deposited on uplands adjacent to the Kansas River valley.

Deposits of Buck Creek Terrace

An alluvial fill deposited in late Illinoisan time and subsequently
dissected has been named the Buck Creek Terrace deposits (Davis
and Carlson, 1952) and is mapped as Qtbc on Plate 1. Crete and
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Loveland Formations are names applied to the coarse basal deposits
and the fine upper part, respectively. Crete sand and gravel is thin,
generally less than 10 feet, although one test hole (13-20-20bc)
penetrated 28 feet of silty and clayey sand. The Loveland Forma-
tion constitutes most of the terrace fill and is at least 62 feet thick
locally (test hole 18-19-13bcc). The Loveland Formation is chiefly
reddish or tan silt, sandy silt, and clay and is gradational into the
underlying Crete.

In addition to water-laid deposits in the Buck Creek Terrace, the
Loveland Formation contains thin eolian deposits (loess) locally.
Loveland loess is generally less than 5 feet thick and is restricted
to the bluffs bordering the Kansas River valley. This loess was not
mapped.

The Sangamon soil, which is well developed on Buck Creek Ter-
race deposits, is characterized by its reddish color and thick clayey
B horizon.

Wisconsinan and Recent Stages

The Newman Terrace deposits and alluvium were deposited in
the valleys during Wisconsinan and Recent time, and thin loess of
the Peoria Formation was deposited locally on the uplands. The
Wisconsinan glaciers, although never nearer Kansas than southern
Iowa, discharged large volumes of melt water into the Missouri
River valley. Associated climatic changes indirectly resulted in a
period of downcutting followed by aggradation of streams in this
area.

Peoria Formation

The Peoria Formation, of early Wisconsinan age, is composed of
thin, discontinuous light-gray to tan eolian silt deposits on the up-
lands in this area. The formation is thickest along bluffs of the
Kansas River valley, where locally it is 5 to 10 feet thick, but else-
where in the area it is generally less than 5 feet thick. Because of
the small extent of areas in which loess of the Peoria Formation is
more than 5 feet thick and because of the difficulty of identifying
and delimiting these areas, owing to the vegetative cover, the loess
is not shown on Plate 1. It is well exposed and has a thickness of 5
feet or more along the Kansas Turnpike in sec. 18, T. 12 S, R. 18 E,,
and in the west face of the quarry in the NE% sec. 4, T. 13 S,, R. 21 E.
It is 5 feet thick in test hole 13-20-5cb where it overlies thin Love-
land Formation and Kansas Till.
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Deposits of Newman Terrace

The cycle of erosion and alluviation initiated in early Wisconsinan
time resulted in deepening the bedrock floor of the Kansas and
Wakarusa River valleys 20 to 50 feet below the basal Illinoisan de-
posits. The terrace underlain by these early Wisconsinan deposits
is the Newman Terrace, generally 30 to 40 feet below the Buck
Creek Terrace in the Kansas and Wakarusa River valleys.

The basal Newman Terrace deposits in the Kansas River valley
consist chiefly of gravel, which is much coarser than sediments now
being carried by Kansas River (Wyman, 1935; Davis and Carlson,
1952). The sediments grade upward from cobbles through sand
to a clayey silt at the surface. In the Kansas River valley, where
the Newman Terrace deposits are thickest, coarse sediments 40 to 50
feet thick are overlain by a similar thickness of dark sandy, silty,
and clayey sediments. In the Wakarusa River valley the coarse
sediments generally are less than 10 feet thick and the valley fill is
composed chiefly of silt and clay (E-E’, Pl. 8). The basal part of
the Newman Terrace deposits is not exposed anywhere in the area
and has not been dated on the basis of fossils. Its erosional position
below Illinoisan Terrace deposits and its stratigraphic position below
deposits of late Wisconsinan to Recent age that form the upper part
of the alluvial fill indicate that its age is early Wisconsinan.

The Newman Terrace typically is a flat, poorly drained surface
bordered by low natural levees. Unlike the topographically lower
surface of the alluvium, it is not marked by old meander scars but
is nearly featureless, and requires artificial drainage in many areas
to allow cultivation. The upper 40 feet of deposits underlying the
Newman Terrace are similar to sediments transported by Kansas
River at the present time (Davis and Carlson, 1952, p. 229).

The Newman Terrace and alluvium together constitute the Kan-
sas River flood plain. Slightly less than half the flood plain in the
area from Eudora westward to Topeka, where the valley is wide,
is the Newman Terrace. Eastward from Eudora to Kansas City the
valley narrows where it is cut in rocks of the Lansing and Kansas
City Groups, and the Newman Terrace, preserved only locally,
forms less than 10 percent of the flood plain. In the Wakarusa
River valley and many of the smaller tributaries to Kansas River,
the Newman Terrace forms 90 percent or more of the flood plain.
The Newman Terrace is about 20 feet above the average low-water
stream level along Kansas River and much of Wakarusa River. The
terrace surface is still being raised by slight vertical accretion each



Geology and Ground Water, Douglas Co. 61

time it is covered by floodwaters. Studies by Davis and Carlson
(1952) indicate that the 1951 flood added an average of about 5 mm
of silt and silty clay to the Newman Terrace in the Kansas River val-
ley. Ordinary floods cover the Newman Terrace in the Wakarusa
River valley to depths of a few inches to a few feet, but only severe
floods cover this terrace in the Kansas River valley and then may
inundate only parts of the terrace, natural levees and high points on
the terrace remaining above flood level.

Alluvial fills in tributaries to Marais des Cygnes River in southern
Douglas County have not been firmly correlated with those of Kan-
sas River. The alluvial fills forming the flood plains of these tribu-
taries seem to correspond to the Newman Terrace and alluvium
of Kansas River and its tributaries, however. Undifferentiated
alluvial deposits, chiefly Wisconsinan and Recent in age but locally
including Hlinoisan deposits, in small tributaries to Marais des
Cygnes and Kansas Rivers are shown on Plate 1 (Qtu).

Alluvium

Deposits mapped as Alluvium along Kansas River and its tribu-
taries are late Wisconsinan and Recent in age and, together with
the Newman Terrace, form the river flood plain. In the Kansas
River valley, alluvium constitutes somewhat more than half the
flood plain. In the valley of Wakarusa River and other tributaries
to Kansas River, alluvium forms a very minor part of the flood plain.
Along Wakarusa River above Coal Creek, alluvium, exclusive of
the stream-channel deposits, ranges in width from 0 to about 150
feet, but because of its scattered and very limited distribution it
is not shown separately on Plate 1.

In the Kansas River valley the alluvium is chiefly sand and silt
similar to the sediments carried by the river at the present time.
This alluvial surface is marked by meander scars and abandoned
channels, and is irregular, commonly having a relief of 10 or 12 feet.
Davis and Carlson (1952), McCrae (1954), Dufford (1958), and
Beck (1959) have mapped, or considered mapping, during the
course of field work in this and adjacent areas of the Kansas River
valley, two or more surfaces within parts of the flood plain mapped
as Alluvium in this report.

Davis and Carlson (1952, p. 215), in considering whether more
than one surface (alluvium) could be mapped below the Newman
Terrace, stated that “the point-bar accretion slopes in abandoned
meanders are so gentle that they appear horizontal and unless
carefully surveyed could easily be mistaken for terraces.” Dufford
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(1958) also recognized that these surfaces (below the Newman
Terrace) are not horizontal and illustrated this with longitudinal
and transverse profiles. He also stated (p. 28), “. . . unfor-
tunately these [surface configuration, soil development, and eleva-
tion] contrasts are not everywhere conspicuous among the inter-
mediate surfaces themselves, and no attempt has been made to
differentiate them in mapping.” Dufford recognized four surfaces
lower than the Newman Terrace, one 3 feet below the Newman
Terrace, one 4 feet below the Newman Terrace, a “youthful flood-
plain” surface, and a “modern active floodplain”. The upper two
of these four surfaces he named the “intermediate surface com-
plex”. All four exhibit an appreciable variation in altitude. Promi-
nent scarps of these surfaces below the Newman Terrace may be
as much as 10 feet high locally, but laterally they diminish and
may become imperceptible.

The surface characteristics of the deposits below the Newman
Terrace indicate that they are the result of gradual downcutting
during progressive but nonuniform downstream migration of mean-
ders. Moreover, the radii of curvature of the meander scars on
the alluvial deposits below the Newman Terrace have increased
during the later stages of development. The Alluvium and New-
man Terrace, as mapped on Plate 1, can be readily differentiated
in the field.

STRUCTURAL GEOLOGY

A detailed treatment of the structural geology is beyond the scope
of this report. Certain aspects of the structural geology, however,
both regional and local, are readily discernible in the outcropping
and near-surface rocks and are summarized in the following para-
graphs,

REGIONAL STRUCTURE

The Prairie Plains Monocline is the dominant regional structure
that affects Pennsylvanian rocks, which dip westward and north-
westward about 20 feet per mile in eastern Kansas and parts of
the neighboring states (Prosser and Beede, 1904). This structure
is chiefly post-Permian in age. A structural map of Douglas County
on which the top of the Haskell Limestone member of the Stranger
Formation is used as a datum (Fig. 7) indicates a general dip to
the northwest of slightly less than 20 feet per mile. The gentle
northwest dip of the Pennsylvanian rocks is evident also on the
geologic map (Pl. 1). Superimposed on the regional structure are
many smaller synclinal and anticlinal structures. The amount
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of structural deformation shown generally increases appreciably
with depth from the surface rocks into the older Pennsylvanian
and Mississippian rocks. Thus a low anticline or structural nose
in the surface rocks may reflect greater structural relief in the
deeper Pennsylvanian rocks and at the top of the Mississippian.

FaurLTiNG AND FoLDING

In southern Douglas County several faults and sharp structures
have been observed in the Douglas Group and the Oread Lime-
stone. Rich (1932a) first described these features as follows:
South of a curved line marked by sharp flexing and faulting, which
for several miles of its course closely follows the northern arc of
a circle of about a 4-mile radius, the Toronto Limestone is miss-
ing; the Leavenworth Limestone is thicker than average and the
Heebner Shale is abnormally thick, 16 feet instead of 6. The Platts-
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mouth Limestone at several places along the arc was faulted so
that south of the fault it lies at the same level as the Toronto Lime-
stone north of the break. These relations indicate (a) uplift of the
area south of the curved line so that the Toronto either was not
deposited or was eroded after deposition; (b) a renewal of move-
ment, causing a relative sinking of the area south of the fault line
while the Leavenworth Limestone and Heebner Shale were de-
posited; (c¢) deposition of Plattsmouth Limestone over all the
area; and finally, (d) post-Plattsmouth faulting with downthrow to
the south,

Patterson (1933) while studying the Douglas Group in the Bald-
win area also made observations regarding the problem as follows:
The Toronto Limestone has been removed by post-Toronto pre-
Snyderville erosion in the Baldwin area and for at least 10 miles to
the southwest of Baldwin. Post-Toronto pre-Snyderville erosion
was deepest near Baldwin (SW cor. sec. 35, T. 14 S., R. 20 E.)
where the upper 80 feet of the Lawrence Shale was eroded in
addition to the Toronto Limestone. At the locality cited a limestone
conglomerate overlain by 35 feet of Snyderville Shale rests on
sandstone beds of the Ireland Sandstone. As mentioned by Rich
(1932a) the Snyderville Shale, Leavenworth Limestone, and Heeb-
ner Shale are abnormally thick. Beds of Snyderville age deposited
above the unconformity are predominantly shale near Baldwin,
but to the southwest sand was deposited locally.

Laughlin (1957), who mapped adjacent areas of Franklin County
to the south in T. 15 and 16 S., R. 17-19 E., indicated several areas
in which the Toronto Limestone member is missing, but showed
adjacent areas on each side in which the Toronto is present. Al-
though faults are not indicated on the boundaries of these areas,
except in one area northwest of Centropolis, a critical examination
of the contacts might indicate post-Toronto pre-Leavenworth fault-
ing and erosion of the Toronto member from these areas. Laugh-
lin (personal communication) also noted an area (SW cor. sec.
29, T. 15S., R. 18 E.) in which the Leavenworth Limestone member
is missing but the overlying Plattsmouth and underlying Toronto
limestones are present.

O’Connor and others (1955) noted three small faults in the Oread
Limestone and slightly younger formations in Osage County and
suggested the possibility of faults in other localities. Core drilling
by the Corps of Engineers at the Pomona dam site in eastern Osage
County in 1956 (sec. 17,19, and 20, T. 16 S, R. 17 E.) revealed the
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presence of multiple low-angle faults in the lower Oread Limestone
and the upper Lawrence Shale. The Toronto Limestone is absent
in some of the cores and present in others.

Post-Stranger pre-Lawrence Faulting

Slump faulting that transects deposits of Weston Shale and the
Stranger Formation was noted in southeastern Douglas County (sec.
33, T. 14 S, R. 21 E.). There, post-Stranger pre-Lawrence erosion
cut through the Stranger Formation and deeply into the underly-
ing Weston Shale creating a relatively steep walled valley about
half a mile wide. Slump faulting caused large blocks of the valley
wall to slide into the valley. This may or may not have been asso-
ciated with small tectonic stresses in deeper rocks. The upper
part of one such block, rotated so that the beds dip 35° to the east,
may be observed (Pl. 9B) along the west bank of a creek near
the center of sec. 33, T. 14 S., R. 21 E. Farther south along this
creek near the south line of the section and adjacent parts of the
NWXi NWX sec. 4, T. 15 S., R. 21 E., the Haskell Limestone and
Vinland Shale members have westward and northwestward dips of
5° to 12° perhaps representing secondary adjustments of the valley
wall after slump faulting of the large blocks. The Ireland Sandstone
member was then deposited in the post-Stranger pre-Lawrence ero-
sional valley, filling it with conglomerate, sandstone, and shale. Es-
sentially undisturbed beds of the Ireland overlie and abut the
steeply dipping beds of the Weston and Stranger in these expo-
sures. Minor slump structures resulting in dips of 5° to 12°, asso-
ciated with post-Stranger pre-Lawrence erosion were noted also
at several other outcrops in southeastern Douglas County.

Worden Fault

The principal fault affecting the surface rocks in southern Douglas
County is of post-Toronto pre-Leavenworth age. From the vicinity
of Baldwin a fault trends west in the lower tier of sections in T. 14 S.,
to a point just west of Worden, where it curves southward along
the boundary between R. 18 and 19 E. to the Franklin County line.
Mapping by Laughlin (1957) in northwestern Franklin County
indicates that this fault may continue several miles farther south
and west. The name Worden fault is proposed for this feature
as the line of the fault is near the community of Worden. Although
discussed and mapped as a single fault, it may be a series of en
echelon faults of approximately the same age. The Worden fault

5—5329



PrLaTE 9.—A, Nearly circular small water-filled sinkhole developed in Platts-
mouth Limestone member of the Oread Limestone along Worden fault in the
SEY% NW¥4 sec. 33, T. 14 S., R. 19 E., Plattsmouth member underlies surface in
foreground and also hill 40 feet higher in background; B, Shale beds dipping
35° E. in post-Stranger pre-Ireland fault block adjacent to channel containing
Ireland Sandstone member of Lawrence Shale. Normal dip of beds in this area
is less than %° NW. Tilted shale beds overlain by undisturbed beds of Ireland
member. View south from NE cor. SW4 sec. 33, T. 14 S., R. 21 E.
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marks the northern boundary of an area in southern Douglas County
in which the Toronto Limestone member of the Oread Limestone
either was not deposited or was removed after deposition.

The next limestone above the Toronto, the Leavenworth Lime
stone member, is present both north and south of the Worden
fault. The presence of the Leavenworth throughout the area dates
the earliest movement on the Worden fault as post-Toronto pre-
Leavenworth. At the east edge of Baldwin, in an outlier of Oread
Limestone (Pl 1), the basal part of that unit is represented by a
conglomerate of reworked Toronto Limestone, which is further evi-
dence of very late Toronto or Snyderville structural adjustments
and modified sedimentation patterns. In the Baldwin vicinity the
Worden fault may pass into a sharp flexure. An indication of the
amount of post-Toronto pre-Snyderville uplift or erosion in the area
is observable in the Baldwin area (NW¥ sec. 35, T. 14 S., R. 20 E.).
Here the interval between the basal conglomerate of the Oread
Limestone and the top of the Haskell Limestone is 60 to 65 feet,
whereas in adjacent areas to the north the interval is the normal 140
to 170 feet. This suggests probable erosion of about 100 feet of
Lawrence Shale in this area.

The evidence for the Worden fault throughout most of its mapped
extent consists of the abrupt termination of the Toronto Limestone
member. A clearly discernible fault surface in the underlying
Lawrence Shale is nowhere well exposed in Douglas County, al-
though shear zones in these beds have been observed in adjacent
Franklin and Osage Counties. Locally sinkholes have developed
in the Plattsmouth Limestone along this and associated faults
(PL 9A).

As Rich indicated, there are several places along and near the
Worden fault where the Plattsmouth Limestone member is faulted
down to the south approximately to the position of the Toronto
Limestone member north of the fault (Fig. 8A). There are also
exposures of faulted Leavenworth Limestone member showing 5 to
10 feet of vertical displacement. Tilted beds of Lawrence Shale
having dips of as much as 22° NE along the Worden fault-flexure
zone are exposed in road cuts for a quarter of a mile east of the
center of sec. 2, T.15S., R. 20 E.

Summary

Faulting and sharp flexing occur in rocks of the Douglas and
Pedee Groups and the Oread Limestone in southern Douglas
County and adjacent areas to the south and west. Reconnaissance
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structural mapping on the underlying Stanton Limestone indicates
that the faults and sharp flexures shown in the rocks of the Douglas
and Oread do not similarly affect the Stanton Limestone. Detailed
structural mapping will be necessary to determine whether faults
and flexures in the rocks of the Douglas and Oread are reflected
locally in the deeper rocks also. The faulting and sharp flexures
affecting the beds of the Douglas, Pedee, and Oread are judged, on
the basis of data now available, to be chiefly nontectonic, and an
explanation for the structural features must be found in the post-
Stanton rocks.

The post-Stranger pre-Ireland topography observed in southeast-
ern Douglas County indicates that there was as much as 100 feet of
local relief and at least one deep channel approximately half a mile
wide incised to within 30 feet of the Stanton Limestone locally.
Evidence of slumping associated with the cutting and filling of one
post-Stranger pre-Ireland channel has previously been cited, and
sliding likely occurred at other places west and south along this
channel also. The erosional valley was subsequently filled with the
Ireland Sandstone, which formed a narrow wedge at the base and
broadened irregularly upward to a thickness of 100 to 150 feet
locally. Adjacent to this wedgelike sandstone body, the rocks above
the Stanton Limestone were principally shale.

Irregularities in thickness and distribution of the sandstone and
shale in the Lawrence Shale and the resulting differences in amount
of compaction also resulted in flexures in the overlying Oread Lime-
stone. The Worden fault, one of the most prominent and con-
spicuous of the postdepositional adjustments along the margins of
the thick Ireland Sandstone member, resulted in the nondeposition
or erosion of the Toronto Limestone member over parts of the area.
Other beds of the Oread Limestone show thickness changes and
less extensive faulting because of subsequent continuing adjust-
ments in and adjacent to the area of thick Ireland Sandstone.

Although much new information regarding the structure and
stratigraphy, beyond that described by Rich (1932a) and Patterson
(1988), is known regarding this part of southern Douglas County,
northwestern Franklin County, and eastern Osage County, many
features are still poorly understood. Detailed surface and subsurface
stratigraphic studies and structural mapping in the three counties
will be necessary before the history of this area is clearly understood.
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GROUND-WATER RESOURCES
SourcE, OCCURRENCE, AND MOVEMENT OF GROUND WATER

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

Ground water is the part of the water below the surface of the
land that is in the zone of saturation and supplies wells and
springs. It is derived mainly from precipitation, falling as rain
or snow, some of which reaches the zone of saturation by percola-
tion 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 fluids.
Generally, the rock formations below a certain level are saturated
with water. The upper surface of the zone of saturation is not
a level surface nor a static surface, but one that has many irreg-
ularities, which on a modified scale are generally similar to the
irregularities of the surface topography. Under natural conditions,
the small part of the precipitation that reaches the zone of satura-
tion 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 un-
confined or confined. Unconfined or free ground water is water
that does not have a confining or impermeable body restricting
its upper surface. The upper surface of unconfined ground water
is called the water table. Shallow wells constructed in the near-
surface weathered limestone, sandstone, and shale, the alluvial
deposits in stream valleys, and the colluvial slope deposits gen-
erally tap unconfined ground water. Ground water is said to
be confined 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 bed-
rock tap confined ground water.

GrOUND-WATER RECHARGE AND DISCHARGE

The addition of water to the underground reservoir is called re-
charge and may be effected in several ways. The most important
source of recharge is local precipitation; for shallow upland wells
local precipitation is the only source of recharge. Lesser amounts
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are contributed elsewhere by influent seepage from streams and
ponds and by subsurface inflow from adjacent areas. Locally,
however, influent seepage from streams may contribute an im-
portant amount of recharge to adjacent alluvial deposits and to
the bedrock where streams cut across permeable zones in bedrock.

Recharge is seasonal in the Midwest, including Douglas County.
Generally the water levels of wells have been lowered by natural
drainage into streams during the winter, when the soil is frozen
and precipitation is slight. During the spring months precipitation
is fairly abundant, temperature is moderately cool, and transpiration
and evaporation demands are low, resulting in considerable re-
charge. Recharge may occur in other seasons, also, whenever
precipitation is sufficient to overcome soil-moisture deficiency built
up during a preceding dry period.

Ground water moves downward through the permeable rocks
in accordance with the character and structure of the rocks, to
points of lower elevation. It may discharge directly into a stream
as a spring or seep or may discharge by evaporation or transpira-
tion where the water table is near the surface. A part of the ground
water is discharged from wells, but, with the exception of the
municipal, industrial, and irrigation pumpage in the Kansas River
valley in the vicinity of Lawrence, the amount discharged by
wells in Douglas County is small compared with that discharged
by other means.

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

CuEMICAL CHARACTER OF GROUND WATER

Water is often referred to as the universal solvent. Various gases
and minerals are taken into solution by water as it is precipitated
and as it percolates through the earth materials. The kind and
amount of impurities in ground water may be determined by chem-
ical analysis. The corrosiveness, encrusting tendency, palatability,
and other objectionable or desirable properties can be predicted
from the results of a quantitative analysis.

The analyses of 112 samples of water from wells, test holes, and
springs in Douglas County are given in Table 4 in parts per million
(ppm). Factors for converting parts per million of mineral con-
stituents to equivalents per million are given in Table 5.
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Quality in relation to use—~Ground water from properly con-
structed wells characteristically has good bacterial and sanitary
quality, but the chemical character of the water is of importance
also. Water to be used for drinking should not contain excessive
amounts of iron, magnesium, chloride, sulfate, nitrate, and certain
other constituents. Water used for cooking and washing has these
and other limitations, chiefly of hardness and bicarbonate. Water
used for irrigation should not contain excessive mineral matter nor
excessive amounts of chloride or of sodium in relation to other
cations.

Ground water used in industrial processes generally must meet
certain standards. These standards for some processes may be

TaBLE 5.—Factors for converting parts per million of mineral constitutents
to equivalents per million

Cation Conversion factor Anion Conversion factor
Cat+............ 0.0499 HCO; ........ 0.0164
Mg+, .......... .0822 1510 .0208
Nat............. .0435 Clm............ .0282

NOs.......... .0161
F-o.o... .0526

much more critical than standards for drinking water. The total
dissolved solids, hardness, hydrogen-ion concentration (pH), al-
kalinity, and iron are some of the more important factors. Tem-
perature also is an important factor in many industrial uses of
ground water.

Dissolved solids—When water is evaporated the residue consists
mainly of the mineral constituents listed in Table 4 and may include
a small quantity of organic material and water of crystallization.
Water containing less than 500 ppm of dissolved solids generally
is satisfactory for domestic use, except for difficulties resulting from
its hardness, or an excessive content of iron. Water containing more
than 1,000 ppm of dissolved solids may include enough of certain
constituents to produce a noticeable taste or to make it unsuitable
in some other respect.

The amount of dissolved solids in 66 samples of ground water
collected in Douglas County from wells, test holes, and springs is
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indicated in Table 4. The dissolved solids content ranged from 135
to 21,400 ppm. Twenty-two samples, all from Pennsylvanian sand-
stone and limestone aquifers, contained more than 1,000 ppm.

Hardness—Hardness of water is commonly recognized by its
effect when soap is used with the water. Calcium and magnesium
cause nearly all the hardness of water and are the active agents in
the formation of the greater part of scale in steam boilers and
other vessels in which water is heated or evaporated.

In addition to the total hardness, the table of analyses gives the
carbonate and noncarbonate hardness of water in Douglas County.
Carbonate, or temporary, hardness can be removed almost entirely
by boiling. The noncarbonate hardness is due to the presence of
sulfates or chlorides of calcium and magnesium; it cannot be re-
moved by boiling and, therefore, is sometimes called permanent
hardness. The two types of hardness have the same reaction when
the water is used with soap.

Water having a hardness of less than 60 ppm is rated as soft
and is seldom treated to remove hardness. Hardness of 60 to 120
ppm increases the consumption of soap but does not seriously
interfere with the use of the water for most purposes. Hardness
of more than 120 ppm can be noticed by anyone; if the amount is
about 200 ppm or more the water is sometimes softened for house-
hold use, or cisterns may be installed to collect soft rainwater.
Where municipal supplies are softened, the hardness is generally
reduced to between 80 and 100 ppm.

The hardness of 97 samples of ground water collected in Doug-
las County ranged from 19 to 2,590 ppm (Table 4). The hardest
and softest waters were from Pennsylvanian sandstones, but more
than half of the samples collected from Pennsylvanian rocks had
a hardness of less than 200 ppm. Almost all the water samples
collected from Quaternary deposits have a hardness range from
200 to 800 ppm, and in general they are appreciably harder than
water from the Pennsylvanian sandstones.

Iron—Iron (Fe) generally is present in small quantities in most
natural ground water. If water contains much more than 0.1 ppm,
some of the iron may precipitate as a reddish sediment. Iron in
excess of 0.3 ppm is undesirable, as it may stain cooking utensils,
plumbing fixtures, and clothing being laundered, or give a dis-
agreeable taste to the water.

The iron content of 96 samples of ground water collected in
Douglas County ranged from 0.03 to 49 ppm (Table 4). Of the
96 samples, 69 contained 0.3 ppm or more of iron.
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Fluoride—~Fluoride (F) in concentrations of about 1 ppm in
drinking water used by children during the period of calcification
of the teeth prevents or lessens the incidence of tooth decay; con-
centrations greater than 1.5 ppm may cause mottling of the enamel
(Dean, 1936, 1938; U.S. Public Health Service, 1946).

The fluoride content of 97 samples of ground water collected in
Douglas County ranged from 0.0 to 12 ppm. Fifteen samples,
all from Pennsylvanian sandstone aquifers, contained fluoride in
amounts greater than 1.5 ppm.

Nitrate—A concentration of 90 ppm of nitrate (NO,) in drinking
water may cause cyanosis and hence is judged by the Kansas State
Board of Health to be dangerous to infants (Metzler and Stolten-
berg, 1950), and some authorities (Comly, 1945) recommend that
water containing more than 45 ppm should not be used for prepara-
tion of infants’ formulas. Concentrations of nitrate found in ground
water generally do not cause cyanosis in older children or adults
but may have other adverse effects.

Of the 64 samples analyzed for nitrate (NO,), only 4 contained
more than 90 ppm. Of these, 3 samples were from shallow dug
wells, which as a rule are more susceptible to contamination from
the surface than are deeper, drilled wells. The nitrate content of the
64 samples ranged from 0.0 to 257 ppm.

Sulfate.—Sulfate (SO,) in ground water is derived chiefly from
solution of gypsum and the oxidization of iron sulfides. Sulfate oc-
curring in ground water as magnesium sulfate (Epsom salt) and
sodium sulfate (Glauber’s salt) in excess of about 500 ppm may
have a laxative effect on persons not accustomed to drinking such
water.

Chloride.—Chloride (Cl) in ground water may be derived from
connate marine water in the sediments, from sewage, or, in small
quantities, from solution of minerals containing chloride. Chloride
has little effect on the suitability of water for ordinary use unless
the quantity is enough to give the taste of salt. A chloride content
of about 250 or 300 ppm can be detected by persons having a
sensitive taste. Water strong in chloride is corrosive to many metal
surfaces.

Sodium chloride is the chief dissolved constituent of the ground
water in some of the deeper Pennsylvanian sandstone aquifers,
which prevents use of otherwise adequate supplies of ground water
in some parts of the county.
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The chloride content of 112 samples analyzed ranged from 1.5 to
12,800 ppm.

Sanitary considerations—The analyses of water (Table 4) show
only the amount of dissolved minerals and do not indicate the
sanitary quality of the water. Well water may contain mineral
matter that gives the water an objectionable taste, but may be free
from harmful bacteria and consequently may be safe for drinking.
Other well water, good tasting and seemingly pure, may contain
harmful bacteria. Excessive amounts of certain dissolved minerals,
such as chloride or nitrate, may indicate pollution.

Recommended sanitary types of construction and suggestions for
locations and pump installations for different types of wells can be
obtained from the Kansas State Board of Health.

Changes in temperature and quality of water—The temperature
of ground water tapped by wells is uniformly about 57°F to 59°F in
this area but may be a few degrees colder or warmer in very shallow
or very deep aquifers. In most aquifers, except very shallow ones,
the annual temperature fluctuation is small. The pumping of wells
located near a stream may induce recharge from the stream, and
thus cause an increase or decrease in the temperature of ground
water being pumped. The temperature of Kansas River ranges
from about 32°F to 80°F, and if a significant proportion of ground
water being pumped from a well is indirect recharge of appreciably
colder or warmer river water, the well-water temperature may be
noticeably affected. According to temperature records kept by
Westvaco Mineral Products Division of Food Machinery & Chemical
Corp. at its Lawrence plant, ground water pumped from its well
field, 0.6 to 0.7 mile from Kansas River, has a nearly constant tem-
perature of 58°F throughout the year, the maximum variation re-
portedly being about half a degree. Wells therefore must be much
closer to the river to be noticeably affected by fluctuations in the
temperature of the river water.

The chemical quality of water in an aquifer may be modified by
ground-water development and use. Return flow from irrigation,
waste water from industry, or waste water from municipalities gen-
erally contains a greater proportion of dissolved matter than it had
prior to use. If all or a part of this water is returned to the aquifer
it may result in a ground-water supply of lower quality. If develop-
ment of ground-water supplies results in additional recharge of
better or poorer water to the aquifer, it may produce ground water
of respectively better or poorer quality.
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AQUIFER PROPERTIES

An aquifer is a geologic formation, a part of a formation, or a
group of formations that will yield water. The quantity of ground
water that an aquifer will yield to wells depends partly on its thick-
ness, extent, continuity, and homogeneity, and partly on its physical
properties of permeability and porosity.

The field coefficient of permeability (P) is defined as the number
of gallons of water that will move in 1 day, at the prevailing water
temperature, through a vertical section of the aquifer 1 foot square
under a hydraulic gradient of 100 percent or 1 foot per foot. Co-
efficients of permeability of less than 100 gallons a day per square
foot are considered low, coefficients of 100 to 1,000 are medium,
and those of more than 1,000 are considered high. The coefficient
of transmissibility (T') is equal to the field coefficient of permeability
multiplied by the thickness (m) of the aquifer.

The coeflicient of storage (S) is defined as the volume of water,
measured in cubic feet, released from storage in each column of
the aquifer having a base 1 foot square and a height equal to the
thickness of the aquifer, when the water table or other piezometric
surface is lowered 1 foot. In water-table aquifers the coefficient of
storage for long periods of pumping is approximately the specific
yield and has a range from about 0.1 to 0.3. The specific yield is
defined as the ratio of the volume of water a saturated material will
yield by gravity to its own volume. For artesian aquifers the co-
efficient of storage generally is very small, ranging from about
1075 to 1073,

The coefficients of transmissibility and of storage are used in
making quantitative estimates of water available in an aquifer, and
of the water-level decline that will result from pumping. Controlled
aquifer (or pumping) tests can be made to obtain the data re-
quired to determine these coeflicients.

Drawdown in a well is the lowering of the water table or piezo-
metric surface caused by pumping or artesian flow. The specific
capacity of a well is the discharge expressed as rate of yield per
unit of drawdown, generally gallons per minute per foot of draw-
down.

Hydrologic data on the principal aquifers, obtained by pumping
and laboratory tests, and information supplied by well owners are
summarized in Table 6.
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AvAILABILITY OF GROUND WATER

In Douglas County fresh ground water is known to occur in un-
consolidated rocks locally to a depth of about 90 feet and in con-
colidated rocks locally to a depth of about 500 feet.

Except for cemented and consolidated zones in the fluvial and
glaciofluvial deposits of Kansan age, the Pleistocene aquifers are
all unconsolidated. They have a wide range of geologic and hydro-
logic characteristics and occur on the uplands, the valley sides, and
as valley fillings. The texture of these deposits ranges from well-
sorted sand and gravel to unsorted boulder clay.

The consolidated rock aquifers consist chiefly of sedimentary
limestones, shales, and sandstones, which have a regional dip aver-
aging about 20 feet per mile to the northwest. There is a pro-
nounced, though gradual, change in the permeability of the con-
solidated rocks with depth. The relatively impermeable clay shales
and dense limestones are slightly permeable and will yield small
amounts of water to wells in the zone of weathering. The sand-
stones constitute the most important consolidated rock aquifers.

Unconsolidated Rock Aquifers
Alluvium and Deposits of Newman Terrace

Kansas River valley—Large quantities of ground water are avail-
able from alluvium and Newman Terrace deposits in the Kansas
River valley, the extent of which is shown on Plate 1. Logs of wells
and test holes (at the end of this report) indicate that these deposits
have a minimum thickness of about 45 feet in much of the valley
and as much as 90 feet in the bedrock channel shown in Figure 9.
The thickness of saturated water-bearing material ranges from about
25 feet to 65 feet or possibly more.

The saturated alluvial deposits have a wide range of permeability
(Table 6), but most values of the coefficient of permeability are
greater than 1,000 gpd per ft.2, and in parts of the aquifer they are
greater than 12,000 (Lohman, 1941, p. 36). The largest coefficient
of transmissibility determined by pumping test (well 12-19-1dd)
was 354,000 gpd per ft. Specific capacities of wells reported in
Table 6, which range from 14 to 175 gpm per ft. of drawdown,
probably are representative. Yields of wells in the alluvium gener-

ally range from 500 to 1,000 gpm, but some yields are as low as
100 gpm.

6—5329
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The average hydraulic gradient of the water table in this part
of the Kansas River valley is about 2% feet per mile (Davis and
Carlson, 1952, pl. 2; Dufford, 1958, fig. 3), but locally, as in the
vicinity of the Bowersock Mill & Power Co. dam, at Lawrence, the
gradient may be as much as 20 feet per mile (Lohman, 1941, p. 42).

Lohman computed the underflow in the Kansas River valley at
Lawrence to be about 1,500,000 gpd, which he stated was probably
too low because of the assumed hydraulic gradient used in the
south half of the valley. Recharge in the valley was estimated
by Lohman to be about 10 percent of the annual precipitation or
about 64 million gallons on each square mile annually.

Industrial and municipal pumpage in the Lawrence area in 1955
was more than 5 mgd (Table 7), all of which was from parts of
the alluvium and Newman Terrace deposits having relatively un-
favorable hydrologic characteristics compared with those of the
aquifer in the deep bedrock-channel area (Fig. 9). During peak
irrigation periods an additional 38 to 5 mgd is pumped for irriga-
tion in the Kansas River valley,

Fluctuations of the water table in well 12-20-17ccb, near the
middle of the valley, shown in Figure 10 for the period February
1952 to August 1958, are the result of recharge to and discharge
from the aquifer by natural and artificial means. Records of wells
and test holes in these deposits are given in Table 8.

The chemical character of ground water in the aquifer is indi-
cated by the water analyses in Table 4. In general the ground
water can be characterized as a very hard calcium bicarbonate
water that contains much iron and has a pH range from 6.9 to 7.5.

Wakarusa River valley—Moderate quantities of ground water
occur in the alluvium and Newman Terrace deposits of the Waka-
rusa River valley. The geologic and hydrologic characteristics of
this aquifer are quite different from those in Kansas River valley,
as shown in Plate 3 and in logs of test holes at the end of this re-
port. Sandy and clayey silt compose most of the aquifer, but a thin
sand and gravel section lies at the base. Test holes indicate a
thickness of about 50 to 70 feet of alluvial material. The average
saturated thickness is 40 to 50 feet, but only 1 to 7 feet of silty sand
and gravel is commonly available in which a well screen can be
set and a well developed.

Yields of 50 to 100 gpm probably can be obtained, but in 1957
there were no wells of this capacity in operation. Drilled wells
in this aquifer are difficult to screen and develop so that an ob-
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jectionable quantity of very fine sand and silt is not pumped with
the water. Many of the domestic wells are of large diameter and
are dug just far enough below the water table to obtain a supply
by slow infiltration to the well from the sandy and clayey silt in
the upper and middle parts of the aquifer. The average hydraulic
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Fic. 10.—Hydrographs of four wells in principal aquifers of Douglas County.

gradient of the water table in the alluvium and Newman Terrace
deposits in the Wakarusa River valley is about 4 feet per mile.
The chemical character of the ground water is indicated by the
water analysis of well 13-19-18dd (Table 4). The water is gen-
erally satisfactory for domestic use except for hardness and iron.
Wells screened at the base of the aquifer where it directly overlies
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and is hydraulically connected with the Tonganoxie Sandstone
member may obtain water containing more dissolved solids and
chloride than that elsewhere.

Other stream wvalleys.—Tributaries of Kansas and Wakarusa
Rivers contain alluvium and Newman Terrace deposits but they are
thin and generally do not yield large amounts of water to wells.

The lower parts of Little Wakarusa and Captain Creeks have 30
feet or more of alluvial deposits, containing a sand and gravel de-
posit in the basal part, that probably are capable of yielding 10
to 50 gpm to wells. Other streams have chiefly silty and clayey
deposits ranging from about 10 to 50 feet in thickness and yielding
ground water commonly at rates of 1 to 10 gpm.

The quality of ground water from deposits in these smaller val-
leys is generally satisfactory except for excessive hardness and iron
content.

Deposits of Buck Creek Terrace

Buck Creek Terrace deposits are chiefly sandy clay and silt. Al-
though the lower 2 to 10 feet generally includes poorly sorted sand
and gravel containing considerable silt and clay, the aquifer does not
yield ground water readily to wells.

Test holes drilled through these deposits (Pl. 2, 8) indicate a
maximum thickness of about 68 feet and a maximum saturated
thickness of about 55 feet in the Wakarusa River valley, where the
deposits are most extensive.

Although it is difficult to keep very fine sand and silt from en-
tering drilled wells constructed in the Buck Creek Terrace de-
posits, the aquifer is the source of satisfactory water supplies for
several farms, from both dug and drilled wells. No wells were
inventoried that would pump more than about 20 gpm, but supplies
of 25 to 50 gpm probably could be obtained locally from properly
constructed and developed wells.

The quality of ground water from this aquifer is generally satis-
factory for domestic use except for excessive hardness (Table 4)
and locally high iron content.

Undifferentiated post-Kansan Alluvium and Terrace Deposits

Deposits younger than Kansan and which are equivalent in age
to the alluvium and Newman Terrace and Buck Creek Terrace de-
posits in the larger valleys occur in many of the smaller tributary
valleys but are not differentiated on Plate 1. These deposits range
in thickness from about 10 to 40 feet. Because they are derived
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chiefly from the local rocks in the drainage area of the individual
tributary and because of the predominance of shale in the area,
most of the sediments are poorly sorted sandy clays and silts, al-
though alluvium may be very sandy in tributaries draining areas
of the Tonganoxie or Ireland Sandstone members or extensive Kan-
san deposits.

There is a wide range in the capacity of these deposits to store
and transmit ground water, but small supplies of 1 to 10 gpm can
generally be obtained from them for domestic and stock use. Be-
cause of the low yields, dug wells providing considerable storage
in the well itself are more satisfactory than small-diameter drilled
wells. Well 12-20-4bc (Table 8 and well log) is a representative
well obtaining a domestic water supply from these deposits.

The chemical character of the ground water is similar to that ob-
tained from other post-Kansan alluvial deposits in the larger valleys.

Kansan Deposits

Because of the wide range in thickness, extent, and character
of the Kansan deposits, their ability to store and transmit water
differs greatly from one locality to another. Deposits of clayey
till, whether small dissected patches or extensive deposits, generally
supply little or no water to wells. Fluvial outwash deposits, how-
ever, may be permeable and transmit water readily. Small dis-
sected deposits generally are easily drained. This is illustrated
by the Kansan outwash along Kansas River between Lawrence
and Lakeview, where suburban development has resulted in many
wells and test holes having been drilled for domestic water sup-
plies. Some of these wells and test holes have been drilled through
a very thin saturated zone of sand and gravel of the Grand Island
Formation at the base of the deposits and yield satisfactory do-
mestic supplies. Others may obtain small amounts of ground water
from perched water bodies in the Sappa Formation or in post-
Kansan alluvial and colluvial deposits. Still others penetrated the
entire thickness of Kansan deposits without encountering any sat-
urated material capable of yielding a domestic water supply and
were drilled into the sandstone of the Stranger Formation, which
underlies this area. As water in the Tonganoxie Sandstone member
is salty in this area (test hole 12-19-26abb; Tables 4 and 8), such
wells are failures unless at least a small amount of water is yielded
by the Kansan deposits. If as much as 10 or 15 gallons of water per
hour is obtained from the Kansan deposits in wells drilled into the
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Tonganoxie Sandstone member, this small amount of tresh water
will move into the well and down into storage in the Tonganoxie be-
cause of the lower head in the sandstone. Water supplies of 200
to 300 gpd have been obtained from such wells, but if pumped
heavily they may yield brackish or salty water.

In other areas of extensive Kansan deposits, such as the Hesper
area, wells completed in saturated sand and gravel may yield large
domestic and stock water supplies. Yields of 50 gpm probably
can be obtained locally. Other wells, however, encountering only
clay and sandy clay, or in marginal areas where the water table
is below the Kansan deposits, may yield little or no ground water.
Several small streams in the Hesper area have perennial flows main-
tained by ground-water discharge from the Kansan deposits.

The quality of water in Kansan deposits is indicated by the
analyses in Table 4.

Consolidated Rock Aquifers
Limestone and Shale Aquifers

Limestone and shale are widespread over the county at or near
the surface, and individual stratigraphic units are uniform in thick-
ness and composition and are laterally continuous. In their un-
weathered state the limestone and shale are relatively impermeable
and generally will not yield enough water to constitute a reliable wa-
ter supply. At or near the surface, however, weathering processes
tend to increase or enlarge the open spaces within the rocks, es-
pecially along joints, fractures, and bedding planes, so that locally
these rocks may yield small supplies of ground water to shallow
wells,

The permeability of weathered limestone and shale differs greatly
from place to place. Effectiveness of recharge to and discharge
from these rocks is importantly influenced by such factors as type
and thickness of soil, vegetative cover, slope and topographic posi-
tion, and thickness and extent of the weathered zone.

Haworth (1897, p. 15; 1913, p. 51) described water supplies ob-
tainable from these rocks in Douglas County and, in particular, a
ground-water supply developed by the University of Kansas in
1896 on the south slope of Mount Oread. Haworth’s investigation
revealed weathered shale and colluvial deposits as much as 40 feet
thick on the middle part of the hillslope. A large dug well 19 feet
deep, with galleries extending east and west along the base of the
weathered shale zone, produced about “5,000 gallons a day almost
all the year, and 10,000 in wet weather.” Generally, large-diameter



Geology and Ground Water, Douglas Co. 91

dug wells are more successful than drilled wells in such material,
because of their large storage capacity. Static water levels in
such wells may be within a few feet of the land surface in wet
years and decline greatly in dry years. Successive years of deficient
precipitation may cause wells constructed in these shallow aquifers
to go dry.

The quality of water from the shallow aquifers is generally satis-
factory for domestic use except for excessive hardness and iron con-
tent. The sanitary quality of ground water from such wells may be
poor if the wells are not properly constructed or are located near
sources of pollution.

Sandstone Aquifers

Calhoun, Tecumseh, and Kanwaka Shales.—Each of these shale
formations contains relatively thin intraformational channel sand-
stones, 5 to 30 feet thick locally, which yield small ground-water
supplies to domestic wells. The sandstones have similar lithologic
and hydrologic properties and are chiefly very fine to fine, mica-
ceous, angular to subangular quartz sandstone. Although no per-
meability tests were made of these aquifers, their physical and
lithologic similarity to sandstone of the Ireland and Tonganoxie
Sandstone members suggests that their hydraulic properties might
also be similar.

Wells 12-17-14aa and 12-18-3aa obtain water from sandstone in
the Calhoun and Kanwaka Shales, respectively, which is representa-
tive of the quality and quantity of water generally obtainable from
these aquifers (Tables 4 and 8). Yields of such wells, commonly
2 gpm or less, are satisfactory only for small domestic supplies.

Lawrence Shale—The Lawrence Shale contains the Ireland
Sandstone member, an important sandstone aquifer in southern
Douglas County, which provides small to moderate quantities of
ground water. Many wells yield 5 to 50 gpm, and in most favorable
areas 100 gpm probably can be obtained.

Both Baldwin and Wellsville obtain municipal water supplies
from the Ireland Sandstone member. Logs of wells and test holes
(at the end of this report) indicate that locally the Ireland Sand-
stone member is more than 115 feet thick. Figure 5 shows the prin-
cipal area of occurrence of the sandstone, and Plate 1 indicates the
areal extent of Lawrence Shale in this area. In the area of outcrop
of the Ireland Sandstone member, ground water occurs chiefly
under water-table conditions, and as much as 100 feet of saturated
water-bearing material may be present locally. In the southwestern
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part of the county the aquifer is overlain by confining beds and the
water is artesian, but the aquifer is generally not as thick as in south-
central and southeastern parts of the county.

The coeflicient of permeability of the well-sorted, massive chan-
nel deposits ranges from about 100 to 350 gpd per ft.2, but that of
much of the aquifer is about 25 to 150 gpd per ft.2

Well 15-20-15ad (Baldwin well 8) penetrates about 19 feet of
saturated water-bearing sandstone, which has a coefficient of
permeability of about 340 gpd per ft.2 Well 15-21-5ad (Wellsville
well 3) penetrates 61 feet of Ireland Sandstone, which has a co-
efficient of permeability of about 125 gpd per ft.2 These wells
are pumped at about 45 and 25 gpm and have specific capacities
of about 7.6 and less than 1 gpm per ft., respectively (Table 6).
They are representative of the water supplies available from this
aquifer.

Conditions are very favorable for recharge to the aquifer, es-
pecially in areas having friable and leached sandstone at or near
the surface in the headwater areas of Tauy, Coal, and Captain
Creeks. A considerable amount of ground water is discharged to
tributaries of these streams, giving rise to small perennial stream-
flows and local marshy areas. The amount of ground water pumped
from wells in this area is small compared with the amount dis-
charged naturally,

The chemical quality of ground water in the Ireland Sandstone
member is excellent in the outcrop or water-table area. It is a
calcium magnesium bicarbonate water that is moderately low in
dissolved solids. The municipal and domestic supplies obtained
from it generally are not treated before use except for chlorination.
Downdip, in southwestern Douglas County, the aquifer is confined,
and the water.contains more total dissolved solids. Instead of being
a calcium magnesium bicarbonate water it is a soft sodium bicar-
bonate water, owing to natural softening by base exchange. The
fluoride content of the ground water generally is greater in this
area, and in many wells exceeds the recommended maximum of
1.5 ppm. The amount of chloride in the water of some wells that
tap the Ireland Sandstone member is enough to give a salty taste.
Chemical analyses of samples of ground water from the Lawrence
Shale, chiefly from the Ireland Sandstone member, are given in
Table 4.

Stranger Formation.—The Stranger Formation contains the Ton-
ganoxie Sandstone member, an important aquifer similar to the
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Ireland Sandstone in thickness, areal extent, and origin, but the two
sandstones generally do not occur in the same geographic area ex-
cept in southwestern Douglas County. The Vinland Shale member
of the Stranger Formation locally contains a thin sandstone, which
yields small amounts of ground water to a few wells. The sandstone
in the Vinland commonly is very calcareous, and locally the voids
between sand grains are almost completely filled with calcite. No
data are available regarding the permeability of the sandstone in
the Vinland Shale member, but it is probably very low. In some
wells the sandstone in the Stranger Formation is not readily identi-
fiable with the one in the Vinland Shale member or with the upper
part of the Tonganoxie Sandstone member.

The Tonganoxie Sandstone member yields supplies of 5 to 50
gpm to many wells, and locally where most permeable may yield
50 to 100 gpm. It is the principal source of domestic and stock
supplies in a belt several miles wide trending southwest nearly along
the strike of the rocks from the Lawrence area to the southwest
corner of the county (Fig. 4). Logs of wells and test holes indicate
70 feet of sandstone in the basal part of the Tonganoxie Sandstone
member locally. Plate 1 indicates the outcrop area of the Stranger
Formation; where it is broad, the Stranger Formation generally
includes at least a few feet of sandstone of the Tonganoxie member.

In the outcrop area of the Tonganoxie Sandstone in the lower
part of the Wakarusa River valley east and southeast of Lawrence,
ground water in that aquifer is chiefly unconfined, but west and
southwest of Lawrence the aquifer is confined between relatively
impermeable limestone and shale beds and the water is artesian.

The coefficient of permeability of the Tonganoxie Sandstone
probably has about the same range as that of the Ireland Sand-
stone, about 15 to 150 gpd per ft.2, but locally well-sorted massive
deposits are probably much more permeable.

Overbrook municipal well 1 (15-17-12ac2) obtains water from
the Tonganoxie Sandstone, and the results of a pumping test on
this well are summarized in Table 6. The coefficient of trans-
missibility computed from this test was 1,620 gpd per ft. The
thickness of the aquifer is about 90 feet; hence, the coefficient of
permeability is about 18 gpd per ft.2

The hydraulic gradient in the artesian part of the Tonganoxie
Sandstone member is approximately 7 feet per mile between well
15-17-1ac2 and well 13-19-27dd. The ground water is moving
from southwestern Douglas County northeastward toward the
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Wakarusa River valley in the vicinity of Lawrence, where it dis-
charges into alluvial deposits in the Wakarusa and Kansas River
valleys. ‘

Recharge to the nonartesian parts of the Tonganoxie Sandstone
member south and east of Lawrence is chiefly from local precipita-
tion in the outcrop area. Recharge to the artesian part of the aqui-
fer in southwestern Douglas county is believed to result from hy-
draulic interconnection between Ireland Sandstone member and
Tonganoxie Sandstone member in northwestern Franklin County.
Ground water in the Tonganoxie in the artesian area of southwestern
Douglas County generally is more mineralized downdip and also
downgradient from southwestern Douglas County toward its dis-
charge area in the vicinity of Lawrence.

The quality of water in the Tonganoxie Sandstone member
ranges from good to bad. The water is salty in the lower, or down-
dip, part of the aquifer. In much of southwestern Douglas County
the water is a soft to moderately hard sodium chloride water. It is
of good quality in the southwestern corner of the county but is
more brackish westward downdip and northeastward downgradient
in the artesian area. In the water-table area southeast of Lawrence
the water is generally a calcium bicarbonate water of good quality,
although iron and fluoride may be present locally in objectionable
amounts. Analyses of samples of ground water from Tonganoxie
Sandstone and undifferentiated Stranger Formation are given in
Table 4.

Rock Lake Shale—The Rock Lake Shale member locally contains
fine and very fine sandstone, ranging in thickness from a featheredge
to about 13 feet, which yields water to a few wells in eastern Doug-
las County. Table 4 includes analyses of water from two wells
(14-20-22ba and 14-21-18ad) that obtain all or part of their water
supply from this sandstone. As indicated by these analyses, the
water is brackish but usable for livestock. Although a few wells
reportedly yield water of good quality from this aquifer, other
wells are known to yield water that is brackish. Conclusive data
are not available, but it is likely that water in the aquifer west of
R. 20 E. is salty, and in parts of R. 20 and 21 E. is brackish. Yields
of wells range from about 1 to 10 gpm.

Bonner Springs Shale.—The oldest sandstone known to yield wa-
ter of usable quality in Douglas County is in the Bonner Springs
Shale, which underlies the Plattsburg Limestone. Locally at well
14-20-22cc at least 16 feet of sandstone is present in the formation.
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Areas in which fresh water, or brackish water that is usable for
stock, can be obtained probably are limited to parts of R. 20 and
21 E. Only two wells (14-20-22ba and 14-21-18ad) that obtained
water from this aquifer were inventoried. Yields of 1 to 10 gpm
can be obtained locally from this aquifer.

Other Aquifers

The Wyandotte Limestone, which underlies the Bonner Springs
Shale, is the oldest formation known to be yielding usable (fresh
or brackish ) water to a well (14-21-16cc) in Douglas County. Older
Pennsylvanian rocks have not been systematically studied or ex-
ploited for sources of ground water, but information obtained from
drilling for oil and gas indicates that the water in the deeper
Pennsylvanian rocks probably becomes progressively more mineral-
ized with depth and may contain dissolved solids ranging from
about 5,000 to 50,000 ppm, or even more.

Some unconfirmed reports indicate that some of the water in
the pre-Pennsylvanian rocks is of a better quality than the water
in the deep Pennsylvanian rocks, The “Hunton” limestone of Si-
lurian and Devonian age is known to contain water of usable qual-
ity in parts of Brown and Doniphan Counties in northeastern Kan-
sas, and the Arbuckle Group, of Cambrian and Ordovician age,
yields municipal water supplies in southeastern Kansas. Reliable
analyses of ground water from pre-Wyandotte beds were not ob-
tained during this investigation.

UtiLizaTiIoON OF GRrROUND WATER
Public Supplies

Five towns—Baldwin, Eudora, Lecompton, Overbrook (Osage
County) and Wellsville (Franklin County)—have well fields in
Douglas County that provide the entire supplies for those towns.
Lawrence utilizes both surface water and ground water for its
public supply. Available logs of municipal wells and test holes
indicated on Plate 2 are included at the end of this report.

Baldwin

Two dug wells and six drilled wells (Table 8; PL. 2) supply
water for the town of Baldwin. Seven of the wells, ranging
from 40 to 60 feet in depth and from 8 to 120 inches in diameter,
tap the Ireland Sandstone member of the Lawrence Shale, and
one well 26 feet deep and 240 inches in diameter taps both the
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Ireland Sandstone and alluvial deposits along Spring Creek. Water
is pumped from the well field to an elevated 200,000-gallon steel
reservoir near the center of town.

Approximately 47 million gallons (144 acre-feet) of water was
used in 1955 (Table 7). The water is of good quality, as shown
by the analysis in Table 4. Chlorination is the only treatment
given the water.

Eudora

The water supply of Eudora is obtained from two wells about
12 inches in diameter and 64 feet deep, which produce water
from alluvium in the Kansas River valley. The average pumpage
is about 80,000 gpd (Table 7); in 1955 approximately 29 million
gallons (89 acre-feet) was pumped from the well field.

The newer of the two wells was not inventoried, but it is lo-
cated in the same area and is of similar construction to the well
inventoried (13-21-5db).

The water is of good quality except for more than 400 ppm of
hardness (Table 4). Water is pumped from the well field to an
elevated 50,000-gallon steel storage reservoir for distribution after
being softened, treated for removal of.iron, and chlorinated.

Lawrence

Both ground water and surface water are now used for the
Lawrence municipal water supply, but originally only ground water
and later only surface water was used (Lohman, 1938). Six wells
ranging from 48.5 to 51.3 feet in depth are located north of the
water plant in alluvium along Kansas River (Pl. 2). They are
each equipped with 12-inch diameter screens, 18-inch casing, and
550 gpm capacity pumps. According to Robert Mounsey, city
water superintendent (personal communication), in 1955 the well
field supplied 414,817,600 gallons of water or about 34.6 percent
of the total supply of 1,198,042,000 gallons. The quality of water
in Kansas River changes with its stage and is affected by seasonal
changes. Whenever the river water is excessively turbid or con-
tains large quantities of taste- or odor-causing algae, the percentage
of well water used is increased.

Normally the river water is somewhat softer than the ground
water, but the ground water has a more nearly constant chemical
quality and is free from turbidity, taste, and odor-causing organ-
isms. The water is softened, chlorinated, and fluorinated at the
treatment plant.
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Lecompton

Lecompton obtains its water supply from a well (11-18-34bd)
northwest of the town in the alluvium of the Kansas River valley.
The well is 10 inches in diameter and 30 feet deep. Average
pumpage is reported to be approximately 10,000 gallons a day
(Table 6). In 1955 approximately 3.6 million gallons (11 acre-
feet) was pumped.

The water is very hard and contains 0.31 ppm iron and manganese
(Table 4) but otherwise is of good quality.

Overbrook

Two drilled wells in southwestern Douglas County supply water
for Overbrook, which is in Osage County to the west. The wells
tap the Tonganoxie Sandstone member of the Stranger Formation.
Well 15-17-1acl (east well), is 507 feet deep and is cased with
412.5 feet of 6%-inch iron casing. Well 15-17-1ac2 is 497 feet deep
and is cased with 417 feet of 6%-inch iron casing. Each well is
equipped with a 35-gpm capacity submersible turbine pump. Water
is pumped from the wells to an elevated 50,000-gallon steel reser-
voir at the east edge of town. :

The water is of satisfactory quality as shown by the two analyses
in Table 4, although it is hard and exceeds slightly the maximum
values recommended by the U.S. Public Health Service for dis-
solved solids and iron. Analyses of water samples collected April
1, 1953, and December 12, 1955, indicate that the quality of water
had improved slightly between those dates. Water treatment con-
sists of chlorination.

The average daily usage is about 20,000 gallons, and in 1955 a
total of about 7.3 million gallons (22 acre-feet) was pumped.

Wellsville

Prior to June 1956, two large dug wells, each 60 feet deep, and
one 8%-inch drilled well, 61 feet deep, provided the municipal water
supply of the city of Wellsville, Franklin County (PL 2). In 1956 a
fourth well (15-21-4bb), 100 feet deep, was drilled and added to
the supply system. All the wells obtain water from the Ireland
Sandstone member of the Lawrence Shale.

In 1955 an estimated 22 million gallons, or 68 acre-feet (Table 7),
was pumped from the well field through a 50,000-gallon elevated
steel storage reservoir near the center of town.

The water is of good quality as shown by the chemical analysis in
Table 4. Chlorination is the only treatment given the water.

7—5329
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Industrial Supplies
Cooperative Farm Chemicals Association

Ammonium nitrate, urea solutions, anhydrous ammonia, and
ammonia solutions are produced by the Cooperative Farm Chemi-
cals Association plant east of Lawrence. Ground water is pumped
from nine wells (Pl. 2) in alluvial deposits of the Kansas River
valley for use principally in cooling processes, boiler feed, and
products manufacture. A total of 471 million gallons of water
(Table 7) was pumped from the well field in 1955. Consumptive
use amounts to approximately half a million gallons per day. Dur-
ing the last half of 1955 the plant also obtained 63 million gallons
of water from the city of Lawrence.

Kansas Power and Light Co.

The Kansas Power and Light Co. generating plant between
Lawrence and Lakeview is the largest single user of ground water
in Douglas County. Six wells in the alluvium of the Kansas River
valley provide 1,000 to 1,500 gpm continuously. In 1955 pumpage
was approximately 578 million gallons, or 1,774 acre-feet (Table
7). The water is used chiefly for cooling.

National Alfalfa Dehydrating and Milling Co.

The National Alfalfa Dehydrating and Milling Co. has dehy-
drators at Lakeview and Midland, which operate during the grow-
ing season. The Midland plant has storage and processing facilities
that operate throughout the year. Approximately 1.5 million gal-
lons of water is used annually by the two dehydrators.

Westvaco Mineral Products Division
Food Machinery & Chemical Corp.

Sodium phosphate, phosphoric acid, and dry ice are manufactured
by the Westvaco Mineral Products Division in north Lawrence.
Ground water, obtained from six wells in the alluvium of the Kan-
sas River valley, is used for cooling. In 1955 the well field was
pumped at a rate of 800 to 900 gpm about 80 percent of the year,
and pumpage totaled 414 million gallons (1,271 acre-feet). About
10 to 15 percent of the water pumped is consumed.
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Irrigation Supplies

The first irrigation of field crops in the Kansas River valley was
probably in the middle 1930’s. During the 1940’s rainfall was
generally above normal and interest in irrigation declined. The
years 1952 to 1956, inclusive, were drought years and interest in
irrigation was revived. In 1955 an estimated 629 acre-feet of water
was pumped from wells and water-table pits in the Kansas River
valley in Douglas County, to irrigate 656 acres of crops, principally
corn and alfalfa. In 1957, 1,080 acres was irrigated from wells
or water-table pits. Irrigation water is most commonly distributed
by sprinkler systems, and the wells are pumped at rates of 350 to
1,000 gpm.

Water analyses available indicate that the ground water is satis-
factory for crops most commonly irrigated. Ground water in the
Kansas River valley generally has a low sodium (alkali) hazard
and a medium or high salinity hazard. Crops of moderate salt
tolerance, such as corn, alfalfa, wheat, oats, and potatoes, can be
irrigated without special practices, but high-salinity water cannot
be used on soils having restricted drainage. For a more thorough
discussion of the suitability of water for irrigation the interested
reader is referred to Agriculture Handbook 60 of the U. §. Depart-
ment of Agriculture,

No ground-water irrigation is practiced outside the Kansas River
valley, as sufficiently high yields generally are not obtainable else-
where in the county.

Domestic and Stock Supplies

Several hundred water supplies for domestic and stock needs
are obtained from wells and springs in Douglas County. During
1955, a drought year, many farm, domestic, and stock supplies were
inadequate, and much water was hauled from municipal supplies
and from Kansas Emergency Relief Committee wells. It is esti-
mated that, exclusive of water from municipal sources, about 200,000
gpd of water was obtained from wells and springs. The total 1955
use is estimated at 73 million gallons or 224 acre-feet (Table 7).
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Summary

Pumpage of ground water increased more than 400 percent be-
tween 1950 and 1956, chiefly as a result of industrial and irrigation
developments. Additional large increases for industry and agri-
culture are likely to result in the next few years; most of the ground
water will be obtained from alluvium and Newman Terrace de-
posits in the Kansas River valley.
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RECORDS OF WELLS, TEST HOLES, AND SPRINGS

Information pertaining to 436 water wells, test holes, and springs
in Douglas County is given in Table 8. Measured depths to water
are given to the nearest 0.01 foot, whereas depths reported by the
owner, tenant, or driller are given only to the nearest foot. Sim-
ilarly, measured depths of wells are given to the nearest 0.1 foot,
whereas reported depths are given only to the nearest foot.
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LOGS OF WELLS AND TEST HOLES

Given on the following pages are logs of 88 test holes in Douglas
County drilled by the State Geological Survey and logs of 108 wells
and test holes obtained from drillers and other sources. Logs of -
test holes originally published by Lohman (1941) are indicated as
T-1, T-2, etc.

11-18-28cd.—Sample log of test hole in SE SW sec. 28, T. 11 S., R. 18 E.,
about 300 feet north of railroad tracks; drilled August 18, 1950; depth to
water, 2.78 feet. Altitude of land surface, 843.3 feet.

QuATERNARY—Pleistocene

Alluvium Thxglc:tess, szgtth,
Clay,silty,dark ................................ 3 3
Silt, clayey, brown .................. .. ... ... ... 2 5
Sand, medium to coarse, feldspar and quartz .. ... ... 6 11
Clay, silty, dark brown ....................... ... 1 12
Sand, medium, quartz and feldspar ................ 11 23
Granules, coarse, and limestone boulder ............ 1 24
Gravel, coarse, and granules ..................... 6 30
Gravel, coarse, granules and cobbles ............... 7 37
Sand, coarse, and boulders .................. .. ... 11 48

PENNSYLVANIAN—Virgilian
Lawrence(?) Shale
Shale, yellow brown to light blue gray ............. 2 50
Shale, soft, blue; thin layer of brown siltstone . ... ... 5 55

12-19-1dbl.—Dirillers log of well drilled by Jungmann Bros. Drilling Co. for
B. L. Anderson Construction Co. in NW SE sec. 1, T. 12 S, R. 19 E., in

1955. Altitude of land surface, +835 feet. Thickness, Depth,

feet feet
Soil ... 2 2
Soil, black .............. ... ... .. .. ... . ... .. 10 12
Clay ... 14 26
Sand, medium ............ ... .. . ... . .. . ... ... 24 50
Sand, coarse .............. ... .. .., 20 70
Sand,coarse ............... ... .. 12 82
Limestone ..................0o i 82

12-19-1db2.—Drillers log of well drilled by Jungmann Bros. Drilling Co. for
B. L. Anderson Construction Co. in NW SE sec. 1, T. 12 S., R. 19 E.,, in

1955. Altitude of land surface, +835 feet. Thickness, Depth,
feet feet
Soil ... 2 2
Soil, black ................... ... 8 10
Clay ... . 14 24
Sand, medium ................ ... ... ... ... ... . 16 40

Sand, coarse .................. ... ... ... ... .. 20 60
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Thickness, Depth,
feet fect
Sand, medium ......... ... ... 15 75
Sand, coarse . . ... PR 6 81
Limestone ................ . . ... .. . 81

12-19-9ad.—Sample log of test hole in SE NE sec. 9, T. 12 S., R. 19 E., 50
feet north of intersection on west road shoulder, drilled August 14, 1950
depth to water, 7.2 feet. Altitude of land surface, 828.4 feet.

QuaTERNARY—Pleistocene

. Thickness, Depth,
Alluvium feet feet
Sand, fine to coarse, quartz and feldspar .......... 8 8
Sand, medium to coarse; contains snail shells........ 12 20
Sand, coarse, quartzose ........................ .. 10 30
Sand, coarse, and granules of feldspar ............ 18 48
Sand, coarse, and gravel containing limestone frag-
MENES . .o 12 60
Gravel, coarse, and granules of quartz and feldspar;
some weathered shale ........................ 8 68
PENNSYLVANIAN—Virgilian
Shale, blue gray .................. ... ........ 2 70

12-19-14bcl.—( Lohman, 1941, p. 64) Drillers log of well drilled by Layne-
Western Co. for Kansas Power & Light Co. in SW NW sec. 14, T. 12 S,,

R. 19 E,, in 1938. Thickness, Depth,

feet feet
Soil ... 3 3
Clay oo 11 14
Sand, fine .......... ... ... .. ... ... ... 4 18
Sand, coarse, some gravel ........................ 12 30
Clay ... 5 35
Sand, coarse, some gravel ........................ 10 45
Gravel and sand .............. ... . ............ 8 53
Rock ... o 53

12-]:9-l4bd.—(Lohman, 1941, p. 64) Drillers log of well drilled by Layne-
Western Co. for Kansas Power & Light Co. in SE NW sec. 14, T. 12 S.,

R.19E,, in 1938. Thickness, Depth,
feet feet
SOil L 3 3
Clay, sandy ............ ... 8 11

Sand, fine ........ .. ... ... 4 15 -
Sand, medium coarse ..................0.ii..... 5 20
Sand, fine .......... ... .. ... 3 23
Sand, medium coarse ........................... 7 30
Clay ... . 1 31
Sand and gravel ............. ... ... ... ... ... 14 45
Sand, gravel, and a few boulders .................. 7 52

ROCK . i 52
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12-19-15bc.—Drillers log of well drilled by W. D. Wilson for Lakeview
Fishing and Shooting Assoc. in SW NW sec. 15, T. 12 S, R 19 E, in

September 1951. Altitude of land surface, = 840 feet.

Thickness,

feet
Clay, yellow ....... ... ... ... ....... ... .. ... 46
Shale, blue ........... ... .. .. . ... . . ... 16
Limestone, blue . ........... ... .. . ... ... .. .. .. 6
Shale, blue ......... .. ... ... ... . ... .. . . . ... .. 38
Limestone, brown .............. ... ... . . ... .. .. 3
Shale, gray, sandy ... ......... .. . ... .. . . . ... . .. 71
Limestone, brown ............. .. ... .. . ... . . .. .. 2
Shale, gray, sandy ............... ... .. ... . . ... .. 6
Limestone, light gray ............. . .. .. . . . . ... .. 16
Shale, gray ....... ... ... ... .. .. . .. .. . ... . ... .. 4
Shale, black ........ ... ... ... .. ... ... . ... . .. 2

Depth,
feet

46

62

68
106
109
180
182
188
204
208
210

12-19-15cd.—Sample log of test hole in SE SW sec. 15, T. 12 S., R. 19 E.,

drilled August 14, 1950. Altitude of land surface, 860.0 feet.
QUuATERNARY—Pleistocene

Buck Creek Terrace deposits Th]?::tess’
Soil, clayey, black .......... ... ... ... . . . . ... .. 3
Silt and clay, brown .. ....... ... .. ... . ... ... .. 4
Silt, clayey, red ....... ... ... .. ... ... ... . ... .. 33
Silt, clayey, red; some finesand ......... .. ... . .. 12
Sand, medium, to gravel ....... .. ... . . . . . . . ... . 1
PENNSYLVANIAN—YVirgilian
Shale, blue gray ......... ... .. ... . ... ... . ... .. 1

Depth,
feet

3
7
40
52
53

54

12-19-23ba.—Dirillers log of well drilled by Holmes & Hammel Drilling Co.
for N. W. Goff in NE NW sec. 23, T. 12 S., R. 19 E., in 1948. Altitude

of land surface, +904 feet. Thifck:tess,

(<]
Soill and clay ............ ... .. ... ... . . . .. . ... 20
Clay, red, sandy ........................... .. .. 25
Shale, blue, sandy ............... ... .. ... . . . .. 24
Sandstone, soft .................. ... .. . ... .. .. 6
Limestone .......... .. .. ... ... ... .. . .. .. ... .. 5
Shale ........... ... 1
Sandstone, hard ........ ... ... ... . ... . . . . ... ... 12
Shale .......... .. ... ... 28
Sandstone, water ....... ... ... ... . ... ... .. ... .. 8
Shale ......... .. ... ... 2

Depth,
feet
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12-19-24a.—(Lohman, 1941, T-10) Sample log of test hole in cen. NE sec.
24, T. 12 S., R. 19 E., drilled 1940; depth to water, 12.4 feet. Altitude
of land surface, 821.4 feet.

QuaTerNARY—Pleistocene

Thickness, Depth,
Alluvium feet feet
Soil, silty, dark ......... ... ... .. ... ... ... ... 11 11
Sand, coarse to fine, and fine gravel ... .. .. .. .. . .. 9 20
Sand, coarse, and fine gravel ... .. ... . . .. .. . . .. 2 22
Sand, coarse to fine, and fine gravel .. ... .. ... . .. 8 30
Sand, coarse to medium .............. . ..... .... 10 40
Sand, coarse . .............. ... 9 49

PENNsYLVANIAN—Virgilian
Stranger Formation
Shale, sandy, light gray, and sandstone ........ .. .. 1 50

12-19-24ac.—(Lohman, 1941, T-11) Sample log of test hole in SW NE
sec, 24, T. 12 S., R. 19 E., drilled 1940. Altitude of land surface, 856.1
feet.

QuaTERNARY—Pleistocene

Kansan glaciofluvial deposits Thlfs:tess’ szle)tﬂl’
Soil, clay, silty, dark ....... ... ... .. ... ... .. .. .. 3 3
Clay, silty, yellow brown ............. .. .. .. ... 6 9
Clay, silty, light gray .......... ... ... ... ...... 3 12
Sand, fine to coarse, dirty ............ .. ... ... .. .. 4.5 16.5
Sand and gravel, poorly sorted, orange brown ...... 3.5 20

PENNsYLVANIAN—Virgilian

Lawrence Shale
Shale and sandstone, yellow green to gray .......... 55 25.5
Shale, dark blue gray .......................... 45 30

12-19-24adl.—(Lohman, 1941, T-9) Sample log of test hole in SE NE sec.
24, T. 12 S, R. 19 E,, drilled 1940; depth to water, 9.2 feet. Altitude
of land surface, 819.2 feet.

QuaTerNARY—Pleistocene

A Thickness, Depth,
Alluvium feet feet
Sand, fine, earthy ..... ... ... ... .. ... ... . ... .. 10 10
Sand, coarse, and fine gravel............. .. . . . 13 23
Sand, coarse .................... . .. ... ... ... .. 7 30
Sand, coarse tomedium .................... ... . 10 40
Sand, medium ............... ... .. ... ... ... ... 75 475
PENNsYLVANIAN—YVirgilian
Stranger Formation
Shale, sandy, light gray, and sandstone .......... .. 2.5 50
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12-19-24ad2.—(Lohman, 1941, T-8) Sample log of test hole in SE NE sec.
24, T. 12 S., R. 19 E,, drilled 1940; depth to water, 9.2 feet. Altitude
of land surface, 819.2 feet.

QuaTerNArRY—Pleistocene

Alluvium Thlfcl::tess’ I}Z‘e’ih’
Soil, sandy, brown .......... .. ... . . ... 1 1
Soil, black .......... .. ... ... .. 7 8
Sand, medium to fine, brown .................... 2 10
Sand, medium to fine ........................ .. 9 19
Sand, medium to coarse, gray ................... 11 30
Gravel, coarse to fine, and coarse to medium sand .... 10 40
Gravel, fine, and coarse sand .................... 6 46

PENNSYLVANIAN—Virgilian

Stranger Formation

Shale, sandy, light gray ........................ 4 50

12-19-24dac.—(Lohman, 1941, T-8) Sample log of test hole in SW NE SE
sec. 24, T. 12 S, R. 19 E,, drilled 1940. Altitude of land surface, 817.7
feet.

QuaTterNARY—Pleistocene

Alluvium Thl?cl:;ess’ szle):h ’
Soil, sandy, dark ........... ... ... .. ... .. ..., 4 4
Sand, medium, brown .......................... 16 20
Sand, medium to coarse ........................ 4 24
Sand, medium, to fine gravel .................... 6 30
Sand, coarse . ............. .. 10 40
Gravel, medium and coarse, some fine ............. 75 475

PENNSYLVANIAN—Virgilian

Stranger Formation

Shale, sandy, gray, and sandstone ................ 2.5 50

12-19-24dd.—Dirillers log of well drilled by Layne-Western Co. for city of
Lawrence in SE SE sec. 24, T. 12 S., R. 19 E,, in 1947. Altitude of land

surface, +823 feet. Thickness, Depth,
feet feet
Top soil ... .. ... . 1 1
Rock ballast and chat .......................... 4 5
Clay, sandy .......... oo, 10 15
Sand, medium ............... ... ... ... ... 8 23
Sand, muddy ............. ... ... ..., 4 27
Sand, coarse .............. ... 16 43

Clay .. 1.5 445

Sand, coarse, and clay balls ...................... 9.9 54.4

12-19-25aal.—Drillers log of well drilled by Layne-Western Co. for city of
Lawrence in NE NE sec. 25, T. 12 S., R. 19 E,, in 1945. Altitude of land

surface, =822 feet. Thickness, Depth,
feet feet
Fill .. 10 10
Clay, sandy ............ .. ..., 10 20

Sand, fine to medium ................ .. ........ 12 32
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Thickness, Depth,
feet feet
Sand, fine, well packed ......................... 4 36
Sand, coarse ................ ... ... 9 45
Sand, coarse, and gravel ........................ 6 51

12-19-25ad1.—Drillers log of well drilled by Layne-Western Co. for city of
Lawrence in SE NE sec. 25, T. 12 S., R. 19 E,, in 1944. Altitude of land

surface, +819 feet, Thickness, Depth,
feet feet
Sandy soil ............ . ... ... ... 1 1
River Il .. ... ... .. ... ... . . . 4 5
Clay, soft, blue ........... .. ... ... ... .......... 13 18
Sand, fine, blue ............ ... .. . ... ... .. 7 25
Sand, medium to coarse ,......................... 9 34
Sand, fine ........... ... ... ..., 3 37

Clay, blue, and rotten wood . ..................... 0.5 375
Sand, fine .. ....... .. ... ... 1.5 39
Sand, medium to coarse ......................... 3 42
Sand, coarse, and gravel; small rock ............... 5 47

12-19-25ddb.—Sample log of test hole in NW SE SE sec. 25, T. 12 S., R.
19 E., about 120 feet north of center line of 6th Street and 100 feet east
of center line of Alabama Street, drilled July 7, 1954. Altitude of land
surface, 852 feet.

QuAaTERNARY—Pleistocene

Kansan glaciofluvial deposits Th‘fl‘;‘tess’ D;ZEI‘"
Soil, gray black ...................... ... ... .. .. 2 2
Silt and clay, gray to yellow brown ................ 3 5
Silt and clay, yellow brown; fragments of ironstone and

limonite concretions .......................... 20.5 25.5
Sand, medium, silty, yellow brown ................ 3.5 29

PENNsYLVANIAN—YVirgilian
Lawrence(?) Shale
Shale, gray blue, thin hard streaks in lower part . .. .. 15 44

12-19-26abb.—Sample log of test hole in NW NW NE sec. 26, T. 12 S.,
R. 19 E,, about 12 feet east and 200 feet south of N. quarter corner, drilled
July 1953. Altitude of land surface, =890 feet.

QuaTERNARY—Pleistocene

Peoria Formation T‘“}-’i?fss’ Df?;:h ’
Soil, gray black ................ ... . ... 2 2
Silt, clayey, tan .............. ... ... ... 2 4

Kansan glaciofluvial deposits
Silt, clayey, gray ........ ... ... .. ... ..., 4 8
Silt, clayey, brown .............. ... ... ... ..., .. 19 27
Silt, clayey, tan gray; contains scattered gravel ... ... 10 37
Silt, clayey, tan gray ............. ... ... ... ... . 3 40

Silt, sandy, tan ......... ... ... ... .o L. 11 51
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Thickness, Depth,
eet feet
Silt, sandy, tan; contains scattered gravel .. ... ... .. 10 61
Gravel and sand . ... ... ...... ... ... ... .. ..... 5 66

PENNSYLVANIAN—YVirgilian
Lawrence Shale
Shale, yellow gray ......... ... . ... . ... .. ...... 3 69
Stranger Formation—Haskell Limestone member
Limestone, gray, sandy in upper part; contains thin

shale break in lower part ..................... 4.2 73.2
Stranger Formation—Vinland Shale member
Shale, gray .............. ... .. ... ... .. 0.8 74
Sandstone, gray, silty, very fine, partly cemented with
calcite . ............ ... 27 101
Shale, sandy, gray, and gray sandstone . ... .. .. 11 112
Stranger Formation—Westphalia(?) Limestone member
Limestone, soft, light gray .................... ... 0.5 112.5

Stranger Formation—Tonganoxie Sandstone member
Sandstone and sandy shale, gray; contains thin coal

bed ... ... 9.5 122
Sandstone, gray, fine to very fine .. ... .. ... .. .. ... . 21 143
Shale, blue gray; contains thin coal(?) ............ 6 149
Sandstone, blue gray, fine to very fine; contains thin

sandy shale ......... .. ... ... .. . . ... .. ... ... 86 235

PENNSYLVANIAN—Missourian
Weston(?) Shale

Shale, gray ......... ... .. ... . ... .. ... ... ... 1.9 236.9
Stanton Limestone
Limestone, light gray, hard .. ... ... ... ... ... . .. 0.1 237

12-19-27cc.—Sample log of test hole in SW SW sec. 27, T. 12 S,, R. 19 E,,
drilled October 1955. Altitude of land surface, 1,027 feet.

QuaTeRNARY—Pleistocene

Peoria Formation T}ufgess’ Ezgih ’
Silt, gray black ....... . ... . ... . ... .. ... ... 2 2
Silt, tan ... ... ... ... 2 4
Kansas Till
Clay, red brown ................ ... ........... 1 5
Clay, yellow brown; contains chert and quartzite .... 8 8
PENNSYLVANIAN—Virgilian
Kanwaka Shale
Shale, tan gray . ........ . ... ... ... ... ......... 2 10

12-19-28ba.—Drillers log of well drilled by W. D. Wilson for Mr. Higgens
in NE NW sec. 28, T. 12 S., R. 19 E,, in 1952, Altitude of land surface,

+961 feet. Thicf:kness, Dfepth,
eet eet
Soil ... 3 3

Limestone, broken ................ ... .......... 17 20
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Thickness, Depth,
feet feet
Shale, blue ........ .. ... ... . ..., 5 25
Limestone, yellow .............................. 20 45
Shale, hard, gray ......... .. ... ... . ... ... 25 70
Shale,sandy ............ ... ... ..., 35 105
Shale, gray, muddy ............................. 95 200

12-19-34dd.—Dirillers log of well drilled by W. D. Wilson for J. G. Votaw
in SE SE sec. 34, T. 12 S., R. 19 E,, in May 1953. Altitude of land sur-

face, +980 feet. Thickness, Depth,

feet feet
Soil ... 2 2
Clay, red . ... ... .. . 6 8
Limestone, broken ................ ... ... ... ... 4 12
Shale, black . ........... ... ... . ... . ... .. .. ... 8 20
Limestone, blue ............................... 2 22
Shale, light gray ................... ... .. ...... 13 35
Limestone .................. ...t 10 45
Shale, light ......... .. ... ... ... ........... 15 60
Shale, gray, sandy ................ .. ... ....... 45 105

12-19-35cd.—Drillers log of well drilled by Jungmann Bros. Drilling Co. for
Vernon Smith in SE SW sec. 35, T. 12 S., R. 19 E., in March 1952. Alti-

tude of land surface, =967 feet. _ Thickness, Depth,

feet feet
Clay .. 5 5
Limestone ................ .. ... ... .. 9 14
Shale ... ... .. ... 11 25
Redbed ........... ... . . ... .. ... 9 34
Shale . ... .. ... 10 44
Shale, sandy ................ ... .. ... . ... .. 39 83
Sandstone ................ ... ... 5 88
Shale, sandy ................. ... .. ... ......... 22 110
Shale ... ... ... 10 120

12-20-4bc.—Dirillers log of well dug by Tom Gibson for University of Kansas in
SW NW sec. 4, T. 12 S,, R. 20 E., in October 1955. Altitude of land

surface, +920 feet. Thickness, Depth,
feet feet

Black soil and gray-black silty clay ............. ... 2.8 2.8
Gravel ... ... ... 0.2 3

Silty clay, gray black .. .................. .. .. ... 3.5 6.5

Gravel ... ... ... ... 0.2 6.7
Silty clay, gray brown .. ....... ... ... .. ... .. .. .. 5.3 12

Silty clay, brownish tan; contains scattered gravel.... 12.5 24.5

Silty clay, brownish tan; contains abundant limestone

and chert gravel, cobbles, and sand ............ 2.5 27
Shale, weathered, blue gray .................... .. .. 27

9—5329
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12-20-7adc.—(Lohman, 1941, p. 63) Drillers log of well drilled by Ed Feyh
for C. B. Young in SW cor. SE NE sec. 7, T. 12 S., R. 20 E., in May 1940.

Altitude of land surface, +830 feet Thifkr;ess,
ee
Sand, fine to medium, gray ..................... 40
Sand, coarse, and fine gravel; brown .. ....... .. ... 10
Sand, medium, and coarse gravel; brown ........ .. 5
Gravel, coarse, and some sand; brown .............. 8
Sand, medium, and coarse gravel ............. ... 4
Gravel, coarse, and brown sand .. .......... ... .. 3
Sand, medium, and coarse gravel ................ 4
Gravel, medium, and fine sand ............... ... 3
Gravel, coarse, and medium sand .... ... ..... ... 3
Gravel, coarse, and fine sand; iron-stained and contains
limonite concretions .. ........................ 3
Shale, silty ............ .. ... ... 1

Depth,
feet

40
50
55
63
67
70
74
77
80

83
84

12-20-8da.—Sample log of test hole in NE SE sec. 8, T. 12 S, R. 20 E,,

drilled October 7, 1948. Altitude of land surface, 894.0 feet.
QuaTeRNARY—Pleistocene

Kansan glaciofluvial deposits Thl?::tess’
Clay, slightly sandy, red brown ............... ... 1.5
Clay, sandy, buff tan and brown .................. 5.5
Clay, sandy, dark tan ........................... 5
Clay, tan to buff; thin hard ferruginous bands ... ... 4
Clay, sandy, soft, tan ....................... ... 7
Clay and very fine sand, tan . .................... 9.5
Clay and very fine sand, tan; thin ferruginous sand-

stonelike beds ...... ... ... ... L. 19.5
Sand, coarse, and fine gravel; mostly igneous material
and chert ... ... ... .. ... 6
Gravel, fine to medium; igneous material and chert . 4.5
PENNSYLVANIAN—Virgilian

Stranger Formation

Limestone, hard, gray; contains shell fragments ... ... 0.5

Depth,
feet
1.5
7
12
16
23
32.5

52
58
62.5

63

12-20-9cdd.—(Lohman, 1941, T-19) Sample log of test hole in SE cor. SW
sec. 9, T. 12 S., R. 20 E., drilled 1940. Altitude of land surface, 883.0

feet.
QuaTeErNARY—Pleistocene

Kansan glaciofluvial deposits Thigimess
Clay, silty, reddish .......... ... ... ... P 3
Clay, silty, light gray and brown ................ 4
Clay, silty, yellow ........................... ... 2
Clay, silty, orange yellow and light gray ...... .. .. 55
Sand, fine to coarse, yellow brown ......... ... .. .. 6.5
Clay, silty; contains concretions of limonite ........ 4
Clay, silty, orange yellow and light gray .......... .. 2
Gravel, poorly sorted, orange brown; contains concre-

tions of limonmite ................ ... ... ..... 6.5

Sand and gravel, brown, and some cobbles .......... 10

Depth,

feet

3

7

9
14.5
21
25
27

33.5
43.5
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PENNsYLVANIAN—Virgilian

Thick s Depth,
Lawrence(?) Shale oot foet:
Shale, gray .......... ... ... .. ... ... ... .... 65 50

12-20-16da.—Dirillers log of well drilled by W. D. Wilson for Rays Truck
Stop Cafe in NE SE sec. 16, T. 12 S., R. 20 E. Altitude of land surface,

+827 feet. Thickness, Depth,
eet feet
Soil ... .3 3
Clay, yellow ......... ... ... . ... .. ........... 7 10
Clay, sandy .................... .. .. ........... 10 20
Quicksand .............. . ... ... . 10 30
Sand and gravel ..... ... .. ... ... ... ... ... ... .. 12 42

12-20-17add.—(Lohman, 1941, T-18) Sample log of test hole in SE SE NE
sec. 17, T. 12 S, R. 20 E., drilled 1940. Altitude of land surface, 829.4
feet.

QuaTERNARY—Pleistocene

Newman Terrace deposits Tmfgess’ szgtth’
Soil, silty, dark brown . ... ... ... . 3 3
Soil, silty, clayey, dark . ............ ... ... .. .. ... 5 8
Clay, silty, dark ........ ... ... ... ......... .. .. 4 12
Clay, silty, light brown .................... .. ... 8 20
Clay, silty, light yellow ................... .. .. .. 6 26
Clay, silty, dark ................ ... ... ... ... .. 3.5 29.5
Sand, medium, and some coarse sand ............. 5.5 35
Sand, medium to coarse ................ ... . . . . . 4 39
Gravel, coarse to fine ................... ... .. . .. 11 50
Gravel, fine to coarse, and some coarse sand .. ... ... 12 62
Gravel, coarse to fine, and some coarse sand . .. ... .. 8 70
Gravel, coarse to fine ............... .. ... . . . . .. 9 79

12-20-17cd.—(Lohman, 1941, p. 63) Drillers log of well drilled by W. H.
Hayden for University of Kansas in SE SW sec. 17, T. 12 S, R. 20 E, in
February 1939. Altitude of land surface, 818.6 feet.

Thickness, Depth,
feet feet

Clay, brownish yellow ........ . . 13.5 13.5
Sand, fine, white ............ ... . . . . ... .. . 0.5 14
Clay, yellow brown ... ........... ... ... . 12 26
Sand, coarse, and fine gravel ... ... . ... ... 12 38
Clay,black ....................... .. . . . ... . . ... 1 39

Gravel, coarse; contains boulders ... ........ . . 3.5 42.5
Clay, black ........... ... ...... . ... ... . . 45 47

Gravel, coarse, gray
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12-20-17dd.—(Lohman, 1941, T-17) Sample log of test hole in NW cor.
SE SE sec. 17, T. 12 S., R. 20 E., drilled 1940. Altitude of land sur-
face, 815.7 feet.

QuaTerNary—Pleistocene

A Thickness, Depth,
Alluvium feet feet
Soil, silty, sandy, dark ......... ... ... ... ... ... 8 8
Soil, silty; contains abundant shell fragments ....... 1 9
Sand, fine, brown .............. .. ... ... ... 5 14
Sand, coarse to medium, and some fine gravel .. ..... 7 21
Sand, coarse to medium, brown to green ........... 5 26
Gravel, coarse, to medium sand .................. 4 30
Gravel, coarse to fine ... ....... .. ... . ... .. ... 30 60
Gravel, coarse tomedium . ....................... 75 67.5
PENNSYLVANIAN—YVirgilian
Stranger Formation
Sandstone, light gray and brown .................. 2.5 70
Sandstone, fine grained, light gray ................. 10 80

12-20-19ba5.— ( Lohman, 1941, T-29) Sample log of test hole in NE NW sec.
19, T. 12 S., R. 20 E., drilled 1940; depth to water, 7.5 feet. Altitude
of land surface, 817.5 feet.

QuaTERNARY—Pleistocene

R Thickness, Depth,
Alluvium feet feet
Soil, silty, dark (gumbo attop) .................. 7 7
Sand, fine to coarse, interbedded with silty clay .. .. .. 4 11
Sand, coarse to medium, and fine to coarse gravel .... 10 21
Gravel, fine to coarse, and coarse to medium sand .... 9 30
Sand, coarse, and fine to coarse gravel .. ... ..... .. 10 40
Gravel, fine to coarse, and fine to medium sand . ... .. 5 45
PENNSYLVANIAN—Virgilian
Stranger Formation
Sandstone, hard, light gray ...................... 4 49

12-20-19bcc.—( Lohman, 1941, T-7) Sample log of test hole in SW cor.
NW sec. 19, T. 12 S., R. 20 E,, drilled 1940. Altitude of land surface,
817.2 feet.

QuaTterNARY—Pleistocene

Alluvium Thi;:(l;:tess, Dfig:h,
Soil, sandy, dark ........... .. ... ... .. ... 10 10
Sand, medium to coarse ......................... 10 20
Gravel, fine, and coarse sand ..................... 10 30
Sand, coarse, and fine gravel ..................... 10 40
Sand, COAISE .. ... ...t 3.5 43.5

PENNSYLVANIAN—Virgilian
Stranger Formation
Sandstone, hard, light gray ...................... 5.5 49
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12-20-19bd1.—( Lohman, 1941, T-28) Sample log of test hole in SE NW sec.
19, T. 12 S., R. 20 E,, drilled 1940; depth to water, 12.86 feet. Altitude
of land surface, 822.5 feet.

QuATERNARY—Pleistocene

Alluvium Thlfcg(:tess’ ]%:gtth'
Soil, dark ... ... ... . ... ... 1 1
Sand, fine, light tan, and medium sand ............ 15 16
Sand, coarse, gray, to medium gravel ....... ... .. .. 14 30
Gravel, fine to coarse, and coarse sand ............. 10 40
Gravel, coarse to fine, and some coarse sand .. ...... 9.5 49.5

PENNsYLvANIAN—TVirgilian

Stranger Formation

Clay, silty, light gray, and sandy shale ............. 0.5 50

12-20-19ca.—(Lohman, 1941, T-27) Sample log of test hole in NE SW sec.
19, T. 12 S, R. 20 E., drilled 1940; depth to water, 6.95 feet. Altitude
of land surface, 815.9 feet.

QuAaTERNARY—Pleistocene

Alluvium Thlfgess’ l)fgg:h’
Soil, dark ........ ... 1.5 1.5
Sand, medium, brown ........ ... ... ... ... ... .. 9.5 11
Gravel, fine, and coarse sand ..................... 9 20
Gravel, fine to coarse, and coarse sand ............. 10 30
Sand, coarse, and fine to coarse gravel .. ... ... ... .. 13.5 43.5

PENNsYLVANIAN—Virgilian
Stranger Formation
Clay, silty, light gray, and shale ............... ... 1.5 45

12-20-19cc.—(Lohman, 1941, T-5) Sample log of test hole in SW SW sec.
19, T. 12 S., R. 20 E,, drilled 1940. Altitude of land surface, 818.0 feet.

QuaTERNARY—Pleistocene

. Thickness, Depth,
Alluvium feet feet
Sand, medium, brown . .................. .. ... ... 11 11
Sand, medium to coarse, brown ................ .. 4 15
Sand, medium ........... .. ... ... ... .. ... ... 5 20
Gravel, fine, to medium sand ... ..... .. ... .. ... . .. 10 30
Gravel, fine tocoarse ................ .. ... ...... 10 40

Sand, coarse to medium ................. ... .. .. 55 455

PENNsYLVANIAN—Virgilian
Stranger Formation
Shale, sandy, gray, and sandstone .............. ... 4.5 50
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12-20-19c¢d1.—( Lohman, 1941, T-26) Sample log of test hole in SE SW sec.
19, T. 12 S., R. 20 E., drilled 1940; depth to water, 14.9 feet. Altitude
of land surface, 820.0 feet.

QuaTERNARY—Pleistocene

R Thickness, Depth,
Alluvium feet feet
Soil; contains some sand and cinders ........ ... ... 8 8
Clay soil, silty, gray .. ......... .. ... . ... .. ... ... 5 13
Sand, coarse to medium, and some fine gravel .. .. ... 17 30
Gravel, coarse to fine, and some coarse sand ... ... .. 10 40
Gravel, coarse to fine, and coarse sand .. ... ... ... 5 45
PENNSYLVANIAN—Virgilian
Stranger Formation
Sandstone, light gray, and sandy shale .. .. ....... .. 5 50

12-20-19da.—(Lohman, 1941, T-20) Sample log of test hole in NE SE sec.
19, T. 12 S., R. 20 E., drilled 1940; depth to water, 6.9 feet. Altitude
of land surface, 813.1 feet.

QuaTeRNARY—Pleistocene

Alluvium Thlfccle(eriess’ [}Zg:h’
Soil, sandy, dark ........ ... ... . ... . ... ... ..... 3 3
Soil, clayey, silty, muddy gray .................... 9 12
Gravel, fine to coarse, and coarse sand ............. 9 21
Gravel, fine to coarse, and coarse sand .. ..... .. .. .. 20.5 41.5

PENNSYLVANIAN—Virgilian

Stranger Formation

Sandstone, medium grained, light gray ............. 3.5 45

12-20-20baa.—( Lohman, 1941, T-16) Sample log of test hole in NE cor. NW
sec. 20, T. 12 S., R. 20 E., drilled 1940; depth to water, 14 feet. Alti-
tude of land surface, 821.5 feet.

QuaTerNARY—Pleistocene

Alluvium Thlfggtess, szg:h,
Soil, silty, dark . ... ... . . . ... ... L. 6 6
Soil, silty, brown ... ... ... ... ... 2 8
Sand, coarse, brown, and some medium sand . ...... 2 10
Sand, medium to coarse ......................... 10 20
Sand, coarse to medium, and some fine gravel .. ... .. 5 25
Sand, coarse, to coarse gravel .............. ... ... 5 30
Sand, coarse to medium, and some fine gravel ... ... 9 39
Sand, coarse, to coarse gravel ............ ... ... .. 4 43
Gravel, fine, and coarse sand ... ... ...... ... .. .. 7 50
Gravel, fine to coarse, and coarse sand ............. 10 60
Sand, coarse; contains boulders ... ... ... ... .. ... .. 12 72

PENNSYLVANIAN—Virgilian
Stranger Formation
Shale, sandy, gray, and sandstone ................. 8 80
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12-20-20bcc.—(Lohman, 1941, T-15) Sample log of test hole in SW cor. NW
sec. 20, T. 12 S., R. 20 E., drilled 1940; depth to water, 22 feet. Alti-
tude of land surface, 829.4 feet.

QuaTERNARY—Pleistocene

Thickness, Depth,
Newman Terrace deposits feet feet
Soil, black ....... ... . ... ... ... 3 3
Clay, silty, light brown ... ..... ... ... ............ 8 11
Sand, very fine to medium, tan ................... 11 22
Sand, coarse, and some fine gravel ................ 8 30
Sand, coarse, and fine to medium gravel ........... 10 40
Sand, medium to coarse, and fine gravel ........... 10 50
Sand, coarse to medium, and fine gravel ........... 7 57

PENNSYLVANIAN—Virgilian
Stranger Formation
Shale, sandy, light gray, and some hard brown sand-
stone . ... 3 60

12-20-20da.—( Lohman, 1941, p. 64) Drillers log of well drilled by G. E.
Robinson for W. H. Pendleton in NE SE sec. 20, T. 12 S., R. 20 E,, in

August 1934. Altitude of land surface, =820 feet.  Thickness, Depth,

feet feet
Soil ... 6 6
Sand, fine, white ....... .. ... ... ... ... ... .. .. ... 8 14
Sand and gravel, brown ... ... ... ... ... .. . ... .. 3 17
Sand, fine, white .............. ... ... .. ... ..... 4 21
Gravel and sand, coarse, brown .. ................. 14 35
Clay, black ............... ... .. ... .. .. ........ 1 36
Gravel, coarse, and brown sand .. ... ... .. ... .. . ... 14 50

12-20-29ad1.—Drillers log of well drilled by Air Made Well Co. for West-
vaco Chemical Co. in SE NE sec. 29, T. 12 S., R. 20 E,, in 1951. Alti-

tude of land surface, +818 feet. Thickness, Depth,
feet feet
Surface silt and loam ......... ... .. ... ... ... ... 3 3
Sand, silty, fine, brown ...... . ... .. ... . ... ... ... 15 18
Sand, fine to medium, brown .. ... . .. ... .. ... ... 6 24
Sand, coarse, brown, some silt streaks ............. 4 28
Sand, medium to coarse, gray .................... 6 34
Sand, coarse, gray, streaks of heavy thick silt and
lenses of gravel ..... ... ... ... ... .. . ... ... ... 10 44
Gravel, gray, streaks of blue-gray silt and fine to
coarse sand ... ... ... 7 51
Clay and silt, blue, grading into sandstone .......... 3 54

12-20-29ad3.—Dirillers log of test hole drilled by Jungmann Bros. Drilling
Co. for Westvaco Chemical Co. in SE NE sec. 29, T. 12 S., R. 20 E., in
July 1954. Altitude of land surface, +817 feet.

QUuATERNARY—Pleistocene

Alluvium . Tmfge":ess’ Df?e):h ’
Clay, sandy ............... ... ... ... ........ ... 18 18

Sand, some gravel ...... ... .. ... ... .. ... .. ... ... 28 46
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PENNsYLVANIAN—YVirgilian

Thickness,

Stranger Formation feet

Shale ... ... .. 2

Sandstone . ............ .. 27

Shale, sandy .......... ... ... ... 3

PENNsYLVANIAN—Missourian

Stanton Limestone

Limestone ................c. i, 19

Shale, dark ........ ... .. ... ... 4

Limestone ........... ... . ... .. ... .. 15
Vilas Shale

Shale ... ... .. .. 7
Plattsburg Limestone

Limestone ............ ... . ... 20
Bonner Springs Shale

Shale ... ... 10

Shale, sandy ..............c0iiiiiiiii 7

Shale ... 10
Wyandotte Limestone

Limestone ............ .. ... .. ... i 12

Shale ... ... . .. 1

Limestone .............. ... ... ... . .. ... ... ... 7

Depth,
feet

48
75
78

97
101
116

123
143
153
160
170
182

183
190

12-20-30abb.—( Lohman, 1941, T-14) Sample log of test hole in NW cor. NE
sec. 30, T. 12 S., R. 20 E., drilled 1940; depth to water, 10.8 feet. Altitude

of land surface, 816.6 feet.
QuaTeERNARY—Pleistocene

. Thickness,
Alluvium feet
Soil, silty, sandy, brown ......................... 13
Sand, coarse to medium, and some fine gravel .. ..... 7
Gravel, coarse to fine, and coarse to medium sand .... 10
Gravel, fine to coarse, and coarse sand ............. 18.5

PENNsYLvANIAN—Virgilian
Stranger Formation
Sandstone, light gray, a hard boulder bed just above it, 6.5

Depth,
feet
13
20
30
435

50

12-20-30bal.—(Lohman, 1941, T-13) Sample log of test hole in NE NW
sec. 30, T. 12 S., R. 20 E., drilled 1940; depth to water, 12.8 feet. Altitude

of land surface, 816.9 feet.
QuaTerNARY—Pleistocene

. Thickness,
Alluvium feet
Road fill, soil, androck ................ ... ...... 6
Soil, silty, dark brown .. ........ ... ... . ... ... .. 4
Sand, coarse and medium, and some fine gravel .. .. .. 10
Sand, coarse, and fine gravel ..................... 10
Sand, medium, to coarse gravel .................. 10
Sand, medium, some coarse ...................... 8

PENNsYLVANIAN—Virgilian
Stranger Formation
Coal, black, and sandy light-gray shale ............ 2

Depth,
feet
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12-20-30ba2.—(Lohman, 1941, T-25) Sample log of test hole in NE NW
sec. 30, T. 12 S., R. 20 E., drilled 1940; depth to water, 8 feet. Altitude
of land surface, 814.8 feet.

QuaTERNARY—Pleistocene

Alluvium mfén&ess’ Df?e)tth’
Soil, dark ... .. ... ... . ...l 1.5 15
Silt, brown,and finesand ........................ 6.5 8
Gravel, fine to coarse, and coarse to mediumsand .... 6 14
Sand, coarse to medium, and fine to coarse gravel .... 6 20
Gravel, coarse to fine, and coarse sand ............. 21 41

PENNsyLvANIAN—Virgilian
Stranger Formation
Sandstone, light gray ........................... 4 45

12-20-30ba3.—(Lohman, 1941, T-21) Sample log of test hole in NE NW sec.
30, T. 12 S., R. 20 E., drilled 1940. Altitude of land surface, 811.0 feet.

QuaTterNarRY—Pleistocene

Alluvium Th‘fcéc;:ess’ szgtth’
Soil, sandy, dark ............ ... .. ... . ... ..., 8 8
Sand, medium to coarse, brown ................... 4 12
Gravel, coarse to medium, and coarse to medium sand, 8 20
Gravel, coarse to fine, and some coarse sand .. ...... 10 30
Gravel, fine to coarse, and coarse sand ............. 10 40
Sand, coarse, and fine to coarse gravel ............. 2 42

PENNSYLVANIAN—Virgilian
Stranger Formation
Shale, sandy, light gray ......................... 3 45

12-20-30bcl.—(Lohman, 1941, T-12) Sample log of test hole in SW NW
sec. 30, T. 12 S., R. 20 E, drilled 1940; depth to water, 12.6 feet. Altitude
of land surface, 816.2 feet.

QuaTerNARY—Pleistocene

A Thickness, Depth,
Alluvium feet feet
Soil, sandy, dark brown ........................ 14 14
Sand, coarse to medium ........................ 6 20
Gravel, medium and coarse, and coarse and medium
sand ... 10 30
Sand, coarse, and fine to coarse gravel............ 10 40
Gravel, fine, and coarse sand .................... 8 48

PenNsYLvANIAN—YVirgilian
Stranger Formation
Shale, sandy, light gray, and sandstone . ............ 2 50
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12-20-30bc2.—( Lohman, 1941, T-1) Sample log of test hole in SW NW sec.
30, T. 12 S,, R. 20 E., drilled 1940; depth to water, 13 feet. Altitude of
land surface, 815.5 feet.
QuaTeERNARY—Pleistocene

. Thickness, Depth,
Alluvium feet feet
Soil, silty, dark; contains some sand and gravel .. ... 2.5 2.5
Soil, silty, dark ... ... ... 3.5 6
Soil, silty clay, dark brown ............... .. ... .. 7 13
Sand, coarse, and fine gravel ...... .. ... .. ... 7 20
Gravel, medium, and coarse sand ..... ....... .. .. 10 30
Gravel, medium and fine ... ...... .. .. . ... .. .. 10 40
Gravel, coarse to fine .............. .. ... . .. .. 55 45.5
PENNsYLVANIAN—Virgilian
Stranger Formation
Shale, sandy, light gray, and sandstone ............ 45 50

12-20-30bc3.— (Lohman, 1941, T-2) Sample log of test hole in SW NW sec.
30, T. 12 S., R. 20 E., drilled 1940. Altitude of land surface, 815.8 feet.
QuaTeRNARY—Pleistocene

. Thickness, Depth,
Alluvium feet feet
Soil, earthy, black ............ ... ... . . ... . . ... 10.5 10.5
Clay, dark blue to gray .. .. .................... .. 10.5 21
Gravel, fine, and coarse sand ............ ... .. .. 9 30
Gravel, medium to fine ... .. ... ... ... ... ... 14.5 44.5
PENNsYLVANIAN—Virgilian
Stranger Formation
Shale, sandy, gray, and sandstone ................ 5.5 50

12-20-30bc4.—(Lohman, 1941, T-3) Sample log of test hole in SW NW
sec. 30, T. 12 S., R. 20 E., drilled 1940. Altitude of land surface, 814.9 feet.
QuaTeRrNARY—Pleistocene

A Thickness, Depth,
Alluvium feet feet
Soil, dark ... ... ... 1 1
Sand, fine, light tan .. ... .. .. .. . . .. .. ... ... ... 2 3
Clay, soft, dark ........ .. .. .. ... ... ........ .. 11 14
Gravel, fine to coarse, and coarse sand ............ 6 20
Gravel, fine, and coarse sand .......... .. ... .. . .. 10 30
Sand, coarse, and fine gravel ... ... ... .. . ... ... .. 10 40
Gravel, fine, and coarse sand ..... ... ... .. ... . .. 5 45

PENNsYLVANIAN—TVirgilian
Stranger Formation
Shale, sandy, light gray ......... ... ... ... .. . .. 5 50
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12-20-30bc5.—(Lohman, 1941, T-4) Sample log of test hole in SW NW sec.
30, T. 12 S., R. 20 E., drilled 1940. Altitude of land surface, 814.4 feet.

QuATERNARY—Pleistocene

Alluvium Thlg(:tess’ l?izle):h’
Soil, earthy, black ............. ... ... ... ... .. 5 5
Clay, dark bluetogray .. ........... ... ........ 8 13
Sand, coarse to medium . ........... . ... ........ 7 20
Gravel, fine, and coarse to medium sand ... ... ... .. 7 27
Clay or sand (sample contains too much drilling mud

todetermine) . ......... .. ... .. .. ... . ....... 2 29

Sand, medium ........ ... . ... ... ... ... ... .. ... 5 34

Gravel, fine, and coarse sand ... ... ... ... ... .. .. 6 40

Sand, coarse, and fine gravel .. .. ... ... ... . .. ... .. 4 44
PENNSYLVANIAN—Virgilian

Stranger Formation
Shale, sandy, light gray ......................... 3 47

12-20-30bc6.— (Lohman, 1941, T-23) Sample log of test hole in SW NW
sec. 30, T. 12 S., R. 20 E., 150 feet west and 20 feet north of intersection
of First and Maple Streets, drilled 1940; depth to water, 14.35 feet. Altitude
of land surface, 814.8 feet.

QuaTerNARY—Pleistocene

Alluvium Thlfc‘l;:tess’ Df?éﬁh ’
Soil, sandy, brown . ... ... ... ... ... ... ... 5 5
Sand, fine, brown ......... ... ... . .. ... ... ... .. 2 7
Clay, silty, dark . ........ ... ... . ... ... ... ... ... 3 10
Sand, coarse, and fine gravel .. ... .. ... .. ... . ... 10 20
Sand, coarse to medium, and some fine gravel .. .. .. . 2.5 22.5
Clay, silty, dark blue gray .......... ... ... ... .. 135 36
Sand, coarse, and fine gravel .. ..... ... ... .. .. . . .. 4 40
Sand, coarse to medium . ... ........ ... .. ... ..... 6.5 46.5

PENNSYLVANIAN—Virgilian
Stranger Formation
Shale, sandy, light gray, and sandstone ........... .. 1.5 48

12-20-30bc7.—(Lohman, 1941, T-22) Sample log of test hole in SW NW sec.
30, T. 12 S., R. 20 E,, drilled 1940; depth to water, 19.3 feet. Altitude
of land surface, 821.7 feet.

QuaTERNARY—Pleistocene

Alluvium Thlfcge‘;ess’ Df?é?‘ ?
Sand, fine, brown .. ... .. ... ... ... .. ... .. ... .. 9 9
Silt, soft, plastic, brown . ... ... ... ... ... ... . .. .. 2 11
Sand, coarse to medium . ... ... ... ... ... .. ... .. 9 20
Sand, coarse to medium, and fine gravel .. .. ... .. .. 8 28
Clay, silty, dark gray .. ........ ... ... ... ... .. .... 10 38
Gravel, fine to coarse, and coarse to medium sand . ... 12 50
Sand, coarse to medium, and some fine gravel ... .. .. 2.5 52.5

PENNsYLVANIAN—Virgilian
Stranger Formation
Sandstone, light gray, and sandy shale .. ... ... ... .. 2.5 55
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12-20-30bc8.—(Lohman, 1941, T-24) Sample log of test hole in' SW NW
sec. 30, T. 12 S., R. 20 E., 312 feet north of intersection of First and
Lincoln Streets, drilled 1940; depth to water, 16.15 feet. Altitude of land
surface, 818.2 feet.

QuaTeERNARY—Pleistocene

Alluvium Thx;:é:;ess, nggtth’
Soil, sandy, brown ......... ... ... . ... .. .. .... 10.5 10.5
Sand, coarse to medium, brown ................... 6.5 17
Sand, coarse, and fine gravel ............. .. ... .. 3 20
Sand, coarse to medium, and fine gravel ............ 10 30
Sand, coarse to medium, and fine to coarse gravel .... 10 40
Gravel, fine to coarse, some coarse sand ............ 9.5 49.5

TENNSYLVANIAN—Virgilian

Stranger Formation

Shale, sandy, light gray, and sandstone ............. 2.5 52

12-20-30cca.—Drillers log of well drilled by Holmes & Hammel Drilling Co.
for Lawrence Sanitary Dairy in NE SW SW sec. 30, T. 12 S., R. 20 E.,

in 1940. Altitude of land surface, +845 feet. Thickness, Depth,

feet feet
Soiland clay ................ . ... . ... .. ... ... 10 10
Shale ... .. ... 15 25
Sandstone .................... ... ... ... ... 5 30
Shale ........ ... ... 12 42
Limestone .......... ... ... ... ... .. . ... .. ..., 4 46
Shale,sandy ................................... 62 108
Sandstone, white (salt water) .................... 50 158
Shale,sandy .................. ... ... ... ... ..... 6 164
Sandstone, white (salt water) ............... ... .. 24 188
Limestone ............... ... i 6 194
Shale, black .............. ... ... ... ... ... ... 6 200
Limestone ............... ... ... .. ... .. ....... 8 208
Shale ... .. .. 14 ‘ 222

12-20-31ba.—Drillers log of well drilled by J. E. Goble for R. C. Jackman
(WREN Building) in NE NW sec. 81, T. 12 S., R. 20 E., in June 1933,

Altitude of land surface, +860 feet. Thickness, Depth,

feet feet
Clay, yellow, soft .............................. 20 20
Sand, yellow, soft .............................. 10 30
Sand, yellow, soft, quicksand (some water) ........ 20 50
Limestone, gray, hard .......... ... ... ... ... .. 8 58
Shale, soft ................... ... ... . ... .. 17 75
Coal ... ... 1 76
Shale, light, calcareous .......................... 1 77
Shale, gray, soft ................. ... ... ... .. .... 48 125

Sandstone, gray ............... ... .. ... ... ... .. 35 160
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12-20-31caa.—Sample log of test hole in NE NE SW sec. 31, T. 12 S., R.
20 E., about 80 feet west and 150 feet south of curbing at NE corner
of South Park, east of Massachusetts Street, drilled August 19, 1954. Alti-
tude of land surface, +860 feet.

QuAaTERNARY—Pleistocene

Undifferentiated alluvium and colluvium Thlfcg:e?:ess’ l%ieptﬂ"
Soil, gray black ........... ... ... .. ... ... ... .. 3 3
Clay, silty, yellow to gray tan .................. .. 45 75
Clay, silty, gray tan; contains fragments of sandstone,

and ironstone concretions ..................... 9.5 17

PENNsyLvANIAN—Virgilian
Lawrence Shale

Shale, clayey, light gray and light tan .............. 1.9 18.9
Stranger Formation
Limestone .............. ... ... ... .. . ... .. .. ... 0.1 19

12-20-36ddd.—Sample log of test hole in SE SE SE sec. 36, T. 12 S., R. 20
E., 31 feet NW of SE corner, drilled April 18, 1952; depth to water, 15
feet. Altitude of land surface, 810 feet.

QuaTERNARY—Pleistocene

Alluvium Thlg?tess’ szgvt:h’
Soil, silty, gray .......... ... ... ... 6 6
Silt, argillaceous, gray ......................... .. 10 16
Sand, fine to medium, quartz and feldspar .......... 4 20
Sand, medium, quartz and feldspar ............. ... 9 29
Sand, coarse, well sorted, quartz and feldspar ... ... 26.5 55.5

PENNSYLVANIAN—Missourian

Stanton Limestone

Limestone, gray ............... ... .............. 0.5 56

12-21-31bcc.—Sample log of test hole in SW SW NW sec. 31, T. 12 S.,
R. 21 E,, drilled April 1952; depth to water, 13.7 feet. Altitude of land
surface, 808 feet.

QuAaTERNARY—Upper Pleistocene to Recent

R Thickness, Depth,
Alluvium feet feet
Soil, silty, gray; many fine sand grains ............. 12 12
Sand, medium, fairly well sorted; grains are quartz,
feldspar, and some sandstone and basalt ....... .. 8 20
Sand, coarse, fairly well sorted; grains are quartz,
feldspar, and some basalt and limonite .......... 8 28
Sand, medium, blue gray, well sorted .............. 16.5 445
Sand, medium, fairly well sorted ................. 2 46.5

PENNSYLVANIAN—Missourian
Stanton(?) Limestone
Limestone, gray, weathered .................... .. 1.5 48
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12-21-34cbb.—Sample log of test hole in NW NW SW sec. 34, T. 12 S,
R. 21 E., drilled June 22, 1953. Altitude of land surface, 801 feet.

Thickness, Depth,
feet feet
Road Fill ... .. ... .. . 4 4
QuaTerNaRY—Pleistocene
Alluvium
Sand, silty, fine .............. ... ... .. ... 15 19
Clay, silty ............... ... ... ... 2 21
Sand and gravel, blue gray ...................... 26.8 47.8
PENNSYLVANIAN—Missourian
Wyandotte(?) Limestone
Limestone, hard, light gray ...................... 0.2 48

13-17-12cc.—Sample log of test hole in SW SW sec. 12, T. 13 S., R. 17 E,,
drilled October 1955. Altitude of land surface, ==1,073 feet.
QuaTerNARY—Pleistocene
Kansas Till
Clay, red brown; contains sand and fragments of

Thickness, Depth,
feet feet

gravel .. ... ... 3 3
Clay, sandy, yellow brown ...................... 3 6
Sand, very fine, silty and clayey, yellow ......... .. 1 7
Clay, gravelly and sandy, yellow .................. 17 24
Sand, very fine, very clayey, tan .................. 12 36
Sand, very fine, very clayey, gray .............. .. 12 48

PENNSYLVANIAN—Virgilian
Kanwaka Shale
Shale, clayey, gray . ................ . ... 1 49

13-18-2aa.—Drillers log of well drilled by W. D. Wilson for Robert Kay in
NE NE sec. 2, T. 13 S., R. 18 E., in April 1955. Altitude of land surface,

+1,010 feet. Thickness, Depth,

feet feet
SOoil .. 3 3
Clay, yellow . ... oo, 6 9
Limestone, yellow ............................. 1 10
Shale, light gray ........................... ... 10 20
Shale, sandy, gray ...................cooo... 25 45
Limestone, brown . ................. ... ... ... 5 50
Shale, muddy, gray ................ .. ... ... 10 60
Limestone, soft, white .......................... 10 70
Slate, black .......... ... ... 5 75
Limestone .. .......... .. 1 76
Shale, dark ........... ... 14 90
LAmMeStONe . ... oo 16 106
Shale, light gray . ..................o ... 24 130
Shale, sandy, gray .............. ... ... ..., 40 170
Shale, muddy, gray .............. ... ..., 87 257
Limestone, dark gray .............. . ... ... ... 4 261
Sandstone, dark gray ........... ... ... ... ... .. 14 275

Shale, muddy, gray .................. ..., 25 300
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13-18-7cd.—Drillers log of well drilled by Homer Wilson for J. M. Clough
in SE SW sec. 7, T. 13 S., R. 18 E., in December 1956. Altitude of land

surface, +1,031 feet. Thickness, Depth,

feet feet
Soil ... 2 2
Clay, yellow .................. ... ...... .. ... 2 4
Limestone, shell .......... ... ... .. . .. .. .. .. .. 2 6
Clay, red ................. ... ... .. ... ...... 1 7
Limestone ............................... ... .. 1 8
Shale, dark ........... ... ... ... .. ... .. . . . ... 4 12
Limestone ............... ... .. ... . ... ... .. ... 4 16
Shale, light ... .. .. ... . ... ... . ... . ... ... . ... 7 23
Limestone, dark gray ............ . .. .. .. . . . .. 7 30
Shale, sandy, light ................ ... ...... .. .. . 25 55
Sandstone, dark gray ............. ... ... ... .. ... 15 70
Shale, sandy, light ....... .. ... ... .. .. . ... . . ... 10 80
Sandstone, gray ................. .. .. . ... . ... .. 20 100
Limestone, brown ...... .. .. ... ... ... ... .. . .. 6 106
Sandstone, gray ............. .. ... .. .. ... . ... ... 12 118
Limestone, hard, gray .. .......... .. ... .. .. . .. 4 122
Limestone, sandy, light .. ...... ... .. ... .. . . . . . 5 127
Limestone, white .................. ... .. . . . . . . 3 130
Slate, black ................ . ... . ... . . . ... ... .. 14 144
Limestone, light, sandy .. ........... .. ... . .. . . . 2 146
Limestone, sandy, gray .................. .. .. ... 4 150
Limestone, sandy, white .. .......... .. ... . . . . . . 7 157
Shale and sandstone, white ................ .. 11 168
Shale, sandy, dark .......... ... ... .. ... . ... . . 2 170
Shale, sandy, light ................... . ... . .. . . 7 177
Shale, muddy, gray ............ ... . ... .. . . . . .. 3 180
Shale, sandy, light ........ ... ... ... . . . ... . 7 187
Coal and shale ... ... ... ... ... .. .. .. .. . . . .. 7 194
Shale, sandy .......... . ... ... .. . ... ... .. . .. 8 202
Shale, light gray ......... ... ... ... .. . . .. .. .. 7 209
Shale, sandy, light gray ............. . ... .. . . . .. . 5 214
Sandstone and shale ............. ... . .. .. . . . . . 36 250

13-18-10bd.—Sample log of test hole in SE NW sec. 10, T. 13 S,, R. 18 E,,
drilled July 1953. Altitude of land surface, 864 feet

QuAaTERNARY—Pleistocene

Newman Terrace deposits Thl?g:tess’ Df?;:h
Soil, black ......... ... ... ... . . ... .. ... 3 3
Clay, dark gray .................. . ... .. .. ... . 6 9
Clay, silty, gray ............... .. . .. ... . .. . 3 12
Clay, silty, fossiliferous, light tan ........ ... ... . . 7 19
Clay, silty, gray to blue gray ....... . .. ... .. . . 8 27
Clay, sandy, blue gray ............ . . ... ... . 24 51
Clay, green ..................... ... . ... .. .. . 6 57
Silt and very fine sand, fossiliferous, gray green . . . . . . 7 64

Sand, medium, to very coarse gravel, mostly chert,
limestone, sandstone, and quartz; fossiliferous . . . . . 1.5 65.5
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PENNSYLVANIAN—Virgilian

Lawrence Shale Thi;_:(l:;ess, szleJEh’
Shale, gray .......... ... ... i 45 70

13-18-10dc.—Sample log of test hole in SW SE sec. 10, T. 13 S, R. 18 E,,
drilled July 1953. Altitude of land surface, +861 feet.

QuaTERNARY—Pleistocene

Newman Terrace deposits Th‘?l‘é‘f“’ szgtth’
Topsoil, dark ......... ... .. ... ... . e 6 6
Clay, heavy, gray ...........ccoieiiinnennennonn. 5 11
Clay, silty, gray brown .......................... 10 21
Clay,sandy, brown .............. ... .. ... ...... 13 34
Clay, sandy, blue ............ ... ... ... ... ... ... 30.5 64.5
Sand and gravel, chiefly quartz and chert; contains

some limestone, sandstone, and quartzite pebbles .. 2.5 67
PENNSYLVANIAN—Virgilian

Lawrence Shale
Shale, sandy, blue gray .......................... 13 80
Shale, silty, blue gray .................. ... . ... 20 100
Shale, silty, blue gray and blue green .............. 21.5 121.5

Stranger Formation—Haskell Limestone member
Limestone, fossiliferous, hard, gray ................ 1 122.5

13-18-15ca.—Sample log of test hole in NE SW sec. 15, T. 13 S., R. 18 E,,
about 20 feet south and 10 feet west of center of section, drilled July
1953. Altitude of land surface, 967 feet.

Undifferentiated deposits Tmfcg:tess’ Df?e)tth’
Soil, gray black ......... ... ... ... .. ... L 2 2
Clay, red ... ... ... 3 5
PENNsYLVANIAN—Virgilian
Oread Limestone—Kereford Limestone member
Limestone, buff ... ... ... ... .. ... ... ... ... 2 7
Oread Limestone—Heumader Shale member
Shale, clayey, light tan gray ..................... 75 145
Oread Limestone—Plattsmouth Limestone member
Limestone, hard, light gray ...................... 1.5 16

13-18-22ab.—Sample log of test hole in NW NE sec. 22, T. 13 S.,, R. 18 E,,
about 20 feet south and 10 feet east of center of road intersection, drilled
July 10, 1953. Altitude of land surface, +964 feet.
Undifferentiated deposits

Soil, black, androad fill ............... ... ... .... 2 2

QuaTERNARY—Pleistocene

Kansan glaciofluvial deposits

Thickness, Depth,
feet feet

Clay, sandy and gravelly, redand tan .............. 6 8
Clay, sandy, red .......... ... .ccociiiiiii... 1.5 9.5
Clay, very sandy, lighttan ....................... 75 17
Sand and gravel, chiefly quartz, chert, and quartzite .. 11 28

PENNSYLVANIAN—Virgilian
Oread Limestone
Limestone .. ... ...t 28
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13-18-32bc.—Drillers log of well drilled by Charles Jungmann for Arthur
Gaines in SW NW sec. 82, T. 13 S., R. 18 E., in January 1956. Altitude

of land surface, +965 feet. Thickness, Depth,

feet feet
Soil ... 2 2
Clay, red ............. ... .. .. ... ... ... ... ... .. 10 12
Limestone ........ ... ... ... ... ... ... ... ... .. 1 13
Shale, light ........... ... .. ... ... .. ... ... ... 4 17
Limestone (seep of fresh water) ............ .. . . . 17 34
Slate, black .......... .. ... . ... ... ... . ... .. ... 2 36
Shale, gray ........... ... .. ... ... . ... ... . .. ... 6 42
Limestone, very hard ......... ... .. ... .. . ... . .. 23 65
Shale (trace of red shale at 90 ft.) ......... ... . . . 70 135
Shale, sandy ............... .. ... ... ... ... ... .. 35 170
Sandstone ............ ... ... 15 185
Shale .. ... ... 7 192

13-19-lacc.—Sample log of test hole in SW SW NE sec. 1, T. 13 S, R. 19
E., west side of alley at 1820 Michigan Street, drilled ]uly 1954 Alti-
tude of land surface, 881 feet.

QuaTERNARY—Pleistocene

Colluvium Thlfcé(e':ess’ I?Z’é’fh’
Soil, dark gray black .......... ... ... ... . . ... .. 3 3
Silt and clay, brown tan ... ........ ... ... ... .. .. 7 10
Silt and clay, yellow tan ................ .. ... . . . 5 15

PENNSYLVANIAN—Virgilian
Lawrence Shale
Shale, weathered, clayey, yellow tan .... .. ... .. ... 3.5 18.5

13-19-1bc.—Sample log of test hole in SW NW sec. 1, T.13S, R 19 E,,
drilled January 1947. Altitude of land surface, "‘998 feet.

Thickness, Depth,
feet feet
Soil and 611 ... ... .. .. ... .. ... .. . . .. ... 10 10
PeENNsYLvANIAN—Virgilian
Oread Limestone—Toronto Limestone member
Limestone, white to yellow ........... ... .. . . . . . 3.5 13.5
Lawrence Shale
Shale, argillaceous, gray to blue green ... ... .... .. 145 28
Shale, purple red .................. . ... . . ... ... 1 29
Shale, gray to blue gray .............. .. .. .. .. .. 9 38
Siltstone, cemented, hard, dark gray ......... . .. .. 1.5 39.5
Shale, light blue gray .................. ... .. . . .. 75 47
Shale, clayey to sandy, blue gray; contains a thin coal, 30 77
Shale, sandy and micaceous, blue gray to gray ...... 104.5 181.5
Stranger Formation—Haskell Limestone member
Limestone, fossiliferous, hard, light gray ....... .. 8 184.5

10—5329
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Stranger Formation—Vinland Shale member Thlfcémetess’ Df?;tth’
Shale, very sandy, and cemented sandstone, blue gray, 15.5 200
Shale, argillaceous to sandy, blue gray; contains a thin

Coal L 27 227

Stranger Formation—Westphalia(?) Limestone member

Limestone, brittle, light gray .................. ... 0.3 227.3

Stranger Formation—Tonganoxie Sandstone member
Sandstone, fine to very fine, gray, and gray sandy

shale; contains carbonized plant fragments ....... 21.2 248.5
Sandstone, shaly, light gray ..................... 21.5 270
Sandstone, very fine to fine, micaceous, light gray .... 30 300

18-19-1ca2.—Sample log of test hole in NE SW sec. 1, T. 13 S.,, R, 19 E,,
about 40 feet north of Norman Plummer residence, 1400 West 19th Street,
drilled July 5, 1954. Altitude of land surface, +890 feet.

QuaTterNARY—Pleistocene .
Buck Creek Terrace deposits Thwgtess’ szgtth’

Soil, silty, gray black .............. ... ... ... 2 2
Silt, light gray ..o 2 4
Silt, clayey, yellow tan .......................... 2 6
Silt, clayey, red tan .. ........ ... ... 4 10
Silt and clay, yellow tan; contains fragments of iron-

stone and sandstone . ......... ... 13 23
Silt and clay, sandy, yellow tan ................... 28 51

PENNSYLVANIAN—Virgilian
Lawrence Shale
Shale, gray ........coouiiiiiiii 11 62

13-19-1cc2.—Dirillers log of well drilled by W. D. Wilson for Tom Akin in
SW SW sec. 1, T. 13 S., R. 19 E., at service station at NE corner Twenty-
third and Iowa Streets, in 1953. Altitude of land surface, +885 feet.

Thickness, Depth,

feet feet
Soapstone, yellow ................ ... .......... 20 20
Shale, light .......... ... 22 42
Limestone ... ... 4 46
Shale, clayey, gray ............. ... ... 18 64
Shale, sandy, gray .............ooiiiiiiiiaa.n 48 112
Sandstone, (brackish water) ..................... 6 118

13-19-1dbc.—Sample log of test hole in SW NW SE sec. 1, T. 13 S., R. 19
E., at rear of lot at 2005 Mitchell Road, drilled July 6, 1954; depth to
water, 10.9 feet. Altitude of land surface, +873 feet.

QuaTterNARY—Pleistocene .
Buck Creek Terrace deposits Thighgess Tenh
Soil, gray black ............... .. ... 2.5 2.5
Silt, clayey, yellow tan . ......................... 17.5 20
Silt, clayey, slightly sandy, yellow tan.............. 18 38

PENNSYLVANIAN—YVirgilian
Lawrence Shale
Shale, blue gray ............... ..., 8 46
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13-19-8dbb.—Sample log of test hole in NW NW SE sec. 8, T. 13 S., R. 19
E., about 20 feet south and 5 feet east of center of section, drilled Octo-
ber 26, 1955; depth to water, 43.85 feet. Altitude of land surface, +881

feet. Thickness, Depth,
feet feet
Road fill ... ... ... ... ....... ... ... .. ..... 1 1

QuAaTERNARY—Pleistocene
Buck Creek Terrace deposits

Silt, clayey, slightly sandy, tan brown .............. 13 14
Silt, clayey, slightly sandy, red brown ............ 8 22
Silt, clayey, light gray tan . ............... ... ... 2 24
Silt, clayey, sandy, red brown .................. .. 7 31
Silt, sandy, brown and light gray ............. ... 3 34
Silt, clayey, sandy, brown ....................... 16 50

PENNsYLVANIAN—TVirgilian
Lawrence(P) Shale
Shale, light gray ............................. .. 2 52

13-19-10dd.—Dirillers log of well drilled by Charles Jungmann for Norman
Aldrich in SE SE sec. 10, T. 13 S., R. 19 E., in April 1956, Altitude of

land surface, +836 feet. Thickness, Depth,

feet feet
Soil .. 1 1
Clay, sandy .................................. 29 30
Gravel and sand, clayey .................. .. ... .. 8 38
Limestone ................. .. ... .. ... ... ... ... 4 42
Shale, sandy ................ ... ... ... ... ..., 38 80
Sandstone ............... ... 20 100
Shale ... 10 110

13-19-11aa2.—Sample log of test hole in NE NE sec. 11, T. 13 S., R. 19 E,
about 1,100 feet south and 45 feet west of NE corner, drilled July 9,

1953. Altitude of land surface, +907 feet. Thickness, Depth,
feet feet
QuaTERNARY—Pleistocene
Kansan glaciofluvial deposits
Soil, gray black ............ ... ... ... ... ... ... 2 2
Clay, red orange ......................... ... ... 1 3
Clay, red; contains gravel and sand ......,. ... ... 5 8
Clay, sandy and gravelly, yellow orange .......... 3 11
Clay, very sandy, yellow tan ............. ... .. .. . 7 18
Sand, fine to coarse, yellow tan .............. ... .. 4 22
Gravel and sand, predominantly chert, quartz, and
limestone ........... ... ... ... .. ... .. ... .. 4.5 26.5

PENNsYLVANIAN—TVirgilian
Lawrence Shale
Shale, gray ............... ... ... ... ... .. . ... 3.5 30
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13-19-11da2.—Sample log of test hole in NE SE sec. 11, T. 13 S., R. 19 E,,
about 0.6 mile south of corner on road shoulder, drilled July 1953. Altitude
of land surface, 876 feet.

QuaTterNarRY—Pleistocene

Kansan glaciofluvial deposits Thlfcé(;ess’ szgtﬂ"
Soil, gray black ........... ... ... ... ... ........ 2 2
Clay, red tan ............. ... ..o 2 4
Clay, sandy and gravelly, yellow tan .. ............. 3 7
Clay, sandy and gravelly, blue gray ................ 2 9
Clay, very sandy, brown .. ....................... 12 21
Clay, blue gray ........... . ... ... .. 3 24

PENNSYLVANIAN—Virgilian

Lawrence Shale
Shale, partly weathered, tan ..................... 4 28
Shale, gray ............... ... 4 32

13-19-11da3.—Drillers log of well drilled by Charles Jungmann for Richard
Oechlert in NE SE sec. 11, T. 13 S., R. 19 E., in February 1956. Altitude

of land surface, +870 feet. Thickness, Depth,

feet feet
Soil .. 2 2
Clay,sandy .............c0iirirnnnn.. 33 35
Sand, clayey ............... ... ... 3 38
Limestone ................. ... ... .. ... 4 42
Shale ....... . ... 31 73
Shale, sandy ............. ... ... .. ... 41 114
Sandstone . ... ...... ... 16 130
Shale ...... ... .. .. 4 134
Sandstone, thin shale streaks .. ... ... ... ......... 16 150

13-19-11dd.—Drrillers log of well drilled by W. D. Wilson for radio station
KLWN in SE SE sec. 11, T. 13 S., R. 19 E., in July 1953. Altitude of

land surface, +850 feet. Thickness, Depth,
feet feet
Soil ... 5 5
Clay, yellow (show of water) ................ .. .. 30 35
Shale, sandy, gray .............................. 45 80
Sandstone, gray (show of water) .............. .. 15 95

Sandstone, white (lots of water) ........... ... . ... 6 101
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13-19-11ddd.—Sample log of test hole in SE SE SE sec. 11, T. 13 S., R. 19
E., about 75 feet west and 10 feet north of SE corner, drilled July 7, 1953.
Altitude of land surface, =849 feet.

QuaTeRNARY—Pleistocene

Buck Creek Terrace deposits Thlfg:tess’ %eegtth’
Soil, gray black .......... ... ... ... .. ... ..., 2 2
Clay, gray . ......... .. . . 3 5
Clay and silt, brown .. ... ... ... ... ... .... ...... 4 9
Clay and silt, red brown .. ............. ... .. .... 10 19
Silt and clay, light red brown .................... 12 31
Silt and clay, sandy, lighttan ..................... 15 46
Sand, very fine, silty, tan ...... ... .. ... ... ... .. .. 6 52
Gravel, sandy and silty, tan .. ............... .. ... 2 54

PENNsYLVANIAN—YVirgilian

Stranger Formation
Sandstone, very fine ... ... ... ... ... ... ... ... ... 1 55
Shale, hard, gray ...... ... .. ... ... ... ... ... ..... 5 60

13-19-12aaa.—Sample log of test hole in NE NE NE sec. 12, T. 13 S., R.
19 E,, drilled July 1954. Altitude of land surface, =881 feet.

QuaTERNARY—Pleistocene Thifcger;ess, ll;zgtﬂl,
Peoria(?) Formation

Soil, gray black ............ .. ... ... ... ... ... .. 2.5 2.5

Silt, gray tan . .......... ... ... 3 5.5

PENNSYLVANIAN—TVirgilian
Lawrence Shale
Shale, clayey, yellow tan ........................ 17.5 23

13-19-12aab.—Drillers log of well drilled by Eugene Smith for Ralph Puckett
in NW NE NE sec. 12, T. 13 S., R. 19 E,, in 1953. Altitude of land sur-

face, +883 feet. Thickness, Depth,

feet feet
Soil ..., 5 5
Shale, clayey, yellow ... ... .. ... ... ............ 20 25
Limestone ............ ... .. ... .. ... ... .. ..... 5 30
Shale, blue .......... ... ... . ... .. ... ... .. ... .. 15 45
Shale, white .......... .. ... ... ... . ... ... .... 20 65
Shale, sandy ....................... ... ... . . ... 10 75
Shale ... ... ... 10 85
Shale, white ........... ... .. .. ... ... .. ....... 25 110
Shale, sandy ........... ... ... . ... .. . ........ 5 115

Sandstone, white ......... .. ... .. ... .......... 50 165
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13-19-12ad.—Sample log of test hole in SE NE sec. 12, T. 13 S, R. 19 E,,
drilled July 1954. Altitude of land surface, =903 feet.

Thickness, Depth,
feet feet
Road fill ...... ... . ... ... .. ... ... 3 3
QuaTerNarRY—Pleistocene
Kansan glaciofluvial deposits

Clay, brown red; contains abundant gravel ......... 2 5
Clay, silty, red brown .......................... 5 10

Clay and silt, brown red; contains abundant sand and
gravel ... ... 7 17
Gravel, sandy and clayey, red brown ............... 7 24

13-19-12ba.—Dirillers log of well drilled by Eugene Smith for Park Hetzel
in NE NW sec. 12, T. 13 S., R. 19 E., in August 1953, Altitude of land

surface, =868 feet. Thickness, Depth,

feet feet
Soil .. 3 3
Clay, yellow ......... ... .. ... i 24 27
Sand ... 10 37
Gravel . ...... ... .. 4 41
Shale, blue ............. ... ... .. .. ... ... ... 20 61
Shale, white ................ . ... ... 50 111

Plugged well back to 70 feet

13-19-12cbb.—Dirrillers log of well drilled by W. D. Wilson for Albert Hayden
in NW NW SW sec. 12, T. 13 S., R. 19 E., in April 1954. Altitude of

land surface, +873 feet. Thickness, Depth,
feet feet
Soil ... 2 2
Clay, yellow (little water) ..................... .. 26 28
Shale, gray ......... ... ... ... ... ...l 10 38
Limestone ................ .0t 5 43
Shale, gray ............. . ... 10 53
Shale, sandy, gray ............. . ... ...l 52 105
Sandstone, gray ............... .0 5 110
Shale, sandy, gray ............. . ... ... 10 120

Sandstone, white (lots of water) .................. 45 124.5

13-19-12cbe.—Dirillers log of well drilled by W. D. Wilson for Orville Flory
in SW NW SW sec. 12, T. 13 S,, R. 19 E,, in June 1952. Altitude of

land surface, +864 feet. Thickness, Depth,
feet feet
Soil ... 2 2
Clay, yellow ............ ... . ... ... 18 20
Clay, sandy .............ciiiiiiiiiiiinnan. 5 25
Sand and gravel, loose .......................... 10 35

Shale, gray ......... ... . ... .. 15 50
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13-19-18bcc.—Sample log of test hole in SW SW NW sec. 13, T. 13 S,,
R. 19 E., about 100 feet east of center line of U. S. Highway 59 on north
road shoulder of township road, drilled July 7, 1953; depth to water, 13.97
feet. Altitude of land surface, =850 feet. Thiflc:tess, szgtﬂ"

Road fill ... ... 2 2
QuaTeERNARY—Pleistocene
Buck Creek Terrace deposits

Silt, clayey, red and gray brown .................. 4 6
Silt, clayey, tan .............. ... ... ... ... ... 12 18
Clay, sandy, tan brown ........................ 12 30
Silt, sandy and clayey, tan ....................... 75 37.5
Silt, sandy and clayey, gray ..................... 26.5 64
Gravel and sand, silty, gray ..................... 3.5 67.5

PENNSYLVANIAN—Virgilian
Stranger Formation
Shale, sandy, hard, gray; contains thin beds of sand-

stone . ... 12.5 80
Sandstone, cemented with calcite, very hard, gray
brown ......... ... 1.5 81.5

13-19-14aa.—Drillers log of well drilled by W. D. Wilson for Paul Snyder
in NE NE sec. 14, T. 13 S,, R, 19 E,, in April 1954. Altitude of land

surface, +852 feet. Thickness, Depth,

feet feet
Soil ... 3 3
Clay, yellow ......... ... ... ... .. ............. 22 25
Quicksand, clayey (200 gal. fresh water per hour) .. 30 55
Shale, sandy, gray ............................. 25 80
Sandstone, gray ................. ... ... ... 16 96
Sandstone, white (lots of water) ................ 15 111

13-19-14dd.—Sample log of test hole in SE SE sec. 14, T. 13 S., R. 19 E.,
about 25 feet west of highway right of way and 710 feet north of SE
corner, drilled July 5, 1953; depth to water, 8.70 feet. Altitude of land
surface, +825 feet.

QuaTERNARY—Pleistocene

Newman Terrace deposits Thigkgess, Df?agtth’
Silt and clay, gray black ........................ 2 2
Clay, gray ....... ... ... . 3 5
Clay, silty, brown .............................. 10 15
Clay, silty, blue gray to blue green................ 17 32
Clay, silty, brown ............... ............. 2 34
Clay, silty and sandy, blue ....................... 12 46
Gravel and sand, silty .......................... 7.5 53.5

PENNsYLVANIAN—YVirgilian
Stranger(?) Formation
Shale, gray ............ . ... ... ... .. ... ... ... 6.5 60
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13-19-21bb.—Drillers log of well drilled by W. D. Wilson for Robert Mason
in NW NW sec. 21, T. 13 S., R. 19 E., in May 1952. Altitude of land

surface, +861 feet. Thickness, Depth,

feet feet
Soil ... 2 2
Soil, yellow .. ... ... ... .. ... ... 3 5
Clay, yellow .. ... ... . ... ... ... .......... 20 25
Clay, yellow, and sand ... ..................... .. 10 35
Limestone, shaly, dark ........ ... ... ... ... ... ... 2 37
Shale, gray .. ........ ... .. ... . . ... 13 50
Shale, sandy, gray ............. ... ........... .. 10 60
Sandstone, broken (water) ...................... 30 90
Shale, gray .. ............. ... 10 100

13-19-22ad.—Drillers log of well drilled by Charles Jungmann for Charles
Oldfather in SE NE sec. 22, T. 13 S., R. 19 E., on July 2, 1956, Altitude

of land surface, +886 feet. Thickness, Depth,

feet feet
Soil ... . 2 2
Clay,brown ................. ... ... ... .. ... ... 16 18
Shale, blue . ....... ... ... .. .. ... 9 27
Limestone ................. .. ... ... .. ... .. .. .. 5 32
Shale, gray ............ .. ... ... ... . .. ... ... ... 12 44
Shale, sandy, contains dark streaks of shale ......... 3 47
Sand, broken, and shale .. ................ ... .. .. 15 62
Shale, sandy ............... .. .. .. . .. . .. . ... .. 13 75
Shale, gray .......... .. ... . .. .. ... ... ... 18 93
Sandstone, partly shaly .. ........... .. ... ... .. .. 17 110
Sandstone, very shaly ........................... 4 114
Sandstone ............ ... ... ... .. ... ... ... ... 52 166
Limestone ............ ... ... .. .. .. .. .. ... ... 3 169

13-19-23aa.—Sample log of test hole in NE NE sec. 23, T. 13 S., R. 19 E,,
about 125 feet north and 60 feet west of north end of Wakarusa River
bridge, drilled July 9, 1953; depth to water, 14.06 feet. Altitude of land
surface, +827 feet,

QuATERNARY—Pleistocene

Newman Terrace deposits Thl?tl::tess’ szgtﬂ]’
Soil, silty, gray black ............... ... ... ...... 4 4
Clay, sandy and silty, gray tan ................... 19 23
Clay, fossiliferous, blue .. ................ ... .. .. 4 27
Clay, sandy, blue .. ........ ... ... ... ... ... ..... 8 35
Clay, sandy, blue green .. ....................... 8 43
Clay, sandy, gray ..'. ..., 12 55
Sand and gravel, silty ......... ... ... ... ... ... ... 4 59

PENNSYLVANIAN—Virgilian
Stranger Formation
Shale, gray .................. e 5 64
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13-19-23ad.—Sample log of test hole in SE NE sec. 23, T. 13 S., R. 19 E,,
on shoulder southwest of intersection of U. S. Highway 59 and Clinton
Road, drilled July 9, 1953; depth to water, 13.3 feet. Altitude of land sur-

face, +830 feet. Thickness, Depth,
feet feet
Road filland soil .............................. . 10 10

QuaTeERNARY—Pleistocene
Newman Terrace deposits

Clay, silty, dark gray .. ...... ... .. .. ... ..... ... 5 15
Clay, gray tan .. ............................... 6 21
Clay, silty and sandy, gray ...................... 33.5 54.5
Sand and gravel, silty, fossiliferous ... ...... ... .. .. 7 61.5

PENNSYLVANIAN—Virgilian
Stranger Formation
Shale, hard, gray ............ .. ... ... ... ... ..... 3.5 65

13-19-23da.—Drillers log of well drilled by Jungmann Bros. for Walter Koll-
morgen in NE SE sec. 23, T. 183 S., R. 19 E., in March 1953. Altitude

of land surface, +856 feet. Thickness, Depth,

feet feet
Soil ... .. 2 2
Clay . ... 6 8
Boulders ............ ... ... .. .. ... ... 1 9
Shale ......... .. ... 66 75
Sandstone .. .............. ... 10 85
Shale, sandy .............. ... .. ... . ... ...... 3 88
Sandstone, broken ................ ... ... . ... . ... 12 100
Sandstone (with hard cap) .................... .. 38 138
Limestone . .......... ... ... ... .. ... ... . ...... 2 140

13-19-27dd.—Dirillers log of well drilled by Homer Wilson for George Luckan
in SE SE sec. 27, T. 13 S,, R. 19 E,, in April 1956, Altitude of land

surface, +1,005 feet. Thickness, Depth,

feet feet
Soil ... 2 2
Clay, red ... ... ... . ... .. . 6 8
Limestone, yellow ............. .. ... ...... ... .. 12 20
Shale, light ................. ... ... ... ....... 20 40
Shale, dark ............ ... ... ... 140 180
Limestone ............. ... ... 6 186
Shale, sandy, light ........................... .. 68 254

Sandstone ............ ... 58 312
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13-19-36ab.—Dirillers log of well drilled by Raymond Schutz for Harold

Skinner in NW NE sec. 36, T. 13 S., R. 19 E., in June 1956.

Thickness,

feet
Topsoil . ... .. ... 3
Sandrock ........ ... ... 19
Clay, sandy, brown ............................ 8
Soapstone, sandy, gray ................iiiiia.... 8
Soapstone ............. ... 9
Lime rock ......... ... ... ... .. . ... 3
Soapstone, gray . ...........c..iiiiii . 8
Soapstone, brown .............. ... ... ... ...... 9
Sandstone, white (1 gpm water) .................. 6
Soapstone, sandy ............... .. ... ... ..., 15
Sandstone, white ............................... 7

Lime rock ........ ... ... .. ...

Depth,
feet
3
22
30
38
47
50
58
67
73
88
95
95

18-19-36bb.—Drillers log of well drilled by W. D. Wilson for Charles Iles in
NW NW sec. 36, T. 13 S., R. 19 E., in 1948. Altitude of land surface,

+893 feet. Thickness,
feet
Soil . 1
Shale, yellow ................. .. ... ... .......... 4
Limestone, hard . ............................... 2
Clay, yellow ......... ... ... ... .. ... . oiiiii... 23
Shale, sandy, yellow .......................... .. 10
Shale, sandy, gray .............................. 35
Sandstone (water) .............. ... ............ 20
Shale, sandy, blue .............................. 10
Sandstone (water) ............................. 10
Shale, blue .................................... 3

Depth,
feet

118

13-20-1add.—Sample log of test hole in SE SE NE sec. 1, T. 13 S., R. 20 E.,
about 120 feet north of railroad track, drilled April 19, 1952; depth to

water, 11.5 feet. Altitude of land surface, 809 feet.
QuaTeRNARY—Pleistocene

Alluvium Thlg(:tess’
Soil, silty, gray ........... . ... . .. ... 3
Sand, coarse to very fine, brown .................. 7
Sand, medium, brown . ........... ... ... ... . ... 15
Sand, coarse, blue gray .......................... 5
Sand and fine gravel, blue gray ................. .. 10
Sand, medium, blue gray ........................ 16
Gravel, fine, blue gray .......................... 9.5

PENNSYLVANIAN—Missourian

Stanton(?) Limestone

Limestone ............... ...t 1

Depth,
feet
3
10
25
30
40
56

65.5

66.5
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13-20-4abl.—Dirillers log of well drilled by Layne-Western Co. for Coopera-
tive Farm Chemicals Assoc. in NW NE sec. 4, T. 13 S., R. 20 E,, in 1952.

Thickness, Depth,

feet feet
Dirt, black ......... . ... 3 3
Clay, gray .......... i 25 28
Clay, blue ........ ... 5 33
Clay, sandy, blue .............. ... ... ... .. 4 37
Sand, fine; contains some clay .................... 6 43
Sand, medium fine ........... . ... ... 2 45
Sand, medium coarse ................coiii 3 48
Sand, medium coarse, and gravel.................. 5 53
Sand, coarse, and big gravel .................... 3 56
Shale,blue ... 3 59

13-20-5cb.—Sample log of test hole in NW SW sec. 5, T. 13 S., R. 20 E.,
drilled 1950. Thifckentess, I}egtth,
€ (<]

QuaTeRNARY—Pleistocene
Peoria Formation

Silt, clayey, leached, dark brown ................ 1 1
Silt, leached, mottled gray and brown ............ 2 3
Silt, leached, mottled gray and brown; contains small

calichenodules .............................. 0.5 3.5
Silt, leached, mottled reddish brown and gray...... 1.5 5

Loveland Formation
Silt, leached, yellow brown, contains 2-mm caliche

nodules ................ ... 1 6
Silt, clayey, slightly mottled, leached, yellow brown.. 0.5 6.5
Kansas Till
Clay, leached, brown to reddish brown; contains MnO,
stains, chert granules, and limonite nodules .. . ... 1.5 8
Clay, silty, light reddish brown; contains some chert
and feldspar grains .......................... 1.8 9.8

13-20-5dc1.—Dirillers log of well drilled by W. D. Wilson for Douglas County
in SW SE sec. 5, T. 13 S., R. 20 E., in June 1952. Altitude of land sur-

face, +921 feet. Thickness, Depth,
feet feet
Soil, gray black .......... ... ... ... . 2 2
Clay, yellow brown; contains chert gravel ......... 12 14
Clay, mottled gray and brown; contains chert, pink
quartzite, and greenstone gravel .............. .. 20 34
Clay, greenish gray; contains much gravel (little
Water) . ... 6 40
Shale, gray .......... .. ... 20 60
Limestone .............. ... i, 5 65
Shale, muddy ................ ... ...l 10 75
Shale, sandy, blue gray ......................... 60 135

Sandstone, gray ...................iiiiaa.... 50 185
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13-20-5dc2.—Drillers log of well drilled by Homer Wilson for Oliver Peters
in SW SE sec. 5, T. 13 S., R. 20 E., in March 1956. Altitude of land

surface, +916 feet. Thickness, Depth,

feet feet
Soil ... 2 2
Clay, yellow ......... .. ... ... ... ... ...... 23 25
Sand and gravel, yellow ...................... .. 10 35
Shale, light gray ................. ... ... .. ... .. 17 52
Limestone ................... ... ... ... ... ..... 5 57
Shale, sandy, gray .............. .. ... ... ... ... 26 83
Shale, light ....... ... .. ... . .. ... ... ... ... ... 74 157
Sand, white (water) .......... ... . ............ 17 174

13-20-6aa.—Dirillers log of well drilled by H. R. Swank for Paul Boyer in
NE NE sec. 6, T. 13 S, R. 20 E., in May 1952. Altitude of land surface,

+861 feet. Thickness, Depth,

feet feet
Soil ... .. 3 3
Joint clay, blue .. ...... ... ... ... ... .. .. . . .. ... 14 17
Limestone, hard, blue ............. .. ... .. .. .. .. 3 20
Shale,blue ...... ... ... ... ... .. . .. ... .. .. . ... 3 23
Shale, sandy, blue .. ....... .. ... .. ... . . ... .. ... 12 35
Shale, black ......... .. .. ... ... . ... ... ... ... 3 38
Shale, sandy, blue .......... ... ... ... . . ... ... ... 10 48
Shale, clayey, gray ......... ... ... ... ... .. .. ... 18 66

13-20-6aba.—Sample log of test hole in NE NW NE sec. 6, T. 13 S., R. 20
E,, in SE corner Lot 1, Block A, Brookdale Addition, 16th and Learnard
Ave., drilled July 6, 1954. Altitude of land surface, +855 feet.

QuaTerNarRY—Pleistocene

Undifferentiated colluvium and alluvium Thlfcémetess’ E;?e):h’
Silt, gray black .............. ... ... .. ... .. . ... 2 2
Clay, silty, yellow tan . ....... ... .. .. ... . ... . .. . 2 4
Clay, silty and sandy, yellow tan; contains fragments of

sandstone and limonite concretions ............. 21 25

PENNsYLVANIAN—Virgilian
Stranger Formation—Haskell Limestone member
Limestone ................ ... ... .. .. ... ...... .. 25

13-20-6cd.—Sample log of test hole in SE SW sec. 6, T. 13 S., R. 20 E,,
approximately 50 feet east of center line of Vermont Street at 2208 Ver-
mont, drilled August 1954. Altitude of land surface, =872 feet.

QuaTERNARY—DPleistocene

Undifferentiated colluvium and alluvium Th1§§;:ess, szg:h’
Soil, gray black .......... .. ... .. ... ... ... .. ... 2 2
Clay, silty, gray ............... .. .. ... ... .. ... 2 4
Clay, silty, yellow; contains fragments of limonite con-

cretions ........... ... ... ... 15 19
PENNSYLVANIAN—Virgilian

Stranger Formation—Haskell Limestone member

Limestone, hard . ... .. ... ... . ... ... ... ... . ... .. 19
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13-20-7ad.—Dirillers log of well drilled by W. D. Wilson for Paul Clawson

in SE NE sec. 7, T. 13 S., R. 20 E,, in July 1953. Thickness, Depth,

feet feet
Soil .. 2 2
Shale, sandy ............. ... ... ... .. ... ... ... 8 10
Clay, yellow .. ... ... ... .. ... ... ... ... ...... 10 20
Limestone . ............ ... ... ... .. .. .. ... ... . 3 23
Shale, light gray ......... ... ... . ... ... ... ... .. 72 95
Sandstone, gray . .............. .. ... ... 48 143

13-20-8abl.—Sample log of test hole in NW NE sec. 8, T. 13 S., R. 20 E.,
about 130 feet NE of NE corner of India School, drilled July 8, 1954.
Altitude of land surface, +910 feet.

QuaTeRNARY—Pleistocene

Peoria Formation Thlfé(:tess’ szlgzh,
Silt, gray black ... ... .. ... ... . .. . 2 2
Silt, gray tan . ........... ... ... L. 3 5

Kansas Till
Clay, silty and sandy, gray tan ................ .. .. 5 10
Clay, very sandy, yellow tan; contains abundant chert

and quartz gravel ...... ... .. ... ... ... ... . ... 9 19

PENNsYLVANIAN—Virgilian
Lawrence Shale
Shale, silty, tan . ... ... ... ... ... .. ... 45 23.5

13-20-8ab2.—Drillers log of well drilled by Eugene Smith for P. A. Diehl
in NW NE sec. 8, T. 13 S., R. 20 E., in July 1953. Altitude of land sur-

face, +912 feet. Thickness, Depth,

feet eet
Soil . ... 4 4
Clay, yellow .............. ... .. ... .. ......... 20 24
Gravel (water) ........... ... ... .. ..... ... ... 4 28
Shale, dark blue ........... .. ... ... ... ... .. ..., 11 39
Shale, light blue .......... .. ... ............. .. 12 51
Limestone .............. ... ... ... ... ... .. ..., 5 56
Shale, blue .............. ... .. ... ... ... .. .. 14 70
Sandstone, coarse ....................... ... .. .. 10 80
Shale, sandy .............. ... ... ... ... .. ... .. .. 20 100
Sandstone, coarse .......................... . ... 32 132
Sandstone, fine to very fine (water) ............ .. . 52 184

13-20-8ad.—Dirillers log of well drilled by Lee Hendee, Jr., for Nellie Harris
in SE NE sec. 8, T. 13 S,, R. 20 E,, in March 1953. Altitude of land

surface, +880 feet. Thickness, Depth,
feet eet
Soil ... 2 2
Clay, yellow ........... ... ... ... ......... . ... 9 11
Clay, sandy, yellow ........................ .. ... 3 14
Clay, buff toolive .......................... .. .. 18 32
Limestone ............. .. ... ... .. ... . ... .. ... . 4 36

Shale, gray ........... ... ... ... ... ... ... . . ... 12 48
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Thickness, Depth,

feet feet
Limestone ............. ... .. i 2 50
Sandstone, shaly ............................... 37 87
Shale, sandy ............. ... ... i 6 93
Sandstone ............... .. 2 95
Shale ... ... . .. .. 10 105
Sandstone, shaly .............. ... . ... .. ... .. 33 138
Sandstome ... ... 22 160

13-20-9dad.—Sample log of test hole in SE NE SE sec. 9, T. 13 S, R, 20 E,,
about 950 feet south of E quarter corner on west road shoulder, drilled
August 27, 1954; depth to water, 23.5 feet. Altitude of land surface, 861
feet. Thickness, Depth,

feet feet
Road il ... .. ... .. ... ... 1 1

QuaTeERNARY—DPleistocene

Peoria Formation

Silt, gray black .......... .. ... ... 0.5 1.5

Silt, tan ... ... 8.5 5
Kansan glaciofluvial deposits

Clay, mottled yellow tan and light gray ............ 1 6

Clay, brown red; contains gravel and sand .......... 3 9

Clay, brown to tan; contains gravel and sand .. ...... 11 20

Sand and gravel, clayey, tan .............. ... .. 12.5 32.5

PENNSYLVANIAN—Virgilian
Stranger Formation
Shale, gray ............... .. ... ... ... ..., 2.5 35

13-20-13cc.—Drillers log of well drilled by W. D. Wilson for Robert Stark
in SW SW sec. 13, T. 18 S,, R. 20 E., in January 1953. Altitude of land

surface, =848 feet. Thickness, Depth,
feet feet
Soil and surface ................................ 10 10
Sandstone ................ ... 52 62
Shale, clayey, blue ............................. 1 63

13-20-16aa.—Drillers log of well drilled by Harold Lutz for H. C. Stewart
in NE NE sec. 16, T. 13 S., R. 20 E,, in May 1956. Altitude of land

surface, =851 feet, Thickness, Depth,
feet feet
Soil .. .. 4 4
Gravel and boulders ............................ 16 20
Sandstone, and yellow shaly sandstone ............. 20 40
Shale, blue; contains thin coal bed at depth of 64 feet, 50 90
Sandstone, cemented .. ......................... 12 102

Shale .......... . ... 10 112
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13-20-16bb.—Drrillers log of well drilled by Harold Lutz for William Lemon
in NW NW sec. 16, T. 13 S,, R. 20 E., in 1955. Altitude of land surface,

+833 feet. Thickness, Depth,
feet feet
Topsoil ....... ... .. . . . . 2 2
Silt, sandy, red ........... ... ... ..l 18 20
Sandstone, yellow ............................. 12 32
Sandstone, brown .................. ... ......... 8 40
Shale, gray .......... ... .. ... 10 50

Sandstone .............. ... .. ... .. ..., 0.5 50.5
Shale, gray ............ ... ... ... ... 19.5 70
Sandstone (show of water) ...................... 1 71
Shale, gray ................ ... ... ... ... .. ...... 9 80
Sandstone (water) ............................. 4 84
Shale ... . ... 1 85
Sandstone .................. . 3 88
Limestone .............. ... .ciiiiiiiiin... 2 90

13-20-19cd.—Drillers log of well drilled by W. D. Wilson for Carl Clifton
in SE SW sec. 19, T. 13 S., R. 20 E., in October 1955. Altitude of land

surface, +984 feet. Thickness, Depth,

feet feet
Gravel ........ ... .. ... 3 3
Clay, red ....... ... . ... ... 7 10
Sandstone, broken ............... .. ... ... ...... 15 25
Clay, yellow ............ .. ... ............... 15 40
Shale, sandy, gray .............................. 52 92
Sandstone, dark gray ............................ 5 97
Shale, muddy, blue ............................. 5 102
Sandstone (lots of water) ....................... 28 130

13-20-20bc.—Sample log of test hole in SW NW sec. 20, T. 13 S., R. 20 E.,
drilled August 27, 1954. Altitude of land surface, +850 feet.

Thickness, Depth,
feet feet
Road fill ... . ... ... .. . ... .. 2.5 2.5
QuaTERNARY—Pleistocene
Peoria Formation
Silt, clayey, gray black ....................... ... 2.5 5
Silt, clayey, tan ............ ... ... 1.5 6.5
Buck Creek Terrace deposits
Clay, light gray ................................ 1 75
Clay,tanbrown ................................ 6.5 14
Silt, clayey, yellow tan to yellow brown ............ 11 25
Silt, micaceous, sandy, yellow tan ................. 7 32
Sand, very fine to fine, silty and clayey ........... .. 28 60

PENNSYLVANIAN—Missourian
Weston(?) Shale
Shale, argillaceous, gray .................... .. ... 8.5 68.5
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13-20-22dc.—Drillers log of well drilled by Harold Lutz for Harold Lutz in
SW SE sec. 22, T. 13 S., R. 20 E., in 1953. Altitude of land surface, =900

feet. Thickness, Depth,
feet feet
Clay .. o 30 30
Limestone . ..... ... ... ... 4 34
Shale .. ... ... 66 100
Sandstone .. ... .. ... ... 48 148

13-20-28dc.—Drillers log of well drilled by Harold Lutz for Tom Akin in
SW SE sec. 23, T. 13 S, R. 20 E., in 1954. Altitude of land surface, =898

feet. Thickness, Depth,
feet feet
Soil ... 8 8
Clay, sandstone, and coal ... ..................... 25 33
Shale . ... ... 40 73
Sandstone . ................. ... .. 35 108

13-20-25bb.—Drillers log of well drilled by Harold Lutz for Winston Keyee
in NW NW sec. 25, T. 13 S, R. 20 E., in 1954. Altitude of land surface,

+894 feet. Thickness, Depth,
feet feet
Soiland sandstone ... ...... ... ... ... ... ... ..... 12 12
Shale, clay, and coal ....... ... ... ............. 65 77
Sandstone (water) ................ ... .. ... ..., 33 110
Limestone ............... ... ... .. ... ......... 2 112

13-20-25cc.—Drillers log of well drilled by Harold Lutz for Wayne Strong
in SW SW sec. 25, T. 13 S., R. 20 E., in December 1955. Altitude of

land surface, +905 feet. Thickness, Depth,
feet feet
Soil ... 30 30
Shale ... . ... ... 20 50
Sandstone (lower 25 feet yields water) .......... 52 102

13-20-30cd.—Dirillers log of well drilled by Harold Lutz for Robert Niesly
in SE SW sec. 30, T. 13 S., R. 20 E., in April 1956. Altitude of land

surface, +898 feet. Thickness, Depth,

feet feet
Soil ... . 3 3
Clay, yellow ........ ... ... . ... ............ 2 5
Limestone ................... .. ... ........... 1 6
Clay, gray ......... ... ... ... . 24 30
Shale, blue ........ .. ... ... . .. .. .. .. .. ... ... ... 22 52
Coal ... ... 1 53
Clay, sticky ........... ... ... .. ... ... ....... 1 54
Shale, gray ............... ... .. ... ... .. ..., 58 112

Sandstone (water) .................... e 20 132
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13-20-34dc.—Dirillers log of well drilled by Commerce Drilling Co. for Jennie
Eckman in SW SE sec. 34, T. 13 S., R. 20 E., in 1934. Altitude of land

surface, +951 feet. Thickness, Depth,

feet feet
Soil ... .. 3 3
Gravel andclay ................................ 8 11
Clay, yellow ............ ... ... ... ... ......... 4 15
Shale,sandy ................................... 50 65
Shale, gray ......... ... .. ... ... ... 37 102
Shale, dark ....... ... .. ... ... .. ... .. ... 3 105
Shale, light .......... ... ... ... ... ... ....... 9 114
Sandstone (water) ............................. 50 164
Limestone .............. ... ... ... ... ... ...... 3 167
Shale ... ... .. ... ... 2 169
Limestone .............. ... . ... .. ... ... .. .. 16 185

13-21-3ccb.—Sample log of test hole in NW SW SW sec. 8, T. 13 S, R. 21
E., along east road shoulder 20 feet south of intersection, drilled June 26,
1953; depth to water, 19.2 feet. Altitude of land surface, 882.5 feet.

Thickness, Depth,
feet feet
Road Sl ....... ... ... ... ... .. ... ... . ... 3 3
QuaTERNARY—Pleistocene
Peoria(?) Formation
Silt, light gray tan ........... ... ... ... .. .. .. .. 45 7.5
Kansan glaciofluvial deposits
Clay, very sandy, brown red ................. ... 8.5 16
Sand and fine gravel, red brown ................ .. 7 23
Gravel and sand, chiefly chert and quartz .......... 3 26
PENNsYLVANIAN—Missourian
Stanton Limestone
Limestone, hard .......... ... .. ... .. ... .. ... . .. 26

13-21-7bbb.—Sample log of test hole in NW NW NW sec. 7, T. 13 S., R.
21 E., in ditch along east side of road 346 feet south of center line of
Kansas Highway 10, drilled April 19, 1952. Altitude of land surface, 812
feet.

QuATERNARY—Pleistocene

Newman Terrace deposits mfcgess’ szgtth’
Soil, sandy, argillaceous, black ........... ... ... .. . 2 2
Clay, silty, gray ................. ... . ... .. ... .. 3 5
Clay, silty, light brown ............... ... ... .. ... 23 28
Clay, silty, blue gray .................... . ... ... 9.5 375
Clay, silty, black ..................... ... .. .. .. 3.5 41
Gravel, medium to fine, arkosic .......... ... ... ... 35 76

PENNSYLVANIAN—M issourian

Stanton(?) Limestone

Limestone, gray ..................... ... .. ... . .. 0.5 76.5

11—5329
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13-21-7ddc.—Sample log of test hole in SW SE SE sec. 7, T. 13 S, R. 21 E,,
about 8 feet north of center line of road at crest of hill, drilled August 27,

1954. Altitude of land surface, =899 feet. Thickness, Depth,
feet feet
Road fll ... ... . 1 1

QuaTERNARY—Pleistocene
Peoria(?) and Loveland(?) Formations

Silt, black ....... ... 1 2

Silt, clayey, red brown to tan brown .............. 3 5
Kansas Till

Clay, sandy and gravelly, red ... ................ 5 10

PENNSYLVANIAN— Virgilian
Stranger Formation

Sandstone, shaly, yellow tan ..................... 1 11
Shale, silty, micaceous, olive tan; contains thin coal
streak ... 2.5 13.5

13-21-10db.—Drillers log of well drilled by W. L. Hendee, Jr., for Herbert
Meuffel in NW SE sec. 10, T. 13 S., R. 21 E., in December 1952.

Thickness, Depth,

feet feet
Topsoil and clay ............... ... ... .. 3 3
SandStONE . . ..ot 5 8
Sandstone, shaly .............. ... ... ... 3 11
Sandstone, hard ... ... ... ... ... . ... ... 2 13
Shale, Sray . .........c..ooiiiiiiiii 3 16
LiMeStOne . ... ...t 15 31
Shale, black .......... .. ... ... 7 38
Limestone . ........... ... ... 8 46
Shale, gray blue ............ ... ... ... ... .. 6 52
Sandstone . ... ... 3 55
Shale, gray blue ............................... 5 60
Limestone ............. ... 14 74
Shale ... ... 1 75
Limestone . . ... ... 3 78
Shale, gray ........... .. ... ... 7 85

13-21-15cb.—Sample log of test hole in NW SW sec. 15, T. 13 S,, R. 21 E,,
about 0.35 mile north of corner, drilled June 27, 1953; depth to water,

23.5 feet. Altitude of land surface, 898.7 feet. Thickness, Depth,
feet feet
Road filll ... ... . . 3 3

QuaTerRNARY—Pleistocene
Kansan glaciofluvial deposits

Clay and silt, sandy, tan ........................ 6 9
Clay and silt, sandy, gray tan .................... 11 20
Sand, clayey, gray tan ... .......... ... ... ...... 11 31

PENNSYLVANIAN—Missourian
Weston Shale
Shale, blue gray .................... ... 4 35
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13-21-16aaa.—Sample log of test hole in NE NE NE sec. 16, T. 13 S., R. 21
E., about 75 feet west of intersection on south road shoulder, drilled June
26, 1953; depth to water, 12.6 feet. Altitude of land surface, 885.2 feet.

QuaTterNARY—Pleistocene

. . . Thickness, Depth,
Kansan glaciofluvial deposits feet feet
Silt and clay, sandy, dark gray .................. 3 3
Clay and silt, very sandy, tan .................... 3 6
Sand and gravel, very clayey, tan brown .......... 3 9
Sand, chiefly medium to coarse, tan brown ........ 3 12
Gravel, fine to coarse, and sand ................ .. 15 27
PENNSYLVANIAN—Missourian
Weston Shale
Shale, argillaceous, blue gray. ............. .. .. ... 3 30

13-21-22ddd.—Sample log of test hole in SE SE SE sec. 22, T. 13 S., R. 21 E,,
about 50 feet west of intersection on north road shoulder, drilled June 27,
1953; depth to water, 2.6 feet. Altitude of land surface, 901.1 feet.

Thickness, Depth,
feet feet
Road fill ..... .. ... ... ... . .. .. ... ... .. ... 2 2
QuATERNARY—Pleistocene
Kansan glaciofluvial deposits
Clay and silt, very sandy, tan gray ................ 2 4
Clay and silt, very sandy, brown tan; contains abun-
dant gravel ... ... ... ... .. ... ... ... ... ... .. 4 8
Gravel and sand, very argillaceous ................ 4 12
Silt and clay, tan brown; contains sparse sand and
gravel ... 1 13
PENNSYLVANIAN—M issourian
Stanton Limestone
Limestone ............. ... . ... . ... ... ... .. .. .. .. 13

13-21-27ba.—Sample log of test hole in NE NW sec. 27, T. 13 S, R 21 E,,
about 2,000 feet east of corner, drilled June 27, 1953. Altitude of land

surface, 918.5 feet. Thickness, Depth,
feet feet
Road Il ... ... ... .. .. ... .. ... . . ... . . ... ... ... 3 3

QuAaTERNARY—Pleistocene
Kansan glaciofluvial deposits
Clay, sandy, tan gray .................. ... .. .. .. 14 17
Sand, very fine to medium, tan .............. .. . .. 5 22
Sand, fine to coarse, tan brown ........... . ... . . .. 18 40
Gravel and sand, tan brown . ....... ... ... .. . . .. 9 49
PENNSYLVANIAN—Missourian
Stanton Limestone
Limestone, gray .................. ... .. ... ... ... 5 54
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13-21-27bcc.—Sample log of test hole in SW SW NW sec. 27, T. 13 S, R.

21 E., drilled June 30, 1953. Altitude of land surface, 929 feet.

Thickness,
feet
Road fill ....... ... .. 2
QuaTerNARY—Pleistocene
Peoria(?) Formation
Silt, gray tan; contains a few sand grains ........... 3
Kansan glaciofluvial deposits
Clay and silt, very sandy, gray tan 10
Clay and silt, very sandy, tan .................... 2
Clay and silt, tan; contains abundant gravel and sand, 3
Sand, medium, brown tan ....................... 135
Gravel and sand, clayey, brown tan ............... 1
Clay and silt, green tan; contains much sand ........ 5
Gravel and sand, clayey, brown tan ............... 1.5
Clay and silt, green tan; contains abundant gravel and
sand ... 2
Gravel and sand, clayey, gray .................... 4
PENNSYLVANIAN—Missourian
Weston Shale
Shale, blue gray ............ccuuiiiiiiiiiin 10
Shale, gray blue ............................... 4
Stanton Limestone—South Bend Limestone member
Limestone, hard, gray .......... ... ... ... ... ..... 3.5
Stanton Limestone—Rock Lake Shale member
Sandstone, fine, hard, gray ....................... 1

Depth,
feet
2

5

15
17
20
33.5
34.5
89.5
41

43
47
57
61
64.5

65.5

13-21-28aa.—Sample log of test hole in NE NE sec. 28, T. 13 S,, R. 21 E,,
about 0.8 mile west of Hesper intersection, drilled June 29, 1953; depth to

water =8 feet. Altitude of land surface, 912.4 feet. Thigkness,
eet

Road fill ..... ... . ... .. . . 2
QuaTeERNARY—DPleistocene
Peoria(?) Formation

Clay, silty, mottled gray and tan .................. 3
Kansan glaciofluvial deposits

Clay, sandy, gray tan ...............c.oooueeeo. .. 5

Clay,sandy, tan .............couiiiiiiinnnn .. 4

Clay, sandy and gravelly,tan ..................... 2

Sand and clay, tan ........... ... ... 2

Sand and gravel ....... ... ... .. L.l 1.5

Depth,
feet
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PENNsYLVANIAN—MIissourian Thickness Depth
Weston Shale eet ect
Shale, hard, clayey, gray tan ..................... 1 20.5
Shale, bluegray .................. ... ........... 9.5 30
Concretion, clay ironstone, hard, pink gray ........ 0.3 30.3
Shale, silty, blue gray .......................... 9.7 40
Shale, clayey, gray ................. ... ......... 9.7 49.7
Concretion, clay ironstone, hard, pink gray ......... 0.3 50
Shale, clayey, gray ............... ... ... 5 55
Stanton Limestone
Limestone ............... .. ... 0.5 55.5

13-21-28bb2.—Sample log of test hole in NW NW sec. 28, T. 13 S., R. 21 E.,
about 600 feet east of corner on road shoulder, drilled June 29, 1958;
depth to water +18 feet. Altitude of land surface, 892.8 feet.

Thickness, Depth,
feet feet
Road fill .......... ... ... ..................... 2 2
QuaTERNARY—Pleistocene
Peoria(?) Formation
Silt and clay, light gray ......................... 2 4
Kansan glaciofluvial deposits
Clay,silty, tan ................................. 8 12
Clay, sandy, tan ............................... 8 20
Clay, sandy and gravelly, tan ..................... 7 27
Sand, very fine, clayey, tan ...................... 5 32
Gravel and sand, chiefly fragments of chert, sandstone,
and quartz ............. ... ... 0.5 32.5
PENNSYLVANIAN—Missourian
Stanton Limestone—Rock Lake Shale member
Sandstone, calcite cemented, hard, yellow brown .... 1.5 34

13-21-29ab.—Sample log of test hole in NW NE sec. 29, T. 13 S., R. 21 E.,
about 35 feet south of center line of road, drilled June 30, 1953; depth to
water, =9 feet. Altitude of land surface, 869.3 feet.

QuaTeRNARY—Pleistocene

Peoria(?) Formation Thlfgess’ I}igtth’
Silt, gray black .......... ... ... .. ... .. .. ... 2.5 2.5

Kansan glaciofluvial deposits
Clay, gray .......... ... . . . e, 1.5 4
Clay, mottled brown and gray .................. .. 4 8
Clay, mottled blueand gray ...................... 5 18
Clay, sandy and gravelly, gray .................... 2.5 15.5
Sand and gravel, clayey ................. .. ...... 3.5 19

PENNsYLVANIAN—Missourian

Stanton Limestone—Rock Lake Shale member
Sandstone, ferruginous, yellow brown .............. 3 22
Shale, blue gray .......... ... ... ... ... ... ..... 2 24

Stanton Limestone—Stoner Limestone member
Limestone, gray .. .. ............. ... ........... 2 26
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13-21-31ddc.—Sample log of test hole in SW SE SE sec. 81, T. 13 S., R. 21
E., about 6 feet east of center of south side of SE quarter section, drilled

August 26, 1954; depth to water, 18.7 feet. Altitude of land surface, =920

feet. Thickness, Depth,
feet feet
Road fill ... ... ... .. ... .. . . . . . ... 1.5 1.5

QuaTterNarY—Pleistocene
Peoria(?) Formation

Silt, clayey, medium gray ........................ 0.5 2
Silt, cle=ey, brown tan ............. ... ... ...... 2 4
Kansan glaciofluvial deposits

Clay, yellow tan; contains some gravel and sand . . . .. 7 11
Clay, gray tan; contains some gravel and sand ...... 1.5 12.5
Clay, stiff, compact, light gray mottled with brown ... 0.5 13
Clay, sandy, light gray; contains fragments of limonite

concretions .. ... ... ... 5 18
Clay, very sandy, yellow tan .. ................... 5 23
Sand, very fine to medium, clayey, yellow tan ....... 4 27

PENNSYLVANIAN—Missourian
Weston(?) Shale
Shale, gray .. ...t 3 30

13-21-34bce.—Sample log of test hole in SW SW NW sec. 34, T. 13 S., R.
21 E., about 10 feet north of W quarter corner on road shoulder, drilled
July 1, 1953; depth to water, +15 feet. Altitude of land surface, 930.7 feet.

Thickness, Depth,
feet feet

Road BIl ....... .. . .. . . ... 2 2
QuaTerNaRY—DPleistocene
Peoria Formation
Silt, gray tan ...... ... ... ... 2 4
Kansan glaciofluvial deposits
Clay, sandy, slightly calcareous, mottled tan gray and

red brown ... ... ... ... ... 1.5 5.5
Clay, sandy, mottled tan red and light gray ........ 2.5 8
Clay and silt, very sandy, light tan and light gray .... 2 10
Sand, clayey, tan brown . ........................ 6 16
Gravel and sand, silty, tan brown ........ ... .. .. 8 24

PENNSYLVANIAN—Missourian
Weston Shale
Shale, argillaceous, blue gray ................. ... 24.5 48.5
Stanton Limestone
Limestone, hard, gray ........................ .. 0.5 49
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14-17-24dd.—Drillers log of well drilled by Charles Jungmann for Joe Maichel
in SE SE sec. 24, T. 14 S., R. 17 E., in February 1956.

Thickness, Depth,

feet feet
Soil .. 2 2
Clay, sandy .......... ... 9 11
Limestone, broken . ........... ... ... .. ... ....... 4 15
Shale . ... .. .. . 7 22
Limestone . ........ . . ... .. ... 4 26
Shale ... ... ... 54 80
Limestone . .......... .. . .. . ... ... 50 130
Slate ... ... ... 2 132
Shale . ... ... ... . 5 137
Limestone . ...... ... ... . ... . ... .. ... .. ... ... 9 146
Shale . ... ... ... 79 225
Shale, sandy ... ..... ... . ... . ... . ... ... .. .. 80 305
Limestone ............. ... ... ... .. ... .. .. .... 5 310
Shale, sandy .......... ... ... ... . ... ... 40 350
Sandstone . ......... . ... ... .. ... 70 420

14-17-25ca.—Dirillers log of well drilled by Commerce Drilling Co. for H.
Maichel in NE SW sec. 25, T. 14 S., R. 17 E., in December 1934. Alti-

tude of land surface, #1,090 feet. Thickness, Depth,

feet feet
Soil andclay ............. ... ... ... . ........ 9 9
Sandrock ....... ... ... ... .. ... ... ... 5 14
Shale,dark .. ...... ... .. .. . . ... .. ... ... ... .. 5 19
Limestone ............. ... .. .. .. .. ... ....... 8 27
Shale, gray ......... ... ... ... 22 49
Limestone ............ .. .. .. .. ... ... ... .. ..... 5 54
Shale,dark ............. ... ... ... ... ... ..., 41 95
Limestone . ........... .. .. .. .. .. ... .. ... . ..... 7 102
Shale, dark ........ ... ... ... ... ... ... ... .. 3 105
Limestone . ............ ... . . .. .. .. ... 20 125
Shale, black ............ ... ... ... ... ... .. ... 2 127
Limestone .............. .. .. .. .. .. .. .. .. ... .. 4 131
Shale, gray ........ ... ... ... ... . . . ... ........ 6 137
Limestone ............... ... .. ... ... 12 149
Shale, gray ........... ... ... . ... . . .......... 100 249
Shale, light .......... ... ... .. ... . . ... ... ..... 51 300
Shale, sandy ................. ... ... ... ... ... 14 314
Limestone .............. ... .. ... . ... . . .. .. ... 6 320

Sandstone .............. ... . ... .. ... . ... ... 138 458
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14-17-26ad.—Dirillers log of well drilled by Charles Jungmann for Ralph
Fuqua in SE NE sec. 26, T. 14 S,, R. 17 E., in March 1956. Altitude of

land surface, 1,084 feet.
Soil 2
Limestone, broken .............c..coi i 14
Shale ... 17
Limestone . ........c.iiuiiiie e 4
Shale .. .. ... 4
Limestone . ...........ceeiii e 5
Shale ... ... . 41
Limestone, broken ............. ... 18
Limestone . ............ .. ... i 12
Limestone, broken ............ ... .. ... ... ..... 31
Shale . ... ... 67
Limestone . ...........c. i 3
Shale .. ... 90
Limestone ...............oiiiiiii i 4
Shale ......... .. 42
Sandstone (water) ............................ 44
Shale . ... .. .. 7

Thickness,
feet

Depth,
feet

117
148
215
218
308
312
354
398
405

14-17-35ad.—Drillers log of well drilled by Charles Jungmann for Joseph
Baldwin in SE NE sec. 85, T. 14 S., R. 17 E., in August 1956. Altitude

of land surface, 1,105 feet.
Soil ... 3
Clay .. . 4
Limestone ............ .. ... ... ... ... .. ... ..... 4
Shale, gray ........... ... ... .. ... ... ... ... 14
Limestone ............ ... ... ... ... ... ... ... .. 5
Shale, dark .......... ... ... ... . ... ... .. 4
Limestone .................. .. ... 3
Shale .......... .. ... 2
Limestone ............ ... . ... .. ... .. ...... 2
Limestone, soft ............ ... ... ... ... ... ..... 6
Shale ....... ... ... .. ... 23
Limestone, broken ............................. 15
Shale, sandy, gray .............................. 29
Limestone ................. ... .. ... 4
Shale ......... . ... ... 12
Limestone ................ ... .. .. ... . ........ 15
Shale, dark ............ ... ... .. .. ... ... . ... ... 2
Limestone ............... .. ... ... .. ... . ..... 3
Shale ......... . . ... 9
Limestone ............... ... . ... .. ... . .... 4
Limestone, broken . ............ ... . ... ... ...... 8
Shale ......... .. ... ... 48
Limestone ............... ... .. ... ... .. .. ..., 2

Shale, sandy .............. ... ................. 75

Thickness,
feet

Depth,
feet
3
7
11

25
30
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Thickness, Depth,
feet feet
Limestone .........ccvviiiiiiinnennnannnnnnn. 5 301
Shale ...ttt 44 345
Sandstone ..............iiiiiii 17 362
Limestone ..............iiiiiiiiiiiiiin 3 365
Sandstone ............iiiii i 45 410

14-18-8ad.—Drillers log of well drilled by W. D. Wilson for William Owens
in SE NE sec. 8, T. 14 S., R. 18 E,, in 1951. Altitude of land surface,

+984 feet. Thickness, Depth,

feet feet
Soil L. 1 1
Clay ..o 4 5
Shell limestone ................................ 2 7
Shale, gray ....... ... .. ... . ... 5 12
Limestone, brown ........ ... ... ... .. .. ... .... 8 20
Limestone, gray ..., 10 30
Shale, dark .......... ... ... ... . ... ... ... ... ... 4 34
Shale, gray ......... ... ... ... ... 6 40
Limestone, brown .............................. 4 44
Shale, gray ............ .o 6 50
Limestone, gray .............. ... ... ... ..., 13 63
Shale, gray ......... .. ... ... .. 10 73
Limestone .............. ... ... ... ... ... 1 74
Shale, sandy, gray .......... ... .. ... ... . ... ... .. 76 150
Shale, muddy, gray ............................. 55 205
Limestone .............. ... ... .. ... .. ... .. ... 3 208
Shale, sandy, dark ............... . ... .......... 17 225
Sandstone (water) .................... ... ...... 14 239

14-18-10bd.—Dirillers log of well drilled by W. D. Wilson for Wayne Culley
in SE NW sec. 10, T. 14 S., R. 18 E., in January 1954. Altitude of land

surface, 1,078 feet. Thickness, Depth,

feet feet
Soil ... 2 2
Limestone, shelly .............................. 2 4
Clay, yellow ... 16 20
Shale, gray ............ . ... . 52 72
Limestone, shelly .............................. 5 77
Shale, gray ........... ... ... .. ... . ... 8 85
Limestone, gray (water) ........................ 18 103
Shale, dark ............. ... ... .. .. .. ... ... ... 5 108
Limestone ............. .. ... .. ... . .. .. .. ... ... 2 110
Shale, muddy, gray ............... ... ... ........ 14 124
Limestone, white .............................. 11 135
Shale, light .......... ... ... ... .. ............ 65 200
Shale, sandy, gray ................. ... .. ...... 84 284
Limestone, brown .............................. 4 288
Shale, gray .......... ... ... .. ... .. 17 305

Sandstone, white (water) ....................... 20 325
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14-18-11bb.—Dirillers log of well drilled by W. D. Wilson for Mr. Powell in

NW NW sec. 11, T. 14 S,, R. 18 E., in 1951.
+1,004 feet.

Soil ... 4
Limestone, shelly ... ... ... ... ... ... .. .......... 2
Limestone ................... ... . ... ... .... .. 10
Shale, dark ...... ... .. .. . .. ... . ... .. ... 4
Limestone ................ ... ... .. ... ... ... .. 3
Shale, gray ........ ... . ... . ... .. ... ... ... ... 7
Limestone .............. ... . ... ... . ... .. ...... 15
Shale, gray ................... .. .. ... ... . ... ... 15
Limestone ........... ... ... ... ... . ... .. ...... 1
Shale, sandy, gray .............. ... .. ... .. .. ... 141
Limestone ............. ... ... ... ... ... .. ...... 4
Sandstone, hard, dead ........... ... . ... . ..... 4
Shale, dark ....... .. .. .. ... ... ... .. ... ... ... 3
Shale, sandy, gray ...... ... ... ... ... ........... 7
Sandstone (water) ............................. 50
Shale, sandy, gray .......... ... ... .. ........... 82
Limestone ........... ... ... ... ... ... .. .. .... 3

Altitude of land surface
Thickness,
feet

Depth,
feet
4
6
16
20
23
30
45
60
61
202
206
210
213
220
270
352
355

14-18-11db.—Drrillers log of well drilled by W. D. Wilson for Raymond Flory
in NW SE sec. 11, T. 14 S., R. 18 E,, in July 1952. Altitude of land

surface, =915 feet.

Soil and sandy yellow clay .................... ... 15
Shale, dark gray .......... ... ... ... .. ... ... ... 86
Limestone .............. ... .. ... ... ... ... .... 3
Shale, sandy, dark gray ........... ... ... ......... 31
Sandstone (water) ............................. 18
Sandstone, dead .............. ... .. ... .. .. ..... 7

Thickness,
feet

Depth,
feet
15
101
104
135
153
160

14-18-14aac.—Dirillers log of Douglas County well at Lone Star Lake in SW
NE NE sec. 14, T. 14 S., R. 18 E,, drilled in 1934. Altitude of land surface,

1,027.9 feet.

Soil and clay ........... . ... . ... .. ... .. ... . ... 6
Limestone . .......... ... .. ... .. ... .. ... . ... 12
Shale, gray ............... ... ... ... ... .. ..... 5
Limestone ............. . ... ... ... . ... .. ... ... 4
Shale, light .............. ... .. ... ... ... .. ..... 1
Limestone ........... ... ... ... ... ... ... ... ... 17
Shale, gray ............. . ... . ... . .. .. ... . ... .. 153
Limestone ............. . ... ... .. .. .. .. ... ... 5
Shale, gray ....... ... ... ... ... ... 7
Limestone .................. ... 3
Shale, gray ........... ... ... ... . ..., 7
Shale, sandy ................................... 20

Sandstone (just enough water to drill with) ........ 19

Thickness,
feet

Depth,
feet
6
18
23
27
28
45
198
203
210
218
220
240
259
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‘Thickness, Depth,
feet

feet
Sandstone, broken ............... ... ... ... 10 269
Shale, sandy ............c..o i 31 300
Sandstone (water) .................. ... ... 10 310
Sandstone, broken ............ .. ... ... 15 325
SandStone .. ... ... 33 358
Limestone . ........ ... ... . 9 367
Shale, gray .. ........ ... 1 368

14-18-23aal.—Drillers log of well drilled by W. D. Wilson for N. T. Veatch
in NE NE sec. 23, T. 14 S., R. 18 E., in November 1947. Altitude of

land surface, +1,040 feet. Thickness, Depth,

feet feet
Soil and yellow clay ............................ 4 4
Limestone, broken ............................. 3 7
Shale .. ... . ... 2 9
Limestone . ............ ... 10 19
Shale, dark .......... ... ... ..., 4 23
Limestone .............. . ... ... 2 25
Shale, gray ............coiiii 14 39
Limestone, white ... ......... ... ... ... ... ... ... 12 51
Shale, gray ......... ... ... ... ... 39 90
Shale, sandy ................... . L. 40 130
Shale, gray .............. ... 94 224
Limestone, hard . ......... ... ... ... ... ... .. ... .. 3 227
Shale, sandy ............ ... ... . 100 327
Sandstone, hard, gray (little water) ............... 8 335
Shale, sandy .............. ... .. ... ... ... 5 340
Shale, dark ......... ... ... ... ... ... .. .. ... .1 341
Limestone, white, soft .......................... 13 354
Shale, gray and black ........................... 5 359
Limestone . .............. .. ... 10 369
Shale, sandy and clayey, gray .................... 8 377

14-18-24aa.—Dirillers log of well drilled by W. D. Wilson for N. T. Veatch in
NE NE sec. 24, T. 14 S, R. 18 E., in November 1949.
Thickness, Depth,

eet feet
Soil and yellow clay ............................ 18 18
Limestone (little water) ........................ 4 22
Shale, gray ........ ... .. ... ... .. 32 54
Limestone ............... ... ... .. .. ... 5 59
Shale ... ... ... . ... 12 71
Limestone .............. ... ... ... .. .. ... 19 90
Shale, black ........... ... ... ... ... ... ......... 3 93
Limestone ............. ... .. ... .. 2 95
Shale,gray ......... ... .. ... 5 100
Limestone, white .............................. 15 115
Shale, light ................................... 25 140

Shale, sandy ................ ... ... ... ... .. 50 190
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Thickness,
feet
Shale, gray .......... ... . ... . 90
Limestone ............... ... . ... ... 3
Shale ........ ... 7
Sandstone ................. ..., 10
Shale, white .............. ... ... . ... .. . ..... 5
Sandstone, hard, gray (fresh water, 1.2 gpm) ...... 20
Shale, dark gray ...................... .. ... .... 10
Shale,sandy ............ ... ... ... ... 40
Sandstone (brackish water) ...................... 31

Depth,
feet

280
283
290
300
305
325
335
3875
406

14-18-30ad.—Dirillers log of well drilled by Walter Fees Drilling Co. for
Jeff A. Robertson in SE NE sec. 30, T. 14 S., R. 18 E., in May 1954, Ali-

tude of land surface, +1,112 feet. Thifkgtess’

(-]

Soil ... 2
Clayand gravel ................................ 13
Limestone, shells ............................... 6
Shale ........ ... 83
Limestone, shells ............................... 5
Shale ... ... ... ..., 8
Limestone ................... ... 18
Shale ........ .. ..., 5
Limestone ................. ... .. ... ... 2
Shale ... ... .. ... 12
Limestone ..............c...iii 14
sShale ..., 79
Shale, sandy .............. ... ... ... . .. . ... ... 29
Sandstone (water) ............................. 13
Shale ... ... ... 46
Limestone ................. it 5
Shale ... .. ... ... 15
Sandstone ................. ... 7
Sandstone, broken .............. ... . ... ...... 8
Shale ... ... .. ... 58
Sandstone (water) ............................. 47
Limestone ................... ... 13
Shale, black .............. ... ... ... ... ...... 1

Depth,
feet

2
15
21

104
109
117
135
140
142
154
168
247
276
289
335
340
355
362
870
428
475
488
489

14-18-35bb.—Drillers log of well drilled by Commerce Drilling Co. for H, W.
Rappard in NW NW sec. 35, T. 14 S., R. 18 E., in August 1934. Altitude

of land surface, +1,138 feet. Thifk:tess,

e
Soiland clay .......... ... ... ... ... ... ..... 5
Loose limestone . ............................... 3
Clay .................o ... e 8
Shale, gray ............... ... ... ... .. .. ..., 24
Limestone .............. ... .. ... . .. . ... .. .. 3
Shale, gray ................ ... ... ... ... 34
Limestone .................. ... .. ... ... . ... ... 4

Depth,

feet

5

8
16
40
43
7
81



Geology and Ground Water, Douglas Co. 173

Thickness, Depth,

feet feet
Shale, gray ......... ... i 12 93
Limestone ........... ... ... . . .. 18 111
Shale, dark .......... ... ... .. ... . .. ... 4 115
Limestone ............. ...t 2 117
Shale, dark ............. ... i 12 129
Limestone ................iuiiiiiniinnianann, 12 141
Shale, gray ......... ... ... ... . 44 185
Shale, sandy ............ ... ... ..., 42 227
Shale, gray ....... ..ot 26 253
Shale,sandy .................... ... ... ... ... 19 272
Sandstone ...............iii i 13 285
Shale, gray ............. . ... ... ... 11 296
Shale, green .......... ... ... ... ...l 4 300
Shale, gray ......... ... .. ...l 8 308
Limestone . ................0i i 6 314
Shale, gray ............. ... ... ... 24 338
Shale, sandy ........... ... ... ... ... ........ 8 348
Sandstone ............. ... 17 363
Shale, sandy ................... .. ... ... ...... 27 390
Sand (water) ............ ... .. ... .. ... ... ..... 52 442
Limestone ................. ... i, 1 443
Shale, dark ............ ... ... .. ... ... ... ..., 2 445
Limestone, blue ............................... 5 450
Limestone, white .............................. .. 450

14-19-1bb.—Dirillers log of well drilled by Baugher and King Drilling Co.
for W. A. Schaal in NW NW sec. 1, T. 14 S., R. 19 E., in September 1955,

Altitude of land surface, 901 feet. Thickness, Depth,

feet feet
Soil . 4 4
Clay, yellow ............. ... i, 8 12
Sandstone ................ ... .. 12 24
Limestone ..............ccouiiiiii . 2 26
Shale .......... ... .. 64 90
Limestone .................. ... .00 1 91
Shale,blue ........... ... . ... 65 156
Limestone, soft, sandy .......................... 10 166
Shale,blue ............. .. ... ... ... ... 2 168
Limestone .................. ... . ... ........ 13 181
Shale, dark and black ....................... ... 10 191
Shale, dark blue .............................. 3 194
Limestone .............. ... .. ... . . ... 6 200
Shale ....... ... 5 205
Limestone ................... ... . ... .. 19 224
Shale, red ............... ... ... 4 228
Shale, green .................. ... ... .. .. ... 2 230
Shale, blue; lower partsandy ................. .. .. 26 256

Limestone, fossiliferous, white ......... ... ... . . . . . 14 270



174 Geological Survey of Kansas

14-19-4bb.—Drillers log of well drilled by W. D. Wilson for Jess Markley in
NW NW sec. 4, T. 14 S., R. 19 E,, in February 1953. Altitude of land

surface, =900 feet. Thickness, Depth,

feet feet
Soil .. 2 2
Clay, yellow .......... . ..o .. 26 28
Shale, gray . ......... .. ... ... . 35 63
Limestone ...........c.ouiiiiii 3 66
Shale, gray .......... .. ... ... . L. 54 120
Sandstone . ............ ... 22 142

14-19-9cc.—Dirillers log of well drilled by W. D. Wilson for Alva Flory in
SW SW sec. 9, T. 14 S., R. 19 E., in February 1953.

Thickness, Depth,

feet feet
Soiland clay ........... .. ... ... ... . ... ... .... 9 9
Limestone .............. .. .. .. . ... ... .. ... 2 11
Shale, dark ............ ... .. ... ... .. ... ... .... 7 18
Limestone ............. ... ... ... ... .. ... 2 20
Shale, white .. ........ ... ... .. ... .. ... .. ... ... 10 30
Limestone ........... ... ... ... . . ... .. .. ... ..., 9 39
Shale, light ............ ... .. ... ... ......... 149 188
Limestone ........... ... .. ... ... ... 3 191
Shale, light gray ............................... 5 196
Sandstone, gray ... .......... ... 54 250
Sandstone, white (lots of water) ................. 38 288

14-19-13ab.—Dirillers log of well drilled by Raymond Schutz for Frank Cad-
well in NW NE sec. 13, T. 14 S., R. 19 E,, in April 1956. Altitude of

land surface, +1,010 feet. Thickness, Depth,

feet feet
Topsoil . ... .. ... . . 4 4
Clay, red ......... ... ... .. ... .. ... . ... ... 4 8
Limestone ............. ... ... .. ... ... ........ 8 16
Shale, black ....... .. ... .. ... .. 5 21
Limestone ................ ... ... ... . ... . ...... 2 23
Soapstone .......... ... 9 32
Limestone ............ ... ... ... . ... .. .. ..... 8 40
Soapstone, green and red ....................... 37 77
Limestone .............. ... ... .. ... .. ... ... ... 1 78
Soapstone, sandy ............... ... ... ... ...... 87 165
Soapstone . ............... ... 22 187
Limestone ............. ... ... ... .. ... ... .. .... 2 189

14-19-18cb.—Drillers log of well drilled by Lon Dietrich for M. R. Gill in
NW SW sec. 13, T. 14 S., R. 19 E., in October 1947. Altitude of land

surface, 1,127 feet. Thickness, Depth,
feet feet
Soiland clay ............... ... .. ... .. ... ...... 27 27
Limestone ......... ... ... ... .. ... . ... . ... ... 15 42
Shale,blue .......... ... .. ... . . .. .. .. .. .. ... 2 44

Shale, black ........... ... . ... ... ... .. ..., 4 48
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Thickness, Depth,

feet feet
Limestone ................. ... ... .. .. ....... 3 51
Shale .. ... . ... 7 58
Limestone ................... .. ... ... . ... ..... 9 67
Shale ... ... . ... 4 71
Limestone ...................... ... . ... ... .... 3 74
Shale ... ... ... ... 6 80
Shale, red ......... ... . ... . ... .. ... .. .. . ... ... 4 84
Shale ....... ... ... 134 218
Limestone, shelly . ........ ... ... ............. .. 2 220
Shale ... ... ... ... 144 364
Limestone, gray ................ ... ........... 21 385
Shale, black .......... ... .. ... ... ... ... .. ..... 9 394
Limestone .................. ... . ... ... .. ...... 6 400
Shale ....... .. . .. ... 7 407

14-19-16bc.—Dirillers log of well drilled by W. D. Wilson for W. H. Postma
in SW NW sec. 16, T. 14 S., R. 19 E,, in October 1952. Altitude of land

surface, 1,070 feet. Thickness, Depth,

eet feet
Soil ..., 6 6
Limestone, broken ........ ... ... . ... . ... .. ... 8 14
Shale, dark ........... ... ... ... ... ... 4 18
Limestone ............ .. ... ... ... ... ... 4 22
Shale, light ........... . ... ... ... ... ... .. ..... 8 30
Limestone ................ . ... ... .. . ... .. ... 12 42
Shale, light gray ............ ... ........... ... 143 185
Limestone ........ ... ... .. ... ... ... . ... .. ... 3 188
Shale, dark .......... ... ... ... .. . ... ... ... .. ... 12 200
Sandstone, dark (water) ...................... .. 70 270
Shale, sandy ............... ... . ... .. ... ...... 10 280

Sandstone (lots of water) .................. ... ... 24 304

14-19-19bb.—Dirillers log of well drilled by W. D. Wilson for Mr. Powell in

NW NW sec. 19, T. 14 S., R. 19 E., in 1951, Thickness, ~ Depth,

feet feet
Soil ... 3 3
Clay, yellow ......... ... ... ... ... .. ... .. ....... 5 8
Limestone, shelly ............. ... ... ... ..... .. 3 11
Limestone, brown ............... ... ... ... ... ... 3 14
Shale, gray ........... ... ... .. . ... ... ... ... 12 26
Limestone ............. ... . ... .. ... .. .. .. .... 15 41
Shale, dark ...... ...... . ... ... . ... ... ... ... ... 4 45
Limestone . .......... . ... ... ... ... .. ... ... .. 1 46
Shale, gray .............. ... ... ... ... ... ... ... 9 55
Limestone ................ .. ... .. ... ... ... ... 1 56
Shale, light ........ . ... .. ... ... ... ... ... ... .. 4 60
Limestone ............... ... ... .. ... ... ....... 8 68
Shale, light ..............oooooioo 162 230
Limestone, brown .................... .......... 4 234
Sandstone, gray (water) ........................ 102 336

Sandstone (more water) ........................ 20 356
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14-19-22ac.—Drillers log of well drilled by W. D. Wilson for Wayne Flory
in SW NE sec. 22, T. 14 S., R. 19 E., in December 1955. Altitude of land

surface, 1,084 feet. Thickness, Depth,

feet feet
SOIl L 2 2
Clay, red ... ... 5 7
Limestone, shelly ............ ... . ... ... ... 3 10
Limestone, yellow .......... ... . ... ... ... ... 5 15
Shale, dark ........ ... .0 i 8 23
Shale, light ........... ... 3 26
Limestone, hard ............ ... ... .ciiiiiin.. 1 27
Shale, Light .......... ... . ... ... ... . ..., 171 198
Limestone ...........c.iiiiiiiiiii i 3 201
Shale, sandy .......... ...t 20 221
Shale, muddy, dark gray ........................ 110 331
Limestone ...........ceuiiiiiiiiiiiiiiiiii 1 332
Sandstone, Eray . .......cevieeinarinaeiaaae . 7 339
Shale, muddy ............ ..ol 2 341
Limestone ...........iiiiiiiin i 15 356
Slate, black .......... ... . 10 366
Limestone .. .......iiiiueeiiei i 7 373
Shale, sandy, dark ............. ... ... ... 9 382
Limestone ......... ...ttt 1 383

14-19-24da.—Drillers log of well drilled by Eugene Smith for O. R. Williams
in NE SE sec. 24, T. 14 S., R. 19 E,, in 1953, Altitude of land surface,

+1,119 feet. Thickness, Depth,

feet feet
SOMl . 3 3
Clay . . 5 8
Limestone .. ......... ... i 3 11
Shale, blue ....... ... ... . .. 7 18
Limestone . .......... ... ... 3 21
Shale, blue ........... . ... . ... ... 8 29
Limestone ........... ... .. i 16 45
Shale, gray .........coiiriii e 40 85
Shale,sandy .......... ... ..ol 25 110
Limestone ........... ...ttt 10 120
Shale, sandy .............. ... ... ... 65 185
Sandstone (1 gpm fresh water) .................. 23 208
Limestone ............... .. .. ittt 4 212
Shale, blue ........... ... ... ... .. 123 335
Limestone ............ ... .. .0 iiiiiiiin.. 4 339
Sandstone (very little water) ..................... 6 345
Limestone . .............iiiiiinininin. 15 360
Shale, black .......... ... ... ... ... ... ... 7 367
Limestone ............. ... 8 375
Shale, blue ............ ... .. ... .. ... ... 10 385
Sandstone (small amount of gas) ................. 5 390
Limestone, blue and white . ...................... 32 422

(Plugged back to 385 feet)



Geology and Ground Water, Douglas Co. 177

14-20-5cc.—Drillers log of well drilled by Holmes & Hammel Drilling Co.
for F. W. Pratt in SW SW sec. 5, T. 14 S., R. 20 E., in October 1947.

Thickness, Depth,

feet feet
Soil and clay ............ .. ... . ... ..., 2 2
Sandstone . ... ... 12 14
Shale, sandy, light .............. ... ........... 52 66
Sandstone (little water) ......................... 4 70
Shale, sandy ............. ... ... ... ... 40 110
Limestone ......................... e 6 116
Sandstone ........... ... 5 121
Limestone .......... ... ... ..., 16 137
Shale, black .......... ... ... ... ... .. 7 144
Limestone .......... ... ... .. .. i 4 148

14-20-16cc2.—Dirillers log of well drilled by Raymond Schutz for Paul Claw-
son in SW SW sec. 16, T. 14 S., R. 20 E., in June 1956. Altitude of land
surface, +895 feet,

Thickness, Depth,
feet feet
Topsoil ... 2 2
Clay, yellow; contains much gravel ............. .. 28 30
Clay, soapstone ................ccoiiiieeinnn... 55 85
Limestone . ............ ...t 85

14-20-22ba.—Drillers log of well drilled by Carl Moore for Webb Fenton in
NE NW sec. 22, T. 14 S., R. 20 E., in March 1957. Altitude of land sur-

face, =907 feet. Thickness, Depth,

feet feet
Soil .. 2 2
Clay .. 13 15
Clay and sand (fresh water, static level =10 ft.).... 20 35
Shale ... ... .. ... 27 62
Limestone ............ ..., 8 70
Sandstone (brackish water) ..................... 8 78
Shale ... ... ... 2 80
Limestone .......... ... ... . ... .. ... ... .. .... 18 98
Shale, black (brackish water) ................. .. 8 106
Limestone ............. . ... . ... .. 1 107

14-20-22cc.—Drillers log of well drilled by Raymond Schutz for George Rock-
hold in SW SW sec. 22, T. 14 S., R. 20 E., in November 1955,

Thickness, Depth,

feet feet

Dirt ... 15 1.5
Flagrock ............. . .. .. ... ... ... 2.5 4
Clay, brown and BraY ... 60 64
Soapstone, gray ............................... . 51 115 .
Limestone, hard .......................... ... .. 4 119
Sandstone, white (brackish water) ............... 4 123
Rock, hard ...... ... .. ... ... .. ... ... ... .. ... 3 126

12—5329
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Thickness,
feet -
Sandstone (brackish water) ..................... 6
Limestone, soft, white ......................... 17
Soapstone, gray . ............. . 3
Shale, black . .............. i 4
Limestone, white . ........... ... ... ... ... ....... 8
Soapstone, soft ............ ... ... ... 4
Limestone, hard and soft ....................... 20
Sandstone, white (salty water) .................. 16

Depth,
feet

132
149
152
156
164
168
188
204

14-20-29da.—Drillers log of well drilled by Eugene Smith for William
Vaughn in NE SE sec. 29, T. 14 S., R. 20 E., in September 1953. Altitude

of land surface, 1,085 feet. Thi;:k;ess,
e
SOMl .. e 3
Clay ..o 13
Sandstone, Eray . ... ........c..eeciiiieeaiaoons 15
Shale, sandy ...............iiiiiia 37
SandStONe ... i 24

Depth,
feet

14-20-30aa.—Dirillers log of well drilled by Raymond Schutz for Max Moore
in NE NE sec. 30, T. 14 S., R. 20 E., in December 1955. Altitude of

land surface, +1,126 feet.
TopSOil ...t 4
LAmestOne . . . oottt 15
Soapstone, black .......... ... ... 2
Limestone .. ... ..o 1
S0apPStONE . . ... 8
LimeStone . . ..o o 15
SOAPSEONE . . .t 35
Limestone, soft .................. .. ... ... 2
Sandstone .. ... 4
SOApPStONE . ... 11
Rock, flaky, brown ......... ... 8
Soapstone, sandy .. ... ... 89
Rock, brown ... 5
Limestone . . ..ot 1

Thickness,
feet

Depth,
feet
4
19
21
22
30
45
80
82
86
97
105
194
199
200

14-20-30cb.—Dirillers log of well drilled by Carl Moore for Maurice Frye in
NW SW sec. 30, T. 14 S., R. 20 E., in 1955. Altitude of land surface,

+1,130 feet.
Topsoil .. ..o 2
Clay .. 2
LimestOne . . oo vve e 4
Shale ...t 57
SandStone . . .. 4
Sandstone, broken .......... ... ... 56
SandStone . . ... e 10

Sandstone, broken . .......... ... ... .. 27

Thickness,
feet

Depth,
feet
2
4
8
65
69
125
135
162
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14-20-32cd.—Drillers log of well drilled by Eugene Smith for Earl Black in
SE SW sec. 32, T. 14 S,, R. 20 E., in September 1953. Altitude of land

surface, +1,041 feet. Thickness, Depth,

feet feet
Clay . ... . . 12 12
Sandstone, brown .. ....... ... ... ... ... ... ... .. 13 25
Shale, white ............... ... ... ... ... . ... ... 30 55
Shale,blue ....... ... ... .. ... ... . ... . ... ... .. 32 87
Sandstone (1 gpm, fresh water) .. .......... ... .. . 7 94
Shale,blue ........ .. .. ... ... ... ... ... ... . ..., 4 98
Limestone ......... ... .. ... . .. ... .. ... ... ... . 3 101
Shale, blue .. ... ... ... ... .. .. .. .. ... ... ... .. 132 233
Sandstone (little gas) ............. .. ... ... .. ... 7 240
Limestone ................. .. .. .. ... ... ... ..., 15 255
Shale, black ............. . ... ... ... .. ... . ... .. 10 265
Limestone ............... ... ... . ... . ... ... ... 5 270
Shale, black .......... ... .. ... ... .. ... ... ... .. 3 273
Sandstone, gray (no water) .............. ... .. ... 12 285
Sandstone (water, brackish) .......... ... .. .. . .. 5 290
Limestone ............ ... ... ... . ... .. .. ... .. .. 10 300
Limestone, sandy ......... .. ... ... ... . ... ... .. 3 303

(Plugged back to 130 feet)

14-21-3bc.—Sample log of test hole in SW NW sec. 8, T. 14 S., R. 21 E.,
drilled July 1, 1953; depth to water, 19.8 feet. Altitude of land surface,

943.8 feet. Thickness, Depth,
feet feet
Road fill ....... ... .. .. ... ... . . ... .. ... ... 1.5 15

QuaTERNARY—Pleistocene
Kansan glaciofluvial deposits

Clay and silt, slightly sandy, tan gray ........... .. 2.5 4
Clay and silt, very sandy, tan and red brown .. ... .. 3 7
Clay and silt, very sandy, light gray and tan ........ 9 16
Sand, fine to coarse, tan .. ................. .. ... . 6 22
Gravel and sand, tan . ........ ... ....... ... ... .. 45 26.5

PENNSYLVANIAN—M issourian
Weston Shale

Shale, olive to yellow ........................ ... 2 28.5

Shale, clayey, gray blue ....................... .. 11.5 40

Shale, clayey, hard, gray blue ... ........... ... .. 75 475
Stanton Limestone

Limestone, hard, gray ............ ... .. ... ... .. 1 48.5

14-21-3cce.—Sample log of test hole in SW SW SW sec. 3, T. 14 S., R. 21 E.,
about 100 feet north of corner on road shoulder, drilled July 1, 1953. Alti-
tude of land surface, 971.8 feet. Thi;:kness, Depth,

eet feet

Road fill ... ... ... ... ... ... ... ........... 1 1
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QUATERNARY—Plelst?Cene . Thickness, Depth,
Kansan glaciofluvial deposits eet feet
Silt and clay, sandy, tan ......................... 3 4
Clay, very sandy, noncalcareous, leached and oxidized,
Yed . 4 8
Sand, medium to coarse, clayey, red .............. 10 18
Sand, medium to coarse, red brown ............... 5 23
Sand, medium to coarse, tan brown ................ 23.5 46.5

PENNSYLVANIAN—Missourian
Weston Shale
Shale, clayey, yellow tan and blue gray ............ 3.5 50

14-21-9add.—Sample log of test hole in SE SE NE sec. 9, T. 14 S, R. 21 E,,
on road shoulder about 75 feet north of E quarter corner, drilled July 1,
1953; depth to water, 26.4 feet. Altitude of land surface, 977.5 feet.

Thickness, Depth,
feet feet
Road Rl .. ... ... 15 15
QuaTeERNARY—Pleistocene
Peoria(?) Formation
Clay and silt, light brown gray ................... 2 . 35
Clay and silt, mottled light gray and tan ........... 2.5 6
Kansan glaciofluvial deposits
Sand, very clayey, mottled tan and gray ........... 3 9
Sand, clayey, mottled light gray and brown red . ... .. 1 10
Sand, medium, clayey, brownred ................. 2 12
Sand, medium, tan ............. ..., 12 24
Gravel and sand, silty, tan ....................... 4 28
PENNSYLVANIAN—Missourian
Weston Shale
Shale, clayey, yellow tan ........................ 385 31.5
Shale, clayey, gray; contains clay ironstone concretions, 49 80.5
Stanton Limestone—South Bend Limestone member
Limestone, very hard, gray ...................... 05 81

14-21-15abb.—Sample log of test hole in NW NW NE sec. 15, T. 14 S., R.
21 E., about 315 feet east of bridge on road shoulder, drilled August 26,
1954; depth to water, 6.2 feet. Altitude of land surface, =927 feet.

Thickness, Depth,
feet feet
Road fill ...... ... . i 1 1
QuaTerNARY—Pleistocene
Undifferentiated post-Kansan alluvium and
terrace deposits
Soil, sandy and silty, black ................... ... 4 5
Clay, silty and sandy, tan gray ................... 2 7
Sand, very fine, clayey, tan .................. ..., 2 9
Sand, very fine to medium, clayey, light tan brown .. 11.5 20.5

PENNSYLVANIAN—Missourian
Weston Shale
Shale, clayey, gray ................ooiiiiiia.... 2.5 23
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14-21-15cbb.—Sample log of test hole in NW NW SW sec. 15, T. 14 S.,
R. 21 E., drilled October 1955. Altitude of land surface, =932 feet.

Thickness, Depth,
feet feet
Road £l ...... ... . ... ... . 1 1
QuaTerNARY—Pleistocene
Undifferentiated post-Kansan alluvium and
terrace deposits
Silt, sandy and clayey, dark gray ................. 4 5
Clay, silty, gray brown .......................... 5 10
Clay and very fine sand, dark gray brown ..... ..... 8 18
Sand, very fine, clayey, gray green ................ 7 25
PENNsYLVANIAN—Missourian
Weston Shale
Shale, clayey, blue gray ......................... 2 27

14-21-16cc.—Drillers log of well drilled by Carl Moore for Mary Rodewald
in SW SW sec. 16, T. 14 S, R. 21 E., in May 1956. Altitude of land

surface, +970 feet. Thickness, Depth,

feet feet
Soil 2 2
Clay ..o 30 32
Shale ....... ... . . . . 64 96
Limestone ............. ... i 28 124
Shale,dark ............ ... ... 8 132
Limestone . ............. ... . i, 8 140
Shale ....... ... .. ... 8 148
Limestone ................ ... . ... ... ... 32 180
Shale . ... ... .. 4 184
Limestone ...............oiuiiin . 18 202
Shale . ........ ... .. 4 206
Sandstone ................. .. ... 8 214
Shale, sandy .................. ... ... ........ 28 242
Limestone ................... ... 8 250

14-21-17abb.—Sample log of test hole in NW NW NE sec. 17, T. 14 S., R.
21 E., drilled October 1955. Altitude of land surface, 1,008 feet.
UATERNARY—Pleistocene .
© Peoria Formation Thlfé:ess’ eﬁ’é’fh ’
Silt, gray and gray tan ........................ 2.5 2.5
Kansas Till
Clay, slightly sandy, compact, mottled light gray

and light tan .............. .. ... ... ... .. 1.5 4
Clay, compact, stiff, light gray tan; contains gravel

and sand .......... ... ... o L. 9 13
Clay, gravelly and sandy, tan brown .............. 4 17
Gravel, very clayey, tan brown ............... ... 2 19

PENNSYLVANIAN—Virgilian
Lawrence(?) Shale
Shale, hard, tan ................................ 3 22
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14-21-18ad.—Dirillers log of well drilled by Eugene Smith for Blondie Math-
ews in SE NE sec. 18, T. 14 S., R. 21 E,, in July 1953. Altitude of land

surface, =955 feet. Thickness, Depth,
feet feet
Soil and shale ................... ... ... . ... 90 90
Sandstone (1.5 gpm water) ...................... 15 105
No log ... o 55 160
Sandstone (2.5 gpm water) ...................... 24 184

14-21-19dd2.—Drillers log of well drilled by Raymond Schutz for Wilber
Olmstead in SE SE sec. 19, T. 14 S., R. 21 E., in April 1956. Altitude of

land surface, 1,024 feet. Thickness, Depth,
feet feet
Topsoil ... ... ... . . 6 6
Sandstone . ........... ... 64 70
Sandstone, white ............ ... ... ... ... ... ... 13 83
Limestone . ................ ..o 0.5 83.5
Soapstone, clay ............. ... ... oL 19.5 103

14-21-27bb.—Sample log of test hole in NW NW sec. 27, T. 14 S., R. 21 E,,
drilled May 1956. Altitude of land surface, +1,027 feet.

Thickness, Depth,
feet feet
Road fill ... ... ... ... ... .. . . ... ... ... 3 3
QuaTeRNARY—Pleistocene
Colluvium
Clay, sandy, light tan gray ...................... 9 12
PENNSYLVANIAN—Missourian
Weston Shale
Shale, thin bedded, clayey, oxidized, light gray tan ... 8 20
Shale, silty, very thin even bedding, gray blue . ... .. 20 40

Shale, silty, slightly micaceous, thin bedded, gray blue;
contains plant fragments and several thin hard clay-

ironstone-concretion zones .................... 10 50
Shale, hard, fissile, clayey, gray blue . .............. 40 90
Shale, fissile, clayey, blue gray . ................ ... 10 100
Shale, fissile, clayey, gray; contains zones of hard clay-

ironstone concretions ......................... 17 117

Stanton Limestone—South Bend Limestone member
Limestone, hard, fossiliferous, light brown gray; con-

tains thin shale break near base .. ... .. ... ... .. 3.5 120.5
Stanton Limestone—Rock Lake Shale member
Shale, gray ........ ... . ... . ... .. ............ 0.3 120.8
Sandstone, fine grained, ferruginous, quartzose, dark
gray brown ........... ... ... ... ... ... ... ..., 1.7 122.5
Shale, gray ........... ... . ... ... ... ... 0.5 123

Stanton Limestone—Stoner Limestone member
Limestone, soft, light gray white; contains blue-green
shaly inclusions ............... ... ... ... ... . 45 127.5
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14-21-30ad.—Drillers log of well drilled by Carl Moore for Russell Rohe in
SE NE sec. 30, T. 14 S., R. 21 E., in 1954. Altitude of land surface,

+1,003 feet. Thickness, Depth,

feet feet
Soiland clay ............ ... ... .. .. ... . .. ... ... 15 15
Clay, sandy (water) ............................ 25 40
Shale ... ... ... 86 126
Limestone ............. ... ... . . ... ... ... 6 132
Sandstone (water) ................. ... ... .. .... 3 135
Shale ... ... . .. ... 5 140
Limestone . ........... ... . . ... .. .. .. ... ...... 13 153
Shale ... ... . . ... 8 161
Limestone .................. . 9 170
Shale . ... .. . ... 6 176
Limestone ............ . ... . .. .. ... ... ... . ... 24 200

15-17-1aa.—Drillers log of test hole drilled by Jungmann Bros. Drilling Co.
for city of Overbrook in NE NE sec. 1, T. 15 S, R. 17 E., in January 1953.

Altitude of land surface, +1,133 feet. Thickness, Depth,

feet feet
Soil 2 2
Clay .. 11 13
Limestone . .. .. ... 7 20
Shale . ... .. 2 22
Limestone . ........ ... .. ... 3 25
Shale ... ... 2 27
Limestone . ... ... 15 42
Shale . ... 1 43
Limestone ... ...... ... 14 57
Shale . ... ... . . 18 75
Limestone . ... ...... ... 7 82
Shale, sandy ................... ... 33 115
Limestone ......... ... ... .. ... ... 7 122
Shale ... .. .. 13 135
Limestone . ............. ... 15 150
Shale, black .......... ... ... ... ... ... 3 153
Limestone . ......... .. .. ... .. .. ... ... 3 156
Shale . ... .. 12 168
Limestone ............... ... ... ... ... ... ...... 12 180
Shale .......... .. ... 40 220
Shale, sandy .............. ... ... ... . ..., 30 250
Sandstone (water 12 gpm)......... .............. 68 318

Shale ... ... . . ... 9 327
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15-17-1acl.—Drillers log of well drilled by Jungmann Bros. Drilling Co.
for city of Overbrook in SW NE sec. 1, T. 15 S., R. 17 E,, in February

1953. Altitude of land surface, +1,144 feet.
Soil L 2
Clay and gravel ............ ..., 11
Limestone ... ...ttt 7
Shale, black ........... ... 2
Limestone ... ...ttt e 3
Shale ..o 2
Limestone .. ....coiiiiiii i e 18
Shale ... i e e 13
TAMEStONE . .. v o tieiieiieee i 7
Shale ... e 11
Sandstone .. ...t 20
Shale ... e 2
Shale, sandy ...........ccciiiiiiiiiiiii 3
Limestone . ..........couiuiniiiii 14
Shale . ... e 6
Limestone . ..........c..ceuiiiiininia. 17
Shale, black .......... ...t 4
Limestone ........... ...t 2
Shale ... i 7
Limestone ..............cciiiiiiiiiii.. 16
Shale ... ... . 16
Limestone .............uiiiii 1
Shale ................... e 16
Sandstone (6 gpm water) ....................... 60
Sandstone ............. .. .. 40
Shale, sandy ......... ... ... . .l 10
Shale ......... ... 20
Sandstone, very hard .............. .. ... ... ..., 6
Shale, sandy .......... .. ... ... ... 19
Shale ... ... .. 10
Shale, sandy ............ ... 60
Sandstone (fresh water) ........................ 87
Shale, black ............. ... ... ..

Thickness,
feet

Depth,
feet

116
133
137
139
146
162
178
179
195
255
295
305
825
331
350
360
420
507
507

15-17-1ac2.—Drillers log of well drilled by Jungmann Bros. Drilling Co. for
city of Overbrook in SW NE sec. 1, T. 15 S., R. 17 E., in March 1958.

Altitude of land surface, 1,141 feet.
Nolog ... 58
Limestone .................... .. ... ... .. ...... 4
Shale ......... . . ... 40
Limestone ................. ... . 5

Shale ......... ... . ... 5

Thickness,
feet

Depth,
feet
58
62

102

107

112
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Thickness, Depth,

eet feet
Limestone ............ ... 18 130
Shale ........ ... .. 5 135
Limestone ............... .. ... i 2 137
Shale ............ . ... 7 144
Limestone ............... ... 00 21 165
Shale ......... ... 30 195
Shale, sandy ............. ... ... ... ... ... 48 243
Sandstone (water) ............................. 76 319
Shale, sandy ............ ... .. ... ... ... ... ... 11 330
Sandstone ............. ... 5 335
Shale, green ............. ... .. ... ... .. 5 340
Sandstone ............. ... 15 355
Shale .......... . ... 35 390
Shale, sandy ............. ... ... .. .. .. ... .. ..., 5 395
Sandstone (fresh water) ........................ 100 495
Shale,dark ........... ... ... ... ... . . ... ... ... 2 497

15-17-2ab.—Drillers log of test hole drilled by Jungmann Bros. Drilling Co.
for city of Overbrook in NW NE sec. 2, T. 15 S., R. 17 E,, in January

1953. Altitude of land surface, +1,146 feet. Thickness, Depth,

feet feet
Soil ... 2 2
Clay .. 23 25
Shale ....... ... ... .. 10 35
Limestone ............. ... ... .. ... 6 41
Shale ....... ... ... .. 2 43
Limestone ............ .. .. .. .. .. .. ... ... .. ... 17 60
Shale ...... ... ... ... 4 64
Limestone ............... ... ... ... 12 76
Shale ....... . ... ... 25 101
Sandstone .............. .. 32 133
Shale ........... ... 2 135
Limestone .................. ... 6 141
Shale ........... ... 2 143
Limestone .................... .. .. ... 25 168
Slate ... ... 2 170
Limestone .................... ... 3 173
Shale ....... ... ... 4 177
Limestone .................c..iuiiiiiinii.. 16 193
Shale .......... ... .., 17 210
Shale, ted ........... . ... . ... ... 5 215
Shale ........... ... 15 230
Shale, sandy ............... ... ... ... ... ... ..., 50 280

Sandstone (water) ............................. 10 290
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15-17-11ba2.—Drillers log of well drilled by Charles Jungmann for Mr. Mec-

Carty in NE NW sec. 11, T. 15 S., R. 17 E,, in August 1955.

Thickness,
feet
Soil ... 2
Shale ... ... .. .. . ... 42
Limestone ........... ... ... ... ... ... .. ... ... 35
Shale, sandy ................ ... .. ... . ... . . .. .. 39
Limestone ................. ... . ... . . . ... . .. .. 6
Shale ... .. ... 16
Limestone .......... ... ... ... ... ... . ... ... .. 13
Shale ........ ... ... . ... ... 5
Limestone .......... ... ... .. ... ... .. .. ... .. ... 20
Shale ........ .. ... 2
Limestone .............. ... ... .. ... . . ... . . ... 5
Shale ... ... .. ... 10
Limestone ............ .. ... .. .. ... ... . ... .. ... 12
Shale ........ .. ... ... 53
Shale, sandy .............. ... ... ... .. .. ... . .. 15
Sandstone (limy break at =314 ?) ... ... .. ... . . . . 85
Sandstone, broken, and shale .. ... ... ... ... .. ... 22

Depth,
feet

2
44
79

118
124
140
153
158
178
180
185
195
207
260
275
360
382

15-17-13de.—Drillers log of well drilled by Commerce Drilling Co. for R. E.
Tutcher in SW SE sec. 13, T. 15 S., R. 17 E., in 1934 (?).

Thickness,

feet
Soil and clay ..... ... ... .. . .. ... .. ... . ... ... 9
Limestone ............ ... ... ... ... ... ... .. ... 18
Shale, black ..... ... ... .. ... ... ... . ... .. ... .. 3
Limestone ......... ... ... ... .. ... .. ... .. ... ... 3
Shale, gray ........ ... . ... . . . . . . . . ... .. ... ... 10
Limestone ........... . ... ... ... .. ... .. ........ 12
Shale, blue ............... ... .. .. ... ... .. ..., .. 20
Shale, light ........... ... ... ... ... ... ... ... 15
Shale, sandy ......... ... ... .. . .. . ... ... ..... ... 72
Shale, gray ............ ... ... ... ... ... . ... ... 13
Shale, dark . ........... ... .. . ... .. . ... . ... ... 27
Limestone .................... .. .. ... ... ...... 7
Shale, gray ............... .. .. .. ... ............ 11
Sandstone (water) ............................. 75

Sandstone, broken ......... ... ... ... ... ... 20

Depth,
feet
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15-18-1aa.—Dirillers log of well drilled by W. D. Wilson for Mr. Briedhaupt
in NE NE sec. 1, T. 15 S., R. 18 E,, in April 1948. Altitude of land sur-

face, +1,085 feet. Thickness, Depth,

feet feet
Soil ... 1 1
Clay, yellow ........... . ... .. ... .............. 4 5
Limestone ............ ... .. .. .. .. ... ... . ... .. 10 15
Shale, dark .. ... ... ... . . ... .. .. ... ... ... ... .... 3 18
Limestone . ...... .. ... ... ... .. ... ... ... ... ... 2 20
Shale, Light ....... ... . ... .. .. ... ... .. ... ... 60 80
Sandstone, gray ... ................. ... ... ... 15 95
Shale, sandy, gray ............ ... . ... ........ 85 180
Sandstone (water) ............................. 45 225
Shale, sandy ............ . ... . ... . ... . ...... 55 280
Sandstone ... ... ... ... 20 300
Shale ... .. ... ... 1 301

15-18-7aa.—Drillers log of well drilled by Commerce Drilling Co. for R. C.
Price in NE NE sec. 7, T. 15 S., R. 18 E,, in August 1934, Altitude of

land surface, +1,035 feet. Thickness, Depth,

feet feet
Soil ... 5 5
Limestone ................... ... .. ... ... 3 8
Shale, gray ......... . ... . ... .. ... . ... . ... 3 11
Limestone .............. ... ... .. ... ... ... ..... 3 14
Shale, gray ........ ... . ... ... ... ... ... ..., 5 19
Limestone ............... ... ... ... . ... .. ...... 10 29
Shale, gray .......... ... .. ... . ... ......... 25 54
Limestone ............... ... ... ... ... ... ..... 3 57
Shale, gray ........... ... ... ... ... ... .. 13 70
Limestone ........ .. ... .. ... ... .. ... .. ... ..... 3 73
Shale, gray ........... ... ... ... .. ... ... 22 95
Limestone .................... ... ... . ... .... 10 105
Shale, gray ......... . ... .. ... 3 108
Limestone ............. ... ... ... . ... . . ... .. ... 18 126
Shale, dark .......... ... ... ... .. ............ 5 131
Limestone .............. ... . ... .. ... .. ... . ... 2 133
Shale, dark .......... ... ... .. ... . ... .. ....... 5 138
Shale, gray ......... ... ... ... ... ... ... 5 143
Limestone ................ .. ... .. ... ... ...... 8 151
Shale, gray ........ ... ... ... ... ... 2 153
Limestone ............... ... ... ... ... 4 157

Shale, gray ........ .. ... ... 38 195



188 Geological Survey of Kansas

Thickness, Depth,

feet feet
Shale, dark ........... . ... . ... . ... .. ... ... ... 12 207
Shale,sandy ........... ... ... ... .. ... ... 9 216
Sandstone .. ............... ... 54 270
Shale, gray .......... ... .. ...l 55 325
Limestone .............. ... ... ..., 5 330
Shale, sandy ................... ... . ... . .... 5 335
Sandstone, broken ............. ... ... ... .. .. ... 7 342
Shale, sandy ............. ... .. ... . ... ... 5 347
Sandstone ................ ... 54 401
Shale, light ............. ... .. ... ............. 4 405
Shale, dark ........... .. ... . ... .. ... .. ... 9 414
Shale, light .................. ... .............. 3 417
Sandstone ................ i 10 427
Shale ......... . ... 7 434

15-18-7ad.—Drrillers log of well drilled by W. D. Wilson for Chris Straub in
SE NE sec. 7, T. 15 S., R. 18 E,, in 1952. Altitude of land surface, +1,156

feet. Thickness, Depth,

feet feet
Soil ... 2 2
Clay, yellow ......... .. ... .. ... ... ... ... 5 7
Limestone, shell ............................... 6 13
Shale, black ........... ... ... .. ... . ... . ..., 3 16
Limestone ..............c.iiiitiiiii 2 18
Shale, light ........ ... ... . ... ... ... ... ... 7 25
Limestone ................ ... .. ... ... ... ...... 8 33
Shale, light gray ................ .. ............. 22 55
Limestone .......................... . ......... 2 57
Shale, light ............ ... ... ... ... ... ....... 38 95
Limestone ............. ... ... .. .. ... ... .. ... 3 98
Shale, light ................... ... ... .......... 14 112
Limestone ............ ... .. iiiiiiiiaa.. 1 113
Shale, light ................. ... ....... ... ... 1 114
Limestone ................. ... . ... ... ... ... 15 129
Shale, black ................................... 17 146
Limestone ........... . ... ... . ... .. ......... 12 158
Shale, gray .............. ... ... i 7 165
Shale, sandy, gray ..................... ..., 10 175
Shale, muddy .................................. 20 195
Shale,sandy ................. ... . ... ........... 115 310
Shale, muddy, dark ............................. 5 315
Limestone, cap rock ............................ 3 318

Shale, sandy (water) ........................... 32 350
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15-18-8ba.—Drillers log of well drilled by Charles Jungmann for George
Maichel in NE NW sec. 8, T. 15 S., R. 18 E., in March 1956.

Thickness, Depth,

feet feet
Soil ..., 2 2
Clay .. 5 7
Limestone, broken . .......................... ... 13 20
Shale ... ... ... 8 28
Limestone ................. ... .. ... ... ... . ... 19 47
Shale ....... ... . ... ... 23 70
Limestone ................ ... . ... ... ... . . .. ... 8 78
Shale ... 32 110
Limestone .................. ... ... ... .. ... .... 9 119
Shale ............. .. 8 127
Limestone ................... .. ... ... .. .. .. ... 24 151
Shale ......... ... .. .. 5 156
Limestone ................. .. ... .. ... . ... ... .. 4 160
Shale .......... ... ... 15 175
Limestone ............ ... .. ... . ... ... .. ... 8 183
Shale ........ .. ... ... 17 200
Limestone ................. ... .. .. ... ... ... .. 2 202
Shale .......... ... 24 226
Shale, sandy ............... ... ... ... ... .. ... 54 280
Shale .......... ... 69 349
Limestone ....................... ... ... . . .. ... 7 356
Shale ....... ... ... ... .. 19 375
Shale, sandy ................. ... ... ... .. ... .. 21 396
Shale ............ ... 7 403

15-18-17bb.—Dirillers log of well drilled by W. D. Wilson (0 to 350 feet in
January 1953) and Charles Jungmann (350 to 440 feet in 1955 ) for J. B.
Price in NW NW sec. 17, T. 15 S., R. 18 E. Altitude of land surface,

+1,144 feet. Thlfc;c;ess, Df(:le):h,
Soil ... 13 13
Limestone ................... ... . .. ... . ... .. 6 19
Shale, gray ............. ... ... ... .. ... .. .. ... 23 42
Limestone ....................... .. ... ... .. ... 2 44
Shale, gray .................. . ... .. ... ... ... 38 82
Limestone .............................. ... ... 4 86
Shale, gray ................ ... ... ... ... ... ... 19 105
Limestone ........................ .. .. ... .. ... 15 120
Shale, dark ............ .. .. ... ... . ... ... .. . 4 124
Limestone, broken .................... . ... . .. 12 136
Limestone, solid ................. ... ... .. .. . 9 145
Shale, gray .................. ... ... .. ... ... .. 20 165
Shale, sandy, gray .............. . ... ... . ... . 137 302
Limestone, cap .......................... ... ... 4 306
Sandstone ............ ... ... ... ... ... . ... . . 10 316
Mud, dark blue ............. ... ... .. .. . . .. . . 9 325
Sandstone ................. ... .. ... . . ... . .. . 10 335
Sandstone, light gray (200 gal. per hour) ... ... .. .. 15 350

Shale, sandy (more water) ............ ... ... . . 90 440
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15-19-14bb.—Drillers log of well drilled by Raymond Schutz for Leonard
Newland in NW NW sec. 14, T. 15 S, R. 19 E,, in 1955.

Thickness, Depth,
feet feet
Dirt and sand .. ... ... .. ... 10 10
Sandstone, brown . ............... . ... 10 20
Soapstone, gray .. .......... .. 3 23
Sandstone, brown . ..... ... .. ... . ... 27 50

15-20-8aa.—Drillers log of well drilled by Raymond Schutz for Jack Randell
in NE NE sec. 8, T. 15 S., R. 20 E., in September 1955. Altitude of land

surface, 1,066 feet. Thickness, Depth,

feet feet
Soil ... 10 10
Sandstone . ... 25 35
Soapstone, sandy . ... ... ... 8 43
Sandstone ... ... 12 55
Soapstone, sandy .. ... 22 77
Sandstone . ... ... 10 87
Soapstone, sandy . .............. 2 89
Sandstone, white . ........... ... .. ... ... ... ... 12 101
Limestone ... ... .. 101

15-20-11cda.—Sample log of test hole in NE SE SW sec. 11, T. 15 S., R.
20 E., drilled May 9, 1956. Altitude of land surface, 1,056 feet.

PENNSYLVANIAN—Virgilian

Lawrence Shale Thifcgltess’ I}?;tth’
Soil, friable, silty, dark .............. ... ... ... 0.5 0.5
Clay, oxidized and leached, mottled red and tan .... 75 8

Lawrence Shale—Ireland Sandstone member
Sandstone, micaceous, very fine to fine, chiefly quartz,

slightly cemented, oxidized, tan ................ 30 38
Shale, olive gray ................. . .. ... ..., 1.5 39.5
Sandstone, micaceous, very fine to fine, quartzose,

slightly cemented, tan ...................... 22.5 62

Sandstone, calcareous, micaceous, chiefly fine quartz,
blue gray to green gray; contains abundant frag-
ments of coal ... ... . ... ... ... ... ... 9.5 71.5
Conglomerate; chiefly fine-grained unfossiliferous light-
tan silty limestone, light- to medium-gray fossilifer-
ous limestone, coal fragments, and micaceous fine to
very fine grained gray quartzose sandstone ...... 4 75.5
PENNSYLVANIAN—Missourian
Weston Shale
Shale, clayey, blue gray; contains hard clay-ironstone
concretions, carbonized plant fragments and sparse

crinoid fragments ........................... 24.5 100
Shale, clayey, slightly silty, medium gray; contains

sparse carbonized plant fragments .............. 30 130
Shale, clayey, fissile, hard, gray .................. 52 182

Stanton Limestone—South Bend Limestone member
Limestone, hard . ........ ... ... ... ... ... ... .... .. 182
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15-20-15ad.—Dirillers log of well drilled by Lon Dietrich for city of Baldwin
in SE NE sec. 15, T. 15 S., R. 20 E., in March 1954,

Thickness, Depth,
feet feet
Soil ... 3 3
Sandstone ........... ... ... ... .. . . . .. ... . . 38 41

15-21-3bbb.—Sample log of test hole in NW NW NW sec. 3, T.15 S, R.
21 E., drilled May 1956. Altitude of land surface, 1,091 feet.

Thickness, Depth,
feet feet
Road fill ...... ... ... . ... ... ... . . ... ... .. 1 1

PENNSYLVANIAN— Virgilian
Lawrence Shale—Ireland Sandstone member
Sandstone, micaceous, ferruginous, slightly cemented,

brownred ........ ... ... ... ... .. . .. ... ... 2 3
Sandstone, micaceous, slightly cemented, tan; contains

thin ferruginous zones ...... ... . .. ... .. .. . 20 23
Sandstone, micaceous, light gray tan; contains red-

brown ironstone fragments ...... .. . .. .. ... . . 22 45
Sandstone, micaceous, chiefly fine to very fine quartz,

gray; contains abundant fragments of coal .. .. ... 10 55
Conglomerate, chiefly hard fine-grained light-gray silt-

stone, gray limestone, and gray sandstone . ... ... 2 57

PENNSYLVANIAN—Missourian
Weston Shale )
Shale, clayey, slightly silty, thin bedded, gray blue ... 43 100

Shale, clayey, fissile, hard, medium gray; contains
abundant clay-ironstone concretions in lower part.. 50 150
Shale, thin bedded, light gray; contains thin soft clay-
ironstone concretions ............ .. ... . .. .. . .. 6.6 156.6
Stanton Limestone—South Bend Limestone member
Limestone, hard, fossiliferous, gray brown ... .... ... 0.4 157

15-21-4bb.—Dirillers log of well drilled by Carl Moore & Son for city of Wells-
ville in NW NW sec. 4, T. 15 S., R. 21 E., in March 1956.

Thickness, Depth,
eet feet
Sandstone ................. ... . . . .. ... . . . . 69 69
Shale ....... ... . .. . ... . 27 96
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15-21-4dbcc.—Sample log of test hole in SW SW NW sec. 4, T. 15 S,, R. 21
E., drilled May 1956. Altitude of land surface, £1,070 feet.
PEnNsyLvaNIAN—Virgilian
Lawrence Shale—Ireland Sandstone member
Sandstone, micaceous, chiefly fine to very fine quartz,

Thickness, Depth,
feet feet

very slightly cemented, speckled brown and tan ... 6 6
Sandstone, micaceous, chiefly fine to very fine quartz,

slightly cemented, tan to olive tan .............. 52 58
Shale, silty, gray ........... ..o 1 59
Sandstone, micaceous, fine to very fine, gray; contains

abundant coal fragments ...................... 10 69

Conglomerate; approximately 50 percent hard fossilif-
erous gray limestone and fossiliferous and unfossilif-
erous gray siltstone, 45 percent fine to very fine

gray, quartzose sandstone, 5 percent coal ........ 19.5 88.5
Shale, blue green ............ ... ... .. ... . ..., 3.5 92
Sandstone, gray; contains thin shaly streaks, gray lime-

stone pebbles, and coal fragments .............. 8 100

Conglomerate, comprises about half limestone and half
sandstone fragments. Drills very uneven, hard and
SOft . 15 115
PENNSYLVANIAN—Missourian
Weston Shale

Shale, clayey, fissile, hard, medium gray ............ 11 126
Shale, clayey, fissile, hard, medium gray; contains
abundant clay-ironstone concretions ............ 18 144
Stanton Limestone—South Bend Limestone member
Limestone, hard, gray brown ..................... 0.2 144.2

15-21-16dc.—Drillers log of well drilled by Carl Moore for Densil Cox in
SW SE sec. 16, T. 15 S., R. 21 E,, in 1954. Altitude of land surface,

+1,145 feet. Thickness, Depth,

feet feet
Soilandclay .......... ... ... ... .. 6 6
Shale ... 8 14
Sandandclay .......... ... ... ... ...l 14 28
Shale ... ... ... 71 99
Limestone . ........... ...t 27 126
Shale ... ... 9 135
Limestone . ............... i 9 144
Shale . ... . 5 149
Limestone ......... ... ...t 21 170
Shale . ... 25 195
SandStOne ... ... 5 200

Shale ....... .. . ... 5 205
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