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GEOLOGY AND GROUND-WATER RESOURCES OF
THE NORTH FORK SOLOMON RIVER IN
MITCHELL, OSBORNE, SMITH AND
PHILLIPS COUNTIES, KANSAS

By Alvin R. Leonard

ABSTRACT

This report describes the geography, geology, and ground-water resources of
the valley of the North Fork of Solomon River in north-central Kansas from the
west side of Phillips County to the confluence of the north and south forks in
northwestern Mitchell County. The area is from 2 to 3 miles wide, is 84 miles
long, and extends across Phillips, Smith, Osborne, and Mitchell Counties. The
area has a subhumid climate, average normal precipitation being about 22.5
inches and the mean annual temperature about 54° F. Farming and livestock
raising are the principal occupations; wheat and corn are the major crops. A
few farms are irrigated with surface water in dry years. Oil and construction
materials are produced in the area.

The exposed rocks range in age from Cretaceous to Recent. A map showing
the surface geology and cross sections illustrating the relation of the various
formations are included in this report. The Pleistocene alluvial deposits, which
range in age from Kansas to Recent, are the important aquifers in the area. The
shape and slope of the water table are illustrated by a map that shows contours
of the water table and depth to the water table in wells. This map shows that
ground water moves downstream and toward the river.

Ground-water recharge in the area is largely from local precipitation; ground-
water discharge is mainly by seepage into streams and transpiration by plants.
All municipal and industrial water supplies and most of the domestic and stock
supplies are obtained from wells. In the eastern part of the area some surface
water has been used for irrigation.

The principal mineral constituents of the ground water are discussed with re-
lation to its occurrence and use. The water is hard and mineralized and samples
from different formations are similar in their content of dissolved solids. Nitrate
in excess of 45 parts per million, identified with surface seepage, is found in
both the terrace deposits and the Crete member of the Sanborn formation.
Base flow in the North Fork Solomon River is nearly free from nitrate and
shows a slightly lower mineralization than is found in the ground water. A
rating based on the present chemical quality of the ground water is included
for use in planning for irrigation in this area. All ground water in the area
rated “good to permissible” or better for irrigation purposes.

The hydrologic and geologic field data upon which this report is based
include records of 244 wells, chemical analyses of water from 22 wells and 8
municipal supplies, and logs of 122 wells and test holes including 57 test holes
drilled as a part of this investigation and 19 drilled along the site of the pro-
posed Kirwin dam by the Bureau of Reclamation and Corps of Engineers.

(7)



INTRODUCTION

PURPOSE AND SCOPE OF INVESTIGATION

During the fall of 1945, the United States Geological Survey started
a series of ground-water investigations as a part of the program of
the Department of the Interior for development of the Missouri
River basin. The investigations of ground-water resources in the
Kansas part of the basin have been co-ordinated with the co-opera-
tive ground-water studies that were begun in 1937 by the U. S.
Geological Survey, the State Geological Survey of Kansas, the Divi-
sion of Sanitation of the Kansas State Board of Health, and the
Division of Water Resources of the Kansas State Board of Agricul-
ture. The present status of investigations resulting from these pro-
grams is shown in Figure 1.
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Fic. 1.—Areas in Kansas where ground-water data are being collected and where
co-operative ground-water studies have been or are being made.

As a part of the Missouri Basin program, a study of the geology
and ground-water resources in the lower part of the valley of North
Fork Solomon River was begun in the fall of 1945. During the first
half of 1946, measurements of the water level in many wells in the
area were made, test holes were drilled to determine the character
and thickness of the water-bearing formations, a program of periodic
observations of water-level fluctuations was started, and a geologic
map of the area was prepared.

Construction of the proposed Kirwin Reservoir on North Fork
Solomon River will provide storage capacity for 200,000 acre-feet
of surface water, of which 80,000 acre-feet will be used for irrigation.
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The purposes of this investigation were: to study the natural
ground-water conditions in the area before they were disturbed by
the construction of the reservoir or by irrigation developments; to
determine the availability and quality of ground water for domestic,
stock, municipal, industrial, and irrigation supplies; to learn the
geologic factors that are related to and that control the occurrence
of ground water; to determine the chemical character of the water
and its relation to geologic factors; and to study the relation of sur-
face water in North Fork Solomon River to the ground water in the
valley.

Present information on the mineralization of ground water in the
North Solomon Valley will be used as reference data for future
studies. Such studies should be made to determine the effect of
irrigation on the mineralization of the ground water.

This investigation was made under the general supervision of
A. N. Sayre, chief of the Ground Water Branch of the U. S. Geo-
logical Survey, and G. H. Taylor, regional engineer in charge of
ground-water investigations in the Missouri River Basin.

The study of quality of water was under the general direction of
S. K. Love, chief of the Quality of Water Branch, and under the
supervision of P. C. Benedict, regional engineer in charge of quality-
of-water investigations in the Missouri River Basin.

1.0CATION AND EXTENT OF THE AREA

The area described by this report is a narrow strip along the
valley of North Fork Solomon River (referred to in this report as
the North Solomon River); it extends from the western boundary
of Phillips County, through southwestern Smith and northeastern
Osborne Counties, to the confluence of North and South Forks of
Solomon River near Cawker City in northwestern Mitchell County.
Throughout this area the rocks bordering the valley consist of Cre-
taceous shales and chalks, which are relatively impervious and
which differ in ground-water characteristics from the alluvial de-
posits of the valley. For this reason the valley is a distinct ground-
water area. North and South Forks of Solomon River are part of
the Kansas River system. They join in northwestern Mitchell
County to form Solomon River, which flows east and southeast and
which joins Smoky Hill River in northeastern Saline County.

The western half of this area, west of the Niobrara and Carlile
contact near Cedar (Pl 1), is in the area described by Adams (1903,
p. 113) as the High Plains. The eastern part lies in the Smoky Hills
Upland division (Adams, 1903) or in the Blue Hills Upland
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(Schoewe, 1949, fig. 22). Fenneman (1931, p. 25; Frye, 1946, p. 76)
has suggested that alluviated and terraced valleys are not typical of
the High Plains, and therefore, the references to physiographic dis-
tricts serve only to place this area in its proper regional setting.

PrEVIOUS INVESTIGATIONS

A recently published report on Norton and part of Phillips Coun-
ties (Frye and Leonard, 1949) describes the geology and ground
water along the North Solomon River in Norton County. Field
work has been completed and a report is being prepared on the
geology and ground-water resources of Jewell County, which lies
north of the eastern part of this area. Well inventories and obser-
vation-well programs have been started in the Glen Elder and Web-
ster units of the Missouri Basin, which are adjacent to this area
(Fig. 1).

Several early reports of the University Geological Survey of Kan-
sas (Haworth, 1897; Logan, 1897; Williston, 1897) discussed the
geology of this area. In 1913, Haworth briefly discussed the avail-
ability of ground water along the Solomon Valley. Landes (1930)
described the geology of Mitchell and Osborne Counties and his
report includes a brief discussion of the ground-water resources of
the eastern part of this area. The general occurrence of ground
water in Kansas and the significance of the Cretaceous rocks as
aquifers were discussed by Moore and others (1940). Landes and
Keroher (1942) described the mineral resources, including ground
water, of Phillips County, and Lohman and others (1942) men-
tioned the general availability of ground water along the Solomon
Valley. Reports on construction materials in Phillips County
(Byrne, Beck, and Houston, 1948), in Smith County (Byrne, Hous-
ton, and Mudge, 1948) and in Mitchell County (Byrne, Johnson,
and Bergman, 1951) have been prepared; a report for Osborne
County is in preparation.

METHODS OF INVESTIGATION

During the winter and spring of 1946 I spent 4% months in the
field completing the well inventory and mapping the geology.
Many of the water-level measurements that were used in the prep-
aration of the water-table contour map were made by John Sears
and Milton Sears in the late fall of 1945. D. W. Berry made most
of the water-level measurements since field work was completed.
All measurements were made from a fixed measuring point at the
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top of each well with a steel tape graduated to hundredths of a foot.
The altitude of the measuring point for each well was determined
with an alidade and a plane table by C. K. Bayne assisted by Nor-
bert Reibel. General information regarding the character and
thickness of the water-bearing material, yields of wells, and use
and quality of the water was obtained from many farmers in the
area. Data on the municipal and industrial wells were obtained
from the superintendents of municipal water plants and from the
Layne-Western Co., Wilson & Co., the Chicago, Rock Island, &
Pacific Railway Co., and the Missouri Pacific Railroad Co.

In April and May 1946, 57 test holes were drilled by J. B. Cooper
and W. T. Connor, who used a portable hydraulic-rotary drilling
rig owned and operated by the State Geological Survey. Samples
of drill cuttings were collected and studied in the field by Cooper
and were studied later in the office by me. Many test holes were
drilled along the axis of the dam and in the vicinity of the dam site
at Kirwin by the Bureau of Reclamation and Corps of Engineers.
Cross section C-C’ (PL 3) was based on logs of these test holes.
Six other cross sections, which were prepared from test-hole data
of the State Geological Survey, are also shown in Plate 3. These
cross sections indicate the general character and thickness of the
water-bearing materials in the valley and adjacent areas. Logs of
all the test holes are included in this report.

Field mapping was done on county highway maps and was sup-
plemented by use of aerial photographs of the U. S. Department of
Agriculture. These photographs were used also to make highway
corrections and to delineate the drainage shown on the geologic
map (PL 1). Wells and test holes were located on the maps by
measuring the distances from section corners and section lines with
an odometer.

Samples of water from 18 stock and domestic wells in Mitchell,
Osborne, Smith, and Phillips Counties were collected during March
1947 by D. W. Berry and samples from 4 stock and domestic wells
in Smith County were collected in May 1950 by W. H. Durum and
A. R. Leonard. Four samples of water for analysis were collected
from North Solomon River at Kirwin to determine the relation of
the mineral content of the ground water to that of the low-flow sur-
face water. Samples of water were collected from each municipal
supply by the Kansas State Board of Health and were analyzed by
Howard Stoltenberg in the laboratory of the Board of Health in
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Lawrence, Kansas. The samples of water collected from the stock
and domestic wells and from the river were analyzed by W. M. Barr
and J. Bonebright in the laboratory of the Federal Geological Survey
at Lincoln, Nebraska.

‘WELL-NUMBERING SYSTEM

The Federal Geological Survey has adopted a system for num-
bering wells and test holes in the Missouri Basin which utilizes the
General Land Office survey according to the following sequence:
township, range, section, quarter section, and 40-acre tract within
that quarter section. The numbers used to designate the township,
range, and section are those assigned in the General Land Office
survey. The quarter-section and 40-acre tracts are lettered a, b, c,
or d in a counter-clockwise direction beginning in the northeast
quadrant. For example, well 6-11-18ba is located in the NE¥ NW#%
sec. 18, T. 6 S., R. 11 W. (Fig. 2). If two or more wells are
located within a 40-acre tract, they are numbered serially according
to the order in which they were inventoried.
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eral members of the Federal and State Geological Surveys; by Rob-
ert Smrha, chief engineer, and George S. Knapp, engineer, Division
of Water Resources of the Kansas State Board of Agriculture; and
by Dwight Metzler, chief engineer, and Willard Hilton, geologist,
Division of Sanitation of the Kansas State Board of Health.
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GEOGRAPHY

ToPOGRAPHY AND DRAINAGE

Although the area described in this report lies in two different
physiographic provinces according to Adams (1903) and Schoewe
(1949), these divisions are regional in nature and are determined
principally by the features of the uplands. The valleys, in fact, are
not characteristic of either province. Except that it is narrower
where it is bordered by the resistant Fort Hays limestone member
of the Niobrara formation, the valley of North Solomon River is
much the same throughout the area studied. Physiographically the
area on Plate 1 might be divided into two parts: (1) the uplands
and (2) the valley proper.



14 Geological Survey of Kansas

In the eastern half of the area the uplands bordering the valley
consist of steep-sided flat-topped chalk hills covered with a thin
layer of loess. They are well drained and have a fine-textured drain-
age pattern. From the heel of the flat terrace up a precipitous shale
slope and a nearly vertical limestone escarpment to the top of the
hills, the relief in many places is more than 200 feet. West of Cedar
the uplands consist of hills that are slightly rounded, although in
many places they have precipitous slopes similar to those farther
east. In western Phillips County rounded hills give way to rounded
slopes that rise to relatively flat uplands. In places these uplands
form the dissected surface of a Pleistocene high terrace.

The valley proper consists of broad undissected terraces and a
narrow flood plain (Pl 4). Relief within the valley, from the stream
channel to the top of the terrace surface, is as much as 40 feet in some
places. The terrace is here designated the Kirwin terrace, from the
town of that name built upon it. The terrace surface lies above
flood level, slopes very gently, and is moderately well drained, al-
though its drainage pattern is noticeably coarser than that of the
adjacent uplands (Pl 5). Many of the small ephemeral streams
that drain the uplands do not have channels across the terrace but
fan out and disappear on its surface, contributing a large part of
their water to the ground-water reservoir in the area (PL 1).

The terrace area includes much of the cultivated farm land and
at least part of each town shown on the map. The average gradient
of the terrace surface in the area studied is 7.3 feet per mile. The
terrace slopes from an altitude of 1,975 feet near Logan, in Phillips
County, to about 1,460 feet south of Cawker City, in Mitchell
County. The average gradient of the river channel is 5.2 feet per
mile, but it decreases from 7.1 feet per mile across Phillips County
to 2.7 feet per mile below Downs, in Osborne County (Fig. 3).

The lowest point in the area has an altitude of about 1,410 feet
and is at the mouth of North Solomon River in Mitchell County.
The highest point has an altitude of about 2,100 feet and is on the
uplands near the valley in the western part of Phillips County.

Like the other valleys in north-central Kansas, the valleys of
North Solomon River and its principal tributaries are asymmetrical.
Valleys of this type have been described by Bass (1949, pp. 17-23),
Frye (1945, p. 29), and Frye and Leonard (1929, p. 14). Typically
developed asymmetrical valleys have precipitous south walls and
gently sloping north walls, as illustrated by cross sections B-B’ and
D-D’ on Plate 3. These features are accounted for, in part, by local
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D

PrateE 4. A, North Solomon Valley near Harlan. B, Kirwin terrace
surface and valley walls of Smoky Hill chalk member of the Niobrara forma-
tion, SW¥4 sec. 26, T. 4 S., R. 16 W., Phillips County. C, Flood plain and
scarp of Kirwin terrace near Portis; looking west from U. S. Highway 281,
NE% sec. 7, T. 6 S., R. 12 W., Osborne County. D, Sand dunes on the
flood plain of North Solomon River, SW¥% sec. 29, T. 4 S., R. 17 W,
Phillips County.
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Pleistocene stream deposits and loess in a high terrace position on
the north side of the valley. Southeast of Portis, in Osborne County,
stream deposits of the Crete member of the Sanborn formation and
the Meade formation occur in successively higher terraces on the
south side of the valley, and the valley has a pronounced asymmetry
with the steep wall on the north. Where the south valley wall is
formed by the chalk of the Niobrara formation and the north wall is
formed by unconsolidated Pleistocene deposits, the drainage pattern
in the chalk hills is very fine-textured, whereas in the areas of Pleis-
tocene deposits it is coarser (PL 5). ‘

Most of the streams shown on Plate 1 are ephemeral and flow
only after precipitation. Several of the larger tributaries are inter-
mittent, and Bow Creek and North Solomon River are perennial
streams.

CLIMATE

Normal conditions—The part of the North Solomon Valley cov-
ered by this report has a subhumid climate. Days are hot during
the summer, but the nights are generally cool. Low relative humid-
ity and a good breeze help to relieve the summer heat. Winters are
normally moderate, with light snowfall and only occasional short
periods of severe cold.

According to records of the U. S. Weather Bureau, the normal
annual precipitation in this area averages about 22.57 inches, of
which 75 percent falls during the growing season, from April to
September. Four weather stations are located only a few miles
from the North Solomon Valley but none is in the immediate area.
A summary of the climatic data at these four stations is given in
Table 1. The relation of the annual precipitation to the normal pre-
cipitation at the Weather Bureau stations at Alton, Smith Center,
and Phillipsburg are shown graphically in Figures 4, 5, and 6. The
Alton and Cawker City stations are in valley areas, and those at
Smith Center and Phillipsburg are in the uplands.

The average length of the growing season is about 167 days.
July, the hottest month, has a mean temperature of 80.2° F. at
Alton and 80° F. at Phillipsburg. The coldest month is January,
which has a mean temperature of 27.6° F. at Alton and 27.9° F.
at Phillipsburg. The mean annual temperature is 54.4° F. at Alton
and 53.7° F. at Phillipsburg.

2—3808
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PLATE 5. Aerial photograph of the North Solomon Valley near Glade show-
in%rcontrast between fine-textured drainage pattern developed in the Niobrara
bedrock and coarse-textured pattern in unconsolidated Pleistocene deposits
north of the river. Arrow points north and is half a mile long. (Photo by U. S.
Department of Agriculture.)
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Drought—The normal climatic classification of this part of Kan-
sas is subhumid, but periodic seasons of deficient precipitation have
been recorded since the first permanent settlements about 75 years
ago. Hoyt (1936, p. 2) suggests that a drought condition exists
when precipitation is less than 85 percent of normal. Accordingly,
he lists seven major drought years for Kansas (1890, 1894, 1901,
1910, 1917, 1933, and 1934), from the earliest Weather Bureau
records until 1935. These were followed by droughts during 1936,
1937, and 1939; thus 10 droughts occurred during the 60-year period
1890-1949.
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Weather stations were established at Phillipsburg in 1892 and
at Alton in 1894. Precipitation records show that since then Phillips-
burg has had 18 seasons and Alton 15 seasons when precipitation
was less than 85 percent of normal. However, during only nine of
these seasons were drought conditions experienced at both stations.
In fact, such conditions did not prevail at Alton during the state-
wide droughts of 1894 and 1936, nor at Phillipsburg during the gen-
eral drought of 1901. Drought conditions prevailed at both stations
during 1910, 1914, 1916, 1917, 1924, 1933, 1934, 1937, and 1939.
During the 4-year period from 1914 to 1917 this area had three
drought seasons, but because of the abnormally high precipitation
during 1915, the average annual precipitation for the 4 years was
19.12 inches at Alton and 20.09 inches at Phillipsburg. Probably
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TaBLE 1. Summary of climatic data recorded at four Weather Bureau stations
near the North Solomon Valley

Station
G | e | it | Tyl

Length of record,inyears..................... 33 46 38 57
Normal annual precipitation, inches............ 23.55 21.63 22.68 22.41
Normal precipitation from April 1 to September

30,inches............oiiiiiei 17.77 16.42 17.34 17.30
Minimum annual precipitation, inches.......... 15.98%* 12.78 10.02 13.36
Year of minimum annual precipitation.......... 1936 1917 1934 1939
Maximum annual precipitation, inches.......... 39.26 33.68 35.47 33.51
Year of maximum annual precipitation.......... 1919 1902 1946 1919
Average date of last killing frostinspring........|.......... April27 |.......... April 26
Latest recorded spring frost. .. ..............o foeeiiiin May29 |[.......... May 29
Average date of first killing frostinfall. ........|.......... Oct. 12 |.......... Oct. 10
Earliest recorded fall frost.....................|[.......... Sept. 17 |.......... Sept. 9
Average growing season, indays...............|.... ... 168 |.......... 167
Mean annual temperature, degrees F...........[.......... 54.4 |.......... 53.7
January mean temperature, degrees F. . ........|.......... 27.6 |.......... 27.9
July mean temperature, degrees F..............|.......... 80.2 |.......... 80.0

# Incomplete record.

the only drought period that might be classed as severe during the
entire period of record is that of 1933-1939, when the average annual
precipitation was only 16.97 inches at Phillipsburg and 17.80 inches
at Alton.

Droughts have occurred every few years at irregular intervals
since precipitation records have been kept in this area. During
these periods the combination of deficient precipitation and hot
drying winds is generally ruinous to cultivated crops. Fortunately,
two or more drought seasons are rarely successive and drought
periods are balanced by periods of above-normal precipitation.
Weather records also indicate that even during widespread droughts
some local areas are not seriously affected.

PorurLaTION
According to the 1950 census, Osborne, Phillips, and Smith Coun-
ties had a combined population of 26,677, a rural population of

13,427, and a rural population density of 5.0 persons per square
mile. The population density for the more thickly settled valley
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area is somewhat greater than the average for the counties. The
total population of the approximately 225-square-mile area covered
by this report is estimated at 5,000 persons, of which 3,234 live in
the cities of Cedar, Downs, Gaylord, Glade, Kirwin, Logan, Portis,
and Speed.

TRANSPORTATION

In the North Solomon Valley, the Lenora branch of the Missouri
Pacific Railroad runs from Downs to its terminus at Lenora in Nor-
ton County. At Downs this branch line connects with the Stockton
branch, which connects with a larger branch line of the Missouri
Pacific at Jamestown in Cloud County. The Lenora branch is an
important carrier in this area, transporting many of the principal
grain crops.

An excellent system of hard-surfaced Federal and State highways
serves this area (Pl 1). U. S. Highway 24 traverses the eastern
part of the area through Cawker City and Downs. U. S. Highway
9281 passes through the eastern part of the area in a north-south
direction, following the valley from south of Portis to 3 miles east
of Gaylord. Kansas Highway 9 traverses the entire valley area; it
follows the same route as U. S. Highway 24 from Cawker City to
south of Portis, the route of U. S. Highway 281 to the junction east
of Gaylord, and parallels North Solomon River on the north side
of the valley until it passes into Norton County, 2 miles west of
Logan. Kansas Highway 181 crosses the area from north to south
through Downs and U. S. Highway 183 crosses the valley similarly
through Glade. A system of improved county roads connects with
these main highways.

AGRICULTURE

The soils in the North Solomon Valley are primarily fertile silty
clay-loam soils derived from reworked loess which was carried into
the valley by tributary streams. Almost all the land in the valley
area is cultivated, agriculture being the chief occupation. The most
important crops are wheat and corn. In Phillips and Smith Coun-
ties the total acreage of corn about equals that of wheat, but in
the valley areas corn is the most important crop. Other crops are
sorghum, oats, and alfalfa. Surface water pumped from North
Solomon River is used to irrigate some tracts in a few areas.

Much of the area bordering the valley is too steep for cultivation
or has a rocky soil formed on the chalk and limestone rocks. Much
of this area is range land used to pasture cattle. Many farms con-
tain an upland area of range land and a valley area that is cultivated.
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Forty percent of the farm land in Smith, Phillips, and Osborne Coun-
ties is pasture land.
MIiINERAL RESOURCES

The principal mineral resources of the North Solomon Valley
area, aside from ground water, are petroleum, chalk, ceramic ma-
terials, and construction materials.

Oil and gas—No gas is produced in this area, but oil is produced
from the Logan pool, which is just south of Logan in the North
Solomon Valley, and from several pools a few miles south of the
valley, in southwestern Phillips County. Oil was discovered in this
area in the Bow Creek pool in 1939. The Ray pool was discovered
in 1940, the Hansen pool in 1943, and the Logan pool in 1945. Pro-
duction is from the Reagan sandstone, Arbuckle rocks, and Kansas
City-Lansing limestones.

The Logan pool was discovered in November 1945 from a well in
the NW¥4 NW% SE% sec. 3, T. 5 S., R. 20 W., which produced oil
from porous zones in the Arbuckle dolomite at depths of 3,381 to
8,387 and 3,391 to 3,404 feet. The well was plugged back to the
Kansas City-Lansing limestone and gave an initial production of
201 barrels of oil a day (Ver Wiebe, 1946, p. 58). Three new
oil wells were drilled in this pool in 1946 (Ver Wiebe, 1947, p. 62),
- five in 1947 (Ver Wiebe and others, 1948, table 51), and one during
1948 (Ver Wiebe, Jewett, Nixon, 1949, p. 124). By the end of
1950 this pool had produced 256,731 barrels of oil (Ver Wiebe and
others, 1951, table 62).

Chalk.—Chalk for whiting produced at a small quarry in the
SW4% NW¥% sec. 36, T. 4 S., R. 15 W., is trucked to Cedar, and is
shipped via the Missouri Pacific Railroad. Several carloads are pro-
duced annually. Before being shipped, the chalk is broken into
small boulders and the visible concretions of pyrite are chipped
out by hand. This chalk occurs as fine-grained dense massive lime-
stone beds in the Fort Hays limestone member of the Niobrara for-
mation. Chalk from this member is quarried in northern Jewell
County for use in the manufacture of Portland cement. It has also
been used in this area as building stone and construction material,
and it is well suited for use as industrial or agricultural lime. The
chalk when processed with the underlying shale has also proved
to be a satisfactory source of rock-wool material (Plummer, 1937,
pp. 59-60). A chemical analysis of the chalk from the quarry near
Cedar was made in the laboratory of the State Geological Survey
(Table 2).
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TaBLE 2.—Analysis of chalk from quarry near Cedar

Component Percent of total
SiO2 1.09
AlOs .50
Feo03 + TiO» .10
CaO 55.01
MgO 1.08
P205 trace
Ignition loss 140-1,000° C. 42.96

Total 100.74

CaCOs; calculated  98.09
MgCOs3 calculated 2.26

Ceramic materials.—Clays suitable for the manufacture of certain
ceramic products are found in the Sanborn formation throughout
this area. The State Geological Survey has made a study (Frye and
others, 1949) of the ceramic uses of these beds in northern Kansas.
This study shows (pp. 80-83) that the silts and soil zones of the
Sanborn formation are the most suitable for the manufacture of
brick, tile, and ceramic aggregate. Ceramic aggregate is used for
concrete aggregate, road metal, and ballast. Clay that is usable in
the manufacture of aggregate is present in the Loveland silt mem-
ber of the Sanborn formation at a locality north of Speed (SWik
SW¥4% sec. 24, T. 4 S., R. 19 W.).

Construction materials—Rocks from three formations, the Green-
horn limestone, the Niobrara formation, and the Ogallala formation,
have been used for building and foundation stone in this area. The
limestone bed in the Greenhorn that has been used most extensively
is the Fencepost bed at the top of the formation. Along its area of
outcrop, the limestone is commonly used for building stone, fence
posts, and flagstones. The county courthouse in Beloit is built of
limestone from this bed.

The Fort Hays limestone member of the Niobrara formation also
has been quarried for use as building stone. It is not as durable as
the Fencepost limestone and crumbles badly when used for founda-
tions. Several buildings in Kirwin are built of this stone.

The third rock used for building stone is the green “quartzite” of
the Ogallala formation; it is quarried just south of North Solomon
River in western Phillips County. Tests show that this rock is un-
suitable for use as concrete aggregate (Frye and Swineford, 1946)
because of the reaction between the opaline cement in the “quartz-
ite” and the alkali in the cement.

Each of the three building stones discussed above has been
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crushed for use as road metal. The quartzite breaks into sharp
jagged fragments which damage tires and the chalk of the Fort Hays
limestone member disintegrates rapidly under traffic conditions.
The Greenhorn limestone makes a satisfactory road material, and
in Mitchell County it is generally crushed together with the under-
lying shales and thin limestones. The shale aids in packing and
the combined material makes a hard serviceable all-weather road.

Sand and gravel deposits are fairly common in the valley area
and have been quarried at many pits. The best gravel for most
construction purposes contains a minimum amount of limestone
pebbles and silt. The gravel in the Meade formation, which is being
quarried at a pit in the NW¥4 sec. 11, T. 6 S., R. 13 W, and the gravel
deposits from the Recent alluvium, which are being mined by
hydraulic methods at Speed, are probably most suitable for concrete
aggregate, road material, and general construction use. Gravel and
sand have been obtained from several small pits in the Crete mem-
ber of the Sanborn formation in western Phillips County, but these
deposits contain a high percentage of fine material. In Osborne
County, several pits for obtaining local highway material have
been opened in limestone gravel deposits that were derived from
the Fort Hays limestone member of the Niobrara formation (PL 1).
This gravel contains silt and clay from the Sanborn formation and
the Carlile shale; these bind the coarser material together to form
a hard smooth road surface.

GEOLOGY

SUMMARY OF STRATIGRAPHY™

The rocks that crop out in the area discussed in this report are
sedimentary and range in age from Cretaceous (Gulfian) to Recent.
A generalized section of the geologic formations is given in Table 3,
their areal distribution is shown on Plate 1, and their stratigraphic
relationship is shown on Plate 3.

The oldest rocks exposed in this area are marine Cretaceous rocks
and are represented by the Greenhorn limestone, the Carlile shale,
and the Niobrara formation. Underlying these rocks and cropping
out a few miles to the east are the Graneros shale and the Dakota
formation (Moore and Landes, 1937). At the extreme western end
of this area, the divides north and south of Solomon River are capped
by remnants of the Ogallala formation of Pliocene age. The eolian
silts that make up the Sanborn formation are widely distributed

¢ The stratigraphic classification used in this report is that of the State Geological Survey
of Kansas and differs somewhat from that of the United States Geological Survey.
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over the uplands and valley walls of north-central Kansas. Along
the major streams, these silts may be underlain by stream-deposited
sands which are in a high-terrace position with respect to the valleys
and which locally are important sources of ground water. Along
North Solomon River and many of its tributaries are terrace deposits
laid down by these streams in an earlier aggradational cycle. Nar-
row belts of alluvium are adjacent to the river channel and its tribu-
taries. Most of the alluvium is of Recent age, and deposition of
this material by the streams is still in progress. In local areas on the
flood plain of North Solomon River, modern winds have formed
dunes from the alluvial sand (Pl. 4D). In other places, sand has
drifted and modified the terrace surface (A-A’, Pl 3).

Georocy IN RELATION TO GROUND WATER
CRETACEOUS SYSTEM (GULFIAN SERIES )

Dakota Formation

The Dakota formation does not crop out in this area and no wells
in the North Solomon Valley are known to obtain water from it.
This formation, however, contains lenticular sand bodies, which
are sources of potable water in parts of central Kansas (Frye and
Brazil, 1943; Moore and others, 1951). Several attempts to obtain
water from the Dakota formation have been made in this area, but
only salt water has been found.

Character—The Dakota formation was named by Meek and Hay-
den (1862) from an exposure near Dakota City in northeastern Ne-
braska. In that area, as along the outcrop in central Kansas, the
Dakota consists of clay, sandstone, and lignite. In 1930 Landes
(pp. 80, 49-50) described the upper part of the Dakota along the
Solomon Valley in eastern Mitchell County and discussed the occur-
rence of ground water in this formation. A detailed study of the
stratigraphy and lithology of the Dakota in its outcrop area was
made by Plummer and Romary (1942), and Landes and Keroher
(1942, p. 299) discussed the character of the formation in the sub-
surface of Phillips County.

Plummer and Romary have shown that in Kansas the Dakota con-
sists predominantly of shale, clay, and siltstone 100 to 275 feet in
thickness. Lentils of fine-grained sandstone may occur at any
horizon in the formation, and lignite, hematite, and siderite are
present locally. Many of the sandstone lentils probably are inter-
connected and some water-bearing sandstone is present at most loca-
tions. Along the outcrop in northern Kansas, the Dakota is the



TaBLE 3.—Generalized section of geologic formations and their water-bearing properties

SYSTEM Series Formation Thiftélgees, Character Water supply
Sand, gravel, silt, and clay; stratified or cross- Yields abundant su%plxes of water to wells
Recent alluvium 0-40 bedded, and unconsolidated; well-sorted only in | along North Solomon River, smaller supplies
major valleys. along tributaries.
Silt and clay, stratified; contains soil zones in Yields moderate supplies of water to wells
Terrace deposits 0-90 upper part. Lower part consists of sand and | except where lower sand and gravel is ab-
3 gravel containing silt lenses. sent.
Quaternary Pleistocene*
Silt, massive, well-sorted, light-gray, tan, and Basal sand and gravel yields moderate
reddish-tan; contains one widespread and one | supplies of water to wells where it occurs
Sanborn formation* 0-70 | local buried soil zone. Locally, lower part con- | below the water table.
sists of well-sorted sand grading into sand and
gravel (Crete member).
. Sand, gravel, and silt; cross-bedded and strati- Yields moderate supplies of water locally
Meade formation* 0-40 ed. ’ where below water table.
. . . Sand, gravel, and silt; gray and greenish-gray; Occurs above the water table; yields no
Tertiary Pliocene Ogallala formation 0-30 = locally, ‘cemented with opal or calcium carbonate. | water to wells in this area. ’
X . Chalk and chalky shale; contains 50 feet of May yield small quantities of water occa-
Niobrara formation 600 = chalkg' l)imestone at base (Fort Hays limestone | sionally from fractures or joints.
member).
Shale, fissile, noncalcareous, lead-gray, and Yields little or no water to wells in this
chalky gray shale; contains thin lenses of fine- | area.
Carlile shale 300 | grained sandstone (Codell) at top, calcareous
concretions in upper part, and thin limestone
and bentonite beds in
Cretaceous Gulfian* hS{)}f]sl, chalky, gray, s.lternatmg vglxth thin Yields little or no water to wells in this
. chalky limestones in upper part and thin petro- | area.
Greenhorn limestone 8 liferous limestones in base. Only upper 20 feet
exposed in area.
Shale, fissile, noncalcareous, gray to black; con- Yields little or no water to wells in this
Graneros shale 30 = tams selenme crystals, lentlcular sandstones, and | area.
“ironstones.” ot exposed in this area.
Clay, gray, white, and buff shale, lenticular Yields moderate quantities of highly min-
sandstone, and beds of lime-cemented sand; con- | eralized water under artesian pressure to
Dakota formation 200 = tains lignite and siderite pellets. Not exposed in | deep wells

this area.

@ Classification of the State Geological Survey of Kansas.
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basal unit of the Cretaceous System, lying nonconformably on Per-
mian redbeds, but toward the west, lower Cretaceous (Coman-
chean) rocks underlie this formation (Landes and Keroher, 1942).
It is overlain conformably by the Graneros shale and other upper
Cretaceous marine rocks. The top of the Dakota lies at a depth of
about 100 feet near Downs, at about 450 feet at Kirwin, and at more
than 800 feet near Logan.

Water supply.—Oil and gas test holes that have penetrated the
Dakota formation in Phillips County and the few water wells that
have been drilled in this area indicate that the sandstones in the
Dakota formation contain moderate supplies of water under artesian
pressure. The water is so highly mineralized, however, that it is
unfit for domestic, stock, or irrigation use. Logan (1897, p. 209)
referred to a zone of saliferous shales in the upper part of the Dakota
formation, and Darton (1905, pp. 307-311) attributed the salt water
in the sandstone lentils to this material. In Ellis and Russell Coun-
ties Frye and Brazil (1943) found evidence that water in the
Dakota was more mineralized where the rocks were more deeply
buried. Landes (1930) stated that water in the Dakota formation
in northern Mitchell County and in Osborne County was too highly
mineralized for domestic use; this statement seems to be true also
for the parts of the North Solomon Valley in Phillips and Smith
Counties.

Graneros Shale

Character—Gilbert (1896) named the Graneros shale from ex-
posures of noncalcareous marine shale along Graneros Creek about
20 miles south of Pueblo, Colorado. In central Kansas, the name
Graneros is applied to the noncalcareous shale at the base of the
group of beds formerly referred to as “Benton” (Logan, 1897). It
consists of about 30 feet of gray to black fissile shale (Landes, 1930,
p. 30; Plummer and Romary, 1942, pp. 328-331) and contains
selenite crystals, thin bentonite partings, and sandstone lentils. The
Graneros shale lies conformably on the Dakota formation and is over-
lain conformably by the Greenhorn limestone. The shale does not
crop out in the area studied.

Water supply.—The Graneros shale is not known to furnish water
to any wells in this part of Kansas. In surface exposures near the
area the sandstones are similar in character to those in the Dakota
and they probably have similar water-bearing properties.
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Greenhorn Limestone

Character—The Greenhorn limestone was named by Gilbert
(1896) from exposures of interbedded limestone and calcareous
shale near Greenhorn Station, about 15 miles south of Pueblo, Colo-
rado. In Kansas the Greenhorn limestone consists of the series of
chalky limestones, calcareous shales, and bentonite between the
Carlile shale and the noncalcareous shale of the Graneros. Landes
(1930, p. 23) gives the total thickness of the Greenhorn in Mitchell
County as 82 feet. Only the upper 20 feet is exposed in the area
studied, but the entire section is exposed farther east along Solomon
River. In Mitchell County (Landes, 1930, pp. 13, 23-30) the for-
mation has been divided into four members, including the Pfeifer
shale at the top, the Jetmore chalk, the Hartland shale, and the
Lincoln limestone. The upper layer is the Fencepost limestone
bed, which is about 0.8 foot thick and which has been quarried ex-
tensively for fence posts and for building stone in north-central
Kansas. In Mitchell County the Fencepost bed is massive, con-
tains Inoceramus shells, and has an iron-stained band in its center.
The remainder of the Pfeifer member consists of calcareous shales
separated by thin concretionary limestones.

Section of the Greenhorn limestone and overlying Carlile shale measured along
small creek in the SW% sec. 32, T. 6 S., R. 10 W., Mitchell. County (Meas-

ured by A. R. Leonard and J. B. Cooper, 1946)
Cretaceous—Gulfian

Carlile shale—Fairport chalky shale member Th“f:zlametess’
13. Limestone, crystalline, composed of flat discoidal concre-
HODS . ... 0.4
12. Shale, calcareous, light gray-buff...................... 14
11. Limestone, thin persistent, crystalline; has limonite stains. . 0.2
10. Shale, calcareous, tan-buff................... ... ... ... 1.35
9. Limestone, crystalline, persistent; has limonite stains. . .. .. 0.15
8. Shale, calcareous, buff.......... .. ... ... ... ... .... 0.85
Total Carlile shale exposed........................... 4.35

Greenhorn limestone
Pfeifer shale member
7. Limestone (Fencepost), dense; contains shells, iron-stained
band in center. .. ..... ... . ... .. 0.5-0.65
6. Shale, fossiliferous, light gray-black; weathers whitish; con-
tains calcite crystals. Shale has a 0.3-foot concretionary
limestone bed 2 feet above base and a 0.15-foot concretion-
ary bed 1 foot from top. . ...t 5.0
5. Limestone, crystalline, light gray-pink; weathers yellowish, 0.4
4. Shale, fossiliferous, calcareous, dark-gray; weathers blue-
gray; contains several discoidal limestone concretionary
beds up to 0.4 foot in thickness........................ 6.0
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Thickness,
feet
3. Limestone, dense, hard, persistent; abundantly fossiliferous, 0.2
2. Shale, fissile, calcareous, dark tan-buff to dark-gray; contains

several zones of discoidal concretionary limestones with
abundant fossils ........... ... ... ... ... ... ... ... .... 57

Total thickness, Pfeifer member................. ... ... 17.9
Jetmore chalk member
1. Limestone (“shell bed”), dense, resistant, very fossiliferous;
has irregular shale parting in center. . ............ ...... 1.0

Total section measured. . .. ........................... 23.3

Water supply—The shales and chalky limestones that make up
the Greenhorn are impervious and do not yield water to wells in
this area. Under favorable conditions, the upper chalky part of the
formation might weather deeply and store meager quantities of
water. In all localities along Solomon Valley where deep weather-
ing might have occurred, the Greenhorn lies above the water table.

Carlile Shale

Character—The Carlile shale was named by Gilbert (1896)
from exposures along Arkansas River near Carlile Station, 21 miles
west of Pueblo, Colorado. He described it as a gray argillaceous
shale, 175 to 200 feet thick, containing sand and calcareous concre-
tions. Logan (1897, pp. 232-234) compared the upper part of the
“Benton” with Gilbert’s section and later (1899) made the correla-
tion more definite. Rubey and Bass (1925, pp. 32-45) formally
divided the Carlile shale into members, applying Logan’s term
“Blue Hill” to the upper argillaceous member and naming the lower
zone of calcareous shales and thin chalky limestones the Fairport
shale member. Bass (1926, p. 28) named and described the Codell
sandstone zone, in the upper part of the Blue Hill shale member,
from exposures along Saline River in northern Ellis County. Landes
(1930, pp. 19-23) recognized the Fairport, Blue Hill, and Codell
in Mitchell and Osborne Counties, and Landes and Keroher (1942)
noted the upper part of the Carlile shale in the Solomon Valley near
Glade, where it arches across the top of the Stockton anticline.

The Carlile shale consists of about 300 feet of argillaceous and
chalky shale between the top of the Fencepost bed of the Green-
horn limestone, and the base of the Niobrara formation. The Fair-
port chalky shale member, at the base of the Carlile shale, consists
of alternating light-gray to buff carcareous shale and thin chalky
limestones, and contains thin persistent bentonite seams. The lime-
stones are generally white or pink and those in the lower part of the
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member are concretionary, like those in the upper part of the Green-
horn limestone. In fresh exposures the shale of the Fairport mem-
ber is fissile and light gray, flecked with minute particles of white
calcite. The shale weathers to form a bright-yellow clay soil.
Ostrea shells are common in the Fairport member and early geolo-
gists referred to these beds as the “Ostrea shales” (Logan, 1897,
pp. 217-218). In Osborne County the total thickness of the Fairport
shale member is about 100 feet (Landes, 1930, p. 21).

The 200 feet of fissile noncalcareous black to blue-gray shale con-
formably overlying the Fairport member constitutes the Blue Hill
shale member. Sandstone and sandy shale occurring in the upper
30 feet make up the Codell sandstone zone. In southwestern Os-
borne County (Landes, 1930, p. 30) and southern Rooks County
(Bass, 1926, pp. 27-28), the Codell is about 30 feet thick. North-
west of Osborne and along the North Solomon Valley in south-
western Smith County, the Codell is only 1 to 2 feet thick and
consists of fine-grained sand loosely cemented with limonite (Pl
6A). Locally, fossil shark teeth or vertebrae are present in the
Codell sandstone zone. Numerous zones of calcareous septarian
and ordinary concretions are found in the Blue Hill member (Pl
7B). The septaria are roughly spherical, discoidal, or lemon-
shaped, and contain cross-cutting veins of dark-brown calcite which
weather in relief. They range from a few inches to 8 feet in
diameter and are found in layers that form slight benches on the
steep slopes below the Fort Hays escarpment. Several zones of
brown flat discoidal concretions in the lower part of the Blue Hill
shale member are exposed in the bank of North Solomon River
in the NE% sec. 27, T. 5 S., R. 13 W. (Pl 6B, 6C). Many of these
are weathered and reveal the nacreous shells of mollusks. Thin
layers of ocher and layers of diamond-shaped selenite crystals also
are found in the Blue Hill shale member. The shale erodes easily
and is not well exposed except on steep slopes below the Fort Hays
escarpment, where it forms small badlands. A typical section of
the upper part of the Blue Hill shale member is given below.
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Measured section of upper Carlile shale in SE% sec. 3, T. 7 S., R. 183 W., Os-
borne County, Kansas
Cretaceous—Gulfian
Niobrara formation—Fort Hays limestone member
Massive chalky limestone. ...........................
Carlile shale—Blue Hill shale member )
14. Sandstone (Codell), fine- to very fine-grained, con-

Thickness,
feet

tains limonite ........... ... ... . ... . ......... 1.0
13. Shale, massive, silty, noncalcareous, light-gray. ... .. 3.0
12. Shale, fissile, dark gray-black; contains layers of
selenite crystals and limonite bands. ... ........ ... 11.0
11. Shale, light-gray to rusty-buff; less fissile than shale
above; contains rusty and sulfur-yellow streaks. . . .. 15.0
10. Sandstone, very fine-grained, argillaceous, rusty. . . .. 0.05
9. Shale, fissile, dark-gray to black; contains streaks of
limonite and ocher............................. 1.0
8. Sand, very fine-grained, rusty................. ... 0.1
7. Shale, fissile, black.............. ... ... ... .... 1.5
6. Sandstone, very fine-grained, hard, dense, calcareous;
lenses out in short distance...................... 1.5
5. Shale, fissile, noncalcareous, black................ 1.0
4. Concretionary zone, giant brown sugar-textured cal-
careous concretions . ........................... 3.0
8. Shale, fissile, black; has rusty limonitic streaks. . . . .. 6.0
2. Concretionary zone, giant brown calcareous concre-
HONS .. ..., 3.0
1. Shale, fissile, noncalcareous, black; has limonitic
streaks ... ... 7.0
Total exposed Carlile shale...................... 54.15 4

Water supply.—The shales of the Carlile are impervious and do
not yield water to wells in this area. Adjacent to the North Solo-
mon Valley the Codell sandstone is thin and is not a source of water,
but in southeastern Norton County (Frye and Leonard, 1949, p. 27)
and in southwestern Osborne County (Landes, 1930, p. 49) it yields
water to wells.

Niobrara Formation

Character—In 1862 Meek and Hayden named the Niobrara for-
mation from exposures of calcareous marl and chalky limestone
near the mouth of Niobrara River in northeastern Nebraska. In
1897 Logan (pp. 219-221, 228, 234) described the Niobrara of
north-central Kansas and subdivided it into the Fort Hays limestone
and Smoky Hill chalk or Pteranodon beds. He described a section
of the Cretaceous beds along Solomon River from Beloit into Nor-
ton County, which shows the interrelation of the Cretaceous

3—3808
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units (Logan, 1897, pl. 30, fig. 2). Williston (1897, pp. 235-246)
discussed the paleontology and stratigraphy of the Niobrara in west-
ern Kansas. Landes (1930, pp. 16-18) described the occurrence and
appearance of the lower part of the formation in Osborne County.
Although the Niobrara probably is 650 feet thick in Phillips
County (Landes and Keroher, 1942, p. 286), only the lower 300 or
400 feet is exposed in this area. The lower 45 to 50 feet, the Fort
Hays limestone member, consists of massive white chalk beds 3 to 5
feet thick separated by thin partings of gray chalky shale. The
Fort Hays limestone member is more resistant to erosion than
the overlying Smoky Hill chalk member or the underlying Carlile
shale, and it commonly forms a prominent escarpment where the
beds are well exposed in quarries and road cuts. The following
section in a road cut and quarry along Kansas Highway 9 illustrates
the character of the member.
Measured section of the Fort Hays limestone member of the Niobrara formation
at SW cor. SW% NW% sec. 36, T. 4 S., R. 15 W., Smith County, Kansas
(Measured by A. R. Leonard and Ira Dubins, April 1947)

Cretaceous—Gulfian
Niobrara formation

Smoky Hill chalk member Th:lftél;less,
85. Limestone, soft, chalky, buff to white................. 0.5
34, Shale, chalky, yellow................. i 0.25
88. Limestone, soft, chalky, white...................... . 05

Fort Hays limestone member
82. Shale, fissile, calcareous, gray with orange streaks........ 0.3
31. Limestone, massive, chalky; has parting plane 0.8 foot base;

increases in thickness to the east...................... 8.4
80. Shale Gray ..........coiiiiniiiiiiiii 0.05
29. Limestone, chalky; thickness varies; averages........... 0.8
98. Shale, fissile, calcareous, gray and orange............... 0.6
97. Limestone, chalky, massive; irregular parting 2.2 feet above
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26. Shale parting, chalky, gray........................... 0.08

95. Limestone, chalky, massive, white; contains indistinct part-
ing 1.2 feet below top, and pyrite concretions and manga-

nese dioxide stains. Thickens toward east.............. 4.1
24, Shale, chalky, yellow-banded......................... 0.3
23. Limestone, massive, chalky; contains pyrite concretions and

a black-stained band 1.3 feet above base............... 2.1
292, Shale, calcareous, yellowish.......................... 0.08
21. Limestone, chalky ........... ... ... .. il 1.1
20. Shale, chalky, fissile, yellow.......................... 0.12
19. Limestone, chalky, white............................ 0.75

18. Shale, chalky, fissile, yellow.......................... 0.04
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'I'hx‘:k;:tess,
(<]
17. Limestone, chalky, massive, yellow. Lower 0.4 foot more

resistant to weathering than upper part................. 2.4
16. Shale, calcareous ................. ... ... 0.1
15. Limestone, chalky ............... ... ............... 2.3
14. Shale, calcareous ................ ... ... . ... ... 0.06
18. Limestone, chalky ............... ... . ... ......... 2.2
12. Shale, calcareous, fissile, gray-buff.............. .. .. .. 0.08
11. Limestone, chalky .................................. 1.5
10. Shale, calcareous, buff; upper part fissile, lower part chalky, 0.5
9. Limestone, chalky ................................. 3.0
8. Shale, chalky .............. ... ... ... ... ... ... .... 04
7. Limestone, chalky, massive, light-colored.............. 1.6
6. Shale, calcareous, buff .............. ... ... ... . ... .. 0.25
5. Limestone, chalky; indistinct shale parting at base. . .. ... 0.8
4. Limestone, chalky; whiter than bed no. 2............. .. 2.0
8. Shale parting ............ ... ... ... .. ... 0.15
2. Limestone, massive, chalky, yellowish; surface stained

with limonite; contains pyrite concretions............... 3.6
1. Limestone, massive, chalky, yellowish; contains a little

sand in lower part and indistinct shale parting at top. . . . . 54

Carlile shale—Blue Hill shale member

Total measured section ................... ... . ... ... .. 4481

The upper part of the Niobrara formation, the Smoky Hill cha'k
member, consists of chalky shale beds which are blue-gray when
fresh and yellowish buff, bright yellow, or orange when weathered.
Locally, the member contains massive beds of chalk that resemble
the underlying Fort Hays limestone member, and thin bentonite
beds occur in many stratigraphic positions. Large fossil shells of
Inoceramus grandis and small Ostrea congesta shells are abundant
in the chalk beds, and concretions of pyrite and limonite are present.
The Smoky Hill chalk member has eroded into the rounded promon-
tories along North Solomon River in Phillips County and in western
Smith County (Pl. 4B) and elsewhere has eroded into badlands or
weird erosional features. Many exposures of the member contain
nearly vertical fractures that are filled with pure white crystalline
calcite. Along some of these fractures, slippage caused by surficial
slumping has displaced the chalk beds slightly and has slickensided
the calcite fillings.

Water supply.—In general, the chalk and chalky limestone beds
of the Niobrara formation are impervious and do not yield water
to wells. The Fort Hays limestone member breaks into platy frag-
ments and becomes jointed and fractured upon weathering (Pl. 7A).
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These joints and fractures and the fractures in the Smoky Hill
chalk member may permit the infiltration and movement of small
quantities of water into the formation. In most places, weathering

PraTe 7. A, Fort Hays limestone member of the Niobrara formation
showing jointing and typical weathering near surface; NE4 sec. 3, T.
58S., R. 13 W., Smith County. B, Large septarian concretion weathered
from Blue Hill shale; NE% sec. 25, T. 5 S., R. 13 W., Smith County.
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does not extend below the water table, and only small zones of
perched water are found in the Niobrara. Well 5-16-8bc is the
only well in this area known to obtain water from the Niobrara
formation.

TERTIARY SYSTEM (PLIOCENE SERIES )

Ogallala Formation

Darton named the Ogallala formation in 1899 (pp. 734-742) from
a locality in southwestern Nebraska that he later referred to as
near Ogallala Station. Elias (1931) made a detailed study of the
Ogallala in the western part of Kansas and later (1942) described
fossil seeds from the formation. The present usage of the State
Geological Survey of Kansas is to classify the Ogallala as a forma-
tion composed of the Valentine, Ash Hollow, and Kimball members
(Frye and Leonard, 1949, p. 38).

Only the lower 30 feet of the Ogallala formation is present along
the sides of the North Solomon Valley in western Phillips County,
where it lies above the water table. In this area, the Ogallala
formation consists largely of sand, silt, gravel, and clay and is locally
cemented with silica or calcium carbonate. The silica-cemented
lentils of sand and gravel form resistant ledges of dense green
“quartzite,” which make prominent benches along the sides of the
valley near Logan and cap the hills along the North Solomon-Bow
Creek divide as far east as Glade. The following measured section
illustrates the formation in this area.

Measured section of Ogallala formation in the SW¥4% sec. 18, T. 5 S., R. 19 W.,
Phillips County (Measured by John C. Frye, Ada Swineford, and Alvin R.

Leonard) Thickness,
Quaternary—Pleistocene feet
12. Siltandsand, tan........ ... ... ... ... .. .. ... 8.0
Tertiary—Pliocene
Ogallala formation
11. Quartzite, fine-grained, dense, green....................... 15
10. Sand, massive, green and red; contains fragmentary Mastodon
tooth ... .. 5.0
9. Quartzite, fine-grained, fairly well cemented, green........... 1.0
8. Sand and silt, massive, green, spotted and streaked with calcium
carbonate ............. .. ... .. 8.0
7. Silt and sand, massive, partly silicified, hard, light-gray ...... 1.5
6. Sand, silty, massive, tightly cemented with calcium carbonate;
weathers to a deeply etched surface of vertical columns and
horizontal sheets .............. ... ... ... .. ... ... .. . ... 1.0
5. Sand, fine, and silt, green; speckled with calcium carbonate.... 2.5

4. Quartzite, fine-grained, lenticular, light-green............... 15
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‘Thickness,
feet

3. Silt and fine sand, partly covered, light greenish-gray, weathers )
to ash-gray; contains few nodules of calcium carbonate. . .. .. .. 2.5

2. Sand, fine and silt, indistinct bedding, very light greenish-gray,
weathers to platy and nodular surface; loosely cemented
throughout with calcium carbonate; forms indistinct bench along
near-by canyon side.................. ... ... i 4.5

1. Silt, sandy, calcareous; contains calcium carbonate in irregular
nodules and stringers; upper part more clayey, darker gray,
contains less carbonate................. . ... .. ... ..., 6.0

Total section measured.................................. 380
QUATERNARY SYSTEM (PLEISTOCENE SERIES)

The unconsolidated deposits of Quaternary age are the most im-
portant water-bearing rocks in this area. They are the surficial
rocks over the greater part of the mapped area (Pl 1) and are the
source of virtually all water supplies of the valley area. Under the
classification system used in this report (that of the State Geological
Survey of Kansas), the Pleistocene Series includes the entire Quater-
nary System. The Pleistocene deposits in the area covered by this
report are the Meade formation, Sanborn formation, terrace deposits,
and alluvium. The Meade does not crop out in this area; the areal
distribution of the other formations is shown on Plate 1. The rela-
tion of these rocks to each other and to the Cretaceous bedrock
formations is shown on Plate 3.

Meade Formation

Character—Deposits classed as Meade formation are found
south of North Solomon River southwest of Portis, north of the
river east of Harlan, and north of Cedar Creek in western Smith
County. These beds are remnants of stream deposits of an ancestral
phase of North Solomon River and have a high terrace relation
to the modern valley. Other remnants of stream deposits which
cap the hills north and south of Downs have a similar topographic
position and relation to younger beds and may also be Meade
formation. Some of the high terrace sand and gravel underlying
the silts of the Sanborn formation in western Phillips County may
belong to the Meade formation instead of to the Crete sand and
gravel member of the Sanborn as indicated on Plate 3. The Meade
has not been recognized in that area, but it is known to be present
along the North Solomon Valley in southern Norton County. In
northern Osborne County (Pl. 8) the Meade consists of coarse cross-
bedded gravel that grades upward into sand overlain by silt and
sandy silt containing fossil snails, which were identified by A. B.
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Leonard (personal communication) as diagnostic of the Sappa
member of the Meade formation.

Measured section of Pleistocene deposits in a gravel pit in the NW4% sec. 11, T.
6 S., R. 13 W., Osborne County

Quaternary—Pleistocene
5. Colluvium; gravel, clay, and silt, intermixed and overlain by
red-brown silt to top of vertical cut...................... 6.0
Meade formation
4. Silt and clay, massive, calcareous, gray; contains snails; upper
part leached, blocky clay resembling the lower part of a soil
profile. Beveled to the north and overlain uncomfortably to
the south by colluvium. .......................... ... ... 1.5
8. Clay, silty, jointed, hard, gray-green; contains abundant snails
of Yarmouthian age .............. ... ... ... ... 35
2. Sand, silty, poorly stratified, hard, gray; contains snail and clam
shells ... o 1.8
1. Gravel, cross-bedded, coarse at base, grading upward into sand

and gravel; contains much local material. To base of gravel
DIt o 16.0

Thickness,
feet

Total section measured................ ... ... ... 28.8

Frye, Swineford, and Leonard (1948) correlated the Meade for-
mation from the type locality over a wide area in Kansas and the
Great Plains and showed the formation to be of Kansan age. De-
posits of Pearlette volcanic ash are exposed near Kensington in
Smith County and along Bow Creek in southwestern Phillips County.
These deposits may be continuous with the Meade deposits along
North Solomon River and form an integrated drainage pattern of
Kansan age.

Except in artificial cuts for highways and gravel pits, the Meade
formation does not crop out in this area, but its character and rela-
tion to younger deposits have been determined from several test
holes. The Meade has been mapped (Pl. 1) with the overlying
Sanborn formation.

Water supply—Most of the Meade deposits in this area are of
small extent and lie above the water table. North of Cedar Creek in
Smith County and southwest of Portis in Osborne County, these de-
posits are of sufficient lateral extent to serve as local acquifers; how-
ever, only one well (4-14-28cb) obtaining water from these deposits
was inventoried during this investigation. The relation of the
Meade formation to the adjacent Crete deposits suggests that water
moves from the higher Meade into the Crete, then into and through
the terrace deposits, and into the channel of North Solomon River
(PL 3).
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Sanborn Formation

Character—Elias (1931, pp. 163-180) noted thick deposits of silt
and other unconsolidated Pleistocene material in northwestern Kan-
sas and named these deposits the Sanborn formation from a locality
in northwestern Cheyenne County, Kansas, south of the town of
Sanborn, Nebraska. Later studies by Frye and others have shown
that the Sanborn in most of north-central Kansas consists of wind-
deposited silt or loess. In 1947, Frye and Fent divided the forma-
tion into several members, in ascending order: Loveland silt, Peoria
silt, and Bignell silt. This classification was modified in Norton
County by Frye and Leonard (1949) who applied the name Crete
to the sand and gravel member which underlies the Loveland silt,
forms a high terrace in this area, and is overlain by the younger silts.
All four subdivisions have been recognized in this area and the four-
fold classification will be used in this report.

The oldest deposit of the Sanborn formation in this area is the
Crete sand and gravel member, which represents channel fills of
Illinoian age (Pl. 9C). During the time when these beds were being
formed, the ancestral North Solomon River followed a course paral-
lel to the present valley. Crete deposits consist of stream-deposited
coarse sand and fine gravel from 30 to 50 feet thick, which form a
high terrace above the present stream. These deposits grade up-
ward into sandy and poorly stratified silt, classed as Loveland silt
member, which grades laterally into eolian silt mantling the upland
surface.

Measured section of the Crete and Loveland members of the Sanborn formation
in the SE% sec. 26, T. 4 S., R. 14 W., Smith County
Quarternary—Pleistocene
Sanborn formation . .
Loveland silt member Thﬁ];less’

6. Silt, sandy, light-gray, weathers whitish gray; contains more
sand near base; upper 2 feet is darker “soil zone” which forms

“high terrace” surface .............. ... ... ... .. ... ..... 15.0
5. Silt and fine sand, reddish-buff................ ... ... ... 6.0
4. Sand, silty, very fine, light-buff; contains thin lenses of silty

clay ... e 7.5

Crete sand and gravel member (?)
8. Sand, fine, silty, with stringers of clay and fine gravel; con-

tains small snail shells............... ... ... .. .. ... ... 7.0
2. Clay, silty, buff, lenticular; average thickness.............. 0.7
1. Sand, fine; contains stringers of fine chalk pebbles and silt;

base at level of Beaver Creek flood plain.................. 3.5

Total section measured .. .............ooeeernneeennnn.. 39.7
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Prate 9. Deposits of the Sanborn formation. A, Soil zone of the Loveland
silt member of the Sanborn formation in plowed field in the SW¥% sec. 20, T.
4 S., R. 16 W., Phillips County. B, Bignell silt, Brady soil, and Peoria silt in
roacf cut in the SW% sec. 24, T. 4 S., R. 19 W, Phillips County. C, Cross-
bedded sand and gravel of the Crete member in river bank in the SW% NW¥%
sec. 26, T. 5 S., R. 13 W., Smith County.
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The Loveland silt member may be from 10 to 20 feet thick along
the valley margins where it overlies the Crete member, but it is
generally less than 10 feet thick where it overlies Cretaceous rocks
in the upland areas. The Loveland is composed of fine-grained
slightly calcareous well-sorted silt, and contains a well-developed
fossil soil profile at the top. This soil is well exposed in road cuts
and in freshly plowed fields adjacent to the valley (PL 9A). It may
be as much as 3 feet thick; the upper part contains organic material
and is dark brown. The lower part of the soil profile contains an
accumulation of clay and has a prominent red color, which may
extend all the way through the member. In many places caliche
nodules are concentrated below the base of the soil zone.

The upper part of the soil zone grades into the overlying Peoria
silt member. This member has been widely correlated in Kansas,
Nebraska, and Iowa with deposits of early Wisconsinan (Iowan)
age in the glaciated area. Swineford and Frye (1951) have shown
that the flood plains of Platte and Republican Rivers are the source
areas for the Peoria loess. Large quantities of fine material accumu-
lated on the flood plains of these glacier-fed streams and were
carried over a large area of the High Plains by strong northwesterly
winds. In the North Solomon Valley area, the Peoria member is
represented by about 15 feet of yellowish-gray well-sorted cal-
careous silt which extends in an almost unbroken blanket over the
upland and overlaps the lower-lying terraces developed on Meade
and Crete deposits. In many localities along the larger tributary
streams, erosion has removed the entire thickness of Peoria silt,
has cut through the Loveland soil, and has exposed the underlying
Loveland silt member.

In general, the Peoria silt member is the youngest deposit on the
upland bordering the North Solomon Valley. At a few localities,
the top of the Peoria member is marked by a moderately developed
fossil soil (Brady soil) and is overlain by as much as 5 feet of gray
silt, the Bignell silt member. The only locality where the Bignell
was observed in the mapped area (PL 1) is just north of Speed,
in Phillips County. At this locality, about 5 feet of light-gray silt
overlies a well-developed soil zone at the top of the Peoria silt. The
upper part of the following section of Pleistocene deposits is shown
in Plate 9B.
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Measured section of Pleistocene deposits in the SW4% SW¥% sec. 24, T. 4 S., R. 19
W., Phillips County

Quaternary—Pleistocene
Sanborn formation

. . Thickness,
Bignell silt member feet
4. Silt, light-gray. Fills a shallow depression and thins to north
and south; maximum. ................. ... .. ... ... ... ... 5.0

Peoria silt member
8. Silt, fossiliferous, light yellow-buff; contains black clayey, sandy
soil zone (Brady fossil soil) at top and slight caliche accumula-
tion 2 feet below top; average............................ 11.0
Loveland silt member
2. Silt, calcareous, reddish-buff; contains much chalk material in
lower part. Upper 4 feet is fossil soil zone, clayey, dark choco-
late-buff .. ... ... .. 8.0
Cretaceous—Gulfian
Niobrara formation
Smoky Hill chalk member
1. Shale, chalky, soft, yellow-buff, deeply weathered............

Total Pleistocene section. ... ............................. 24.0

The topographic position and fine-grained character of these de-
posits indicate that the Bignell is an eolian silt. The Nebraska Geo-
logical Survey (Condra, Reed, and Gordon, 1947) classifies the Big-
nell loess as of latest Wisconsinan age. In this area it represents
the youngest upland eolian deposit and may be in part of Recent
age.

Water supply—Throughout much of this area the Sanborn forma-
tion consists of a thin layer of wind-deposited silt, which overlies
Cretaceous rocks. The Sanborn is an important source of ground
water only where the basal Crete sand and gravel member is present
along major valleys. In the upland areas of northeastern Osborne
County, east of Harlan and north of Cedar Creek in Smith County,
and adjacent to the valley in western Phillips County, many good
farm wells derive their water from this formation. At these locali-
ties the Crete member forms a high terrace above the present valley
and water moves from these deposits into the lower-lying terrace
deposits in the main part of the valley. Analyses of water samples
from the Crete member are given in Tables 8 and 12, and are shown
graphically in Figure 16. Although water in these rocks contains
appreciable amounts of most minerals, it is satisfactory for all do-
mestic uses.
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Terrace Deposits

Character—Not only is the broad, low terrace along North Solo-
mon Valley the most prominent physiographic feature in the mapped
area (Pl 4), but the deposits underlying this terrace surface con-
stitute the most important aquifer in the area. The deposits under-
lying the Kirwin terrace surface represent essentially a single cycle
of valley cutting and filling, although minor irregularities in the
terrace surface suggest a complex of several partly developed allu-
vial cycles.

In general, the terrace surface throughout this area is underlain
by 30 to 90 feet of unconsolidated deposits, which probably repre-
sent a single cycle of stream deposition. Test-hole data show that
the Cretaceous bedrock beneath the terrace fill is immediately over-
lain by moderately sorted gravel, which grades upward into sand
and gravel. This material is composed of Rocky Mountain type
sand and gravel derived from the Ogallala formation in the head-
waters of North Solomon River and intermixed with a small amount
of material derived from local rocks of Cretaceous age. The coarser
deposits grade upward into sandy silt and stratified silt in the upper
part of the terrace fill. Good exposures of the upper 30 feet of the
terrace deposits in cut banks along North Solomon River indicate
that the silt beds are interstratified with thin lenticular beds of silty
clay. The thickness of the finer-grained deposits is from 30 to 40
feet. One or more dark humic bands in the upper 6 feet of the ter-
race fill probably represent poorly developed soil zones that were
buried by younger flood-plain deposits in the closing stages of the
terrace cycle.

The terrace deposits are probably of late Wisconsinan age, be-
cause they fill a well-developed valley that is incised considerably
below the older Crete and Loveland stream deposits along the valley
margins. The Peoria silt member of the Sanborn formation is ap-
parently truncated along the valley walls, but its relation to the
terrace deposits is not clear. No Peoria silt has been found over-
lying the terrace, but the upper silts in the terrace fill may corre-
spond to the Bignell silt member of the uplands. The relation of the
terrace to the channel of North Solomon River and its principal
tributaries indicates the extreme youth of the terrace. The streams
do not have fully developed meander belts but have meanders that
are incised into the terrace surface. At many places along these
streams, narrow peninsulas and islands of terrace deposits project
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into the meander loops (Pl. 1). These meanders, moving down-
stream, will eradicate the projections of terrace material and, in a
short span of geologic time, will establish a meander belt of uniform
width without the present incised character. Probably the present
cycle of downcutting represents only a part of Recent time, and the
terrace deposits are, in part, of Recent age.

Water supply—The terrace deposits are the most important
water-bearing material in this area. The coarse-textured sand and
gravel in the base of the terrace fill is quite permeable and lies
below the water table. The broad, nearly flat terrace surface con-
stitutes a large recharge area and additional recharge is furnished
by streams that head in the near-by hills of Cretaceous rocks and
cross the terrace surface in shallow poorly developed channels.
Where saturated deposits of the Crete sand and gravel member are
found adjacent to the valley, they form a continuous hydrologic
system with the lower-lying terrace deposits and water thus moves
from the upland into the valley. Ground water moves laterally
through the terrace deposits and into the alluvium or into the chan-
nel of North Solomon River. More than half the wells for which
records are given in Table 15, including those supplying the cities
of Logan, Speed, Kirwin, Smith Center, Gaylord, Portis, and Downs,
obtain water from the terrace deposits. Well 5-14-1ca2 had the
largest reported yield, 323 gallons per minute when test-pumped for
4 hours in 1940. Hydrologic data for the wells tested are given in
Table 4. The chemical character of water from the terrace deposits
is given in Tables 7, 8, and 11 and shown graphically in Figure 16.

Recent Alluvium

Character—The area mapped as alluvium (Pl. 1) consists of the
flood plain of North Solomon River and its principal tributaries. It
is not possible, with the mapping scale used, to show the alluvium
along the smallest streams. Along the North Solomon Valley the
flood plain is from one-tenth to one-half a mile wide and lies at an
altitude of 15 to 25 feet below the level of the Kirwin terrace and
12 to 16 feet above the water level of the river. Segments of one or
two poorly developed terrace levels in the flood plain area suggest
partly developed alluvial cycles, although the Recent alluvium prob-
ably represents only a single major cycle of cutting and filling. At
many places in the North Solomon Valley the alluvium lies in a
narrow valley that is cut through the terrace deposits into Cretaceous
rocks. In other places the alluvium fills a channel that is cut into
these deposits (Pl 3).



Mitchell, Osborne, Smith and Phillips Counties 47

TasLE 4.—Hydrologic data for wells that have been test-pumped

. Specific
Dis- | Length :

Date Depth | charge, of Draw- cz;;;:clteyr,

WeLL No. Well owner of pump |to water,| gal- pump down, gxin' per
test feet lons a test, feet foot %f

minute | hours drawdown
4-18-26da4 R.I.R.R.no. 4 1943 21 275 24 23 11.96
4-18-26¢cl Phillipsburg no. 1 1944 17 = 175 8 35 5.00
4-18-26cc2 Phillipsburg no. 2 1944 17 = 200 8 38 7.90
4-18-26cc3 Phillipsburg no. 3 1944 15 200 8 36 8.33
5-14-1cal Gaylord (new well) | 1946 25 = 150 |........ 9= 16.67
5~14-1ca2 Smith Center no. 3 1940 43 323 4 21 15.38
6-11-28a2 Mo. Pac. R. R. 1937 35 70 3 5 14.00

At several places in the flood plain in Phillips County, the wind
has piled up sand from the alluvium into dunes (Pls. 1, 4D). South
of the river near Logan, on both sides of the river 3 miles east of
Logan, and north of the river 6 miles west of Kirwin, thin layers of
wind-drifted sand cover the terrace surface.

Only the upper part of the alluvium is exposed along the river
channel, but its thickness and character are known from several test
holes that penetrated these deposits. The alluvium consists largely
of coarse sand and gravel intermixed with a small amount of silt
and in places contains thin layers of clay. The coarse materials
at the base of the alluvium grade upward into finer sands and silt
near the flood-plain surface. Along the river the alluvium ranges
in thickness from 25 to 50 feet, but it may be considerably thinner
in the small tributary streams a short distance from the river. The
alluvium of these minor streams contains a large percentage of ma-
terial derived from the Cretaceous rocks into which they are incised;
it is generally poorly sorted, and may have a low permeability.
Although they are poor aquifers, these deposits are the only water-
bearing beds present in local areas.

The North Solomon Valley alluvium is the stream-deposited ma-
terial that has accumulated since the close of the alluvial cycle
during which the broad Kirwin terrace was formed. The alluvium
is entirely of Recent age, and represents only a slight reworking of
older material. More alluvium is added when floods rework alluvial
material and deposit new material on the flood plains.

Water supply.—The water table in the Recent alluvium is con-
tinuous with the water table in the terrace deposits and with the
water level in the flowing streams in the area. The alluvium lies
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largely below the water table, and the coarse nature of the alluvial
deposits makes them an important potential source of ground water.
Along the North Solomon Valley, only a few wells tap these de-
posits, because the area where the alluvium is at the surface is sub-
ject to floods. A few stock wells and, near Glade, the Phillipsburg
municipal wells and the Rock Island Railroad wells obtain water
from these beds. In the upland adjoining the valley, where the
Cretaceous rocks lie near the surface, the only available water sup-
plies are in the alluvium of minor tributary valleys. In these areas
even the alluvial wells frequently go dry during prolonged periods
of drought. Chemical analyses of water from wells in the Recent
alluvium are given in Tables 8 and 10, and are shown graphically in
Figure 16.
Georocic History AND GEOMORPHOLOGY
PRE-PLEISTOCENE GEOLOGIC HISTORY

The oldest rocks exposed at the surface in the area covered by
this report are shales of late Cretaceous age. The history of geologic
events that preceded the deposition of these rocks is known partly
from the records of deep tests for oil and partly from surface ex-
posures of the deeply buried rocks east of this area. The oldest
known rocks beneath this area are the Pre-Cambrian crystalline
rocks that have been penetrated at depths of 3,800 to 4,000 feet in
western Phillips County. A long period of erosion followed the for-
mation of these rocks. The first rocks deposited after this erosion
interval were marine sandstones, then a thick series of other marine
rocks. At intervals the area was warped, raised above sea level,
subjected to erosion, and later covered again by the sea. The
youngest Paleozoic marine sediments beneath this area are the series
of alternating shale and limestone of Permian age that is overlain
by “redbeds.” The redbeds record a late Permian interval of depo-
sition in a great inland sea in which shale, siltstone, and evaporites
accumulated.

After the formation of the redbeds, the area was again raised
above sea level and subjected to a long period of subaerial erosion,
which lasted throughout Triassic, Jurassic, and early Cretaceous
time. Near the close of early Cretaceous time, the sea again cov-
ered the area, and marine sandstone and shale were deposited on
the eroded surface of Permian rocks. At the beginning of late
Cretaceous time, the sea withdrew somewhat and the sandstone
and clay of the Dakota formation accumulated under near-shore
conditions. The sea again covered the land, and the thick section
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of upper Cretaceous shale, chalk, and limestone that forms the
bedrock in this area was deposited. At the close of Cretaceous
time the sea withdrew from the plains region, and a continental en-
vironment has existed since that time.

During most of Tertiary time, western and central Kansas were
subjected to subaerial erosion and great quantities of Cretaceous
rocks were stripped off. The effect of this erosion was to bevel the
Cretaceous rocks so that their upper surface slopes eastward. More
than 1,000 feet of Cretaceous rocks still remain beneath western
Phillips County, but only about 400 feet remain in western Mitchell
County. By late Tertiary time, north-central Kansas was an area
of low relief characterized by smooth gentle divides and broad
valleys. During Pliocene time, the streams from the Rocky Moun-
tains that crossed this area spread an apron of alluvial debris on
the eroded surface of Cretaceous rocks. The irregularities of the
bedrock surface were leveled, and as the streams shifted back and
forth across the area, they built up an eastward-sloping alluvial
plain, which may have extended from the Rocky Mountains nearly
to the Flint Hills. As much as 300 feet of material (the Ogallala
formation) was deposited in Norton County and westward, but
these deposits thin rapidly eastward and only a few inches of Ter-
tiary sediments cap the upland in Mitchell County. At the close
of Tertiary time these sediments formed a nearly featureless east-
ward-sloping plain that was marked with small water-table lakes
in which the fresh-water “Algal hmestone of the Ogallala formation
was forming.

PLEISTOCENE GEOLOGIC HISTORY AND GEOMORPHOLOGY

The events that formed the present topographic features began
with the close of “Algal limestone” deposition and the beginning of
Pleistocene erosion. During early Pleistocene time, streams formed
on the plain of the Ogallala formation and began to cut their way
into and through this unconsolidated material. No deposits of
Nebraskan age have been identified in this area, and the exact
events that took place during that interval are unknown. The his-
tory of erosion during that time is inferred from the known record
of the same interval elsewhere in Kansas. By Kansan time, major
streams had been formed and the approximate pattern of modern
drainage was established. These streams had intrenched their val-
leys to a level less than 100 feet above the greatest bedrock incision
beneath the present valley. The deposits left by the Kansan

4—3808
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streams are remnants of coarse channel deposits (Meade formation)
that are found at several localities in this area. Figure 3, which
shows generalized profiles of the Pleistocene deposits from localities
in southern Norton County to Osborne County, suggests that the
stream that deposited the Meade had a gradient across Phillips
County equal to the gradient of the younger terrace deposits but
that the gradient flattened somewhat in Osborne County. The
relation of these beds to younger stream deposits is shown in Plate 3.

A period of pronounced erosion and downcutting followed the
deposition of the stream deposits of the Meade formation. During
this interval, the ancestral Solomon River intrenched its valley about
50 feet below the base of the Meade deposits. The stream deposits
of late Illinoian (Crete) age fill a bedrock channel that has a
gradient equal to that of the Meade across Smith County, but which
is somewhat steeper upstream and somewhat reduced downstream.
Deposits of the Crete sand and gravel member of the Sanborn for-
mation overlie the gravel of the Meade in Norton County and may
be channeled into the Meade in western Phillips County, although
the older beds have not been identified there. Valley floors that
were being aggraded during this interval probably were the source
of the loess of the Loveland silt member of the Sanborn which was
spread over a wide upland area by the wind. Late Sangamonian
time was apparently a period of essential equilibrium when very
little erosion took place and which was ideal for the formation of
the well-developed soil of the Loveland.

During earliest Wisconsinan time, the older deposits were dis-
sected by erosion and the main valley was lowered. Channel de-
posits overlying the bedrock have been penetrated by test drilling.
In general, the terrace deposits seem to represent a single period
of cut and fill, but test holes through these deposits near Glade and
west of Downs have penetrated gravel immediately above the bed-
rock that seems to differ from the overlying gravel deposits. This
gravel may represent deposits of early Wisconsinan age that are
not present throughout the entire area. The only positively iden-
tified deposit of this age is the Peoria loess, which blankets the up-
land. This silt was picked up by the wind from the flood plains of
the Platte and Republican Rivers and spread in a broad sheet across
northwestern and north-central Kansas.

The interval following the deposition of the Peoria silt was
marked by erosion of the uplands and by cutting of the principal
bedrock valley, in which the younger terrace deposits accumulated
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The bedrock surface was cut 30 to 60 feet below the deepest part of
the Crete channel. Accumulation of the terrace fill beneath the
Kirwin terrace surface was either contemporaneous with the cutting
of the bedrock channel or soon after this period of erosion. The top
of these deposits is a smooth, relatively undissected surface, which
has a gradient across Phillips and western Smith Counties similar
to the gradient on the Meade deposits (Fig. 3). The gradient is de-
creased somewhat near Cedar as if the resistant Fort Hays limestone
member had lessened downcutting at that point, but downstream
from Cedar the terrace has a steeper gradient than either the Meade
or the Crete deposits.

The deposition of the terrace fill sediments beneath the Kirwin
terrace surface probably took place in the last part of Wisconsinan
time and in part of early Recent time. Evidence for the extreme
youth of this terrace is presented in the stratigraphic discussion of
the deposits. After this period of deposition, North Solomon River
was again rejuvenated and incised its channel 30 feet or more into
the terrace deposits. At some places (Pl. 3) the stream overlies a
narrow channel cut into bedrock and filled with alluvial material,
which is probably of Recent age. In other places the modern chan-
nel and flood plain overlie relatively high bedrock ridges which in-
dicates that the stream has cut a channel into the terrace fill only
during the latest cycle of downcutting. This cycle is clearly in an
early stage of development, and the stream can be expected to
broaden its flood plain, establish a meander belt, and probably cut
a deeper bedrock channel before the cycle is completed.

GROUND WATER

PrinciPLES OF OCCURRENCE

The following discussion of the principles governing the occur-
rence of ground water has been adapted from the excellent discus-
sion by Meinzer (1923), and the reader is referred to his report
for a more complete discussion of the subject. A summary of the
occurrence of ground water in Kansas has been made by Moore and
others (1940).

Nearly all the rocks that immediately underlie the surface of the
earth contain open spaces or interstices, which may contain water
or other fluids. The number, size, shape, and arrangement of these
openings are controlled by the character of the rock so that the
occurrence of ground water is determined by the geology of the
region. These openings in the rocks may range in size from micro-
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scopic pores or interstices to the huge caverns sometimes found in
limestone regions. If the open spaces are connected, water can
percolate from one to another, but sometimes these open spaces are
isolated and there is relatively little movement of water. Some of
the more prominent types of open spaces and the relation of rock
texture to porosity are shown in Figure 7.
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Fic. 7.—Diagram showing several types of rock interstices and the relation
of rock texture to porosity. A, Well-sorted sedimentary deposit having a high
porosity; B, poorly sorted sedimentary deposit having low porosity; C, well-
sorted sedimentary deposit consisting of pebbles that are themselves porous
so that the deposit as a whole has a very high porosity; D, well-sorted sedi-
mentary deposit whose porosity has been diminished by the deposition of
mineral matter in the interstices; E, rock rendered porous by solution; F, rock
rendered porous by fracturing. (From O. E. Meinzer.)

/

In central Kansas the source of all ground water is precipitation,
which falls as rain or snow. A part of the precipitation may perco-
late downward through the soil and eventually become ground
water. The remainder runs off the surface, evaporates, or is tran-
spired by plants. The proportion of the total precipitation that be-
comes ground water depends upon a large number of factors, such
as the type and porosity of the soil, the permeability of the under-
lying rocks, the rate of evaporation, and the topography and drain-
age of the area.

The percentage of the volume of open spaces to the total volume
of rock is known as the porosity. When all the porous spaces in a
rock are filled with water, it is said to be saturated. The permeabil-
ity of a rock is its ability to transmit water under a hydraulic gradi-
ent. A rock made up of very small particles may contain a large
volume of openings, but because the openings are small, the rock
may have a very low permeability even though the porosity is high.
Similarly, larger openings that are not interconnected may result
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in a high rock porosity and a low permeability. If both the porosity
and the permeability are high, water can move freely through the
rock and the rock is a good aquifer.

In the North Solomon Valley, the Cretaceous rocks are somewhat
porous but are composed predominantly of very fine-grained ma-
terial and have small openings that are poorly connected. These
rocks have a low permeability and are of no importance as aquifers
in this area. In contrast the alluvial material comprising the gravels
of the Meade formation, the Crete sand and gravel member of the
Sanborn formation, the terrace deposits, and the alluvium of the
major valleys is composed of relatively coarse, moderately sorted
sediments that have both a high porosity and a high percentage
of interconnected openings. These rocks have a relatively high
permeability compared to the Cretaceous rocks.

TaE WATER TABLE AND MOVEMENT OF GROUND WATER

The water table is defined as the upper surface of the zone of
saturation in ordinary porous rock (Meinzer, 1923a, p. 32). If the
upper surface is formed by a layer of impermeable rock, the water
table is absent and artesian conditions exist. Actually, the water
table is not a plane surface but is generally a sloping surface, which
has irregularities caused by differences in the permeability of water-
bearing material, by unequal additions or withdrawals of ground
water, or by irregularity of the land surface. The water table does
not remain stationary but fluctuates in response to additions to or
withdrawals from water in storage.

Plate 2 shows the location of all water wells in which the depth
to water was measured, the location of test holes drilled by the State
Geological Survey, the altitude of the water surface with respect to
sea level at various points along the channels of the major streams;
and contours on the water table. Water-table contours are not
shown in the areas of Cretaceous rocks because the general water
table occurring in the valley area does not extend into those areas.

SHAPE AND SLOPE

The shape and slope of the water table in the area covered by this
report is shown on Plate 2 by means of contours. Each point on the
water table on a given contour line is at the same altitude. Thus,
the water-table contours show the configuration of the water surface
in the same way that topographic contours show the shape of the
land surface. The direction of ground-water movement is at right
angles to the contour lines in the down-slope direction.
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Plate 2 indicates that ground water moves down the valley from
the west toward the east. Along the valley sides it moves also to-
ward the center of the valley. The map shows, by contours close
together, many places along the sides of the valley where the water
table slopes more steeply than in the center of the valley. These
steeper gradients are probably a reflection of the lower permeability
of the rocks along the valley sides where the water-bearing sedi-
ments contain more fine-grained material derived from the Cre-
taceous rocks than is found in the central parts of the valley. It
should be noted also that the general downstream movement of
the ground water in the valley varies throughout the area. In west-
ern Phillips County, the downstream slope of the water table is at
the rate of about 11.5 feet per mile, whereas near Kirwin it is
about 6.4 feet per mile and near Downs it is a little less than 5 feet
per mile.

Wells that draw large quantities of water from the ground-water
reservoir may cause local depressions in the water table. As indi-
cated on the water-table contour map (Pl. 2), the city well at Portis
is the only one of the larger wells that seems to have created a
local depression.

RELATION TO GEOLOGY

In many respects, the rate and direction of ground-water move-
ment are controlled by the geology. It has already been stated that
the general water table that lies under the main part of the valley
does not extend into the Cretaceous rock that forms the valley walls.
Furthermore, where the terrace deposits along the sides of the valley
contain a considerable amount of locally derived material and are
not well sorted, the gradient of the water table is much greater
than in the coarser, better-sorted materials in the central part of the
valley. Although it is not apparent on Plate 2, the materials that
compose the Crete member of the Sanborn formation generally
are finer than the younger terrace deposits; hence the ground-water
movement through them is slower, and the gradient is probably
steeper than it is in the terrace deposits. In a few localities, the
water table may be in the Sanborn loess or in the upper silty part of
the terrace deposits, which are still finer-grained and where move-
ment of ground water is still slower. In some places under the
main part of the valley, as in sec. 28, T. 4 S., R. 17 W., hills of Cre-
taceous rocks buried beneath the alluvial materials extend above
the water table. Wells in these localities have not yielded ground
water.
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RELATION TO TOPOGRAPHY AND DRAINAGE

The water table generally reflects the surface topography; thus,
the downstream gradient of the water table is approximately equal
to the downstream slope of the terrace surface, and where uncon-
solidated deposits form the walls of the valley, the water table ex-
tends into them. The water table near the valley walls generally
has a greater slope than in the central part of the valley and re-
flects in a subdued way, the steepness of the valley walls. The
depth to water in each well in the valley area is shown on Plate 2.

The most important features affecting the water table in this area

River loses water
A

-
‘| River gains woter
_________________________________ - A~ B

c

Fic. 8.—Diagrammatic sections showing influent and effluent streams. A,
Longitudinal section showing (right) how river gains water and (left) how it
loses water. B, Transverse section across influent part of river. C, Transverse
section across effluent part of river. (After Latta, 1944, fig. 14.)

are the streams. The North Solomon River and Bow Creek are the
only perennial streams in this area. The major tributaries, Deer
Creek, Madison Creek, Cedar Creek, Beaver Creek, Spring Creek,
Dry Creek, and Lawrence Creek, are intermittent streams that flow
except during prolonged dry seasons. All other streams are ephem-
eral, that is, they flow only in response to precipitation. Most
ephemeral streams lie above the water table, and when they flow,
probably contribute some water to the ground-water body. Figure
8, prepared by Latta (1944) to illustrate the Arkansas River, indi-
cates the relation to the water table of both influent and efluent
streams. Figure 8A is a longitudinal view of an influent stream
that in its downstream course intersects the water table and be-
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comes an effluent stream—that is, a stream that receives water
from the ground-water body. Figure 8B is a cross section of a
stream that contributes water to the reservoir and shows the mound-
ing effect of the water table beneath such a stream. Most small
tributaries probably lose some water to the ground-water body
during periods of heavy runoff; however, the resultant mounding
effect of the water table is probably small and is not noticeable after
the stream stops flowing. Figure 8C is a cross-section of a stream
that is gaining water from the water table. The Solomon River and
its major tributaries throughout this area are gaining streams; their
flow is maintained, in part, by ground water that seeps into them
from the channel banks. Consequently the contours on the water-
table map (Pl 2) bend around the streams and each major stream
flows in a small ground-water trench. This seepage is the most
noticeable feature of the water table in this area and is an important
factor in maintaining the flow of North Solomon River.

FLUCTUATIONS OF THE WATER TABLE

The water table does not remain in a stationary position, but
fluctuates vertically like the water level of a surface reservoir. The
rise or decline of the water table depends upon the amount of re-
charge into the ground-water reservoir or the amount of discharge
from the reservoir. When the inflow exceeds the draft the water
table rises and, conversely, when the draft exceeds the inflow the
water table declines. If the water-bearing materials have a specific
yield of 20 percent, the addition of 1 foot of water to the ground-
water reservoir will cause a rise of the water table of 5 feet.

Some of the factors that control the rise of the water table are the
amount of precipitation that percolates downward through the soil
to the water table, the amount of recharge by seepage from streams
that lie above the water table, and the amount of water that moves
into the area from upstream. The principal factors controlling the
decline of the water table are the amount of water lost from the
ground-water reservoir by effluent seepage into the streams, the
amount of discharge through transpiration where the water table
is within the reach of plants, the amount evaporated directly from
the ground-water reservoir where it lies near the surface of the
ground, the discharge by pumping within the area, and the amount
of water leaving the area through subsurface flow in a downstream
direction.

In order to determine the character and magnitude of the water-
level fluctuations in this area, 22 wells were selected for observation,
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and periodic measurements of the depth to water in them were be-
gun in 1945 and 1946. Annual records of these wells are published
by the U. S. Geological Survey (Sayre and others, 1949) and fluctu-
ations in some of the wells are illustrated graphically in Figures 9,
10, and 11. Each graph shows the normal precipitation in the area
where the wells are located, the monthly precipitation, and the
cumulative departure from the normal monthly precipitation.
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Fic. 9.—Hydrographs showing fluctuations of water levels of two wells in
Osborne County and graphs showing monthly precipitation and cumulative de-
parture from normal monthly precipitation near Alton.

RECHARGE
Recharge is the addition of water to the ground-water reservoir,
and it takes place in several ways. Ground water that is within a
practical drilling depth in the area described in this report is derived
from water that falls as rain or snow in this or adjacent area. After
the water becomes a part of the ground-water body, it moves down
the slope of the water table and is discharged farther downstream.

RECHARGE FROM PRECIPITATION

The normal annual precipitation in this area ranges from about
21.6 to 23.5 inches and averages about 22.5 inches. Probably only
a small part of this water reaches the zone of saturation, the remain-
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der being discharged as surface runoff, evaporation and transpira-
tion. The depth to the water table and the character of the ma-
terial underlying the land surface exert considerable influence on
the amount of water that is added to the ground-water reservoir as
recharge. Another factor influencing the proportion of precipitation
that becomes recharge is the topography of the area. In an area of
steep slopes, such as the valley sides, a very small proportion of the
precipitation will become recharge. In a flat area, such as the broad
terrace along North Solomon River, a much larger proportion of the
total precipitation may become recharge.
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Smith County and graphs showing monthly precipitation and cumulative de-
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Figure 9 shows the precipitation near Alton, the cumulative de-
parture from the normal near Alton, and the fluctuations of the
water level in wells in Osborne County. A direct relation may
be seen between fluctuations of the water table and local precipita-
tion. Thus water levels rose during the periods of heavy precipi-
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Fic. 11.—Hydrographs showing fluctuations of water levels of five wells in
Phillips County and graphs showing monthly precipitation and cumulative de-

parture from normal monthly precipitation at Phillipsburg.

tation in the fall of 1946 and the spring of 1947, whereas they de-
clined during the period of below-normal precipitation in the
summer of 1947. The water table rose after the very heavy precipi-
tation of May 1949 and declined during the period of below-normal
precipitation during June and July of 1949. Figure 10 shows hydro-
graphs of three wells on the terrace in Smith County, a graph of the
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average depth to water in eight terrace wells, precipitation data, and
the cumulative departure from normal precipitation at Smith Cen-
ter. These graphs indicate that the water table rose after heavy
precipitation in September and October 1946, in May 1947, and in
the late spring of 1949. Water levels declined during the fall of
1947 and the fall of 1948 after periods of below-normal precipitation.
The curve of the average depth to water in the eight terrace wells
shows a rise in the average water level of nearly 2.5 feet since the
spring of 1946. During this period, the cumulative departure from
the normal precipitation was nearly 20 inches. Figure 11 shows the
water levels in five wells in North Solomon Valley in Phillips County
and a graph of the cumulative departure from normal precipitation
in Phillipsburg. These wells show effects that are directly related
to the precipitation and that are similar to those shown in the other
figures. The water level in well 5-17-laa, which is on the flood
plain of North Solomon River, fluctuated considerably more than
the water levels in the other wells in the area and is believed to be
affected by the water stage in North Solomon River. In November
1946, an automatic water-stage recorder was installed on well 6-11-
84aa (Pl 10C). Small fluctuations of the water level, observed
from the records of this well, indicate that part of the fluctuations
are due to changes in atmospheric pressure. Several of the hydro-
graphs of different wells indicate that a lowering of the water table
during the summer months is probably the result of excessive tran-
spiration. The relation between water levels and precipitation, as
shown by the hydographs, suggests that the ground-water reservoir
is recharged largely by local precipitation.

RECHARGE FROM STREAMS

North Solomon River and all its principal tributaries in this area
are effluent streams and receive water from the ground-water reser-
voir. During flood periods, the streams may contribute a small
amount of water to the ground-water reservoir, but the quantity is
small compared to the amount contributed by rainfall. The small
tributary streams, which flow only after periods of rainfall, consti-
tute an important source of recharge in this area. Many of these
streams head in chalk hills a few miles from the Solomon Valley
and carry considerable volumes of water. They have no channels
across the terrace surface (Pl 1) but they discharge water upon it,
and a large part of this water percolates downward to the ground-
water reservoir.
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Prate 10. A, Part of Aaron Fink surface-water irrigation plant in opera-
tion in the SW4% sec. 14, T. 6 S., R. 12 W., April 1946. B, Phillipsburg
municipal well No. 1 in the SW¥4 sec. 26, T. 4 S., R. 18 W. C, Automatic
water-stage recorder on well 6-11-34aa, Osborne County.
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In the chalk hills that border the valley a large number of ponds
have been constructed to furnish water for livestock. Most of the
ponds are located in small tributaries, and much of the water they
hold eventually becomes ground-water recharge.

RECHARGE FROM SUBSURFACE INFLOW

The movement of ground water in this area, as indicated on Plate
2 by the slope of the water table, is toward the east and southeast
in a downstream direction; hence, a small amount of recharge from
the precipitation in parts of the valley to the west moves into west-
ern Phillips County and contributes to the available ground-water
supply in this area.
Di1sCHARGE

NATURAL DISCHARGE

Before any wells were drilled in this area, the ground-water reser-
voir was in a state of near equilibrium; that is, the average annual
recharge was nearly balanced by the average annual discharge and
the water table was moderately stable except for seasonal fluctua-
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