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CONVERSION TABLE

Inch-pound units used in this report may be converted to the Interna-
tional System of Units (SI) by the following factors:

Multiply inch-pound unit By To obtain SI unit
Length
inch (in.) 2.54 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
acre 4,047 , square meter
square mile (mi2) 2.590 square kilometer
Slope
foot per mile (ft/mi) 0.1894 méter per kilometer
Volune
gallon (gal) 3.785 liter
acre-foot 1,233 cubic meter
Flow
acre-foot per year 1,233 cubic meter per year
cubic foot per day (ft3/d) 28.32 liter per day
cubic foot per second 28.32 Titer per second
(ft3/s)
gallon per minute (gal/min) 0.06308 liter per second (L/s)
inch per year (in/yr) 2.540 centimeter per year

Specific capacity

gallon per minute 0.2070 liter per second per meter
per foot [(gal/min)/ft]

Specific conductance

micromho per centi- 1.000 ' microsiemens per centimeter
meter at 25 °Celsius at 25 °Celsius
(S/cm at 25 °C) (umhos/cm at 25 °C)

vii



CONVERSION TABLE--Continued

Hydraulic conductivity

foot per second (ft/s) 0.3048 meter per second
foot per day (ft/d)l/ .3048 meter per day
Transmissivity
foot squared per day2/ 0.09290 meter squared per day
(ft2/d)
Temperature
degree Fahrenheit (°F) (3) degree Celsius (°C)

1 For convenience, hydraulic conductivity is given in units of feet per
day However, by definition, hydraulic conduct1v1ty shou]d be g1ven
in units of cubic feet per day per square foot [(ft3/d)/ft2], which is
mathematically equivalent to units of feet per day (ft/d).

2 Transmissivity by def1n1t1on should be given in units of cubic feet per
day per foot [(ft3 /d)/ft], which is mathemat1ca11y equivalent to feet
squared per day (ft2/d).

3 To convert temperature in degrees Fahrenheit (°F) to degrees Celsius (°C)
use the following equation:

= 5/9 (°F-32).

viii



» GLOSSARY

Aguifer - Formation, group of formations, or part of a formation that
contains sufficient saturated permeable material to yield significant
quantities of water to wells and springs.

Confined aquifer - An aquifer bounded above and below by impermeable beds
of distinctly lower permeability than that of the aquifer itself in
which ground water is under pressure significantly greater than that
of the atmosphere.

Confining unit - A body of "impermeable" material stratigraphically adja-
cent to one or more aquifers. Its hydraulic conductivity may range
from nearly zero to some value distinctly lower than that of the
aquifer,

Formation - A mappable or traceable body of rock generally characterized
y some degree of internal 1lithologic homogeneity or distinctive
lithologic features.

Hydraulic conductivity - Volume of water at the .existing kinematic vis-
cosity that will move through a porous medium in unit time under a
unit hydraulic gradient through a unit area measured at right angles
to the direction of flow.

Hydraulic gradient - Rate of change in hydraulic head per unit of distance
of flow in a given direction, generally assumed to be in the direction
of maximum decrease.

Hydraulic head - Height above a standard datum of the surface of a column
of water that can be supported by the static pressure at a given
point synonymous with static head.

Hydrogen ion concentration (pH) - Concentration of hydrogen ions in solu-
tion expressed as the negative logarithm of the gram-ionic weight
per liter.

Hydrograph - A graph showing stage, flow, velocity, or some other charac-
teristic of water with respect to time.

Outcrop - That part of a geologic formation or structure that appears
at the surface of the Earth.

Potentiometric surface - An imaginary surface representing the static head
of ground water, defined by the levels to which water will rise in
tightly cased wells.

ix



Sodium-adsorption-ratio (SAR) - Definition modified from U.S. Salinity
Laboratory Staff (1954). Related to the adsorption of sodium from
water to the soil to which the water has been added. It is deter-
mined by the following relation where sodium (Na*), calcium (Ca*t?),
and magnesium (Mg*2) “ion concentrations are expressed in milli-
equivalents per liter:

SAR =

Specific capacity - Rate of discharge of water from a well divided by
the drawdown of water level within the well.

Specific conductance - The ability of a substance to conduct an electric
current. Specific conductance is the conductance of a body of unit
length and unit cross section at a specified temperature. Specific
conductance is related to the concentration of dissolved solids in
a water sample.

Specific storage - Volume of water released from or taken into storage per
unit volume of the porous medium per unit change in head.

Specific yield - Ratio of the volume of water that the saturated porous
medium will yield by gravity to the volume of the porous medium.

Static water level - The depth to water in a well that represents the
unstressed water surface.

Steady state - Equilibrium conditions when hydraulic heads and the volume
of water in storage do not change significantly with time.

Storage coefficient - Volume of water an aquifer releases from or takes
into storage per unit surface area of the aquifer per unit change
in hydraulic head.

Subcrop - A geologic formation that occurs directly beneath a substantial
break in stratigraphic sequence.

Transient state - Nonequilibrium conditions when hydraulic heads and the
volume of water 1in storage do change significantly with time.

Transmissivity - Rate at which water of the prevailing kinematic viscosity
is transmitted through a unit width of an aquifer under a unit hydrau-
lic gradient.

‘Water table - The potentiometric surface in an unconfined aquifer at which
the water pressure is atmospheric. The surface is defined by the
levels at which water stands in wells that penetrate the aquifer enough
to hold standing water.



POTENTIAL HYDROLOGIC EFFECTS OF GROUND-WATER WITHDRAWALS
FROM THE DAKOTA AQUIFER, SOUTHWESTERN KANSAS

by
Kenneth R. Watts

ABSTRACT

A study was conducted to evaluate the effects of potential develop-
ment of the Dakota aquifer on the layered-aquifer system above Permian
rocks in a 5,000-square-mile area of southwestern Kansas. This aquifer
system, which consists of five layers, includes the Cheyenne aquifer, the
Kiowa confining unit, the Dakota aquifer, the Niobrara-Graneros confining
unit, and the High Plains aquifer. Water supplies from the sandstone
aquifers thus far have been developed mainly in parts of Hodgeman and Ford
Counties. Management restrictions placed on further development of the
High Plains aquifer could lead to additional deve1opment of the sandstone
aquifers in the study area.

The upper sandstone aquifer, the Dakota aquifer, consists of sandstone
and shale of the Lower Cretaceous Dakota Sandstone and is as much as 400 feet
thick. Transmissivity of the Dakota aquifer, determined from analyses of
of pumping tests, ranges from 100 to 7,100 feet squared per day. The Dakota
aquifer is confined where it is overlain by the shales and limestones of
the Upper Cretaceous Niobrara-Graneros confining unit, but locally it is
unconfined.

The lower sandstone aquifer, the Cheyenne aquifer, consists of the
sandstone and shales of the Lower Cretaceous Cheyenne Sandstone in the
eastern one-half of the study area plus undifferentiated Middle and Upper
Jurassic rocks (sandstone, siltstone, shale, and limestone) in the western
one-half of the study area. Maximum thickness of the Cheyenne aquifer is
more than 300 feet, and maximum transmissivity is estimated at 3,000 feet
squared per day.

Estimated water use in the study area was about 8,800,000 acre-feet from
the High Plains aquifer and about 160,000 acre-feet from the Dakota aquifer
during 1975-82. The Cheyenne aquifer is not developed in the study area, and
no water use from it is reported.

The chemical characteristics of water in the sandstone aquifers is
highly variable in the study area. Water in the Dakota aquifer is a calcium
bicarbonate type water, similar to water in the High Plains aquifer, in
the subcrop area. However, in areas distant from the subcrop, water in
the Dakota aquifer is a sodium bicarbonate type water with dissolved-solids
concentrations in excess of 500 milligrams per liter. In some parts of
the study area, water from the Dakota presents high to very high salinity
and sodium hazards to crops and soil when it is used for irrigation. The



Cheyenne aquifer locally. contains mineralized water, as indicated by the
response of resistivity curves on.geophysical logs.

Hydrographs of wells completed in the Dakota aquifer indicate that
the Dakota and High Plains aquifers are hydraulically connected in and
near subcrop areas. Locally, the Dakota aquifer has converted from
confined to unconfined conditions as a result of declining water levels
due to pumpage from the Dakota aquifer and, locally, as the result of
depletion of the High Plains aquifer in subcrop areas. Gradual declines
in the potentiometric surface of the Dakota aquifer have occurred since
the onset of pumpage in the 1960's; however, water levels in some wells
have risen during the late 1970's.

A digital computer model of three-dimensional ground-water flow was
developed to simulate hydrologic conditions of a five-layer hydrologic
system for 1975-82 conditions. The major components of the simulated
1975-82 water budget were well discharge from the High Plains aquifer and
loss of ground water from storage in the High Plains aquifer. Although
downward leakage from the High Plains aquifer in the study area represented
only 18,000 acre-feet of the 1,365,000 acre-feet discharged from the High
Plains aquifer during 1982, it was a major source of inflow to the Dakota
aquifer. Changes in storage in the Dakota aquifer-in the study area during
1982 were about 5,000 acre-feet.

A base-1ine projection was made using 1982 simulated hydraulic heads
from the calibrated model and 1982 rates of pumpage from both the High
Plains and the Dakota aquifers for comparison with eight additional pro-
jection simulations in which maximum pumpage from the Dakota aquifer at the
end of the projections ranged from about 78,000 to 294,000 acre-feet per
year. The results from the projections indicate that: (1) pumpage from
the Dakota aquifer will have a limited effect on hydraulic heads in the
High Plains aquifer, (2) drawdown in the hydraulic heads in the Dakota

~aquifer will result in conversion of much of the Dakota aquifer to uncon-
fined conditions, (3) change in storage will become the major water-budget
component for the Dakota aquifer, (4) continuation of 1982 rates of
withdrawal from the High Plains aquifer will result in dewatering of a
substantial part of the aquifer in the study area.

INTRODUCTION

The availability of an adequate supply of ground water is important
to the predominantly agricultural-based economy of southwest Kansas. The
water stored in the region's principal aquifer, the High Plains aquifer,
is presently being mined. Further development of the High Plains aquifer
has been restricted in some areas by ground-water management policies.
Alternative water supplies may be obtained from the Dakota and Cheyenne
aquifers that underlie parts of this region. A better understanding of
the hydrology of the Dakota and Cheyenne aquifers and their interaction
with the High Plains aquifer is needed so that management policies may be
devised and implemented to guide development of the water resources of
southwest Kansas.



Purpose and Scope

The objectives of this investigation were to evaluate the potential
hydrologic effects of ground-water withdrawals from the Dakota aquifer on
the overlying High Plains aquifer and to describe the hydrogeology of the
Dakota and Cheyenne aquifers in Finney, Ford, Gray, Hodgeman, and Kearny
Counties, Kansas. This investigation was conducted in cooperation with
Southwest Kansas Groundwater Management District No. 3 to provide infor-
mation with which to evaluate proposed ground-water-management gquidelines
for development of the Dakota and Cheyenne aquifers in southwest Kansas.

This report describes: (1) the geology of a hydrologic system that
includes the Dakota and Cheyenne aquifers, shale confining beds in the
Cretaceous rocks, and the High Plains aquifer in the unconsolidated
Tertiary and Quaternary deposits, (2) the hydraulic properties of the
aquifers and confining beds, (3) estimated water use from the principal
aquifers, (4) chemical characteristics of water from the Dakota aquifer,
(5) the historic hydrologic response of the hydraulic head in the Dakota
aquifer, and (6) a numerical model used to evaluate potential hydrologic
effects of future ground-water withdrawals.

Location and Description of Study and Model Areas

The study area, shown in figure 1, includes all of Finney, Ford, Gray,
Hodgeman, and Kearny Counties in southwest Kansas. Total surface area is
about 5,000 mi2, The model area, used in projecting the potential effects
of ground-water withdrawals from the Dakota aguifer, includes about
21,900 miZ 1in western Kansas and about 350 mi2 1in eastern Colorado.

The study area and most of the model area lie within the High Plains
section of the Great Plains physiographic province (Fenneman, 1931). In
the study area, altitudes of the land surface range from about 3,500 feet
in western Kearny County to about 2,100 feet in the Pawnee River valley in
northeast Hodgeman County. The prevailing slope of the topographic sur-
face is about 13 ft/mi in an easterly direction. Where Cretaceous rocks
are exposed, local relief of the land surface may exceed 200 feet.

Methods of Investigation

Previous Investigations

Many of the reports published by the Kansas Geological Survey and the
U.S. Geological Survey contain some geologic and hydrologic information
about the Cretaceous and Jurassic rocks (sandstone aquifers) of western
Kansas, but they primarily describe the water resources of the High Plains
aquifer., Reports by Keene and Bayne (1977), Lobmeyer and Weakly (1979),
Kume and Spinazola (1982; 1983), and Kume (1984) describe the ground-water
resources of the Lower Cretaceous and Jurassic rocks in western Kansas.
Hydrogeologic information about the sandstone aquifers in adjacent states
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are given by MclLaughlin (1954) for Baca County, Colorado, by Voegeli and
Hershey (1965) for Prowers County, Colorado, and by Hart and others, (1976)
for the Oklahoma Panhandle.,

The geologic history and stratigraphy of Kansas are described by
Merriam (1963) and Zeller (1968). Structural geology and subsurface cor-
relations are given by Lee and Merriam (1954) and Merriam (1957a; 1957b;
1958).



Data Collection and Analyses

The data-collection activities for this study included: measurements
of the depths to water in selected wells; aquifer tests and specific-
capacity tests of wells; collection of water samples from selected large-
capacity wells completed in the Dakota aquifer for chemical analyses; an
inventory of large-capacity production wells (discharge of at Tleast
100 gal/min) that were completed in the Dakota aquifer; and compilation
of 1975-82 water-use records for these wells.

Maps of the potentiometric surfaces of the Dakota and the High Plains
aquifers were prepared from data retrieved from the Ground-Water Site
Inventory (GWSI) of WATSTORE (on file with the U.S. Geological Survey,
Lawrence, Kansas), published water-level data, unpublished data from
driller's logs (on file with the U.S. Geological Survey in Garden City,
Kansas), and unpublished data on file with the Central Midwest Regional
Aquifer-Systems Analysis (U.S. Geological Survey, Lawrence, Kansas).
Maps of selected geologic units were prepared from previously published
data, supplemented with data from geophysical logs of o0il and gas wells
and from driller's logs of water wells and test holes. Estimates of the
hydraulic properties of the sandstone aquifers were based on analyses of
aquifer tests, specific capacities of wells, .isopach maps, and from
published data.

Estimates of historical water use from the Dakota aquifer were based
on water-use reports filed with the Kansas State Board of Agriculture,
Division of Water Resources, and the Southwest Kansas Groundwater Manage-
ment District No. 3. Estimates of water use from the High Plains aquifer
were based on estimates by Barker and others (1983), Lindgren (1982),
and Heimes and Luckey (1982), and from data retrieved from the GWSI
files of WATSTORE (U.S. Geological Survey, Lawrence, Kansas).

Numerical Model

A numerical model of three-dimensional ground-water flow, slightly
modified from McDonald and Harbaugh (1984), was used to examine the poten-
tial effects in the study area of hypothetical withdrawals from the
Dakota aquifer on the hydrologic system. The model simulated a layered-
aquifer system with three aquifers and two intervening confining layers.
The model 1incorporated discharge to wells, springs, seeps, and rivers,
and areal recharge.

Location-Numbering System

Locations of water wells, test holes, and other data-collection sites
referred to in this report are numbered according to a modification of
the U.S. Bureau of Land Management's system of land subdivision. In this
system, the first set of digits of a location number indicates the
township south of the Kansas-Nebraska State 1ine; the second set, the range
east or west of the Sixth Principal Meridian; the third set, the section



in which the site is located. The first letter following the third set
denotes the quarter section or 160-acre tract; the second, the quarter-
quarter section or 40-acre tract; the third, the quarter-quarter-quarter
section or 10-acre tract; and the fourth, the quarter-quarter-quarter-
quarter section or 2.5-acre tract within the section. The letters are
designated A, B, C, and D in a counterclockwise direction beginning in
the northeast quadrant. The last two digits in the numbering system are
the sequential order, beginning with "01," in which sites within the
same tract were numbered. In figure 2, site number 23 34W 14CCCC 01 in
Finney County is the location of the first well numbered in the SW1/4 SW1/4
SW1/4 SW1/4 sec. 14, T. 23 S., R. 34 W.
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HYDROGEOLOGY

The occurrence and movement of ground water within the study area is
primarily influenced by topography, lithology and geographic distribution
of the rocks, and by the stratigraphic and hydraulic relationships between
the layers of rock. Stratigraphy describes the sequential relationships
between the layers of rock. Structure describes the geometric relation-
ship of the rocks, such as faults and folds.

Stratigraphy

The stratigraphic section considered during this study included rocks
of the Permian, Jurassic, Cretaceous, Tertiary, and Quaternary Systems
(table 1). The lithology of these rocks is highly variable and includes
evaporites (halite, gypsum, and anhydrite), clastics (clay, silt, shale,
siltstone, sandstone, sand, and gravel), and carbonates (limestone, chalk,
and dolomite). Detailed descriptions of the stratigraphy and lithology
of these rocks may be found in reports listed in the "Selected References"
at the end of the report.

The rocks at land surface (fig. 3) consist principally of Quaternary
unconsolidated deposits of silt (loess) and dune sand of eolian origin
and sand, gravel, clay, and silt of alluvial origin. Outcrops of the
Tertiary Ogallala Formation are found in Hodgeman, Kearny, northeastern
Finney, and north-central Ford Counties. Lower and Upper Cretaceous rocks
are exposed in parts of Hodgeman, northeastern Finney, and western Kearny
Counties, with 1imited exposures in Ford and Gray Counties. Permian rocks
do not crop out in ‘the study area but are exposed south and southeast of
the study area in Clark, Comanche, and Kiowa Counties.

Consolidated Cretaceous and Jurassic rocks underlie the Quaternary and
Tertiary unconsolidated deposits. The pre-Tertiary rocks consist of lime-
stone and shale of the Upper Cretaceous Series, sandstone and shale of the
Lower Cretaceous Series, and a small area of Jurassic rocks in extreme
southwestern Gray County (fig. 4). The pre-Tertiary surface is an erosional
surface that has been modified by regional structural movement and local
nontectonic movement (subsidence). Average slope of the surface of pre-
Tertiary rocks is about 10 to 11 ft/mi to the east and southeast. Local
relief of as much as 275 feet on this surface is the result of several
erosional periods and local subsidence.

Permian Rocks

Lower and Upper Permian rocks that subcrop beneath the Lower Cretaceous
and Jurassic rocks in the study area include the Lower Permian Dog Creek
Shale, Whitehorse Sandstone, and Day Creek Dolomite and the Upper Permian



Tab]e l.--Generalized stratlgraphlc gsection of geologic and hydrologic units and their physical and

'hydrologic characteristics

System Series (group) Geologic Thick- Physical characteristics Hydrologic Hydrologic characteristics
unit ness unit
(feet)
Stream-laid deposits ranging from clay Well yields range from 50 to 1,000 gallons per minute.
Holocene Al tuv fum 0-80 and: silt to sand and gravel that occur Hydraulic and storage properties vary within short
in the principal stream valleys. distances.
Fing to medium quartzose sand with small Lies above the water table and does not yield water to
Dune sand 0-75 amounts of silt, clay, and coarse sand wells. In areas -where dune sand occurs, infiltration is rapid
deposited into dunes by the wind. and areas of appreciable ground-water recharge are delineated.
Quaternary
Loess 0-45 Si1t with minor amounts of very fine sand High Plains Lies above the water table and does not yield water to wells.
Pleistocene and clay deposited as windblown dust. aquifer In areas where loess occurs, specific retention is appreciable,
and areas of minimal ground-water recharge are deltneated.
Composite of Quaternary-age sand, gravel, silt, The sand and gravel of the undifferentiated deposits and the
Quaternary Pleistocene- Undifferentiated| 0-550 clay, and caliche that over lie the Ogallala Ogallala Formation are the principal water-bearing deposits in
and Miocene deposits Formation, where present; composite of stream- the area. Well yields range from 100 to 3,100 gallons per min-
Tertiary laid and windblown deposits. ute, and water in the aquifer is unconfined to semiconfined.
Poorly sorted clay, silt, sand, and gravel
Tertiary Miocene Ogallala 0-500 generally calcareous; when cemented by
Formation cal¢ium carbonate, forms caliche or mortar beds.
Upper part, Smoky Hill Chalk Member is
yellow to orange-yellow chalk and 1ight- Areas of secondary porosity may yield water to wells.
to dark-gray chalky shale; basal part, Where secondary porosity values are small, may yield
Fort Hays Limestone Member is white to yellow, small quantities of water to stock and domestic wells.
Niobrara Chalk 0-250 massive, chalky limestone that contains
thin beds of dark-gray, chalky shale.
Upper part consists of a dark-gray to blue-
black, noncalcareous to slightly calcareous Sandstone in upper part may yield small
Upper Cretaceous shale that is locally interbedded with cal- quantities of water, 5 to 10 gallons per
(Colorado Carlile Shale 0-330 careous, silty, very fine-grained sandstone. ' minute, to wells,
Group) Lower part consists of very calcareous, dark-
gray shale and thin, gray interbedded 1ime-
stone layers.
Cretaceous 1
Chalky, 1ight yellow-brown shale with thin Niobrara-Graneros Not known to yield water to wells
Greenhorn 0-200 bedded 1imestone. Dark-gray, calcareous confining unit in southwest Kansas.
Limestone shale and light-gray, thin-bedded limestone;
contains layers of bentonitic shale.
Dark-gray, calcareous shale interbedded with Not known to yield water to wells.
black, calcareous shale; contains thin
Graneros 0-130 beds of bentonitic shale. Also contains
Shale thin-bedded, gray limestone and fine-
grained silty sandstone.
Brown, yellow, white, and gray fine- to In some areas, the sandstones may yield more
Lower Cretaceous medium-grained sandstones; interbedded than 1,000 gallons per minute to wells. Water
with gray sandy shale, and varicolored clays; Dakota in the aquifer generally is confined where the
Dakota 0-400 contains lignite, pyrite, and siderite. aquifer Niobrara-Graneros confining unit is present.
Sandstone Geperally has an upper shaley sandstone,

middle sandy shale, and lower sandstone,
Marine and fluvial-deltaic deposits.

The principal aquifer in parts of Hodgeman
and northern Ford Counties.




Table 1.--Generalized stratigraphic section of geologic and hydrologic units and their physical

and hydrologic characteristics--Continued

«
System Series (group) Geologic Thick- Physical characteristics Hydrologic Hydrologic characteristics
unit ness unit
(feet)
Lower Dark-gray to black shale, interbedded with Kiowa Does not yield water to wells in south-
Cretaceous Cretaceous Kiowa Shale 0-300 light yellow-brown to gray, fine-grained confining west Kansas.
sandstone. unit
Cheyenne 0-200+ Gray, brown, and white, very fine- to Upper part (Cheyenne Sandstone)--may yield up
Sandstone medium-grained sandstone with interbedded to 1,000 gallons per minute to wells in south-
dark-gray shale. Cheyenne east Colorado; undeveloped in southwest Kansas.
aquifer In some areas contains mineralized water.
Lower part (undifferentiated Jurassic rocks)--
may yield water to wells in parts of southwest
Kansas, but water is generally mineralized.
Dark-gray shale interbedded with grayish- Water is generally highly mineralized. h
green and blue-green calcareous shale;
Upper and Middle Undifferentiated 0-150+ contains very fine to medium-grained,
Jurassic Jurassic rocks silty sandstone and thin limestone beds
at the base.
Upper Permian Big Basin 0-160 Brick-red to maroon siltstone and shale; In Morton County, wells developed in solution
Formation contains very fine grained sandstone. cavities yield 300 to 1,000 gallons per minute
of sulfate water.
Day Creek 0-80 White to pink anhydrite and gypsum with Permian
Dolomite interbedded dark-red shale. confining
unit
Whitehorse 160-350 Red to maroon, fine-grained, silty sandstone, Not known to yield water to wells in southwestern
Sandstone siltstone, and shale. Kansas; may contain highly mineralized water.
Dog Creek 15-60 Maroon, silty shale, siltstone, very fine Not known to yield water to wells. Water is
Shale grained sandstone, and thin layers of dolomite probably highly mineralized
and gypsum.
Blaine 20-150 Generally consists of four gypsum and Not known to yield water to wells;
Formation anhydrite beds separated by red shale. contains highly mineralized water.
Bedded halite is present in some areas.
Locally, a marker bed on geophysical logs.
Gypsiferous shale and silty shale with
Flowerpot 40-340 thin beds of sandstone and siltstone;
Permian Lower Permian Shale N locally contains up to 250 feet of
(Nippewalla bedded gypsum and halite.
Group)
Cedar Hills 77-180 Saliferous and gypsiferous, amber to pink Generally contains highly mineralized
Sandstone fine-to-coarse grained, shaly sandstone. water in southwest Kansas. In some areas
it is used for brine disposal.
Upper unit (Salt Plains Formation)--reddish- Not known to yield water to wells in
brown siltstones, thin sandy siltstones, and southwest Kansas. May contain highly
Salt Plains 300-500 very fine-grained sandstone. Lower unit (Harper mineralized water.
Formation and Sandstone)--brownish red siltstones and silty
Harper shales with a few silty sandstones. In the 0i1field-brine disposal zone. Contains
Sandstone subsurface, may contain bedded halite, anhydrite highly mineralized water.
and gypsum. Contains highly mineralized water.
Lower Permian Stone Corral 25-100 Dolomite, anhydrite, gypsum and halfte; Not known to yield water to wells

(Sumner
Group)

Formation

gray to mottled with interbedded red shale.
Distinctive marker bed on geophysical logs.

in southwest Kansas.
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Big Basin Formation (table 1). O0lder rocks of the Lower Permian Series do
not subcrop beneath the Lower Cretaceous and Jurassic rocks <ut were
included in this study because they contain two formations, the Blaine
and the Stone Corral Formations, that are useful in correlation of geo-
physical logs. These older Lower Permian rocks include the Stone Corral
Formation, the Harper Sandstone, the Salt Plains Formation, the Cedar
Hills Sandstone, the Flowerpot Shale, and the Blaine Formation (table 1).
Lower Permian rocks contain bedded evaporites that affect both the chem-
istry of ground water and the structure of overlying strata. Detailed
descriptions of these rocks are given by Swineford (1955) for the Upper
Permian Series and by Holdoway (1978) for the Nippewalla Group (the Lower
Permian rocks above the Stone Corral Formation). Descriptions of Permian
stratigraphy are given also by Zeller (1968).

Jurassic Rocks

Undifferentiated Middle and Upper Jurassic rocks occur in the sub-
surface in parts of the study area (Kume, 1984). These rocks are probably
equivalent to the Morrison Formation and the Entrada Sandstone of south-
eastern Colorado (Gutentag and others, 1981) but have been identified in
Kansas only from driller's and geophysical logs. A basal, white, very
fine-grained sandstone [Entrada (?) equivalent] is present in Kearny County.
In most of the study area, the Jurassic rocks consist of varicolored shale
and siltstone, with some sandstone and limestone [Morrison (?) equivalent].
Jurassic rocks range in thickness from zero at their eastern limit to more
than 150 feet in Finney and Kearny Counties (Kume, 1984).

Cretaceous Rocks

The Cretaceous rocks in the study area are divided into two series--
the Lower Cretaceous Series, which consists of sandstone and shale, and
the Upper Cretaceous Series, which consists of limestone, chalk, and shale.
Hattin (1962; 1965a; 1965b; 1975; 1982) provides detailed descriptions of
- the stratigraphy of the Upper Cretaceous rocks. The Lower Cretaceous sec-
tion in Kansas consists of the Cheyenne Sandstone, the Kiowa Shale, and
the Dakota Sandstone. ‘

The Cheyenne Sandstone is a fine- to medium-grained, white, brown,
or gray sandstone that may be interbedded with dark-gray marine shale.
Thickness of the Cheyenne Sandstone in the study area is reported to range
from zero in the extreme southwestern corner of Gray County to 200 feet in
parts of Ford and Hodgeman Counties. The Cheyenne Sandstone in the study
area generally ranges from between 50 to 100 feet in thickness. The
Cheyenne Sandstone unconformably overlies Permian rocks in the eastern
one-half and Jurassic rocks in the western one-half of the study area.
The Cheyenne Sandstone crops out to the south and east of the study area
in Barber, Clark, and Comanche Counties, Kansas.

The Kiowa Shale is a light-gray to black marine shale with some inter-

bedded siltstone, fine-grained sandstone, and 1imestone. Kiowa rocks
underlie all of the study area, except the extreme southwest corner of
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Gray County. Thickness of the Kiowa Shale in the study area ranges from
zero in southwestern Gray County up to 300 feet in parts of Ford County.
The contact of the Kiowa with the Cheyenne is often gradational; therefore,
interpretation of this contact's position from geophysical or drillers'
logs is subjective.

The Dakota Sandstone consists of fine- to medium-grained, white, gray,
or brown sandstone, interbedded with varicolored shale and siltstone. The
formation contains both marine and nonmarine (fluvial-deltaic) deposits.
Character, thickness, and trends in the formation vary considerably in
short distances. Locally, the Dakota Sandstone may be subdivided into three
units a thick basal sandstone, an intermediate shale with interbedded
sandstones, and an upper sandstone with interbedded shale. However, in
some localities the Dakota Sandstone may consist predominantly of either
sandstone or shale. Thickness of the Dakota Sandstone in the study area
ranges from zero in southwestern Gray County to about 400 feet in east-
central Ford County. Generally, the Dakota is between 200 and 300 feet
thick where it has not been subjected to erosion. The contact of the
Dakota Sandstone with the Kiowa Shale, as identified from geophysical
logs, may be distinct or gradational. Contact of the Dakota Sandstone
with the overlying Graneros Shale is generally gradational.

Tertiary and Quaternary Depbsits

Tertiary and Quaternary deposits consist primarily of clay, silt,
sand, and gravel of alluvial origin, which are overlain by eolian deposits
of silt and clay (loess) and dune sand. Many reports describe the geology
and ground-water resources of these deposits in the study area, including
those by Gutentag and others (1972a; 1972b; 1981), McGovern and Long
(1974), Spinazola and Dealy (1983), and Stullken and others (1985).
Thickness of the Tertiary and Quaternary deposits in the study area
ranges from zero in areas of bedrock outcrop to about 550 feet in parts
of Gray County (McGovern and Long, 1974).

Structure

Southwest Kansas lies in a broad syncline on the east flank of the
Las Animas arch (Merriam, 1963). The syncline plunges to the northeast
away from the Sierra Grande uplift in southeastern Colorado. Local
structure of the rocks above the Lower Permian Blaine Formation is affected
by two faults--the Bear Creek fault that extends into Kearny County and
the Crooked Creek-Fowler fault that extends from Meade County in an
arcuate pattern across southern Ford County (see fig. 4). These faults
are the result of dissolution of evaporites by ground water within the
Blaine Formation and the underlying Flowerpot Shale and the subsequent
collapse of the overlying strata. Vertical displacement along these
faults may be as much as 275 feet (Gutentag and others, 1981; Spinazola
and Dealy, 1983).

Solution and removal of the evaporites within the Blaine Formation and
the Flowerpot Shale began at least during deposition of the Tertiary and
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Quaternary deposits, as indicated by the increase in thicknesses of these
deposits on the downthrown sides of the Bear Creek and the Crooked Creek-
Fowler faults. Subsidence may have begun during deposition of the Lower
Cretaceous rocks, as 1is indicated by the highly variable thickness of
these rocks between the base of the Cheyenne Sandstone and the top of the
Kiowa Shale in Ford and Hodgeman Counties.

Permian Rocks

The surface of the top of the undifferentiated Permian rocks (fig. 5)
is the result of a combination of tectonic and nontectonic structural
‘movement and erosion. On the upthrown side of the Bear Creek fault, the
Permian surface slopes to the northeast at about 13 ft/mi. The Permian
surface in the study area was modified by erosion prior to the deposition
of Jurassic and Lower Cretaceous rocks and by subsidence prior to and dur-
ing deposition of Tertiary and Quaternary unconsolidated deposits. Dis-
solution of evaporites in the Blaine Formation and the Flowerpot Shale
and collapse of overlying strata was continuing, as indicated by the forma-
tion of large sinks during historical times, along the Bear Creek and the
Crooked Creek-Fowler faults (McLaughlin, 1946; Frye, 1950).

Cheyenne Sandstone

The altitude and configuration of the top of the Cheyenne Sandstone
is shown in figure 6. Vertical displacement of up to 400 feet in the
Cheyenne Sandstone occurs across the Bear Creek and the Crooked Creek-
Fowler faults. The divergence between the surfaces of the Permian rock
(fig. 5) and the Cheyenne Sandstone (fig. 6) indicates a general north-
ward thickening of the Cheyenne Sandstone; however in parts of Kearny
and Finney Counties, rocks of Jurassic age are included in this interval.
Maximum divergence between the top of the Permian rocks and the top of
the Cheyenne Sandstone is about 300 feet in southwest Hodgeman County.

Kiowa Shale

The altitude and configuration of the top of the Kiowa Shale is shown
in figure 7. Comparison of this surface with that of the Cheyenne Sand-
stone indicates that the thickness of the Kiowa 1is highly variable,
particularly in Ford County on the downthrown side of the Crooked Creek-
Fowler fault, where it approaches 300 feet. In southern and central Gray
County, the Kiowa is generally less than 100-feet thick. The variability
of thickness may have resulted from the development of localized sub-
sidence basins during deposition of the Kiowa but also may result from
the difficulty in distinguishing the tops of both the Kiowa Shale and
Cheyenne Sandstone on geophysical logs.
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Dakota Sandstone

The altitude and configuration of the top of the Dakota Sandstone is
shown in figure 8. Where the Dakota Sandstone is unconformably overlain
by Tertiary and Quaternary deposits, the surface has been modified by
post-Cretaceous erosion. Local relief on the Dakota across the Bear
Creek and Crooked Creek-Fowler faults 1is greater than 200 feet. The
Dakota Sandstone has been cut into and, in some places, removed by post-
Cretaceous erosion. The divergence between the Dakota surface (fig. 8)
and the Permian surface (fig. 5) indicates a general northward thickening
of the Lower Cretaceous and Jurassic rocks. Divergence between the top of
the Dakota Sandstone (fig. 8) and the top of the Kiowa Shale (fig. 7)
ranges from less than 25 feet to about 400 feet. The Dakota Sandstone in
the study area is typically 175- to 250-feet thick where it is conformably
overlain by the Graneros Shale.

Ground Water

Ground water occurs in the rocks that underlie the study area but
generally is mineralized in all but the upper five hydrologic units. These
five hydrologic units are: (1) the High Plains aquifer (Tertiary and
Quaternary unconsolidated deposits of clay, silt, sand, and gravel), (2)
the Niobrara-Graneros confining unit (includes Upper Cretaceous chalk,
limestone, and shale), (3) the Dakota aquifer {Lower Cretaceous Dakota
Sandstone), (4) the Kiowa confining unit (Lower Cretaceous Kiowa Shale),
and (5) the Cheyenne aquifer (Lower Cretaceous Cheyenne Sandstone and
undifferentiated Middle and Upper Jurassic rocks). The geometric rela-
tionships between these hydrologic units are illustrated in figure 9.

High Plains Aquifer

The High Plains aquifer, as defined by Gutentag and Weeks (1980),
consists of the hydraulically connected geologic units of late Tertiary
and Quaternary age. In the study area, the High Plains aquifer consists of
‘the Upper Tertiary Ogallala Formation and alluvial deposits of Quaternary
age. The High Plains aquifer is the principal aquifer in the study area
and in the region. At a regional scale, the aquifer is considered to be
a homogeneous unconfined aquifer, although it consists of a heterogeneous
mixture of lenticular deposits of clay, silt, and sand and gravel.

Saturated thickness of the High Plains aquifer in the study area
during 1975 ranged from 0 to about 350 feet. Hydraulic conductivity of
the aquifer is about 80 ft/d where it is a composite of unconsolidated
Tertiary and Quaternary deposits, and about 800 ft/d where it is composed
of Quaternary alluvial deposits in Hamilton and Kearny Counties (Barker
and others, 1983).

Estimates of the specific yield of the High Plains aquifer in the
study area are 0.14 to 0.20 for the Arkansas River alluvium (Barker
and others, 1983), 0.18 for the unconfined High Plains aquifer, 0.01 for
the semiconfined High Plains aquifer in Finney and Kearny Counties (Dunlap
and §thers, 1985), and about 0.18 on a regional basis (Stullken and others,
1985).
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Figure 9.--General

ized hydrogeologic sections of study area.



Niobrara-Graneros Confining Unit

The Niobrara-Graneros confining unit in the study area includes the
Upper Cretaceous Graneros Shale, Greenhorn Limestone, Carlile Shale, and
Niobrara Chalk. Thickness of the confining unit ranges from zero, where
the rocks have been removed by erosion, to about 725 feet in northeastern
Finney County. These rocks generally are not water-bearing, except locally
in northwast Finney County where solution openings or solution-enlarged
fractures in the limestones are present (Gutentag and others, 1981). On a
regional scale, horizontal flow in the Niobrara-Graneros confining unit is
hydrologically insignificant. However, the storage properties and vertical
hydraulic conductivity of the Niobrara-Graneros confining unit significantly
affect flow in the Dakota aquifer. Vertical hydraulic conductivity of the
Cretaceous shale confining layers in South Dakota was estimated at 5 x 10-11
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