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GEOLOGY AND GROUND-WATER RESOURCES OF THE
LOWER SOUTH PLATTE RIVER VALLEY BETWEEN
[ ]
HARDIN, COLORADO, AND PAXTON, NEBRASKA

By L. J. Bjorklund and R. F. Brown

ABSTRACT

The study of the geology and ground-water resources of the lower South Platte River
valley was made by the Ground Water Branch of the U, S. Geological Survey at the re-
quest of the U, S. Burean of Reclamation and with the endorsement of the Colorado Water
Conservation Board, The area includes patts of Colorado and Nebraska, covers about
3,200 square miles, and ranges in altitude from about 3,000 to 5,000 feet above sea
level. The average annual precipitation in the area is about 16 inches and is sufficient
to support grasses and some grains, Irrigation utilizing water diverted from the river
and pumped from wells is extensively developed in the valleys of the South Platte River
and its tributaries. The principal agricultural products are com, sugar beets, alfalfa,
beans, wheat, barley, and livestock.

The rocks exposed in the area are sedimentary and range in age from Late Cretaceous
to Recent. The Pierre shale undetlies the entire area, The Fox Hills sandstone and the
Laramie formation undeilie the westemn part and the Chadron, Brule, and Ogallala forma-
tions underlie the easter part, Pleistocene and Recent alluvium underlies the valleys
of the South Platte River and its tributaries. The Pierre shale ranges in thickness from
about 2,500 feet near Paxton, Nebr., to about 6,500 feet near Hardin, Colo., and yields
water in small quantities to wells in the vicinity of Sterling, Colo. Within the area, both
the Fox Hills sandstone and the Laramie formation range in thickness from a featheredge
to nearly 200 feet and yield small quantities of water to stock and domestic wells. Al-
though a test hole near Proctor, Colo,, was drilled 102 feet into the Chadron formation,
the total thickness of the formation was not ascertained; no wells within the area covered
by this investigation are known to derive water from the formation. The Brule formation
ranges in thickness from a featheredge to more than 500 feet and yields watef to wells
from fractured or porous zones. The Ogallala formation ranges in thickness from a feath-
eredge near Sedgwick, Colo., to about 350 feet near Paxton, Nebr.,, and yields large
quantities of water to wells. The alluvium ranges in thickness from a featheredge at the
edges of valleys to about 300 feet in some places in the valleys. The alluvium occurs-
in two physiographic forms—Pleistocene and Recent terrace deposits and Recent flood-
plain deposits~——and yields abundant water to irrigation, public-supply, and other wells,
Dune-sand deposits cover part of the area, range in thickness from a featheredge to about
100 feet, and yield water in small quantities to stock and domestic wells, Loess de-
posits cover much of the area and range in thickness from a featheredge to about 50 feet,
Generally the loess is above the water table and is not known to yield water to wells,

The principal source of ground water in the area is the alluvium of the South Platte
River valley and of the tributary valleys of Lost, Kiowa, Bijou, Sand Arroyo, Badger,
Beaver, Wildcat, Pawnee, and Lodgepole Creeks. The water table in the tributary val-
leys slopes downvalley toward the river; its gradient is similar to that of the valleys,
The water table in the South Platte River valley slopes diagonally downstream toward
the river, Where the alluvium is bordered by the moderately permeable Fox Hills sand-
stone or the Laramie or Ogallala formations, the water table generally extends-into the
bedrock formations without any significant change of slope or shape.
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In areas where irrigation water from the river is supplemented by pumping from wells,
the water levels generally neither rose nor declined during the period 1940-50, How-
ever, in the areas where irrigation supplies are obtained wholly from wells, the water
levels declined steadily, The decline in the Bijou and Kiowa Creeks area was about
8 feet, of which about 2 feet occurred in 1950, The average decline in parts of the
Beaver Creek valley was about 4 feet, of which about 1 foot occurred in 1950, The de-
cline of the water table is most critical in the Beaver Creek valley, owing to a relatively
thin saturated thickness of the water-bearing material, The most critical decline in the
Beaver Creek valley is in the vicinity of Gary, Colo., where water levels declined 2 feet
during 1950 and 10 feet during 1940-50.

Recharge to the ground-water réservoir is eftected by seepage from canals, reservoirs,
and irrigated 1and, by precipitation in local and adjacent areas, by seepage from streams,
and by subsurface inflow of ground water. Discharge of ground water is effected by
evaporation and transpiration, seepage into streams, outflow as springs, and subsurface
underflow out of the area, and by pumping of wells, About 12,700,000 acre-feet of water
is stored in the alluvium in the project area. Under present conditions, 2 gain or 2 loss
of about 175,000 acre-feet of water is represented by each foot of rise or decline of the
water table,

It is estimated that about 1,380 irrigation wells were in operation by the end of 1950.
The pumps on about 71 percent of these were powered by electricity, about 17 percent
were powered by tractors, and about 12 percent were powered by stationary combustion
engines. Total pumpage during the 194650 petiod ranged from about 123,000 acre-feet
in 1947 to about 281,000 acre-feet in 1950.

Municipal water-supply systems at Fort Morgan, Brush, Metino, Sterling, 1liff, Crook,
Sedgwick, Ovid, and Julesburg, Colo., and Big Springs, Brule, Ogallala, and Paxton,
Nebr., all derive their water from wells, Domestic and stock water supplies throughout
the area are derived from wells,

Chemical analyses were made of 123 ground-water samples that were taken from the
alluvium, dune sand, and bedrock formations., Water from the Pierre shale generally is
soft, sodium and bicarbonate being the principal constituents, but the dissolved solids
are high. Water from the Fox Hills sandstone is soft and has a moderately high content of
dissolved solids, The Ogallala formation yields moderately soft calcium bicatbgnate
water that has a dissolved solids content ranging from 152 to 396 ppm (parts per million),
The dune sand contributes moderate amounts of soluble minerals, and the water generally
is soft. The alluvium of the South Platte River valley yields water in which calcium and
sulfate compose much of the dissolved solids and which generally is hard, The ground
water in tributary valleys to the South Platte River valley is similar in chemical quality
to that in the main valley, Diverted river water used for irrigation tends to increase the
mineral content of the ground water.

Wells that would yield 500 to 1,000 gpm (gallons per minute) can be developed in most
places in the alluvial deposits that underlie the valleys of the South Platte River and its
tributaries, and wells that yield as much as 2,000 gpm probably could be developed in the
thick saturated sections of alluvium in the valley of the South Platte River. A balanced
surface- and ground-water irmrigation system could be established by pumping water for
irrigation from wells in seep areas, thus reducing the amount of surface water needed.
Where the ground-water reservoir is replenished by recharge from the South Platte River
and from adjacent areas during the nonirrigation season, large quantities of water could
be pumped from the ground-water reservoir into canals and reservoirs during the irrigation
season. Hydrologic studies should be continued in the lower South Platte River valley.
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INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

This investigation is one of several being made by the U. S.
Geological Survey as part of the program of the Department of the
Interior for the control, conservation, development, and use of the
water resources of the Missouri River basin. The study of the
geology and ground-water resources of the lower South Platte
River valley was made by the U. S. Geological Survey at the re-
quest of the U. S. Bureau of Reclamation and with the endorse-
ment of the Colorado Water Conservation Board. The study was
intended to aid in the formulation of plans for future development
of the area, including the effective utilization of water from the
Colorado-Big Thompson and other transmountain diversions. The
investigation was made in ofder todetermine the character, thick-
ness, and extent of the water-bearing formations, and the origin,
quality, quantity, movement, availability, and use of ground water
in the area. This report includes data collected during the inves-
tigation, from April 1947 through December 1950, and earlier data
taken from reports on water levels in Colorado and Nebraska.

LOCATION AND EXTENT OF THE AREA

The area investigated includes the South Platte River valley
from Hardin, Colo., to Paxton, Nebr., adistance of about 200 miles,
and parts of tributary valleys. (See figs. 1 and 24.) The area
includes parts of Adams, Logan, Morgan, Sedgwick, Washington,
and Weld Counties in Colorado and parts of Deuel and Keith Coun-
ties in Nebraska, and covers about 3,200 square miles. About
one-third of the area is in the tributary valleys in and south of
Morgan and Weld Counties.

PREVIOUS INVESTIGATIONS

Several studies have been made concerning the geology or ground-
water resources of all or part of the area under consideration.

Meek and Hayden (1862), Hague and Emmons (1877), King (1878),
White (1878 and 1879), and Fldridge (1889) mentioned the geology
of this area in general reports that described large areas of west-
central United States. Darton (1905) made a reconnaissance
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"EXPLANATION

Area described in this report

Areas described in other reports
I T T

110°

Figure 1. —Map of Missouri River basin showing area in which ground-water studies have been
made under the program from development of the Missouri River basin,

of the geology and ground-water resources of the central
Great Plains, including the South Platte River valley. Slichter
and Wolff (1906) prepared a report on the amount of underflow in
the South Platte River valley between Sterling, Colo., and the
confluence of the North and South Platte Rivers. Meinzer (1919)
made a ground-water investigation of Lodgepole Creek valley in
Wyoming and Nebraska. Henderson (1920a,b) discussed the geol-
ogy of the drainage areas that are tributary to the South Platte
River. His reports emphasize paleontology but include brief dis-
cussions on lithology and stratigraphy. Cretaceous stratigraphy
and structure are discussed in a report by Mather, Gilluly, and
Lusk (1928). Dobbin and Reeside (1929) described the contact of
the Fox Hills sandstone and the Laramie formation, and Lovering
and others (1932) redefined the Fox Hills sandstone and placed the
lowerlimit at a mappable horizon. Several reports, notably those
by Rankin (1933), Dane and Pierce (1936), and Van Tuyl and others
(1938), describe petroleum investigations in northeastern Colo-
rado. Bryan and Ray (1940) gave detailed descriptions of terrace
deposits in the South Platte River valley west of the area covered
by this investigation and discussed the Pleistocene and Recent
history of the region. A report on the geology and ground-water
resources of Keith County, Nebr., by Wenzel and Waite (1941)
was used extensively in the preparation of the part of this report
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Figure 2. — A, Map of South Platte River basin showing area included in this report; B, Ideal-
ized profile of the South Platte River between Hardin, Colo., and Paxton, Nebr.,

that pertains to Keith County. Several reports by Condra and
others (1940, 1943, 1947) on the geology of Nebraska are applica-
ble to this area. Two publications by Code (1943, 1945), which
deal with the use of ground water for irrigation in parts of the
area in Colorado, have been of particular value in the current
study. A bulletin covering the geology and ground-water re-
sources of parts of Lincoln, Elbert, and E1 Paso Counties, Colo.,
by McLaughlin (1946) treats comparable ground-water problems
in similar geologic units.
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METHODS OF STUDY

The investigation was started in April 1947 under the general
supervision of A. N. Sayre, chief of the Division of Ground Water
(now called the Ground Water Branch) of the U. S. Geological
Survey, and of G. H. Taylor, regional engineer in charge of ground-
water investigations in the Missouri River basin, and under the
immediate supervision of S. W. Lohman, district geologist, Den-
ver, Colo. A field office, staffed by L.. J. Bjorklund, engineer,
and R. T. Littleton, geologist, was established at Fort Morgan,
Colo. N. M. MacNeill was employed in June 1947 to assist in the
engineering work. H. F. Haworth, geologist, was detailed to the
project in July. J. A. Tavelli, geologist, succeeded Mr. Haworth
in November 1947 and he in turn was succeededin September 1948
by R. F. Brown, geologist. H. M. Babcock, district engineer,
Cheyenne, Wyo., critically reviewed the report and supervised
its final compilation.

The quality-of-water studies were under the general direction
of S. K. Love, chief of the Quality of Water Branch of the U. S.
Geological Survey, and under the immediate supervision of P. C.
Benedict, regional engineer in charge of the quality-of-water in-
vestigations in the Missouri River basin, Analyses of water sam-
ples were made in the laboratory of the U. S. Geological Survey
at Lincoln, Nebr.

A network of 189 observation wells was established early in the
investigation. This included 62 wells in the Colorado part of the
area in which water levels formerly were measured by W. E. Code
of the Colorado Agricultural Experiment Station, Colorado State
College, Fort Collins, Colo., and 18 wells in the Nebraska part of
the area in which water levels had been measured by the Lincoln,
Nebr., office of the U. S. Geological Survey. Water levels were
measured monthly from the beginning of the investigation through
June 1949 and bimonthly thereafter through December 1950. In
addition, 4 wells in Morgan County, Colo., were equipped with
water-stage recording gages. Additional records were obtained
from recording gages in Morgan and Weld Counties, Colo., and
from 2 recording gages in Keith County, Nebr.; the former were
operated by Mr. Code and the latter were operated by W. A. Doolittle
of the Platte Valley Public Power and Irrigation District. Water-
level records for 161 wells in Colorado and 28 wells in Nebraska
are given in appendix C.

Records were obtained of 1,767 wells in the area, including
1,266 wells of large discharge used for irrigation, public supply,
or industry, and 436 wells of small discharge used for domestic
or stock supply, and 65 unused wells. Well owners, users, and
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drillers were interviewed in order to obtain pertinent information
about the wells and about the nature and thickness of the water-
bearing formations that are tapped by. the wells. All available
logs of wells were collected. An attempt was made to include all
wells of large discharge in the inventory. Well records previously
obtained in Colorado by W. E. Code and in Nebraska by L.. K. Wenzel
and H. A. Waite were studied and the wells were revisited. The
location of wells was determined by automobile odometer meas-
urements from nearby section corners or other landmarks.. A
summary of the inventoried wells is shown below. Measurements
of the depth to water and total depth of wells were made with a
steel tape, and measurements of pump yields were made with a
Hoff current meter. These measurements and other pertinent in-
formation about the wells are included in appendix C at the end
of this report. Reported data are listed for those wells that could
not be measured.

Number of wells, according to pertinent data, included in the inventory of the lower South
Platte River valley between Hardin, Colo., and Paxton, Nebr.

Number of wells
e of water 1
State and County Us Water Alt't‘fdeed
Irrigation, Domestic, level esbtabh.sl-‘z
public-supply, | stock, and| Total wells | measured lV sl;;“t
and industrial { others eveling
Colorado;
AdamsS..eiieseasecssernsscnsenens 34 5 39 34 27
Logan......... eestsecsenasesans . 164 123 287 226 237
Morgan.ceecesecssnees 585 208 793 643 644
Sedwick e 56 4 100 82 89
Washington, . 33 14 47 32 40
Weld... . 162 41 203 159 164
Nebraska
Deuel.., 77 16 93 74 76
Keith .. 155 50 205 160 171
Totaliieeeercnoseorsesesesann 1, 266 501 1,767 1,410 1,448

A study of the geologic formations in the area, with emphasis
on the Quaternary water-bearing materials, was carried on suc-
cessively by geologists Littleton, Haworth, Tavelli, and Brown.
Aerial photographs and State highway maps were used in mapping
the formations. The drilling of 226 test holes (total footage,
27,749) was supervised by geologists of the U. S. Geological Sur-
vey who also logged the test holes. (See table on p. 8,) Logs of
640 wells were collected from well drillers, farmers, and land
owners and a careful selection was made for inclusion in this
report. An additional 375 logs of seismograph shot holes were
collected; these included surface and bedrock altitudes. Informa-
tion from the logs of these test holes, wells, and seismograph
shot holes was used in drawing on plate 1 the lines showing the
contour of the pre-Quaternary surface.
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Test drilling in the project area supervised and logged by geologists of the U. S.
Geological Survey

Number | Feet of

Driller Year Supervisor of holes | drilling
Canfield Drilling Co,, Fort Morgan, 1947| H. F. Haworth..eeesececsencecs 55| 5,000
Colo, Contract with U, S. Geol,
Survey.
DOucerrsoereessasonsasssnnssocossessonees| 1948 Jo A. Tavelliceeeresiesssencosss 54| 4,820
Canfield Drilling Co,, Fort Morgan, 1948 T, G. McLaughlin,..csceeseses 8 860

Colo, Contract with town of
Julesburg, Colo,

Ellithorpe and Putman, Ogallala, 1949| R, F. Browliueceveessssscecnncen 55| 5,774
Nebr, Contract with U. S, Geol,
Survey.

Conservation and Survey Division of 1949( J. L. Deffenbaugh.ciceesceess 39| 9,739

the University of Nebraska. Cooper-
ative arrangement with U, S, Geol.
Survey.

Adams Well Works, Brush, Colo, 1949| R, F, Brownliee.ceecersensessece 15| 1,556
Contract with town of Brush, Colo,

Totaleeeeuereersserceseonsasences . e secenens 226 | 27,749

The altitude of the measuring point of 1,448 wells and of the
land surface at 226 test holes was established by F. E. Busch,
R. L. Morgan, and L. R. Reed. Temporary bench marks were
set at or near section corners to aid future leveling work.

Samples of water were collected from 123 wells and chemical
analyses of the samples were made in the laboratory of the U. S.
Geological Survey at Lincoln, Nebr,

Pumping tests were made at six sites to determine the hydro-
logic properties of the water-bearing materials, Two of these
tests were made in cooperation with the U. S. Bureau of Reclama-
tion to determine the possibility of seepage at proposed dam sites.

Detailed studies were made in the vicinity of Julesburg and of
Brush, Colo. Two reports, one by T. G. McLaughlin (1948) and
the other by R. F. Brown (1950), were prepared by the U. S. Geo-
logical Survey and published by the Colorado Water Conservation
Board. Data collected during those studies are included in this
report.

WELL-NUMBERING SYSTEM

Well numbers in this report are based on the Bureau of Land
Management's system of land subdivision. The wellnumber shows
the location of the well by township, range, section, and position
within the section. A graphical illustration of this method of well
numbering is shown infigure 3. The first letter (capital) of a well
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number gives the quadrant of the meridian and baseline system in
which the well is located; the quadrants are lettered beginning in
the northeast quadrant (with A) and proceeding counterclockwise,
All wells in this area lie in the northwest (B) or southwest (C)
quadrants of the sixth principal meridian and baseline system.
The first numeral of a well number indicates the township, the
second the range, and the third the section in which the well is
located. The lowercase letters following the section number lo-
cate the well within the section. The first letter denotes the
quarter section, and the second letter the quarter-quarter section.
The letters are assigned in a counterclockwise direction beginning
with (a) in the northeast quarter of the section or of the quarter-
quarter sectfion. If more than one well is in a quarter-quarter
section consecutive numbers, beginning with 1, are added to the
well numbers. For example, the well number B1-55-30bd indicates
a location in the southeast quarter of the northwest quarter of
sec. 30, T. 1 N., R. 55 W,
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GEOGRAPHY
TOPOGRAPHY AND DRAINAGE

The area covered by this investigation lies entirely within the
lower valley of the South Platte River and is drained by that
stream and its tributaries. The valley lies in the Denver basin
region of the Colorado Piedmont and High Plains sections of the
Great Plains physiographic province.

The altitude of the highest part of the area, in the vicinity of
Prospect Valley, Colo., is about 5, 000 feet, and that of the lowest
point, at Paxton, Nebr., is 3, 057 feet; the total relief, therefore,
is about 2, 000 feet.

The river is about 1,500 feet lower thanthe South Platte- Arkansas
divide, to the south, and more than 1,000 feet lower than the South
Platte-North Platte divide in Wyoming. In the divide areas, the
Tertiary rocks are still intact. The surface between thedivide
areas, which is essentially in the old age stage of the erosion
cycle, is formed, for the most part, on the uniformly weak Pierre
shale with promontories that are capped by the more resistant
Fox Hills sandstone and the rocks of the White River group.
Downstream from Sedgwick, Colo., the Tertiary rocks crop out
in belts parallel to the river and form a broad, flat, upland plain,
whichisbroken only by short, steep, tributary valleys.

Six terrace surfaces are present in many places in the South
Platte River valley, and at least two pediment surfaces lie above
the terraces (Bryan and Ray, 1940). Three distinct stages of
downcutting by streams into the underlying bedrock are shown on
the cross sections (pl. 2, sections O, P, Q, R). These succes-
sive stages of downcutting are reflected imperfectly in the major
tributary drainages. The South Platte River, which is a through-
flowing stream from mountains that are in a region of high pre-
cipitation, caused more rapid erosion than its tributaries which
originate on the plains. Because little rain falls on the plains and
because the Tertiary mantle is highly permeable, erosion has
been extensive only where gradients were steep, as in Beaver and
Bijou Creeks. Tributary drainages, therefore, did not adjust
completely to each change in grade of the South Platte River.

The South Platte River is a consequent stream that resulted
from the uplift of the Rocky Mountains, and its gradient is com-
paratively uniform. (See fig. 2B.) Tributary streams west of
the Morgan County line may be in part subsequent—that is, the
upturned edges of the underlying Cretaceous sediments may have
determined the course of the streams. Drainage throughout the

421283 O -57 -2
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remainder of the area covered by this investigation is typically
dendritic.

The South Platte River and Lodgepole Creek are perennial
throughout the area, although their flow is subject to marked sea-
sonal variation. The remaining stream valleys have a continuous
underflow, but surface runoff occurs only after precipitation.

CLIMATE

The area considered in this reportis semiaridand has an aver-
age annual rainfall of about 16 inches. This precipitation is in-
sufficient for many kinds of crops but, when uniformly distributed
throughout the growing season, it will support grasses and some
grains. Most of the summer rainfall results from thundershowers
but, owing to the erratic distribution of the showers, each year
some areas have extended rainless periods. For these reasons,
irrigation has become an increasingly important part of the agri-
cultural economy of the lower South Platte River valley.

The average climatic data for five stations in the lower South
Platte River valley are given in table 1, and the annual precipita-

Table 1,— Average climatic data for five stations in the lower South Platte River valley

[Data from records of the U, S, Weather Bureau]

Annual Temperature (degrees Fahrenheit) Length of
X precipi- growing
Station tation |\, . ‘s Average | Average| season
(inches)| Maximum  Minimum |57 =5 | 5 yary (days)
Colorado:
Greeley, Weld County.ueeenes| 12.60 107 -45 72,2  24.9 148
Fort Morgan, Morgan County, 13,43 109 -36 T2.8 23.5 145
Sterling, Logan County.........| 15,15 105 -33 T2.4 23,8 146
Julesburg, Sedgwick County.,..| 17.14 108 -38 T4.7 25.4 140
Nebraska:
Ogallala, Keith County...eeeea| 19.49 111 -29 7170 24.6 150

tion and cumulative departure from normal precipitation at Fort
Morgan, Colo., are shown in figure 4. The prevailing direction
of the wind throughout the area is from north to northwest during
the winter and from south to southeast during the summer. Wind
velocities are highest during the spring and diminish to a mini-
mum in late summer. In the eastern part of the lower South Platte
River valley, tornadoes sometimes cause local damage to crops;
however, the most severe weather damage to crops results from
hail.
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AGRICULTURE AND POPULATION

The limits of the area covered by the investigationare arbitrar-
ily defined and do not conform to established geographical bound-
aries. For this reason, statistics relative to agriculture and
population within the limits of the area are not readily available;
hence, the figures presented are estimates, based on data for en-
tire counties for the years 1939-47. The amount of irrigated land
has increased appreciably since 1939,

Eighty-five percent of Morgan County, Colo., is included with-
in the area of study. Because the remaining 15 percent is sparsely
populated and is not irrigated, the total county statistics are used.
The types of crops produced in Morgan County (see table below)

Acreage of dry and irrigated crops in Morgan County, Colo., 1947

[Data supplied by Jack French, County Agent for Morgan County]

Acreage cultivated Acreage cultivated
Cro, C
P Irrigated Dry TP Irrigated | Dry

31, 000 0[] OatSeueieereaneesensssosensenes | 2,500 | 2,500

25, 000 0}| Potatoes,.,.. 2,400 0

20, 000 0 500 |425, 000

18,000 |18, 000 . o[ 17,500

16, 000 Of Ry€esvesseresosseossensoncesse 0 5, 600

5,000 |51, 000
VegetableSesuiiaresrarcernenns 5,000 0 Totalieesessssesscsessesess | 125,400 1519,000

are representative of those that are produced throughout the lower
South Platte River valley, To obtain a comparisonbetween Morgan
County and other counties in the lower South Platte River valley,
estimates were made (see table below) from data given in Year
Book of the State of Colorado for 1939-40; the population and
cultivated acreage were apportioned according to the percentage

Estimated population and cultivated acreage of the lower South Platte River valley, by
counties, 1939-40

Area, in square miles Acreage cultivated
County . . Population
Part included in s d
Total investigation Irigate Dry
Colorado:
Welds.isseiensoreancerenonnnes | 4,020 590 8,700 40,000| 400, 000
Morgan..... .. W] 1,285 1,098 17,180 70,000 600, 000
Washington,. .| 2,520 20 500 5, 000 3, 000
Logan,.,.... .| 1,820 800 8,000 75,000} 450, 000
SedgWickK cieecerscnssnescnnes 530 324 4,000 19, 000 180, 000
Nebraska:
440 250 4,000 10, 000 100, 000
1,085 400 3,000 20, 000 150, 000
Total veuervecnseconercennss | 11, 700 3,482 45, 380 239, 000 1, 883, 000
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of the county included in the area. Population estimates may be
considerably in error, as they are based on the assumption that
the population is evenly distributed throughout the counties.

INDUSTRY

The major industries inthe area are those that process agricul-
tural products. Sugar refineries are located in Ovid, Sterling,
Brush, and Fort Morgan, Colo., and grain mills are located in
many of the cities. Small manufacturing concerns operate in sev-
eral of the cities.

TRANSPORTATION

The area is served by two major railroads. The main line of
the Chicago, Burlington & Quincy Railroad crosses the southern
part of the area through Brush, Fort Morgan, Wiggins, and Rog-
gen, Colo., and a branch line of this railroad extends north from
the main line at Brush, Colo. The main line of the Union Pacific
Railroad parallels the South Platte River from Paxton, Nebr.,
west to Julesburg, Colo., then turns northward and parallels
Lodgepole Creek. A branch line of the Union Pacific Railroad
parallels the South Platte River from Julesburg, Colo., west to
beyond the edge of the project area. Short branch lines of both
railroads serve as sugar-beet collection points throughout the area.

U. S. Highways 6, 34, 138, and 30 traverse parts of the area,
and several State highways and graded county roads connect with
the U. S. highways.

GEOLOGY

The rocks that crop out in the lower South Platte River area are
sedimentary and range in age from Late Cretaceous to Recent.
The areas of outcrop of these formations are shown on plate 1.
The oldest rock$, which are of Late Cretaceous age, are the
Pierre shale, the Fox Hills sandstone, and the Laramie formation.
Tertiary rocks in the area include the Chadron, Brule, and Ogal-
lala formations. Most of the major valleys contain Quaternary
deposits of alluvium, terrace deposits, and dune sand.

A generalized section of the geologic formations that are ex-
posed in the area is given on page 16. .A brief account of the geo-
logic history of the area and descriptions of the geologic forma-
tions and their water-bearing properties are given on the following
pages.
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GEOLOGIC HISTORY

The oldest formation exposed in the area is the Pierre shale of
Late Cretaceous age. Rocks of Paleozoic age and of Mesozoic
age that are older than the Pierre shale do not cropout in the por-
tion of the South Platte River valley included in this study, but
they are exposed along the east front of the Rocky Mountains about
50 miles west of the area. Statements concerning the possible
presence of these rocks beneath the area are based in part on ob-
servations made where the rocks crop out and in part upon data
from several deep oil tests that were drilled in and near the area.
The following discussion of Paleozoic and Mesozoic history is
adapted from a report by McLaughlin (1946, p. 21-24) of a nearby
area of similar lithology and is applicable to this report.

PALEOZOIC ERA

The Paleozoic history of the region began with the erosion of
the pre-Cambrian basement rocks that lie beneath the Paleozoic
sediments in this region. After the long period of erosion, thick
deposits of marine limestone and shale were laid down by shallow
seas that covered the area. The seas withdrew in later Paleozoic
time and a thick sequence of red beds was laid down in an arid
region, as is indicated by the deposits of evaporites such as an-
hydrite and gypsum.

MESOZOIC ERA

Arid conditions continued in this region during the first part of
the Mesozoic era, as indicated by the Triassic red beds exposed
alongthe easternborder of the Colorado Front Range.

During the Jurassic period the shale and sandstone of the Mor-
rison formation were laid down by streams. The continental ori-
gin of this formation is shown by the abundance of fossil remains
of dinosaurs and other land animals in these deposits in the Rocky
Mountain region.

The Cretaceous period began with erosion, which lasted until
near the endof Early Cretaceoustime. The sandstone in the lower
part of the Purgatoire formation was then deposited in this area
either by shallow seas or by streams (Twenhofel, 1924, p. 19).
A seathencovered the area and deposited the Kiowa shale member
of the Purgatoire formation. The overlying Dakota sandstone,
which marks the top of the Lower Cretaceous series and the bottom
of the Upper Cretaceous series, was laid down under conditions
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similar to those during early Purgatoire time; that is, the sea
retreated and continental deposits of sand and clay werelaid down.

During much of Late Cretaceous time there were widespread
invasions of the sea, which deposited several thousand feet of
marine shale, chalk, limestone, and sandstone that constitute the
the Graneros shale, Greenhorn limestone, Carlile shale, Niobrara
shale, Pierre shale, and Fox Hills sandstone. Near the close of
the Cretaceous period the area now occupied by the Rocky Moun-
tains began to rise, the sea withdrew, and the sandstone, shale,
and coal of the Laramie formation and lower part of the Dawson
arkose were deposited mainly by streams but probably in part
under nearshore conditions. The rise of the Rocky Mountains
created increased gradients in the streams, causing deposition of
beds of sandstone that now constitute the principal water-bearing
deposits in these formations.

CENOZOIC ERA

Early Tertiary time was a period of uplift and severe erosion
and during this time a great thickness of Cretaceous sediments,
including most of the Laramie and Fox Hills formations, was re-
moved from the area. This was followed by several periods of
deposition. From Oligocene through Pliocene time, considerable
clastic material, which was derived from the Rocky Mountains to
the west, was laid down by streams or in lakes. The White River
group, composed of the Chadron and Brule formations, consists
of thick clay and silt deposited in many shallow lakes and of chan-
nel sand deposited by streams of slight to moderate declivity.
Stream gradients gradually steepened until the end of Pliocene
time. The increase in grain size toward the top of the Ogallala
formation reflects this change in grade. The lenticular character
of the materials in the Ogallala formation indicates that they were
deposited by braided streams.

The multiple glaciations in the Rocky Mountains during the
Pleistocene epoch were reflected in the South Platte River valley
by successive stages of degradation and aggradation. During the
early part of this epoch, the South Platte River and its large trib-
utaries incised deep channels, which nearly conform to present
drainage patterns. However, these pre-Quaternary channels, for
the most part, are much straighter than the present stream chan-
nels, probably because the rapid downcutting of the streams pre-
vented lateral erosion. However, at the mouth of both Bijou and
Lodgepole Creeks, the river apparently has occupied several
channels. The approximate location, size, and areal extent of
these pre-Quaternary channels are shown on plate 1 by contour
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lines drawn on the pre-Quaternary surface. The locations of the
contours are based on depths to the pre-Quaternary formations
obtained from logs of test holes and wells (appendix B) and on in-
formation obtained from well owners (appendix C). Twenty-five
geologic cross sections were constructed to show the shape of
these channels. These cross sections and their location in the
project area are shown on plate 2.

The pre-Quaternary channels were filled to a depth of as much
as 500 feet. Later Pleistocene glaciations caused more cycles of
erosion and aggradation, which resulted in six terraces repre-
senting six levels to which the river was aggraded. Each of these
terrace levelshasbeen correlated with a substage of the Wisconsin
glaciation (Bryan and Ray, 1940, p. 48). At the present time, the
South Platte River is flowing nearly at grade—that is, erosion and
deposition are approximately equal; however, the tributaries are
not yet completely adjusted to the South Platte River and still are
actively eroding.

The large deposits of dune sand and loess within the area were
deposited mainly during late Pleistocene time, although in places
the dunes are actively migrating. These eolian deposits were de-
rived from the wide flood plains of the South Platte River and its
larger tributaries and from deflation of the Ogallala and Laramie
formations, the Fox Hills sandstone, and the Pierre shale. The
prevailing winds probably were from the northwest, as shown by
the alinement and topography of the dunes, and caused local south-
eastward migration of dune sandover terrace deposits.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES
CRETACEOUS SYSTEM

PIERRE SHALE

Character and thickness.—'The Pierre shale consists of bluish-black
marine shale and silt and interbedded tan to yellowish-brown sand
and sandy shale in the upper part,or transition zone. Many beds
of bentonite and large bluish-gray limestone concretions are
present throughout the formation. Some sandy beds in the tran-
sition zone are partially cemented by calcium carbonate. Weath-
ering and contact with the highly calcareous rocks that overlie the
Pierre shale in most of this area have altered the color of the up-
per part of the formation to yellowish brown (Rankin, 1930, p. 112).
Many test holes in the Pierre shale were drilled through several
feet of yellowish-brown shale before reaching bluish-black shale.
Most of the Pierre shale is of uniform lithology. In the vicinity
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of Fort Morgan, Colo., the upper 2,600 feet of the Pierre shale
consists of gray to bluish-black slightly silty and sandy clay shale
that contains thin lenses of sand. From 2, 600 to 4, 100 feet below
the top of the formation is the Hygiene sandstone member of the
Pierre shale which consists of white to light-gray or light-brown
angular to subangular slightly calcareous sand interbedded with
dark-gray sandy calcareous shale. Underlying the Hygiene sand-
stone member is an additional 980 feet of dark shale (Blair, 1951).

The thickness of the Pierre shale in the area ranges from an
estimated 6,500 feet near Hardin, Colo., to 2,500 feet near
Paxton, Nebr.

Distribution and surface form.— The Pierre shale underlies most of
eastern Colorado, northwestern Kansas, Nebraska, South Dakota,
and North Dakota, and parts of New Mexico, Wyoming, Montana,
and Minnesota. It underlies the entire area covered bythis re-
port but crops out only in Morgan County and in Logan County on
the north side of the South Platte River asfar eastasIllif. Because
it lacks resistant beds the Pierre shale erodes, for the mostpart,
into gentle slopes, which generally are overlain by thin deposits
of loess. Good exposures are found only where severe gullying
has taken place or in excavations.

Age and correlation.—The Pierre shale is of Late Cretaceous age
and rests conformably on the Niobrara formation. It grades up-
ward into the Fox Hills sandstone in western and northern Morgan
County.East of Morgan County, in eastern Colorado and Nebraska,
the Chadron formation, which is the lower unit of the White River
group of Tertiary age, rests uncomformably on the Pierre shale.
The contacts between the Pierre shale and those formations over-
lying it enclose an area that is approximately diamond shaped.
One apex lies near Masters, Colo., and the opposite apex lies
between Proctor and Iliff, Colo. The Fox Hills sandstone borders
the west half of the diamond and the Chadron formation borders
the east half.

Water supply.—The Pierre shale is usually considered to be a
poor source of water. In some areas, however, artesian water
may be obtained from lenses of sand within the shale. These len-
ses do not seem to follow any pattern as to either depth or areal
extent, although wells obtaining water from the Pierre shale are
most numerous in the vicinity of Sterling, Colo., where the water
is found at depths ranging from 250 to 350 feet. Wells obtaining
water from these lenses usually do not produce more than10 gpm
(gallons per minute) and larger quantities cannot be expected.
The artesian pressure in the wells near Sterling has steadily
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declined; here, as in other places (McLaughlin, 1946, p. 77), part
of the small amount of water in storage is discharged by pumping,
and is recharged only very slowly. Recharge by infiltration of
surface water is negligible, because pore spaces between the
grains of clay, silt, and very fine sand in the Pierre shale are
very minute.

Sand lenses deep in the Pierre shale, such as the Hygiene sand-
stone member, might yield small quantities of water, but the cost
of deep drilling and the likelihood that the water would be too
highly mineralized for domestic use eliminate these lower lenses
as a source of water at this time. No water wells are knownto
have been drilled into the sands.

Water in quantities sufficient for irrigation, public-supply, or
industrial use is not available from the Pierre shale. Except for
the localized sand lenses and the deep-lying Hygiene sandstone
member, the Pierre shale is relatively impermeable and little or
water can be obtained from it. Many stock wells are drilled into
the Pierre shale where it is overlain by permeable dune sand.
The water from the overlying deposits is too small in quantity to
be pumped from the sand, but it flows into the hole drilled in the
shale, which serves as a reservoir. This water then is pumped
from the reservoir when needed.

Because the Pierre shale is so thick throughout the area, dril-
ling to aquifers below it is not considered practicable. Moreover,
oil-well tests indicate that water in the formations beneath the
Pierre shale is saline and therefore not suitable for general use.

FOX HILLS SANDSTONE

Character and thickness.—The Fox Hills sandstone consists predomi-
nantly of medium-grained buff to yellowish-brown poorly consol-
idated calcareous sandstone interbedded with dark-gray to black
gritty shale and some massive white sandstone. Lovering and
others (1932, p. 702-703) state—

The base of the Fox Hills shall be consideted as the horizon below which the section
is predominantly gray marine shales and sandy shales of Pierre age, and above which the
section changes rapidly to a buff to brown sandstone containing numerous large gray to
brown hard, sandy concretions, This lower concretionary member is commonly overlain
by a series of light gray to brown sandstones and sandy shales.

The lower part of the formation is well exposed in gec. 3,
T. 5 N., R. 60 W., where it consists of sandy shale interbedded
with sandstone. The upper boundary of the Fox Hills sandstone is
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distinguished by a large number of poorly consolidated calcareous
sandstone beds. Lovering and others (1932) state—

The top of the Fox Hills formation shall be considered as the horizon above which the
section is composed predominantly of fresh and brackish water deposits accompanied by
coals and lignitic shales, and below which it is predominantly marine.

The formation ranges in thickness from a featheredge to nearly
200 feet in the area covered by this investigation.

Distribution and surface form.— The Fox Hills sandstone underlies parts
of Wyoming, Colorado, Nebraska, and South Dakota. Within the
area described by this report, it underlies parts of Weld and
Morgan Counties, Colo. It crops out in Weld County on both sides
of the South Platte Valley and is well exposed north of the South
Platte River in Morgan County. The formation dips westward at
the rate of about 6 feet to the mile and then rises abruptly and
crops out in the foothills east of the Front Range. Its extent east-
ward is shown by the line of contact of the Fox Hills sandstone and
Pierre formation on plate 1.

In most exposures, the formation is eroded into gently rounded
slopes characterized by isolated mounds capped by resistant con-
cretions. In northwestern Morgan County the more resistant beds
form a protective capping on a line of promontories, a striking
topographic feature in this part of the area. On the south side of
the river in Morgan and Weld Counties the Fox Hills sandstone is
mantled by deposits of Pleistocene gravel and eolian material; its
areal extent in this area was determined by test drilling.

Age and correlation.—The Fox Hills sandstone of Late Cretaceous age
conformably overlies the Pierre shale and is conformable with
the overlying Laramie formation. Both upper and lower bound-
aries are indefinite. In northeastern Morgan County the Chadron
formation unconformably overlies the Fox Hills sandstone in small
areas where the Laramie formation is absent.

The Fox Hills sandstone in northwestern Morgan County has
been correlated (Mather, Gilluly, and Lusk, 1928, p. 93-99) with
outcrops of the Fox Hills sandstone in the foothills along the Front
Range; fossils have been found in the latter locality.

Water supply.-~1he. Fox Hills sandstone yields small quantities of
water to stock and domestic wells and to springs. Noknown efforts
have been made to obtain large quantities of water from the forma-
tion in this area; however, at Denver, Colo., and in the vicinity of
Deer Trail, Colo., wells in the Fox Hills sandstone are reported
to produce as muchas several hundred gallons per minute.
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Water enters the Fox Hills sandstone largely in the region of the
foothills east of the Front Range. Eastward from the foothills,
the water is confined between the relatively impermeable Pierre .
shale and Laramie formation. In the parts of this area that are
underlain by the Fox Hills sandstone, the water is under hydro-
static head and rises above the level at which it is first reached
in wells. Well B2-62-6ca, in Weld County, flows 1.3 gpm from
the Fox Hills sandstone. This well has flowed continuously for
30 years. It is probable that other flowing wells could be devel-
oped in the Fox Hills sandstone on low ground.

Within the outcrop area (pl. 1, sheets 1 and 2), water may be
obtained at relatively shallow depths. Westward, the depth of
wells in the Fox Hills sandstone increases sharply with the pro-
gressive thickening of the overlying L.aramie formation.

LARAMIE FORMATION

Character and thickness.~—— The Laramie formation consists of gray to
yellowish-brown sand, dark clay and shale, and coal, interstrat-
ified with irregularly bedded gray to cream or buff sandstone.
Concretions composed of limonitic and calcareous materials also
are present. The clay generally is poorly bedded, is gray to
bluish gray, and contains carbonaceous material, especially in
the lower part of the formation. The shale is thinly laminated, is
usually gray to bluish gray, and in places is highly carbonaceous.
The beds of coal and sandstone are most abundant in the lower
part of the formation. The coal is lignitic, usually in beds 1 to
2 feet thick. The interbedded sand and sandstone range from par-
tially indurated material to quartzitic sandstone. The lower part
of the formation was deposited inshallow brackish water; the upper
part is largely terrestrial. Thin beds in the lower part of the
formation contain mollusca.

The thickness of the Laramie formation ranges from a feather-
edge to nearly 200 feet within the area described by this report
but probably reaches 1, 000 feet west of this area.

Distribution and surface form.— The Laramie formation underlies most
of northeastern Colorado east of the Front Range; its area of dis-
tribution is similar to that of the Fox Hills sandstone although it
is slightly smaller. Like the Fox Hills sandstone, the Laramie
formation crops out at the foothills near the Front Range, where
its dip is toward the east. Eastward from the mountains, its dip
is reversed, and at the west edge of the mapped area, its dip is
about 6 feet to the mile toward the west.
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The Laramie formation is poorly exposed in the area covered
by this report. Thin remnants occur in northern Morgan County
and north of Riverside Reservoir in Weld County. The formation
underlies the divide between Bijou and Kiowa Creeks near the
south edge of the area and forms the divide between Kiowa and
Lost Creeks. Italso underlies most of the Prospect Valley area
and most of the areas westof R. 62 W. that was included in this in-
vestigation. in the divide areas, as well as in the Prospect Valley
area, the formation is covered with eoliandeposits and thick gravel
deposits. The only known exposure of the Laramie formation south
of the South Platte Riveris inthe northwestcorner of sec. 9, T. 1 N.,
R. 60 W. The exposure, dark-gray shale interbedded with beds of
carbonaceous material, represents the lower part of the Laramie
formation; in the creek bottom poorly cemented light-gray sand-
stone below the shale probably is the Fox Hills sandstone.

The Laramie formation consists predominantly of nonresistant
rocks that weather to smooth, rounded slopes which have a mod-
erately good soil cover. Eolian deposits mantling this surface
have modified the slight initial relief.

Age and correlation.— The Laramie formation of Late Cretaceous age
conformably overlies the Fox Hills sandstone and, in the area de-
scribed by this report, is overlain unconformably by Pleistocene
and Recent sediments. The formation has been traced directly to
the Front Range; fossils collected from that area and from north-
ern Morgan County have been described (Mather, Gilluly, and
Lusk, 1928, p. 100). The term Laramie formation is assigned
by the U. S. Geological Survey only to beds of Laramie age in the
Denver basin region, although beds of equivalent age are distrib-
uted widely in the Rocky Mountain and Great Plains regions.

Water supply.— Because the Laramie formation is overlain by sat-
urated eolian or alluvial material, it generally is not necessary to
drill into it to obtain water. As only two wells in this area derive
water from it, little is known about the depth to or the quality and
quantity of the water in this aquifer. The Laramie formation dips
about as much and in about the same direction as the Fox Hills
sandstone—that is, in the foothills east of the Front Range the
Laramie formation dips steeply eastward, then reverses and rises
gently toward the east. The water-bearing beds in the Laramie
formation contain water under artesian pressure where they are
overlain and underlain by impermeable beds. However, the water
was not under sufficient hydrostatic pressure to flow at the sur-
face in any wells in the area covered by this investigation. Ac-
cording to McLaughlin (1946, p. 81), most of the water-bearing
beds are in the lower part of the formation.
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TERTIARY SYSTEM

OLIGOCENE SERIES — WHITE RIVER GROUP

The White River group of Oligocene age consists of two forma-
tions—the Chadron and the Brule. Because of similarity in lith-
ology and because of poor exposures, the two formations have not
been differentiated on the geologic map (pl. 1). The Brule and
Chadron formations were identified in most of the test holes that
were drilled into the White River group. Much of the discussion
that follows is based on the logs of these test holes.

The White River group (White River formation where the Chadron
and Brule cannot be distinguished) underlies parts of Nebraska,
South Dakota, North Dakota, Montana, Wyoming, and Colorado.
Because the eastward dip of the White River group is greater than
the gradient of the South Platte River, the area enclosed by the
contact between the White River group and the underlying Pierre
shale and between the White River group and the overlying Ogallala
formation is roughly V-shaped with the apex downstream. South
of the river, these contacts are mantled by dune-sand deposits,
but north of the river they are well exposed locally.

CHADRON FORMATION

The Chadron formation consists predominantly of pink and blue
blocky clay, which, near the upper boundary of the formation,
grades upward into light greenish-gray and light-gray clay with in-
creasing quantities of silt. Near the contact with the underlying
Pierre shale in sec. 36, T. 8 N., R. 55 W., the Chadron forma-
tion consists of white to light-gray silty clay that is overlain by
medium-grained to very coarse grained siliceous sandstone. In
other places, the pink and blue clay lies directly on the Pierre
shale. A mechanical analysis bf a clay sample from the Chadron
formation showed that it is a well-sorted deposit containing less
than 20 percent by weight of silt and coarser particles, and a mi-
croscopic examination revealed that it consisted almost wholly of
decomposed volcanic ash (Wenzel, Cady, and Waite, 1946, p. 61).
The Chadron formation contains many channel deposits of sand and
gravel, which are present at all horizons within the formation but
are more abundant near its upper and lower boundaries. They
range widely in lithology but consist chiefly of coarse to very
coarse sand and very fine to medium gravel. They generally are
well indurated with a siliceous cement.

The top of the Pierre shale on which the Chadron formation
rests and the top of the Chadron formation are both erosional
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surfaces; as a result, there is wide range in the thickness of the
formation. It is 102 feet thick north of Proctor where test holes
for the U. S. Geological Survey were drilled through it, but else-
where it probably is much thicker. The channel deposits of sand
and gravel generally are about 20 feet thick; one such deposit is
known to be about 60 feet thick.

The Chadron underlies the flood plain of the South Platte River
from near Proctor, Colo., eastward to Sedgwick, Colo. Exposures
are abundant north of the river from Sterling, Colo., east to
Proctor, Colo. Channel deposits of the Chadron formation form
resigtant mounds that stand above dune-sand deposits and crop out
south of the river near Proctor.

The clay in the Chadronformation weathers to smoothly rounded
slopes covered with a moderately thick soil. The channel sands
are very resistant to erosion and form prominent ledges above
Pawnee Creek in sec. 30, T. 8 N., R. 54 W., and secs. 25 and
36, T. 8 N., R. 55 W. They are prominent as isolated mounds
in many other places.

The Chadron formation is the lower unit of the White River
group and is the oldest Tertiary formation that is exposed in the
area. Fragments of a titanothere skeleton were collected from
the channel sands in sec. 11, T. 9 N., R. 53 W., and were con-
sidered by C. Lewis Gazin to be of Chadron age. The Chadron
formation was tentatively identified in Keith County, Nebr., by
Wenzel and Waite (1941, p. 33-34) and was correlated with expo-
sures in Colorado.

The Chadron formation rests unconformably on the Pierre shale
within the area covered by this investigation and lithologically
grades upward into the Brule formation, which is conformable.
with it.

The Chadron formation, so far as is known, yields no water to
wells within the area described by this report. The clay is rela-
tively impermeable and water probably could not be obtained from
it; however, the channel deposits probably would yield small quan-
tities of water to wells. Meinzer (1919, p. 63) reported that an
artesian flow of 1 gpm was obtained by the city of Julesburg from
a 4-inch sandstone layer that is thought to be a part of the Chadron
formation. The location and extent of the channel deposits could
be determined only by test drilling.
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BRULE FORMATION

The Brule formation is predominantly silt but contains small
quantities of clay and fine sand. The results of a mechanical
analysis (Wenzel, Cady, and Waite, 1946, p. 67) of a sample of
the formation collected from an exposure near Scotts Bluff Monu-
ment in Nebraska are given below,

Grain size (diameter in millimeters) Percent by weight
Greater than 0,125 (coarser than very fine sand) 7.4
0,125 to 0.062 (ver< fine sand) 19,2
0.062 to 0,005 (silt 69.4
Less than 0,005 (clay). 39

Samples from test holes drilled in the Brule formation in the
South Platte River valley were of similar composition. The for-
mation predominantly is reddish buff to tan, but in some localities
the color ranges through shades of pink and red. The weathered
surface generally is a very light tan but is slightly reddish where
the underlying fresh surface is red to pink. Near the base, the
formation contains beds of pale-green silt and locally prominent
channel deposits. The latter contain sand and gravel as well as
calcareous silt and clay balls derived by weathering of other parts
of the formation.

The thickness of the Brule formation ranges from a featheredge
to more than 500 feet. Channel deposits within the Brule forma-
tion are as much as 70 feet thick.

In the South Platte River valley the Brule formation crops out
in Logan and Sedgwick Counties, Colo., and underlies parts of
Sedgwick County, Colo., and Keith and Deuel Counties, Nebr.
West of Sedgwick, Colo., the Brule formation has been removed
from the South Platte River bottom by erosion. North of the South
Platte River, the Brule formation is exposed in T. 11 N., Rs. 53
and 54 W., as a series of bluffs that rise about 200 feet above the
plains.

The Brule formation is of middle to late Oligocene age. Darton
(1905) correlated the Brule formation in northeastern Colorado
with exposures in Wyoming and South Dakota. Wenzel and Waite
(1941, p. 32-33) described exposures of the formation in Keith
County, Nebr. In the area covered by this investigation, the Brule
formation is underlain by the Chadron formation and is conform-
able with it. The Ogallala formation of Pliocene age lies uncon-
formably on the Brule formation,
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