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FOREWORD

Modern studies of the underground and surface water re
sources of Iowa have been carried on in recent years by a
cooperative effort of the U.S. Geological Survey and the Iowa
Geological Survey with the aid and encouragement of other State
and Federal departments, institutions, groups, and individuals.
Some of the collected data are published in nation-wide Federal
reports. It is felt, however, that material pertaining particularly
to Iowa assembled in State bulletins would render the data more

readily available and useful to interested persons in this State.
This report, Bulletin No. 4, Geology and Ground Water Re

sources of Webster County, is the first study of ground water
to appear in the water resources bulletin series. One reason that
Webster County was selected for study is that almost all munic
ipalities, industries, and individuals within the county rely on
the underground sources for their water supply. Inasmuch as
ground water occurs in rocks and its quality and availability are
largely controlled by rocks, the report contains a comprehensive
treatment of the geology of the county in order that the ground
water resources may be better understood and utilized. Thus,
the report should be useful not only to the users or potential
users of ground water but to others who require basic geologic
data.

Similar reports on other counties in the State are in preparation
and will be published upon completion.

H. Garland Hershey

State Geologist
Iowa City, Iowa
September 1, 1955
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GEOLOGY AND GROUND-WATER RESOURCES
OF WEBSTER COUNTY, IOWA

by

William E. Hale

ABSTRACT

Webster County, comprising an area of 718 square miles just
northwest of the center of Iowa, had a population of 44,241 in
1950, with 25,115 in Fort Dodge, the principal city. Some 94.4
percent of the county is in farm land; corn is the principal crop
and is used in the raising of hogs and cattle, an important oc
cupation in this part of the country. Mineral products include
gypsum, clay, coal, sand, gravel and limestone.

The mean annual precipitation at Fort Dodge is 31.21 inches,
of which more than 3 inches normally occurs during each of the
months May, June, July, August, and September. The average
number of growing days is 150. The warmest month generally
is July; during December, January, and February the average
temperature normally is below freezing.

The upland area, comprising over 80 percent of the county,
is mostly a gently undulating, slightly eroded glacial-drift plain.
Morainal hills of low relief occur in the extreme southern and
northern parts of the county. The Des Moines River flows
through the county from north to south and, together with its
tributaries, drains the entire county except the southwestern
part, which is tributary to the Raccoon River. The Des Moines
River has cut a deep, narrow valley about 90 feet below the upland
in the northern part of the county and about 220 feet below the
upland in the southern part. The tributary streams commonly
have shallow valleys more than a few miles back from the Des
Moines River.

Glacial deposits of Pleistocene age, ranging in thickness from
50 feet in the north to 175 feet in the south, mantle the indurated
rocks over all the upland area, but indurated rocks ranging in
age from Mississippian to Cretaceous are exposed in places along
the valleys of the Des Moines River and its tributaries.

Rock cuttings obtained from many wells in Webster and
surrounding counties give control on the subsurface geology.
Red serpentinized basalt, presumably of pre-Cambrian age, was
encountered in a well at a depth of 2,290 feet, or 1,310 feet below



2 GEOLOGY AND GROUND-WATER RESOURCES

sea level, at Fort Dodge. The stratigraphic sequence includes
rocks of late Cambrian, Ordovician, Devonian, Mississippian,
Pennsylvanian, Permian, and Cretaceous age. Rocks of Silurian,
Triassic, and Jurassic age are not known to occur in the county.

In the northwestern part of the county, a thick section of shale
and sandstone of Cretaceous age has been downfaulted in respect
to adjacent limestone and sandstones of Paleozoic age. These
strata rest on strata of undetermined age and appear to sur
round a core of igneous rock. Only the easternmost part of the
structural basin lies in Webster County, the remainder being in
Calhoun, Pocahontas, and Humboldt Counties. The abrupt
lateral change in lithology, the contorted and brecciated condition
of the strata, the circular outline, and the igneous core suggest
a volcanic structure. Faulting has occurred also in the vicinity
of Fort Dodge and has created a graben, about one-third of a mile
wide at Fort Dodge, which trends in a direction somewhat north
of east.

Many shallow wells obtain small quantities of hard water
containing considerable iron from sands and gravels in the
Pleistocene drift sheets. Two large sand-and-gravel-filled buried
channels occur near Duncombe and Gowrie and give promise
of yielding much water.

Cretaceous strata generally yield little water to wells in Web
ster County, even where thick because of downfaulting along
the western margin of the county. The Fort Dodge formation
of Permian age likewise contains little water, and the shales in
the formation probably prevent recharge to underlying lime
stones from waterbearing beds in the drift.

Sandstones of Pennsylvanian age generally yield little water
to wells, but where they occur as channel fills, particularly in the
central part of the county, they yield moderate supplies.

Mississippian rocks form aquifers which supply many farm
wells, particularly in the northern part of the county, and yield
small to moderate supplies of hard water which may have an
objectionably high fluoride content. Devonian strata yield little
water to wells in Webster County, and unusually hard water
can be expected because of the gypsum content in the Cedar
Valley and Wapsipinicon limestones.

The St. Peter sandstone and the upper part of Prairie du Chien
formation, both of Ordovician age, are relatively good aquifers,
and yields of 50 to 200 gallons a minute with moderate draw
downs can be expected from them.
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The most consistently high yielding zone of aquifers is formed
by the lower part of the Prairie du Chien, the Jordan sandstone,
and the St. Lawrence formation. The transmissibility of these
beds is between 50,000 and 110,000 gallons a day per foot at Fort
Dodge. The water from these aquifers is hard and in places con
tains objectionable concentrations of iron. The strata below the
St. Lawrence formation are not promising as a source of water
in Webster County, and the available water is likely to have a
high chloride content.

The towns having municipal water-supply systems are Badger,
Callendar, Dayton, Duncombe, Gowrie, Harcourt, Lehigh, and
Fort Dodge. Yields from wells at Fort Dodge are abnormally
high, probably because of the fractured condition of the strata;
four wells finish in the Mississippian rocks, one in the Devonian
rocks, and one in the Jordan sandstone. Water levels in the well
field have declined from a reported elevation of 62 feet above
land surface in 1911 to approximately the land surface in 1951.
The pumpage from the field had increased to about 3.6 million
by 1950. Water levels may be expected to decline between 1 and 2
feet a year if pumpage continues to increase at the same rate
as during the past 15 years; but if pumpage is stabilized at 3.6
million gallons a day, the water levels may decline no more than
10 feet within the next 30 years. These postulated declines in
water level will be accelerated by drilling any additional private
wells that will draw water from the same water-bearing beds.
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INTRODUCTION

Purpose and Scope of the Investigation

In order to utilize the ground-water resources of the State of
Iowa to greatest advantage and to meet the increased demand
for municipal, domestic, stock, and industrial supplies, the collec
tion of detailed data on the occurrence and movement of ground
water is necessary. Such studies have been carried on for years
by the Iowa Geological Survey, and since 1938 its program of
investigation of the ground-water resources has been in coopera
tion with the United States Geological Survey. As 90 percent
of the population of Iowa depends on ground water for its
supply, it is desirable to make the collected information available
to the public. Reports presenting data on the geology and ground
water conditions within individual counties are therefore pre
pared. Based on intensive work begun in Cerro Gordo County
in 1939 a detailed geologic and ground-water report is being pre
pared by H. G. Hershey, T. W. Robinson, and R. M. Jeffords.
The detailed study of ground water in Webster County, to
determine the recharge, movement, discharge, and quality of
water available, began in August 1942 and continued inter
mittently through 1951. The work was started under the
general administration of the late 0. E. Meinzer, Geologist in
charge of the Ground Water Branch of the United States
Geological Survey, and was continued under the present Chief
of the Branch, A. N. Sayre, and was under the direct supervision
of H. Garland Hershey, Director of the Iowa Geological Survey
and State Geologist.

In Webster County all the municipal water supplies are de
veloped from wells, and most of the water for farm and industrial
use is obtained from ground-water sources. Inasmuch as some
rocks comprise the water-bearing beds and others form barriers
to the replenishment of aquifers and restrict the movement of
water, the occurrence of ground water is related directly to
the geology. As th'e construction of wells is facilitated if the
sequence of rocks at the well site is known in detail, this report
gives information on the character, thickness, and extent of the
several rock units in the county.

Location and Extent of the Area

Webster County is about 45 miles northwest of the center of
the State (fig. 1). It extends from the south line of T. 86 N. to
the north line of T. 90 N. and from the east line of R. 27 W. to
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Figure 1.—Index map of Iowa showing Webster County and areas for
which cooperative ground-water reports are in preparation. General in
formation on ground-water conditions in each county,of Iowa is given by
Norton and others (1912). A continuing statewide program for the
collection of data on the geology and ground-water conditions also provides

basic information for most localities throughout Iowa.

the west line of R. 30 W., and includes an area of 718 square
miles. The rectangular outline of the county is broken by the
offsetting of the two northern tiers of townships about 2 miles
to the west of the southern tiers of townships.

Previous Investigations

The exposures of indurated rocks along the Des Moines River
in Webster County were studied during some of the earliest
geologic work in the State, when river transportation was one
of the easiest means of travel. Studies of the gypsum included
those of Owen (1852, p. 125-128), Hall (1858, p. 142), White
(1868, p. 185-141), McGee (1884, p. 258), Keyes (1894, p. 197-
211; 1895, p. 259-304), Wilder (1923, p. 47-535), and Lees (1924,
p. 113-120). Studies of the coal were made by Worthen (1858, p.
173-180), Hall (1858, p. 142), White (1870, p. 254-257, 293-303),
and Keyes (1894, p. 197-211). Reports on the general geology
and stratigraphy of Webster County were prepared by Wilder
(1902, p. 185,186), Lees and Thomas (1919, p. 599-616), and Van
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•Tuyl (1925, p. 282-284, 301-303). Reports presenting infor
mation on ground water in Webster County were written by
Wilder (1902, p. 185,186), Norton (1912, p. 188, 914-922; 1928,
p. 80-90, 193-204, 206-210, 362; 1935, p. 321, 322), and Lees
(1935, p. 372-375, 391-396). Analyses showing the mineral
character of some ground waters in Webster County, with ac
companying well descriptions, are given in a report by the
State Planning Board (1938, p. 118).

Fluctuations of water level in observation wells in the county,
together with data from other areas, are listed in Water-Supply
Papers of the U. S. Geological Survey (1944-51, Iowa section).

Methods of Investigation

The field work for this report consisted of several parts.
Data on well construction, geologic formations penetrated, and
production and use of water were collected for about 350 wells,
most of which obtain water from relatively shallow uncon
solidated water-bearing beds. Water samples were collected
from 40 representative wells in the county, and chemical analyses
were made by the Iowa Geological Survey in the water laboratory
of the State Hygienic Laboratory at Iowa City.

Measurements were made of the temperature of the water,
depth to water level, depth of well, yield, and drawdown for
many of the wells. More extensive tests were made to determine
interference effects between the wells in the Fort Dodge city well
field. Water levels were measured in a selected group of wells
at 3-month intervals beginning in 1942, and an automatic re
corder was installed in a shallow well near Harcourt to obtain
detailed information on the fluctuations of water level. The ele
vations of many of the wells were determined, largely by
differential barometric leveling, so as to determine the configura
tion of the surface of several geologic units.

Topographic maps published by the U. S. Geological Survey
aided in establishing horizontal and vertical control; the Lehigh
and Fort Dodge quadrangles cover approximately the eastern
two-thirds of the county. The general highway and transporta
tion map of Webster County of the Iowa State Highway Com
mission was modified to produce base maps for the investigation.

The consolidated rocks, where exposed by stream erosion of
glacial materials, were studied principally during October and
November 1949 and at infrequent intervals during 1950 and
1951. The geology of the consolidated rocks in most of Webster
County, however, had to be worked out from the study of drill
































































































































































































































































































































































































































































































































