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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 munie-
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, 1956
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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 8 inches normally occurs during each of the
months May, June, July, August, and September, The average
number of growing days is 160. 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
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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 hme-
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. Theke 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 the 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 Coimty 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 1l.—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. 2568), Keyes (1894, p. 197-
211; 1895, p. 259-304), Wilder (1923, p. 47-585), and Lees (1924,
p. 118-120). Studies of the coal were made by Worthen (1858, p.
178-180), Hall (1858, p. 142), White (1870, p. 2564-257, 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. 699-616), and Van



6 GEOLOGY AND GROUND-WATER RESOURCES

‘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. 872-375, 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 (1988, 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 8-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
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cuttings and drillers’ logs. All well cuttings obtainable in Iowa
are examined and plotted graphically to scale in the office as a
routine phase of the statewide subsurface geologic studies.
Wells have been assigned numbers based on the public-land-
survey divisions so that in referring to a well it generally is
unnecessary to give a description of its location. The number
is in three units separated by hyphens. The first unit represents
the township number; the second unit represents the range
number; the third unit represents the section and the location
of the well in a 40-acre tract within the section. The subdivision
of the section is represented by letters to indicate the 40-acre
tract in which the well is located, as shown in figure 2, If there
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178 o iz}
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Figure 2.—~Map of Webster County illustrating the well-numbering system
used in this report. The inset shows the method used in subdividing the
section into quarter-quarter sections for indicating location of wells.
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is more than one well in a 40-acre tract, a number is added after
the letter symbol. For example, well 90-29-28R2 represents the
second well located in the SE14,SE1/ sec. 23, T. 90 N., R. 29 W.
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port. They have examined and correlated many sets of drill
cuttings and have made subsurface studies that permit increas-
ingly reliable correlation of the well records. Assistance was
given by them also in measuring water levels and pump yields,
collecting water samples, and interpreting certain phases of the
geology.

Figures and plates were prepared by or under the supervision
of George J. Degenfelder of the Iowa Geological Survey.

The theory expressed as to the origin of the structural features
of the Manson area was developed by C. R. Murray of the U. S.
Geological Survey and the description of it in this report is based
on discussions with him.



OF WEBSTER COUNTY, IOWA 9

GEOGRAPHY
History

The history of Webster County is reviewed comprehensively
by Pratt (1913) and only a brief summary is included here.
Prior to 1850 there were only a few widely scattered farms in
this part of Iowa. The few settlers, fearing trouble with the
Indians, requested protection of the United States Army. As a
result, a military post, named Fort Clarke, was established in
1850 on high ground east of the Des Moines River and south
of Soldier Creek. The name of the post was changed to Fort
Dodge in the following year. The Fort was abandoned in 1858,
but it formed the nucleus for the city of Fort Dodge.

By 1852 the population of the area was reported to be 243,
and need was increasing for local governmental organization.
The General Assembly of Iowa provided for the organization of
Webster County on January 22, 1853, and the first official action
by the county was taken in May 1858. A dispute arose over the
selection of a county seat, but Fort Dodge was selected in 1856.
A year later the county was reduced to its present size when
the eastern townships were separated from it to form Hamilton
County.

Topography and Drainage

Webster County is in the western lake section of the Central
Lowland physiographic province of the Interior Plains division
(Fenneman, 1928), which is composed of young glacial plains,
moraines, lakes, and lacustrine plains, Most of the county ex-
hibits the constructional topography developed by the deposits
left by the last ice sheet that invaded the area. The land surface
is very gently undulating over large areas (pl. 5A) ; the greatest
relief occurs in the vicinity of the Des Moines River and the
mouths of tributary streams.

A slightly eroded upland area includes at least 80 percent of
the area of the county and, in general, ranges between 1,100 and
1,200 feet in altitude. The land surface is somewhat higher in

: the wesatern, northern, and extreme southern parts of the county
than in the central and eastern parts. Small morainal hills of low
relief (pl. 5C) extend across the county along the southern
border and through the northern two-thirds of the county. The
hills in the latter area, somewhat higher than the hills to the south,
increase in relief toward the north. Numerous shallow depres-
sions which formerly contained water or mud flats which greatly
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PLATE 5.—VIEWS OF UPLAND TOPOGRAPHY IN WeBsTER CoUNTY. A, VERY

GENTLY UNDULATING SURFACE OF THE MANKATO DRIFT IN SEC. 1, T. 87 N.,

R. 20 W.; B, POND IN DEPRESSION ON THE MANKATO DRIFT '-.mu-m,r-: IN THE

SEY su' 5, T. 90 N., R. 80 W.; C MURJ\INAL HILLS IN SEC. 26, T. 90 N,,
aw

restricted farming and hampered travel occur on the upland
area. Drainage works were well established by 1912 (Pratt,

1913, p. 253, 254), and only a few swampy areas now remain
(pl. 5B).
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The Des Moines River, which is the principal stream, has
cut a deep, narrow valley from where it enters the county near
the center of the northern boundary to where it leaves the
county near the eastern end of the southern boundary. The valley
is generally less than three-fourths of a mile in width, but
locally, as near the junction with the Boone River in the southern
part of the county and also about 2 miles north of Fort Dodge,
it is more than a mile wide. In places, consolidated rocks form
cliffs 50 feet high, and the relief between the river and the up-
land area is about 90 feet in the northern part of the county
and about 220 feet in the southern part (pl. 6A). The sand-
stone bluffs extending about 8 miles along the river north of Le-
high, and now partly included in Dolliver State Park, were
noted especially by several geologists; Lees (1916, p. 516) states:

“Below Kalo massive, yellow, cross-bedded sandstone forms
the walls as far as Lehigh, though covered along much of this
distance with a veneer of drift. The bare rocky walls of the
master gorge, presenting occasional vertical cliffs forty to fifty
feet in height, are exceedingly picturesque and make delightfully
attractive spots when framed in the verdant mantle which
clothes much of the floor and slopes of the valley. With the
increasing depth of the gorge the picture becomes more charm-
ing and where, as at Lehigh, the bluff rises at one sweep 190 feet
from the water's edge to the upland levels it is one which will
be excelled with difficulty in the landscape of central Iowa.”

Terraces, representing remmnants of the flood plain of the
Des Moines River when it flowed at higher levels, occur along

PLATE 6.—VIEW oF THE DES MOINES RIVER VALLEY IN THE SOUTHWESTERN
PART OF THE COUNTY LOOKING NORTHEAST FROM THE NW1 sgc. 21,
T.86 N,,R. 27T W.
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the sides of the valley, and a relatively large one, approximately
50 feet above river level, is preserved along the right bank about
2 miles south of the Humboldt County line. Additional terraces
‘were noted in secs. 14, 28, and 26, T. 88 N., R. 28 W., and along
the right valley wall near the junction with Boone River.

The largest tributary of the Des Moines River in the county
~is Lizard Creek, which has a general southeasterly trend and
after making a series of right-angle turns flows eastward into
the river at Fort Dodge. South Lizard Creek trends roughly
parallel to Lizard Creek but swings northeastward to join Lizard
Creek before the latter joins the River. Both creeks have cut
deep, narrow valleys over much of their course in the county, but
in the exteme western part South Lizard Creek meanders on the
surface of the drift plain. Extensive high-level terraces about
1,100 feet above sea level and about 25 feet below the upland
level just west of Fort Dodge are preserved along much of Lizard
Creek and along the lower part of South Lizard Creek (pl. 9A).

Other tributaries to the Des Moines River are Bass, Deer, and
Badger Creeks in the northern part of the county; Soldier,
Gypsum, and Holiday Creeks in the central part; and Prairie,
Crooked, Brushy, and Skillet Creeks in the southern part. These
smaller streams are deeply incised near their mouths, but within
5 to 10 miles from the Des Moines River they become sluggish
streams, which, for the most part, have been straightened and
deepened artificially to carry off water from tile drains on the
adjacent farm lands and to minimize flood damage. The Boone
River joins the Des Moines River near the southern end of the
eastern boundary of the county, but its valley does not comprise
an appreciable area in Webster County. ‘

The Des Moines River and its immediate tributaries drain
the entire area except the southwestern part, which is drained
by the southward-flowing West and East Buttrick Creeks, trib-
utaries of the Raccoon River. These streams have developed only
very shallow valleys in the drift.

The discharge of the Des Moines River was measured at
Kalo, about 7 miles downstream from Fort Dodge, from October
1913 to September 1929. The mean daily discharge at the gaging
station at Kalo (Crawford, 1942, p. 70) is given in table 1.

Records of the flow of the Des Moines River and its tributaries
are given by the Iowa State Planning Board (1935), Crawford
(1942 and 1944), and the U. S. Geological Survey (1952). These
records include discharge measurements on the East Des Moines
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TABLE 1. MEAN DISCHARGE, IN CUBIC FEET PER SECOND (cfs),
OF DES MOINES RIVER AT KALO

A discharge of 1 cfs is equivalent to 448.8 gallons per minute (gpm).

Calendar year Discharge (cfs) Calendar year Discharge (cfs)
1914 988 1821 1,200
1915 1,870 1022 796
1916 1,880 1923 465
1917 1,860 1024 764
1918 1,200 1028 459
1919 2,220 1926 854
1920 2,100

River near Hardy, the West Des Moines River at Humboldt,
both in Humboldt County, the Des Moines River near Boone in
Boone County, the Boone River at Webster City in Hamilton
County, and Lizard Creek near Clare in Webster County. A
recording gage was installed at the gaging station at Fort
Dodge below the mouth of Lizard Creek in December 1949.

Climate

The following brief summary of climatic conditions in Web-
ster County is based on data published by the Weather Bureau,
U. S. Department of Commerce. The climate is subhumid, the
average annual precipitation at Fort Dodge being 31.13 inches
(fig. 3), which is 0.34 inch below the average for the State. The
greatest precipitation falls during the months of May through

September (fig. 4) averaging about 4 inches in each of these 5
months.

There is a large annual range in temperature (fig. 4), the
hottest days occurring in July (monthly average 74° F.) and the
coldest during December, January, and February, when the
average monthly temperatures are below freezing.

The length of the growing season (fig. 4) averages about 150
days; the last killing frost in the spring occurs in April or May
and the first in September or October.

Natural Resources and Related Industries
The principal natural resources of Webster County are surface
and ground water, soil, gypsum, shale, coal, sand and gravel,
and limestone. Surface water and ground water are generally
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Figure 3.—Graphs showing SA) annual precipitation and (B) cumulative
departure from mean annual precipitation at Fort Dodge, Iowa. (Basic
data from records of the U. S, Weather Bureau.)

so abundantly available, at relatively little cost, that their value
as a resource is often underestimated. Surface water has been
discussed briefly under the heading of drainage, and ground
water will be discussed at length in other parts of the report.

The soils of the county are very fertile and together with
proper drainage and the favorable climate make the county a
part of one of the most productive farming areas in the United
States. For a comprehensive discussion of the soils the county
the reader is referred to Stevenson (1918). The products re-
lating to the soil are discussed under the heading of agriculture.

The production and processing of gypsum in Iowa is con-
fined now to a small area southeast of Fort Dodge (pl. 7). The
gypsum occurs primarily as a single bed, which has a maximum
thickness of 30 feet and crops out along the walls of the Des
Moines Valley and a few of its tributary valleys in and south of
Fort Dodge. Under the upland area the gypsum is overlain by 50
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to 70 feet of shale and drift. The areal distribution of the gypsum
as indicated by Wilder (1928, pl. 1) is shown in figure 5.

The gypsum has been obtained from hillside quarries, one
drift and several shaft mines, and open pits. The trend has been
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Figure 5.—Map of Webster County showing location of gypsum quarries,
shale pits, sand-and-gravel pits, limestone mines, and former coa? mines;
also areas favorable for occurrence of coal and gypsum.
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toward the development of open pits, as machinery capable of
removing the overburden economically became available (pl. 7).
More gypsum can thus be obtained from an acre by stripping
than from mines, because in mines a considerable amount must
be left as pillars. No accurate estimate of the reserves of gypsum

PrLATE 7.—A, GYPSUM QUARRY IN THE NW14 sec. 26, T. 89 N, R, 28 W,,

SHOWING THE THICK BED OF GYPSUM AND THE SHALE AND DRIFT OVER-

BURDEN ; B, PLANT FOR MANUFACTURING GYPSUM PRODUCTS, LOCATED NEAR
Fort DopGE, lowA.
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is available, but Wilder (1923, p. 181) estimated that the Fort
Dodge field could sustain an output of 2 million tons a year for
76 years. This estimate probably should be increased now be-

cause of the improved methods of recovery.

Five companies now mine and process gypsum near Fort
Dodge, and two concerns sell crude gypsum, obtained as a by-
product of other quarrying operations, to the processing plants.
Gypsum products include principally plaster, plasterboard, wall-
board, and construction blocks. The production of crude gypsum

from 1895 to 1949 is shown in figure 6.
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Figure 6.—Graphs showing production of coal and crude gypsum in Webster

County.
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Some shales of Pennsylvanian age are satisfactory for the
manufacture of brick and tile, and several shale pits have been
developed along the valley walls of the Des Moines River (pl. 8).
Formerly, several brick and tile plants were located in Fort

PLATE 8.—A, BRICK AND TILE PLANT IN THE DES MOINES VALLEY SOUTH OF

ForT DODGE SHOWING FIRING KILNS; B, SHALE PIT WITH OPERATING PLANER

BY WHICH RAW MATERIAL IS OBTAINED FOR MANUFACTURE OF CLAY PRODUCTS.
(Photograph by R. M. Jeffords.)
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Dodge, but the four plants now in operation are in the Des
Moines valley south of Fort Dodge (fig. 5).

Webster County contains some of the most northerly work-
able coal beds in the State, and it formerly ranked high among
the coal-producing counties ; however, in recent years the produc-
tion of coal has been small (fig. 6).

- Most of the coal mines were located along the valley walls of
the Des Moines River between Fort Dodge and a point just south
of Lehigh. Hinds (1909, p. 34-64) divides the area into seven
mining districts as follows: Fort Dodge, Kalo, Coalville, Holiday
Creek (comprising the Coalville Basin of Wilder, 1902, p. 90),
Otho, Linnburg, and Tara districts. The most productive areas
were the Coalville basin and the Lehigh district. Workable thick-
nesses of coal probably occur outside the areas already developed,
but extensive exploration work is needed to define localities. In
general, the more favorable areas are south of Fort Dodge, where
coal-bearing Pennsylvanian rocks are thickest.

" Analyses of coals in Webster County are given in table 2.
This table shows that coals from Webster County are similar to
other Iowa coals and, compared with other low-rank bituminous
cb‘qls, are high in moisture, volatile matter, total combustibles,
and sulfur; but they are slightly lower in-fixed carbon, ash, and
calorific value. On the basis of the calorific value determined for
the coal from the Corey mine at Lehigh, the coals fall into the
high-volatile C bituminous-coal class.

Sand and gravel are obtained principally from terraces along
the Des Moines River and Lizard Creek (pl. 9A) in Webster
County, although some has been taken from the scattered
kames and eskers in the more hilly areas of the county. The
material is used for road surfacing and for concrete aggregate,
but the content of shale pebbles is reported to be too high for
use in some types of concrete. The location of gravel pits that
are operating and those known to have been operated is shown in
figure 5.

The St. Louis limestone and sandstones of Pennsylvanian age
have been quarried in places along the Des Moines River and
its tributary, Soldier Creek. The rock was used locally for
foundations and retaining walls. One of the more important
sandstone quarries was located in the NW14NE1,, sec. 14, T.
88 N., R. 28 W. (Beyer and Williams, 1907, p. 479, 480), where
about 15 feet of sandstone was worked; at one time this was
the most extensive sandstone quarry in the State. At present,



TABLE 2. PROXIMATE ANALYSES OF COALS FROM WEBSTER COUNTY (after Lees

and Hixon)

Volatile Cake— Sulfar
Total com (fixed Calori
. combus- tible Fixed carbon In 1n etry
Locality and sample Moisture tibles Ash matter carbon | plusash) | sulfides | sulfates Total B.T.U. Authaority
Caollins mine No. 6, Coniville. ....cooovviiiiiiiiiinenaee.. 7.48 84.06 8.4 39.52 44.5¢ 52.99 4.98 0.28 5.24 G. E. Patrick
Collins mine No. 4, Coalville. . .. . 7.8 82.88 9.32 37.74 45.14 54.46 3.97 0.12 4.09 . do
Q! Reeve mine, Fort Dodge 9.92 48.77 41.31 29.69 22.08 83.30 L. el do
Carlzon mine, Kalo...... 10.10 76.53 13.36. 32.83 43.69 57.08 1.68 0.18 1.86 do
Craig Cannel mine, Kalo, 5.87 78.26 15.87 39.04 39.22 55.09 6.87 0.25 7.12 do
Craig, lope, Kalo, bitumineus........ 8.46 81.37 10.17 37.97 43.40 53.57 5.19 0.10 5.29 do
mine, Lehigh, top of seam 7.74 78.94 13.32 34.47 44.47 57.79 4.83 0.81 5.04 do
Crooked Creok mine, middle of seam 8.52 82.65 8,83 38.64 44.01 52.84 3.71 0.48 4,19 do
Crooked Creek mine, bottom of scam................... 8.57 81.86 8.67 37.57 44.29 53.80 3.47 Q.18 3.65 do
Crooked Creek mine shaft, Lehigh..................... 6.99 70.¢6 16.34 34.40 42.26 58.60 5.607 0.37 6.04 do
Corey mine, Lehigh. . ..........c.oooviiiiiicia, . 81.27 11.08 38.05 43.21 54.21 7.2 0.68 7.70 . do
Coroy mine, Lehigh. . ..cocveeuiiiiiiiiiiiiiininiinienn oo 85.96 14.04 37.98 4798 f.oiieiiniifeeciieriniiiennnnnn. 5.90 Towa State College
Celbern mine, Fart Dodge.............oovviiiiiniinn, 80.60 6.38 37.54 43.06 490.44 [ J. D. Whitaey
Celburn mine, calculated ondriedcoal.....................{.......... 92.66 7.34 43.16 49.50 56.84 ...l e eieaaas . do
Sec. 18, T. 88 N, W 7.8 7.18 34.98. 42.89 5007 |..........0..... do
Same, calculated ondriedcoal..... ... e 91.56 8.44 41,13 50.43 58.87 |...ooiiiiiliiiiiinenitiicerannne]onn do
Sec. 13, T.88N.,R.28 W.... 73.35 17.19 33.69 39.68 56.85 |..........]...0. do
Same, calculated on dried 81.04 18.99 37.21 13.80 62.79 do
Rees mine, Fort - 77.61 8.34 36.42 41.19 49.53 Rush Emery
. enleulated on 90.32 9.08 42.38 47.94 57.62 do
Canrel Coal, 8ec. 17, T. 74.37 15.17 7.4 36.93 52.10 do
........................ §3.03 16.94 41.850 41.26 58.20 do
Sec. 17, T.88N,, R.28W............ 73.33 16.54 37.25 36.08 52,62 do
Same, caleulated ondriedcoal.......... el 81.59 18.41 4.4 40.15 5888 1..........[|.. do
Collins mine, Coalville. ........ s 78.83 7.26 37.00 11.83 49,09 |..........L.. do
Same, calculated ondriedcoal. . ... oLl 91.57 8.43 42.98 48.59 5702 |..........]... do
Canael Coal, Rees mine, Fort Dodge................ 48.77 41.31 26.69 22.08 63.30 |.......... do
Same, caleulated ondriedeoal...............cveiiiii]oiel .., 54.14 45.88 29.63 24.58 | T0.37 |............. do
Average of county, 4 samples.. .. 12.14 76.04 11.82 37.03 3.00 | 50.8 |..........|.. do
Same, calculated ondried eoal..........ooooiiiiiiiieeifeneana s 86.64 13.30 42.15 44,49 | 8786 ... el .. do
Tyson seam, near Lehigh 12.70 77.03 10.27 4.12 3291 |...... .| Towa State College
1T TSR 17.47 70.94 11.59 31.35 39.59 do
Averageof 10........ 7.83 80.65 11.52 37.23 43.42 ..., do
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no sandstone or limestone quarries are in operation, but lime-
stone for agricultural purposes, road surfacing, and concrete ag-
gregate is being produced from a mine west of Fort Dodge
(pl. 9B). Beds below the St. Louis limestone and above the Gil-
more City limestone are worked.

i

I;‘ "““.t .:5;‘" g a...“i..

PLATE &.—A, SAND AND GRAVEL PIT ON THE HIGH TERRACE IN THE VALLEY OF
LizArD CREEK NEAR THE CENTER, SEC. 14, T. 89 N., R. 20 W., SHOWING THE
FLAT SURFACE OF THE TERRACE AND INDICATING THE EXTENSIVE NATURE OF
THE DEPOSIT; B, TIPPLE OF LIMESTONE MINE AND CRUSHING PLANT LOCATED
IN THE NW1,SW1 sEc. 24, T. 89 N,, R. 29 W,
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Beyer and Wright (1914, p. 601) predict that quarrying is not
likely to become an important industry in the county because of
the poor quality of rocks and their limited availability.

Agriculture and Related Industries

About 94.4 percent of the land area in Webster County is in
farms (U. S. Census, 1940), although not all the area is culti-
vated. The principal crops are corn, oats, and soybeans (table 8),
and a small amount of wheat, barley and rye are grown. The
feeding and marketing of cattle and hogs is an important occu-
pation, and considerable milk is produced and sold to creameries
in the area. A large meat-processing and packing plant is lo-
cated at Fort Dodge, and a few concerns in the locality manu-
facture farm equipment and animal serums.

Table 3.—Crops of Webster County, 1949.

(Data from Iowa Year Book of Agriculture, Iowa State Department
of Agriculture, 1950.)

CROP ACREAGE

Corn 180,568

[07:1 7. SO ceenreens 106,619

SOYDEANS .ot 38,088

Hay, all Kinds ... 18,657

Flaxseed ...t 1,600
Population

Only a few settlers were in Webster County before 1850, but
the population increased to 2,504 by 1860. To about 1900 the pop-
ulation increased at a relatively uniform rate of about 750 a year,

1860 1870 1880 1890 1900 1910 1920 1930 1940 1950
50
40 —
30 4

7

Population, 1 thousands

//

=

Figure 7.—Graph showing trend in population of Webster County (data
from Pratt, 1913, and U. S. Bureau of the Census reports).
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TABLE 4. POPULATION OF CITIES AND TOWNS IN WEBSTER

COUNTY
Population
1920 1830 1940 1950
\\fe}mk‘r COUNLY . oo vaervrnrrerirsoasaesessrrcsssssarsoasonsnnas a7,611 40,425 41,521 44,241
Citics and towns. .. e e e e ieee e et e e ey 24,338 26,097 27,776 20,083
Badger..... P 244 254 251 301
BOPRUM . o cveerneniiieiireetnesteastisttieeiseasoasrenss 137 148 184 103
L | T L N R R R R R 376 349 3 387
Lo 7 S P P 259 254 232 179
Dayton........ccovvenennninn 0 13 732 793
Duncombe........oovennnnns 354 341 378
Fort Dodge.........ooeunene 19,347 21,895 22,504 25,115
Gowrio..... 5 1,050 1 1,082
Hareourt 307 204 303
Lehigh. . ... 1,080 098 1,004 881
] e 181 179 215 248
Stratlord (part in Webster County) 30 38 34 a30
73T O 694 639 712 673
VIROEDE. o e vvecnurarcaeeraeeroessarasossoncssonsaonsncns 182 184 102 193

to a total of 81,775. Since 1900 the increase has continued, but
at a slower rate (fig. 7) ; by 1950 the population was 44,241,
(See table 4.)

For the past 30 years the increase in population has been
mainly in the cities, the towns of the county showing no
appreciable change (table 4). The population of Fort Dodge
has continued to increase, and in 1950 the city ranked.thirteenth
in the State, with a population of 25,115. The population of the
farms and small unincorporated communities has changed only
slightly, from about 13,300 in 1920 to about 14,200 in 1950.

Transportation

The county is served by six railroads connecting with larger
cities to the north, east, south and west (pl. 1). A line of the
Illinois Central Railroad extends east-west across the county
through Duncombe, Fort Dodge, and Barnum. The Chicago
Great Western Railway crosses the county in a northeast-south-
east direction through Vincent, Fort Dodge, and Moorland. A
line of the Chicago & Northwestern Railway extends through
Stratford, Dayton, Harcourt, and Gowrie in the southern part
of the county. The Fort Dodge, Des Moines & Southern Railway
begins at Fort Dodge and extends through Lehigh, Harcourt,
and Gowrie. The Minneapolis & St. Louis Railway has two lines
in the county, one extending from the north county line south-
ward through Badger to Fort Dodge, and the other crossing
the western part of the county through Clare, Moorland, Callen-
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der, and Gowrie. The Chicago, Rock Island, & Pacific Railroad
crosses the southwestern part of the county through Gowrie.

U. 8. Highway 20 extends in a general east-west direction
through Duncombe, Fort Dodge, and Moorland, and U. S. High-
way 169 is a north-south highway extending through Harcourt
and Fort Dodge. State Highway b starts at Fort Dodge and ex-
tends westward near Barnum, State highways also link the
towns of the county with the two Federal highways. Nearly all
the county is traversed by section-line roads, many of which are
graveled.

Fort Dodge has regular airline service from an airport located
north of the city.

A pipeline carrying natural gas has been laid through the
eastern part of the county, and a branch line serves Fort Dodge.
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GENERAL GEOLOGY

Rocks are defined as the aggregates of minerals forming the
crust of the earth. Under this broad definition there are three
main classes of rocks, subdivided according to differences in
origin, composition and texture. Igneous rocks have their origin
in molten masses that rise and solidify near or at the surface
in various forms. Sedimentary rocks are formed by the physical
accumulation of particles transported and deposited by various
means, by precipitation from solution, or from organic remains.
Metamorphic rocks are formed from the alteration of sedi-
mentary and igneous rocks by pressure and heat.

Although sedimentary rocks quantitatively constitute only a
small fraction of the rocks in the earth’s crust, they form a
thin, interrupted mantle over the more abundant igneous and
metamorphic rocks. Because of their easily accessible position
and chemical and physical properties they have great economic
importance. The composition and texture of sediments depend
upon the conditions under which they were deposited; thus they
may be very heterogeneous even within small areas or uniform
over large areas. .

As sediments continue to be deposited, later layers are super- "~
imposed on earlier formed ones. This superposition combined
with the preservation of remains of plants and animals showing
different stages of evolution forms the basis of the geologic
time table.

Once deposited, the sediments are subjected to other geologic
processes, time again being a factor in the amount of change
they undergo. They are frequently compacted and consolidated ;
folded and faulted; uplifted, weathered, and eroded; and sub-
merged and covered by new sediments, The sum total of these
processes is the stratigraphic column of today. Differences in
the rate and duration of deposition and erosion at various places
account for the marked differences in the geologic section from
place to place. Study of the results produced and the processes
involved constitutes an important part of the science of geology.

Summary of Stratigraphy and Geologic History

Pre-Cambrian igneous and metamorphic rocks comprising
the basement complex underlie Webster County at depths prob-
ably less than 8,000 feet. The basement complex is overlain by a
succession of stratified sedimentary rocks that range in age from
pre-Cambrian to Cretaceous. The lithologic details of these
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strata are known from well cuttings and outcrops and are given
in table 5. The areal distribution of these rocks on a pre-Pleis-
tocene erosion or bedrock surface is shown on plate 1.

Unconsolidated Pleistocene deposits, largely of glacial origin,
occur at the surface over most of Webster County and lie uncon-
formably on the older indurated, stratified rocks. The uncon-
formable relationship and the general thicknesses of all the for-
mations are shown by means of cross sections through Webster '
County (pls. 8 and 4).

The stratigraphic nomenclature used in this report is that
used by the Iowa Geological Survey and does not necessarily
agree with the nomenclature used by the U. S. Geological Survey.
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TABLE 6.
System Series Subdivision Tb(:fch:)ea Physical character Water supply
{_d
Recent 0-30. | Thin alluvial sand and gravel depasits in the Des Moum No lme supplies are developed at present. Yield water to
River valley, Peat and sand in depressions on ti a fow fnr&pmd domegtic wells in valley,
Wizcansin atage 0-125 | Till and some sand and geavel, generally in norrow mean- | Small supplies are develo for - farm supp!r on the upland
dering channels. Extensive terrace sand and gravel. over most of county. bly can be devel-
- oped in larger channel depoms. Temce gravels contain
- . water.
Quat, Y Pleist, Sangamon stage 0-10 | Loess, leached, probably occurs as scattered masses. Yields negligible quantities.
Iilinoian stage
Yarmouth stage
Kansan stage 0-50 { Tl sand and gravel. Sand and gravel yicld small supplies.
Aftonian stage 0-20 | Gravel, leached, as isolated remnants. Restricted extent precludes major devel. t
Nebraskan stage 0-40 | Brown till, partly leached, some sand and gravel, partly | Sand and gravel yield some water; larger amounts in Iuw
leacked. i channels.
Undifferentiated beds 0-400 | Shale and some limestone and sandstese in north Thin beds of sandstone yield same water, but no wells
Crelaces part of county. known to be finished in these rocks.
ref us
Dakota sandstone 0-30 | Sandstone, sand and gravel in west-central part of county; | Yiclds moderate quantities of water to wells in west central
thick sandstones, shales and gome lignite in northwestern and northwestern part of county.

Permian(?) Fart Dodge formation 0-70 { Red, gray and green caleareous ail mly ty shales and fine-graired | Unimportant source of water. l\nown only to yield water

gandstone; gypsum; thin basal conglomerate of lime- to one well in western part of county.
stone pebbles.

Pennsylvanian Desmginesian Undifferentiated beds 0-230 | Pred tly shale cont some sapd ‘arm supplies are cbtained from sandstone in southern part
of county and from channel sand: in eastern part of
county.

Ste. Genevieve 0-70 | Green ard red calearecus clayey shales. Yieldslittle water to wells, Shales are caced to prevent caving.
Meramecian Bnﬂandbemnndy tone and dolomi dst Yields small to moderate supplies.
St. Louis limestone 0-60 Fm.ned, d grains; some gray
shale. Unevenly
| Dark-brown dolomite; gray shale; gray argilizccous lime- | Yields small to modemte supplies loeally. Shale generally
Ownagian Undifferentiated beds 40-100 Mﬂm and dolomite in lower part; some glauconite and must be
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TABLE 5. GENERALIZED SECTION OF THE GEOLOGIC FORMATIONS IN WEBSTER COUNTY, IOWA—Continued
Miscised
= Gilmare City limestone 85-125 | Cream sublith hic and oolitic li Yields small to moderate supplies locally.
Bufl to brown dolomite (lown Falls member), cream lime- | Yields small to moderat: 1 lly.
Kirderhookian Hampton formation 130-210 sume (Eagle City member), and dolomite containe
to white chert (Maynes Creek member).
Undifferentiated beds 20-45 | Sttstone and gray shale. Yields no water.
Aplington dolomite 0-15 | Buf to brown dolomite containing some chert. Yiclds little water.
Sheffield shale 0-20 | Green and gray delomitic shale, Yields no water.
Upper Devonian Lime Creek shale 350-350 | Predominantl dolomi ining limest and | Lime thndSheﬂmek may ytddmﬂnmounnof wafer.
Shellrock limestone shale beds near top and base; Cedar Valley limestone may Cedar Valley li may yield te supply. Water
Cedar Valley limestone eantain some gypsum in southeastern part of county. p;obnbl'y very hard and fised in part
of county.
Devonian
Middle Dy Wapsipinicon limest 80-125 | Buff to brown dolomite, lmllﬁ:-gﬂlm Yields moderate amount of water to deeper wells. Water
contain shale ard brown to cheﬂ prohnbly , may be very hard.
contains some gypsusm in south part of county.
Cincinnatt Maguoketa shale 50-150 , argillaceous dolomite; small amount of caleareous | Probably yields small amount of water to decp wells.
e.
Buff to brown dolomite (Dutmqu and Stewartville mem- | Probably would not yield substantial amount of water.
Galena dolomite 125-200 bers) containing dull white chert in lower part (Prosser
metnber), .
Calcareous ghale and and black momed limestone | Probably yields little water. Shales generally must be cased
Decorah shale (lan (dm{c member)my to bmwn nnd off. Y & v
dolomite ( uttenberg llmesume mem| dmgeen
Ordovici Mohawkian 125 with black fossil fragments (Spechts Ferry
ovician
t-brown sublithographic limestone (MeGregor limestone | Probably yieldslittle water. Shales generally must be cased
Platteville limestone h%:em!:eor)). ;leen aed b‘:o:n slabby ahale ((r'el‘gnwood dml: off. v yie Y
member)
Chazyan 8t Peter sandstane 55-65 | Medium-grained sandstone. Generally yields moderate amount of water.
’ . Sandy delomite in upy rdpart (Shakapee dolomite member); | This formation together with undulgnu Jordan randstor
Beekmantownian | Prairie du Chien nndsto and y omlte m mnidle part (Root Val- “;;ddu large quantitics of water at Fort Dodge md oould
formation 275-350 ‘3 in lower part pcg elsewhere in the county by means of deep
(Oneota dolomite mﬁm‘er)
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TABLE 6. GENERALIZED SECTION OF THE GEOLOGIC FORMATIONS IN WEBSTER COUNTY, IOWA—Continued

System Series Subdivision Tb(itck?)eu Physical charncter Water supply
eef
Jordan sandstore 40-65 | White, fine- to medium-grained frosted mndstone. dolomite | Yieldslargesuppliesof water. Yieldscommonly areincreased
in part but generally very loosely cemented. by shooting.
8t. Lawrcnce formation 80-90 | Fine-grained, sandy dolomite; trace of ailt; glaueonitic in | Yields small amounts of water in county, but lyrge supplies
) lower part. in central and eastern lowa.
Cambrian 8¢, Croixan
Franconia sandstone 230-260 | Gray élnuoomt ie dolomitic sfltstone and iny glavconitieand | Probably yields little water.
limestone; some dark-green shales and glauconitic
. ery silty glauconitic limestone, some green shale (Ean Lowermdstone ields small quantities; wnler goema to cone
Dresbach formation 130-160 Clnlre member); lower beds are fine- to coarse-grained tain objectionable concentration of ehlorid
frosted sandstone (Mt Bimon nndslone member),
bri Undifferentiated rod beds 204 | Dark-red dolomitic soft Aaky shale. Probably do npt yield water. Shales cave and require casing.
pl!-Cam an
Uedifferentiated igneous
ot metamorphie rock Hard crystalline rocks. Probably will yield no water.
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Proterozoic Era

Few wells in Webster County have penetrated rocks older
than those of Cambrian age, and therefore little is known about
pre-Cambrian geology in the county. Red sandstones and shales,
commonly referred to as the “red clastics,” have been en-
countered in deep wells in Iowa and provisionally have been
assigned to the pre-Cambrian. They are commonly arkosic and
probably were derived from erosion of granitic pre-Cambrian
rocks. The stratified deposits are probably thin and discon-
tinuous in most of northwestern Iowa. Basic igneous or meta-
morphic rocks, possibly of pre-Cambrian age, are believed to
underlie some areas in northwest Iowa.

Paleozoic Era

Sediments of Early or Middle Cambrian age probably never
were deposited in Iowa or were removed by erosion before Late
Cambrian time. During Late Cambrian time the land had sub-
sided and most, if not all, of Iowa was invaded by a sea. Ex-
tensive deposits of sand and silt representing the St. Croixan
series accumulated in eastern Iowa, but in Webster County the
series is thinner and includes mostly silt, shale, and limestone.
Deposition continued without a conspicuous interruption into
the Ordovician period, when the sediments that were later con-
solidated into the limestone, dolomite, and sandstone of the
Prairie du Chien group were laid down. Uplift and partial
erosion of these sediments occurred prior to the marine in-
vasion in Early Ordovician time in which the sands composing
the St. Peter sandstone were deposited. After periods of non-
deposition and possible uplift and erosion, the seas covered the
area again in Middle Ordovician time and deposited shales and
limestones comprising the Plattville limestone and Decorah
shale and the Galena dolomite. The Maquoketa shale, which is
represented by argillaceous limestone and dolomite in Webster
County, was deposited during the Late Ordovician.

Rocks laid down during the Silurian period and preserved in
southwestern, central, and northeastern Iowa are absent in
Webster County. If deposited here, they were removed by
erosion during the early part of the Devonian period.

The land was next inundated probably during the Middle
Devonian, and with several interruptions in deposition, limestone
was deposited during Middle and Late Devonian time. These
deposits comprise the Wapsipinicon, Cedar Valley, Shell Rock,
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and Lime Creek formations. Near the close of the Devonian
period argillaceous sediment (Sheffield formation) was being
deposited in the seas in Iowa, and similar sediments (Maple
Mill shale) continued to accumulate also during the Early
Mississippian. Lime became the dominant sediment deposited
in the seas during the remainder of the lower and middle
Mississippian, although there were many transgressions and
regressions of the sea. These limestone sediments now make yp
the Kinderhookian, Osagian, and Meramecian series in most of
Jowa. No evidence remains of deposition during late Mississip-
pian time.

During much of Pennsylvanian time deposition occurred in
shallow seas or swamps. Conditions were favorable for the ac-
cumulation of thick deposits of vegetation which were preserved
and gradually altered to coal when covered by younger sedi-
ments. Northern Webster County now represents the northern-
most limit of continuous béds of the “Coal Measures” in Iowa.
Deposition during the Pennsylvanian was not continuous, but
there appear to have been cyclic movements of the land with
relation to the sea of relatively small magnitude. These sedi-
ments in Webster County are a part of the Desmoinesian series
of early Pennsylvanian age. Fusulinids of Virgilian age occur-
ring as detrital fragments in the Fort Dodge formation (Moore
and others, 1944, p. 692) suggest that younger Pennsylvanian
sediments  were deposited in the area but were removed by
erosion. ' :

The seas are inferred to have covered a part of Iowa during
the Permian period. The Fort Dodge formation represents the
only known outlier of these sediments in Iowa (Wilder, 1923, p.
171-178).

Mesozoic Era

After the withdrawal of the Permian seas, the land seems to
have been uplifted and the existing sediments were subject to
erosion until the Cretaceous period, when seas probably invaded
Iowa from the west. The older sediments of this period seem to
be near-shore deposits, but as the sea advanced farther into
Iowa, sandstone, shale, and limestone were deposited. With the
recession of the seas, erosion again occurred, and the deposits
of the Cretaceous period were removed in part from the county.
In the northwestern part of Webster and adjacent counties an
abnormally thick sequence of strata, probably Cretaceous in age,
was deposited in a small area referred to as the Manson area.
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Cenozoic Era

Erosion dominated over deposition in the area during the time
between the Late Cretaceous and the Pleistocene, and erosion
drainage patterns became well defined. With the encroachment
of Pleistocene continental glaciers from the north, these drainage
channels were filled with sand and gravel and finally were over-
ridden by the ice. Melting of the ice left till over the surface,
and nearly all the smaller and many of the larger pre-Pleistocene
valleys were obliterated. Six separate ice sheets invaded Web-
ster County and the area to the north, and each successive con-
tinental glacier partly overrode the earlier formed deposits or
incorporated them as a part of its sediment load to form the next
succeeding till. Melt water also tended to remove the earlier de--
posits. It is not surprising, therefore, that the relationship of
older tills and interglacial deposits are not often clearly shown
where they occur beneath a younger till. Wind-blown silts from
larger valley areas probably accumulated locally on the till sur-
face in Webster County.

The present valleys have been developed largely by erosion
during the Recent stage of the Pleistocene. On the uplands sand,
clay, and organic matter tended to fill in the shallow depressions.
Some of these now are represented by deposits of peat or peaty
soils.

General Structure

Movement of the land or change in sea level results in ele-
vation of land above sea or lowering it farther, but it does not
necessarily affect each locality to the same degree. It results in
thicker accumulation of sediments in low places and more rapid
erosion of the higher areas. In addition, stresses in the earth’s
crust result in local folding and shearing. Thus, the present
configuration of a single formation may reflect movement that
occurred many times after the bed was deposited, the effects of
erosion, and the environment under which it was deposited.

The Paleozoic rocks of Webster County are folded into a very
broad and gently sloping trough, plunging generally southward
but with slight flexures and other structural modifications.

One of the most peculiar structural problems in Iowa involves
a small area (the Manson area) in Calhoun, Pocahontas, Hum-
boldt, and Webster Counties where predominantly shale deposits
extend to an unknown depth below the adjacent limestone and
dolomite strata, which are in normal structural and strati-
graphic positions.
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The Fort Dodge Fault

Keyes (1916, p. 106-112) presents evidence gathered from
exposures along Soldier Creek and the Des Moines River valley
which suggests faulting in the vicinity of Fort Dodge. He infers
that the fault extends southwestward from the vicinity of
Clarion in Wright County to Wall Lake in Sac County, a distance
of about 80 miles, and he attributes the preservation of the Fort
Dodge formation {o the faulting in the area. Lees (1924, p. 113-
120) suggests, however, that the strata were deposited in an
erosional basin unaffected by any faulting in lower beds.

Additional data now available confirm the faulting in the Fort
Dodge area and indicate that a small graben trending ENE ex-
tends through part of the Fort Dodge well field (fig. 8).

The north fault which forms the north side of the graben is
defined approximately for about 2 miles by exposures between
South Lizard and Soldier Creeks. On South Lizard Creek in
the center of SE14SW1, sec. 23, T. 89 N., R. 29 W.,, the St. Louis
limestone is exposed for more than 20 feet above the stream in
a bluff along the left bank of the creek and dips downstream to
the north. The formation terminates abruptly on the south, how-
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Figure 8.—Bedrock geologic map showing the distribution of consolidated
rocks at Fort Dodge and the location of the Fort Dodge fault.
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ever, and is in fault contact with the Fort Dodge formation, the
shales and sandstones of which are exposed at about the same
altitude. Farther east, in the S14 sec. 24, T. 89 N,, R. 29 W., shales
of the Ste. Genevieve limestone are exposed near the heads of
two small ravines leading south from Lizard Creek. Farther
headward, shale and sandstone of the Fort Dodge formation are
exposed at only slightly higher altitudes.

The north fault plane, which strikes N. 66° E. and dips 66°
S., is exposed in the mine workings of the Fort Dodge Lime-
stone Co., where mineable limestone in the undifferentiated beds
of the Osagian series is brought into contact with the shale
of the Ste. Genevieve limestone. The fault extends eastward be-
neath State Highway 5, where its occurrence is indicated by the
relative positions of outcrops of shale of the Ste. Genevieve lime-
stone and clay and sandstone of the Fort Dodge formation in the
NW1, sec. 19, T. 89 N,, R. 28 W. Still farther east, in the valley
of Soldier Creek, is additional evidence for the position of the
north fault as described by Keyes (1916, p. 110).

The south fault which forms the south side of the graben is
known definitely only in the Fort Dodge city well field. The fault
plane, which dips northward, was intersected by city well 15.

The two faults, which extend to known depths in excess of
1,000 feet, and probably well into the basement complex, define
a wedge-shaped graben with maximum stratigraphic displace-
ments, as indicated by the Mississippian strata, ranging from 175
feet on the south to 260 feet on the north. Pennsylvanian rocks
in the graben may not have been displaced an amount equal to
that of the underlying Mississippian rocks as the overlying Fort
Dodge formation has been displaced less than 50 to 75 feet.

The position of the fault system, which is downthrown on the
south about 756 feet, is known definitely only in the immediate
vieinity of Fort Dodge, but it may continue for many miles as
suggested by Keyes. The graben seems to pinch out within a
short distance of Fort Dodge.

The very large yields obtained from wells drilled near the
faults in the Fort Dodge city well field suggest that the permea-
bility of the limestone and dolomite adjacent to the graben has
been increased greatly by brecciation or solution resulting from
the faulting.

The Manson Voléanic Basin

An elliptical area about 25 miles long and 18 miles wide, pos-
sibly a cryptovolcanic structure of the type discussed by Branca
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and Fraas (1905), exists in the Pocahontas-Calhoun-Humboldt-
Webster County area (fig. 26). It contains an igneous or meta-
morphic-rock core, as does the Decaturville structure in Missouri
(Bucher, 1986, p. 1071; comment by Tarr, p. 1084). Details of
the structure have not been worked out because the area is cov-
ered by glacial drift, and only. a small number of wells have
been drilled to date. However, the well cuttings indicate that the
regional structure is abruptly broken by faulting, which has
produced a roughly circular structural basin. Outside the basin,
the section penetrated by wells generally consists of Pleistocene
drift and Paleozoic strata. (See log of well 89-80-11R1.) Within
the basin, wells penetrate the Pleistocene drift and then appar-
ently continue in Cretaceous strata to about 600 feet. (See log
of well 89-30-2Q1, p. 236.) Below this the deeper wells penetrate
about 900 feet of red arkosic sandstone, siltstone, shale, and an
occasional dolomite of undetermined age. (See log of well 90-30-
4E1.) However, near the center of the structure (western tier
of sections of T. 90 N,, R. 31 W.) wells encounter igneous rock
consisting largely of microcline feldspar or basic tuffaceous rock
at a depth of a few hundred feet and in places less than 100 feet.
That the crystalline rock continues to considerable depth is
shown by a well in the NW14 sec. 35, T. 90 N,, R. 32 W., which
entered it at 889 feet and finished in it at 874 feet.

The Cretaceous strata in thé outer depressed part of the struc-
ture crop out only in the NE14NE1,SEl, sec. 11, T. 89 N,, R.
30 W. Here along the right bank of Lizard Creek 1mmed1ately
upstream from the bridge over the stream, a few feet of gray
micaceous shale, representing the upper part of the strata, is
exposed at low-water level. The shale contains fish scales and
poorly preserved cephalopods.

Whether a normal sequence of Paleozoic strata underlies the
structural basin is unknown, as is the total thickness of the crys-
talline rock. However, a 1,5632-foot well in the NW1/, sec. 35, T.
89 N., R. 31 W,, in Calhoun County, located outside the central
core, did not penetrate the Paleozoic rocks around the faulted
area. A core was obtained from portions of the section penetrated
by this well. The rocks show a great deal of contortion and brec-
ciation and indicate that thicknesses of strata in the disturbed
area probably do not represent true thickness of the strata where
undisturbed.

Bucher (1936, p. 1080, 1081) noted that cryptovolcanie struc-
tures in America lie on the flanks of large swells. The Manson
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structure occurs near the area where the Paleozoic strata rise
abruptly to the northwest from the synclinal basin which forms
the principal structural feature in the Paleozoic strata of Iowa.
The age of the structure has not been determined; however,
some of the movement must have been as recent as Cretaceous
time as rocks of this age are involved. The age of the igneous
material also is unknown; it could be Cretaceous or younger, or it
_might represent an upthrust area of the pre-Cambrian basement
complex. No contact metamorphism has been observed in the well
cuttings of the sedimentary rocks near the igneous material.
Bucher (1986, p. 1079, 1080) believes that differentiation of
basic or possibly alkaline, magmas, such as has given rise to the
basic dikes in the central plateau region of the United States,
would form purely feldspathic or even pure quartz rocks. He also
states that the ascent of basic magmas has taken place during
periods of orogenic rest—of “anorogenic” times. This factor
should be considered in assigning an age to the Manson structure.
Core drilling and airborne-magnetometer surveying in prog-
ress in September 1958 may help to clarify the structural and
stratigraphic details of the Manson volcanic basin.
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GROUND WATER

Principles of Occurrence

Water that occurs below the earth’s surface is called sub-
surface water. This discussion of the principles governing the
occurrence of ground water, which is the water in the zone of
saturation, considers the conditions in Webster County in partic-
ular but also presents general data on the occurrence of ground
water. For greater detail the reader is referred to the authorita-
tive treatments of the subject by Meinzer (1923, a and b) and
Norton and others (1912).

Nearly all rocks within practical drilling depths contain open-
ings or voids which may vary in size from microscopic to cavern-
ous, depending on the composition, compaction and cementation,
texture, and structure of the rock. Clastic sediments usually
have openings between the grains of material making up the rock
(fig. 9). This rock characteristic of containing voids is referred
to as porosity and is reported as the percentage of void volume
to the total volume of rock.

Rock T Pore space N coment

Figure 9.—Diagram showing the nature of interstices in several types of

rocks, A, Well-sorted sand having open pores; B, Well-sorted sand having

pore spaces partially filled with cement; C, Well-sorted sand having pore

spaces closed by cement; D, Very poorly sorted material (till); E,

,Caleareous rock havinﬁ well-develo%ed solution opening; F, Hard rock

having porosity caused by jointing. (From Hershey, Robinson, and Jeffords,
ms. in preparation, after Meinzer, 1923a.)
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Limestones may have interstitial openings or be dense, They
may also contain openings up to cavern size which have resulted
from solution, commonly along fractures. Igneous and metamor-
phic rocks generally contain few openings; however, some
porosity results from weathering, vesicles caused by gas
bubbles in lavas, and jointing due to contraction on cooling or
other types of fracturing.

The openings in rocks generally are filled with water from
a short distance below the land surface to various depths. This
zone is called the zone of saturation, the upper surface of which
is called the water table. Water in the zone of saturation general-
ly is not static but moves from places of higher hydrostatic head
to places of lower hydrostatic head. The points of lowest head
are in areas where ground water is being discharged either arti-
ficially through wells or naturally by springs or evaporation.
In the zone of aeration, which lies between the zone of saturation
and the land surface, the openings in the rocks usually contain
air and water. This zone consists typically of three parts, the
belt of soil water, the intermediate belt, and the capillary fringe
(fig. 10).
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Figure 10.—Diagram showing divisions of subsurface water. (From Her-
shey, Robinson, and Jeffords, ms. in preparation, after Meinzer, 1928b.)
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The belt of soil water is the part of the lithosphere, im-
mediately below the land surface, from which water is discharged
into the atmosphere in large quantities by the action of plants
or by soil evaporation, and when the quantity received is too
great to be held by cohesion and adhesion a part seeps downward.

Water in the intermediate belt is partly in transit downward
into the zone of saturation and is partly drawn by molecular
attraction into the capillary interstices. Water in the capillary
fringe is continuous with water in the zone of saturation but
is held above the water table by capillarity acting against
gravity. The height to which the capillary fringe extends above
the water table depends on the diameter of the capillary openings
in the material overlying the water table, being greater in fine
material and less in coarse material where the openings are
large. .

Locally, the soil water, intermediate water, and fringe water
may be absent where the zone of saturation extends to the
surface.

If there is to be movement of fluids in rocks under differential
pressures, the voids or openings must be interconnected. The
ability of a rock to transmit fluids is called its permeability,
" which depends upon the size, number and interconnection of the
openings. The larger and more numerous the openings in a given
unit the greater is the permeability of the rock. Sand and gravel
generally have relatively high permeabilities. Cavernous lime-
stone may have an immeasurably high permeability locally, but
within a short distance it can be practically impermeable. This
wide range in permeability in limestone and dolomite is shown
in Webster County where a few farm wells obtain yields of 10
gallons a minute with small drawdowns from the St. Louis lime-
stone, whereas a supply of only 11 gallons a minute with a draw-
down of 225 feet was obtained from the town well at Callender
after it had penetrated all the limestone and dolomite of Missis-
sippian age. Although shale and clay may be very porous and
contain water, the openings in them are generally so small that
they are practically impermeable and yield little or no water to
wells.

A formation, group of formations, or part of a formation that
is saturated with water and is permeable is called a water-bear-
ing bed or aquifer. It is from aquifers that wells obtain their
water. Impermeable beds may have an important effect on
the circulation of water in aquifers, depending on their position
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with respect to the aquifer. They may prevent water from
entering water-bearing beds or may confine water within an
aquifer, allowing artesian pressures to develop. Although gen-
erally considered as impermeable, studies have shown that beds
such as shale, where of great extent, transmit appreciable quan-
tities of water and hence must be taken into account in some
quantitative studies. As recharge, movement, storage, and dis-
charge of ground water are dependent on the lithology and struc-
ture of rocks of the earth’s crust, a knowledge of the geology in
- any region is basic to an understanding of the hydrology.

The upper limit of the zone of saturation is often within perme-
able materials and the water is in contact with the air in the
zone of aeration. The upper surface of the zone of saturation as
defined by water levels in wells finished in these permeable ma-
terials is called the water table, and the wells are called water-
table wells. In such wells the water does not rise above the point
at which it first flows into the well. However, just above the
water table the strata may become very moist because of the
presence of capillary water.

If the water-bearing bed has an upper confining bed and the
hydrostatic head of the water in the aquifer is above the top of
the confined bed, it is said to be under artesian conditions. Any
number of artesian aquifers may occur in depth, depending upon
the number of extensive impermeable confining beds in the
geologic section, and the head may be different in each of them.
In wells penetrating an artesian aquifer, the water level ‘tises
above the level at which the water is encountered and represents
a point on a pressure surface referred to as a piezometric surface.

A well finished in such an aquifer is called an artesian well, and
if the piezometric surface is above the land surface a flowing
artesian well results. In the lower levels of the Des Moines valley
in Webster County, the piezometric surface is above the land
. gurface in many of the aquifers below the St. Louis limestone,
and flowing wells have been developed from them at these
localities.

An aquifer may be under artesian conditions in one place and
under water-table conditions at another locality, and aquifers
that are under artesian conditions where deeply buried are
commonly under water-table conditions in their recharge areas.

Water-table aquifers function chiefly as reservoirs. They are
generally recharged locally from precipitation or streamflow,
and their discharge areas are frequently in the immediate
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vicinity. Artesian aquifers, on the other hand, serve also as con-
duits for transmitting water, and the areas of recharge and
discharge may be at great distances from the place of use.
Beause of these different conditions, the water-table and artesian
aquifers in Webster County are discussed separately.

Water-Table Aquifers

The clay till mantling the upland over a large part of Webster
County seriously limits the quantity of shallow water available.
In much of this material there is no unconfined ground water
and no water table; however, where a local sandy zone is near
the upland surface, or where there are sand and gravel-filled
valleys, a water table does exist. Most of the wells utilizing
water from the shallow water-bearing beds are bored wells
ranging from 25 to 60 feet in depth. The general practice is to
complete bored wells so that water can enter through the bottom
and the joints of the tile casings. Because of the small quantity
of water in storage in the till, shallow wells frequently go dry
during droughts.

Water-level measurements made in these shallow wells indi-
cate that the water table conforms closely to the general land
surface, but it is less rugged. In general the water level in these
shallow wells was less than 15 feet below land surface in the fall
of 1942, and in many wells it was less than 10 feet. The yield
from shallow wells is usually small, and the slope of the water
table near the Des Moines River is precipitous, thus indicating
aquifers of low permeability. It appears that ground water
moves very slowly toward points of discharge in the small de-
pressions on the upland and the major stream valleys. A part
of the water probably moves downward into aquifers having
lower heads.

Recharge to these shallow aquifers results from local pre-
cipitation under favorable geologic conditions. However, re-
charge is retarded during much of the winter by the frozen
ground and during much of the summer by depletion of the soil
water by growing vegetation and evaporation. Recharge occurs
chiefly, therefore, after the spring thaw and before the ap-
preciable growth of vegetation, and again after the first killing
frost and before the ground becomes frozen.

Natural discharge from the shallow aquifers takes place by
evaporation and transpiration and by drainage into surface
depressions and streams, thus contributing to the base flow of the
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latter. Artificial discharge is through wells and the extensive
tile drainage systems which may be below the water table when
it is at a high stage, usually in the spring of the year. For in-
stance, the discharge of North Lizard Creek is measured near
Clare in the northwestern part of the county. At this point and
for some distance to the west, the stream is more than 50 feet
below the upland level and probably more than 30 feet below
the general level of the water table or piezometric surface in
the shallow aquifers on the upland. For much of the year the
flow of the stream is less than a cubic foot per second (448.8
gpm), yet with a water-level rise of only a few feet usually in
the spring, the discharge of the stream from indirect and direct
ground-water sources is between 80 and 50 cfs. It is inferred
from the distribution of the flow that much of it is derived from
the tile drainage systems; whether an equal amount would flow
naturally is not known.

Before the land was tiled, ponds were common in the numerous
depressions on the upland surface. These ponds undoubtedly
received discharge from the shallow aquifers at times and evap-
oration disposed of some shallow water. As water levels in the
shallow aquifers declined, the circulation was reversed and water
flowed from the ponds into the aquifers. The tile drains remove
water that might later reach the water table and thus prevent
the water levels from attaining the heights which they formerly
reached. Tiling controls the high water levels and thus permits
farming of certain areas that would otherwise be useless for
this purpose. As the drains are usually laid no more than 4 to 6
feet below the surface, they can lower the water table to this
depth only.

Changes in the rate of recharge and discharge cause changes
in the amount of water in storage, and these are reflected by the
rise and decline of the water table or artesian pressure. Periodic
measurements and continuous records of the water level in wells
show whether a gain or loss in storage has occurred in these
aquifers and how an aquifer reacts to changing conditions of
recharge, withdrawal, and discharge. Figure 11 shows the
fluctuation of the water level in well 87-28-29N1, a shallow well
near Harcourt, for the year 1948 and the relation of the gain in
storage to the periods favorable for recharge in excess of dis-
charge. Figure 12 shows the general fluctuations of the water
levels in shallow wells and the monthly precipitation for the
period of record from 1942 through 1950.
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Figure 11.—Hydrograrh of a shallow well (87-28-29N1) near Harcourt,

Iowa, showing seasonal changes in ground-water storage, and daily precipi-

tation at Fort Dodge, 1948. (From Hershey, Robinson, and Jeffords, in
preparation,)

As can be seen (fig. 12), water levels in the shallow wells have
not declined progressively during the short period of record, and
recharge has been at a rate sufficient to maintain a nearly uni-
form volume of storage.

Artesian Aquifers

The aquifers below the Osagian rocks probably receive most
of their recharge in areas outside Webster County, the recharge
areas of the deeper aquifers being more remote than those of the
shallower aquifers. From the general configuration of the piezo-
metric surfaces in these deeper aquifers over a large part of
Iowa, the recharge areas seem to be north of the county, and the
water moves through the lower aquifers in a general-southward
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Figure 12.—Hydrographs of six shallow wells in Webster County showing
general fluctuations in water levels and monthly precipitation at Fort
Dodge, Iowa.
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direction. The natural discharge areas also are unknown and
surely remote.

These deeper aquifers are essentially unaffected by periods of
drought. Before their utilization by wells, the piezometric sur-
face or artesian pressure was probably stable; that is, the dis-
charge from the aquifer was equal to the recharge and there was
little change in gradients or storage. With the discharge in-
creased artificially by wells in the county, the water now comes
from storage and, as a consequence, the artesian pressures de-
cline in the aquifers developed, the decline being greatest at the
well locations. If pumping continues at a uniform rate, the arte-
sian pressures continue to decline but at a decreasing rate with
time as water comes from storage over increasingly larger areas.
The rate of decline increases, however, if water is withdrawn
at increasing rates. These declines are not eliminated until after
the cone of depression reaches the area of recharge or discharge,
but even with water coming wholly from storage the rate of de-
cline may become s0 small with time as to be scarcely noticeable.

The initial water level in the 1,240-foot Dayton town well
(86-28-14H1) is reported as 62 feet below land surface in 1931.
By 1942 the water level had declined to 70 feet, and in 1948
it was about 80 feet below land surface. The increased rate of
decline between 1942 and 1948, as shown in figure 18, was caused
by the continued increase in the rate of withdrawal from the
well. At Gowrie the water level in the deepest town well (86-30-
1P2) declined from a reported level of 81 feet in 1926 to about
111 feet in 1942. The rate of decline is not known, but it prob-
ably increased from time to time as progressively more water
was used by the town. Water levels have declined seemingly
since 1911 at a nearly uniform rate in the city wells at Fort
Dodge. In 1911 they are reported to have been about 60 feet
above land surface in the valley of the Des Moines River. In
October 1944 the static water levels were about 11 feet above
land surface. Here again the rate of decline of water levels has
been increased periodically by the increase in pumpage of water
from the well field. More details on the decline of water levels
in the well field are given in the section on the Fort Dodge mu-
nicipal supply.

The moderately deep artesian aquifers may receive much of
their recharge within the county through seepage from the over-
lying sand and gravel aquifers in the drift. The St. Louis lime-
stone, in particular, is recharged probably in this way in the
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Figure 18.—Hydrographs of five artesian wells in Webster County showing,

in general, a gradual decline in pressures. The abnormal rises in water

level in well 86-30-5C1 are caused by inflow of shallow water at the
mouth of the well.



48 GEOLOGY AND GROUND-WATER RESOURCES

northern part of the county. The aquifers in the sandstones of
Pennsylvanian. age also probably receive water under similar
conditions in the central part of the county. The lower sand and
gravel aquifers in the Pleistocene deposits in turn probably re-
ceive water through the overlying sandy zones. Water is dis-
charged from the St. Louis limestone and rocks of Pennsylvanian
age through springs and seeps located mostly along the Des
Moines River. One of the largest springs in the area, having a
reported flow of about 45 gallons a minute from the St. Louis
limestone, is located in the SE14SE1/ sec. 14, T. 90 N., R. 29 W.
A few springs having flows of 10 to 20 gallons a minute issue
from the sandstones of Pennsylvanian age along the Des Moines
River north of Lehigh. Seepage areas occur commonly in these
rocks along the river banks.

Movement of water in the St. Louis limestone and sandstones
of Pennsylvanian age seems to be toward the Des Moines River
but with a general southward component. The trend in water
levels in four wells finished in the sandstone of Pennsylvanian
age is shown in figure 18. These wells supply water for domestic
and stock use, but the amount of water pumped. is small, The
abnormal peaks on the hydrograph of well 86-30-5C1 (fig. 13)
are due to occasional inflow of water from shallow aquifers, pen-
etrated by the dug portion of the well, into the lower drilled
part. Considerable water must accumulate in the pit before it
can overflow into the casing. '

Hydraulic Properties of Aquifers

Two fundamental physical properties of an aquifer are chiefly
. responsible for determining the rate of movement of water in
the aquifer and the quantity of water extractable from it. The
areal extent and thickness of the aquifer also are important.

The permeability of a material is its capacity to transmit fluid
under a pressure gradient and is dependent on the shape, size,
number, and interconnection of voids in the material. Several
units of permeability have been proposed by hydrologists, but the
coefficient of permeability commonly used by ground-water
hydrologists is defined as the flow of water in gallons a day
through a cross-sectional area of 1 square foot under a pressure
differential of 1 foot of water per foot of material measured
in the direction of flow of the water, at a temperature of 60° F. A
very useful term, introduced by Theis (1935), is the coefficient
of transmissibility, which is the product of the thickness of the
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saturated portion of the aquifer and the field coefficient of per-
mesbility. The coefficient of transmissibility also can be defined
as the flow of water in gallons a day through a mile-wide cross
section of the saturated part of the aquifer under a gradient of
1 foot per mile at the prevailing ground-water temperature.

The coefficient of storage is defined as the amount of water,
expressed as a fraction of a cubic foot, released from a prism of
the aquifer having a base of 1 square foot when the pressure or
head is reduced by 1 foot of water. In water-table aquifers the
coefficient of storage approximates the specific yield, which is
the ratio of the volume of water that will drain from a unit
volume of material, acted upon by the force of gravity, to the
unit volume of the material. In artesian aquifers the coefficient
of storage is small compared with that in water-table aquifers
because the aquifer remains saturated, the water being released
from storage by compaction of the aquifer and squeezed out of
intercalated or adjacent fine-grained materials.

Permeability can be determined in the laboratory from sam-
ples of water-bearing material, but the results may not be repre-
sentative because of the difficulty in rearranging disturbed sam-
ples of unconsolidated sediments as they were in nature and

because of the difficulty of obtaining an undisturbed sample.
Field methods, involving pumping tests, may be expected to
yield more reliable information on the permeability and storage
coefficients. With these data important conclusions can be
reached in regard to the quantity of water that an aquifer will
yield perennially and the position of .the water levels under any
given pumping regimen. These data are essential for the proper
spacing of wells that will draw from the same aquifer.

To obtain the coefficient of storage it is generally necessary
to have an observation well that penetrates the same aquifer
as the pumped well in which measurements of water levels can
be made during a pumping test. The transmissibility of an
aquifer can be determined by measuring water levels and the
discharge rate of a single well. The tests, however, must be
made under a controlled pumping schedule to make them sus-
ceptible to mathematical treatment.

A formula developed by Theis (1935) relates the drawdown
at any time and at any place in the vicinity of a discharging
well to the discharge of the well and to the coefficients of trans-
missibility and storage. Theis’ equation is usually expressed in
the following form: s=(Q/4 = T) W(u), where the term s is

.
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drawdown produced by a continuous and uniform withdrawal of
water from an aquifer of wide extent and uniform thickness and
permeability, @ is the discharge rate of the well, and T is the
transmissibility. W(u) is the negative exponential integral of -u.
The value of % is equal to 72S/4Tt where 7 is the distance from
the well where the drawdown is observed or to be predicted, S is
the coefficient of storage, and ¢ is the time since pumping started.

_ As the ratio r?/t becomes small as compared with 4T/s, all
but the first two terms of the expanded exponential equation
forming an exact solution for Theis’ formula may be neglected
(Cooper and Jacob, 1946, p. 527), giving rise to the approxima-
tion s = (Q/4xT) log,(2.25Tt/r28). Converting to common log-
arithms and units, the equation becomes s = (264Q/T) log,,
(0.8Tt/r2S) in which s is the drawdown in feet at any point in
the vicinity of a well discharging at a uniform rate, Q is the
discharge rate in gallons a minute, T is the transmissibility in
gallons a day per foot, t is the time in days since pumping
started, r is the distance from the pumped well, in feet, to the
point at which drawdown is measured or determined, and § is
the coefficient of storage, as a decimal fraction.

When the approximation is valid as explained above, the
variation of s with t (the drawdown curve) plots as a straight
line on semilogarithmic paper with t on the logarithmic scale if
Q, T, r, and S remain constant. The transmissibility is deter-
mined from this straight-line plot by taking the difference in
drawdown AS at two points on the line one log cycle apart,
which simplifies computations, and the equation becomes T—
264Q/As.

The rate at which the water level recovers in a well after a
period of pumping also can be used to determine the transmis-
sibility of an aquifer. The equation derived and simplified by
Theis (1935, p. 5622) for ordinary conditions of application is
T = (264Q/As!) log ;4 t/t; where st is the residual drawdown
of any instant and t is the time since pumping started and t; is
the time since pumping stopped. When residual drawdown (or
water level) is plotted on the linear scale of semilogarithmic
paper against the ratio t/t, to logarithmic scale, a straight line
should result.

The recovery method was used on the Dayton town well
(86-28-14H1), which was pumped for 85 minutes on November
17, 1942, at an average rate of 132 gallons a minute. The re-
covery curve is shown on figure 14 as the depth to water plotted
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against the logarithm of the ratio of the time since pumping
started to the time since pumping stopped. From this plot, the
difference between the water levels, As!, on the recovery curve
one log cycle apart, is found by inspection to be 3.87 feet. This
value (As!) is submitted in the equation T—264Q/s! and T is
found to be about 9,000 gallons a day per foot. No observation
wells were available for measuring drawdowns away from the
principal well, so the coefficient of storage for the aquifer or
aquifers encountered in the Dayton town well could not be com-
puted.

As the foregoing equations apply rigidly only to aquifers of
infinite areal extent, those having boundaries which affect the
drawdown produced must be subjected to more elaborate analy-
sis. Thus it is found that drawdown curves for the Pleistocene
channel sand-and-gravel deposits depart from a straight line on
a semilogarithmic plot by successive changes in slope because of



52 GEOLOGY AND GROUND-WATER RESOURCES

the effect of the impermeable boundaries. The usual method of
dealing with impermeable boundaries is by recourse to image
wells, which are considered to start pumping at the same time
and at the same rate as the real well. The effect of a single imper-
meable boundary can be simulated by the pumping effect that
would be produced by a well located on the other side of the
boundary at the same distance as the pumping well and consid-
ering the aquifer to be infinite in extent. In a channel, both the
boundaries produce image wells which are in turn influenced by
the boundaries so that if the boundaries are parallel to each
other, the number of image wells become infinite, similar to the
number of image reflections in two mirrors facing each other;
however the image wells have a decreasing effect with distance
from the pumped well, and effects of the more remote ones may
not be perceptible, On the other hand, image-well effects may
be so numerous that they defy interpretation.

A pumping test made on the Gowrie town well (86-30-1Q1),
which is finished in approximately 18 feet of sand and gravel at
a depth of 248 feet, illustrates the effect that boundaries have on
water levels in pumped wells. A test was made on the well at the
time of its completion on July 24, 1950, when the static water level
was 45.8 feet below the top of the casing, which is 1.5 feet above
land surface. The well was pumped at 180 gallons a minute, and
the water-level measurements, made by J. B. Cooper, were
plotted against the time since pumping started on the log-
arithmic scale (figz. 15). The dashed line extending the first
straight segment of the drawdown curve represents the curve
that probably would have been obtained were the aquifer of
uniform thickness and permeability and extensive over a large
area in every direction from the well. The break in the curve
after the well had been pumped 10 minutes, when the rate of
drawdown became twice the original rate, indicates a boundary.

- Doubling the discharge from the aquifer by assuming an image
discharging well perpendicularly across the boundary and at
the same distance from the boundary is a solution to the prob-
lem. Were this the only boundary, the drawdown would have
continued following the second straight-line segment of the
drawdown curve. However, a second break in the curve at about
30 minutes probably indicates the presence of a secondary bound-
ary and that the town well is finished in a channel. A third
break in the curve occurs about 70 minutes after pumping
started and may be the effect of a second set of image wells.
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Figure 15.—Drawdown curve for well 86-30-1Q1 being pumped at the
rate of 180 gallons a minute. The depth to water is plotted against the
logarithm of the time since pumping started.

If the trend in water levels could have been observed during -
the pumping of well 86-30-1Q1 in additional wells finished in this
sand and gravel, the coefficient of storage, the effective width of
the channel, and the position or direction of the channel could
have been determined. As noted from the drawdown curve, the
rate of decline of the water level in this pumped well is greatly
increased because of the apparently narrow sand-and-gravel
channel in which the well is finished. Unless recharge ocecurs
to the aquifer nearby, pumping levels may be expected to decline
materially within a short time. Periodic measurements are de-
sirable to determine more precisely the trend in water level when
the well is put into production.

Construction of Wells
Several types of wells have been used in Webster County, in-
cluding dug, bored, driven, and drilled wells. Dug wells were
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more common in earlier days, but the principal types now in use
are bored and drilled wells. Their general features are discussed
briefly here, but for a more comprehensive discussion on well
construction the reader is referred to Bowman (1911) and the
War Department Technical Manual 5-297.

Dug wells have been constructed principally on the upland in
Webster County. An excavation 4 to 6 feet in diameter is usually
made in the clays, and where the material is loose, temporary
curbing is used to prevent cave-ins until the water is reached.
Such excavations may encounter clay extending below the water
table, and when a sand or other water-bearing bed is encountered
below the clay, the water rises in the well pit. The first water-
bearing bed generally prevents further excavation, and brick or
rock curbing is installed commonly at the point where the clays
become very moist just about the water-bearing bed. This
type of well is generally limited to unconsolidated deposits, al-
though a few are finished in rock by blasting.

Bored wells are constructed only in unconsolidated sediments
and generally terminate at the first water-bearing bed of con-
sequence. The machine used is an auger, generally motor driven,
which can cut a hole as large as 86 inches in diameter, although
the more common size is 12 to 24 inches, When a water-bearing
sand is penetrated, tile is inserted in the bore to the bottom of
the well. Water may enter the well through the bottom and the
joints of the tile, but it is desirable to cement around the upper
part of the tile to prevent entry of surface and near-surface

“water. Boring beyond the first water-bearing bed is accomplished
at times by reducing the size of the auger to fit inside the first
string of tile.

Drive-point wells are satisfactory where water-bearing sand
and gravel occur at shallow depth, and the water level is within
25 feet of the land surface. The drive point generally consists
of perforated tubing covered by a screen attached to a sharp
sturdy point for penetrating the unconsolidated material. Ad-
ditional lengths of pipe are attached as the point is driven into
the ground. This type of well is generally fitted with a suction
pump; the working cylinder and piston may be at the top as in
a pitcher pump, or the cylinder may be placed below ground in
a pit to permit drawing water from a greater depth. Construction
of drive-point wells is often facilitated by augering to as great a

. depth as feasible to minimize the distance the point must be
driven through the dense clay that overlies the sand and gravel.
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The size of the slots or openings in the drive point should be
governed by the size of the sand in the water-bearing bed; it is
desirable to have the slots or openings large enough to pass at
least the finer 50 percent of the sand initially in order that coarser
sand or gravel will collect around the point.

Drilled wells are commonly used to develop water from the
deeper Pleistocene sand and gravel and from the consolidated
rocks, such as sandstone and limestone. Several types of ma-
chines are used in drilling wells, but the equipment used most
often in Webster County has been the cable-tool, churn, or
percussion-drill rig. With this machine a heavy steel bit attached
to a stem is raised and let fall by means of a cable passing over
a raising mechanism. The hole is made by breaking up the rock
into small chips or wads. Water must be used to hold the cuttings
in suspension so that they can be removed by a bailer. Casing
may need to be inserted as drilling proceeds through clay or
shale to prevent its caving into the well. Sandstone and lime-
stone are generally not cased unless they are thin and occur in a
predominantly shale section or unless the water they contain is
of undesirable quality. Water may be obtained from thin water-
bearing beds by perforating the casing opposite these rocks. In
fine sand, a screen may be used to prevent the sand from flowing
into the well with the water; however, where the sand and
gravel are sufficiently coarse, wells are frequently finished with-
out a screen, the water entering through the open end of the
casing.

The diameter of cable-tool wells is governed by the quantity
of water to be pumped, by the number of shale beds that will
require casing during drilling, and by provision for future re-
pairs. Farm wells commonly are about 6 inches in diameter, and
municipal and industrial wells, which generally are equipped
with large pumps, are mostly between 8 and 24 inches in diameter
at the surface.

A few wells in Webster County have been drilled by rotary
equipment. This method of drilling involves circulation of mud-
laden drilling fluid downward through the drill pipe and upward
in the well bore to remove the cuttings made as the turning bit
chips the rock. Drilling is continuous and the size of the hole
is not reduced with depth. Unconsolidated strata are prevented
from.caving by the caking of mud on the walls and the fact that
the hole is kept full of water, so that hydrostatic pressure is ex-
erted on the strata. Casing is usually inserted when the drill-
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ing is completed or when all the caving materials have been
penetrated. This method of drilling is particularly rapid in un-
consolidated sediments.

Development of Wells

The yield of wells generally can be increased by development
of the water-bearing material around them. Wells finished in
sandstone may be made to yield more water by setting off ex-
plosives opposite the sandstone to enlarge the bore of the well and
develop fractures to give easier access for the water entering
the well. A danger in this type of development, particularly in
a loosely cemented and fine-grained sandstone, is that sand
grains may be pumped with the water, or the charge may not
be placed properly and may ruin the well.

Yields of wells finished in limestone and dolomite aquifers may
often be increased by acidizing the limestone and dolomite to
enlarge the openings through which the water is entering the
well. The acid most commonly used is hydrochloric (muriatic),
sometimes “diluted” by other chemicals in order that it will
dissolve limestone without attacking steel casing unduly.

Wells in fine sand frequently need to be developed in such a
way as to remove the finer materials and allow the coarser
particles to accumulate around the screen, thus increasing the
yield and decreasing the drawdown in the well. Turbine pumps,
which can handle considerable sand, are sometimes used for
this purpose, and a surging action is produced by alternately
starting and stopping the pump and by varying the rate of
pumping. Surge plungers or blocks can be operated by drilling
rigs to draw the fine material into the well by suction, after
which it is removed by the bailer. Gravel is sometimes placed
around the well screen to decrease the velocity of approach of
the water entering the well, thereby decreasing the quantity of
fine sand reaching the well. Although gravel packing is some-
times accomplished by introducing gravel through side holes
(small wells drilled around and close to the pumped well) dur-
ing the development of the well, it is generally more effective
if carried on during the drilling phase.

Another method of backwashing wells is to introduce water
under pressure into the well and then remove it, thus producing
rapid alterations of direction of flow in the aquifers. Com-
pressed air is similarly used to alternately pump water from the
well and force it back into the aquifers, thus removing fine
materials.
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Utilization Of Water

Domestic and stock wells on farms in Webster County far out-
number all other types; however, the relatively few municipal
wells produce a greater quantity of water. A relatively small
volume of water is pumped for industrial use.

Farm Woells

Nearly all the water used for domestic and stock purposes on
the farms in Webster County is obtained from wells. Most of
them are bored wells less than 70 feet in depth and finished in
sand and gravel of Pleistocene age, but several hundred of them
are drilled into the sandstone, limestone, and dolomite of Missis-
sippian age. Only a few farm wells, however, are drilled below
the Hampton formation, and the water obtained is hard. The
fluoride content of the water in the glacial drift and sandstones
of Pennsylvanian age is low, but the iron content is generally ex-
cessive. Wells finished in the lower indurated rocks commonly ob-
tain water having a high iron content and containing more than
1.5 parts per million of fluoride.

Public Water Supply

Most of the county grade schools and the larger consolidated
schools obtain their water supply from wells. Wells for the
smaller grade schools are usually finished in Pleistocene sand
and gravel, and the consolidated schools at Lanyon and Barnum
also obtain water from wells finished in the glacial drift.

The well at the consolidated school at Burnside obtains water
from sandstone of Pennsylvanian age, and wells at the Moorland
and Otho consolidated schools obtain water from Mississippian
rocks. The Dolliver State Park Well is finished in the Hampton
formation of Mississippian age.

Ground water is pumped from various aquifers for the public
water supplies of the towns of Badger, Callender, Dayton,
Duncombe, Gowrie, Harcourt, Lehigh, and Stratford, and the
city of Fort Dodge.

Badger. The town of Badger obtains its water supply from
two wells. The initial well (90-28-15D1) was drilled in 1981
into the Gilmore City limestone to a reported depth of 280 feet.
The well is reported to be cased with 5-inch pipe to a depth of
149 feet and with 4-inch pipe from 150 to 206 feet. The bottom
74 feet of the well is open 83/-inch hole. Water is obtained from
the St. Louis and Gilmore City limestones. The initial water
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level was reported to be 40 feet, and the temperature of the
water measured at the force pump, which has a measured
capacity of 23 gallons a minute, is 50°F.

In 1948 a second well (90-28-15D2) was drilled through lime-
stone and dolomite of Mississippian age to a reported depth of
530 feet and cased with 8-inch pipe to a depth of 145 feet and
with 6-inch pipe from a depth of 142 to 220 feet. The casing is
cemented in the hole. Water is obtained largely from the Gilmore

City and Hampton formations. The initial water level was re- -

ported to be 95 feet and the pumping level 187 feet at 56 gallons
a minute. This well is equipped with a turbine pump powered
by an electric motor.

Water is pumped directly into the dlstrlbutmn system, and
a small storage tank at the first well maintains a pressure of
25 to 50 pounds per square inch. The water is hard and contains
enough iron to cause staining (table 9). The average daily
pumpage is estimated as about 7,000 gallons. In addition to
this, a few privately owned wells 26 to 56 feet in depth are
still used. ]

Barnum. The town of Barnum has no public water-supply
system, and water is obtained from privately owned shallow
bored wells. The consolidated school in the south part of town
{formerly obtained its water from a 202.5-foot drilled well
(89-30-23R1), but the yield of the well was small and the
water was reported to be of poor quality. The school supply is
obtained now from a bored well (89-30-28R2) about 55 feet
deep. The town is located near the border of the abnormal
sequence of rocks in the Manson area, and it may be difficult to
obtain a satisfactory water supply below the Pleistocene sands
and gravels.

Callender. Three wells were in operation in 1950 supplying
water for the distribution system at Callender. Well 1 (87-30-
12E1), located in the south part of the park, was drilled in 1938
to a reported depth of 727 feet and cased with 8-inch pipe to a
depth of 440 feet. The casing is perforated from 277 to 297 feet
and from 420 to 440 feet and packers were placed outside the
casing at depths of 277 and 382 feet. The well is an open 614-
inch hole below 440 feet. Initially, the water level was reported
as 94 feet below land surface; a yield of 11 gallons a minute pro-
duced a drawdown of 224 feet after the well had been pumped
for approximately 23 hours. This small quantity of water was
developed from limestones of -Mississippian age, and the coeffi-
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cient of transmissibility of all the water-bearing beds open to
the well, as determined from recovery measurements during a
pumping test, was less than 50 gallons a day per foot. The well
is equipped with a high-lift pump powered by an electric motor
that is operated intermittently by a time-control system. The
operator estimates that about 6,000 gallons a day is pumped from
the well.

A test hole (87-30-12L1) was drilled into sand and gravel at
a reported depth of 60 feet about 2 blocks east of the first well,
to augment the supply. A yield of 15 gallons a minute was re-
ported to have been obtained after the hole was completed as a
well and placed in service.
_ The third well (87-30-12L2) was drilled to a depth of 185 feet

in 1949, finishing in 15 feet of sandstone of Pennsylvanian age.
It is cased to a depth of 171 feet with 614-inch pipe and is
equipped with a force pump which delivers 12 gallons a minute.
At this pumping rate, the reported drawdown is 113 feet; the
original water level was 85 feet below land surface.

Water from the Callender wells is pumped directly into the
distribution system, and the overflow goes into storage in the
water tower. The water is hard and contains between 0.6 and
0.9 parts per million iron, an amount sufficient to cause staining.
The water from the 727-foot well contains 2.1 parts per million
of fluoride.

Clare. The town of Clare had a public water-supply system,
but it was abandoned because of continued difficulty with sand
in its 180-foot well (90-30-24N2)., Water now is obtained by
means of privately-owned bored wells. The Catholic school at
Clare obtains water from sandstone of probable Cretaceous age
- at a reported depth of 180 feet (90-80-24N1). The nonpumping
level is reported to be 118 feet and the drawdown 12 feet at 14
gallons a minute. .

Dayton. Water is supplied to the town distribution system
primarily by one well (86-28-14H1), drilled to a depth of 1,240
feet in 1981. The well is drilled into the Wapsipinicon limestone
of Devonian age but probably obtains a part of its supply from
' other Devonian and Mississippian rocks. The well is reported
to be cased with 13-inch pipe to a depth of 323 feet, 10-inch pipe
from 312 to 505 feet, and 8-inch pipe from 770 to 966 feet. Below
966, the well has 274 feet of 8-inch open hole.

The initial water level was reported to be 62 feet below land
surface. On November 17, 1942, the water level was 69.9 feet



60 GEOLOGY AND GROUND-WATER RESOURCES

after the pump had been idle for 22 hours, but later in the day
the pumping water level was 146.2 feet after the well had been
pumped for 1.8 hours at 132 gallons a minute. The transmis-
sibility of the aquifers open to the well, as determined by re-
covery measurements made during a pumping test (fig. 14),
is about 9,000 gallons a day per foot. The trend in nonpumping
levels in this well from 1942 through 1948 is shown in figure 18.

An older well (86-28-14H2), 10 to 6 inches in diameter and
reportedly 688 feet in depth, is presently used as a standby well.
The well is finished in limestone and dolomite of Mississippian
age, and a force pump delivers 20 gallons a minute from the well.

The water from the 1,240-foot well has a temperature of 56°
F.,, is hard, and contains enough iron to cause staining of fix-
tures; the fluoride content is about 2.8 parts per million. (See
analysis, table 9.) Since 1947 the water has been pumped under
pressure through iron-removal and softening equipment. The
softened water is pumped into a water tower having a storage
capacity of 70,000 gallons. The amount of water pumped after
1947 is estimated in part, inasmuch as about 4,000 gallons a day
is bypassed around the softener and is not metered. (See table
6.)

Duncombe. The public water supply of Duncombe is derived
from one well (88-27-3D1), located in the park in the north part
of town, which was completed in 1945 at a depth of 974 feet.
Casing in the well is reported to include 10-inch pipe to a depth
of 251 feet (cemented in to a depth of 50 feet) and 8-inch pipe
from 235 to 290 feet (slotted from 261 to 290 feet). An open
8-inch hole was drilled below 290 feet. The nonpumping water
level was 49.2 feet below land surface on January 25, 1945, and
the drawdown 36.8 feet after a pumping period of 146 minutes

TABLE 6. WATER PUMPED BY TOWN OF DAYTON
(Thousands of gallons)

1042 1043 1944 1948 1646 1047 1948 1940
Jonuary...ooonenne 275 440 822 085 815 770 1,018
Februnry 240 348 472 623 700 95 690
March...........,. 278 441 540 808 770 915 1,160
April.,. ..., 380 483 477 708 770 870 1,130
May....... 431 529 759 7 040 '
June........ 342 445 538 662 750 1,425
July........ 492 450 487 87 020 080 1,428
August..... 4 519 694 783 1, 990 1,260
September 430 533 04 812 040 |....uanies 1,185
olober. .. .. 460 726 768 80 |.......... 1,
November 303 45 678 nz 770 9 1,065
December. 429 583 v 2 P 800 1,015 1,135
Tetal.......... al 424 4,448 5,601 7,062 08,168 9,835 29,240 14,200

a Record incomplete.
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at 33 gallons a minute. The transmissibility of the aquifers
penetrated by the well, as determined by recovery measurements
made during a pumping test, was about 1,000 gallons a day per
foot. The well is equipped with a turbine pump powered by an
electric motor. '

An older well (88-27-4A3) formerly supplied the town but was
abandoned shortly after completion of the newer well. It was
drilled to a reported depth of 417 feet in about 1911 and deepened
to 546 feet in 1982. It is cased with 6-inch pipe to a reported
depth of 200 feet and with an unknown amount of 5-inch casing.
Water is obtained from Mississippian rocks, and the water level
is reported to have been about 40 feet below land surface dur-
ing nonpumping periods. A force pump powered by an electric
motor delivered 16.5 gallons a minute.

The water is pumped directly from the present supply well
into the distribution system without treatment, a water tower
having a capacity of 40,000 gallons handling the excess water
supplied temporarily to the system. No record is kept of the
amount of water pumped, but it is estimated to be about 12,000
gallons a day. The water is hard and contains an excessive
amount of iron, 1.4 parts per million (table 9). The tempera-
ture of the water pumped is 50° F.

Fort Dodge. The following discussion of the development of
the public water-supply system at Fort Dodge was prepared
largely from records and statements of J. W. Pray, Manager of
the Department of Municipal Utilities, Fort Dodge.

The city of Fort Dodge constructed a large-diameter well on
the bank of the Des Moines River in 1881, and this supplied the
city until 1891. At that time a larger collecting gallery was con-
structed on Island Park in the SW, sec. 19, T.89 N, R. 28 W.,
a short distance southeast of the present treatment and pumping
plant. The gallery was used until 1907, some raw river water
being used intermittently during the latter part of the period to
meet the needs of the city,

Attempts had been made to increase the quantity of water
available by drilling two 100-foot wells, one on Island Park and
one on the east bank of the river. However, a flow of 10 gallons
a minute was all that was obtained from each of them. A shaft
was then sunk in rock on the east bank to a depth of 88 feet, the
depth at which the two test wells had encountered water. The
vield from this shaft also was inadequate, and a tunnel was
driven horizontally through the rock at the bottom for a distance
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Figure 16.—Map of part of Fort Dodge showing the city well field.

of about 300 feet under the river. Abut 80 gallons a minute was
obtained from this installation. '

In September 1907, well 1 (89-28-19P1) was completed at a
depth of 1,827 feet as a flowing artesian well. It was drilled in the
bottom of an 88-foot shaft (fig. 16). Between 1907 and 1949,
15 additional flowing wells were drilled. Of these, wells, 1, 2, 4,
5, 6, 7, 9A, 10, 11, and 13 have been abandoned, and wells 3, 8,
9, 12, 14, and 15 were in service in 1951. The gallery system
was abandoned in 1919,

The general procedure in the construction of the wells in this
field has been to drive pipe through the shales that overlie the
water-bearing limestones, depending on the shales to cave and
form a water-tight seal. None of the wells seem to have de-
veloped leaks around the casing. Many of the wells have been
recased, and, in this operation, cement has been used commonly
to obtain a water-tight seal between the new and old casings.
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As many as three strings of casing may extend to the surface
in some of the wells, but only the inner casing is considered in
the following discussion of the individual wells.

Well 1 (89-28-19P1) was drilled into the Jordan sandstone to
a reported depth of 1,827 feet in 1907. The well was cased with
10-inch pipe to a depth of 328 feet, 9-inch pipe from 1,036 to
1,066 feet, 6-inch pipe from 1,332 to 1,390 feet, and 5-inch pipe
from 1,375 to 1,439 feet. The depths at which the flow of the
well increased were not recorded, but the flow was measured
by the driller at several depths from time to time during drilling
as follows:

Depth Total flow
(feet) (gallons a minute)
328 144
1,390 287
1,497 316
1,536 874
1,678 484
1,827 571

The head or pressure on the aquifers was not measured. The
temperature of the water in the finished well was reported to be
556° F.

A turbine pump was installed in 1910 to augment the dis-
charge from the well, but the hole filled with shale and sand so
as to damage the pump within a short time. In 1911 the well
was cleaned to a depth of 1,400 feet and an unknown amount
of casing was added. The flow is reported to have been 500 gal-
lons a minute after the repair work was completed. The natural
flow from the well is reported to have been 300 gallons a minute
in October 1919, and the yield about 600 gallons a minute with
a pumping level of 50 feet below land surface. The head on the
aquifers seems to have been slightly less than 40 feet above the
surface or about 1,030 feet above sea level. Thereafter the well
was pumped intermittently by air lift until it was abandoned and
plugged in 1938.

Well 2 (89-28-19P2), located about 150 feet north of well 1,
was drilled in 1911 to a reported depth of 670 feet and was cased
with 16-inch pipe to a depth of 152 feet (pipe perforated near
bottom) and with 10-inch pipe from 480 to 500 feet. The flow
of the well is reported to have been initially 150 gallons a min-
ute, and 650 gallons a minute in October 1919. At a discharge
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rate of 200 gallons a minute, the reported pumping level was
140 feet. .

Well 3 (89-28-19L1) was drilled in 1911 to a depth of 215.6
feet and reconstructed in 1921. The well was recased at the lat-
ter time with 17-inch wrought-iron pipe to a depth of 205 feet
and with a slotted length of 12-inch cast-iron pipe resting on
the bottom of the well. The flow is reported to have been 600
gallons a minute initially and 200 gallons a minute in 1919. On
completion of the repair work in 1921, the natural flow was 350
gallons a minute, and when pumped at 750 gallons a minute, the
drawdown was reported to be 50 feet. An airlift pump was in-
stalled in the well in 1921 and used through October 1935. In
1938 it was again necessary to recase the well to the bottom, 12-
and 10-inch pipe (slotted in lower 14 inches) being used. The
well was connected to the suction line common to all wells in the
field in 1951.

Well 4 (89-28-19P3) was drilled in 1913 and was completed
in Mississippian rocks at a depth of 400 feet. The well was cased
to a depth of 105 feet with 8-inch pipe, the initial flow being
160 gallons a minute. The flow had reduced to about 15 gallons
a minute in October 1919, and the well was abandoned.

Well 5 (89-'28-19L2), about 76 feet south of well 3, was drilled
in 1918 to a reported depth of 624 feet and cased with 8-inch pipe
to a depth of 136 feet and with 6-inch pipe from 130 to 292 feet.
The initial flow was about 50 gallons a minute, but this flow had
diminished to about 10 gallons a minute in October 1919 when
the well was abandoned.

Well 6 (89-28-19L3), about 65 feet north of well 3, was drilled
in 1914 to a reported depth of 283 feet and cased with 8-inch
pipe to a depth of 253 feet. The initial flow was reported to be
190 gallons a minute, but this decreased by 1919 to about 90 gal-
lons & minute. On installing an airlift pump, the discharge was
increased to 250 gallons a minute, and the pumping level was re-
ported as 75 feet below land surface. The well was taken out
of service in 1938 and sealed with concrete in 1948.

Well 7 (89-28-19P4) on Island Park, was drilled in 1914 to
a reported depth of 498 feet and cased to a depth of 138 feet
with 8-inch pipe. The flow was reported to be 80 gallons a min-
ute in 1914 and 20 gallons a minute in 1919. At this latter date,
the pumping level was 135 feet below land surface at 80 gallons
a minute.
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Well 8 (89-28-1914) was drilled in 1928 to the St. Peter sand-
stone at a depth of 1,436 feet. By 1988 large quantities of sand
had entered the well, and it was cleaned out to a depth of at least
504 feet. It was recased with 12-inch casing to a depth of 257
feet, the initial 8-inch liner between 618 and 1,040 feet being left
in the well. Inasmuch as the well is filled up to a depth of ap-
proximately 500 feet, little water is believed to be obtained from
the deeper strata. The initial flow was reported to be 750 gallons
a minute and the discharge of the well, when pumped with an
airlift installed in 1926, 1,600 gallons a minute. On May 18,
1929, the reported nonpumping level was 41.56 feet above land
surface and the natural flow was 514 gallons a minute. The air-
lift was removed from the well in August 1934, and the well was
connected to a common suction line with other wells in the field.
A turbine pump, powered by an electric motor, was installed
in January 1948, and the well can now be pumped either by
means of the turbine pump or by the common suction and booster
pump. At that time, the well reportedly would yield 900 gallons
a minute with a pumping level of 80 feet and 1,000 gallons a
minute with a pumping level of 100 feet below the pumphouse
floor. :

Well 9A (89-28-19L5), drilled in 1927 as a test hole to a depth
of 260 feet, had a large enough yield to warrant using it as a
supply well. It was cased with 6-inch casing to 245 feet. The
initial flow was reported to be 675 gallons a minute and the non-
flowing head 37 feet above land surface in September 1927. On
May 18, 1929, the nonflowing head was reported to be 41.5 feet
above land surface and the natural flow 549 gallons a minute.
The well was plugged and abandoned in November 1944,

Well 9 (89-28-19L6), located within a few feet of well 94,
was completed in August 1981 at a depth of 269 feet and deep-
ened in November 1938 to a depth of 553 feet. At the latter date
the well was reported to be cased with 20-inch pipe from 7 to 76
feet, 16-inch pipe from 4 to 248.6 feet, 12-inch pipe from 192.5
to 277.5 feet (perforated from 258 to 275 feet), and 8-inch pipe
from 275 to 323 feet (perforated from 818 to 323 feet). Burlap
packers were placed at depths of 214, 234, 246, 251, 256, 300,
and 310 feet. The well is reported to have been pumped in Au-
gust 1931 at a rate of 1,200 gallons a minute with a pumping
level of 50 feet, 1,800 gallons a minute with a pumping level of
80 feet, and 1,925 gallons a minute with a pumping level of 89
feet. At the time the well was deepened in 1938, the reported
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flow was 350 gallons a minute at a drilling depth of 334 feet and
about 500 gallons a minute when the well had reached a depth of
498 feet.

Well 9 was connected to a common suction line with other wells
in the field about 1932. In December 1947 a turbine pump was
installed on the well with a setting of 50 feet; this was lowered
in March 1948 to 70 feet. When the turbine pump was installed,
the yield of the well was reported to be 1,600 gallons a minute
with a 50-foot pumping level; in March 1948 the yield was re-
ported to be 1,560 gallons a minute with a 456-foot pumping level.
Yields and pumping levels vary according to the operation of
other wells, the duration of a test on a particular well, and the
general nonpumping head for the field, which is at a varying
height above land surface. Well 9 can be pumped by means of
the common suction and booster pump, the turbine pump, or
both. :

Well 10 (89-28-19L7) was drilled in September 1931 fo a re-
ported depth of 432 feet and cased with 6-inch pipe to a depth
of 243 feet. The initial flow was reported to be 200 gallons a
minute, and because of the small yield the well was abandoned
and plugged in July 1938.

Well 11 (89-28-191L8) was drilled in September 1931 to a re-
ported depth of 530 feet and cased with 6-inch pipe to a depth of
245 feet. The reported flow at the time of completion was 600
gallons a minute. The well was connected to the common suction
line for all the wells until November 1944, when it was aban-
doned and plugged.

Well 12 (89-28-19L9) is a few feet west of well 11 and was
drilled in December 1931 to a depth of 541 feet. It was recased
in 1949 to a depth of about 244 feet with 12-inch casing which
is attached, by means of a swedge nipple, to 8-inch pipe extend-
ing to a depth of about 817 feet. The swedge nipple probably
rests on top of an older 10-inch casing, which is reported as ex-
tending from 246 to 811 feet. The initial flow from this well was
reported to be 1,000 gallons a minute, 80 percent of the water
coming into the well in the interval between 345 and 528 feet.
The nonflowing head was reported to be 28 feet above land sur-
face in December 1981. The well was connected to the suction
Jine common to all the wells, and in November 1944 was equipped
with a turbine pump.

Well 15 (89-28-19L12) was completed in January 1949 at a
depth of 2,307 feet, finishing in rocks of supposed pre-Cambrian
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age. Casing in the well includes about 308 feet of 20-inch pipe
from about 10 feet above land surface to a depth of 298 feet
(the upper 40 feet of pipe below land surface is cemented in the
hole), 812.5 feet of 16-inch pipe from 271.5 to 1,084 feet, 178.5
feet of 14-inch pipe from 1,289.5 to 1,463 feet (perforated
through St. Peter sandstone), and about 370 feet of 10-inch pipe
from 1,750 to 2,120 feet (perforated in upper 200 feet).

By casing the well to 1,084 feet the aquifers developed by the
other wells in the field are not drawn upon. Very little water
entered the well between 1,084 and 1,850 feet, and when the well
had penetrated the St. Peter sandstone a yield of approximately
90 gallons a minute was obtained. Setting off explosives opposite
the Jordan sandstone between depths of 1,736 and 1,815 feet was
successful in increasing the specific capacity of the well, which
when put into production in 1949, yielded about 3,000 gallons a
minute,

Hydrology of the well field. City wells 8, 8, 9, and 12 obtain
all their supply from Mississippian rocks. Well 14 obtains a part
of its water from the Mississippian but reportedly obtains most
of its water from the underlying Devonian rocks. These two
aquifers are separated by shale beds (pls. 8 and 4). Well 15,
however, probably obtains most of its water from the Jordan
sandstone and overlying Prairie du Chien formation.

Wells 8, 9, 12, and 14 are located ‘in the graben created by
faulting in the area (Fort Dodge fault). Well 15 penetrated the
strata in the graben to a depth of abotit 770 feet and then passed
through the fault into the upthrown section south of the graben.
Well 8 is located immediately south of the graben. Faulting has
probably disrupted the beds within the graben and for some
distance on either side, producing favorable conditions for the
local development of large fracture and solution cavities in the
limestone beds.

The water-bearing beds seem to be connected at depth, possibly
through porous materials developed along the fault and by dis-
ruption of the confining shale beds.” The aquifers are also con-
nected artificially in most of the wells, as the deeper wells, with
the exception of well 15, have not been cased any deeper than is
necessary to prevent caving material from entering the well. The
several aquifers utilized now seem to have essentially the same
head, thus suggesting further that the aquifers are intercon-
nected in this locality. For instance, recovery measurements
made on wells 3, 8, 9, 11, and 12 on October 15, 1944, when
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pumping was stopped for about 6 hours, indicate that the water
levels in these wells rise at about the same rate and to within 0.4
foot of the same elevation. After completion of well 15, a
measurement made on October 4, 1951, indicated that the water
level was within 0.2 foot of the nonpumping level in the shallower
wells. The connection between wells and aquifers is not uniform,
however. For example, when well 12 is pumped it causes a
greater drawdown in wells 8 and 9 than in well 14, which is
closer to well 12 than either 8 or 9.

The transmissibility of the water-bearing beds in the Missis-
sippian rocks within the graben and the immediately adjacent
area at the well field is very high. Data collected during a pump-
ing test made on well 12 indicate an apparent transmissibility of
about 600,000 gallons a day per foot. Recovery measurements
made on the wells during short periods when pumping is stopped
temporarily also indicate an equally high transmissibility for
these shallow aquifers, That this high transmissibility is local
and probably confined to the rocks in the graben and immediately
adjacent rocks is shown by changes in the recovery rate of the
water levels when pumping ceases. Also, the aquifers within
the graben are not uniformly permeable, inasmuch as a few test
wells drilled within the graben have only small yields. The ap-
parent transmissibility of the aquifers open to well 15 is about
110,000 gallons a day per foot. The transmissibility decreases
at some distance from the well, however, possibly because of
partial boundary conditions created by the faulting in the area.

Interference between the shallow wells in the field is small.
For example, when well 12 is pumped at the rate of 1,600 gallons
a minute for 3 hours it produces a drawdown of 1.0 foot in well
9, about 310 feet from well 12, and 0.7 foot in well 8, about 490
feet from well 12. The wells have specific capacities ranging
between 10 and 55 gallons a minute per foot of drawdown after
a few hours’ pumping.

All the wells in the field, with the possible exception of well
15, may be considered to be one large well drawing water from
the interconnected aquifers in or near the graben. The material
in the graben is a highly permeable conduit into which water
moves from the adjacent and much less permeable water-bearing
beds of the limestones of Mississippian age and subjacent beds
down to the sandstones of Cambrian age, although the effective-
ness of the conduit probably decreases with depth. As the graben
is known to persist for a distance of at least 2 miles, consider-
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able water can drain into it even from relatively impermeable
beds.

No records seem to be available on the magnitude of the
artesian head when the initial development took place in the
well field. No mention is made of any pressure differentials in
the various aquifers encountered in well 1, drilled to the Jordan
sandstone. The flow from this well increased with depth, but
this could have been the case if the head had been the same
in each aquifer, the increased flow simply representing the con-
tribution of another aquifer. In 1911 the head in well 3 was
reported as 62 feet above land surface or about 1,043 feet above
sea level. The water level in well 9A was reported to be 37 feet
above land surface, or 1,021 feet above sea level, in September
1927 and 41.5 feet above land surface in May 1929. The same
water level above land surface was reported for well 8 in May
1929, but inasmuch as the land surface is lower at well 8 the
altitude of the water level would be 1,019.5 feet, or 6 feet below
that reported for well 9A. In December 1931 the nonpumping
water level in the recently completed well 12 was reported to be
28 feet above land surface, or at an altitude of 1,108 feet. On
completion of well 14, the water level was about 20 feet above
land surface (altitude, 1,008 feet) in June 1936.

A few recovery tests have been made on the wells during
short periods when no pumping was done. On October 12, 1944,
the water level rose to an altitude of 995 feet after pumping had
ceased for 2.6 hours., Again, on October 15, 1944, the water
level rose to an altitude of 996 feet after the wells were idle for
6.6 hours. In the following year, on March 24, the water levels
rose to an altitude of 995 feet after the well field had been idle
for 3 hours. On October 4, 1951, after an idle period of 1.5
hours, the water levels in the wells recovered to an altitude of
only 983 feet.

If pumping from the field had been at a constant, uniform
rate, the rate of decline in water levels might be expected to
diminish. The withdrawal of water, however, has increased
markedly since 1980, and this has tended to maintain or increase
the initial rate of drawdown in the well field. Table 7 shows the
volume of water pumped from the well field from 1927 through
1950. A more detailed review of the pumpage is shown in figure
17. The consumption of water was increased substantially in
1934 when a meat-packing plant began operation. Since 1934
this company’s use of water has increased to an average of about
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TABLE 7. WATER PUMPED BY CITY OF ¥ORT DODGE

Y QGallons Gallons

oar
Total Dally average Year Total av

(in miltions) | (in thousands) (in millions) | (in thousands)

361.0 797.6 2,185
378.4 1,087 509.7 2'218
373.2 1,02 8221 27252
38304 1,050 842.3 2,308
308.2 1,08 043.4 2,888
18,7 1,284 004.0 2.726
8010 1,37 9623 2'710
8366 1,470 1,078.3 21084
8370 1,748 1:224.6 3.385
718,60 1,969 1,300.2 3'808
050.3 1 1,303 735
082, 1,870 1,300.1 3,802

1 million gallons a day in 1948 and 1949. Additional consumption
of water has been created by several air-conditioning units, most
of which were installed after 1944. Figure 17 shows the large
increase in the use of water during the months of July and
August, particularly during the last few years of record.

An accurate prediction of the trend in pumping levels in the
well field is not feasible at present, but the available data suggest
that water levels will decline 1 to 2 feet a year if the withdrawal
increases about the same as during the past 15 years. If with-
drawals are maintained at the present rate of about 8.3 million
gallons a day, a decline of less than 10 feet is to be expected in
the next 30 years.

Gowrie. The initial well (86-30-1P1) drilled for the town of
Gowrie was completed in 1902, reportedly to a depth of 620 feet,
and cased with 6-inch pipe to 850 feet. The principal water-
bearing bed is probably the Hampton formation. The water
level was reported to be 50 feet below land surface initially and
92,8 feet below land surface on September 14, 1942, when the
drawdown was 385.8 feet at 34 gallons a minute, The temperature
of the water was 5314°F. By 1950 the well was pumping dirty
water, and it was plugged and abandoned in- 1951,

A second well (86-30-1P2) was drilled in 1926 to a depth of
1,842 feet, finishing in the Shakopee dolomite member of the
Prairie du Chien formation. It is cased with 16-inch pipe to a
depth of 182 feet, 12-inch pipe from 175 to 385 feet, 10-inch pipe
from 754 to 860 feet, two 8-inch liners totaling 226 feet set at
1,678 and 1,300 feet, and 6-inch pipe from 1,673 to 1,693 feet.
The principal supply was reported to have been obtained from
the St. Peter sandstone and underlying Shakopee dolomite
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Figure 17.—~Graph showing total pumpage by months from city wells at
Fort Dodge (solid line) and pumpage excluding that used by one large
consumer, which started operation in 1984 (dash line).
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member. The initial water level was about 81 feet below land
surface, and the reported yield was 300 gallons a minute with
the pump set at 150 feet. As of 1942, the well was equipped with
a turbine pump with a setting of 180 feet, and had a drawdown
of approximately 20 feet when pumped at the rate of 160 gallons
a minute. The nonpumping water level on September 14, 1942,
was about 111 feet below land surface. The temperature of the
water was 5414° F,

A shallower well (86-30-1Q1) was completed in July 1950 in
sand and gravel in the basal part of the Pleistocene at a depth
of 250 feet. It is cased with 12-inch pipe to a depth of approx-
imately 231 feet, and about 16 feet of 8-inch screen, set at 249
feet, is attached to 8- and 10-inch pipe which extends up into the
12-inch pipe a distance of about 12 feet. The initial water level
was 44.8 feet below land surface and the drawdown about 29.5
feet after a pumping period of 2 hours at approximately 180 gal-
lons a minute. The pumping levels during this test, shown in
figure 15, and the hydraulics of the aquifer are discussed on page
52. The well was equipped with a turbine pump and put in serv-
ice in August 1951, The temperature of the water is 51° F.

The water pumped from the two producing wells is hard and
has a high iron content; that from the deep well contains 2.0
parts per million fluoride. The water is first pumped through an
iron-removal unit and then usually into the water tower, which
has a capacity of 45,000 gallons. The town maintains records
of the amount of water pumped; this information is given in
table 8 by months from July 1941 through August 1950,

TABLE 8. WATER PUMPED BY TOWN OF GOWRIE
(Millions of Gallons)

1941 1942 1943 1944 1945 1946 1947 1048 1049 1850

1.36 1.46 |........ 2.3 1.83 1.56 2.04 4.10 3.09

1.46 1.42 2.62 1.78 1.87 1.51 2.47 4.01 .63

1.33 1.22] 1.3 1.63 1.72 1.42 1.98 2.7 2.21

1.42 1.38 |........ 1.60 2.07 1.67 2.22 2.7 2.87

1.37 1.40 )........ 1.78 2.47 1.87 2.63 3.39 2.80

1.86 1.66 1.63 2.00 2.63 2.62 3.87 3.81 3.48

1.87 1.94 1.74 2.21 3.05 2.80 .64 4.12 4.13

1.87 2.15 2.31 2.26 3.08 4.18 3.70 4.4 4.15

2.28 2.16 2.38 2.84 2.95 2.32 4.4 3.47 {........

1.61 2.03 2.4 2.63 2.78 2.98 3.88 3.26 f........

1.50 1.8 2.39 2.35 2.64 2.60 3.88 3.3 Jeennnn

ber 1.40 1.50 1.89 2.08 2.1 2.60 3.08 3.4 ........
Total.........[........ 10.69 | 2031 |........ 25.30 | 20.17 | 328.22 | 38.38| 42.79 |........
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Harcourt. A well (86-29-18C1) was drilled in 1939 for the
town of Harcourt to a depth of 1,092 feet and cased with 8-inch
pipe to a depth of 197 feet, 6-inch pipe from 169 to 349 feet, 5-
inch pipe from 338 to 425 feet, and with 4-inch pipe from 402
to 842 feet. The initial water level was reported to be 108 feet
below land surface, and the drawdown was 52 feet after the
well had been pumped for 24 hours at 30 gallons a minute.
From water-level-recovery data submitted by the engineer on the
project, the transmissibility is computed to be about 750 gallons
a day per foot. The well is equipped with a turbine pump pow-
ered by an electric motor. The temperature of the water meas-
ured at the pump is 57° F. ’

The water is hard, contains an excessive amount of iron, and
has a fluoride content of 2 parts per million. It is pumped under
pressure through an iron-removal unit and directly into the
water tower, which holds 25,000 gallons. The amount of water
pumped is not metered, but it is estimated that the average
pumpage in 1948 was about 8,000 gallons a day.

Lehigh. Two wells located in the valley of the Des Moines
River supply the needs of the town of Lehigh. Well 87-28-12J1,
829 feet deep, is probably finished at the base of the Gilmore
City limestone. It was cased with 6-inch pipe originally and re-
cased with 4-inch pipe in 1951. The natural flow was reported
to be 15 gallons a minute, and a turbine pump delivers 60 gallons
a minute with a reported pumping level of 165 feet.

Well 87-28-12J2 was completed in 1987 at a depth of 1,006
feet in the Wapsipinicon limestone, It is cased with 12-inch cast
iron pipe to a depth of 216 feet and with 10-inch pipe from 178
to 300 feet. The well flowed at a reported rate of 100 gallons
a minute, about 25 gallons a minute being obtained from the
Wapsipinicon limestone and the remainder largely from the
Cedar Valley limestone and younger Devonian rocks. No pump
has been installed on the well as the water is under sufficient
pressure to flow into a small reservoir at the main pumphouse.
The temperature of the water is 5214° F.

The water from the shallower well is hard, has an iron con-
tent of 0.5 part per million and a fluoride content of 2.0 parts
per million; water from the deeper well is very hard and has a
fluoride content of 2.0 parts per million. The water from the
shallower well is pumped under pressure through an iron-re-
moval and zeolite softening unit and into a small reservoir at
the treatment plant. The treated water has a hardness of about
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8 grains or 137 parts per million calculated as equivalent calcium
carbonate. The water is then pumped from the reservoir into the
mains under a pressure of about 240 feet of water, the over-
flow going into the 60,000-gallon water tower located on the up-
land level. The deeper well is used only in emergencies because
of the excessive hardness of the water. During 1949 the average
daily pumpage at Lehigh was estimated to be 27,000 gallons.

Moorland. The town of Moorland has no public water-supply
system, and water is obtained from private wells bored to depths
ranging between 40 and 70 feet. The Moorland Consolidated
School obtains its water supply from a well drilled into rocks of
the Osagian series at a depth of 325 feet. The water level is re-
ported to be 145 feet below land surface. A force pump Yyields
7.5 gallons a minute, the drawdown being less than 40 feet. The
water is hard, has a temperature of 51° F., and is passed
through an iron-removal unit before entering a small pressure
tank.

Stratford. The town supply for Stratford is obtained from
two wells (86-26-7M1 and 86-26-7M2) in Hamilton County, in
the NW14SW1 sec. 7, T. 86 N., R. 26 W. Town well 86-26-TM1
was completed in 1935 at a depth of 495 feet in limestone of Mis-
sissippian age and is cased with 12-inch pipe to a depth of 819
feet and 10-inch pipe from 291 to 462 feet. The water level is re-
ported to have been initially 180 feet below land surface, and in
September 1942 it was about 210 feet. The drawdown at 225 gal-
lons. a minute is approximately 10 feet at the end of the normal
pumping period. The temperature of the water is 58° F. An
older well (86-26-7TM2), reportedly 500 feet in depth, is located
about 10 feet north of the principal well. Both wells are equipped
with turbine pumps. .

The water pumped from the wells is hard and contains 1.0
part per million iron and 1.6 parts per million fluoride. Water
is pumped directly from the wells through iron removal and
zeolite softening equipment into two pressure tanks. The treated
water has a hardness of about 5 grains or 85 parts per million
calculated as equivalent calcium carbonate. It is estimated that
an average of 20,000 gallons a day was pumped during 1942,

Vincent. The town of Vincent has no public water-supply
system. Several privately owned drilled wells are finished in the
basal sands and gravels of the Pleistocene or in the upper few
feet of limestone comprising the bedrock in the locality, which
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yield ample supplies of water. The water level generally
stands within 15 feet of the surface in these wells when they are
jdle. The temperature of the water pumped is 49°F. There are
several bored wells in town about 25 feet in depth; the water in
these wells stood within about 8 feet of the land surface in the
fall of 1942,

Quality of Water

The general character of the ground waters in the different
water-bearing beds in Webster County is indicated by the 67
water analyses presented in table 9. The water samples were
collected by personnel of the Geological Survey and the lowa
State Department of Health and analyzed in the Water Analysis
Laboratory of the State Hygienic Laboratories in cooperation
with the Iowa Geological Survey and the Iowa State Department
of Health. '

Chemical Constituents in Relation to Use

Dissolved solids. When a water sample is evaporated to dry-
ness, the residue consists of the constituents that were dissolved
in water plus a small amount of water of crystallization and pos-
sibly some organic matter. Water containing less than 500 parts
per million of dissolved solids generally is satisfactory for do-
mestic use, although it may be hard and contain an excess of iron
and fluoride. Water containing more than 1,000 parts per mil-
lion is likely to have an objectionable taste or be unsatisfactory in
other respects. Most of the water analyzed from wells in the
county contains more than 500 parts per million, and a few
samples contain more than 1,000 parts per million of dissolved
solids. -

Hardness. Calcium and magnesium contribute largely to the
hardness of a water. These elements react with soaps to form
jnsoluble salts; thus the reaction of the water with soap is a
measure of hardness. The greater the calcium and magnesium
content, the harder the water and the more soap required to
obtain suds.

Calcium and magnesium bicarbonates cause carbonate hard-
ness. This is often referred to as the temporary hardness inas-
much as calcium and magnesium carbonates are precipitated
from solution to form scale when the water is boiled. The non-
carbonate or permanent hardness is caused by calcium and mag-
nesium sulfates or chlorides. The carbonate, noncarbonate, and
total hardnesses of water from wells in Webster County are given
in table 9.

|



76

Dissolved constitdents given in parts
million (in italic).
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TABLE 9. ANALYSES OF WATERS FROM

ger million is calculated by dividing the cone

er million and in equivalents per
One part per million is equivalent to one
stance per million pounds of water or 8.84 pounds per mill
water. An equivalent per million is a unit chemical equivale
solute per million unit weights of solution.

ipound of sub-
on gallons of
nt weight of

Concentration in equivalents

entration in parts per million

y the chemical combining weight of the substance or ion.
Depth Dato of
Well number Lotation Owner (feet) | Principal aquifer coliection
- T.86N., R. 25 W,
86-28-2P1....| SE}BR{SWiaec. 2....| K. & K. Gabrislson. . . ... 720 | Hampton limeatone] Sept. 20, 1851
86-28-9R1....| SE{SEISE} ecc. 0..... Mary Ekstrand. ........ 31.0| Pleistocens Bept. 20, 1851
) 0]
86-28-14H1... SWISRINE} sec. 14...] Dayton, town well 2.....] 1,240 Wlapdm;:im Sept. 21, 1050
mesiond
86-28-21B1...| NEINWINE} sec. 21..| DeKalb Hybrid Seed Co, | 104 ng".mg;. Sept. 20, 1951
86-2831C1. .| NWINEINW} sce. 31.| F. L Johnsso.......... | s Plsx:p&ae Bept. 20, 1951
T.80N. R 20 W. eposi
86-20.3C1....| NWINEINW} sec. 3..] Edna Neleon............ 10.4 I’lamtoeei&e Sopt. 20, 1981
86-26-13C1. .| BWINEINW! sec. 13..| Harcourt, town well. ....| 1,002 ch‘:ney Sopt. 21, 1850
lXEStone
86-26-26Q1...| SWISWISE} sec. 26...| Lanyon Cons. Schoot....|  §7.7 Héme Sept. 12, 1042
€]
86-20-35C2...| BEINR{NW} sec. 38..| A, V. Mossberg......... 7.4 Pldaiatooe_;e Sept. 11, 1942
T.85N. R. 50 W. opos
86-30-1P1....{ SHABE}SIWY eec. 1....| Gowrie, town well 1.....| 620 Oﬂmore'g‘l:r-ﬁ June 19, 1940
pton for'tion|
© 8630-1P2....| SEISEISW) sec. 1....| Gowrie, town well 2.....| 1,842 | 8t. Peter—Prairie | June 10, 16046
du Chien for'tions
86-30-1Q1....] NWISWISE} see. 1...{ Gowrie, town well 3. . ... 250 nimegae July 17, 1851
X
86-30-15P1. . .| SEISE{8W} sec. 15. . .| C. J. Johnson. .. ........ 12 n:‘mmf;e Sept. 20, 1081
10}
803031AL....| SEINEINE] see. 31...| Jobn Carstenson. . ... .0 mi.:{':;&e Sept. 20, 1081
T.87N.,.R.TW, pect
87-27-10B1...| NE{NWENE} sec. 10..| J. H. Goodrich.......... 4.0 I’l‘e’iﬂoc_e;e Sept. 21, 1951
€]
87-27-18ML...| SWINWISW}eee. 18..| J. B. Marsh............ 35,8 Desnmnmn May 1, 1947
T.87N. R 68 W, senies
87-28.12J1. .. BEiNmeﬂ see. 12.. .| Lehigh, towa well 1......] 329 (Iill_mothiiy Aug. 8, 1051
imestone
87-28-12J2. . .| SENE{SE} sec. 12.. .| Lebigh, town well 2......| 1,008 \Vﬁmipzzicon Dec. 7, 1037
o I ne
87-28-18N1...[ NWISWISW] sec. 15..| Burnside Cons. School...| 181.8) Dm:nm Oct. 22, 1942
senes
T.87N. R.80 W.
§7-20.9D1....] NWINWINW] sec.9..| W, G. Larson. .......... 08.2| Ploistoceno Sept. 20, 1951
. deposits
T.87N. R SOW, .
87-303C1....| NWINE{NW) see. 3..| W. R, Ingram. .......... 108 Plam!oeg;e May 19, 1949
L
87-30-13E1...| SEISWINWI sec, 12. . Callender, town well 1...] 737 Mins@nian Jan. 27, 1045
10C!
87-30-12L1...| NEINEISW} sec. 12. .| Callender, town well 2...| 88 H:lhtocgae April 10, 1947
e posi
87-30-121.2...| SWINE{SW] ecc. 13. .| Callender, town well 3...| 185 Desmoinesian Nov. 1, 1948
eoTies
T.88N., R. 27 W. L.
88-273D1....| SWINWINW] see. 3..| Duucombe, town (park)..| 974 Mtl;s:mppinnﬁ— 5 Jon. 28, 1045
vonian Itocks
88-27-11J1. .. BEINFASE] sec. 11...] H.J. Dunbar......... .| 170 Plzisheg&e May 19, 1948
2]
88-27-11N1.... SWISWISW} sec. 11..| Peter Ostblom. .........| 209 msismao Moy 19, 1099
e
88.27-4A3....] BWINEINE] sec. 4...| Duncombe, tawn well 1..| 417 Mlﬁipinn Aug. 14, 1034
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WELLS IN WEBSTER COUNTY, IOWA

Principal aquifer is given, but some water commonly is derived also from
other formations in the uncased portion of the well (table 11).

pH: Determination commonly made several days after collection of sample
and may not be identical with determination made at the well.
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* g lated 2 CaCOs) 83
f 3 G (&) -
% - a zZ| B - % -] at
) < I S
=1 S| 8% g2 % €ls E |
£, g A RERE 2 -

' 5 § 3 . E 2 g ..g % ] ] ~lm=
(8 -] ] a 2] E z a = (4] Z |® a2
83| 3.5]87 41 [123 408 284 12 2 0.0 800| 380 334 521 1,070, 7.5

4.34] 3.87) £.35] 6.69| .91 34 A8 .00
561 .1 57 lo03 lan 8§ 116 1,130 781 404| 377] 1.820{ 7.4
10.28] 6.5§] 2.48| 8.08| 8.04) 1.60 08) 1.87)
58 .8 100 65  [a27 14 2810 1,280 872| 268| 604 1,560; 7.4
9.28] 8.06f 2.83] 5.38] 13.88 . 18 .00
52| 1.1 0131 47 76 |598 1.5 K2R 776] 520{ 490 30| 1,090] 7.2
€.54| 3.86 3.30 80| 46| .04 08 .24
541 0.2 J17D 87 43 432 1198 17 0.3 1138 847 658] 384] 304] 1,520 7.4
8.48] 4.00] 1.87] 7. 1.3 02| 2.28
52 0 |165 53 38 [486 07 52 .4 [126 7901 ©€206f 398} 228] 1,500 7.4
8.23) 28] 1.68] 7.97] 8.88| 1.47 02
57 8 359 12 20| 1.8 811 895 301] 1,040 7.4
6.14] 6.76] 2.70; 85.87| 8.08] .3% .,
5017 9 |182 1 |427 |4 16 0|32 1,060] €84 350 334|...... 7.2
58 4.11| 8.28| 7.00 8.68| . .00
50? 5 3 " 84 013 650] 858f 300{ 288f......] 7.3
7.63] 3.8 L7 6.00 2,81 .00 .2
.eeo) L1 )68 49 86 315 (218 16 2.4 .0 673 371] 258] 13] 862 7.4
3.901" 4.08| 8.43] S.16| 4.48] .45 .13] .00
5|9 49 67 (6016 219 17 2.0 0 1Y 428 340 88| 978 7.5
54| 4.08| 2.81| 0.80] 4.66 68 A1 .00
51| 2.7 a9 98 |615 |148 9 6115 715] 302 382 of 1,010 7.6
1 04| s.0¢ 26| 8.44] s.08 .25 03] .84
4.1 13 598 12 6.0 81 4.4 805] 582 466 86[ 1,050] 7.4
6.00] 4.38| 8.57 8.5¢ 41 A7 04 .07]
.5 1281 70 08 (484 |37 82 4 834 1,430 038] 372 &566) 1,830 7.4
18.58] €.05| 2.961 .44 7.70] £.4? .08 &£.08
51| 0.0 (211 72 22 628 (208 &5 0.05| 50 985 822| 5121 310{ 1,500 7.0
10.69] 6.08 .96) 10.24) 4.290 1.58) .00| .8
81| 43120 50 68 M7 %0 | 14 1.6 .0¢ 778 &530; 300 140/ 1,140] 7.0
8.09| 4.0 £.87] 7.80| 8,381 .40 .08] .00
..o 08140 3 45 [400 |374 16 2.0 .0 089 630 328] 322] 1,180 7.4
6.95| 6.00; 1.868| 6.86) 7.79 48 A1 .00
54 .20{231 111 57 (1322|816 18 2.0] 2.2 1,530 1,030 264 760}...... 7.0
11,53 D.13) 2.48| &8.08] 10.99] .48 .U .04
50 | 1.3 |232 80 (886 {506 8 3.1 1,240 82| 480 346f...... 7.0

60 0
11.58) 4.93] 3.48| 9.60| 10.53] .88 .00] .05

51 L1621 1125 200 {417 |1400 (286 1.0 [838 3,750] 2,060f 342] 1,718] 3,960 7.1
80.99] 10.28) 8.701 6.83] 89.48] 7.8 .08| 8.68

51 1.0 156 L 87 808 |240
7.78] S3.78] £.48f 98.31| &.00 .
ced| L9 J101 2 69 [408 |215 . . 424
5.04 3.48] 3.00( ©€.69| 4.48 .87 .11 .02
32 (466 226 128 .2 .0 043 733
9.04] 6.6 1.88] 7.64 4.70 3.681 .o .00
33 554

838 578 112} 1,020] 7.1
90[...... 7.4
383) 1,160 7.2

466
334
382
338 210) 1,220; 7.3
390
568
869

cees| 0.6 [151 43 |64 412 12 09} 0:.0]| 891
7.83| 8.84 0.78] 6.78) 7.08] .34 .05 .00
s51-) 14108 |31 72 |83 (183 371 1.21Tr 643] 390; . 0l...... 7.4
5.24| 2.88] S.18| 8.78| 8.77| .18 .06 .00
S11 45160 |47 |65 766 (124 .5 .61 8.1 852 668 0| 11100 7.4
7.48] 8.87 83.“ 18.55) 2.68] .01 .03 .05
50| 3.0]i48 |40 600 [143 1.0 0| 4.9:1 839 566 0{ 1,050, 7.4
7.08] 4.03] S8.48| 11.31) 2,58 .08f .08] .08
8 5 188 1 2.0 O 635 481 348] 103...... 7.4

Y B
4741 4.28| 8.17] e.on| 8.8 & .| .00
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TABLE 9. ANALYSES OF WATERS FROM

Depth Date of
Well number Location Owner (feot) | Prineipal nquifer collestion

7. 8 R .28 W,
88-28-5D2.... NW}N\\'}NWl sec. b.. Ce’rqmin-teed Products, 2,000 | Jordan sondstone | Oct. 3, 1051

. o.
88.28.6M1,..| NEINW{8W} see. 8...] Vincont Clay ProductsCo,] 388 | Gilmore City Jan. 18, 1940

limestono

38-28-811,...| NWISEIBFS sec. B... .| Jordison Stare. .. 246 | Osagian series Moy 10, 1949

88-28-10B1...| SEINWINE] sec. 19..| A, D, Schnurr,.. 55.0 I'Igmtocfae July 9, 1940
e,

88-28-31D1.. .1 NEANWINW] gec. 31.] J. Y. Wickersham. ...... 370 Gillmgzifily Mar. 80, 1944
imestone

88-28-35N1...] NEISW18W1 sce. 36. . Dolliver State Park...... 376 | Hampton Aug. 8, 1951

R99 . formation

88-26-23A1. .. NE]VL!N!‘JM 23..| A, Edwards........... .. 06.4 m(&iﬂtocg&e 8ept. 20, 1951

oposil

T.88N.. R.30W,
88-30-13D1... NE}NW{N“‘} eee. 13.| Moorland Cons. 8chool...| 328 | Osagian series May 19, 1948
88-30-13J1...| BWINEISE! see. 13...] Julia Finln...... 230 D?}momcsnn and | Moy 19, 1049
sagion erties
88-30-20A1...| SEINEINE] see. 26...| Howard Loehr. . 162 | Dakota sandstons | Sept. 20, 1051

88-30-27N1...| BWIBWISW/ sec. 27..| . R. Fidedlick..........}] 376 | Gilmoro City Oct. 28, 1045

limestone
80-23-7AL.... NF}NRNE! :Ze“; Erwin Dencklou.........] 241 | Osmgian eerics April 22, 1949
89-27-7A2....] NEINEiNE} sec. 7...| Erwin Dencklau,........ 873 | Devenian rocks Oct. 7, 1949
£0-27-8A1....| NEINE{NE}sec. 8...] Dubbo............. 83.5] Pleistocens Aug. 11, 1839
depasit

T.89N.. R.28 W.
89-28-10K2... Sh}N\ViSF{m 19...1 Ft. Dodge Crmy., well 2.1 404 | Mississippian rocks| Oct. 4, 1851

§9-28-10L1. . .| SEINEISW{ sec. 19...1 Ft. Dodge, city well 3....| 218 | Mississippian rocks| Aug, 16, 1834
80-28-10L4.. .| BEINEISW} eec. 10.. | Ft' Dodge, city well 8....] 500 | Mississippian rocks| Aug. 16, 1034
§9-28-101.9. .| NWINEJSW} see. 10,.] Ft. Dodge, eity well 12...] 341 | Mixsimsippion rocks] Aug. 15, 1834
£8-28-19L11..] NWINEISWY see. 19.. Ft. Dodge, city well 14...] 080 | Devenian rocks Nov, 23, 183§
89-28-19L12. .| SEINE18W1 see. 19...| Ft. Dodge, city well 15...| 2,307 | Jordan sandstone { Jan. 15, 1949
88-28-10L12. .| SE}NE}8W1 eec. 19...| Ft. Dodge, city well 15...1 2,307 | Jordan sandstone | Oct, 5, 1051
89-28-19P8. . .| NE{SE{8W{ eec. 19...| Cargill, Ine..... B45 | Missiasippian rocks| Oct. 24, 1846
80.28-22A1...] NEINEINE} sec. 22..| G. H. Halverson. .. 148 | 8t. Louislimestone | April 28, 1946

89.28-32N1...| SWiSWi8W1 see. 32..] Peterson Bros........... 325 | Omgian series June 21, 1944
89.20-23N1... SWISW{SWI nfc.‘ ;25 B. Bergman......... .| 828 Il?%o:nn Oct, 23, 1942
89.20-31F1...| NE{SEINW} see, 31,.] A.J. Crawlord..........| 165 | Fort Dodgo May 18, 1940
formation
80-30-2Q1.... sg;s“ {Siui sec. 2 "?'... V.F. Lentsch........... 623 | Cretaccousrocks | May 17, 1949
80-30-11R1...| NEISEISE} eee. 11...] V. & M. McLaughlin....{ 671 | Dovonisn(?)rocks | May 17, 1940
89-30-23R2...| NE{SEISE} eec. 23. . .| Johnzon Twp. Cons. Sch, 88 | Pleistooeno Dec. 28, 1046
T.90N., R.27 W, depusits
00-27-22K1...| NWINWISE] ece. 22.. J. Riochert......... ees 08 | Pleistocens Mar. 27, 1943
80-27-31N2... S\\'{S\V}S\V} see. 31..| C. 8. Knudson.......... 405 Kig’;f:,:khn Sept. 21, 1951
900-28-15D1.. .| N MN WlﬂW! m‘:V 15.] Badger, town well 1..... 280 | Gilmore City Jan, 17, 1048

limeatono
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TABLE 9. ANALYSES OF WATERS FROM

Depth . Date of
Well number Location Owner (feet) | Principal aquifer collection
00-28-18D2...] NWINWINW} see. 18.} Badger, town well 2... .. 530 | Kinderhookian July 19, 1948
series
00-28-24J1....| SE{NE{SE} sec. 24...] C. 8. Knudson........... 164 Sti_lau;l:n Sept. 21, 1051
imestone
00-28-27E1L.. .| SWiS8WINWS see. 27..| E. McGill. ....... Ceeees 140 | 8t. Louis Nov., 17, 1042
limestone
T.00N., R.29 W,
00-26-9K1....] NEIN “’iQE{ see. 8. .. H. & M. Neimeyer. ..... ol | 8t, Louis May 17, 1040
limestone
T.9ON.R.SOW.
90-30-3A1....| NEINEINE} se. 3...| E. F. Beeh.... 165 | Crotaccousrocks | Oct. 2, 1047

00-30-18N1,..| NWINWiBW} sec. 15.] R. E. Mason............ cerresss] Cretaceous rocks | May 17, 1049
00-30-35Q1. . .| BWSWISE} sec. 35...] Eding Malmin.......... 710 | Cretaceous rocks | May 17, 1840
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Water having a total hardness of 50 parts per million or less,
calculated as calcium carbonate, is generally regarded as soft.
The ground water of Webster County is hard, as are most of the
waters of Iowa, but some waters are considerably harder than
others. The range in hardness of the ground waters sampled in
the county is between 300 and 2,400 parts per million, although
most of the water utilized probably has a hardness of less than
1,000 parts per million. The hardest waters seem to be the near-
surface waters, which are high in chlorides or nitrates, and the
water in the Wapsipinicon limestone in the southern part of the
county. The waters are too hard to be used satisfactorily in
boilers without treatment.

Iron. An iron content of more than 0.3 part per million in
water pumped from wells will generally result in the precipita-
tion of iron hydroxide or oxide, yellowish or reddish in color,
which will stain plumbing fixtures, utensils, and clothing. Except
for water pumped from shallow bored wells, most of the water
analyzed in Webster County contained enough iron to cause
staining,

Iron can generally be removed by aeration and filtration al-
though it sometimes has to be removed by other methods. The
iron can often be held in solution or stabilized by the addition of
certain chemicals such as phosphates.

Manganese is frequently associated with iron in water and
may cause black stains; however, the water in Webster County
does not seem to contain enough manganese to be troublesome.

Fluoride. Although fluoride is commonly only a minor con-
stituent of ground water, it seems to have a well-substantiated
effect in dental hygiene. Small amounts of fluoride in the water
supply seems to be beneficial to children’s teeth during the period
of growth in that tooth decay is definitely decreased. Mottling
of teeth, however, is likely to become increasingly pronounced
as the fluoride content increases above 1.5 parts per million
(Wieter, 1938). Adults’ teeth apparently are unaffected by the
continued use of water high in fluorides. As shown in figure 18,
the fluoride content of water from aquifers below the St. Louis
(Mississippian) limestone often is more than 1.5 parts per mil-
lion, the upper acceptable limit in the Public Health Service
Drinking Water Standards. The fluoride content in water from
Cambrian strata appears to fall within the acceptable limits.

Nitrate. Nitrate is often an important constituent in water
pumped from shallow bored wells in the county. Deep wells
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Fluoride

Principol (Parts per Million)
Aquifer o

PLEISTOCENE}® o ¢

CRETACEOUS *

'PERMIAN .

PENNSYLVANIAN o| .

MISSISSIPPIAN ||
{S\. Louis)

{Osagian) o o .

(Gilmore Cily) . . .

{Hompton) e o .

DEVONIAN .

ORDOVICIAN

CAMBRIAN ¢

Figure 18.—Fluoride content of é:mxiles of water from wells in Webster
unty.

which yield water with a high-nitrate content may be suspected
to receive shallow water at the surface through the mouth of
the well or near-surface water through holes in the casing. High-
nitrate content of well water also suggests that the supply may
be bacterially contaminated. I. H. Borts (1949) states that of
874 wells in Iowa yielding a water with a nitrate nitrogen con-
tent of more than 20 parts per million (88 parts per million of
nitrate), 87 percent were bacterially unsafe or unsatisfactory.
Boiling water eliminates the bacteria, but the nitrate is not re-
moved and may actually be increased by concentration resulting
from evaporation of the water,

The nitrate content of well water has received considerable
attention since the recognition by Comly (1945, p. 112-116)
that nitrate water used in formulas in infant feeding is a cause
of cyanosis in some infants. Cyanosis gives the baby a bluish
color and may be accompanied by vomiting, excessive crying,
and irritability. Prolonged ingestion of high-nitrate water by
infants may be very dangerous. The Iowa Department of Health
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suggests that a nitrate content of 10 parts per million (as NOy)
or more in water may cause cyanosis in infants using that water,
and that water containing nitrates in excess of 50 parts per mil-
lion definitely should not be used in the feeding of infants.

Other constituents. Several aquifers seem to yield water con-
taining a noticeable amount of hydrogen sulfide, which gives the
water an odor similar to that of rotten eggs. The gas is easily
eliminated by aeration. .

The chloride content of ground water utilized in Webster
County is generally negligible except in some of the very shallow
wells, where it still is not sufficient to give a salty taste to the
water. Higher concentrations probably occur in the water-bear-
ing beds below the St. Lawrence formation at great depths.

Quality of Water in Relation to Water-Bearing Formation

Water obtained from wells finished in sand and gravel of
Pleistocene age, sandstones of Cretaceous, Permian, and Penn-
sylvanian age, and limestone and sandstone of the St. Louis lime-
stone is likely to represent a particular water-bearing bed, where-
as water from most wells finished in rocks at a greater depth
than that of the St. Louis limestone probably comes from more
than one water-bearing formation. Thus, a comparison of waters
in the deeper wells is necessanly more general. The general
quality of water encountered in the various Water-bearmg beds
in Webster County is shown in figure 19.

Waters from Mississippian, Ordovician, and Cambrian rocks
generally seem to be less highly mineralized than waters from
other aquifers in Webster County. The most highly mineralized
waters are obtained from aquifers near the surface and in
Devonian rocks. In some areas in Iowa, water from below the
deep-lying St. Lawrence formation is highly mineralized and
contains a large amount of sodium chloride.

Sanitary Considerations

The analyses given in table 9 show only the mineral constitu-
ents and do not indicate the sanitary condition of the well water.
Certain constituents such as nitrate may, however, suggest pollu-
tion.

Inasmuch as nearly all domestic supplies in Webster County
are developed from wells, every precaution should be taken in
their construction to avoid contamination. Bored and dug wells
are most likely to be contaminated because they utilize the more
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Figure 19.—Graphic representation of analyses of water samples from
wells finished in the different water-bearing beds in Webster County.



86 GEOLOGY AND GROUND-WATER RESOURCES

easily contaminated near-surface water, and they may permit
unsafe water to seep through the joints in the curbing. Drilled
wells are usually much safer in that casing extends to a consid-
erable depth and prevents near-surface water from entering the
well.

A well, of any type, that is located in an undrained pit is com-
monly polluted by the entry of surface water through the mouth.
(See fig. 13.) The abnormally high water levels measured at
times in well 86-30-5C1 are caused by water spilling into the
well from the pit in which the well was drilled. If a well is to be
finished in a pit, it is desirable that a tile drain be provided;
even so,water levels may rise high enough at times to make the
tile drain ineffective and to let water enter the well. A water-
tight seal may be installed between the casing and the pump,
but even this may sometimes fail to keep out all the water.

1t is desirable to locate wells as far as possible from sources
of contamination such as barnyards, privies, etc. The practice of
constructing well pits to protect pumping equipment during cold
weather adds to the convenience of operating the well, but for
sanitary considerations it is more desirable to finish the well
above the land surface.
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GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
CHARACTERISTICS

PRE-CAMBRIAN ROCKS

Character, distribution, and thickness. Pre-Cambrian crys-
talline rocks of igneous and metamorphic origin and stratified
rocks of sedimentary origin probably underlie Webster County.
The sedimentary rocks, which consist of soft, flaky, red, slightly
dolomitic shale were only partly penetrated in the subsurface
by Fort Dodge city well 15, hence only meager lithologic details
are known. Correlated subsurface information obtained from
deep borings throughout the State of Iowa suggests that the 17
feet of red shale encountered in Fort Dodge city well 156 may be
part of a thicker section of undifferentiated beds of shale and
sandstone lying east of Webster County. However, an additional -
possibility is that the red shale is a residual deposit upon sub-
jacent crystalline rocks.

In Iowa, red shale and sandstone that underlie known strata
of Late Cambrian age commonly have been assigned to pre-Cam-
brian systems (Trowbridge and Atwater, 1934, p. 29).

Thicknesses of pre-Cambrian sedimentary rocks in Webster
County are not known definitely, but subsurface data from deeper
borings in adjacent counties suggest that these sediments are
only a few tens of feet thick. Owing, therefore, to this probably
limited thickness and the fine-grained texture of the rocks, these
strata would yield very little ground water in Webster County.

CAMBRIAN SYSTEM
St. Croizan Series

Dresbach Formation

Character, distribution, and thickness. The Dresbach forma-
tion, the oldest Cambrian formation recognized in Iowa, is repre-
sented in the subsurface in Webster County by strata tentatively
assigned to the Eau Claire and underlying Mt. Simon sandstone
members. The uppermost member, the Galesville sandstone, has
not been recognized in Webster County. The Mt. Simon member,
as indicated by samples from city well 15 in Fort Dodge, consists
of poorly sorted, clear to orange, angular to rounded frosted
quartz sand having some argillaceous grayish-green calcareous
siltstone beds from a depth of 2,225 to 2,290 feet. The Eau Claire
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member is composed of glauconitic and silty, fine-grained lime-
stone with minor amounts of shale.

The Mt. Simon and Eau Claire members are probably present
throughout Webster County except in the Manson area. The Mt.
Simon member at Fort Dodge is about 65 feet thick and the Eau
Claire about 95 feet thick. The Dresbach formation probably
thins to the north and west. The Mt. Simon member thickens
progressively eastward, where the Galesville is present.

Age and correlation. The Dresbach formation (Winchell,
1886, p. 334-337) as restricted by Trowbridge and Atwater
(1934, p. 38-45, 79) includes all beds between the base of the
Mt. Simon sandstone and the base of the Ironton sandstone
member of the Franconia sandstone. The Dresbach sandstone
as restricted by Walcott (1914, p. 864, from Ulrich’s ms.) is
named the Galesville sandstone by Trowbridge and Atwater
(1934, p. 45, 79) and is reduced to member status in the Dres-
bach formation along with the Eau Claire and Mt. Simon sand-
stones. This usage is adopted by Twenhofel, Raasch, and
Thwaites (1935, p. 1691).

The formation crops out in Minnesota and Wisconsin and a
part of it in the extreme northeastern part of Iowa. It has been
traced from this area westward in the subsurface into Webster
County, where it rests on shale and probably on crystalline rocks
of supposed pre-Cambrian age. It is overlain by the Franconia
sandstone.

Water supply. At Fort Dodge, the Mt. Simon sandstone prob-
ably yields a small amount of water to city well 15. During the
drilling of the Dresbach formation the slight increase in the rate
of flow of the well was accompanied by an increased chloride
content. It is inferred that small quantities of water can be ob-
tained from the Mt. Simon member in this area and that the
water is likely to be highly mineralized. No appreciable quantity
of water is thought to occur in the Eau Claire member in the
county.

Franconia Sandstone

Character, distribution, and thickness. Strata assigned to the
Franconia sandstone were penetrated in city well 16 at Fort
Dodge between depths of 1,870 and 2,130 feet. The upper 106
feet of beds are composed of gray very glauconitic dolomitic silt-
stone and are underlain by 155 feet of highly glauconitic very
finely crystalline gray and buff limestone with light- and dark-



OF WEBSTER COUNTY, IOWA 89

green glauconitic shales. Near the base the formation is com-
posed mostly of glauconite.

The Franconia sandstone is probably present throughout Web-
ster County except in the Manson area. At Fort Dodge the for-
mation is 260 feet thick, and like the underlying Dresbach, it
probably thins to the north and west.

Age and correlation. The Franconia sandstone is deeply
buried over most of Iowa but crops out in the extreme north-
eastern part of the state. The formation includes beds between
the top of the Dresbach and the base of the St. Lawrence forma-
tion, all of Late Cambrian age. In the outcrops in JTowa, Minne-
sota, and Wisconsin, the beds are heavily glauconitie, a charac-
* teristic that persists westward. In Webster County the base of
the formation is considered to be at the base of the highly glau-
conitic beds overlying the less glauconitic beds of the Dresbach.
The top of the formation is considered to be at the upper limit
of glauconitic siltstone, beneath the slightly glauconitic dolomite
of the St. Lawrence formation.

Water supply. Very little water is reported to have been en-
countered in the Franconia sandstone in Fort Dodge city well
15. The composition of the beds is such that no appreciable
amount of water is expected to be transmitted by them. Farther
east the Franconia contains more sand, but it usually is fine
grained and yields only small quantities of water to wells.

St. Lawrence Formation

Character, distribution, and thickness. The St. Lawrence
formation has been penetrated by two wells in the county, name-
ly, Fort Dodge city well 15 (89-28-19L12) and the Certain-teed
Products Corp. well (88-28-5D2), southeast of Fort Dodge. At
both wells the formation consists chiefly of silty, fine-grained
cream to gray dolomite. At well 88-28-5D2, a 20-foot bed of
medium- to coarse-grained frosted sand occurs near the middle of
the formation, and the lower beds are slightly glauconitic.

The St. Lawrence formation is probably present throughout
Webster County except in the Manson area. At Fort Dodge it is
between 80 and 95 feet thick, at Rockwell City, 12 miles west of
Webster County, it is 65 feet thick, and 13 miles south of the
county it is 80 feet thick. _

Age and correlation. The Cambrian St. Lawrence formation,

like other Cambrian and Ordovician strata in Iowa, crops out
only in the northeastern part of the State. It has been traced in
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the subsurface from northeastern Iowa to Webster County and
beyond. The formation is overlain by the Jordan and underlain
by the Franconia sandstones. The various members of the forma-
tion were not differentiated in the subsurface in Webster County.

Water supply. Locally in the central and eastern parts of
the State, large supplies of water are obtained from the dolomite
where it contains large crevices. In the vicinity of Fort Dodge
and at the city well drilled in 1951 at Jefferson, Greene County,
the dolomite beds seem to be too dense to yield much water. The
Jefferson city well apparently obtained about 10 gallons a
minute with a drawdown of over 300 feet from the Franconia
sandstone and St. Lawrence formation. The quality of the water
in the St. Lawrence is inferred to be similar to that in the over-
lying Jordan sandstone as there appears to be no restriction to
the movement of water between the two formations.

J 6rdan Sandstone

Character, distribution, and thickness. The Jordan sandstone
in Webster County is shown by well cuttings to be composed
primarily of a white to light-gray rounded frosted quartz sand.
Most of the formation is tightly cemented by dolomite, but some
loosely cemented beds occur.

The Jordan sandstone occurs throughout the county with the
probable exception of the northwestern part, adjacent to the
Manson area. It is between 55 and 60 feet thick at Fort Dodge
and probably exceeds 40 feet throughout the county. The present
general configuration and altitude of the top of the Jordan sand-
stone in Webster County is shown by figure 20.

Age and correlation. The Upper Cambrian Jordan sandstone
has been traced by means of well cuttings from its outcrop area
in eastern Jowa to other parts of the State. In Webster County
it includes the sandstones and very sandy dolomite beds lying
below the Oneota member of the Prairie du Chien formation and
above the dolomite of the St. Lawrence formation. As such, it
includes the Madison sandstone, which Trowbridge and Atwater
(1934, p. 21-79) state is equivalent to the Jordan sandstone.

Water supply. The Jordan sandstone, supplemented by parts
of the St. Lawrence formation and the overlying Oneota mem-
ber of the Prairie du Chien formation, composes the most ex-
tensive and consistently prolific aquifers in the State. The water
is hard (table 9) but otherwise acceptable for most purposes.
Equal or larger yields, however, are obtained in more limited
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areas from sands and gravels in the larger river valleys of the
State, from the Dresbach in eastern Iowa, and locally from the
aquifers in younger rocks.

Four wells have been drilled through the Jordan sandstone
in Webster County. Fort Dodge city well 1 (89-28-19P1) de-
veloped a reported flow of 571 gallons a minute when it reached
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Figure 20.—Map of Webster County showing the general configuration

and altitude with reference to meaén t:;’ea level, of the top of the Jordan
sandstone.




92 GEOLOGY AND GROUND-WATER RESOURCES

the Jordan sandstone. Of this flow, about 200 gallons a minute
was possibly obtained from the Oneota dolomite and Jordan
sandstone. The head on the aquifers was apparently not
measured at the time of completion of this well in 1907, and it
has since been abandoned. (Details of this and other city wells
are recorded under the heading of Fort Dodge water supply.)
The yield from the Wahkonsa Hotel well, drilled in 1923 to the
Jordan sandstone and subsequently abandoned, is not known.
The Certain-teed Products Corp. well (88-28-5D2) was completed
in 1950 at a depth of 2,060 feet in the Franconia sandstone. Most
of the water is believed to enter the well from the Oneota dolo-
mite member and the Jordan sandstone between 1,690 and 1,910
feet. The initial nonpumping water level is reported to have
been 117 feet below land surface (altitude approximately 998
feet), and the drawdown is reported as 40 feet when pumped
at 620 gallons a minute for more than 24 hours. The tempera-
ture of the water is 57° F. '

Fort Dodge city well 16 (89-28-19L.12) is apparently finished
in pre-Cambrian rocks but obtains most of its water from the
Jordan sandstone and probably some from the Oneota dolomite
and overlying aquifers. The well is reported to have flowed at
350 gallons a minute on completion in 1949, the mouth of the
well being about 980 feet above sea level. On October 4, 1951,
the water level was at an altitude of 982.2 feet after the well
had been idle for a few days, and the drawdown was 70 feet
after 8.5 hours of pumping at about 2,900 gallons a minute. The
coefficient of transmissibility of the aquifers open to the well,
calculated from brief pumping tests made in the Fort Dodge
city well field, is between 80,000 and 110,000 gallons a day per
foot. The temperature of the water was 59° F. in January 1949,

ORDOVICIAN SYSTEM
Beekmantownian Series

Prairie du Chien Formation

Character, distribution, and thickness. The three members of
the Prairie du Chien formation, the Oneota dolomite, Root Valley
sandstone, and Shakopee dolomite, are recognizable, in part, from
well cuttings in and near Fort Dodge. The upper member of the
Shakopee dolomite, is composed of sandy, finely crystalline,
brown, eream, and gray dolomite. The middle member, the Root
Valley, is predominantly a white medium- to coarse-grained
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frosted sand with dolomite cement and sandy, finely crystalline
dolomite. The upper boundary of the Root Valley sandstone mem-
ber is not clearly defined in Webster County. The lower member,
the Oneota dolomite, is represented by cherty and sandy, finely
crystalline buff-gray dolomite,

The Prairie du Chien formation probably is present throughout
the entire county with the exception of the northwestern part
adjacent to the Manson area.

The formation is about 270 feet thick in the vicinity of Fort
Dodge, thinning in a northwest direction from about 450 feet in
central Story County to about 210 feet at Rockwell City in Cal-
houn County, a distance of about 65 miles. The Oneota dolomite
member in Fort Dodge ranges in thickness between 145 and
170 feet.

Age and correlation. The Prairie du Chien formation rests
on the Jordan sandstone and is overlain by the St. Peter sand-
stone in Webster County. It is equivalent to the Prairie du Chien
group of Bain (1906, p. 18). The Shakopee dolomite member
was named by Winchell (1874, p. 138-147) and includes beds be-
tween the St. Peter sandstone and underlying New Richmond or
Root Valley sandstone. These beds were named the Willow River
dolomite by Wooster (1882, p. 106), which name was later
adopted by Trowbridge and Atwater (1934, p. 65-73) and
Powers (1935, p. 171) ; however, the earlier name, Shakopee
member, is used in this report.

The name Root Valley was used by Stauffer and Theil (1941,
p. 69-62) for a sandstone between the Oneota and Shakopee
dolomite members. It is well exposed in the valley of Root River
in southeastern Minnesota. The name New Richmond was ap-
plied by Wooster (1882, p. 106) to sandstone thought to lie be-
tween the Shakopee and Oneota dolomite along the Willow
River at New Richmond, but Sardeson (1934, p. 29-34) found
important parts of Shakopee fauna in the interbedded dolomites
of the sandstone at this location. It therefore seems desirable
to follow the proposal of Stauffer and Theil and adopt the name
Root Valley for the sandstone between the Shakopee and Oneota
dolomite members in Iowa.

The Oneota dolomite member was named by McGee (1891,
p. 831, 332) for dolomite between the Root Valley sandstone
and the underlying Jordan sandstone. It is considered to be the
basal member of the Prairie du Chien formation, which is of
Early Ordovician age (Trowbridge and Atwater, 1934, p. 78, T79).
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Water supply. Aquifers in the Prairie du Chien formation
generally yield large supplies of water to wells in most of the
State. In the vicinity of Fort Dodge, the water in the aquifers
above the Oneota dolomite member seems to be more closely
related to the water in the St. Peter sandstone; that in the
Oneota seems to be more closely related to the water in the Jor-
dan sandstone. In the drilling of the well for Certain-teed Prod-
ucts Corp. (88-28-5D2), the water level is reported to have low-
ered from a depth of 69 feet to 117 feet when the upper part of
the Oneota dolomite had been penetrated. There is no record of a
production test made prior to the time the water level lowered
in this well. An older well (88-28-5D1) drilled for the same
plant in 1925 (then Beaver Products Co.), was finished in the
Root Valley sandstone at a depth of 1,669 feet. Some water was
reported to have been encountered in the Shakopee and Root
Valley sandstone members, but the principal supply was pre-
sumably from the overlying St. Peter sandstone. The water level
reportedly stood 62 feet below the curb in 1925.

Chazyan Series
St. Peter Sandstone

Character, distribution, and thickness. The St. Peter sand-
stone in Webster County is shown by well cuttings to be pre-
dominantly a medium grained white frosted quartz sand. It
differs little in general appearance from the sands of the Prairie
du Chien formation or Jordan sandstone. Heavy-mineral studies,
however, may indicate considerable difference (Stauffer and
Thiel, 1941, p. 75). In southeastern Minnesota the St. Peter
sandstone contained only a trace of garnet and appreciable
zircon, whereas the Root Valley sandstone member of the
Prairie du Chien formation and Jordan sandstone had a high
percentage of garnet and relatively little zircon.

The St. Peter sandstone probably is present over Webster
County except near the Manson area of Calhoun County. In
Webster County the formation seems to range between 65 and
65 feet in thickness, the present configuration and altitude of
the top of the formation being shown on figure 21.

Age and correlation. In Webster County, the St. Peter sand-
stone is underlain by the Shakopee dolomite member of the
Prairie du Chien formation and is overlain by the Glenwood
shale member of the Platteville limestone. The sandstone crops
out in northeastern Iowa. The formation was named for sand-
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Figure 21.—Map of Webster County showing the general conflguration
and altitude, with reference to the mean sea level, of the top of the
St. Peter sandstone.

stone above Shakopee dolomite and below Glenwood shale along
the Minnesota River (formerly St. Peter’s River) by Owen
(1847, p. 169-170). It is regarded as Lower Ordovician by Ed-
son (1935, p. 1110).

Water Supply. The St. Peter sandstone generally yields a
moderate amount of water to wells, and in Webster County a
few wells have been finished in it or obtain a part of their sup-



96 GEOLOGY AND GROUND-WATER RESOURCES

ply from it. Gowrie town well 2 (86-30-1P2) was finished in
1926 at a depth of 1,842 feet in the Shakopee dolomite a short
distance below the St. Peter sandstone. The principal supply
was reported to have been encountered in the St. Peter sandstone
and the Shakopee dolomite. The static water level was reported
to be 81 feet below land surface and the pumping level less than
150 feet at a pumping rate of 300 gallons a minute. -

The now-abandoned well (88-28-5D1) of the Certain-teed
Products Corp., drilled to a depth of 1,669 feet in 1925, was fin-
ished in the Root Valley sandstone. The main supply is reported
to have been developed from the St. Peter sandstone. The water
level stood 62 feet below land surface at the time of completion
and the yield is reported to have been 275 gallons a minute with
a pumping level of less than 182 feet. The temperature of the
water was 56° F.

Fort Dodge City well 8 (89-28-19L4) was finished in 1928 at a -
depth of 1,436 feet in the St. Peter sandstone. Most of the water
in the well, which is reported to have had an initial flow of 750
gallons a minute, was encountered above the sandstone. Within
a few years the well had filled in to above the St. Peter sandstone,
and little water probably comes from below 600 feet at present.
City well 15 (88-28-19L12), 2,307 feet deep, had a reported yield
of about 90 gallons a minute at 1,500 feet, about 40 feet below the
St. Peter sandstone, the aquifers above 1,084 feet having been
cased out.

The town of Boxholm, situated about 3 miles south of the
Webster County line, drilled a well in 1949 to the St. Peter sand-
stone. The 1,955-foot well is located in NW14SWI,NW, sec.
15, T. 85 N., R. 28 W, and had a reported water level of 146 feet
below land surface, or at an altitude of approximately 1,006 feet.
The yield was reported as 50 gallons a minute, the pumping level
being 867 feet. .

Water from the St. Peter sandstone well at Gowrie is hard
and has a fluoride content of 2.0 parts per million. That from
the Boxholm well had a hardness of 888 parts per million, calcu-
lated as equivalent calcium carbonate, an iron content of 1.7
parts per million, and a fluoride content of 2.4 parts per million
in August 1949.

Mohawkian Series
Platteville Limestone and Decorah Shale

Character, distribution, and thickness. Limestone and shale
comprise the Platteville and Decorah formations in Webster
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County as in the outcrop area in northeastern Iowa.The basal
member of the Platteville limestone, the Glenwood shale, is com-
posed of slabby, soft to hard, green and some brown shale, which
frequently caves during drilling. Casing is often required to
reach the St. Peter sandstone. The light-buff to light-brown
sublithographic limestone overlying the Glenwood may be the
McGregor limestone member of the Platteville limestone. Rest-
ing on the limestone is a green shale, which contains black
fossil fragments and probably represents the Spechts Ferry
shale member of the Platteville limestone. Over the Spechts
Ferry shale member is a gray to brown limestone with some
dolomite, which is probably the Guttenberg limestone member of
the Decorah shale. The Ion dolomite member, resting on the
Guttenberg member, is composed of calcareous gray shale and
gray limestone, mottled black.

The Platteville limestone and Decorah shale probably extend
throughout the county with the exception of the area bordering
‘Manson, Calhoun County. The two formations are about 125 feet
thick in the vicinity of Fort Dodge and probably do not vary in
thickness appreciably over the county.

The Glenwood shale member is about 86 feet thick, the
McGregor limestone member between 6 and 15 feet, the Spechts
Ferry shale member about 15 feet, and the Guttenberg-Ion mem-
bers between 60 and 70 feet.

Age and correlation. The Platteville limestone and Decorah
shale include all beds between the top of the St. Peter sandstone
and the base of the Galena dolomite. The lower contact is clearly
defined by the St. Peter sandstone, and the upper contact lies
at the top of the Ion dolomite member and below the cherty buff
to brown dolomite of the Galena dolomite in Webster County.
The formations are considered by Kay (19385, p. 286, 287) to
be Middle Ordovician.

Water supply. The shales and argillaceous limestones of
these formations probably transmit very little water and act
as barriers to the vertical movement of water between the
Galena dolomite and St. Peter sandstone. No wells in the county
are known to obtain water from these formations, and because

of the caving nature of the shales, these strata have been cased
off.
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Galena Dolomite

Character, distribution, and thickness. The Galena dolomite
is composed mostly of buff to brown dolomite containing some
white opaque chert in the lower part. The top of the formation
is often marked by orange specks referred to as “cinnamon
specks.” The Galena dolomite is probably present throughout
the county with the exception of the northwestern part. It is
generally about 125 feet thick, but in the Fort Dodge area may
reach 200 feet locally.

In Webster County the Galena dolomite rests on the limestone
of the Ion dolomite member of the Decorah formation and is
overlain by cherty and argillaceous dolomité of the Maquoketa
shale, The Galena dolomite includes three members in its area
of outcrop in northeastern Iowa, which are in ascending order
the Prosser cherty member, Stewartville massive member, and
Dubuque shaly member. In subsurface studies, the first heavy
chert appearing in the dolomite is taken as the top of the Prosser
member. In Webster County, the Dubuque member was not
distinguished from the Stewartville member. The formation is
considered by Bays and Raasch (1935, p. 299) to mark the termi-
nation of the Mohawkian in Wisconsin.

Water supply. The Galena dolomite does not ordinarily yield
even moderate supplies of water to wells. In Webster County the
Cargill, Inc., well (89-28-19P5) finishes in the Galena dolomite
but probably obtains most of its water from overlying strata
ranging in age from Devonian to Mississippian. In August 1950
the well flowed a few gallons a minute and had a reported yield
of 305 gallons a minute at a pumping level of 210 feet. The
Dakota City town well, 6 miles north of the Webster County
line, probably finishes in the Galena dolomite at its reported
depth of 1,025 feet. On its completion in May 1948, the water
level was reported to be 72 feet below land surface and the
drawdown 6 feet at 200 gallons a minute. The water has a
hardness of 530 parts per million and a temperature of 53° F.

Cincinnatian Series
Maquoketa Shale

Character, distribution, and thickness. Well cuttings show
that the Maquoketa in Webster County is a cherty argillaceous
cream and brown dolomite containing some thin shale beds. The
Magquoketa is probably present throughout the entire county
with the exception of the northwestern part. Within the county
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the formation varies considerably in thickness. Near Fort Dodge
it is between 65 and 100 feet; 3 miles south of the county line it
is about 185 feet thick; and to the west in Calhoun County and
north in Humboldt County it is about 50 feet thick.

Age and correlation. The Maquoketa rests on the Galena dolo-
mite and is overlain by the Kenwood shale member of the
Wapsipinicon limestone of Devonian age in Webster County. In
the area of outcrop in northeastern Iowa it is overlain by Silurian
rocks. White (1870, p. 180, 181) named the formation from
the exposures of shale and limestone between the Galena and
Niagara dolomites along the Little Maquoketa River, and he
agreed with Meek and Worthen (1865, p. 155) that these strata
were a westward extension of the Cincinnatian series of Late
Ordovician age. Calvin (1905, p. 97, 98) subdivides the Ma-
quoketa formation into four members in ascending order as
follows: the Elgin shaly limestone, Clermont shale, Fort Atkin-
son limestone, and Brainard shale; this terminology was adopted
later by Ladd (1929). In Webster Cotinty the two predominantly
shale members are absent, leaving the Fort Atkinson limestone
and Elgin shaly limestone members to represent the Maquoketa.

Water supply. No wells in Webster County are known to
‘be finished in the Maquoketa ; however, the few wells penetrating
it may obtain a small part of their supply from it. A creamery
well at Humboldt, north of Webster County, finishes at a depth of
870 feet in dolomites of the Maquoketa and may develop its
principal supply from them. The well flowed and yielded about
170 gallons a minute at a pumping level of 68 feet below land
surface in October 1944. The temperature of the water was
54° F. and the hardness 845 parts per million, calculated as
equivalent calcium carbonate. The iron and fluoride content
were not excessive,

DEVONIAN SYSTEM
Middle Devonian Series
Wapsipinicon Limestone

Character, distribution, and thickness. The Wapsipinicon
limestone is represented in the subsurface in Webster County
largely by buff to brown dolomite, which is argillaceous in places.
At Fort Dodge the basal part of the formation is composed of
calcareous shale containing frosted quartz sand and dark-gray to
black chert sand. In the southeastern part of the county the
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formation probably contains thick beds of gypsum, as the Box-
holm town well, about 8 miles south of the Webster County line,
encountered approximately 556 feet of gypsum, composing the
bulk of the formation at that place.

The Wapsipinicon limestone is probably present throughout
Webster County with the exception of the northwestern part.
It ranges in thickness from 115 to 125 feet in the vicinity of
Fort Dodge and is believed to thin to about 100 feet in the
northern part and to about 80 feet in the southern part of the
county.

Age and correlatwn The name Wapsipinicon limestone was
used by Norton (1895, p. 127) for beds of Devonian age under-
lying the Cedar Valley limestone. The formation crops out along
parts of the Cedar and Wapsipinicon rivers in eastern Iowa.
Stainbrook (1935, p. 248-2562) divides the formation in ascend-
. ing order into the Coggon, Otis, Kenwood, Spring Grove, and
Davenport members. In the subsurface in Webster County, the
Kenwood shale member seems to be the sole representative of
the Wapsipinicon limestone. It rests on the Maquoketa shale and
is overlain by the Cedar Valley limestone. The Wapsipinicon
limestone is believed to be of Middle Devonian age (Cooper,
1942, p. 1788).

Water supply. Two town wells in Webster County probably
obtain a large part of their supply from aquifers in the Wapsi-
pinicon limestone. The deepest town well at Lehigh (87-28-12J2)
was finished in April 1987 in the Wapsipinicon limestone at a
depth of 1,005 feet and obtained a flow of 100 gallons a minute.
Of this flow, approximately 25 gallons a minute was developed
from the Wapsipinicon limestone, about 60 gallons a minute
from Upper Devonian rocks and about 15 gallons a minute -
from Mississippian rocks.

The deeper town well at Dayton (86-28-14H1), drilled in 1931
to a depth of 1,240 feet, probably obtains a part of its supply
from the Wapsipinicon limestone. The well yielded about 130

_gallons a minute in November 1942, the drawdown being ap--
proximately 76 feet after pumping 1.8 hours. The waters pumped
from the deeper wells in Lehigh and Dayton are very hard and
have a high fluoride content. Furthermore, the water from the
Dayton town well has an objectionable iron content.
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Upper Devonian Series

Cedar Valley Limestone, Shell Rock Limestone,
and Lime Creek Shale

Character, distribution, and thickness. Well cuttings show
that the Cedar Valley limestone in Webster County is pre-
dominantly a cream-colored dolomite. Overlying the dolomite
are limestone and shale beds which probably belong to the Lime
Creek and Shell Rock formations, respectively. Beneath the typi-
cal Cedar Valley limestone is a fine-grained to sublithographic
brown limestone and dolomite, locally containing black fossil
fragments and interbedded gray shale. This lower shale and
limestone sequence is thought to represent the Solon limestone,
the lowest member of the Cedar Valley limestone. In the south-
eastern part of the county the Cedar Valley limestone probably
contains gypsum beds as it does at Boxholm, south of Webster
County. )

These three formations, which measured about 600 feet at
Boxholm, are probably present over all of Webster County except
the northeastern part. At the Lehigh town well (87-28-14H2)
they are about 875 feet thick and at Fort Dodge approximately
390 feet, typical thicknesses except for the southeastern part of
the county. The Lime Creek shale ranges from 50 to 100 feet in
thickness, as does the Shell Rock; the Solon limestone member
of the Cedar Valley limestone is commonly about 50 feet thick.

Age and correlation. The Lime Creek shale and Shell Rock
limestone crop out in north-central Iowa. The Lime Creek
shale is the name used by Williams (1888, p. 97-104) for fos-
siliferous beds along Lime Creek in north-central Iowa. Stain-
brook (1935, p. 256, 257) includes the Juniper Hill shale, Cerro
Gordo, and Owen beds as members in the Lime Creek shale. He
states that the Lime Creek shale lies unconformably on the Shell
Rock limestone and beneath the Sheffield formation. The Lime
Creek shale is probably present in the subsurface in Webster
County, but modified in lithology from the type section. It was
not separated from underlying formations in the present work.
Additional subsurface study will aid in tracing the formation
from its outerop area, but in this report it is grouped with other
Upper Devonian strata.

The name Shell Rock limestone was used by Thomas (1920,
p. 411, 412) and further defined by Belanski (1927) for strata
between the Lime Creek shale and the Cedar Valley limestone.
This formation probably is present in the subsurface in Webster
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County but was not definitely separable from the Lime Creek
shale and Cedar Valley limestone.

The Cedar Valley limestone crops out in a broad strip along
either side of the Cedar River in northeastern Iowa. The name
was applied by McGee (1891, p. 314) to strata between the
Independence shale member and overlying Hackberry shale. It
has since been restricted by Belanski (1928) to include beds be-
tween the Independence shale member and the base of the
Shell Rock limestone. The members of the Cedar Valley limestone
as redefined by Stainbrook (1941) are in ascending order the
Solon (formerly Linwood), the Rapid (formerly Littleton), and
the Coralville. The Solon member persists as an identifiable unit
into Webster County, but positive identification of the other
two was not made. The Lime Creek shale and Shell Rock lime-
stone are Upper Devonian, but the Cedar Valley limestone is
considered by some to be of Middle Devonian age (Cooper, 1942,
p. 1750, 1761).

Water supply. The limestones and dolomites of the Lime
Creek, Shell Rock, and Cedar Valley formations yield water to
several wells in the county. Very large yields have been obtained
from wells in these aquifers in the Fort Dodge city well field, but
the exceptionally large yields may result from the development
of large fractures and cavities produced by faulting. Outside
this small area, the yields obtained from the aquifers are small
to moderate. '

The Duncombe town well (88-27-3D1) was finished in the
Cedar Valley limestone at a depth of 974 feet in 1945. A part of
the supply is developed from Devonian rocks, but most of the
water comes from the Mississippian rocks. The initial water
level was 49.2 feet below land surface, the yield 37 gallons a
minute with a drawdown of 48 feet, and the temperature 50° F.

The Harcourt town well (86-29-13C1) produces 85 gallons a
minute with a reported drawdown of 51 feet, principally from
aquifers in the Cedar Valley limestone. The temperature of the
water is 57° F.

Two farm wells are known to have obtained a supply of water
from limestone in the Lime Creek, Shell Rock, and upper part of
the Cedar Valley. Well 89-27-7A1 is finished in the Cedar Valley
limestone at a depth of 878 feet. The static water level was 78
feet below land surface and the yield 8 gallons a minute with a
drawdown of less than 12 feet. Another farm well (89-30-11R1)
finished in the limestone of the Lime Creek shale at a depth of
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671 feet obtained a supply of 6 gallons a minute with a reported
drawdown of 124 feet.

The water from these strata is hard, and in the Harcourt town
well the fluoride content was 2.0 parts per million.

Sheffield Shale

Character. A thin bed, which is probably the Sheffield for-
mation as restricted by Stainbrook (1950, p. 365, 366), over-
lies the Lime Creek shale in placest in Webster County. Well
cuttings indicate that this gray and green calcareous shale con-
tains thin beds of argillaceous dolomite. The shale is identified
in the Lehigh town well (87-28-12I2), a part of the well log
being given below.

Thickness Depth
(feet) (feet)
Mississippian system:
Hampton formation:
Dolomite, brown, finely crystalline, with
some gray to drabbish white chert..........1566 . 330-485
Dolomite, buff, finely crystalline,
calcareous 10 485-495
Dolomite, gray, finely crystalline, silty...... 5 495-500
Undifferentiated beds:
Siltstone, gray, soft, friable.......cccoeeueereu..n. 10 500-510
Shale, gray and green, slightly calcareous 10 510-520
Aplington dolomite:
Dolomite, light to dark brown, finely crys-
talline, with some light-gray chert........ 10 520-530
Devonian system:
Sheffield shale:
Shale, light-green and gray, calcareous,
with some gray argillaceous dolomite.... 20 530-550
Lime Creek shale:
Dolomite, cream, medium to finely crys-

talline 5 b550-555
Limestone, cream, with imbedded dolomite
rhombohedrons 10 555-565

Distribution and thickness. The Sheffield shale was distin-
guished in one other well (89-30-11R1) in the western part of
the county, and it is probably present at other localities. The
shale is 20 feet thick at the Lehigh well and 15 feet at well
88-30-11R1.
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Age and correlation. Fenton (1919, p. 355-376) used the
name Sheffield for shales underlying a part of Lime Creek shale
probably exposed at Sheffield in Franklin County. Thomas (1926,
p. 116) called attention to the fact that the name was applied to
two shales, and he renamed the shale beneath the limestone beds
of the Lime Creek the Juniper Hill shale, retaining the name
Sheffield for the beds overlying the Lime Creek shale at Sheffield.
Van Tuyl (1925, p. 91) referred the shale to the Kinderhookian
series of the Mississippian but thought the lower shales might
be of Late Devonian age. Laudon (1981, p. 346) refers the shale
and overlying dolomite of the Sheffield formation to late Late
Devonian. Stainbrook (1950, p. 365-385) separates the dolo-
mite from the Sheflield, giving it the name Aplington. He refers
the Aplington to the Kinderhookian series of Mississippian rocks
and the restricted Sheffield to Upper Devonian rocks.

In this report the shale below the Aplington dolomite and
above the Lime Creek shale is referred to the Sheffield shale.
Where the Aplington dolomite is not present, this shale is prob-
ably included in the undifferentiated beds above the Aplington
dolomite. '

Water supply. The Sheffield shale probably yields no water
to wells and acts as an effective barrier to the vertical movement
of water. The shale is generally cased off from wells penetrating
it.

MISSISSIPPIAN SYSTEM
Kinderhookian Series
Aplington Dolomite

Character, distribution, and thickness. The Aplington dolo-
mite as found in the subsurface at two wells in Webster County
is composed of buff, medium to finely crystalline dolomite and
some white to light-gray chert. It was identified in the Lehigh
town well (87-28-12J2) and in one well (89-30-11R1) in the
western part of the county, where it is 15 feet thick. Its relation
to adjacent beds in the Lehigh well is given in the discussion of
the Sheffield shale.

Age and correlation. Stainbrook (1950, p. 365-385) sep-
arates the dolomite in the upper part of the Sheffield formation
from that unit and names it the Aplington dolomite, from ex-
posures in Butler County in northeastern Iowa near Aplington.
In sections given by Stainbrook, the Aplington directly overlies
the Sheffield shale and underlies the Chapin limestone, He states
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that the Sheffield is of Late Devonian age and that the Aplington,
on faunal evidence, belongs to the Kinderhookian series.

Where the Aplington is recognized in the subsurface in Web-
ster County, it is overlain by undifferentiated shales which in
turn are overlain by the Hampton formation.

Water supply. The Aplington dolomite probably does not
yield an appreciable quantity of water to wells in Webster
County, and no wells are known to be finished in it there.

Undifferentiated Beds

Character, distribution, and thickness. A shale or series of
shales overlies the Aplington dolomite or occurs at this strati-
graphic position in Webster County. It is primarily a gray non-
calcareous shale; silty beds may occur in the upper part or the
shale may contain considerable silt, as in the Dencklau farm well
(89-27-7A1). The shale often caves in wells penetrating it and
then requires casing. The casing is usually extended through
the Aplington dolomite and Sheffield shale, when the lower shale
is present. In the Duncombe and Lehigh town wells, the shale
was found to be firm and was left uncased.

This shale horizon, which may include the Sheffield shale in
places, probably extends over the entire county with the excep-
tion of the area adjacent to Manson. It usually ranges in thick-
ness from 20 to 45 feet. )

Age and correlation. The shales above the Aplington dolo-
mite in Webster County may belong to the Maple Mill shale;
however, there is a possibility that they are a part of the Pros-
pect Hill formation. They are underlain by the Aplington dolo-
mite where it is present and in other places in the county may
rest on the Sheffield shale and Lime Creek shale. They are over-
lain by the Hampton formation.

Water supply. These undifferentiated shales do not yield wa-
ter to wells in Webster County and probably act as an effective
barrier to the vertical movement of water between the overlying
and underlying waterbearing beds of limestone and dolomite.

Hampton Formation

Character, distribution, and thickness. The Hampton forma-
tion as used in this report comprises three members which in
ascending order are the Maynes Creek, Eagle City, and Iowa
Falls. The Maynes Creek member as observed in the subsurface
in Webster County is primarily a brown, finely crystalline dolo-
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mite containing some gray to drabbish white chert. The Eagle
City member consists primarily of lithographic to oolitic lime-
stone. The Iowa Falls member is predominantly a buff to brown
coarsely to medium crystalline dolomite. The dolomites of the
Hampton formation are locally very porous, but not necessarily
permeable. A dolomitic limestone near the base of the Hampton
formation in places is 10 to 20 feet thick and may be a part of
the Chapin limestone, which in this report, however, is included
in the Hampton formation.

The Hampton formation probably extends over the whole
county except the northwestern part. It ranges in thickness from
130 to 210 feet, the general thickness being about 160 feet. (Ta-
ble 12 lists the thickness of the formation at various places in
the county.)

Age and correlation. The Hampton formation, which does
not crop out in Webster County, is exposed about 40 miles east
in Franklin and Hardin Counties and in a belt extending to the
southeast. Laudon (1930, p. 174) named the formation for the
county seat of Franklin County, where the formation is best
developed, and subdivided it into the Chapin, Maynes Creek,
Eagle City, and Iowa Falls members (1931, p. 887). Later (1985,
p. 246, 247) he removed the Chapin member from the formation
in north-central Jowa and its inferred correlative, the North Hill,
in southeastern Iowa. In the type area the Hampton is under-
lain by the Chapin limestone and overlain by the Alden lime-
stone. Subsurface studies in Webster County show that the
Hampton is overlain by the Gilmore City limestone (Alden lime-
stone) and overlies the undifferentiated shale beds of Missis-
sippian age.

Laudon (1931, p. 844) assigned the Hampton formation to the
Kinderhookian series and later (1935, p. 246) strongly stated that
not only the Hampton but the overlying Gilmore City limestone
also is of Kinderhookian age.

Water supply. Several farm wells, one each of the town wells
at Badger, Callender, Dayton, and Gowrie, a former town well at
Duncombe, and several wells in Fort Dodge are finished in the
Hampton formation. Although aquifers in Mississippian rocks
younger than the Hampton are generally open to these wells, it
is inferred that the principal supply is obtained from the Hamp-
ton formation. The supplies are generally moderate, ample for
farm use, but not always enough for municipal use.

The town well at Badger, which completely penetrates the
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Hampton, obtains 55 gallons a minute with a reported drawdown
of 102 feet, The standby well at Dayton produces 20 gallons a
minute, the former town well at Duncombe 17 gallons a minute,
largely from this formation, and the town well at Callender 11
gallons a minute with a large drawdown.

In Fort Dodge, some wells have obtained large supplies of
water from the Hampton formation. A creamery well (89-28-
19K2) is reported to produce 500 gallons a minute with a draw-
down of 13 feet. The Cargill, Inc., well (89-28-19P5), initially
finished a short distance below the base of the Hampton forma-
tion, furnished 255 gallons a minute with a pumping level of
100 to 110 feet. Fort Dodge city wells 8, 9, and 12, finished in
the Hampton formation, obtain large quantities of water, but
the formation may be more permeable here because of breccia-
tion and solution of the rocks due to faulting.

Water from the Hampton formation is hard, and the iron con-
tent is generally objectionably high. In some wells, as at Badger,
Callender, Gowrie, in the older well at Duncombe, and at Dolliver
State Park, the fluoride content of the water is above the gener-
ally acceptable limit of 1.5 parts per million.

Gilmore City Limestone

Character, distribution, and thickness. The Gilmore City
limestone in Webster County is a cream to white sublithographic
and oolitic limestone. Because of its distinctive appearance and
appreciable thickness, it is one of the most easily recognized
formations encountered in drilling. Where the Iowa Falls
member is absent, it is difficult to separate the Gilmore City
from the subjacent Eagle City oolitic limestone member in the
Hampton formation. :

The Gilmore City limestone is present throughout the county
with the exception of the northwestern part, ranging between
85 and 125 feet in thickness. The configuration and altitude of
the top of the Gilmore City limestone are shown in figure 22.

Age and correlation. The Gilmore City limestone, which is
not exposed in Webster County, crops out at several places in
Humboldt County to the north. The type section is located about
18 miles north of the northwest corner of Webster County, in
Pocahontas County near Gilmore City. A limestone that crops
out in western Hardin County to the east of Webster County
was named the Alden limestone by Van Tuyl (1925, p. 52, 92,
99). This light-gray thin-bedded slightly oolitic limestone over-
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Figure 22.—Map of Webster County showing the general configuration
and altitude, with reference to mean sea level, of the top of the Gilmore
City limestone.

lies the Iowa Falls member of the Hampton formation in the
vicinity of Alden and was tentatively referred to the top of the
Kinderhookian series. Van Tuyl further noted the similarity in
lithology of these beds and the limestones exposed in quarries
in the vicinity of Gilmore City. Laudon (1931, p. 349, 416, 417)
correlated the Alden limestone with the Gilmore City limestone
- and later (1933) treated them as the top formation of the
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Kinderhookian series. He stated that the formation was un-
conformably overlain by the St. Louis limestone and underlain
by the Iowa Falls member of the Hampton formation. In parts
of central Iowa the Gilmore City limestone is overlain by the
Burlington limestone of the Osagian series.

The Alden limestone has been traced in the subsurface from
the vicinity of Alden into Webster County. In the county, the
Gilmore City (Alden) limestone rests on the Iowa Falls mem-
ber in most places but in the northern part of the county it may
rest on the Eagle City member of the Hampton formation. It is
mantled by rocks tentatively assigned to the Osagian series.

Water supply. Several farm wells in the county and the
shallower town wells at Badger and Lehigh are finished in the
Gilmore City limestone. Yields are generally small to moderate.
The Badger town well (90-28-15D1) yields 23 gallons a minute,
the drawdown being unknown. The Lehigh town well (87-28-
12J1) penetrated the entire thickness of the Gilmore City lime-
stone at a depth of 329 feet and flowed 15 gallons a minute in
1948. Pumping yielded 60 gallons a minute with a reported
pumping level of 165 feet.

Several farm wells finished in the formation obtain adequate
supplies with little drawdown ; however, a few wells with yields
of 4 to 6 gallons a minute have drawdowns of more than 100
feet. This indicates that the beds are very dense at some localities
but permeable and capable of yielding moderate to large supplies
to wells a short distance away, a condition found in many lime-
stones.

The water from the Gilmore City limestone is hard and in
the town wells of Badger (90-28-16D1) and Lehigh (87-28-12J1)
and several farm wells there is an objectionable amount of iron.
In addition, the Lehigh well yields water with a high fluoride
content (table 9).

Osagian Series
Undifferentinted Beds

Character, distribution, and thickness. Below the sandstone,
sandy limestone, and dolomite of the St. Louis limestone and
above the buff to white lithographic and oolitic limestone of the
Gilmore City limestone in Webster County, there are beds that
resemble the Warsaw, Keokuk, and Burlington limestones of the
Osagian series in southeastern and central Iowa.

The beds, in descending order, are represented by a gray
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shale, a chocolate-brown to tan medium crystalline brilliant
dolomite, a fine-grained fragmental glauconitic limestone, and,
near the base, gray argillaceous limestone and dolomite with beds
of gray shale. Minor amounts of chert and chalcedony are
commonly present at various horizons in the series,

The rocks of the Osagian series probably occur over the entire
county with the exception of the northwestern part. Where
covered by the St. Louis limestone, they range between 65 and
100 feet in thickness, but where erosion has removed the St.
Louis limestone, as in the eastern half of the county, they range
between 25 and 45 feet in thickness.

A few feet of gray shale and brown dolomite belonging to the
Osagian series is exposed beneath the St. Louis limestone on
South Lizard Creek in the SE14SW1, sec. 23, T. 89 N., R. 29 W.
Other exposures of these beds probably occur in the extreme
northern part of the county and in Humboldt County in the valley
of the Des Moines River.

Age and correlation. Only a few fragments of crinoids were
observed in strata assigned to the Osagian series exposed in the
limestone mine located in parts of secs. 23 and 24, T. 89 N., R.
29 W. The assignment of the beds below the sandy limestone and
dolomite of the St. Louis limestone and above the cream-colored
limestone of the Gilmore City to the Osagian series is based en-
tirely on lithologic similarities to this series of rocks in south-
eastern Jowa. These beds are less sandy and more evenly bedded
than the St. Louis strata, Additional investigation may indi-
cate, however, that a part of these beds belong to the St. Louis
or Spergen limestone. The results of the present investigation
did not permit subdivision of the Osagian series into the forma-
tions defined in the southeastern part of the State.

Water supply. Several farm wells within the central and
northern part of the county are finished in Osagian rocks al-
though in most of these wells a part of the supply is probably
developed from the St. Louis limestone. The yields are generally
small.

Recharge to the aquifers probably occurs in the northeastern,
northwestern, and a portion of the east-central parts of the
county through aquifers in the overlying drift and St. Louis
limestone. In these areas, water levels in wells stand higher than
in the central part of the county.

Water from the Osagian series, like that from other aquifers
in Webster County, is hard. In some wells it contains more than
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1 part per million of iron and more than 1.5 parts per million of
fluoride.

Shales in the Osagian rocks often require casing, which is
slotted opposite water-bearing beds.

Meramecian Series
8t. Louis Limestone

Characler, distribution, and thickness. The St. Louis lime-
stone as it occurs in Webster County is composed of sandstone,
sandy limestone and dolomite, limestone and dolomite, and a
minor amount of shale. The beds in many places are lenticular
and brecciated, giving the formation a very heterogeneous ap-
pearance in exposures.

A sandstone which is commonly present at the top of the for-
mation is exposed in places along Lizard Creek, Deer Creek, and
the Des Moines River in the northern part of the county. The
sandstone is a medium-to-fine-grained frosted quartz sand and
is cream to buff in exposures, where it is poorly cemented. Below
the sandstone there is in many places a few feet of gray to beige-
colored lithographic to sublithographic limestone containing
fragments of brown chert. Below the limestone are gray and
brown dolomites, which are lenticular and interbedded with
gray to greenish-gray calcareous sandstone. Much of the dolo-
mite is sandy and the beds are commonly brecciated. Near the
base of the formation a brown sandy evenly bedded dolomite is
ordinarily present. Thin beds of gray shale occur within the
sandstones and dolomites, but seldom are they over 5 feet thick.

To the south of Fort Dodge a small exposure of St. Louis lime-
stone may be seen at low stages of the Des Moines River in the
NWNE1j sec. 8, T. 88 N., R. 28 W. The St. Louis limestone
is exposed almost continuously from the mouth of Lizard Creek
northward along the left bank of the Des Moines River for a
distance of approximately 2 miles, to the NE1/, sec. 7, T. 89 N,,
R. 28 W. Here the sandstone, limestone, and dolomite beds
form bluffs reaching 15 feet above the river level and are over-
lain by shales and sandstone of Pennsylvanian age. Farther
upstream, a few feet of gray well-cemented sandstone is ex-
posed in a small tributary on the right side of the Des Moines
River, near the center of sec. 1, T. 89 N., R. 29 W. Farther north,
along Badger Creek near its confluence with the Des Moines
River, the following section is exposed:
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Prate 10.—A, EXPeosURE oF ST. LOUIS LIMESTONE ALONG SOUTH LIZARD

CREEK IN THE SE%SW1; sec, 23, T. 89 N., R. 29 W.; B, EXPOSURE OF STE.

GENEVIEVE LIMESTONE ALONG THE LEFT VALLEY WALL OF THE DES MOINES

RIVER AT ForT DODGE IN THE CENTER OF THE NW1; sec. 19, T. 89 N., R. 28
W. THE LIGHT-COLORED SHALE 18 VERY FOSSILIFEROUS,
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Exposure of St. Louis limestone near mouth of Badger Creek
in the SW14,SW14NW1/, sec. 30, T. 90 N., R. 28 W.

Bed Description Thickness
(feet)
Mississippian system:
Meramecian series:
St. Louis limestone:
4. Limestone, beige, sublithographic to lithographic,
with many thin calcite lenses ........cocoeeereceeeenns 2.5
3. Dolomite, beige and buff, finely crystalline, ar-
gillaceous, with thin sandstone and shale beds,

unevenly bedded ..... .. 4.5
2. Limestone, gray, sublithographic, thin and evenl
bedded 1

1. Sandstone, light-gray, medium-grained, frosted,
calcareous, unevenly bedded, to level of Badger
Creek ... 3

(Altitude of Badger Creek approximately 1,015 feet)

Along the right bank of the Des Moines River in the SW14
NW1,SW1, sec. 24, T. 90 N,, R, 29 W., the contact between the
St. Louis limestone and the sandstones of Pennsylvanian age
may be observed.

Eaxposure of St. Louis limestone in the SWY,4INWI4LSWI,
gsec. 24, T. 90 N., R. 29 W.

Bed Description Thickness
(feet)

Pennsylvanian system:
Desmoinesian series:
Undifferentiated beds:

5. Sandstone, buff and pale gray, cross-bedded, con-
taining many large dull polished pebbles and
some ironstone and pyrite concretions ................ 15.0

4. Conglomerate, composed almost entirely of chert
cobbles 1 to 2 inches in diameter................... 1.5

3. Sandstone, buff and gray, cross-bedded, iron-
StAINed ..o 5.0

2. Conglomerate, sand, calcareous, with large chert
pebbles and impressions of tree branches or
trunks; some gray shale 0.6-1
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Mississippian system:
Meramecian series:
St. Louis limestone:

1. Sandstone, medium-grained, frosted, calcareous, in-
terbedded with limestone to water level................ 0-7.0

(Altitude of Des Moines River approximately 1,020 feet)

Northward from the section just described, the St. Louis lime-
stone is exposed almost continuously to the county line. Along
this stretch of the river is an interesting section in the right bank
near the center of sec. 12, T. 90 N., R. 29 W.

Ezxposure of St. Louis limestone near center sec. 12,
T.90N.,R.29 W.

Bed Description Thickness
(feet)
Permian system:
Fort Dodge (7) formation:

7. Limestone, gray, sandy, pebbly, containing
large brown fragments _.........ooooieieenn. 10
6. Shale, buff and green, noncalcareous, micaceous;
containing some selenite crystals ...................... 5

Mississippian system:
Meramecian series:
St. Louis limestone:

5. Sandstone, cream to buff, medium- to coarse-

grained, angular to round, pitted, poorly

cemented by dolomite 15
4. Dolomite, tan, very sandy; medium to coarse

frosted sand grains; trace of glauconite ............ 7
3. Shale, gray, soft, unctuous, noncalcareous................ 2
2. Dolomite, grayish-brown, finely crystalline,

gilty e B
1. Dolomite, medium brown, finely crystalline,

dense; trace of glauconite; veins of milky white

and bluish white chert, to water level __...........__... 6

(Altitude of Des Moines River about 1,025 feet)

Beds 1 through 5 probably represent the St. Louis limestone
which is here 35 feet thick. Beds 6 and 7 are assigned to the Fort
Dodge formation although they may possibly represent a phase
of the Pennsylvanian system of rocks.
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The St. Louis limestone crops out along the stream bed and
banks of Deer Creek for about 0.5 mile west of the north-south
road in sec. 23, T. 90 N., R. 29 W. (pl. 11B). Near the road the
sandstone and limestone of the St. Louis limestone are overlain
by shale and sandstone of Pennsylvanian age near stream level.
The St. Louis limestone rises to the west and forms a bluff
about 18 feet high along the right bank of the stream in the
SWNE1/ sec. 23, T. 90 N., R. 29 W.

Bluff section in the SW14NE1), sec. 23, T. 90 N., R. 29 W.

Bed Description Thickness
) (feet)
Mississippian system:
Meremecian series:
St. Louis limestone:
10. Sandstone, medium-grained, calcareous,
cross-bedded, soft ..... 6
9, Sandstone, light gray, medium-grained, very
calcareous, thin-bedded, softer toward top ....... b
8.  Dolomite, light grayish brown, very finely
crystalline 1
7. Chert, brown, dense, nodular, bedded in buff sandy
dolomite ...... . 1
6. Sandstone, pale greenish gray, medium-grained
slightly calcareous A4
5. Dolomite and limestone, buff, fragmental .......... b
4. Chert, brown, in lenslike layer.........cccoooeovevceeenncc. 1
3 Dolomite, grayish buff, silty, earthy, sandy,
very finely erystalline, fractured 14
2.  Dolomite, brown, very finely crystalline,
glauconitic, thin-bedded .... 2.0
1. Dolomite, brown, finely crystalline, glauconitic,
medium-bedded, to stream level 2.0

(Altitude of Deer Creek approximately 1,040 feet)

Exposures of the St. Louis limestone occur along Lizard
Creek at intervals from its mouth westward for a distance of
about 1.5 miles. Here the limestone is overlain by shales of the
Ste. Genevieve limestone. On South Lizard Creek along the left
bank of the stream near the center of the SE14SW1/, sec. 28, T.
89 N., R. 29 W,, there is an exposure of St. Louis limestone in
which the beds dip about 20° to 80° (pl. 10A). The strike is
about N, 15° W. at the south end of the exposure. The limestones
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PLATE 11.—A, VIEW 0F FACE OF SHALE PIT SHOWING, BENEATH THE GLACIAL

DRIFT, SANDSTONE AND SHALE OF THE DESMOINESIAN SERIES; B, EXPOSURE OF

St. LoUIS LIMESTONE ALONG THE RIGHT BANK oF DEER CREEK IN SEC.
23, T.90 N., R. 20 W.
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end abruptly and possibly mark the north fault line of the Fort
Dodge fault system. The section exposed is as follows:

Ezxposure near center SEY4,SW, sec. 23, T. 89 N., R. 29 W.

Bed Description Thickness
(feet)
Mississippian system
Meramecian series
St. Louis limestone

7. Sandstone, gray, very calcareous; overlying rock
mantle ... . e 8
6. Dolomite, brown to gray, granular, and calcite ........ 5
5. Limestone, gray, lithographic, argillaceous,
heavy-bedded ... 2.6
4, Limestone, gray, lithographie, with thin
shale beds 3
3. ‘Sandstone, gray, medium-grained, caleareous.......... 17

Osagian series:
Undifferentiated beds:
Shale, gray, containing selenite crystals ................ 6.6
Dolomite, dark brown, very finely crystalline,
glauconitic; contains some mottled gray and
brown chert, to water level 3.0

(Altitude of South Lizard Creek approximately 1,010 feet)

No exposures of the St. Louis limestone have been observed
farther upstream on South Lizard Creek or on Lizard Creek
above the junction with South Lizard Creek.

A few exposures of the St. Louis limestone occur along a
stretch of Soldier Creek between 0.5 mile and 1.8 miles above
the mouth of the stream in parts of secs. 17, 18, and 19, T. 89 N.,
R. 28 W. One of the better exposures is about 400 feet west of
the bridge on 6th Street and is as follows:

Section on Soldier Creek in the center NEV,, sec. 19, T. 89 N.,
R.28W.

Bed Description Thickness
(feet)

ol o

Mississippian system:
Meramecian series:
St. Louis limestone:
4, Sandstone, pale cream and buff, medium- to
coarse-grained, predominantly soft ....................... 10
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Limestone, gray, finely crystalline ......................... 1
2. Limestone, buff and gray, dolomitic, 8- to

12-inch beds, thinner toward base; few thin

beds of grayish-green shale, dolomitic in

@

lower part eemeeesmmeeemeessseessseesssssesesessessmeessnne 8
1, Sandstone, graylsh-green, calcareous, thin and

irregular bedded, very argillaceous in lower

part, to water level 6

(Altitude of Soldier Creek approx1mately 1, 055 feet)

Along Soldier Creek, the St. Louis limestone is directly over-
lain by the Ste. Genevieve limestone in some places and by shale
and sandstone of Pennsylvanian age in others. Additional ex-
posures of the St. Louis limestone in the county are described
by Wilder (1923, p. 139-147).

The St. Louis limestone occurs over most of the county except
the northwestern part and a few smaller areas as indicated in
figure 23. In the vicinity of Lehigh and in the areas to the south
and west, where the St. Louis limestone is lacking, it was re-
moved by pre-Pennsylvanian erosion. In the vicinity of Dun-
combe and Vincent, it was probably removed at a much later date.

‘The St. Louis limestone in Webster County rests upon the
rocks tentatively assigned to the Osagian series. It is overlain
by the Ste. Genevieve limestone where present (fig. 24). Over
a large part of the southern three-fifths of the county, rocks of
Pennsylvanian age rest on the St. Louis limestone. In the
extreme northern part and in the large buried valley along the
eastern margin of the county, the St. Louis limestone is directly
overlain by tills and sands and gravels of the Pleistocene. In
places in the north-central part of the county, the St. Louis lime-
stone is directly overlain by the Fort Dodge formation. In the
area where it is overlain by the Ste. Genevieve limestone, the
St. Louis limestone is about 50 feet thick. Over a large part of
the area where the limestone directly underlies rocks of Penn-
sylvanian age it is generally between 80 and 50 feet thick. The
configuration and altitude of the base of the St. Louis limestone
in Webster County are shown in figure 23.

Age and correlation, The St. Louis limestone in Webster
County includes the beds below the clay shale of the Ste. Gene-
vieve limestone and above the shale and cherty limestone and
dolomite tentatively assigned to the Osagian series of rocks.
The basal beds are generally sandy dolomites and sandstones.
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As such the St. Louis may include strata belonging to the
Spergen limestone, which directly underlies the St. Louis lime-
stone in southeastern Iowa. In that area the Spergen limestone
is composed, in part, of sandstone and sandy limestone and dolo-
mite (Van Tuyl, 1925, p. 214). The Spergen is not generally
distinguishable from the St. Louis limestone in subsurface
studies.

Wilder (1902, p. 78), in discussing exposures in Webster
County, stated that the Pennsylvanian rocks rest on the St. Louis
limestone. He thus included shale beds later assigned to the Ste.
Genevieve limestone in the St. Louis. Van Tuyl (1925, p. 282-
284) and others removed the upper shales from the St. Louis
limestone but retained the underlying limestones exposed in the
county, correlating them with the St. Louis limestone in south-
eastern Iowa primarily on the basis of their lithology. These
strata in the southeastern part of the State between the Ste.
Genevieve and Spergen limestones were correlated by Van
Tuyl (1925, p. 230-232) and other workers with the St. Louis
limestone in its type locality in the vicinity of St. Louis, Missouri.

Water supply. In the northern part of the county several
farm wells obtain a moderate amount of water from the St.
Louis limestone, yields of about 1 gallon a minute per foot of
drawdown being obtained from some wells. In several places
the static water level is less than 50 feet below the upland plain;
this higher water level suggests that the limestone is being
recharged here through water-bearing beds in the adjacent drift.
In the central part of the county a few wells obtain small but
adequate supplies of water from this formation. Yields of 2 to
10 gallons a minute have been obtained with a drawdown of 40
to 90 feet in most wells finished in the limestone in this area. The
initial water level in most of these wells is more than 100 feet
below the upland. In other places in the county the limestone
probably contributes some water to wells drilled to greater
depths, inasmuch as the St. Louis limestone is generally left un-
cased.

The water in the St. Louis limestone is hard, usually contain-
ing more than 0.5 part per million of iron; it contains less than
1 part per mllhon of fluoride.

. Ste. Genevieve Limestone

Character. The Ste. Genevieve in Webster County is com-
posed primarily of light-green and dark-red unctuous calcareous
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clay shales; however, thin argillaceous limestone beds, lenses,
and nodules are increasingly prominent in the lower part of
the formation. Where the limestone beds attain a thickness of
more than 2 inches, the texture is usually lithographic and the
color beige, but thinner beds are usually nodular. The grayish-
green shales commonly contain pyrite, and the clays and lime-
stones are almost entirely free of sand and silt. The more
calcareous green clays and limestones are very fossiliferous in
places, and a particularly fossiliferous zone which in outcrop
usually weathers to a greenish yellow occurs within 25 to 40
feet of the base of the formation. The shales are poorly bedded
and weather with a starchlike fracture.

Distribution and thickness. Shales of the Ste. Genevieve
limestone crop out in places along the Des Moines River, Lizard
Creek, and Soldier Creek in the general vicinity of Fort Dodge.
A few feet of green calcareous shale is exposed near the level
of the Des Moines River in the NW14NW1/ sec 6, T. 89 N., R.
28 W. Here the shale is overlain by Pleistocene deposits. Farther
downstream along the right bank of the river in the SW14NE1/,
sec. 12, T. 89 N., R. 29 W, shale a few feet thick is exposed above
river level and is overlain by sandstone and shale of Pennsyl-
vanian age. In Fort Dodge, on the left bank of the Des Moines
River, a few hundred feet east of the east end of the bridge and
near the center of the NW14 sec. 19, T. 89 N., R. 28 W., a thick-
ness of several feet of red and green shales has recently been
exposed (pl. 10B), as follows:

Section north of Highway 5 on left bank of Des Moines River
about center NW1/, sec. 19, T.89 N., R. 28 W.

Bed Description Thickness
(feet)

Pleistocene system:

7. Soil, black, pebbly rerresreesenmeesnneens 5

6. Sand and gravel, iron-stained .........ooceenmnicniiel 13

Mississippian system:
Meramecian series:
Ste. Genevieve limestone:

5. Shale, pale yellowish green, calcareous;
upper part very fossiliferous ........c.cooeeeevveeeeenee. 5.5
4. Shale, red, calcareous, some mottled green

and some thin lenses of green shale.
Weathers with starchlike fracture ................... 5.5
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3. Shale, grayish-green, with small limestone

nodules ; upper 1.5 feet yellowish-brown .............. 5
2. Limestone, gray, nodular; nodules are com- '

posed of lithographic limestone 1
1. Covered from east end of bridge over Des

Moines River eastward to exposure ...................... 14

On the opposite side of the river and on the north side of
Lizard Creek, at the junction of the valleys of Lizard Creek and
the Des Moines River, shales of the Ste. Genevieve are exposed
at intervals along the north road cut of Highway 5 and along
the north bank of Lizard Creek. The section from the level of
Lizard Creek is approximately as follows:

Section in the NW1,NW1,, sec. 19, T.89 N., R. 28 W.

Bed Deseription Thickness

) (feet)
Pleistocene system:
18. DIPITt oot e e e ee s e neean e ren s e e e mnsesaeans ?
Permian (?) system:

Fort Dodge formation:
17. Gypsum ......oceceeeeeenennen. ; 3

Pennsylvanian system:
Desmoinesian series:
Undifferentiated beds:

16. Covered Interval .......oiiooeeeeceeaeee e reeeees 3
15. Shale, dark-gray .......ccccocecceevrecresveensrasacessesscesescroscenas 3
14. Sandstone, fine-grained, stained pink,

some pale-gray .... e 3
13. Covered interval .......ooveooeeieeeeeeeee e eees 2
12, Shale, black, fissile ........ccccoomeeeeeeeeeevereeeree e craenaes 1

11. Sandstone, pale grayish-cream, coarse-

grained, calcareous; contains pink sand grains .... 3
10. Shale, dark-gray, fissile; contains many

ironstone concretions ........coecoeeceieeceeeieeceaeennes 11
9. Covered Interval .........cooeeeivreeeereeeeeesereeeesa 18

Mississippian system:
Meramecian series:
Ste. Genevieve limestone:

8. Shale, yellowish-gray, calcareous, fossiliferous ........ 3.6
7. Shale, red and green, calcareous, poorly exposed ...20.5
6. Limestone, gray, sublithographic ........ et eeeeann 2.0
5. Shale, grayish green to buff, calcareous ................. B
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St. Louis limestone:

4. Sandstone, light-buff, medium-grained, soft ............ 5.6
3. Limestone, brown, sublithographic .......c...ccc.ccouee.... 1
2, Dolomite, buff, porous, very unevenly bedded,

sandy; green, medium- to coarse-grained,

calcareous ...... b
1. Dolomite, buff, finely crystalline, evenly bedded,

to river level of Lizard Creek . 4

Additional exposures of the Ste. Genevieve occur at intervals
upstream along Lizard Creek for a distance of about 2 miles to
the north line of sec. 23, T. 89 N,, R. 29 W.

South of Fort Dodge, about 3 feet of fossiliferous shales is
exposed along the left bank of the Des Moines River in the NW
14SW1, sec. 5, T. 88 N., R. 28 W. Farther south, on the left bank
of the river at the north line of sec. 8, T. 88 N, R. 28 W, a few
feet of St. Louis limestone ig overlain by 5 to 6 feet of sparingly
fossiliferous shales of the Ste. Genevieve limestone, which is
overlain in turn by 16 feet of black fissile shale and 4 feet of
carbonaceous fossiliferous limestone belonging to the Pennsyl-
vanian system of rocks. Here the beds dip very gently to the
north.

The most southerly exposures of the Ste. Genevieve limestone
occur along the right bank of the Des Moines River in the N14
SE1/, sec. 16, T. 88 N., R. 28 W. Here fossiliferous shales extend
to a height of 8 to 18 feet above low-river level and are overlain
by shales of Pennsylvanian age.

The general configuration of the base of the Ste. Geneveive and
the distribution of this formation in the county are shown in
figure 24. The Ste. Genevieve limestone appears to have the
same general distribution as the younger Fort Dodge beds. A
maximum thickness of 70 feet of Ste. Genevieve occurs in secs.
30 and 31, T. 89 N, R. 28 W., in the vicinity of the depression in
the base of the formation south of Fort Dodge, and thicknesses
decrease from this center.

Age and correlation. The fossils in the marls above the lime-
stones at Fort Dodge were described in part by Worthen (1858,
p. 178, 179). White (1870, p. 221, 222) mentioned that the
marls at Fort Dodge contain fossils similar to those in the marls
in southeastern Iowa, which he included in the St. Louis lime-
stone. Bain (1894, p. 282) gave the name Pella to the upper
beds, retaining them as a member of the St. Louis limestone.
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Figure 24.—Map of Webster County showing the distribution of the Ste.
Genevieve limestone and the general configuration and altitude, with
reference to mean sea level, of its base.

Nickles and Bassler (1900, p. 166, 180) referred the Pella beds
to Ste. Genevieve on the basis of Ulrich’s description of some
of the bryozoan fossils from the Pella beds. Later, Lees and
Thomas (1919, p. 599-616) described the marls above the St.
Louis limestone at Fort Dodge and correlated the marls at Fort
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Dodge with the Pella beds, thus reaffirming the earlier correla-
tion made by White.

In southeastern Iowa, the Pella beds constitute the youngest
unit of the Mississippian system in Iowa. They rest on the St.
Louis limestone and are overlain by rocks of Pennsylvanian age.
This is the relationship of the Ste. Genevieve limestone at Fort
Dodge. It everywhere rests on the St. Louis limestone and over
most of its area of occurrence is overlain by shale and sandstone
of Pennsylvanian age. In a few localities in the northern part
of the country, the Ste. Genevieve limestone is overlain by
Pleistocene deposits, and at least one locality (SW14 sec. 31, T.
90 N., R. 28 W.) it is directly overlain by the Fort Dodge forma-
tion of inferred Permian age.

Water supply. The shales of the Ste. Genevieve limestone
yield very little water in Webster County, and because of the
caving nature of the shales, the formation requires casing in
wells drilled into the underlying sandstone and limestone. It
undoubtedly restricts the vertical movement of ground water
between overlying aquifers and the St. Louis limestone aquifer
below,

PENNSYLVANIAN SYSTEM
Desmoinesian Series
Undifferentiated Beds

Character. The strata comprising the Desmoinesian series
are predominantly gray to black shales with some sandstone and
a few coal and limestone beds. Thick channel sandstone deposits
trending in a general southerly direction occur in the north-cen-
tral and southeastern parts of the county. Wells drilled on the
upland plain commonly encounter fine-grained and gilty sand-
stone beds of Pennsylvanian age generally not more than 20 feet
thick at a depth ranging from 100 to 175 feet. They are com-
monly overlain by light-colored shales and thir coal beds, usually
less than 2 feet thick, and underlain by black shales, and occa-
sional coal seams. Near the base of the Pennsylvanian strata a
dark-gray to black limestone containing fossils is usually pres-
ent. One of the characteristic features of the Pennsylvanian
rocks is the lenslike nature of many of the beds, indicative of
shallow-water deposition. Descriptions of the Pennsylvanian
strata in various parts of the county based on the study of well
cuttings are given in the section on well logs.
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Distribution and thickness. Rocks belonging to the Des-
moinesian series compose the bedrock over most of the southern
part and much of the north-central part of the county. Outcrops
of these strata frequently occur along the valley of the Des
Moines River and its tributaries. )

In the northern part -of the county along either side of the
river in secs. 18 and 24, T. 90 N., R. 29 W., cross-bedded cal-
careous coarse-grained sandstone forms bluffs 15 to 20 feet in
height (pl. 12B). This sandstone rests on limestone and sand-
stone beds of the St. Louis limestone and is overlain by drift.

About 2 miles north of Fort Dodge along the right bank and
at a sharp bend of the Des Moines River near the center of sec.
7, T. 89 N., R. 28 W,, black fissile shale with some sandstone is
exposed from near water level to a height of more than 40 feet.
The shale here rests on the St. Louis limestone and are overlain
by till. Exposures of shale and sandstone overlying the St. Louis
limestone occur along the left bank southward from this location
to Fort Dodge.

South of Fort Dodge, the sections exposed in three clay pits
opened in the valley walls of the Des Moines River and one on
Crooked Creek near Lehigh have been described by Gwynne
(1943, p. 339-344). His description of the section at the Vin-
cent Clay Products Co. pit, in the SW1/. sec. 6, T. 88 N,, R. 28 W,
is as follows:

Section: Vincent Clay Products Co.,
Fort Dodge, Webster County

Member Description Thickness
: (feet)
16. Tl e e erevanesene s eeeeooeeaesassanarennnnen 0-16

16. Gypsum in irregularly shaped erosion remnants...... 0- 8
14. Sandstone, red and brown, conglomeratic toward

top, calcareous SRS — 0- 3
13. Shale, gray and buff, with bright red streaks, soft
from weathering .......occcoeeeemiiininiiiieeriareceneees 4.6
12. Shale, very silty, banded light gray and red............ 1.6
11. Sandstone, dull-red, argillaceous, softened by weath-
' ering; grades into bed 10 .. 1.2
10. Shale, light-gray, laminated........ccooireciiines 1
9. Shale, dark-gray, laminated, notable number of
clay ironstone concretions ...... - 2.6
Clay (underclay), gray, coal smut at top.................. 3

N

Shale, dark-red emeeemeeeeessaeesteemseeanteecarsacesssesens 1.6
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6. Shale, dark-gray, laminated . e D
5. Shale, silty, nodular fracture.........ccooeeumeeeveeeoeenne. 3
4. Shale, argillaceous, dark slate blue and gray, fissile,
particularly toward bottom; contains numerous
calcareous concretions approximately in middle;
streaks of crumbly red sandy clay....coooeoeeeeeeeee. 10.6
3. Clay (underclay?), gray-buﬁ’ angular fracture, no
lamination ..o ... 1.8
2. Shale, laminated, red and light-gray........ccooereeeeeo.. 2
1. Sandstone, white, noncalcareous, slightly - cross-
bedded remesseeeseesmmsemnseaneeas 4.0

The uneven bedding of some of the Pennsylvanian rocks is
shown in plate 11A, a view of the shale pit in the SW14,SE1, sec.
8, T. 88 N., R. 28 W. The section, in descending order, consists
of till, a bed of fine-grained sandstone irregularly overlying a
gray to black shale, and a buff to gray shale. The shales and
sandstone together are about 65 feet thick, including a few feet
of coal near floor level in the southwestern part of the pit. Sub-
surface control indicates that the top of the limestone of Mis-
sigsippian age is 135 feet below the top of the sandstone,

Farther south, thick sandstones are exposed along the banks
of the Des Moines River from sec. 14, T. 88 N., R. 28 W., down-
stream to the vicinity of Lehigh in sec. 1, T. 87 N., R. 28 W., and
are described by Wilder (1902, p. 85-88) as follows:

“The Coal Measure sandstones are the striking stratigraphic
feature in the southern part of the county where a maximum
. thickness of 60 feet is exposed. Most of the layers are fer-
ruginous, but near Lehigh the upper courses at certain points
are cemented with carbonate of lime. The bond between the
grains is slight when iron is the cementing substance. The lay-
ers containing carbonate of lime, however, are firm and suitable
for building. Typical exposures of these sandstones may be seen
on Prairie Creek in Otho Township, section 35, the so-called cop-
peras beds, and at Wild Cat cave in Pleasant Valley TOWHShlp,
sec. 11, SW%

- Section at ‘Copperas Beds’ near the mouth of Prairie Creek

Feet

4, Drift ..o e teereastesaanerenteeennsessonensaaenene 5-50

3. Sandstone, cross-bedded, soft, ferruginous, containing :
concretions . 30

2, Sandstone, conglomeratic, containing large blocks of

‘ot
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sandstone found in the vicinity, with fossil wood in
large pieces. The surface of this portion of the bluff is
usually white with FeSO, 15
1, Conglomerate, consisting of pebbles; quartz especlally
abundant, though some granites and greenstones, wa-
terworn, small, none above half an inch in diameter,
cemented by iron so that perhaps 25 or 30 percent of the
whole mass is iron. In the center there is a two-inch
streak of clay ironstone and three inches of soft shale.... 4

“The concretions in the sandstone are very abundant and of
all sizes from a foot to a fraction of an inch. Many of the smaller
ones are hollow. Cross-bedding is everywhere conspicuous. . . .

“The iron conglomerate, containing iron and northern pebbles,
was found only near the mouth of Prairie Creek and in a ravine
a mile farther south. Perhaps one-half of the rock consists of
small pebbles and the rest of the cementing iron. The rock so
formed is very hard and seems to weather very little. Where it
has been long exposed to the air the pebbles have fallen out and
the rock has a vesicular appearance, in color and structure re-
sembling lava.”

The foreset beds of this channel sandstone have a southward
dip in the area of exposure. The sandstone has been encountered
in a well at some distance from the area of outcrop in the
NE1,NW1, sec. 30, T. 87 N., R. 28 W. Other wells have been
finished in the sandstone at points nearer the outcrop area. These
control points suggest that the channel trends in a southwesterly
direction from its outerop area. The channel sandstone seems to
have a width of at least 3 miles.

The strata assigned to the Desmoinesian series of rocks reach
their greatest thickness in the southern part of the county. At
Dayton, these rocks are about 230 feet thick. At Harcourt and
in the vicinity of Callender they reach a thickness of approxi-
mately 200 feet. Farther north, in the vicinity of Fort Dodge,
they are about 100 feet thick, and from there northward they
become thinner rather abruptly.

Age and correlation. The shales and sandstones rest on the
Ste. Genevieve limestone in its rather limited area of occurrence
and on the St. Louis limestone over a large part of the area. In a
few places where the St. Louis limestone is absent, the Penn-
sylvanian strata rest on rocks of the Osagian series. The Pennsyl-
vanian strata are overlain locally by the Fort Dodge formation
or by Cretaceous rocks. However, over a large part of the county
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they are overlain by Pleistocene deposits. The Pennsylvanian
rocks in Webster County are assigned to the Desmoinesian series
by Keyes (1898), Wilder (1902), and other workers in the area.
Detailed study of these strata has not been made in Webster
County.

Water supply. A number of wells, including one municipal
supply well, have been finished in sandstones of Desmoinesian
age; most of these are in the southern part of the county. Yields
obtained outside the area of the channel sandstones are generally
adequate for farm use. The town well at Callender (87-30-12L2),
which is finished in sandstone of Pennsylvanian age at a depth of
185 feet, is reported to yield 12 gallons a minute with a draw-
down of 113 feet. '

Wells finished in the channel sandstone in the general vicinity
of Lehigh yield 1 or more gallons a minute per foot of drawdown.
The school well at Burnside (87-28-15N1) yields 9 gallons a
minute with a drawdown of 3 feet, the Kling farm well (87-28-
30C1) obtains a supply of 10 gallons a minute with a reported
drawdown of 10 feet, the Jensen farm well (88-28-34D1) farther
northeast reportedly yields 12 gallons a minute with a small
drawdown, and the Spike farm well (88-28-18F1) develops a
supply of 10 gallons a minute with a small drawdown.

The nonpumping water level in wells finished in the channel
sandstone is between 90 and 110 feet below the upland surface,
whereas in the thinner sandstones away from the Des Moines
River the nonpumping water level is between 30 and 60 feet
below the upland surface. The water in these sandstones appears
to be moving toward the valley of the Des Moines River.

The water from the sandstones of Pennsylvanian age is hard
and commonly has a high iron content. The fluoride content is
probably below 2 parts per million.

PERMIAN (?) SYSTEM
Fort Dodge Formation

The occurrence of gypsum in the vicinity of Fort Dodge was
noted by Owen (1852, p. 126), and since that time the gypsum
and associated shales and sandstone have been studied exten-
sively in regard to their age and origin, because of the com-
mercial value of the gypsum

Character. The main body of the gypsum is light gray-whlte
and massive. On weathering, it is prominently banded gray-
white and dark gray (pl. 12A). Beneath the gypsum in the
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southern part of the area of occurrence there is commonly a
red to gray conglomerate (pl. 13), which was first reported
by Lees (1919, p. 587-591). The conglomerate is composed
largely of limestone pebbles some of which are more than an
inch in diameter. It is cemented by hematite and on weathered
surfaces has the appearance of clinker. The bed contains fossils,
but they seem to be reworked from older strata. Locally, the
gypsum is underlain by shales of Pennsylvanian age (pl. 14B).

The gypsum is overlain in places by unevenly bedded red,
gray, and green calcareous sandy shales and fine-grained cal-
careous sandstones (pl. 156B). The beds are poorly consolidated
and individual shale beds are particularly lenticular. On
weathered surfaces the shales have crumbled into a mass of
sandy, silty clay. Some of the fine-grained sandstones in the
upper part of the section are more persistent and durable. Al-
though the strata are variable from place to place, the following
detailed description of the beds above the gypsum is presented
to show the various lithologies that occur. The exposure de-
scribed is located on the left bank of Soldier Creek in Snell Park
in the northern part of Fort Dodge.

Exposure of the Fort Dodge formation in Snell Park in the
NEWSEV,SW) sec. 17, T. 89 N, R. 28 W.

Bed Description . Thickness
(feet)
Pleistocene system.
Undifferentiated beds:
11. Till, buff, unleached.............ccoieeeeeeeeeeeeeeee. 11
Permian (?) system.
Fort Dodge formation:

10. Shale, red and some light-green, very calcareous,
soft, slightly sandy, with ddubly terminated
quartz crystals.. 5

9. Sandstone, pink, very fine-grained, angular, soft,
very calcareous; contains a few coarse, rounded
quartz grains and occasional pink and gray chert
fragments ... e 3

8. Shale, bright red and pale-red with green lenses
and blotches, soft; lower part calcareous; upper
pale-red shales are noncalcareous; thin, lenticu-
lar beds of calcite contain doubly terminated
quartz crystals ... 3
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7. Shale, pastel-red with some green lenses, soft,
slightly silty, calcareous. There is a 1l-inch bed
of calcite containing doubly terminated quartz

crystals about 1 foot from the base......ccooreeeeeoe.... 8.5
6. Sandstone, pale gray-pink, very fine-grained, soft,

argillaceous, calcareous ..............ccccccooovvecoonmrerrennns 2.6
5. Shale, red, soft, silty, calcareous, and some flakes

of miea .. —— 4
4. Shale, olive-gray near base to gray-green in upper

part, soft, silty, calcareous ..........ccooooveeinvrennne.. 2.6

3. Sandstone or shale, red to pink, hard to soft, cal-
careous. Clay, with inclusions of subrounded
course limestone grains, predominates in places.
Roughly 10 percent of limestone grains are
worn fusulinid and other fossil fragments. These
small limestone pellets make up bulk of rock in
places. Occasional fragments of gray-brown
chert, bright-orange quartz, and coarse rounded

SANA ZrAINS ..oooeeneee e 4.6
2. Shale, gray, buff, soft, very calcareous; contains

druses and gray watery chert nodules ....___._.. .. 0.8
1. Gypsum, gray-white, massive, banded, heavily bed-

ded. To water level in Soldier Creek .................... 8

(Altitude of water level about 1,025 feet)

The shales and sandstones of the Fort Dodge formation have
been assigned to other formations in some places where the
gypsum is absent or not exposed. Most often they have been
confused with the shales of the Ste. Genevieve limestone, which
are also predominantly red and green and are calcareous. There
are several differences in the lithology of the two formations,
however. The shales of the Ste. Genevieve are a darker red and
green and more unctuous than those of the Fort Dodge forma-
tion. The sands, silts, and doubly terminated quartz erystals
that commonly occur in the Fort Dodge beds were nowhere ob-
served in the Ste. Genevieve. The shale containing the rounded
limestone pellets as described in bed 8 of the park section seems
to be restricted to the Fort Dodge formation. The shales be-
longing to the Desmoinesian that commonly underlie the Fort
Dodge formation are generally very dark, laminated, and car-
bonaceous. Locally they may be bright red and green and con-
tain thin partings of gypsum where they underlie the gypsum,
but they are rarely calcareous.
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PLATE 13.—EXPOSURE OF THE BASAL CONGLOMERATE OF THE FoRrRT DODGE

FORMATION IN NW14 sec. 7, T. 88 N., R. 28 W.: A, BASAL CONGLOMERATE

OVERLAIN BY GYPSUM AND UNDERLAIN BY SHALES OF PENNSYLVANIAN AGE;

B, CLOSEUP VIEW SHOWING TEXTURE OF THE BASAL CONGLOMERATE OF THE
Fort DopGE FORMATION. (Photographs by R. M. Jeffords.)
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Figure 25.—Map of Webster County showing the distribution of the Fort
Dodge formation and the general configuration and altitude, with reference
to mean sea level, of its base.

Distribution and thickness. Originally the Fort Dodge for-
mation may have been continuous over a fairly large area in
Iowa, but it is now known only in Webster County. Here the
formation occurs in small to very large patches in the northern
two-fifths of the county. Figure 25 shows its inferred distribu-
tion as determined from outcrops and well data.
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Exposures occur locally in bluffs along the Des Moines River
and in small tributary ravines northward from the northern
part of sec. 8, T. 88 N., R. 28 W, to Fort Dodge. Exposures also
occur along the valley walls of some of the larger tributaries of
the Des Moines River. In Gypsum Creek, south of Fort Dodge,
exposures of the Fort Dodge formation occur at intervals for
about a mile above the mouth of the creek. Some of the thickest
sections are exposed along Soldier Creek, the last exposure ob-
served along this stream being about 2 miles from its mouth, in
the SE14NE1/ sec. 17, T. 89 N., R. 28 W. Along Lizard Creek,
the Fort Dodge formation was well exposed formerly in clay
pits (pl. 14A), which were operated on either side of the
stream near its mouth. Many of the exposures along the streams
cited have been described by Keyes (1895, p. 268-284), Wilder
(1902, p. 99-102), and Lees (1924, p. 113-118). Later, Wilder
(1928, p. 187-156, 168-170) reviewed the descriptions given in
previous publications.

The exposures of sandstone and red and green sandy shale
that occur along South Lizard Creek in secs. 28 and 26, T. 89 N,,
R. 29 W., and along Lizard Creek and small tributaries in sec.
8, T. 89 N,, R. 29 W., were originally correlated with the Fort
Dodge formation by Keyes (1895, p. 279) and Wilder (1902, p.
103). Later, Lees (1918, p. 601, 602) assigned these shales and
sandstones to the Ste. Genevieve limestone, as did Wilder (1923,
p. 166). These exposures were re-examined in some detail during
the present investigation.

In the left bank of South Lizard Creek about 500 feet upstream
from the scarp of St. Louis limestone, SE14SE14SW1/, sec.
23, T. 89 N., R 29 W., the following section is exposed at low-
water level: .

Bed Description Thickness
) (feet)
Permian (?) system.
Fort Dodge formation:
4. Shale, gray and red, silty, calcareous ........................ 2
3. Shale or sandstone, red, calcareous, soft. Clay
is red, silty, calcareous. Sand composed of sub-
rounded, coarse limestone grains, composed in
part of fossil fragments ..........ccccooiiiriiiiiciinene. 3
2. Shale, clayey, red, calcareous, containing a few lime-
stone pellets and sand grains 2
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1. Shale, gray, green, silty, micaceous, very slightly
calcareous, to water level 2

(Altitude of water level about 1,005 feet)

About 500 feet farther upstream, at a sharp bend in the
stream, red and green shales are exposed in a bluff from stream
level to a height of about 19 feet. These shales are calcareous
in places and contain lenses of calcite with doubly terminated
quartz crystals. The shales are overlain by 6 feet of caleareous
fine-grained buff sandstone. On top of the sandstones are about
12 feet of red calcareous clay shale. Around the bend and up-
stream for an additional 700 feet, red and green silty calcar-
eous shales are exposed along the left bank for a few feet above
the stream bed. The lithology of this group of exposures is
similar to the section of the Fort Dodge formation at Snell
Park in the north part of Fort Dodge, and for this reason the
beds are reassigned to the Fort Dodge formation.

The exposures on Lizard Creek in the SE1/ sec, 8, T. 89 N.,
R. 29 W.,, and on the small tributary stream meandering north-
ward through the center of section 8 have a lithology similar
to the beds exposed on South Lizard Creek and the strata at the
park. Furthermore, in the SE cor. sec. 8, T. 89 N, R. 29 W.,

- black shales of the Pennsylvanian system can be seen at low-
water stages of Lizard Creek beneath the red and green cal-
careous shales containing limestone pellets near the base. This
group of exposures is reassigned also to the Fort Dodge for-
mation.

The gypsum reaches a maximum known thickness of about
80 feet in the vicinity of the present open quarries of the gyp-
sum companies. It is much thinner over most of the area be-
cause of preglacial erosion and solution and in part because the
deposit seems to thin radially from this center. The red shale
and sandstone that overlie the gypsum extend beyond the gyp-
sum strata to the west and north. The maximum observed
thickness of the clay shales, nearly 50 feet, was observed along
the right bank of Soldier Creek in the NE14NW14SE1/ sec. 19,
T. 89 N., R. 28 W., near the north end of the high bridge on State
Highway 5 in the northwestern part of Fort Dodge. The con-
glomerate below the gypsum has not been observed to exceed a
thickness of 3 feet.

Age and correlation. Pleistocene glacial deposits are the only
strata known to overlie the Fort Dodge formation. The relation
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PLATE 14.—A, VIEW OF A QUARRY IN NW 1§ NI sec. 8, T, 88 N, R. 28 W.
SAND AND GRAVEL IS BEING STRIPPED IN BACKGROUND. GYPSUM HAS BEEN
REMOVED, FORMING THE BENCH ABOVE SHALE BEDS OF PENNSYLVANIAN AGE.
THE SHALES PROVIDE RAW MATERIAL FOR MANUFACTURE OF CLAY PRODUCTS;
B, CONTACT OF GYPSUM OF FORT DODGE FORMATION WITH UNDERLYING SHALE
oF PENNSYLVANIAN SYSTEM IN A QUARRY IN THE SWY NW1, sec. 6, T. 88 N.,

R. 28 W. (Photographs by R. M. Jeffords).
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of Cretaceous deposits to the Fort Dodge is not definitely known.
In the western part of the county, Cretaceous deposits rest on
silty gray and green clays in places, but the age of the latter
strata is not known. They may be a part of the Fort Dodge or
Desmoinesian series of rocks. ‘

The Fort Dodge formation rests unconformably mostly on
the grayish black shales and gray to orange sandstones of the
Desmoinesian series of rocks and, in places, on the Ste. Gene-
vieve limestone. It probably rests on the St. Louis limestone in
still other places.

Much has been written regarding the age of the Fort Dodge
formation. Keyes (1895, p. 290) regards the gypsum and as-
sociated red shales as Cretaceus in age, probably laid down dur-
ing the latter part of the Niobrara epoch. Wilder (1928, p. 171-
178) stated, in his final work on the gypsum, that the Fort
Dodge formation appears to be more closely related to the’
Permian beds of Kansas than to any younger or older rocks, an
opinion he had stated almost 20 years previously. Fusulinids
collected from the Fort Dodge formation seem to be of late
Pennsylvanian age, and Moore and others (1944, p. 692) suggest
on this evidence that the formation is of mid-Virgilian age. The
fusulinids observed in the formation are badly worn from
transportation and may therefore be reworked from older beds.

Water supply. The sandstones in the upper part of the for-
mation commonly contain a little water, but only one well (89-
29-31F1) is known to have been finished in them and it obtained
a very hard water (analysis, p. 78). The reported yield from
this well is 5 gallons a minute with a 15-foot drawdown, ade-
quate for a farm supply. The calcareous shales in the formation
are effective barriers to the downward movement of water in
the area of their occurrence.

CRETACEOUS SYSTEM

Keyes (1895, p. 290) in his report on the gypsum in Webster
County infers that the gypsum and associated deposits are of
Cretaceous age and were laid down during the latter part of
the Niobrara epoch. Later, Wilder (1902, p. 111-116), in his
report on the geology of Webster County, favors a Permian age
for the gypsum and associated red beds. None of the other strata
he described were assigned to the Cretaceous system. His geo-
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logic map (1902, p. 191) of the county infers most of the upland
to be underlain by rocks of Pennsylvanian age.

The closest to Webster County where exposures of rocks of
Cretaceous age have been reported in the literature is southwest-
ern Calhoun County; this locality is described briefly by St.
John (1870, p. 149). Later, Balster (1950) in his report of the
geology of Calhoun County traces deposits of inferred Cretaceous
age, in the subsurface, to the eastern border of the county.

Along Lizard Creek in Webster County are exposures of sand-
stones and sand and gravel, heretofore described, which have
lithologic characteristics similar to some of the strata of the
Dakota formation farther west in the state. Also, in a few
wells in the western part of Webster County, but east of the
Manson area, similar strata have been encountered. In the Man-
son area the upper indurated rocks are tentatively assigned to
the Carlisle shale.

Dakota (?) Sandstone

Character. Strata of inferred Cretaceous age in Webster
County and east of Manson, Calhoun County, are mostly sand-
stones and sand and gravel. The sands and gravels are com-
posed primarily of quartz and chert. The larger sand grains and
pebbles have a high polish characteristic of the pebbles in the
Cretaceous farther west. Furthermore, there are many pink
quartz and small black chert sand grains in the sands and gravels
which are also characteristic of the sands and gravels of the
Dakota (?) sandstone to the west., Some of the associated brown
noncalcareous clays contain many polished pebbles. The gray
clays contain considerable carbonaceous material. The sand-
stones are primarily a fairly uniform medium-grained angular
quartz sand, containing some pink and black sand grains and,
in places, a scattering of polished pebbles. In outcrop the sand-
stones are stained an orange brown and appear to be massive
in some places while at other localities the sand is distinctly
cross bedded. :

Distribution and thickness. The only exposures of Cretaceous
age observed in the county are along Lizard Creek (pl. 15A).
The most easterly exposure is along the right bank of the stream
about 0.2 mile north of State Highway 5 and about 1.5 miles west
of Fort Dodge in the NW14,SW1,SE1/ sec. 14, T. 89 N, R. 20 W.
Here about 14.5 feet of Cretaceous strata ig exposed, as follows:
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PLATE 15.—A, EXPOSURE OF SANDSTONE OF CRETACEOUS AGE ALONG THE LEFT

BANK OF LIZARD CREEK IN THE CENTER S% spc. 12, T. 89 N., R. 30 W.;

B, EXPOSURE OF CALCAREOUS SANDSTONE OF THE Fom‘ Donce umm,\'rml\' m
THE SW1i NE1 sec, 8, T. 89 N., R. 20 W,
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Section on right bank of Lizard Creek
NWY SWI4SEY) sec, 14, T.89 N.,,R.29 W. .
Bed - Deseription Thickness
(feet)
Pleistocene
Undifferentiated beds:
8. Sand and gravel, buffish-brown, oxidized and
leached, containing boulders of highly weathered

granite. To leve] of terrace 1.0
7. Till, grayish-brown, oxidized and leached, contain-
ing some highly weathered granite boulders ........ 4.0

Cretaceous system
Dakota (?) sandstone:

6. Clay, brown, silty, noncalcareous, containing some
quartz sand and some polished pebbles ................ 2.5

5. Sand and gravel, creamish-buff, clean, containing
many small pink quartz and brown to black chert
grains, and subrounded, highly polished pebbles 7.0

4. Sand, coarse, mostly clear quartz, some pink; con-
tains many large angular to subrounded, well-

polished siliceous pebbles 1.5
3. Sand, coarse, quartz, clear, some pink ........................ 149
2. Clay, gray, noncalcareous, containing very large,

angular, highly polished siliceous pebbles ............ 0.3
1. Sand and gravel, buffish-cream, clean, containing

polished siliceous pebbles. To water level ............ 1.5

(Approximate altitude of water level 1,005 feet)

The next exposure observed is about 4.5 miles upstream in
the NE1/SE14SE1} sec. 7, T. 89 N,, R. 20 W. Here sand and
gravel with polished pebbles and brown clay with polished
pebbles rest on strata of undetermined age as follows:

Section along left bank of Lizerd Creek
NEVSEVSEY, sec. 7, T. 89 N., R. 29 W.

Bed Description ‘ Thickness
(feet)
Cretaceous system
Dakota (?) sandstone:
7. Sand and gravel, with some tan clay; sand mostly
guartz. Pebbles are subrounded, highly polished,
siliceous 2




142 GEOLOGY AND GROUND-WATER RESOURCES

6. Clay, brown, noncalcareous, containing sand and
subrounded, highly polished, siliceous pebbles .... 3
Pennsylvanian system(?)
Desmoinesian series(?)
Undifferentiated beds:

5. Shale, vivid pea-green, silty, grading downward into
greenish-gray shale ..o e 9

4. Sandstone, gray, fine-grained, very hard, highly cal-
careous, with small fragments of grayish-brown
chert and sandstone, gray, coarse-grained, cal-
careous, weathering into brown pea-size pellets .... 5

3. Shale, gray to gray-green, soft, silty, slightly cal-
careous In places ....coocoooomimeooeeeeeeiceeien 5

2. Marl, very sandy, very fine grained, hard with small
pieces of pyrite resting unevenly on bed 1 near
water level 2

1. Shale, gray, noncalcareous, silty, ‘exposed near
water level ............

(Altitude of water level about 1,070 feet)

Upstream around a sharp bend, in the SW14SE14SElj sec.
7, the brown clay of bed 6 in the above-described section grades
into an ironstone containing polished pebbles and may repre-
sent the basal beds of the Cretaceous deposits. Continuing up-
stream about a quarter of a mile to the NE14SE14SW1, sec.
7, coarse sand and gravel with many polished pebbles is inter-
bedded with gray somewhat silty clay containing much frag-
mental carbonaceous material. These beds are overlain by iron-
stained medium-grained massive sandstone. This particular
exposure is in a small gully heading northward from Lizard
Creek for a distance of 300 to 400 feet from the main stream.
Farther upstream, the iron-stained sandstone is exposed-almost
continuously along the banks of the stream for a distance of
about 1.5 miles, to the NE1/4ANWI1/,SW1/ sec. 12, T. 8% N., R.
29 W. In places the sandstone stands in bluffs rising more than
20 feet above the stream. The sandstone appears massive in
most of the exposures but is distinctly crossbedded at other
places. Only a few polished pebbles were observed in the sand-
stone.

Cretaceous-type sands were encountered in some wells north
of Lizard Creek, apparently occurring as cavern filling in the
St. Louis limestone and older rocks. South of Lizard Creek, a
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well located near Tara in the NW14SW14SW!4 sec. 20, T. 89
N., R. 29 W., penetrates 30 feet of sand and gravel and dark-
to light-gray shale beneath 125 feet of glacial deposits. Most of
the pebbles of the gravel are polished. Farther south, in the
vicinity of Moorland, a few wells penetrate sand and gravel
with associated brown noncalcareous clay, all containing polished
pebbles and free of Pleistocene sands and gravels.

The thickest section of rocks in Webster County-assigned to
the Dakota (?) sandstone, except in the Manson area, occurs
at a well in the SE1/, sec. 24, T. 88 N., R. 30 W., where 38 feet
of sand and gravel with brown clay underlies the drift.

The strata assigned to the Dakota (?) sandstone probably
occur as scattered patches in the west-central part of the county,
and inferred distribution of two such patches is shown on the
geologic map (pl. 1). About 2 miles north of Webster County
near the mouth of Indian Creek, which enters the Des Moines
River from the west, sands and gravels containing many polished
pebbles are exposed. These deposits also seem to be a part of
the Dakota (?) sandstone.

Age and correlation. No fossils were observed in the sand-
stone and sand and gravel, but the presence of highly polished
pebbles together with the pink quartz and occasional black sand
grains and the lack of igneous or limestone pebbles make them
very similar lithologically to sandstone and conglomerates pres-
ent in the lower part of the Dakota formation in the western
part of the State. The gray clay associated with the sand and
gravel in places contains fragments of plants, but these are too
small for identification.

The Dakota (?) formation rests on rocks of Pennsylvanian age.
At present no exposure or well sections show positively the rela-
tionship of the Fort Dodge formation to the Dakota (?) sandstone.
There is a possibility that the exposed silty shales, calecareous
sandstones, and marl underlying Cretaceous sands and gravels
in sec. 7, T. 89 N., R. 30 W., may be a phase of the Fort Dodge
formation. Inasmuch as the correlation is not positive at present,
these strata are retained in the undifferentiated Pennsylvanian
strata of the county.

Undifferentiated Beds
(Rocks of the Manson Area)

Character. Rocks of Cretaceous age have been preserved by
down-faulting in the Manson volcanic basin. Logs of two wells
drilled at Manson, Calhoun County, are given by Norton (1912,
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p. 1016-1017; 1828, p. 246-248), who discusses the great diver-
gence of the rocks penetrated from the normal sequence in the
general area. The log of well 2, greatly generalized from Nor-
ton’s description (1928), shows drab shales with some lime-
stones below the drift from a depth of 200 feet to approximately
540 feet. From 540 feet to the bottom of the well, drab and red
shales alternated with increasingly arkosic sandstones. Norton
(1928, p. 250) suggests the possible existence of a deep erosional
channel, the lower part of which had been filled with sediments
of continental origin and the remainder filled with marine sedi-
ments of Pennsylvanian or Cretaceous age.

More recently, several sample sets of well cuttings from the
locality have better defined the area, and its inferred limits are
shown on figure 26. The present control suggests a basin whose
length in a general northeastward direction is about 25 miles
and whose width is roughly 18 miles.

Near the center of the basin, microcline feldspar rock or ser-
pentinized basaltic tuff is encountered at a depth of about 100
feet. Wells away from this center encounter like material at
increasing depths, but several wells, which have been drilled in
the area away from the central core, have failed to reach the
crystalline material. These wells, one of which attains a depth
of 1,632 feet, have encountered shale and sandstone and a minor
amount of dolomite and siderite.

In Webster County, well 90-30-4E1 was drilled to a depth of
1,105 feet, penetrating a predominantly shale section below the
drift to a depth of 850 feet. From 850 to 1,000 feet, sandstone
was the principal rock encountered. From 1,000 to 1,105 feet,
gray and very black carbonaceous shales and lignite were pene-
trated. Other wells drilled in this area, which range in depth
from 166 to 710 feet, have been finished in sandstone. Logs of
the wells drilled in this sequence of rocks in Webster County
for which the Survey has samples are given in the section on
well logs. '

Distribution and thickness. The area underlain by the ab-
normal strata is shown on figure 26. They are known to crop
out only in the NE14NE1,SE1 sec. 11, T. 89 N., R. 30 W, The
beds comprising this sequence of rocks extend in places to a
depth of at least 1,500 feet in Calhoun County and to a depth
of at least 1,100 feet in Webster County.

Age and correlation. The upper part of the section consists
of Cretaceous sandstone and shale. In well 90-830-36P1 Ino-
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Figure 26.—Map of parts of Calhoun, Humboldt, Pocahontas, and Webster

Counties showing the area occupied by the abnormal sequence of rocks in

the vicinity of Manson, Calhoun County. Solid circles represent wells that

encounter a normal Paleozoic section; open circles represent wells that
encounter no Paleozoic rocks at equivalent depths.

ceramus fragments occur in limestone and shale cuttings be-
tween depths of 2560 and 500 feet, suggesting that these strata
may include the Greenhorn limestone. The overlying shales
may belong to the Carlisle shale. Lignite, which is suggestive
of the Dakota sandstone, was encountered in this well between
depths of 500 and 650 feet. Also, in the lower part of the section
at this site, siderite pellets, which are characteristic of the
Dakota sandstone in other parts of the State, are present in
the shale between depths of 570 and 655 feet.

Lignite was penetrated near the bottom of well 90-830-4E1, at
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a depth of 1,065 feet. Inoceramus fragments and siderite pel-
lets were encountered at higher elevations in the well.

The fish scales found in the shale exposure in the NEI4NE1}
SE14 sec. 11, T. 83 N., R. 30 W., are no older than the Mesozoic
era, according to M. A. Stainbrook (oral communication). The
poorly preserved cephalopods in the same exposure are sug-
gestive of the Cretaceous, according to A. K. Miller (oral com-
munication).

Data are insufficient at present to correlate the rocks in the
lower part of the section because of the intensity of the faulting
and brecciation, but it seems likely that they are Pennsylvanian
in age. ’

Water supply. A few successful wells, ranging in depth from
165 to 710 feet, have been finished in the sandstones of this
sequence of rocks in Webster County. The shallower wells are
near the northeastern rim of the basin.

A supply of 10 gallons a minute was obtained from well 89-
80-2Q1 from sandstone at a depth of 610 feet, the reported draw-
down being 7 feet; a yield of 28 gallons a minute was obtained
from well 90-30-35Q1 (about 1 mile north of 89-30-2Q1) from
sandstone at a depth of 710 feet, the reported drawdown being
32 feet. Farther north at Clare, 14 gallons a minute was de-
veloped from sandstone at a depth of 180 feet. In these three
wells the static water level was approximately 1,100 feet above
sea level or about 50 feet below the general land surface. There
are places in the area, however, where the sandstones are too
thin, silty, or cemented to yield an ample supply of water. Well
90-30-4E1, drilled to a depth of 1,100 feet, developed a supply of
only 2 gallons a minute with a large drawdown ; sandstones en-
countered in the well closer to the surface did yield some water,
which failed to clear on development.

It appears that the rocks in the structural basin are generally
too tightly cemented to yield water. An occasional fracture may
still be uncemented, and if it has access to recharge a successful
well may be obtained. Wells in the central igneous area west of
Webster County have been more productive, but possibilities of
developing supplies by deep wells do not appear good.

The water developed from the sandstones at depths of less
than 800 feet in this locality is hard and generally has a high
iron content. Mineral analyses of water from wells 89-30-2Q1,
90-30-3A1, 15N1, and 35Ql, which develop their supply from
the sandstones, are given in table 9. None of the water is of the
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sodium chloride and sulfate type such as that pumped from the
deep wells at Manson, which has a hardness of only about 70 -
parts per million, a fluoride content of 4, and a pH value of 8.5.
Petrographic studies of the rocks in the Manson area may show
the presence of zeolites, which could account for the softness
of the Manson supply; glauconite, which also has water-soften-
ing properties and has been seen in some of the strata, could
cause it.

PLEISTOCENE SYSTEM

The yellow, buff, brown, and gray unstratified pebbly clays
that almost everywhere mantle the consolidated rocks in Iowa
are the deposits left as a result of the melting of continental
glaciers which invaded this area from time to time during the
Pleistocene period. In addition to these unstratified pebbly clays,
called tills, the melt waters from the glaciers carried away large
amounts of sand, gravel, silt, and clay and deposited them in
valleys as stratified drift forming valley trains. The name
assigned to a till is applied also to the related stratified drift
and to the associated continental glacier. Wind-blown silts,
originating from the silts in the valley trains, accumulated on
the surface during glacial times to form deposits known as loess.
During interglacial time, the tills and stratified drift were al-
tered by weathering and in part removed by erosion, the extent
depending largely upon the length of time between ice invasions.
The eroded materials formed deposits of clay, silt, sand, and
gravel in places.

The geology of the glacial and interglacial deposits of Iowa
has been summarized in two principal papers. One, by Kay and
Apfel (1929, p. 1-304), presents the results of intensive field
investigations with special reference to the pre-Illinoian glacial
and interglacial deposits of Iowa; the second, by Kay and
Graham (1943, p. 1-262), discusses the Illinoian and post-
Illinoian glacial and interglacial deposits of Iowa. More recent
studies in northwestern Iowa by Smith and Riecken (1947, p.
706-713) and Ruhe (1950) have resulted in a reclassification
and remapping of the drift sheets in that area.

The present classification of the Pleistocene system of Iowa
used by the Iowa Geological Survey is presented in table 10. All
the glacial and interglacial stages may be represented in places
in Webster County by till, loess, or stratified deposits. The
Illinoian till is probably absent, as it is known to occur only in
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Table 10. Classification of the Pleistocene of Iowa

Stage Substage
Mankato
Wisconsin Cary (Till and stratified
Tazewell drift and loess)
Towan

Sangamon (weathering and
erosion, Loveland loess, for-
mation of Illinoian gum-
botil)

Ilinoian (till and stratified
drift, Loveland loess)

Yarmouth (weathering and
erosion, formation of Kan-
san gumbotil)

Kansan (till and stratified
drift)

Aftonian (weathering and
erosion, formation of Ne-
braskan gumbotil)

Nebraskan (till and stratified
drift)

a part of eastern Iowa, but loess and other deposits of equivalent
age are thought to have been deposited in the county.

Pre-Wisconsin Glacial and Interglacial Deposits

Character. The fresh pre-Wisconsin till of this area seems
to be, in general, a brownish gray as compared with the light
gray of the Wisconsin tills. Furthermore, it seems somewhat
less caleareous and more silty than the younger tills. The Kansan
till at several wells is oxidized to a yellow orange for a thickness
of 20 to 30 feet. In places a gumbotil-like, oxidized and leached
gray and buff till has been preserved. The Nebraskan till has
been tentatively identified at a few wells. Its character is similar
to that of the Kansan till. The sands and gravels underlying
and overlying these older tills are generally heterogeneous in
composition and calcareous.

At the Harcourt town well (86-29-13C1) and at the Fiala
Farm well (88-30-24R1) thin, brown, noncalcareous silt beds,
which may be Loveland loess, occur above the Kansan till.
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Distribution and thickness. The Kansan till is generally pre-
served in the southern part of the county where it attains a
maximum thickness of at least 80 feet, In the central and north-
ern parts of the county, where the bedrock is higher, the Kansan
till is thin or absent. The Nebraskan till seems to occur as thin
patches in a few places within the county. Where an exposure
of only one pre-Wisconsin till occurs, it is difficult to identify it
definitely. A few exposures of older tills were observed along
the valley walls and banks of the Des Moines River and Lizard
Creek (pl. 16A).

In the valley of Lizard Creek 0.2 mile north of State Highway
5 in the SE!4 sec. 14, T. 89 N., R. 29 W., a brown leached till
4 feet thick overlies sand and gravel of the Dakota (?) sandstone.
The till is overlain by a foot or more of leached sand and gravel
to the level of the low terrace. Here the till may be Nebraskan
and the overlying sand and gravel of either Nebraskan or Af-
tonian age. Several miles farther upstream on the right bank
of Lizard Creek in the NWi4NEl4NE!/} sec. 12, T. 89 N., R. 30
W., a gray gumbotil about 5 feet thick rests on Dakota (?) sand-
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Figure 29.—Map of Webster County showing the general configuration
and altitude, with reference to mean sea level, of the bedrock surface.

stone about 20 feet above water. The gumbotil is overlain by
about 4 feet of leached brown silty and sandy clay. The re-
mainder of the section is mantled. Here the gumbotil may be
Kansan and the overlying brown silty clay the Loveland loess.
The gumbotil is approximately 80 feet below the upland, at an
altitude of roughly 1,070 feet.
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In the southern part of the county, Kansan gumbotil was
found under approximately 60 feet of Wisconsin tills in the
NW1, sec. 21, T. 86 N., R. 27 W, in a road cut along the west
valley wall of the Des Moines River. The suggested relationship
of this exposure to subsurface sections across the southern part
of the county is shown in figure 27. The general position of the
Kansan till and possible Nebraskan till in the southwestern part
of the county is shown in fizure 28 as a cross section extending
northward from Gowrie to the vicinity of Moorland.

The sand and gravel of the Pleistocene of Iowa occur largely
as fill material in small channels on the various till or bedrock
surfaces. In places, however, particularly on the bedrock sur-
face, there are very wide buried channels which may be filled
to a considerable depth with outwash sand and gravel. In the
eastern part of Webster County there seems to be one of these
larger buried channels, which has a general southerly course
through Duncombe. The Duncombe town well encountered bed-
rock at a depth of approximately 285 feet and about 190 feet
below the higher bedrock in portions of the central part of the
county. The map showing the configuration of bedrock surface
(fig. 29) suggests the course of this valley in Webster County.
The valley is probably pre-Pleistocene in age and is partly filled
with sand and gravel of pre-Wisconsin age and partly with Wis-
consin gravel. At the Duncombe town well, sand and gravel
occur at depths of 100 through 105, 106. through 185, and 210
through 235 feet. At well 88-27-11L1, about 2 miles southeast
of Duncombe, sand and gravel were encountered at depths of 10
through 70 feet, 100 through 145, and 155 through 170 feet,
the bottom of the well.

In the southwestern part of the county at Gowrie, the town
well encountered sand and gravel at a depth of 230 through 260
feet. These beds rest on bedrock and are overlain by Kansan
and possibly Nebraskan till. On the basis of data obtained from
a pumping test, this sand-and-gravel-filled channel is inferred
to have a width of about 200 feet.

Wisconsin Glacial and Interglacial Deposits

Character, distribution, and thickness. The tills constitute
the bulk of the material deposited in Webster County during
Wisconsin time. They are composed predominantly of gray to
light-gray calcareous unstratified pebbly and sandy clay. The
. pebbles in the tills are of limestone, dolomite, shale, and igneous
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rocks. Alteration of these fresh gray tills to a buff yellow by
oxidation of the iron compounds has occurred at the top of
the youngest till. At least one oxidized zone of an earlier Wis-
consin till has been preserved in places. Leaching of the upper
2 to 4 feet of till, including the present soil, has occurred gen-
erally over the entire county.

The sands and gravels related to the Wisconsin tills are simi-
lar to the sand and pebbles found in the till and are invariably
calcareous and mostly iron stained.

The loess, which has developed on the older Wisconsin tills
outside the county, is poorly developed on the Mankato till. In
Webster County no loess was seen in exposures and none was
identified between the various tills of the Wisconsin stage in well
cuttings.

The tills and sands and gravels of the Wisconsin stage occur
over all the upland area in the county and range in thickness
from about 50 feet in the north and central parts to about 130
feet in the southern part of the county.

The upper till, the Mankato, is inferred to occur everywhere
over the county. This till sheet extends southward into Boone
County, but the northern expression of the Altamont terminal
moraine, marking the limits of the Mankato glacier, occurs along
the southern boundary of Webster County. An intermediate or
recessional moraine of the Mankato, known as the Humboldt
moraine (Kay and Graham, 1943, p. 239), extends through the
northern part of Webster County. In these terminal and reces-
sional morainal belts the Mankato till is probably thicker than
in the ground-moraine areas although the moraine, in part, may
be the expression of older morainal belts (Gwynne, 1942).

The thickness of the individual tills of the Wisconsin stage is
not known. In the exposures observed and from subsurface
data only one oxidized zone was found at any one site between
the Wisconsin oxidized zone at the surface and the top of the
Kansan till. More than one gravel bed was found in some sub-
surface sections in this interval, but it is not known whether
these beds separate till sheets or are inclusions within one
sheet.

Sands and gravels of Wisconsin age underlie high terraces
preserved in places along the Des Moines Valley and Lizard
Creek (pl. 16B), and a number of sand and gravel pits have been
opened in them. The sands and gravels are useful for a number
of purposes, but the gravel in places is reported to have too many
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PLATE 16.—A, CONTACT OF GLACIAL DRIFT OF THE PLEISTOCENE AND UNDERLYING SHALE AND SANDSTONE OF THE DAKOTA
(7) SANDSTONE ALONG RIGHT BANK OF LIzZARD CREEK IN THE SE 8 14, T. 89 N,, R. 29 W.; B, EXPOSURE OF SILT,
SAND, AND GRAVEL IN A TERRACE ALONG LiZARD CREEK IN THE SE1%SW14 sec. 10, T. 89 N., R. 29 W. Wo00D FRAGMENTS
ARE ABUNDANT IN THE SILT BED AT THIS LOCALITY.
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shale pebbles for use in better grades of concrete. Drilling
indicates that the most persistent occurrence of sands and
gravels of Wisconsin age is in the vicinity of Duncombe.

Water supply. Several hundred shallow bored wells in the
county obtain their water supply from the drift. In general,
the yield obtained is small, and many of these wells are deepened
beyond the water-bearing bed to provide for additional storage
of water in the well.

In the larger buried channels filled with sand and gravel
moderate to large yields can be developed, at least initially. In
places where the channels are narrow the rate of decline of
water levels might prohibit continued pumping from the aquifer
at high rates, for, although the sand and gravel might have a high
permeability, most of the channels in the drift are believed to be
small and hence incapable of supporting large producing wells.
This may be the situation at Gowrie, as described on pages 52
and 53. In the larger channel, in the vicinity of Duncombe,
farm wells finished in the sands and gravels develop an ade-
quate supply with very small drawdown. This aquifer may be
large enough to yield large volumes of water, but it is essentially
undeveloped at present.

Sand and gravel underlying the high terraces in the Des
Moines River valley and Lizard Creek will probably yield
moderate supplies of water to wells, but where the deposits are
narrow the water supply may fail during periods of drought.
Water in the drift deposits is hard, generally contains an exces-
sive amount of iron, and has a low fluoride content.

Recent Sediments

Character, distribution, and thickness. The depressions on
the Mankato drift surface have been partially filled by wash
from the adjacent drift during Recent time. Some of the de-
pressions have been filled largely with carbonaceous material
to form peat bogs or peaty soil. The soils developed over the re-
mainder of the county also are of Recent origin.

Silt, clay, and some sand and gravel constitute the Recent
alluvium that occurs in the lower levels of the Des Moines
River and some of its larger tributaries, but most of the sand
and gravel in the Des Moines River valley may be remnants
of earlier Pleistocene deposits.

The depressions on the upland may be filled with Recent sedi-
ments to depths of 16 or 20 feet in places. These deposits are



166 GEOLOGY AND GROUND-WATER RESOURCES

lenticular and occur as patches generally covering only a few
acres.

In the valley of the Des Moines River north of Fort Dodge
the alluvium is thin or absent. At Fort Dodge the unconsoli-
dated deposits reach a thickness of 30 feet. Well 88-28-32N1,
located in the valley about a mile south of Fort Dodge, penetrated
40 feet of clay and gravel. The lower 10 feet was composed of
dirty sand and gravel. The unconsolidated deposits reach a
thickness of about 40 feet in the vicinity of Lehigh also, and
probably at places farther south. These deposits, however, are
very narrow, seldom extending over 500 feet from the bank of
the river. .

Water supply. The city of Fort Dodge initially obtained its
water supply from a large dug well finished in the sand and
gravel in the Des Moines River bottom. This source of supply
was augmented by wells finished at greater depths, and was
finally abandoned in 1919.

The town of Lehigh at one time obtained its supply from a
large-diameter well about 25 feet deep finished in sand and gravel.
It is reported that continued difficulty with sand was the
principal cause of the development of a source of supply from
underlying limestones. More recently, several shallow test
wells were drilled in the alluvial sand and gravel in an attempt
to develop a satisfactory water supply. A promising quantity
of water was located, but the water was very hard. The source
of the hard water was possibly the adjacent water-bearing beds
in the Pennsylvanian system of rocks. If such a supply were
developed the quality of water might improve as the nearby
river water was drawn into the sands and gravels. At other local-
ities in the Des Moines River valley south of Lehigh, the uncon-
solidated sediments may be expected to yield ample supplies
of water for farm use.
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GEOLOGY AND GROUND-WATER RESOURCES

TABLE 11.

RECORDS OF TYPICAL

The well number also represents the well location. Well-numbering system de-
seribed on page 7. Well for which water analyses are given in table 9 are indi-
cated by parentheses; wells for which logs are given in the following section are indi-
cated by an asterisk.

Types of wells: B, bored; Dg, dug; DR, drilled.

Measured depths of wells given to tenths of a foot; depths given to even feet are

Type of casing: B, brick; I, iron or steel; R, rock; S, screen; T, tile.
Depth of casing: Parentheses around figures indicate there is additional casing at

intervals below the continuously cased part of the well; such data may be given in
remarks column.

Method
Well construction of lift
Well numbeer Location Owner ot name
. . Casing -
Diam-
Depth | eter Depth
Type | (feet) | (inches) | Type | (feet) |Pump | Power
T.60N. R 27 W,
B6-37-4D1....] NWINWiNW}iace. &..] A, B. Davis.......o.vnenns DR 226.7 ] 1 200 L E
86-27-23M1...| SW N\ViSW} sec. 23..] J. C. Ritehie.............. DR .1, DR PN PRI PR P
86-27-32C1...| NWiNE{NW] gec. 32.) F, Olson B 58,3 12 T 56? H
86-27-341" .. .| NEISEINW] sec, 34. . B 12,2] 24 T 13t H
T, 80 N, B. 28 W, -
*(80-28-3P1)...| SESE BW{ ace. 2....] E, & K, Gabrielson........ DR 720 6-5 1 508 I |
86-28-0R1).. .| SE{SEISK] sec. 9.....] Mary Ekdteand........... B 31.0] 14 T a F H
§6-28-9R2....| SE}SEISE] sec. 9..... Mary Ekstrand........... B 60 {........ T 60t F I
(86-28-14H1)..| 8WISEINE} sve. 14...| Dayton, town well 2....... DR | 1,240 13- 8 I (505) T E
§0-28-14112. . .| BWISE{NE} scc. 14...{ Dayton, v\‘own well1....... DRt 688 w-06 I |........ F ) ]
(86-28-21B1)..| NEINWINE} sce. 21..[ DeKalb “ybrid Seed Co...| DR 1 ]........ I 108 |.....].v0n
#0-28-20Q1. . .| SEISWISK] see. 29...| C. & G. Kulild............ B 87.2 12 T | L |G.H
(£9-28.31C1),.| NWINEINWS see. 31| F, L Johnsan............. B 58.8) N T wr| F |
§6-28-32H1...| SWISEISE} sec. 32...| R. W. Skoulﬁnd ........... DR 3H 6- 1 1 350 L |
se-28-3201..| SEISELBE] sec. 3?. ...] R.C.Strond 59.6] 20 T 60? L w
RG-28-38A1 . .. N\\".\'H!Nl‘: see. 35..] Hubert Will 109 § 1 (... L |[HW,
86283542, .| NWINEINEY sec. 35..] Hubert Will 6.0........ T ot | .
T. V., R.
(86-20-3C1)...| NWINEINW! sec.3..] Edna Nelson.............. 19.47 14 T 20? L w
86-20-4CL....| NEINEiNWisee. 4...] C. V. LeRoy........ 68.21 16 T 69? L H
86:20-4C2....| NEINE{NWisce. ... C, V, I£éRoy........ 38.3] 12 T 30! L G
*(86-20-13C1)..| SWINE{NW] zec. 13..1 Harcourt, town well 1,002 8- 4 | 840 T | ]
86-22-13F1. . .| NWISE{NW{ eee. 13..) Nelson B 18.6 " T 16 L H
8620-11A1. .| NEJNE{NEY sec. 14 B e 12 | T st L | 1l
86-23-1441...| NE{SEINE} gec. 14. . B 40.3)........ T 17 E
86-20-1811...| SWINWINWY scc. 18,1 A, Soderbeck............. B 43.2 12 T 441 L H
(86-20-20Q1)..| 8WISWiSE} eec. 20. .. B 57,7 18 g8t F E
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Type of pump: F, force; J, jet; L, lift; N, none; P, préssure; 8, suction; T, turbine,
Power: E, electric; G, gasoline engine; H, hand; W, wind, )

Altitude of land surface: Measurements made by altimeter or hand level given to
nearest 5 feet; those estimated from topographic sheets given to nearest 5 feet and
indicated by parentheses,

Water level: Measured levels given to hundredths of a foot; reported levels given

to even feet.

Use of water: A, abandoned; D, domestic; I, industrial; M, munieipal supply; PS,
other public supply; S, stock; Un, unused.

Water level
- . . Dis-
, . Principal water-bearing beds Measuring point tanrce
. o
Dis- waolter
: tanco lovel
shove above
L or (+) or
Deseription below {Altitude | below . ]
X land | of land | land Use Remarks (yield given
Character Geologie surface| surfacc [surface Date of of in gallons a minute;
of materinl | subdivigion (foct) | (feet) | (feet) | mensurement | water drawdown in fect)
Sandst Dy i Drilled hole in 1.4 | (1,108) [105.561] Oct. 19, 1042 [ D, 8 { Yield, 3.5; drawdown 2.0
pump base after 40 min. Tempera-
5 ture 50°F.
Limestone Gilmore City J........co.ooveihoal it 1,128 150  foovveervvenvenifonases
Sand Pleistocene Top of casing ¢ |........ 18.74] Oct., 25, 1942 Meag::dwatcr supply re-
. ported.
Sand Pleistocenc Top of casing 51(1,000)0| 1.34] Oct. 25, 1942 | 8
Limestone Hompton  [........... TETTTRTS FOPTU (S P T D, 8 .
Drift Picistocene Top inner lip of 8| (1,150) | 6.80| Sept. 17, 1942 | D, § | Good water, poor yield
. tile casing reported.
Sand Pleistocene Torp aof pump plat- 8| (1,150) | 4.95| Sept. 17, 1942 | D, S | Adcquate yield reported.
orm
Limestone Wapsipinieon | Drilled hole in 6| 1,120 | 69.54] Sept. 17, 1942 | M | Additional casing, 770 to
pump base 066 feet; tomperature
' 86°F. Yield, 130, No-
;gmbcr 1042; drawdown
Limestone Hampton  |[.....ccovvnvienen 1m 1805 | M Use%l Kc% little; reported
yield, 0.
............. Pleistocene  [......covvvnnennns 30 1948 | D, 8 Retlxxrtcd yicld, 45; small
i rawdown.
Drife Pleistoccne Tofp of wood plat- 7.60| Sept. 11, 1942 | 8
. . orm
Drift Pleistocens Topof casinginpit [—4.5 [........ 16.88| Sept. 12, 1942 | 1, 8 | Water reported to be hard,
with low iron content.
Sandst Desmoinesiat f.....oveiiiiiiieifieanidfireeen 75 1022 | 8 | Temperature, SI°F; yield,
5: reported drawdown,
75. Water reported not
. hard, high fron rountent.
Sand Pleistocenc Top of concrete -3 PN 19.32] Oct. 25, 1942} 8
‘ R well cover
Sand Pleistocens Top of casing Al . 4.75 Oct. 26, 1042 | 8
Sand Pleistoceno Top of casing 0 l........| 6.00] Oct. 26, 1942 | ..
Drift Pleistocene | Topof tilecasing | 1.0 | (1,140) | 3.26) Bept. 15, 1042 | 8
Drift Pleistocene Top of platform 4 {(1,160) | 12.46; Sept. 15, 1042 | D
Dnft Pleistocene Top of casing 1.3 1 (1,160) | 11.40] Sept. 15, 1042} § .
Dolomite Cedar Valley |.........coovveiiiferenes 1,170 |110 | Jon. 193¢ | M | Re rhdﬁleld. 35; draw-
. own, 51.
Drift Pleistocens Top cement curb | 0.0 zl.lﬂ)) 4.24| 8Bept. 17, 10421 D .
Band Picistocene | Top of pump base | 1.0 [ (1,150} | 4.47| Sept. 9, 1042 [ S | Bmall yicld reported.
Gravel Pieistocene Top of platform 1.0 | (0,160) | 7.62] Sept. 9, 1942 | D, 8 | Temperature 52°F; yield,
. 7; drawdown, 4 after
. . pumping 15 min.
Drift Pleist Top (;f t 1.8(........ 4.44| Sept. 14, 1942 | Un | Very hard water reported.
curb
Sand Pleistocenc Flange on pumnp [—8.2 |... 21.91) Sept. 12, 1942 | P8 | Yield, 13.3; drawdown,
column | 11,6 ofter pumping £
min.
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TABLE 11. RECORDS OF TYPICAL WELLS
Method
Well construction of lift
Well number Location Owner or nume
: Casing
Diam-
Depth | eter Depth
Typo| (fect) | (inches)| Type| (feet) |Pump | Power
86-20-27N1...| 8W BW 8W1 sce. 27 J. A Johnson..eesvennennf B 35.85) 36-6] T 3| F E
86.20-271"1 .. .| 8E W3 eee, 27...] 0, T. Engauist............ B 485.8] M T 9| L H
§6-29-2712. . .| 8E SV‘ 8W sec. 27...] O. T, Engquist............ B 101 14 T o1 |..... {... .
86-20.20P1 . . .| SEIBE|BW aoe.m. +.] C, Dloomgren............. B 4.4 12 T asrl..... ]
86-20-20P2. . .| SE{SE{8W§ £e¢. 20...| C. Bloomgren......v.ne... B 45.8) 14 T 46| L |H, W
86-20-30P1. . .| NWISE18W} see. 30. .| J. C. Nordin Estate...... .| B 140.7] 16 T 1411 L |H, W -
86-2940th vee SF SW SE} sec. 30...] A. A, Fronzeen.......ou... B 47.00 M T 47| L |H, W
86-20-3281 . .. Nk} ece. 32 Youngquist........| B 61l 18 | T or| L | Mt
86-29-35C1. .. NE NE{ W1 sec, 35..[ Emil Rohden, .vv....... .. DR 260 |...... [ PO PO FOUDIN S
(86-29-35C2)..| SEINEINWY sec. 35..] A. V. Mossberg......... . B 7.4 12 T 2t{ P8 E
86-20-35C3. . .| SEJNEINW} sec. 35..| Lanyon communlty........| B 8.7 12 T oor| L "
56-20-38F1 . . .| BEISEANW] 0o, 35...| Corl Coroon«rresvrone.. B | sug...... T| s L] n
T.80N., R.SO W,
(86-30-1P1)... SE}SE{S\"} sec. 1....| Gowrle, town well 1.......] DR 620 [ I 350 T E
(86-30-1P2)...| SEISEISW4 eec. 1....] Gowrie, town well 2......... DR | 1,842 16- 6 1 (385 { .T E
*(86-20-1Q1).. ., !5 i «| Gowris, town well 3...... ..| DR 250 12-10| 1.8 230 T E
§6-30-8C1.... NW E{N lm. ..] E.C. Monson............. DR 225 64 1 214 L E
86-30-8N1....| 8Wi8W18W} eec. 8...| C. E. Johnson 44.3] 18 T 4t F |[EW
86-30-12B1...] NWi{NWINE} sec. 12.| Frank Schwarts. 76.6] 12 T 7wy L H
(8830-15P1)..| BE{8E{8W} ece. 15...| C,J. Johnson 112 ] 1 106 | L B
88-30-20R1...| 8 % SE} tee. 29 51.5] 10 T 82| L W
85.30-30R1... BBI E{BE} sec. 30.. \\ ll Calhmt 84.0]........ T s L |H,
(86-30-3 IAI). SP Nl'El sec. 31...| John Carstenson........... B 60. 18 60| F |HE
§6-30-31C1., . toce. 31| N.D. 8perey. ..ol B 85.3 124 567 L ll. |
80-30-31J1....| SEJNFIBE} sec. 31...1 E. O, Nohngen.......... DR 130 4 1 130 ¥ )
86-30-31J2....] SEINEJSE} sec. 31...] E, 0. Nohnsen.......... ..|] B 58 L] T 58 L H
86-30-33D1. . .| NWINWINE] sec. 33.] 0. & N. Monson. ....... .| B 23.6) 20 w,T sor| 1L H
86-30-33D1...] NW{NWINWE pec. 33| L. & J. Beming........... B 73.8) 14 T M| L v
86-30-35C1...| NEINEINW} sec. 35..| B, B, Flmore........... .} B ol 1] T o4t F E
86-30-36D1....| NEANWENW}] gec. 36.| John Frambam...... cens B 52.6] M T 831 L B
80-30-30D2...] NEINWi{NW] eec. 36.| John Frambam............ B 445.4] 12 T 407 |......]. cease
80-30-36G1.. NW{S\V!NE! eec. 36,,] F. C. Klippel............. B 4.8 12 T 88?{ L H
R.2TW.
87-27-4Nl. . f iéw tec. 4...] W, H, Goodrich B 51.71 18 T B2t |......[eeuse .
87-27-6N1.. SW WiSW1 0. 0. ..| Allen Porter. ... . DR 378.9, [} I A I A E
(87-27-1081) N'E NW NE seo. 10 J. H. Goodrich........ .. B 43.0] 24 T 23| L E
87-37-11A1. . & , D, Goodrich...........] B 64.00 12 T g4t J E
87-37-12B1. .. NE{ W Nlu soe 12 H. F. Vigors.......... o B 51.0)........] T 51| L [H, W
87-27-17C1. . .| SE{NE{NWilee. 17..) H, 0. Hale. ...... verenendd B 16 T amt L H
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IN WEBSTER COUNTY, I0WA—Continued
Water level
» 3 k3 . Di&
Principal water-bearing beds Measuring point lmee!
o
Dis- waler
tance lovel
above ahove
, or N +) of
Description below [ Altitude | below
land | of lned | land Use Remarks (yield given
Character Geologic 1) ] 2fy Date of of in gallons 3 minute;
of material | subdivision (feet) | (feet) | (feet) | measurement - | water drawdown in feet)
Sand 5t Top of platform .1f....... 5.70| Bept. 11, 1942 | D, 8 | Small yield.
BSamd st Top of platform Bl 4.08] Bept. 11, 1942 | D, B | Small yield.
Drift BOCORE  {.\vernnannszerrecs|oonnselierranne Sopt. 11, 1042 | &
Drift t Topofplal.form Al 15.74] Sept. 11, 1942 | Un | Swmall yield.
Band Pleistocene 105 c;'!; cement Al PO P D,8 Yxeld 4- pumping level,
‘Drilt Pleistocene Top of platform Al 4.72) Sept. 11, 1942 | D, 8 Waterlevdaﬁ'ected by re-
ceu'. pumpmx. 8mall
3 woler
{nrd with hi hm)n oot
tent repor
Sand Pleistocene Top of casing
Drilt Pleistocene Top of ewng
esresesaasancliinacncnan Test well; dry and aban-
oned,
Drift Pleistocens Top of platform Sui;lnplies water to two fam-
es.
Drift Pleistocens Top of platform
Drift Picistocene Top of wood frame
Limestoneand| Gilmore City | Base of pump 0.0 1,140 | 92.77] Sept. 14, 1942 | M | Depth to water reported
dolomite and Ham, to be 50 feet in 1
ne St Peterand |........... PR R MO | M
dolomite Chmi;x; do
e LM E T T I W] P -] ) P
‘op of Bloeeanns . . 14, d 3 8
h tform Bep mmm 10.3in
. . 13 minutes
Drift Pleistocens Topof casinginpit|—3.2 |..... v..] 11.08] Sept. 14, 1942 | D, B Wntere_pomdhnrdimod-
erate iron con
Nrift Pleistocene T‘:‘B'ill es!nﬂwm -1 Y I P 4.82) Sept. 14, 1942| D
Sand Pleistocens P .| 1,115 | 28 | May 10, 1951 | D, 8 !edszsie!d 5, draw-
Drift Pleistocene Top of cnin: — .2 eeeen..] 12,80 Bept, 9, 1042 8 ﬁmnl?;‘eldmporkd.
Drift Pleistocene Top tli)!e 87x87 14]... .| 18.04| Bept. 8, 1942 | D, 8 | Adoquate supply reporied.
Sand Pleistocene Top of platform 0. ] 14.44) Sept. 9, 19421 D, 8
Drif¢ Pleistocene Top of platform 3 | 17.85) 8cpt. 9, 19042 | D, 8 | Water temperntum, Bl F
waler reported hi '(f
iron content. Yield, 5.5;
drowdown, 12.1 after 84
min.
Sand Pleistocens | Top of ensing —44 ). 14.48| Sopt. 10, 1942 8 wmmpmutgnhard,hinh
in iron con
Band ' Pleistocens Top of casing 1.0]........] 12.9 | Sept. 10, 1942 D st;errefortedwfwtban
8and Pleistocene Top of platform O o.oee..] 4.88] SBept. 10, 1942 | D | Adequate supp) repomd.
Sand Pleistocens tholail:pumn Dl 9.05) Se::t. 9, 1942 | D, 8 | Water w&"’:y
8and Pleistocens Top of platform It IO 40.28| Bept. 10, 1942 | D, 8 Wntutlevelnﬂccwd by re-
een
. g e i e
Drift Pieistocene To; ol’ wood plat- Sept. 10, 1942 | D, S
Drift Pleistocene To&o! inner lip of Sept. 10, 1042 | Un
8and Pleistocene Top of p!nnl?om Sept. 10, 1042 | D
............. Pleistocene %ofenmnu 0.1 1,108 | B5.69] Nov. 9, 1042 | Un
Delomite Osagian (1) olempump .7 ] (1,000) [120.83] Oct. 16, 1042 | D, 8
8and Pleistocens Top of euinz 1.0 Nov. 9,1842| D, 8
Sand Pleistocene Top of platiorm 1.0|. ov. 9, 1942 1)
Drift Pleistocene Top of casing 0 07| Nov. 9, 1942 | D, 8 Wnur‘levdnﬂ‘cchd by re
een! ing.
Diift Piristocens Top of easing .8 1(1,100) | 4.88f Oct. 16, 1042 ) Un pump
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TABLE 11. RECORDS OF TYPICAL WELLS

Method

Well construetion of lift
Well number Tocation Owner or name
Casing
Diam-
Depth eter Depth

Type | (feet) | (inches) | Type| (feet) |Pump | Power

(87:27-18M1) .| SWINW{SW}sec.168..] J .B. Mamh,............. DR 356.8) 6-3{ [ {........ L B

87-27-19D1...| NWINWINWY rec. 10| O. V. Poterson. . [ 6.3 fonnnn 62| L H
87-27-20H1.. . SW{BEINE} eeo. 20...] Miko Cosey,.............. 1) 81.5| 16 T 62 |......|...

87-27-20H2. . .| SW{SEISE} sec. 20...| Mike Casey.......... DR 216.5 6 | I U L G
87-27-24C1. .. SE NE N\H sec. 24, .1 J. G. ﬂuthne B 18.00 14 T 187 |......

87-27-27R1.. . geo, 27.... B, [, Bergman B 5100 14 T 521 L H
87.27-20N1, .. SE S\ lS\Hseu 20...| Motris T 0MPRON DR 360 |........ 1 {.......bol]e [,

RT-27-32EL...] NWiSWENW{ eee. 32.{ L. Cloasen.......oo.v..... 1 201 24 T 21| L H
87-27-35C1. ..] BWINEINW1 see. 35..| C, Bergman. ...o...n..... DR 400 | - 6-5| I 310 }...... RN

R.28W,

87-28-2N1. ... SW}BW‘SW{ sec. 2...| Roy Heal.... DR 12.3 [} I [|....... F E

87-28-5Q1. ... Sl:‘} |W gSF‘ 8. S E. Wrede Dﬁ 26.8] 36 W ar|......
87-28-6D1... .. INWINWE m. ..| C. A, Topper Estate. ...... D 125 5 1 122 |.....feeenes

87-28-10A1...| NEINE}NE} sce. 10..| M. A. Heal....e.......... B 41.8 30 T 42? L H

87-28-10A2. .. NE NEINE} see, 10..| M. A. Heal. . B 81.2] 14 T s2r]| L H

87.28-12H1. . .| SEISELNE! sec. 12. . .| Unknown..oennneronn oo, B 18.6] 24 T 91| L H

(67-28-1201).. .| SE}NE{SE] see. 12.. .| Jehigh, town well §........ DR 320 4 | I PN I | 4
*(87-28-12J2) . .| SEANEISE} sec. 12.. .| Lehigh, town well 2........ DRIt | 1,005 1210 1 300 |......].. ceee

87-28-12Q1. ..] NW1SWiSE} see. 12..] Thomas Timmons......... B 57.5] 24 T 587 H

87-28-12R1...| NE S 8E1 sec. 12...| M. H, Willinms. .......... D; 19.6 36 |...... 20! L H
87-28-13E1...| SWiS !N\ § ecc. 13.. Lehigh 8cwer Tile....... . Dﬁ 600 8-6 I (284) |.ov-ifouenns

(37-28-15N 1)..] NWiSWISW] ace. 15..] Durnside Cons. Schodt. . ... DR 181.5) 6 | I PORURR F E

87-28-16J1....| NEINE{SE] see. 16...| A. E. Gochenour. .........[| DR 191.0! 8 ) I OO F G

87-28-10J2....[ NEANE{SE} sec. 10, Olson.........cvvvunen... B b1 15 IR N L H
87.28-19J1.... SEINE{SE} see. 10. .. I-‘mnklm larson........... pr 185 6 1 146 ... feenen .
87-28-20111...1 S8E}SEINE} see. 20...| I, K. Anderson ., .......... DR 147 5 1 uy |...... enres

87-28-25E1. ..| NW{SWINW] sce. 25.| John Gullugher............ DR 318.7 4 | S R L E
87-28-27R1...| SWISELSE} sce. 27... L.J. Hoyer...oovvvovunn.. B 79.1 14 T 8ot |L,PS|H, K
87-28-20N1...1 8WIB8WJ8W1 sec. 20..| Grant Spangler............ B 41.8] 12 T 21 ... .
87-28-30C1. .. NE{NE{NW} soe. 30..( Otto Kling. . ............. D 186 [ 1 140 |...... veenes

87-28-30N1...| SE{8Wi8W ] see. 30...| W. W, Wise...o..uvvnene. DR 207 5-3( I 207 L E

7.8/ N., R. 29

87-202P1. . ..| SE!SEISW4 sec. 2. ves 0 E. Bloomquist.......... B 28.8; 24 T 207 |....uufenes .

87.20.2P2....| 8E SEiS“t sec. 2....] O, K. Bloomquist.. .| B 36. 8 I 3| L H
*87-20-3R1....| SE{SE{SE} eee. 3.. ... Richard Peul. .... DR 85| 1 250 |......]..... .

(87-29-9D1)... V\\g'ﬁ\\' NW{ sec. 0. )1} 2l 12 T 66 L H

§7-20-10H1... k g, 10 .. 8, DRl 131.2] 16-6 T, [ |........ 1 H

87-20-17A1.. .. N\\ N !V ARIN 17.. DR 174 5- 4 1 174 F E

87-20-19R1. . .| SEISEISE] sec. 19.... B 31.8] 18 T 2| L H

87-20-19R2...]1 SE1SE18F} ece. 10....| G. D, Staves............ ..| DR 750 6 | S R F v
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Water level

B P |
Principal water-bearing beds Mensuring point tan[ce
ol
Dis- water
tance fovel
above nbove
or +) or
Description below | Altitudo | below .
land | of tand | land Use Remarks (yield given
Character Geologic urface} surface {surlace Date of of in gallons o minute;
of material | subdivision (fect) | (feot) | (feet) | measurement | water drawdown in feet)
Sandst, D ineni At holo in pump 1.4 ] (1,110) 123.63( Oct. 17, M2 ] 8
" .
Drilt Picistocene Top of platform 6] (L0118 | 4.34] Oct. 16, 1042 | D, 8 | Hard water reported, mod-
. . crate iron content.
Drift Pleistocene Tol) of caging, enst| .6 | (1,035) | 20.03( Oct. 16, 1042 | Un
Sandstone? Top of casing .8 1(1,035) 67 59 Oct. 16, 1942 | D, 8
Drift Pleistocene Top of casin . . .25 Nov. 6, 1042 | Un
Drilt Pleistocens Notch in easing X I9 46 Sept. 16, 142 | D .
Limestone Missiasippian |...........co0viiufoen v 0,020) HUUB Hept, 16, 142 | 8 Water reported hard, high
jron content,
Deift Pleistocene Toyp of inside tim 0 (1,120) | 9.66] Sept, 16, 1042 | Un
: of tile casing .
Limestone Gilmore City |............oooifonnitn 1,100 | 90 1935 ] 8 | Re yield, 11; draw-
. own, 15.
Sandst D Atlho!e inpump |~3.2 | (1,120) | 87.00] Oct. 2t, 1942 | 1. 8 | Water of high iron content
hase
Drilt Pleistocenc Top of platform B LIS | 3.82) Oct. 19, 1942 ] Un
Sand Pleistocene | ...........ovveifivnnns 125 | 20 March 1050 | D, 8 ll(;roned yield, 10; draw-
Sand Pieistocene Top of platform 1.0 | (1,120) ] 12.42| Oct. 21, 1042] 8 >
Sand Pleistocene Top of inner tile 1.1 [ (1,120) ] 19.72[ Qet. 21, 1942 | 8
Alluvium Recent Top of platform .8 (040) | 12.44] Oct. 16, 1042 | Un | On Oct. 16, 1942, water
lovel in Des Moines Riv-
er was 13.8 feet below
. i lond surface ot well.
Limestone Gilmore City | .......coovviiiiifornnn. 950 |Fow | ............... M | Flowin IN;Z l:l'lyldd 60;
um;
Limest Mississippian- ... 045 |Flow [................ M luaul ﬂow. in April 1937,
dolomite Devontan® 100 g.
Drift Pleistocenc At p?n'l!ed hole in 1.0 | (1,138) | 8.61] Oct. 19, 1912 | 8 Destroyrd in 1947,
atform
Alluvium Ileeent Top of platform N (045) | 13.88] Oct. 16, 1942 | 8
Limestone | Hampton— |.................. o 076 |Flow|................ 4]
Upper :
De\omnn
Sandst Top of casing =5.0 | (1,140) | 94.78] Oct. 19, 1842 | PS | Yield 9; drawdown, 3.0in
two bours
Sandst D Top of plati 1.0 | (1,140) [100.18] Oct. 18, 1042 | D, 8 | Water reported hard, of
. . high iron conteat,
Drift DPleistocene Top of platform 1.0 | (5,140) | 6.76] Oct. 10, 142 ] 1 X
Sandst Desmoineainn [.........co0vveene]een.n. 45 Sept. 1950 | D, 8 | Reported yield, 10; draw-
ovn. "
Sandst, Desmoinesinon |......coovvevveeiefeennn. 1,145 1100 Avgust 1945 | D. 8 cdﬁ'leld 10; draw-
1 tone? Mi. TOTT N PR R (1,125) }107.50] Sept. 16, 1992 | 8§ | Water reporled hard, of
. (’) high iron content.
Drift Pleistocene | Topof platform | 0 | (1,140) | 8.14) Sept. 16, 1992} D Adcqﬂn'mlﬂ!’rtw'ed‘
water
Drift Pleistocene Top of tile casing 1.0 | (1,165) | 3.64] Sept. 16, 1642 | Un
8and Desmoinesion {......covveevenen ] oninn 1,150 | 03 July 1040 | 12,8 | Reparted yield, 10; draw-
own, 10, .
Sandat Desmoinesian | ......coovvevveifonnnn (1,160) | 83 1017 | 8 | Temperature, 50°F; water
report ,
Drift Pleistocene Top of casing 0.2 [ (1,150) | 2.80] Oct. 19, 16842 | Un
Drift Pleistocene Top of platform 011,150 7.24] Oct. 19, 1042 | Un
Limestone Gilmore City | ...........coveufoeenn, L850 ... ... Nov. 1950 | D, 8 llapor:ed 'u-l(‘l , 7.5; pump-
ing leve!
Drift Pleistocene Top of platlorm o |qt.150) | 12.08] Oct. 18, 1942 | 1 | Notuced for drinking.
Drife Ieiatocene Top of casing B | (1,168) | 3.44] Oct, 19, 1042 | B
Sandst ) At hole in pump 9| 1,070 | 31,65 Oct. 22, 1942 | D, 8 | Neporied water level, 25
. . et in May 1939,
Drift Pieistocene Top! ofinnerlipof | 1.6 [........ 5.27] Oct. 15, 192§ D, 8
tile ending
Li Mississippi. Top of platiorm o |....... N2.610ct. 15 19421 8 | Water level affected by
previous pumping, Water
reported hard, of high
iron content,
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GEOLOGY AND GROUND-WATER RESOURCES

TABLE 11. RECORDS OF TYPICAL WELLS

Meth
Well consteuetion o? Iif‘:.d
Well number Location Qwner or name
: Casing
Diam.
Depth | eter Depth
Type | (feet) |(inches)| Type| (feet) |Pump | Power
87-20-23Q1. . .[ SWISWIBE} reo. 23...] Keaneth Larson........ . PR 151 ¢ I 15t |
87-20-24D1,.. NW NW?W[ ree. 34.| 8chool No. B..0vue.e.. el B 49.8] 14 T 5t| L nu
87-29-30D1.. . i . 30.| Otto Norberg............. B 32.4] 18 T 33 L H
87-26-3IN1... N\ {18Wi8W} sce. 3. Margaret Davis........... B 91,8 14 T 92| F |H W
§7-20-36B1. . .| NE{NWINE} eec. 30..] Ruth O'Connell. ... B 2.4 W4 T 481 L "
87-20-36D1...] BWINW{NW} see. 36.] C. ), Youngquist... n 25.0] 12 T % |..... sedees
T.87N. . R.SOW.
(87-30-3C1)...| NWINEINW}see, 3..] W.R. Ingram............. DR 108 ] 1 108 l..oiecfeenes
87-30-6N1....] 8WISWiBW} eec, 6... 42.8 16 T 43 L E
§7.30-0A1....] NEINE{NE} gec. 9... 2.7, M T [ >3 FOORN PO
87-30-0A2. ...| NEINBINE} 20¢.9... 185 8 I |.coocei} F w
*(87-30-12E1)..| SEISWINW} eec. 12..| Callender, townweli 1.....| DR ke 1d 8-6| 1 440 T B
87-30-12F1. .. B%SF.‘S W‘;mﬂ... Town of Callender.......... B 56.01...... T leceesens] L H
(87-30-12L1).. 18W1 ece. 12, .| Callender, town well 2.....] DR 60 8 LS 58 J E
(87-30-12L2).. |SWINEISW] roe. 12.. |Callender, town well 3.....| DR 188 |........ T Joeveered]oennes E
87-30-1203... w}NE{SW sec. 12. . Caﬂender. townwdl....... DR 90.3........ rl.... Wl L R
§7-30-13B1. .. INWIN sec. 13, Q. Anderson. ........ ..|] DR - O A P [ T
87-20-13E1...| SWISWINW} sec. 13..] Alvin Jorgensen.......... DR 97 5 1 7 F E
87-30-17N1. .. N'W{SW{SW! eec, 17.. Chicng'(i:. Rock Islond & B 21.0; 16 T 21t F n
3
87-30-18Q1. .. ég[-)tv .{ C. Peterson...... verseans Dlg i) 64.4........ T |........ L H
8 1... .mzs. R.E. Peterson........... R| 158 [} 1 182.8]......]-.....
87-30-30R1... BlgSEéSB‘wm. Schonl DmtncH) .......... B 4.5 M T {eceeneed] L H
87-30-33C1...] NEINE{NW} 2co. 33..] M. Robetts ............. DR 128 54 | B PO L a
§7-30-34Q1. ..| S8Ri8WiSE} gec. 34...| J. R. Bmcluer ........... B 48.0] 12 T foerrene. F |BW
*§7-30-36H1. .. SEISE}NE} see. 35...| Flia Meckley....... veess.| DR 387 5 1 b < T RN P
B 27 W,
§8-27-1R1. ... ‘,81' so0, b.....| Fly Jensen............ Dg B 34.5| 36 BTIl........ L. [H W
*(88-27-3D)).... W4 eec. 3..| Duncombe, town...... Sl DR em | w0-8 | T | E
88-27-4A1.... soc. 4. .. B 47.1] 24 T 48 L H
8-27-4A2....{ NE NE! Ein.ec 4...} Jon B 40.0] 14 T 10 L H
(88-27-4A3)...| SWINEINFE] see. 4. .. Duneombe town......... DR 8§48 6-8 I |eeieeend] F 5
88-27-8A1....] NE{NE4NE] sce. 8...] T. Gaynon Estate........ DR 200 3 1 e L |8 W
....| NEINE{NE! ecc, 8...} T. Goynon Estate.........| B 80.4] 12 T |oveeries L H
(88-27-!111) BE:NESE} see. 11.. .4 H.J. Dunbar.............] DR 170 5 I 170 |...... 000
(88-37-11N1)..| SWiSWISW1 sce. 11..| Peter Ostholm...... voeess] DR 209 5 I 29 |...oofeeenes
88-27-13R1. ..} NE{SE{SE} sec. 13...1 Hanoa Johnson.....eveond B 36.80......... T L..... R P )
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Water lovel
Dis-
Principal watorbearing beds Measuring point &m‘co
o
Dis. water
tonce level
above timvo
or or|
Deseription below | Altitude (bel)av
land | of land | land Use Remarks (yield given
Character Geologie surf; f Date of of in gallons @ minute;
of material subdivision (feet) | (feet) | (feet)| mensurement | water drawdown in feet)
Sand Pleistocene veraenns OO PR 1,160 | 36 | Sept. 19% | D, 8 Re‘rorted yield, 7; drawe
own, 20,
Drift Pleistocene Tap of eazing 81,185 5.1} Oct. 21, 1042 | P8
Drift Pleistocens Top of platform 1.0 )........ 4.25] Oct. 15, 1042 | Un
Drift Pleistocens Top of platform 0 l........ 41,7 | Oct. 14, 1042 | D, 8 | Water level pfohd:!y al-
fected by previous pump-
ing. Water pumped con-
Drif " Top of @y | 47 set, 15, gz | p | U
rift eixlovenia of casing [RK(B] . pl. 15, 194
Drift Pleistocene 1‘3 of casing 5| (,160) | 6.25] Sepl. 15, 1942 | Un loo-ll.bomi' ':ellon(a.rm
have
3.;'3:. high iron con-
tent.
Band n:ld Plelatocene  |[..... verreereaena]iiaaan 1,165 | 60 | Sept. 1048 | D, 8 | Re; edly!eld. 10; draw-
v own, 10.
Drﬂe Pleistocene Top of platform 1.31...... ..| 23.59! Oct. 16, 1042 | 1), 8 | Report small yield.
Deilt Ploistocene Top of casing Bl 5.03| Oct. 15, 1942 | Un Not n‘:iwd becauso of poor
Drift Pleistocens  |............ RSO PPN I 30 136 | D, 8 Water reporug hard, bigh
ton conl
Limestone Mississipplan |...oooooeveveenci]oenn 1,150 | 04 Dee. 22, 1038 M 'asing perforated from
277 to 207 fect, from 420
to 440 feet. I 15
drawdown, 22
Drilt Plelstocens PS
Drift Pleistocens M rumd g‘dd 15; draw-
lawn, 1
Sandstono Desmolnesian M yield, 12; draw-
own. 113
Drift Pleistocene  |........oocoonnnni]oeennifeniaat Oct. 15, ]
....... P Y P POt I T 7. PO O P Tmholcdﬁﬂedmtohln-
&mp ian; dry and sban-
8and and Fleistocens  |[.......... PUSTUUR PN 1,150 | 38 | Oct. 1018 | D, 8 :ramsd 5‘“‘ 10; draw-
Gravel own, 20,
Drift Pleistocene Top of platform 0.1 ]........ 4.65| Oct. 15, 1042 | Un
Drift Pleistocene Top of platform 1.0]........ 5.38] Oct. 15, 1842 | Un
ba.ud:mld Picistocene op ?. ph ...... . 1,160 | 60 .l:ly 1050 | D, 8 | Re, &oyield. 6; draw-
v
I)xﬁ‘lﬂl ¢ Pleistocene Top of platform  |......[....... J 7.72| Sept. 14, 1642 | Un Tempemm 51°F.
8and and Pleistocene At hole in pump 1.91........ 32.82] Oct, 22, 1942 8 Ro water level, 40
gravel ee:gl;;low land surfaco
in 5
Drift Pleistocens Tap of platform 18 ]....... 0.07| Bopt. 14, 1042 | D, B | Water supply adequate;
waler reported to con-
tain some iron.
Dolomiteand | 8. Louis  |......cooiveiiiiieennn 1,145 | 6O June o | 1, 8 ywld 5; draw-
sandstono own,
Irifd Plelstoceno Tap of platform K B N 10.82) Nov. 0, 12| D -
Limestono Misaissip; E‘iml- Cvrereaaeeesees P TN 1,18 | 40.2 | Jan. 1048 | M | Casing slou,ed from 251 to
Devon! 200 t,  Yield 33;
dmwdown. 46.8; tem-
pesature 51°F.
Gravel Pleistocens | Top of platform 81 1,110 | 7.15( Aug. 21, 1042| D
o Pleistocens Top o! platl'orm 2| nuo | 902 Aug. 21, 1942 | Un
Limestono Misslesippian | coveveeereannnana]eaeend]oin veo| 40 1042 A | Reported yicld, 165
mg: abandoned abou
Drift (1) Pleistocens Top of casing -3 | (1,105) | 25.83) Nov. 11, 1042 | D, 8 | Water reported to have
. . high iron content.
Drift Pleistocens Top of casing .5 ](1,105) | 6.72] Nov. 11, 1942 | Un
Sand ::ld Pleistocens POV PPN ,110 | 16 | May 1045 | D, 8
gra
8and and Pleistocene  |......ooovvvnnennl]oennen 1,110 | 31 1048 | D. 8 R?o:wl yield, 12; draw-
ngvel own 9. :
e Pleistocene Top of platform 0.2 h.0ce.e. 8.58| Nov. ©, 1042 | D,8
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GEOLOGY AND GROUND-WATER RESOURCES

TABLE 11. RECORDS OF TYPICAL WELLS

) Method
Well conatruction of lift
Well number lLocation Owner or name
T Coning
Dinm- "
Depth | cter Depth
Type | (feet) | (inches) | Type | (feet) |Pump | Power
88-27-21D1. . | SEINWINWY scc. 21..| Steven Powers B 57.8 12 1) 87t | L 1
88-27-21M1. .| NWINWISWY sec. 21, William Martin........... Dt 168 5 I 168 |......fveuenn
88-27-32N1.. .} SEISWISW! see. 32...( C. E. Sonnickson.......... DR 340 6- 8 1 280 |...oooeveen.
88-27-33DL. ..} NWINWINW] sec, 33,1 Bridget Hannon........... B 63.7] T 64| L H
88.27-36A1...| SEINEiNF1 sce. 36...| E. M, Mulholland. ........ B 0.0 12 T 401 ...feeen
T.88N.. R.28W,
88283150 . .. .| SWESWINW] sec. 3...] E. & H. Rogers Estate. .. .. DR 350 5- 4 [ 20 |..... ]
88-28-8D1. ... NWINWEINW] see. 5..] Certain-teed Producta DR | 1,689 12-0 [ (468) T K
*(88-28-512)...] NWINWINWL sec. 5..] Certain-teed Products 4....| DR | 2,050 12- 8 I {320) T K
(88-28-6M1). .| NE}NW}SW} see. 6...] Vincent Clay Products Co. .| DR 355 8-5 I 365 |0
48-28-8H1. .. .| SEISEINEY scc. 8....] John Frandson...... Veeens [)213 380 B~ 4 I 20 ...
(88-28-81L1).. .| NWISELSE} sce. 8....| Jordizon Store............ DR 240 5= 4 [ 216 |......]. .
88-28-0H1....] SKISKINE} scc. 9....] H. L Moore.............. DR 188 5 4 1 188 ...}
88-28-941. ... NE NE;SE‘ soe. 0.... W, W, Bowen....... DRt 33 [} I 1|...... L B
88-28-11C1, ..} NEINEINW{ sce. 1L..| Carl Zimmerman. ... DR 200 5- 4 1 (180) {......]......
88-28-12D1...] NWINWINW]see. 12 L. E. Hively......cooonttn DR 1 T PR PRI BN L |H W
88-28-12D2...| NWINWINW] sec. 12.] L. E. Hively..............
88.28-13F1. . .| SRISEINW1 see. 13...| Glen Spike.........oov0nt
BR-28-14P1. . .| 8K 8|'2*S\V see. 13, .. Edith Bames. ............
.88-28-14P1 .. .} BEISEISWE ssc. 14.. .| Alton Hudson .
88-28-18E1 . .| NWisSWINWI sec. 180 T. B. Optond. 00000000
88-28-10A1. ..] SE!NEINE] sec. 19...| Otho Cons. School
(88-28-1081). .| SEINWINE} sec. 19. | A. D, Schnurr. ..
88-28-20H11. .. NE}SE"NE soe. 20...| R. W. Lindoer..
(88-28-31D1)..] NEINWINWY sec. 31.] J. Y. Wickersham. .. 1
88-28-34D1. .. BWINWINW sce. 34| Alfred Jensen............. DR 187 5 1 123 |......0......
(88-28-35N1)..] NE}SWISWY] see. 35..| Dolliver State Park........ DR 375 |........ 1 378 |
T.85N, R.29W.
88-20-1A1. .| NE}JNE}NE] see. 1....| National Gypsum Co...... DR | 3 5 11 [ o |
88.20.2E1. ... NWISWINWY sec. 2..| Dr. Maggio DR 500 5-3 1 330 |....oiifinens
88-20-31.1 . . .\'Hi.\IE SW{ sec. 3 366 8 1
.. NEINE{NE} gec. 4 246 6
...} NEINEINE! see. 4 3.5 48
|| SEISELVES sec. 6 o8 5
SEINFISE} sec. 6. ... 6.0 12
88-20-9L1....] SE{NE{SW] gec. 9.... 256 5 .
88-29-11C1. .. NE*NHI.\'\\'; sec. 11..] C. F. Madson............. B 54.6] 14 T [........ [ H
88-20-20D1. . .f BWINWINWY zee. 20| Mortin Wealey............ B 28.0 12 T |oeevens. L |G
(88-29-23A1)..| NE NH!NE? zec. 23..| A.Edwards. ............. B 6.4 12 T b, L H
88-20-25N1...] SWISWISW] zec. 25. .| R. W.Sheker............. B 20,9 12 T 30 L 1}
T.8 N, R OW.
88-30-6K1.... SWISESES sec. 5....1 J. F. Kusterer Estate. . B 62.0] 12 T Loooae. L H
88.30-13C1. ... NH!Nh!N\\'l see. 13..| Max Spilka............... [}] 36.3 8 T tooe.o... L H
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Wate level
. Dis-
Principal water-bearing beds Mecasuring pomnt tnn;:e
o
Dis water
tanece level
above above
e . or . (+) o]
Deseription below | Altitude | below
land { of land | land Use Remarks (yicld given
Character Geologic surfave| surface [surfnce Date of of in gallons & minute;
of material subdivision (feet) | (feet) | (feet) | measurement | water drawdown in feet)
Drift Pleistocone Top of pump base -3 PO 15.20] Nov. 0, 1042 | DD, 8 | Small yield of good water
70, 3
8and and Pleistoeene  |.............oo ]l 1,100 | &7 149 | D, 8 | Rey yield, 18; small
grave rawdown,
Limestoncand| 8t, Louisand {..................0...... 1,100 | 87 | Dee. 1850 | D, 8 | Reported yield 12.8; amall
omite Qsagian rawdown,
Drift Pleistocene Top of casing 1.0 | (1,005) | 14.37| Nov. 9, 1042 | D, 8 | Small supply reported.
Drift Pleistocenc Top of casing 0.4}........ 7.75| Nov. O, 1042 | Un
Limestone Gilmore City |..........ooooi]oretn 1,110 | 85 March 1047 | D, 8 lleJ)otled yield, 8.5; drnw
Handstone St.Peter  |..ooooiii]an 1,115 | 62 July 1025 I Ileroruu.l yleld 278; emall
Sandstone Jordan ...l 1,115 117 Jan. 1950 | 1 R&Ioﬂcd ylcld 620; draw-
Limeatone Gilmore City |..o.oovvvvvnvnni e, 080 | Flow [.ooivuvinninne. I (‘nslnn per[ornted 340-155.
Reported flow, 35,
Limeatone Gilmore City [....coovvvi i ]onn, 1,010 | 05 1848 [ D Ik:rortod yleld, 12; amall
rawdown,
Dolomite Osagion ~ |..oovveiieeiieana]ennnn 1,116 | 80 Oct. 10471 D Il(:jmrwd yield, B: draws
own, §4; 20 feet of 4-
mch c:usmg on bottom,
Sandstone Stlovis  [..ovioiiiiin s 1,116 (110 | Nov. o | D lle mrted Sltld 10; draw-
Jown. asing slotted
near bottom,
Limestone Osagian 1,115 | 6o Oct. 1992 1 D. 8
Dolomite QOsagian LS |00 ...l n, R::Imrtcd yield, 12; draw-
Sandstone Desmoinesian |.....cooevvevenn oot (1,110) | 54 Nov, 1942 | D, S | Water reportcd to have
high iron content.
Drift Pleistocene Top of casing 1.4 ) (1,100 | 4.24] Nov. 11, 1842 | Un
Sandst Desmoinesian [...........ooovil]ooenn 1,108 {111 1948 | b, 8 Rﬂmt«l yield, 10; small
rnwdown,
Diift Pleistocene Top of casing 0 1,110 [ 17:8 | Nov. 11, 1042 | D
Girnvel Ploistocone Top of casing 1.0 | (1,050) | 6.09] Oct. , 1042 D8 i
Sandstons St.louis  [......ooo s 1,115 | 90 Jan. 97| D, 8 lleJ-oﬂ«l yield, 10; draw-
own, 50.
Limestone Gilmore City [..................}...... {1,110) | 40 Oct. 21, 1942 PS
Sand Pleistocene Top of casing 0.5 | {1,120) | 13.66{ Nov. 19, 1942 D
Drift Pleistocene Top of platform 0 (1,115 ] 4.39] Oct. 20, 18492 | D, 8
Limestone Gilmore City |.......covevvnei| v 28 e n§ held §; temperature,
Sand D sian f..oooioeiii o 1L,00 104 ..o ] I(e (ed ywld. 12; amall
rawdow
Limestone Hampton  f..oooooioiiiii]oenlt, ©80) { Flow}.._............. PS | Reported ﬂow. 38in 1931;
temperature, 50°F.
Casing perforated.
Sandstone 8t. Louis 1,125 128 1945 1 Reported yield, 12.8.
Limestone Hampton .{ (1,125) (108 Oct. 1049 | D | Re !cdw yield, 5; draw.
own, 107,
Limeatone Gilmaore City 1,140 [100 Nov. 1942 | Un | Reported yield, 50.
Sandstone 51, Louis ‘Top of platform 1.0 1,125 | 93.56] Nov. 16, 1942 | D, 8 | Adequate yield reported.
Drift Pleistocene Top of platfarm 0.3 1,130 | 14.00] Nov. 16, 1842 D
Drift Piecistocene Top of casing 05]........ 47.15] Oct. . 1942 | Un
Sand Piecistocene Top of casing 3.6 ..., 44.70 Oct, 22, 1042 | 8
Sandstone St.Louis  [.........ooii ]l 1,145 April 1850 | D, 8 | Reported yleld 2.8; draw-
lown, 090,
Drift Peistocens Top of casing 0.5|(1,130) | 8.07[ Oct. 21, 1042 | D
Drift Meiztocene Top of platform 03 (........ 5.28] Oct. 20, 1942 D, 8
Drift t Top of platform 0.3 (1,120) | 5.48] Oct. 20, 1942 | D, 8
Drify Meist Top of platform 0 |....... 4.74] Oct. 21, 1992 > | Adequate supply reported
Drift Pleistocene Top of casing 1.5 [........ .1 { Nov. 12, 1042 | Un
Drnft Pleistocene Topofplatioom | 0 |........ 17.40] Oct. 22, 1942 ] D | Roportedly went dry ot

times in 1835,
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TABLE 11. RECORDS OF TYPICAL WELLS
Method
Well construction of lift
WellZnumber Loeation QOwner o7 name
Casing
Diam-
Depth | eter Depth
Type| (feet) | (inches) | Type| (feet) |Pump | Power
88-30-13C2. ..| SWINEINW1 sec. 12..] E. Whannel......... veeess] DR| 310 5 1 263 |ooeoe]oaenne
(88-30-13D1)..] NEYNWINW} sec. 13.| Moorland Cons. School.....| DR | 325 | s8] I as{ F | E
(85-30-1301) .| SWINEISEY see. 13....| Julia Fiala....eoveennnns. DR| =36 41 1 | a3 ]..........
88-30-13M1...{ NWINWIBW] eec. 13.] J. Bareett. . ooovnrnens o DR| 262 -4 1 262 loeaifoennns
88-30-24N1...} NWiSW1SW} sec. 21..| Andrew Sorenson.......... DR | 138 5 1 138 L.
88-30-24N1...| BWIBWISWE sec. 24..) E. Thomos.eeeveernnn.... DR 182 [oo.oocfeeenieeeiiddencnd]onenen
88-30-24R1 .. .| SWISEIBE} sec. 24...] V. A, Fiala.oeonnil.ll ... DR| 245 -4 1 245 |..... e nes
*(88-30-26A1)..] SE{NEINE} sce. 26...| Howard Lochr...... 162 6 1 w | F | E
(8830-27N1)..| SWISWISW] sec. 27..| H. R. Fiderlick..... 3 | 64 1 276 |......|.
88-30-30R1. . .| SE{SE{SF} #ec. 30....| Amandel Neleon....... .| B 317 12 T Mr| L H
#8-30-33N1...| BEIBWISWS ree. 33...] Moore Trust Kstate. .. ..., DR | 138 s |18 188 [....]......
§8-30-38M1.. .| BWINWISW] nee. 35..] V. Warner..ovnvennen..n. DR | 234 s-4| 1 234 |l
89N.. R, 27 WV,
58-37-3B1.... Nw NW Nl-lhccs H. H. Bunker.......... .| B 4.0 12 T |....... LJ{G
80-27-0A1, . .. Nl-‘t ’ sec. 6...] L. Rosmonn..............|B, DR| 88" [........ /8 O DO LI E
(#-27-7A1). .| NEINE{NE} sco. 7. . | Frwin Dencklon...... . DR a4 {TEB A i8] F |nw
*(80-27-742)...| NEINEINE} sec. 7...| Erwin Dencklou...........| DR | 873 53] 1 68§ J E
59:27-8A1)...] NEJNEINE s... Dubbo. . ovserrerinrenas B 53.50 12 T L | H
Sy | SN e | Polssmber | B | OBy BT Flw
§0-27-13M1...[ NWINWISWE see. 13.] William Anderson. ...... .| DU | 200 -4} 1 o) Loeeend]oon
8§9-27-16DL...| NEINWINW} scc. 36.| C. M. Beoular............. B 25.0] 12 L T O PN FOPP
89-27-10N1... smswzsw& sec. 19...| Henry Scharf.o.....oone. B 51.6] 18
§0-27-10N2. .. ViSW} sec. 19., llenry Schuf DR | 182 6
80-97-24N1... sw SW4 sec, 24...| A, M. Hemon.............| B 4.7 18
39-27-24Ql... 18K¢ see. 24...| Myron Erickson...........] DR 208 54
80-27-37D1...| NWINWINWH seo. 27.f M. Mallinger.............] B 38| 12 T Joveeens L|H
80.27-27D2. . .| NWANWINWS oo, 27.| M. Mallinger. . ......... 4B 37.1| 12 T |oeiais L | E
89-27-36N1. .| SWiBWISW} eec. 36. .| John Ledden........... ..|B,DR| 200 | 16-5| T.I{........] L |H,W
T.80 N, R. 88 W
80-283B1. ... NE NW fu-;s 3. Crowley.eeeearnnnnn .| DR| 1043 o 1 oo L W
89-28-6D1. ... }wo.ﬂ.. Roy Baker...............]| DR 230 4-3 1 140 |......[..
89-28-6K1. ... Swl W AV} sec. G...] Dawson & Breen........ .| DR| 10 -4 1 2 s
80-28-8L1....| NEYNEiSW} scc. 8...} A. Weiss............. .ol DR| 248 5 1 0 f....].... .
80-28-8P1. ...} NEISE{SW] sce. 8....| Clifford Messerly..........| DR | 280 5 1 290 Joooofiienns
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IN WEBSTER COUNTY, IOWA—Continued
Water lovel
. Dis-
Principal water-beating beds Measuring point tmi!”
o
Dis- water
tance lavel
above nbove
or +) or
Description below | Altitude | below
land | of land | land Use Remarks (yleld given
Character Geclogic surface| surface [surface Date of of in gallons o minute;
of material | subdivision (feet) | (feet) | (feet) | measurement | water drawdown in fect)
Dolomite Omgian  Joooovviiiivnnenar]oennns 1,185 1170 Oct. 1948 | D, 8 | Re, rlcd ield, §; draw-
Limestor Osmgian  [..o.overvivenensfinenn 1,150 |145 1945 | P8 rorted 1d, 7.5; drw-
° own leg'thnn 40; tem-
ture, 51°F. Bottom
c th of casing perlor-
Sandstone and| Desmoinesian |...o.oovnoooon]eenen 1,135 |} 86 Dec. 1947 | D, 8 R yield, 16; small
dolomite and Omgian wdown; 05 feet of 4-
inch pipe on bottom
low t perfornted.
Limestono | Osmgian  [ooveroveerierernifoens L0 |10 |Sept. 1947 [ D8 mmnf 3, 14 aman
wdown, er part
of cosing slotted.
Sand Pleistocene  |.........ooovniifennnn. 1,160 | 66 | Sept. 1950 | D Re'r:led yield, 5; small
Sandstone Dakota () |...coiciviinienii]oenan 1,160 |......|..coevveeie el
Dolomite Osmgian  [......oocoenieeeni]iinnn 1,145 120 Jan, 1950 | D, 8 lb;-rmud eld, 10; draw-
X 'qvn. Botto;ld part
o N
Sandstone Dakota (1) . July 1950 | D, 8 | Re v ylm 20; small
rawdown.
Limestons | Gilmore City [.....ovooververeifocnn. 1,145 |150 | oct. 28, 1945 | D8 uepmud'd ¥ield, 6; small
Drift Pleistocens Top of platlorm 1.6}..000..] 9.48| Nov. 12, 1042 | D, 8 Inaduqunto “supply ot
mes epor
Drilt Pleistocena veereeses e ieead] 1,180 | 90 May 1040 | D, 8 Re u-d le!d 12. draw-
Dolomite Osagian [PPPTPTPIS RN 1,160 | 01 Aug. 1048 | D, 8 lla ud ylcld 8; draw-
own, 46. Tower part
of casing slotted.
Drift Pleistocono Top of cnsing 1.5 | (1,130) | 10.24] Aug. 17, 1042 ] 8
Drift Picistocons Top of plntl'orm 1.0 | (1,130} | 18.57] Aug. 18, 1942 | D, 8 | Temperature, 50°F.
Limestone Osaglan 'Top of plntform 8] 1,125 | 67.6 | Nov. 14, 1042 { D, 8 | Adequate supply report-
ed; abandoned after well
7A2 wos drilled, beeauso
, . of contamination,
Dolomite Devoninn PP PPN 1,125 | 78 Oct. 7, 1949 | D, 8 | Yield, 3; drnwdown, less
5!{3?? 12; temperature,
Drift Pleistocene | Top of casing 6| a, 125) 6.38( Nov. 14, 1942 | D :
Drift Pleistocene Tox; ol;'zxo tlxﬂmber 2.0 |..cuens. 18.25| Aug. 18, 1842 | D, 8 | Small yleld reported.
at pit opening
Limestone Gilmore City I o] 1,120 | 84 1948 | D, 8 Rctrnrtcd éleld. 9.5; draw-
Drift Pleiat Topalconerte | 0.8 | (L10) | 734 Aus. 10, 1012 | U o
Drilt Pleistocens Top of platform 1.0 | (1,110) | 8.11] Nov. 7, 1942 | Un | Water mpgtcd to be con-
ta it
cerseerneeene| SR LouB (D |oeiearreioiienoenn (1,110) Nov. _ 1941 | D, | Tempernturo, 40°F.
Drift Pleistocens ‘Top of casing 0.21......0 .| 6.08] Nov. 6, 1942| 8 | U little.
Sandstone 8¢, Louis PP P 1,105 | 45 1948 | D, 8 R:,:rar yield, 25; dmw-
lown, 10. Casing per-
. . forated near bottam.
Drift Picistocens Top of platform 1.2 | (1,110) | 13.65] Nov. 9, 1942 | D
Sand Pleistocens Top of casing 1.0 | (1,110) | 14.25| Nov. 9, 1942 | D,8
Sand Pieistoceno Top of casing 0.7 |........} 17.60| Nov. 9, 1942 ] D, 8 | Used very little.
Drift Picistocene | Top of casing (1,130) | 15.08} Aug. 18, 1942 | Un
Lumslonn .. 1,008 | Flow 1051 | D, 8
1,008 |13 | July w0 | D xu ield, 3; draw-
Limestone 1,120 135 March 1949 | D, 8 Re leld. 14; draw-
own, 19- 17 feet of 5
mch easng from 123 to
Limestono Qilmore City |........ evraens eo|ovvie]| 1,128 127 1851 | D, 8

Re ield, 10; draw-
J 2’&3’««;&:;:;



176 GEOLOGY AND GROUND-WATER RESOURCES
TABLE 11. RECORDS OF TYPICAL WELLS
Method
Well construction of lift
Well number location Owner ar uame
i Casing -
Diam-
Bepth | eter Depth
Type| (feet) | (inches) | Type | (feet) |Pump | Power
53.28-9Q1....| SWISWISE} see. 9....[ Christopher Weyen...:....| DR 200 6- 8 I o0 |......L.....
§9-25-10P1. . .| SEISEISW1{ see. 10. . .| 1. Ascherl Estate. . ....... De 40.0 40
89-28-10P2. . .| SE{SE}SW} sec. 10...| H. Ascherl Estate.........| DR 358 5
§9.28-1INL...| NEJSW{SW} sec. 11..| W. H. Black... B 19,6 .14
§9-28-11N2. . .| SEJSWISW} sec. 11...] W. H. Black... B 780 14
89-28-11N3. . .| BFISWISWY sec. 11...] W, H. Black... B 51.7 10
80-28-14R1. . .| BWISE{SE} eec. 14. . .| Clarence Pingel nn 192 5
80-28-18K1. . .| SE{NW]SE! sec. 18...| Louis Charon............. DR od [ fene o o
§9-28-10K1. .. 'i 'QSEi sce. 19...| Ft. Dodge Crmy. Co., well 1] DI 378 ... | I R, T K
(89-28-10K2)..| SEANW1SE] see. 19...| Ft. Dodge Crmy. Co., well2| DR 404 10 1 162 T B
80-28-10L1. .. SEiNE 8W14 sce. 10...] Ft. Dodge, City No.3.....| DR 215,60 17 1 205,50 .0.. ]
80.28-101.2. . .| BEANEISBWS s, 19...] Ft. Dodge, City No. 5.....| DR 024 8-0f 1 62 f......[..... .
80-28-191.3. . .| BEANE}SWY sec. 19... Ft. Dodge, City No. 6. ... DRt 283 8 1 8 | ]eenne.
80281014, . .| BEINEIBW] soe. 10..:| Ft. Dodge, City No. 8..... DR 500 16- 8 1 267 T E
80-28-10L5. . .| SE}NEJSW] sec. 19...1 Ft. Dodge, City No. 9A....| DR 260 6 1 245 8 B
$9-28-1016. . .| SEANEISWY sec. 10...[ Ft. Dodge, City No.0..... DR 553 16-8) 1 323 T B
89-28-10L7. . .| NWINE}SW{ see. 19..] Ft. Dodge, City No. 10.. DR 422 6 1 242 |...... .
89-28-10L8. . .| NWINEISW} sec. 19..{ Ft. Dodge, City No. 11.. DR 530 [i] 1 295 |...... ... ven
89-28-10L9. . .| NWiNE}SBWE see. 19..] Ft. Dodge, City No. 12....] DR 841 12-8] 1 300 T K
§9-28-10L10...| NWINEISW} sec. 19..| Ft. Dodge, City No. 13.. DR Ex N PPN PR FPRNN PPN PSRN
89-28-10L11...| NWEINESW! sec. 19..| Ft. Dodge, City No. 14....1 DR 980 16-14 1 {281) A A
89-28-16L12...} SEINELSW! see. 19...| Ft. Dodge, City No. 15....] DR 2,307 20-10| 1 (o8 | T B
§9-28-18P1. . .| NEISEISW{ see. 19...| Ft. Dodge, City No. I..... DR | 3,827 -5 1 @28 |,
89-28.100°2. . .| NEISE1SW} scc. 10...| Ft. Dodge, City No. 2..... DR 670 18-10 I (s2) |......|......
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Water lovel
0 0 ) - 3 K3 Dis‘
Principal water-bearing beds Measuting point """g”
o
Dis- waoler
tance lovel
sbove ahove
L or ., +) or) .
Description below | Altitude | bolow
. land | of lsnd | land Use Remarks (yield given
Charucter (leologic urface nce [surface Date of of in gallons a minute;
of materin! | subdivision (feet) | (feet) | (feet)| measurement | water drawdown in feet)
Limestone Gilmore City |....cocovveevnnnfienne. 1,110 {117 April 1946 | D8 ed yield, 13; draw-
mn 10; 120 feet of 5-
inch easing on bouom.
X A lower part perforated.
Sand Pleistocenc Topolbrickcurb- | 1.5 | (1,028) |......}................ D, 8 | Temperature, 49°F.
ing
Limestons Gilmore City |.........covevacn fienen. (1,120) 127 April 1951 |D.8 |Reported yield, 12; draw-
. down about 33.
Sand Pleistocene Top of platform 0.6 [(1,120)] 12.33| Aug. 10, 1042 | D
Sand Pleistocene Top of easing 0.7 | (1,120} | 18.11| Aug. 10, 1042 | D, 8
Drift Meistocens Top of platform 0.6 |(1,120)| 8.60{ Aug. 16, 1042 | D
Limestone 8¢, Louis 1,120 | 27 Nov. 1948 | D, 8 | Rey yield, 12; drow-
lown, 33,
........................... 1930 {......
Limestone Gilmore City 10421 1
Limestone Kinderhookan|. Feb, 1946 | 1 ReJ)orled yield, 500; draw-
Limostono Mississippian 00| M nepoﬂed ﬂow,wﬂm 1011
I t Migsissi 1813 | A | Reported flow, 80 in 1013;
10 m‘wlﬂ. ‘when abon
. oned
Limeat Mississippian |.....oooiieeineovnnnn 880 | Flow 1914 | A | Reported flow, 180 in
ég‘;l. repomd élel;lﬁ
; pumping level,
|n lQlD. %mndnncd
L Mirdimippion |.........ooooii e, 980 | Flow 180 | M Orixmnl depth 1,436 feet;
original flow, 2530; re-
ported  yield, 1,000,
pumplns level, 100 in
Limest ‘Mississippian |.........ooooo ) 985 | Flow |.......ooiennnn A po:-ted flow, 675 in
1927' abandoned, Nov.
194
Limest Mississippian [......cvevneeen i 985 | Flow 1950 | M Reported flow, 500 m
1938' reported i'l
pumping evel,
. L g thiai ]
Limestone Mississippian |.......occieeeeeoenn. 085 | Flow 1031 | A ported flow, 200 in
1931; abandoned and
. N plugged, 1938. .
I 1 Mi [t S Y P 985 | Flow 1931 | A | Re flow, 600 in
1031; abandoned and
o phugged, 1944,
Limestono Mississippian |....c.ocoeieeniani]iennns 085 | Flow 1950 | M | Rey poﬂed flow
headzslcehn 103[ Re—
por yield, 1,550;
umping level, 45 in
. e e une 1948,
Limestone Mississippian [, ...ooovveiiniiii]ienen 985 | Flow 1935 | A | Reported flow, 440 in
. 1935; well abandoned
becaise of relatively
small yicld in 1035,
Dolomite Devantan  |..oovviviiiieianni i, 080 | Flow 1080 | M | NReported fow, 3, in
. ct. 1035; water level,
18.5 above land surface,
Oct. 1935.  Reported
rleld 3,000; pumping
evel, 34 in Oct. 1944,
Sandstone Jordan  |...oeecveiiiiiaoannn 080 | Flow 1940 | M | Reported fow, 350 in Jan,
1049, Yield, 2,900;
dmwdown. 70.2 in 8.5
Limestoneaud| Prairiedu  [.......ooooiniiiifni 980 | 604 1607 | A Ropoﬂed flow, 571 in
sandstone Chien and 1907, Repoted yield.
Jordan 600; pumping level, 55
ln 1919 ‘and
Limestono Kindethookian].....ocovevvennenfunnnn. 980 | Flow 1911 | A ﬂow, wo m

ﬂll,



178 GEOLOGY AND GROUND-WATER RESOURCES
TABLE 11. RECORDS OF TYPICAL WELLS
Method
Well consteuction of lift
Well number Location Owner or name
Depth
Typa| (feet) Pump | Power
80-28-10P3, . .| NWISEIBW] see. 10..] Fi. Dodge, City No. 4.....| DIV 400 | 86| I | 108 [.oorii]ineenn
89.28-101'3. . .| NWIBKIBW] sce. 10..] Ft. Dodge, City No. 7..... DIt 408 PRT PR
80.28-101'5. . .| NE4SKISWY eee, 19,,.] Caegill, Ine., No. 1........] DR 545
80-28-19P5. . .| NEIBE}SW1 sec. 19...] Curgill, Ine,, No.1........] DR | 1,190
80.28-20M1...! SEJNW18W} £ec. 20, .| Wahkonsa Hotel.......... 1 870
89.28-21Q1...| BE}SWIBE!] see. 21.. .| Litchfield Realty Co....... B 8.7
80-2821Q2. .| SEISWISE! sce. 21. .| Litehfield Realty Co.......| DR 150
(80-28-22A1)..] NEINEINE} sec. 22..] Q. H. Halverson. .. .... ...{ DR 148
89-28-24N1...| SWIS8Wi8W1 cec. 24..] A. Pingel........ccoveunen B 63.2
§9-25-24N2...| SWiB8Wi8Wisec. 24..| A Pingel...............es DR 125
*89-28-26E1...] NWiBWINW} eec. 26.| Certaln-teed Products Coep.| DR 247
88-28-31M1...| SWINWISWY sec. 31..] L. E. Armstrong.......... DR 407 |ooooeileeeecdenieni fieenes cerees
§9-28-31R1. . .| SE{SELSE} sec. 31....] H. Peschau......cco...... DR 1w | 5§ [ I} 180 |......]......
(89-28-32N1).. 8\\’ SW B8W1 sec. 32..| Peterson Bros............. DR 32 | 5 | 1] w6 [......]......
89-28-HK1... BE gec. 34. .| Wasem Coennnnnn DR 45 [4 B
8920-1D1...... nvigs \N\ 'a 1., Schileschardt Estate 2 | LN
§9-20-1P1....| 8W eec. 1....| E, Zenke 105 ceervifesonas
89-26-1Q1....| NWiSBW{SE] sec. 1...]| Tobin Furms Co.. 20 | 54| I | 20 ¢{...... IO
§9.28-12G1...| SWiSWINE} ece. 13..] L. V. Rogers........... ...| DR o7 | &4} 1 | 87 |......]......
89.20-13E1, .. SF W N\Vim 13..| F. Larrulee... .. 315 [PRINN
80-20-13N1... % seo. 13.,] G, Anderson. . 10.9 L 1]
g0-20-14H1. .. SE{ Ei hlm 14... O.D.thon 183 [T PRI
89-29-16N1... BW S sce 18. .| J. SBtromberg.............. DR 420 L G
80-20-20A1. .. .| G. H. Warner.............| B 43.5 L G
*89-28-20N1. .. l £20. 20 Swonoy Motor Co......... DR AP
§9-20-23A1.., NE goo. 23..] J, Monaghan............. D 13.7 L n
89-20.24A1. .. 2 sec. 24.. Bo Seonl.u ol Ameﬂm ..} D 105 TP TR
(89-29-25N1).. BW sec. 25, . . ..| DR L E
*(80-26-31F1)..| NE{SE{NW} scc. 31..] A.J. Crawford............ 114 165
89-20-35H1...| NWISEINE} soc. 35. .| John Seripps.............. DR | 486 L ]
SO W,
*(§9-30-2Q1)... BEiB\\'lBEi eoc.2... | V.F. lentsch............. DR 623 J E
*(69-30-11R1)..| NEISEISE} sec. 11...| V. & M. McLaoghlia......{ DR 671 L E
89-30-16N1...] SWISWI8W{ sec. 16. .| L.O'Hemn............. ... B 62.4 L w
89-30-18J1.... NENI‘. blsec 18 D.LCain.............. B 35.20 15 | T |..ccoeii]eennns erene
§9-30-23R1,.. 23...| Johnzon Twp. Cona. School | DR 2028 4 | I |....o]eeeindenaa,
(89-30-23R2 Jobneon Cons. Bchool | B 85 |. T F E
89.30-24B1. . - NPM{N a1 see. 24 H.J. \VinT:i:m cessainses B 20.5 T L H
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IN WEBSTER COUNTY, IOWA-Continued
Water lovel
. 03 03 Dl"
Principal water-bearing beds Mensuring point tn:‘ee
Dis- water
tance level
above above
ar ) or
Deseription below | Altituds | below
of land | land Use Remarks (yield given
Character Geologie surface [surfoce Date of of in gallons o minute;
of material | subdivigion (feot) | (feet) | (feet){ measurement | water drawdown in feet)
Limestone Mississippian |.......ocoveviieiifons . 850 | Flow 1913 | A | Initial fow, 160 in 1013;
prian 55 l:d 1919 when abag-
Limestone Misstesippion 980 | Flow 1914 | A | Reported flow, 80in 1914'
op abandoned : nbwt
Limestone Kinderhookian|, 900 | Flow | Oct. 4, 1046 | I | Reported fl
pumping | evel. 100-110
Limestone Kinderhookian 900 {48 Aug, 1050 | T | Reported yicld, 305;
purping level 210,
Saudstone Jordan el (1, 100; verecfussreinnenniais Un
Drife Pleistocene .0 [(1,110)| 8.00] Nov. 6, 1942 | Un
veseisrneesso] Bt Louls At holo in pump 0.5 | (1,110) | 85.30| Nov, 0, 1942 | 8 | Water reparted 1o have
base high iron content,
Dolomite 8t. Louis Top of casing 3.1 | 1,110 | 86.33| July .22, 1045 | DD, 8 | Re yield, 6: draw-
own
Drilt Pleistocene Top of platform 0.6 | (1,110)| 0.44) Nov. ¢, 1042 | D | Small yleld reported.
Sandetone (1) | 8t. Louis 1,110 Nov., 1942 | D, 8 | Water reparted to bave
high iron content.
Dolomite Osagian 00 Nov. 1046 | 1 Reported yield, 16; draw-
own, 60; 61 feot of 4-
inch casing on bottou;
bottom part perforated.
Dolomite Mississippian {............... ] 1,120 [128 1927 | D, 8
Limestone St.Llouts | 075 |418 | Oet. 1934 | D | Re . .{ldd 5; draw-
. own,
Limestone dan | 970 | Flow | Juns 1044 | D | Reported flow, 2.
Dalamite Hamptan  |....o.ooooiiiiii oo (1,110) | ¢8 Nov. 1943 I
Alavium Pleistooene § 14.30} Oct. 23, 1042 | D, 8 | Adequate supply reparted.
Dolamite Ozagian Flow | Nov. 1946 | D, 8
Limestone Gilmore City 10 Aug. 1949 | D, 8 | Re, yield, 6; draw-
own, 100; Tower part
" of casing sotted,
Dolomite [1.57-5'T S T F veo.| 1,005 | Flow | Apri! 1996]| D Bc(roﬂed zleld 12; draw-
Limestone Gimore City |...........cvvvuni]oenens il.lmg 100 1927 | D, 8
5 Pieistoceas Top of msmg 1.1 [ (1,103) | 8.83| Oct. 28, 1942 ) Used very little.
Dolomite 8t.lonis |......... [T PN ,108 Dee. 1948 { D, 8 RMﬁleld. 7; draw-
lown, 2.
Dolomite Hampton Top of platform 0.8 )........ 79.50] Nov. 12, 1942 | 8
Dritt Pleistocene Top of casing 0.7 ]..o.... 10.77] Nov. 12, 1042 B
Dolomite Omgian  |..ovivvviierennann]oennn, 1,160 120 1047 | D, 8 ,umed g: 8; draw.
n. 40; 42 feot of 4-
inch easing on bottom,
: lower part perforated,
Drift Plelsiocene Top of platform 1.0 (l 105) | 6.59 Oct. 23, 1942 D
Bandstene St.louis | 1,050 |...ooiloveinnniiannna.. D
Dolomite Hampton  |.....ocooiiiinnii]onnnen 1,130 |1 1935 [ 8 lloported yleld. 8: draw-
down, 4
8andstono Ft.Dodge |......coovvvvvnnee]onnnns 1,170 126 July 1048 | D, 8 Jwrted ywld. 5; draw-
wn, 1
Limestons Hampton  |.......covvvvvvienfinnnnn (0 120) [oeene ] oviceneniennione]oneens
Sandst Crotaceous |.....covveeveireaifirnnns 1,180 | 84 Jan, 1046 [ D, 8 | Re yield, 10; draw-
Jmmd 7 tempem
F. Lower part of
. N umn glotted.
Dolomite Devenian PP P 1,178 | 69 May 1949 | D, 8 | Rey yldd 6; dmw-
tempern~
ture.M‘l? Sefeel of 4
. inch casing on bottom,
Drift M To&:g 1.74........ 25.04] Oct. 21, 1942 { D, 8
Drift Pleistocene Top of casing 0 |....o... 7.26] Oct. 21, 1942 ] Un
Sandstone? Cret. Top of conerete  |[—6.3 |........ 30.26] Oot. 21, 1942 | Un | loadequate supply.
pump base
8and Pleistocene  [......... [T T P R AT r3
Dnilt Pleistocene Top of platform 021l........ 9.88) Nov, 12, 1942 ' D
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GEOLOGY AND GROUND-WATER RESOURCES

TABLE 11. RECORDS OF TYPICAL WELLS

Method
Well construction of lift
Well number Location Owner or namo
Casin,
Diam- 8
Depth | eter Depth
Type| (feet) | (inches) | Type| (feet) |Pump | Power
79N, B 2T W.
00-27-2A1. ... NEINEINE} see. 2...| N. A. Christensen. ........ DR 1”21 5 1 83 L ]
80-27-4D1. ...| NEINWINWE sec. 4.} L. Maage.......oooueen... B 38.9] 18 T |........ 8
90-27-41)2. .. .| NEINWiNWisce. 4..{ L. M . DR 110.2 [ 1 100 L 1w
90-37.8Q1 . .. .| SWISWIBE] sec. 8.... DR | 153 5. 1 MO feoer]olll
00-27-11K1. . .| SWINWISEL sce. 11. | J. L. Reddick DR 66 5 1 49 J 4
90-27-!!%]. .| SWISWASEL see. 11...] J. L, Reddick. ... DR 196 5 1 k(1 I N N
90-27-10B1. . .| NV N\\, NES see. 16.| W, Q. Christopher. . B 49 12 T |........ L E
00-27-10B2. ..| NWINWiENE] sec. 16.| W. O, Christopher. . DR 08 [ 1 1 I U .
(00-27-22K1)..| NWINWISEY see. 22..1 J. Riechert............... DR 1] 3 I 08 J £
00-27-22K2...| NWINWISE] sec. 22..] Art Swason............... DR 88 | | S O PR SO
00-27-22K3.. .| 8W NW'SEi sec. 22. .| Paul Basation, ........ ...| DR 88 4 ) (O PUUUUUIIN AN R
00-27-22K4. ..| NEANWISE] see. 22. .| James McDonald..... 1) 20 [}] T |........ L H
00-27-22L1. , .| SEANEISWY sec, 22...| Vincent Locker Plant DR 121 [} I 08 [ovivei]ivnras
00-27-22L2., .| NEINE{SW} gec. 22..[ W, 0, Wagner............ n 12,8 12 T [........ L i
00-27-2213. . .| NE! NE’SW} sec. 22. .| N, F, Thompson.......... B 25.0] 8 T |.oo.... L {1
00-27-27D1, . .] NEINWINW} sec. 27.( R. E. Carter..... .| B 35.5 24 T |l L |{H W
*90-27-28D1, . .| NEJNWINWY sec. 28.] J. M. Engels....... 4113 420 [ 1 86 L E
00-27-29F1. . .| NWISEINW sec. 20..] M. L, Sylvester........... DR 210 5 1 165 |...... oo
00-27-31N1.. .| BWIS8WiSWS gec. 31..| C. 8. Knudson............ B 53.0f 15 T |........ 1. u-
*(80-27-31N2)..] BWISW{8W{ sec. 31..| C. 8, Knudson............ DR 408 5 ] 160 E
T.9N.. R.28W,

90-28-1B1. ...} NW 'N‘Y*\';“"* sec. 1..| E. Askland...............

0028101, | NEANWINW] sec, 10| L E. I

00-28-3D1. ... NWINWINWY sec. 3.1 P, DeLandst

00-28.8D1....] NWINWINWY sce. 8..] Swenson Bros,

00-28-8D2 NWiINWEINW Swenson Bros.

00-28-6R1 SEISKELSE] eec. 6 .1 H. and W. Warem

00-28-8Q18 . 8E4SWISE! sec. 8. 8. K. Hovey

00-28-10F1. . .| SWISEINW1 sec. 10. .| Iver Amdabl

00-28-1001 ..., SE;NE 8K see. 12...] W. S, Risetter............ DR 00.3 8 I |........ L |HW
00-28-10R1. . .| SWIBEISE] sec. 10.. .| P, O, Knutson. .. .| B 8.0 12 T 0 1.....]..... f
00-28-12M1 .| NWINWISW] see. 12.| Berton Anderson. .. .| Dt 105 5 1 105 |......0....00
(90-28-15D1)..| NEINWINWE sec. 15.( Badger, town well 1. ...... D 280 5-4 I 208 F E
(00-28-15D2),.| NWiNWINW{ sce. 15.| Badger, town well 2. ...... DR 530 8-6 1 220 E
50-28-151)3, . .| NEJNWINW} sec. 15.| Badger Telephone Co.. . ... B 49l 12t | T 651 L H
090-28-15D1 NEJNW N\\’i sec. 15.| L. Q. Myrland. B 2068 16-12] T 30? L {3
90.28-15% NWiBWINWY see, 15.| Johnson....... B 50.5 10 T [150 FPTT
80-28-16N1. . .| SWiSW{SW} sec. 10..| Earl Knudeon, . DRt 127 5- 4 1 123 |...... .
00-28-18D1., .| NWINWINWI sec. 18| V. A, Anderson........... "ﬁ 52 3% R’ s2t! L | H
£0.28-18D2...] NWINWINW1 scc. 18] V. A, Anderson. . 1D 89,0 5 ) S L w
00-28-18R1, ..| BWiS8WiNW{ sec.'18..| Aaron Thompson DR 180 ] ] 120 |...... FRPIN
60-28-10N1, . .| BWISWISWi eee, 10, .§ W, L. Mitehell............ I)Ez 30 30 R

(90-28-24J1). .| SBE{NE!ISE] sec. 24...] C. 8. Knudeon............ DR 164 5 I

00-28-25A1. .. NH}NE{NE’ see. 25.. DR 459 5 1

90-28-26D1. . .{ SEINWINW1 gec. 25..] O. J. Larso: DR 15 (] I

(00.28-27F:1 . .| SWISWINW1 sec, 27.. DR 149 5 1

00-28-28A1...] NEINEINE! gec. 28..] Frank Cron 1] 50.0f 12 T

00-28-31P1. . .| SW{SEI8W2 sec. 31...] E. Otto. ... 193 § 1
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IN WEBSTER COUNTY, I0WA—Continued
Water level
Dis-
Principal water-bearing beds Measuring point hnlt_:n
' Dis~ w:ur
tance level
above above
- or . +) or
Description below | Altitude | below
d 1 of land Remarks (yield given
Character i rface| surface lsurf; Date of in gallons o minute;
of material | subdivision (feet) | (fect) | (feet)| measurement drawdown in feet)
Dolomite Omgian ~ |...... veeaes [N R 1,130 | 22 May 1043 Re‘rot ;leld. 15; draw-
K lown, 1

Drift Pieistocene Top of platform 1.6 | (1,140) | 4.92] Aug, 13, 1942

Sandstone?...{ St. Louis Top of casing 1.0 { (1,140) | 20.88| Aug. 13, 1942 | D, 8 50°F,

Sandstone Bt.Louis |............. FOTTIN R 1,130 | 48 Aug. 1996 | D, 8 J::mdyled 16; small

down

Dolomite Top of platiorm 1.0 (l 135) 23.49| Aug. 14, 1942 | D, 8

imestons Gilmore [+ 1272 ORI & veees 32 1944 | D, 8

Drift Ploistocene 'l‘op of well curb 1.0 l 135 41,92| Aug, 14, 1942 | D, 8

Limestone Gilmore City |........... eerees ereese] {1,135) | 81 Nov. 1948 | D, 8 | Reported yield, 12; small

wdown.

Gravel Pleistocene Top of platferm 1.0 | (1,135) { 14.93| Aug. 20, 1942 | D | Gravel reported torest on |

Dolomite Osagian ~ f.......... PRTTPIO 1,138) { 17 1041 D

Gravel Pleistocene  |.......... [ETPPTN U o] (1Y ) 19 | July 19490 D

Sand Pleistocene Top of casing 0 (1,185) | 7.40] Aug. 19, 1942 | Un

Dolomite [1 270 P Y A B ceees| 1,138 | 18 1947 ] 1 ReJ:rwd yield, 60; small

Drift Pleistocene Top of casing 0.2]|(1,138)| 5.74] Aug. 19, 1942 D Vell nported taodl: dry

Sand Pleistocene Top of casing 0 1,135) | 7.92] Aug. 11, 1942| D

Drift Pleistocene | Top of platiorm 1.8 | (1,130) | 24.91] Aug. 17, 1942 | D, 8 Wpteuepot:nk:ibmd.hlsh
iron content,

Dolomite Humpion veversesrsesiressafecsias] 1,186 | 42 | Sept. 147 | D, 8 Ra md feld, 45; draw-

Bandatone 8t Louis  [....... vesariesase]eseess] 1,130 1115 Murch 1946 | D, 8 R?o !wld. 9; draw-

Drift Pleistocene Top of platform 1.0 ] 1,125 | 7.68 Aug. 19, 1942 | Un

Limest. Kinderbiookian|sseeoersseesnans vefesesss]| 1,125 105 June 1 D, 8 RetB:rted yield, 7; small

wdown.

Diift st Top of casing 1.3 il ,165) | 4.56] Aug. 13, 1942

Drilt ) Top of platform 1.6 | (1,150] Aug. 13, 1942

Drift Top of casing 1.6 | (1,140) | 18.17] Aug. 13, 1942 Adequate supply reparted.

Drile st Top of platlorm 1.4 ]...c00n. Aug. 12, 1042

Limestone? issiesippian | Top of casing 0 | (1,110) | 33.52| Aug. )2, 1642 Report very small supply.

Dolomllc Hampton  |.coovvivnnninnnnii]ivanns ) 90 LI N

Pleistocens Top of platform 0.2} (1,130) | 7.05 Aug. 14, 1042
Dolomilc Osngian N R N 52 July 051 Re'ro:kd%leld. 13; draw-
own, 33; lower paﬂ. of
forn
Sandstone? 8t. Louis Top ol casing 1.0 ] (1,130) | 30.78] Aug. 14, 1043 casing per
Drift Pleistocene Top of cnsins 1.0 (1,130) | 6.47] Aug. 14, 1042
an Pleistocene  J.......oeopeevnanifonensn 1,166 |...... 1048

Limestons Gilmore City | Top of cnnns 1.0 | (1,155) | 40 Aug. 1042 Yi;})% 23; temperature,

Limestone | Kinderhookian]......uvveaneeens.fonenn, 1,155 | 86 | Fen 1948 Reparte g;eld. 55; draw-

Drift Pleistocene Top of casing 0.5 | (1,185) | 6.52] Aug. 12, 1942 Not used ibccnuse of con-
taminat

Sand i Top ol platform | 1.1 | (1,188) | 10.13] Nov. 16, 1042 o

Drifs Pleistocens Top of casxing 0.3 | (1,145) | 7.20] Aug. 12, 1942

8t Louls  Ji.ciceeeiiiinianes veanas| 1,130 | 84 Feb, 1946 yidd, 13; draw-

Drift Pleistocens Top of platform 0.3]...... .| 18.92] A 14, 1942 T 49°F.

Sandious | Desmainedian | Topof pattarm | 2.0 221 .43 Aug, 14, 1942 cmperature,

Dolomite Omgisn cvscssanerrenssass|ienass] 5,130 | 70 Aprd 1048 Reported yield, 5; draw-
down, 47 nftar 20 hours'
pumping.

Band Pleistooene Top of platform 0 | (1,110) [ 17.17| Aug. 17, 1042

Bandstone 8t. Louis vesrneens FETVPTIIN PRI 1,125 | 99,2 | Moy 1045 R?orted yield, 7; draw-

Dolomite Hampton trtiiennaines PP PR 1,125 | 80 | Nov. 1942 T ture, 50°F.

Baodsione | Bt Lows [T i e | Aug 1o Temm ® o

9 s [ee.eeies feecenn f ov. 2 emperature, .

Drift Pleistocens 'l‘opol plnllonn 0.4 | (1,125) | 18.62] Aug. 17, 1042 Tempernture, 40°F,

Dolamite | ORGID ~  |eeerrreireanssrssifereres| LAIS |90 | May 107 Mdam. 7: draw-

own,
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TABLE 11.

RECORDS OF TYPICAL WELLS

Method
Well conatruction of lift
Well number Location Qwner or name
Casing
Diam-
Depth | eter Depth
Typo (fu") (inches) | Type | * (foet) |Pump [ Power
00-28-32N1...| SE{SWI8W} sec. 32...] A. &£ C. Evenzon.......... Dg 14.6, 24 B
80-28-34Q1. .| SWISWiSEL sec. 34...{ LA MceGill.............. B 4.8 12 T
*90-26-35D1. . .| SWINWINWL sec. 35. | E.LOleson....covvnnnene DR 220 5 I
T.00N. . R.2OW.
00-20-2Q1. ... N\V}S“’léEl sec. 3...| Louis Schuster............ DR 66 5 1 56 J......]......
00-29-6Q1....| SWIBWiSE] sec. 6....] Albert Licht..... ...... ..| DR 60 5 1 40 [......[. .
00-20-TAL....| NEINEINE} see. 7...| M. Scheidomann.......... DR 43.0 (] | S PRI AR P
90-20-9F1....| SEISEINW} sce. 8....| C. Driscall........... B 42.9 12 T feeevenns L W
(00-20-9K1)... NF}NWL{SFi sce. 9...] H. & M, Neimeyer. .. DR ol 5 1 448 |......|].. ceae
00-29-lﬂ“l . aw 8ec. l] John 8chuster........ .| D 20,8 42 l......eeieeen L a
00-28-14P1. . .| SWISE{8WY sec. 14...] Alvin Behrepa......... ool D 188 5-4 1 188 |..ooi]oenenn
90-20-23]11 . NElSE‘SEl see. 23...] A Jacobs.......0iivi0hl| Dg 40.8 30 T Jeeveenen L H
00-20-23]12 EASE}SE} sec. 23...] A. Jacobs. 193 5-4 I
00-20-24C1. iN{“Vt!N W1 sec. 2% 0. Maher, 35 30 B
90-20-25D1. . NW NW4% see. 26.] M. L. Smi 19 6- 4 I
20.25K1. . SW SW NW} sec. 25..] Schoo! District............ )] 19.8 0 T Jeeveoodeiei o
’90-21’!-29“1. . iNF sec. 20..] W, C, Ulrich...ovvvuvonoe DR 252 B- 4 I (.13 I N
90-20.33M1...| NWINWiSWY see. 33.| Walter Selts.............. DR 136 5 1 64 |....nivains
R.30 W¥. ..
00-30-2R1... 8[-4813{8'3* sec. 2..... L. Westmoreland. .. ....... B 4.7 18 T }oooeeies L H
*(60-30-3A1)...| NEINEINE}gee.3...| E.F. Beeb...covonto. DR 108 [} 1 128 |ooeo]oennnn
*90-30-3A2....| NWiINEINE} sec. 3...
*00-30-4E1. ...| SWISWINWE zec. 4
00-30-(%1 SWiBWASE] sec. 4.
60-30-G1t1 8W Sl‘ SE} roc. 8
MMMMI) BWiNWISWY see. faso!
* 24N 1., .| SEISWiSEWY sce. 24 Cntholle church and school .
00-30-24N2. ..| BWiSWISW1] sce. 24..| Town of Clare............
00-30-26A1. . ‘I\\';‘ EANE} see. 26 Webster County...........
£0-30-31A1. . E}) VF&’ V. J. Jandle
00—30-32!)1 .| 8Y sec 32 \V. J. Jandlo
£0-30-32D)! S\V WINW{ see, 32 Jandle
‘(GMMBQI) 8W{B8WIBE} ecc. 35.. hrlmg Malmin
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Dis-
Principal bearing heds M ing point um‘co
[
water
lovel
imvo
or or
Deseription below S)e?ow
1 d | tand Remarks (yicld given
Character Gealogic surlace Date of in gallons a minute;
of material | subdivision (feet) | measurement drawdown in feet)
8and Pleistocene Top of casing, 3.79 18, Unsatisfactory supply re-
] east side ported.
il Pleistocens Top of casing 5.66/ 20, Uuqsﬁl becauso of small
yield,
Sandstone St.lenis [|......ceeeeee ol 12 Re; yield, 11; small
rawdown.
Sandstone 8t. Louis 36 ntrmmd yield, 10; small
oW,
Limestono 8t. Louis 19 Re ylcld. 35; emall
Limestono 8t. Louis Topofcasing | 0.0 |........[ ...t 23, Yiﬁ‘;"c,g; pulnpmg lovel,
Gravel Pleistocene Top of concrete 20,66 21, D, 8 e
curl
Dolomlle St.Lovis  |..............o ] Flow D, 8
Pleistocene Top of platform 15.52 23, D, 8 | Adequatesupply reported.
Dolomllc Omgion  |......coviennnl]oennns 45 195 | D, 8 Cnlflonfo periorn near
Band :&d Pleistocene Top of casing 36.08) 23, D, 8 ln:gequnw supply report-
gra .
Bandstone? | Osagian D, 8
Drfs Pletatocene 17, Un 3 .
Dolomite Omgian D, 8|78 bloe:k of 4-inch easing an
Drilt Pleistocens 23, Un
Limestono Gilmore City D, 8] Re yield, 4.5; draw-
own, 103. 44 feot of 4
mch mamc on bottom,
Dolomite Osagian vevescascnaaneacii]ienns 51 'fomd )xdd 16; draw-
Drift Tleistocene Top of concrete pit 16.85 21,
curl
Sandat Crot PO I 13 I((:;Ixor(cd%neld 40; drow-
Owll‘l, fempernture,
Hhale [of 1T T RN B Tegt. l:)llo, dry and abag-
Sandst Cret 1497 PN Reported yield small.
Dril Pleistocene Top of casing ¥
Band b"‘lei?toeene Top of casing - .
.................. cmpem l.m:l
Bandst Cretaceous  {.............0000. d, M ; drawe
g i
Sandst Cretaceous  |.................. Wellnatuudmpe 19303
. reported filled with sand,
Sand Pleistocene Top of platform .| 10.85 21,
8and 1 Top of well curb 19.68 21,
Drift Pleistocene Top of platform 8.00) 21,
‘l‘)rif} F i Top ol' casing ua'ss 21,

“'.J:,‘:'.t,’,d:;{md' 28; draw-




TABLE 12. DEPTH INTERVALS OF GEOLOGIC UNITS TO THE BASE OF THE HAMPTON FORMATION AT VARIOUS
WELLS IN WEBSTER COUNTY (determined by studies of well cuttings).

An asterisk before well no. indicates that a generalized log is given in the following section on well logs.

Pennsyl.
vanian ) Mississippian
R Den-
Pleist Cretaceous | P {1)] moinesi M i Osagian Kindethookian
Altitude Ste. Gilmore
- of land Depth | Undiffer- | Undifer- {Fort Dodge] Undiffer- | Genovieve | St. Louis | Undiffer- City Hampten
surface | Year | of well | entiated tiated | formati tiated | fi ion | limest fated | f ion | formati
Well aumber Loceation Owner or name (feet) |drilled| (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet)
T.88N.,R.281WW.
*86-28-2P1. .. g%SEB]*SWElaee.2 E.and K. Gabrideon....| 1,150 | 1947 720 0-180 J....ovveificnnnnnnen 180-318 |.......... 318- -445 | 445-560 | 550-707
86-28-14H2.. 1SEINE} scc. 14.. .| Dayton, town well 1.....| 1,120 | 1895 088 0-183 {.......... -.ceeeen 183-395 |...ooiiifeiinnnaenn 395418 | 418-838
T. 88 20W.
*§6-29-13C1.. SW}mﬁW gee. 13.. Harmrt.w'n'dl.o... 1,150 | 1939 | 1,092 0-180
86-29-35C1..| NEINEINW} zec. 35..] Emil Rohden...........| 1,170 | 1949 260 0-184
86-30-1P2 sg{ssxsm&m}“ Gowtie, town well 2 Luo 1028 | 1,842 | o130
1P2... gec. 1....] Gowrie, town well 2..... ’ f
*86-30-1Q1. .. NWS&%‘; 1 gec. 1...] Gowrie, town well 3.....| 1,140 . 250( o0-249 |.
86-30-15P1. .| SEISE{SW1 ses. 15...{ C.J. Johnson. .......... 1,115 1951 112 0-1124].
87N, R.28 W,

87.28-6D1... NE ka teec.6..] C. A TnpperEstn!e
*87-28-12J2.. .| SE4) E{SE%sec 12... {gh , town well 2.

.28-30C1..| N N%}SNW&MM.: Otto Kling

1,125 | 1950 al2s | 0-146
945

1,005 0-30
1950 185 0-125
1949 180 0-122

1950 30| 0-120
0-128 .
150 | st | o-aB. oo ..

1943 108 0-108+

1938 0 0-118

1948 395 0-120
0-97

mwmsx sec. 131

1. N’% ‘| R.E. Peterson....ooo1." 1930 | b1ss | o-162
.SE{S E{mas -1 Eisa Meckley....onn0. . 1950 | 357 | o0-205

P81
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*38.27.3D1 sng g&wgm 3..
88-27-11J1. see. 11. .
88-27-11N1.. sec. 11..
88-27-21M1 . § sec. 21.
88-27-32N1. . sm w:s see.3‘2. .
88-28-3E Tiose s,
1.. see. 3...
*38-23-5D2.. m 5 isee.s..
£3-28-6M1,
88-35-8H1.. E} sec. B
88-28-8R1 ss} see. s
88-28.9H1...
88-289J) ‘3
88-28-11C1 NE N N {sec.ll
88-26-13F1
88-28-18El. . sec 18
83-2831D1. w NW gec, 31
88-28-34Dt sw NW NW sec. 34

. ﬂB see l...
88-20-4A1... NE. gec. Anna

. Reilly. ...
§8-29-9L1 INE} Wisec.!) .-.| Anna Sullivan...........
BN ROW.

86-30-13C3... sw Na,ﬁw‘;m. 13..| B. Whannel. ............
ss-ao-g?l’" §‘§§ §§‘ hae"ian' ?{ 3 Cons.

e 220, bou sessssasecnnns
88-30-13M1.| NW N% S‘i’}mla. M. Barrett
88-30-21N1. . w{g .
88-30-24N1..

zmll" 8| .....| Howaed Lochr

§8-20-27N1.. s‘%’ wgsvé;.«.zi'ﬁ
83-30-38M1 . 38 smsa
*80.27.7A2.... NEN Qs eec. 7.,
8.27.13M1 .| N \ﬁsms svsmc.ls.
83.27-24Q1..] 8WISBW1SE} sec. 24...
89-28-6D1.. isnwf{nwxma Roy Baker, -
89-28-6E1. . W% sec. 6...] Dawson and Breen......
89-288L1.. NE NE18Wizec. 8.} A Weigs...........0...

1,015
1,008
1,120

105-249
120-180
123-143

190211
143-203

20-57
100-185

240-238+...

VMOI ‘ALNNOD 441S9am JO

g8t



TABLE 12. DEPTH INTERVALS OF GEOLOGIC UNITS OF THE BASE OF THE HAMPTON FORMATION AT VARIOUS
WELLS IN WEBSTER COUNTY (determined by studies of well cuttings).—Continued

An asterisk before well no. indicates that a generalized log is given in the following section on well logs.

Penayl. |, .
yanan Mississipp
Pleis- . Des- .
tocene | Cretaceous | Permian(?)| moiness M Qsagian Kinderhookian
Altitude i i Bte, | Gilmore
of land Depth | Undiffer- | Undiffer- |Fort Dodge| Undiffer- | Genovieve | 8t. Louis | Undiffer- Cny Hampton
Year { of well | entinted | entiated | formation ted | for limest ted formation
Well pumber Locaticn Owner or name (feet) |drilled; (feet) (feet) (feet) (feet) (feet) (feet) (feet) (fect) (feet) (feet)
£9-28-8P1...| NEISESW{ cec. 8.. Clifford Messerly. .. B¢
%—%GQR S‘HS‘\}SE{ sec. 9.... Christaphe.r Weyen
£9-28-14 SW SEASE?L see. 14. . | Clarence Pingd. .
89-28-18K1..| NWINWIS L oec. 16..| Louis
§9.28-19K2.. }V‘V‘-SB‘sec .
£9-28-19L4. .| SE}NEASW1 sec. 19...
£9-28-19L11.| NWINEISWY so. 10..
*89-28-19L12.| SE}NESW} sec, 19
*§9-28-19P5. . NE}SE{SW sec. 19
83-28-22A1..] NE{NEINE} gee. 22. 145-148+|.
*89.28-20E1. . NW} \\}N }sen. 26 185-2474
80-28-31R1.| SEISE ‘| - Peschau. ...........| ‘975 [1oaa| 30 f om0 |IUIIIUIIILLTUUY 3090 | 00-160 | 160-130+........
89-28-32K1..| SW }smswi Soib
T.89N_R.29W.
£3-20-1K1...] SWiNWiSElsec. 1...
89-20-1P1...| SWiSEiSWisce. 1....
§9-20-12G1..| 8WISWINEL see. 12. .
59.20.14H1..| SEASEiNE} sec. 14...1 O. D. Walton...........| 1,165 [ 1948 ] 183 | 0-107 |...........ccooeveiefeneceaeeafonnnnnnn ] 100-183 4] .0 o0onnna]ees
N1..| NW1SWISWI sec. 20..
5920 31F1 .| NEISEANWS see. 31..| A.J. Crawford........00| 1170 | 1048 | 185 | 0-138 |...........J"1357160 | 160-188+(........o0| ool il
T.89N.. R. 30 W.
.ssmql... SE}SWiSE} eee. 2....| V. F. Lentach........... 1,150 | 1946 623
»53-30-11R1. E{SE{sec 11...| V.&M. Mchughlm 1,175 | 1946 g7t
241 Ngi%}‘ﬂ%ﬂ W2 1943 121
§0-27- . gee.
§0-27-8Q1 .| 8W 145 | 183
$0-27-11Q1. .| SWisW! “gs t: : B4 | 198
§0-27-1GB1.. NW NWIN isec 6.| W.0. Chmtopber ,135 1 1948 98
od-27-22L1. . SE}NE}SW}S«: 22...1 Vincent Locker P!nnt 1,135 | IH7 121

98T
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*90-27-28D1.. NF'}N ANW1 sce. 28.] J. M. Engels............
90-27-20F1 . SEINW} sec. 20..| M. L Sylveser..... ...
*90-27-31N2.. b\\'{SW}SW} see. 31..1 C. 8. Knudson..........
T.9N.. R.28 W.
90-28-6R1. .. SE}SE SE} gec. 6.....] H. & W. Wasem
90-28-10Ft. .| SWISEINWE see. 10. .| Iver Amdahl.......
90-28-12M1 .| NW ;N\ $8W} sec. 12.] Berton Anderson
*90-28-15D2..| NWi> WgNW}sec.l .| Badger, town well 2
90-28-16N1..] 8Wi8W1SW4 sec. 16. .} Earl Knudson...........
m-zS-ISEl SWISWiINW1 sec. 18..| Aaren Thompson
90-28-24J1... SEINE}SE} sec. 24 C.S. Knudson..........
90-28-15A1..| N EiNE{Nh{ sec. 2. .| Samuel Larson..........
90-28-27EL. .| SWiSWINW} sec. E.McGill..............
90-28-31P1. .| SWiSE1SW1 see. 3l Oto..covvnnnnnnns
*90-28-35D1..] SWiNWiNW] sec. 35.] E. L Oleson............
N B2W. .
NWISWISEL see. 3 Louis Schuster
'}SW3SE] sec. 6 Albert Licht
NEINWISEL H. & M. Neim:
SWiSE1SWA see. 14 Alvin Behrens.
NWINWIN M. L. Smith..
. NE’NW’NE} see. 29..1 W. C. Ulrich..
M1.| NW iN“ {S“} see. 33.| Walter Sclts
) W
*50-30-3A1. .. jV%}‘ilE? 3... E.F.Bech.............
00-30-3A2. . .| NWINEIN }Bec. ...| E.F, Beeh .............
*00-30-4EL. . . SW{S Wi W} sec. 4...| Albert Licht.. .........
*90-30-24N1 }sec. 24...] 8t .\lntthew 's Church...
*90-30-35Q1. . S“ {SW‘SE‘ sec. 35...| Erwin Malmin..........

05-165+-

80-1604. ...
110-1105+41. ...
125-1804....

80-710+

100-170
205-210+4
185-205

150-210
181-193+4-

170-270

145-140+

'1&5—252+

N4

Drilled to depth of 153 feet: plugged back to 125 feet.
Drilled to depth of 172 feet: plugged back to 155 feet.
Drilled to depth of 1,436 feet; has filled back to about 500 feet,
Thickness of Pennsylvanian unknown.

VMOI ‘ALNNOD dALSIIM J0

181
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WELL LOGS

86-28-2P1. Driller’s and sample log of E, and K, Gabrielson
farm well near Dayton in the SE14 SEl4 SW1/ sec. 2, T. 86 N.,
R. 28 W. Drilled in 1947 by Harold Rasmussen, Callender.
Altitude of land surface, 1,140 feet. Sample study by R. W.
Screven. Driller's log to 447 feet.

Thickness Depth
(feet) (feet)
Pleistocene system.

Undifferentiated beds (180 feet thick) :

Till, yellow ... eeevmeemnmnaaas 24 24
Till, blue ..o .. 86 110
SANA e 1 111
Till, DIUE ..o eeeeeeeeeeeeeanes 69 180
Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds (188 feet thick) :
Shale ... ... ... bd 234
€08l ... 3 287
Shale ... 18 250
Slate oo 2 252
Shale ..o eeeeeere s 8 260
Slate .o 4 264
Shale ..o b4 318
Mississippian system.
Meramecian series.
St. Louis limestone (34 feet thick) :
Limestone ... 9 327
ShAIE e 3 330
Limestone, soft .......c.c.coreeeeeee... .. 22 352
Osagian series.
Undifferentiated beds (938 feet thick) :
Shale, green ... 10 362
Limestone, brown ...........cccoovvecavinans 8 370
Shale, dark 8 378
Limestone .........oooooooooeeeeeeeienee 42 420
Shale, dark ...t 8 428

Limestone ... e 17 445
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Mississippian system—Continued
Kinderhookian series.
Gilmore City limestone (115 feet thick) :
Limestone, cream, buff, fragmental,
oolitic; trace of pyrite .....ooocoooono....... 116
Hampton formation (146 feet thick) :
Dolomite, light-brown, finely to medium
crystalline; some limestone, buff, fine-

ly crystalline 10
Limestone, bufﬁsh-whlte, sublitho-
graphic ................... 30

Limestone, buffish-brown, medium sac-
charoidal; trace of sand, frosted,
TOUNnd .o, 26

Dolomite, grayish-brown, finely gran-
ular; some chert, gray, granular,
speckled .... : 15

Dolomite, as above; limestone buff, sub-
lithographic; trace of sandstone,

gray, fine to medium ... 11
Dolomite, gray, finely granular; some
chert, whitish-buff, mottled .............. 8

Dolomite, dark-grayish-brown, finely
granular, silty, cherty, argillaceous;
some chert, gray, granular, mottled;
small amount of limestone, buff, litho-
graphic to sublithographic ................ 38

Limestone, buff, lithographic to finely
crystalline; limestone, white, gray,
buff, mottled, finely to medium crys-
talline, fossiliferous; trace of sand,
subrounded, frosted ....................... 8

Devonian system,
Upper Devonian series.
Sheffield shale (14 feet penetrated) :
No samples .....couemeeevemeeieeeeeeeeeeneen . 13
Shale ..o 1

189

560

670

600

626

641

652

660

698

706

719
720 T.D.
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86-29-13C1. Sample log of Harcourt town well in the SW4
NE14,NW, sec. 18, T. 86 N,, R. 29 W. Drilled in 1939 by
MecCutchen Well Co., Des Momes Altitude of land surface,
1,170 feet. Sample study by J. B. Carrier.

Thickness Depth
(feet) (feet)

Pleistocene system.
Undifferentiated beds (180 feet thick) :

No sample .. b B
Till, brownish-gray, calcareous ............ 10 15
Till, gray, calcareous .............ccoeeeeeee. 56 70
Sand and gravel, heterogeneous ........... & 75
No 8amMPle ..ot 10 85
Sand and gravel, heterogeneous ............ b 90
Till, gray, calcareous ...........ccccecee 20 110
Sand and gravel, heterogeneous ............ 5 115
Silt, brown, some carbonaceous material 2 117
Clay, gray-brown, slightly calcareous.. 8 125
Sand and gravel ............ 10 185
Till, brown, calcareous ..........c.ceccmecrecee 20 155
No SAMPIE ..o 5 160
Clay, brown, pebbly, calcareous ............ 10 170
Sand, coarse to very coarse, hetero-

£eneous ................ 10 180

Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds (195 feet thick) :

Shale, gray, soft, silty, calcareous ........ 10 190
Shale, red, calcareous .........c.coceeeeene. 5 195
Sandstone, light-buff, very fine, s1lty,

CAlCATEOUS  ...eeeeererrceeecceeeeeee e ancenae 5 200
Shale, light-buff, soft .. 10 210
Shale, light to dark-gray, trace of

brown, soft, some micaceous ............ 30 240
Sandstone, medium-gray, fine, mica-

ceous, speckled black, calcareous ........ 10 250
Sandstone, light-gray, medium, angu-

lar, poorly frosted ........cceceeiinnnnnnnn. 3 256
Shale, black, nonlaminated, calcareous 10 265

Shale, dark-gray, some coal ............ 5 270
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Pennsylvanian system—Continued
Desmoinesian series—Continued
Undifferentiated beds—Continued
Sandstone, medium to coarse, angular
to curvilinear, polished and frosted
1IN DAL e b 275
Shale, gray, soft, nonlaminated, grading
downward into sandstone, gray, fine,

angular, friable ........ooooiiiiiiiiinnnne. 50 325
Shale, black, mottled light-gray and

yellow 5 330
Sandstone, light-gray, fine, angular,

e e 5 336

Sandstone, medium to coarse, angular
to curvilinear, finely pitted; some

dark-gray and black ......cccoooomeenne... 5 340
Shale, black, soft, poorly laminated .... 12 352
Shale, dark-gray, laminated ................ 8 360
Shale, black, fissile, grading downward

into sandstone, fine, frosted .............. .. 16 375

Migsissippian system.
Meramecian series.
St. Louis limestone (50 feet thick) :
Limestone, light-buff, finely crystalline,
some silty ; trace of chert, gray; trace

of shale, green, waxy .........ou...... 30 405 .
Dolomite, medium brown, finely crystal-
line, silty; some sandstone, medium 5 410

Sandstone, fine to coarse, some frosted;
shale, green, calcareous; trace chert,
gray, quartzose w.. 1B 425

Osagian series
Undifferentiated beds (756 feet thick) :
Limestone, light-buff, finely crystalline;
dolomite, medium-gray, finely crys-
talline, slightly glauconitic; some

chert, pale-gray, mottled .................. 25 450
Limestone, buff, very finely crystalline,
pseudo-oolitic ... 10 460

Shale, bright-green to gray, laminated,
soft, calcareous 5 465
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Mississippian system—Continued
Osagian series—Continued
Undifferentiated beds—Continued
Limestone, buff, very finely crystalline;

some shale, green ... 20 486
Dolomite, light-buff, finely crystalline,
argillaceous ... 10 495

Dolomite, as above; limestone, very
light buff, dense :

Kinderhookian series.
Gilmore City limestone (125 feet thick):
Limestone, drab, sublithographic ........ b 505
Limestone, light-buff, finely crystalline,
fragmental, oolitic; trace of chert,
light-orange, opaque to quartzose,
clear; trace of crystalline quartz ........ 120 6256
Hampton formation (150 feet thick) :
Eagle City member
Limestone, light buff, finely crystalline,

5 500

some pseudo-oolitic 40 665
Limestone, light buff, finely crystalline,
mottled brown 8 673

Maynes Creek member
Dolomite, light brownish-buff to gray,
finely crystalline ...... 32 705
Dolomite, gray, finely granular ............ 10 7156
Dolomite, as above; some chert, buff to
gray, some mottled bluish gray,

smooth to granular 55 770
Dolomite, brownish drab, some mottled
gray, finely crystalline .........ccoocoeeee..... b 776

Devonian system.
Upper Devonian series.
Sheffield shale (45 feet thick) :
Shale, light-green, soft, calcareous ........ 45 820
Lime Creek, Shell Rock, and Cedar Valley
formations (272 feet penetrated):
Dolomite, light-brown, finely to medium
crystalline, dense, hard ............cccocc.... 10 830
Shale, light-green, some speckled black:
trace of sandstone 16 845
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Devonian system—Continued
Upper Devonian series—Continued
Lime Creek, Shell Rock, and Cedar Valley

formations—Continued
Dolomite, light-buff to drab, finely to

medium crystalline 5 . 850
Limestone, light-buff to drab, very fine-

ly granular 15 865
Dolomite, light-buff, finely crystalline;

limestone, as above ..., 15 880
Dolomite, drab to gray, medium to

coarsely crystalline 10 890
Dolomite, drab to gray, medium crys-

talline B 896

Limestone, drab to gray, medium crys-
talline; dolomite, drab to gray, medi-

um crystalline and saccharoidal ........ 10 905
Limestone, light-yellowish, drab, finely

to medium crystalline ........................ 10 915
Limestone, light-brown, mottled buff,

coarsely crystalline 5 920
Dolomite, light medium brownish-buff,

finely granular, caleitic -....................... 15 935

Dolomite, light yellowish-buff, mottled
medium-gray, coarsely crystalline .... 20 955
Dolomite, light-gray, very fine to finely

crystalline 10 965
Dolomite, light-gray, medium crystal-
line 20 985

Limestone, buff to gray, mottled medi-
um-gray, medium to coarsely crystal-

line .. b 990
Dolomite, light-buff, finely crystalline

to coarsely saccharoidal ................... b 995
Dolomite, light-drab, mottled gray,

coarsely granular b 1000
Dolomite, as above; some shale, medi-

um-gray 5 1005
Dolomite, light-drab, medium to mostly

coarsely crystalline 5 1010

Dolomite, light creamy gray, finely

crystalline b 1015
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Devonian system—Continued
Upper Devonian series—Continued
Lime Creek, Shell Rock, and Cedar Valley
formations—Continued
Dolomite, light creamy gray, coarsely
crystalline 20 1035
Dolomite, tawny-buff, finely granular 45 1080
Dolomite, very light buff to brown, fine-

ly crystalline .......cccooivvvmimmnnmoenaeeces 5 1086
Dolomite, as above, calcitic in part ... b 1090
Limestone, very light to buff to light-

tan, finely crystalline _................c. 2 1092 T.D.

86-80-1Q1. Sample log of Gowrie town well 3 in the NW1j
SW14SEY sec. 1, T. 86 N., R. 30 W. Drilled in 1950 by Hoag
and Ames, Lincoln, Towa. Altitude of land surface, 1,140 feet.
Sample study by L. F. Jenkinson.
Thickness Depth
(feet) (feet)
Pleistocene system.
Wisconsin stage (185 feet thick) :

Till, buff, calcareous . .. 10 10
Till, gray, calcareous ........................ 35 45
Till, buff, calcareous .........ccccoomiireacnces 10 55
Till, gray, calcareous ................... 80 135
Kansan stage (60 feet thick):
Till, light-buff, calcareous .................... 20 1565
Till, brownish-gray, calcareous ............ 40 195
Nebraskan stage (566 feet thick) :
Till, buffish-brown, calcareous ................ 10 206
Till, brownish-gray, calcareous ............ 10 215
Till, buff, calcareous b 220
Till, brownish-gray, calcareous ............ b 226
Till, buff, calcareous .........ccooeereeenee 5 280
Sand and gravel, heterogeneous ...._....... 20 250

Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds:
Sandstone, clear, loose, angular to
round; siltstone, light-gray, noncal-
careous eeeeerane meneas 1+ 251+ T.D.
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87-28-12J2. Sample log of Lehigh town well in the SE/c
NE1, SE14 sec. 12, T. 87 N., R. 28 W. Drilled in 1986 and 1937
by Thorpe Well Co., Des Moines. Altitude of land surface, 947
feet. Sample study by R. C. Northup.
Thickness Depth
(feet) (feet)
Pleistocene system.
Undifferentiated beds (27 feet thick):
Soil, brown 10 10
Gravel ...eeeeeeeeecerreeeeee e 17 27

Pennsylvanian system.

Desmoinesian series.
Undifferentiated beds (170 feet thick):
Shale, gray, silty, trace of coal in lower

part eeremmmmecetesessmmessseeesasnnsene 93 120
Shale, dark brownish-gray .................... 45 165
Sandstone, gray, fine, dirty, free ........ 10 175
Shale, dark-gray eaemeeesssesmeveessesssennan 22 197

Mississippian system.
Osagian series.
Undifferentiated beds (66 feet thick) :

Shale, light-green, calcareous ................ 8 205
Dolomite, brown, finely crystalline, cal-

careous; chert, chalcedonic, drusy .... 16 220
No sample ] 2 222
Limestone, gray, earthy ...................... 5 2217

Dolomite, light-gray, finely crystalline 12 239
Limestone, cream, oolitie, fragmental,

fossiliferous; trace of glauconite ........ 6 245
Dolomite, brown, finely crystalline, cal-

careous in part; chert, grayish white,

SMOOth ..o ees 18 263

Kinderhookian series.
Gilmore City limestone (67 feet thick):
Limestone, cream, lithographic and
fragmental 19 282
No SamPple ... 6 288
Dolomite, grayish-brown, finely crystal-
line, calcareous; trace of chert, gray-
ish-white, smooth 12 300
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Mississippian system—Continued
Kinderhookian series—Continued
Gilmore City limestone—Continued
Limestone, cream, lithographic, some
earthy and fragmental ... ... 30 330

Hampton formation (170 feet thick):
Iowa Falls member (20 feet thick) :
Dolomite, light-brown, medium to
coarsely crystalline, vuggy ............... 10 340
No sample ... 5 346
Dolomite, light-brown, medium to
coarsely crystalline, calcareous, vug-
2. ©evessersuressesastssmsssaessnsereeansensnenns 5 350

Eagle City member (40 feet thick):
Limestone, cream, finely crystalline,
also white, chalky, with few im-

bedded dolomite rhombs .................. 20 370
No sample ... 10 380
Limestone, cream, finely crystalline .... 5 386
No sample .......... 5 390

Maynes Creek member (110 feet thick) :
Dolomite, brown, finely crystalline
calcareous; chert, gray, rough and

tripolitic 85 425
No sample b 430
Dolomite, brown, finely saccharoidal.... 16 446

Dolomite, brown, finely crystalline, and |
dolomite, gray, finely saccharoidal;

chert, gray, rough ... 40 486
Dolomite, buff, finely crystalline, slightly

calcareous .........coeeiiceieiencreeeeceeae 10 495
Dolomite, gray, finely granular, very

311 5. 5 500

Maple Mill shale (20 feet thick):

Siltstone, gray, soft, friable ................. 10 510
Shale, pale greenish-gray, soft .............. 10 520

Aplington limestone (10 feet thick):
Dolomite, dark-brown, finely to medium
crystalline; chert, white to light-
gray, smooth 10 530
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Devonian system.
Sheffield shale (20 feet thick):
Shale, pale greenish-gray; smadll amount
of dolomite, gray, argillaceous .......... 20

Lime Creek—Shell Rock formations (75
feet thick) :

Dolomite, cream, finely to medium crys-
talline, calcareous; limestone, cream,
with imbedded dolomite rhombs.......... 20

Limestone, light-gray and cream, finely
crystalline, becoming chalky with
dolomite rhombs near base .............. 85

Dolomite, yellow, very coarsely crystal-
line, calcareous; shale, grayish-green,
waxy, very caleareous ..........ccccoe..... 16

No sample .. b

Cedar Valley limestone (295 feet thick):

Dolomite, light-gray, cream, finely to

medium crystalline ... 165
Dolomite, light-brown, finely crystal-
line 60

Solon member (70 feet thick) :

Limestone, cream, light brown, sub-
lithographic ... 10

Dolomite, brown, finely saccharoidal,
becoming light gray and very argil-
laceous; shale, medium gray, slightly
dolomitic ................. .. bo

Limestone, brown, finely crystalline .... 10

Wapsipinicon formation (86 feet thick):
Dolomite, brown, finely crystalline _....... 40
Limestone, white, finely crystalline .... 5
Dolomite, light-gray, finely crystal-

HNE e ... 40

197

6560

670

606

620
625

790

860

860

910
920

960
965

1,006 T.D.
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87-28-30C1. Sample log of Otto Cling farm well near Har-
court in NE14, NEJ4 NW1/ sec. 30, T. 87 N., R. 28 W. Drilled
in 1949 by Harold Rasmussen, Callender.  Altitude of land sur-
face, 1,150 feet. Sample study by G. C. Huntington.

Thickness Depth
(feet) (feet)
Pleistocene system.

Wiseconsin stage (100 feet thick):

Till, buff, calcareous .........cccoeeeeeervecnennn 15 15

Till, gray, calcareous ............ccccoueeeeen 86 100
Kansan stage (15 feet thick) :

Till, buff, calcareous ............ccccveemeneoc.... 15 15

Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds (71 feet penetrated):
Shale, light-gray, silty, arenaceous ...... .. 22 137

Sandstone, fine to coarse, angular to
curvilinear, loosly cemented .............. 49 186 T.D.
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87-29-3R1. Sample log of Richard Paul farm well near
Callender in the SE14SE!4SE1j sec. 3, T. 87 N, R. 29 W.
Drilled in 1950 by Four States Drilling Co., Fort Dodge. Alti-
tude of land surface, 1,150 feet. Sample study by G. C. Hunt-
ington.
Thickness Depth
(feet) (feet)
Pleistocene system.
Wisconsin stage (70 feet thlck)

Till, yellow, calcareous ........c.ccccevuerueene 10 10
Till, gray, calcareous ................c...... 25 35
Sand, fine to coarse, angular to curvi-

linear, heterogeneous minerals ........ 5 40
Till, grayish-brown, calcareous ............ 30 70

Kansan stage (50 feet thick) :

Till, tan, leached .....coooiieiiiiereiiees 5 75
Till, tan, calcareous ........cccoereeecenvvenrennen. 45 120

Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds (105 feet thick) :

Shale, black, laminated, hard ... ‘. B 125
! Shale, light- to dark-gray, massive;
trace of coal ...oooeeeiee. 25 150
Shale, black ... b 155
Shale, dark-gray S b 160
Sandstone, gray to clear, fine, cal-
careous, micaceous ........................ 6 166
Shale, black 49 215
Sandstone, gray to clear, fine to coarse,
CAlCAreOUS .....coemieeeeeceeeeeeeee e 10 226

Mississippian system.
Meramecian series,
Ste. Genevieve limestone (20 feet thick) :
Shale, red, soft, massive, calcareous ... b 230
Shale, gray, massive, Waxy .....cecceeeee... 15 245

St. Louis limestone (40 feet thick):
Limestone, brown, lithographic; trace
of chert, gray .- 16 260
Limestone, as above; dolomite, brown,
very finely crystalline, dull ............ 15 275
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Mississippian system—Continued
Meramecian series—Continued
St. Louis limestone—Continued
Sandstone, medium to finely crystal-
line, curvilinear to rounded, frosted 10 285

Osagian series.
Undifferentiated beds:
Dolomite, brown, crystalline; trace of
chert, white, porcelaneous; trace of

druses 10 296
Shale, gray, calcareous; some druses 6 301
Dolomite, brown, medium crystalline,

dense, brilliant 9 310

Limestone, gray, soft, lithographic .... 10 320
Dolomite, brown, medium, crystalline,

calcitic ...ooommeeeeeeel 10 330
Limestone, gray, soft, lithographic ........ 15 346
Dolomite, brown, medium, erystalline:

chert, tripolitic 5 350
Shale, gray 5 355

Dolomite, dark gray, finely granular.... 20 876

Kinderhookian series,
Gilmore City limestone (5 feet penetrated) :
Limestone, cream, lithographic, dense & 380 T.D.
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87-30-12E1. Sample log of Callender town well in the
SEV4,SW14NW1/ sec. 12, T. 87N., R. 30 W. Drilled in 1938 by
Thorpe Well Co., Des Moines. Altitude of land surface 1,150
feet. Sample study by J. B. Carrier.
Thickness Depth
(feet) (feet)
Pleistocene system.,
Wisconsin stage (97 feet thick) :

Till, drab, calcareous . 40 40

Till, with some coarse sand and gravel 15 66

No sample 5 60

Till, gray, calcareous ...........i....... 30 90

Gravel, 1 to 5§ mm, heterogeneous ........ i 97
Kansan stage (21 feet thick)

Till, buff, leached ...............ccceevveeeveeee. 8 105

Till, light yellowish-brown, calcareous 13 118

Pennsylvanian system.
Desmoinesian series,
Undifferentiated beds (159 feet thick) :

Shale, medium-gray, laminated, slightly

MICACEOUS ...eveeeereeteceecceeceeeeceeeesarenens 42 160
Shale, medium to dark-gray, laminated;

some siltstone, medium yellowish- :

gray, hard 30 190

Shale, gray and some black, calcareous 5 196
Underclay, buff, waxy 5 200
Shale, dark-gray to gray; some siltstone

near base ... 15 215
Shale, medium-gray, soft; some clay,

light-buff, waxy 5 220

Shale, medium-gray, soft; trace of coal 20 240
Shale, medium-gray; some sandstone,

light-buff, argillaceous ........................ 5 245
Shale, medium-gray, laminated, some
B e e 10 266

Shale, black, carbonaceous, fissile; un-
derclay, buff, waxy, soft, splintery... 5 260

Shale, light to dark-gray ............ 10 270
No sample 7 277
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Mississippian system.
Meramecian series.
St. Louis limestone (33 feet thick) :
Limestone, light-gray, very finely erys-
talline; trace of pyrite ..ol 3 280
Limestone, very light buff to tan, oolitic,
finely crystalline; sandstone, fine to
medium, angular, pitted; trace of
chert, pale-gray 15 295
Shale, light grayish-green, calcareous 5 300
Dolomite, light-drab, fine, arenaceous; '
trace of sandstone; trace of chert,
light-gray 10 310

Osagian series.
Undifferentiated beds (100 feet thick) :

Shale, light greenish-gray, soft, cal- ‘
careous ...... 16 325

Dolomite, light-buff, some mottled pale-
gray, finely granular; chert, pink,
orange, pale-gray ' 5 330

Shale, medium gray, soft to hard ........ 10 340

Dolomite, medium drab, mottled, finely
granular, argillaceous; some chert, .
gray, some quartzose ...l 15 - 365

Dolomite, medium drab, finely granular 15 370
Limestone, buff, finely granular ............ 6 3876
Limestone, buff to gray, fine to medium,

crystalline, glauconitic ....................... 5 380
Limestone, as above; some chert, pale

gray, mottled black .....cocoooeieeeil 10 390

Dolomite, light medium drab, finely
granular, mottled, argillaceous; some
chert, as above ... 10 400
Limestone, drab, finely granular, mot-
tled medium gray, argillaceous; some .
chert ... 10 410

Kinderhookian series.
Gilmore City limestone (115 feet thick):

Limestone, light-buff, finely crystalline,
some fragmental, pseudo-oolitic ........ 115 . 525
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Mississippian system—~Continued
Kinderhookian series—Continued
Hampton formation (195 feet thick) :
Iowa Falls member:

Dolomite, light medium drab, medium
granular; limestone, light-buff to
gray, finely to medium granular;
trace of chert, blue-gray waxy ........ 10

Dolomite, medium buffish brown, mot-
tled gray; limestone, very light buff,

very finely crystalline .....oocooeeeeeee b
Dolomite, drabbish brown, medium
crystalline; some limestone ................ 15

Eagle City member:
Limestone, light-buff, very finely crys-

talline, soft ....... 10
Dolomite, brownish-drab, medium crys-
talline ..o 10

Dolomite, brown, finely granular, some
speckled black; trace of calcite crys-

171 (< T 25
Dolomite, medium-drab to gray, finely
granular, silty, argillaceous ............... 20

Dolomite, medium-drab, finely to medi-
um crystalline; some limestone, light-
buff, finely crystalline, oolitic ............ 10

Dolomite, light medium drab to gray,
finely granular, grading into lime-
Stone ..o 15

Dolomite, light medium gray and drab,
finely crystalline, dense; some chert,

very light gray, imbedded oolites ........ 45
Dolomite, light medium drab, mottled
dark gray, finely crystalline ................ 25

Chapin member:

Limestone, very light drab, mottled,
finely crystalline 5

Prospect Hill member:
Sandstone, gray, very fine, silty, dolo-
mite cement; trace sandstone, medi-
um, frosted . T

208

636

540

555

565

676

600

620

630

646

690

716

720

727 T.D.
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87-30-35H1. Sample log of E. Meckley farm well near
Gowrie in the SEVSE1,NEl4 sec. 35, T. 87 N., R. 30 W.
Drilled in 1950 by Harold Rasmussen, Callender. Altitude of
land surface, 1,145 feet. Sample study by G. C. Huntington.

Thickness Depth
(feet)  (feet)
Pleistocene system.
Wisconsin stage (125 feet thick) :

Till, brown, leached; soil ... 3 3
Till, buff, calcareous ...........cooveemvecern.... 19 22
Till, 'gray, calcareous - .- .. ... 928 50
Till, brownish-gray, calcareous ... . 75 125
Kansan stage (80 feet thick) :
Till, buff, calcareous ... 25 150
Till, brownish-gray, calcareous ........... 40 190
Till, brownish-gray, silty ... 15 205
Pennsylvanian system.
Desmoinesian series,
Undifferentiated beds (80 feet thick) :
Sandstone, gray, very fine, very argilla-
ceous, micaceous ... e b el el R 285
Mississippian system.,
Meramecian series.
Ste. Genevieve limestone (22 feet thick) :
Limestone, cream, coarsely crystalline,
togsiliferousic.... ..ot iinl o S0 D 290
Shale, green, calcareous ... ... .. 17 307

St. Louis limestone (50 feet penetrated) :
Limestone, cream to brown, dense, dull 9 316
Limestone, as above; some sandstone,
medium to coarse; some quartz and
chalcedOny ......eeeeeeeeeeeeeeeeeeee 12 328
Dolomite, brown, very finely ecrystal-
line; sandstone, as above ... 29 357 T.D,
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88-27-3D1. Sample log of Duncombe town well in SW1,
NW14NW1 sec. 3, T. 88 N., R. 27 W. Drilled in 1945 by Layne-
Western Company, Ames. Altitude of land surface, 1,115 feet.
Sample study Ethylmae Schultz.
Thickness Depth
(feet) (feet)
Pleistocene system. ‘
Undifferentiated beds (2385 feet thick):

Soil developed on till, brown, sandy,

leached b b
Till, buff, caleareous .....oeceeeeeeeceereeee.... 10 15
Till, gray, calcareous 80 95
Sand and gravel, heterogeneous ............ 5 100
Till, drab _...... 60 160
Sand and gravel, very coarse ................ 10 170
Sand, brown, fine, angular, some mica & 176
Sand, white, medium, angular ................ 10 185
Till, drab 25 210
Sand and gravel, heterogeneous, some

ClAYRY o 26 236

Mississippian system,
Osagian series,
Undifferentiated beds (46 feet thick) :

Limestone, cream, finely crystalline .... 10 245
Dolomite, drab, finely crystalline; some

chert, grayish-white, tripolitic .......... 10 255
Dolomite, gray, finely crystalline, ar-

gillaceous; some chert, as above ........ 5 260
Dolomite and chert, as above; some

shale, gray, dolomitic ... ... 15 276
Dolomite, as above; chert, cream to

white, banded ...... 5 280

Kinderhookian series,
Gilmore City limestone (125 feet thick) :
Limestone, cream, finely crystalline .... 15 296

Limestone, cream to buff, finely crystal-
line, fragmental, oolitic ..................... 110 406
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Mississippian system—Continued
Kinderhookian series—Continued
Hampton formation (150 feet thick) :
Eagle City member:
Limestone, finely erystalline to sublitho-
graphic, earthy; some dolomite
rhombs; some dolomite, drab, finely

granular .. b0 455
Dolomite, gray, finely granular ..._.... b 460
Dolomite, as above; some chert, gray,:

dull ... .. 16 475
Dolomite, as above 15 490

Dolomite, cream to brown, finely sac-
charoidal ; some chert, gray; trace of

calcite crystals 50 540
Dolomite, creamy drab, finely crystal-
line, grading into limestone, cream 10 550
 Dolomite, cream, finely granular ............ 3 553
Prospect Hill member: ’
Siltstone, gray, caleareous ...................... 2 555

Devonian system.
Upper Devonian series.
Sheffield shale (25 feet thick) :
Shale, light gray, some silty, calcareous 26 580
Lime Creek, Shell Rock, and Cedar Valley
formations (394 feet penetrated) :
Dolomite, cream and gray, finely granu-
BB e 20 600
Limestone; light-cream and gray, sub-
lithographic to lithographic; small
amount of dolomite, cream, finely

granular 45 645
Dolomite, buff ; some limestone, as above. 10 655
Dolomite, cream, sublithographic ........ 5 660
Dolomite, beige, very finely granular;

some shale, light-green, dull .......... 10 670
Limestone, tan, finely crystalline _....... 5 675
Dolomite, beige, very finely granular, with

some calcite crystals ....ceeooeeeeeeeeeen. 10 685

Dolomite, golden tan, finely granular 5 690
Dolomite, brown, finely granular, dense,
hard with some shale, light-gray ........ 15 705
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Devonian series—Continued
Upper Devonian series—Continued
Lime Creek, Shell Rock, and Cedar Valley
formations—Continued
Dolomite, light-gray to light-brown,
very finely crystalline, dense ............ 25 730
Shale, light gray, soft, dull, calcareous 25 766
Dolomite, beige, sublithographic to very
finely crystalline; some sandstone,

MediUM .o 5 760
Dolomite, medium gray, very finely

crystalline 20 780
Shale, light gray, dull, calcareous ... 10 790
Dolomite, cream, finely granular ...... 10 800
Shale, gray .... .. 5 ° 805
No sample 5 810
Dolomite, very light gray, finely crys-

talline ....... 5 815

Dolomite, light cream, finely granular 25 840
Dolomite, beige, very finely granular .... 20 860
Dolomite, cream, sublithographic; trace

of sand, fine, frosted ... 5 865
Dolomite, tan, finely saccharoidal ........ b 870
Shale, light-gray, soft .......coveeeeeeeeeee. 5 875

Dolomite, yellow, very finely crystalline,

slightly argillaceous; trace of shale,

brown and green e eneaen 20 895
Limestone, yellow, very finely crystal-

line to sublithographie, earthy; some

dolomite, yellow, finely crystalline;

trace of sand, frosted, near base ........ 30 925
Limestone, yellow and white, sublitho-

graphic; small amount of shale; trace

of sand, frosted ...l 10 935
Dolomite, cream, very finely crystalline b5 940
Limestone, yellow, sublithographic ...... 5 946

Limestone, as above; shale, light-gray,
soft, calcareous; shale content in-
creasing with depth ... ... 29 974 T.D.
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88-28-5D2. Sample log of Certain-teed Products Corp. well
4 near Fort Dodge in NW14,NW14NW1; sec. 5, T. 88 N., R. 28
W. Drilled in 1950 by Thorpe Well Co., Des Moines. Altitude
'of land surface, 1,115 feet. Sample study by G. C. Huntington.

Thickness Depth
(feet) (feet)
Pleistocene system. ‘
Undifferentiated beds (55 feet thick):

Soil, leached ....eeeeeeeeeeeeeeeeeeennee b b
Till, gray, calcareous ............ccocervueun... 35 40
Till, tan, leached ........cccco........... 16 5153

Permian (?) system.
Fort Dodge formation (5 feet thick) :
GYPSUM ..o cecanes b 60

Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds (60 feet thick):

Shale, grayish-red, soft, micaceous ........ b 66
Shale, dark-gray, soft, with iron com-

pound nodules ................ . 15 80
Shale, black, fissile ....c.cccoooveeveereenen.c. 25 105
Shale, light-gray, soft, calcareous ........ 5 110
Shale, dark-gray, soft b 116
Shale, light-gray, unctuous; some sand-

stone, clear, angular .........cccccoeeee.e. b 120

Mississippian system.
Meramecian series.
Ste. Genevieve limestone (77 feet thick) :

Shale, light gray, calcareous ................ 20 140
Shale, dark red, calcareous ......_............. 57 197

St. Louis limestone (48 feet thick) :
Limestone, cream, sublithographic,

with imbedded sand 18 215
Dolomite, brown, very finely granu-
lar; some limestone, as above ............ 10 225

Shale, red and green, soft calcareous
with sand; some limestone and dolo-
mite, as above 20 246
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Mississippian serles—Continued
Osagian series.
Undifferentiated beds (80 feet thick) :

Shale, gray, soft, slightly calcareous ....

Dolomite, brown, finely crystalline;
limestone, grayish-brown, medium to
coarsely crystalline; some fragmen-
tal; trace of chert, milky, banded,
some speckled blaek .........oooooeeeeeeee..

Shale, ray ........oooeeeeeeeeeeeeeeenennns

Dolomite and limestone, as above;
some shale, as above

Kinderhookian series.

Gilmore City limestone (95 feet thick) :
Limestone, cream, lithographic .............
Limestone, cream, fragmental and

oolitic, some lithographic; some lime-
stone, silty ...... certermmeennnnns

Hampton formation (178 feet thick):
Jowa Falls member:
Dolomite, light-brown, medium to
coarsely crystalline ........ccooevvoeeneenn.e.
Dolomite, as above; limestone, gray,
very finely granular ......................

Eagle City member:
Limestone, cream, lithographic, some
O0HEIC e,

Maynes Creek member:

Dolomite, brown, medium ecrystalline,
calcitic; some chert, gray, granular,
dull e, .

Dolomite, gray, very finely saccha-
roidal; trace of chert and pyrite ........

Dolomite, as above; chert, gray, dull;
trace of pyrite ...oooeeeeiieeeeenn,

Dolomite, as above; trace of chert ........

Chapin member:

Limestone, grayish-brown, medium
crystalline ... ... i,

Siltstone, gray ...,

10

45
b

20

15

30

255

300
306

326

340

420

456

465 -

495

610
6560

576
585

597
598+
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Devonian system.
Upper Devonian series.
Sheffield Shale (32 feet thick):
Shale, grayish-green, calcareous, some
2571 USSR
Lime Creek, Shell Rock, and Cedar Valley
formations (420 feet thick) :
Dolomite, grayish brown, very finely
crystalline, sparkling ..........c.ccoccc.e.
Shale, grayish green, calcareous ............
Limestone, brown, finely to medium
crystalline, partly lithographic __....._..

Dolomite, gray, brown, finely to medium
saccharoidal; some limestone, as
above, increasingly dolomitic to base

Dolomite, gray, brown, finely to coarsely
saccharoidal ......coeoooooenieeiiiiienicaicceeeenes

Dolomite, grayish-brown, finely saccha-
roidal, some sublithographic ...........

Dolomite, grayish-brown, finely saccha-
roidal; some shale, gray .........ccecc...

Dolomite, grayish-brown, finely saccha-
roidal; some sublithographic ............

Dolomite, gray, finely to medium sac-
charoidal; trace siltstone ....................

Dolomite, dark brown, finely crystalline,
sparkling

Dolomite, gray, very finely saccharoidal

Dolomite, dark brown, medium to
coarsely crystalline, sparkling .......

Solon member of Cedar Valley:

Limestone, grayish brown, very finely
saccharoidal, earthy ..........ccccoveerneeee

Limestone, as above; limestone, gray
brown, sublithographic; trace arena-
COOUS  .eooeeecennrerevesmnsaeassesansasasssacesanesessanne

Shale, gray, green, calcareous ..............

Limestone, gray, finely crystalline;
shale, as above

32=

10
156

10

15

20

30
45

b

630

640
655

665

715
765
790
815
830
850

880
925

970

980

995
1,010

1,015
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Devonian system—Continued ,
Upper Devonian series—Continued
Solon member of Cedar Valley:

Limestone, gray, light-brown, medium
crystalline, 'some sublithographic;
trace of dolomite, brown, finely sac-
charoidal reeeeeeemnneiaeeans 35

Middle Devonian series.

Wapsipinicon limestone (130 feet thick) :
Dolomite, brown, finely saccharoidal .... 25
Dolomite, light-gray, finely saccha-

roidal; some dolomite, gray, finely

crystalline . ... 3b
Limestone, gray, finely granular ............ 15
Dolomite, grayish brown, finely granu-

lar 40
Dolomite, as above; some chert sand,

smoky ; some shale, gray ................... 15

Ordovician system.
Cincinnatian series.
Magquoketa shale (95 feet thick) :
. Dolomite, grayish-brown, finely crys-
talline; some chert, white, smooth,
dull, some rough ... 10
Dolomite, pinkish-brown, finely crystal-
line; some chert, white to buff,

smooth and rough . 15
Dolomite, cream, coarsely saccharoidal
with pyrite and black fossils ........... 15

Dolomite, as above; chert, gray, smooth,
granular, with black fossils; trace of
shale, gray 20

Dolomite, light grayish-brown, finely to
medium crystalline; small amount of
chert, gray, smooth to granular, trace
of shale, brown 35

Mohawkian series.
Galena dolomite (120 feet thick) :

Dolomite, pinkish brown, medium to
coarsely saccharoidal, with orange
specks (cinnamon specks) ............... 25

1,050

1,075
1,110
1,125
1,165

1,180

1,190

1,206

1,220

1,240

1,276

1,300

211
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Ordovician system—Continued
Mohawkian series—Continued
Galena dolomite—Continued ,
Dolomite, pinkish-brown and cream,
medium to coarsely saccharoidal .... 35

Prosser member:
Dolomite, as above; some chert, white,
dull, granular; trace black specks ... 60

Decorah shale and Platteville limestone
(180 feet thick) :
Limestone, gray, medium crystalline,
mottled black i 25
Shale, gray, soft, very calcareous ........ 156
Limestone, gray, finely crystalline,
earthy, mottled black, with some

dolomite rhombs, fossiliferous .......... 27
Shale, green, hard, black fossils ............ 13
Limestone, grayish buff, fine to litho-

graphic, black fossils 17
Shale, green, soft to hard ..................... 33

Chazyan series,
St. Peter sandstone (53 feet thick) :
Sandstone, fine to coarsely crystalline,
loose, rounded, frosted .................... 53

Beekmantownian series.
Prairie du Chien formation (277 feet thick) :
Willow River member:
Dolomite, brown, medium crystalline,

hard T
Dolomite, gray, finely ' saccharoidal,
arenaceous 35
Dolomite, as above; sandstone, fine to
coarse, frosted ... 20
Dolomite, brown, medium crystalline,
hard, sparkling 10

Root Valley member:
Dolomite, gray, very finely crystalline;

some sandstone, fine to coarse ........ 25
Sandstone, fine to coarse, rounded,
frosted .....vvcereeeeeeeeerreceeereneeteaeanes 10

1,336

1,395

1,420
1,436

1,462
1,476

1,492
1,625

1,678

1,686
1,620
1,640

1,650

1,676

1,686
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Ordovician system~—Continued
Beekmantownian series-—Continued
Oneota member:

Dolomite, grayish-brown, finely to
coarsely crystalline, dull to sparkling;
trace of sand; trace of chert, gray,
smooth; trace of quartz, clear, mas-
sive, and drusy 155

Dolomite, cream, finely crystalline .... 156

Cambrian system.
St. Croixian series.
Jordan sandstone (55 feet thick) :
Sandstone, subwhite, fine to coarse,
subround to round, frosted, loosely
cemented .....ooooeeeeoiieeeee s 55

St. Lawrence formation (95 feet thick) :
Dolomite, light-gray, finely crystalline,

SIIEY  ceeeeeeeeeeeeaeereeraesee e e e e 43
Sandstone, fine to medium, with some
dolomite as above 22

Dolomite, light-gray, cream, medium to
finely crystalline, slightly glauconitic 30

Franconia sandstone (55 feet penetrated) :
Dolomite, light gray, finely crystalline,
very silty, very glauconitic; some
siltstone, gray ....ccceeoeeeiiiiieiniieeeees 55

213

1,840
1,855

1,910

1,953
1,975

2,006

2,060 T.D.
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88-30-26A1. Sample log of Howard Loehr farm well near
Moorland in the SEl4 NE14 NE}4 sec. 26, T. 88 N, R. 80 W.
Drilled in 1950 by Harold Rasmussen, Callender. Altitude of
land surface, 1,160 feet. Sample study by W. E. Hale.

Thickness Depth
(feet) (feet)
Pleistocene system.
Wisconsin stage (90 feet thick) :

Soil, brown, leached 2 2

Till, buff, calcareous 18 20

Till, gray, calecareous.................... 56 75

Till, buffish-gray, caleareous.................... 15 90
Kansan stage (20 feet thick):

Till, orangish buff, leached...................... 15 106

Till, buff, calcareous 5 110

Nebraskan (25 feet thick) :
Silt, sandy, buffish-brownish, gray,
leached b 116
Till, buffish-brown, slightly calcareous.. 10 125
Till, buffish-brownish, gray, calcareous.. 10 136

’

Cretaceous system.
Upper Cretaceous series.
Dakota formation (27 feet thick) :

Clay, brown, sandy, noncalcareous........ 22 157

No sample ......... 3 160

Sand, medium to coarse, angular; quartz
and chert gravel, quartz, clear and
pink, chert, brown; all gravel highly
polished .............ocemrremeee 2 162 T.D.
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89-27-7A1. Sample log of Erwin Dencklau farm well near
Vincent in NE14, NEl4, NE1} sec. 7, T. 89 N,, R. 27 W. Drilled
in 1949 by Northwest Drilling Co., Humboldt. Altitude of land
surface, 1,126 feet. Sample study by R. M. Jeffords.

Thickness Depth
(feet) (feet)

Pleistocene system.
Undifferentiated beds (120 feet thick) :

Till and so0il developed on till, leached.... 10 10
Till, buff, calcareous 16 25
Till, light gray, caleareous...................... 45 70
Till, buffish gray, calcareous, very sandy 10 80
Till, buff, calecareous with sand .............. b 85
Till, buff, calcareous .. 10 95
Sand and gravel, buff, calcareous .......... 5 100
Till, brown, sandy, calcareous ................ 20 120

Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds (70 feet thick) :

Shale, medium gray b 125
Shale, dark gray, clayey, micaceous...... 151 130
Shale, black, micaceous .........cccceeevennnn.. 10 140
Shale, dark gray; trace pyrite................ 20 160
Limestone, medium gray, finely crystal-

line; some limestone, black.................. 5 165
Sandstone, finely crystalline; shale,

dark-gray, clayey 5 170
Shale, medium gray; some pyrite.......... 20 190

Mississippian system.
Osagian series.
Undifferentiated beds (66 feet thick) :
Limestone, light-gray, fine crystalline

to sublithographic 53 195
Dolomite, brown, medium, granular

porous 10 205
Dolomite, brown, medlum, crystalline, .

porous and dense...........coeeeeeeeeenneen.. 10 215
Dolomite, tan, finely crystalline.............. 5 220

Dolomite, light gray to tan, medium
crystalline, granular, porous; some
chert, quartzose; trace of pyrite.......... 15 235
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Mississippian system—Continued
Osagian series—Continued
Undifferentiated beds—Continued
Dolomite, light-gray, finely crystalline,
argillaceous, calcareous; some chert,

white; some quartz...........cccneeeerennen 5 240
Limestone, light gray, finely crystalline,
argillaceous; trace of chert, rosettes.. 15 256

Kinderhookian series.
Gilmore City limestone (110 feet thick) :
Limestone, cream-white, very finely
crystalline to lithographic.................... 20 275
Limestone, cream, predominantly frag-
mental, oolitic; some limestone, sub-
lithographic ......ceceeeeeceeecieirnee, e 90 865

Hétmpton formation (180 feet thick) :
Iowa Falls member:
Dolomite, tan, medium granular ........ 36 400
Eagle City member:
Limestone, cream, lithographic to sub-
lithographic ... 10 410
Dolomite, cream, medium to coarsely

crystalline, calcite cement; limestone
as above ... 10 420

Limestone, cream, very finely crystal-
line; some dolomite or calcite crys-

tals; fosSilS ...ocereeoeoeeeeeeeeeeeas 23 443
Limestone, medium-gray; some chert,
dark-gray, banded white .................... 7 460

Maynes Creek member:

Dolomite, tan, fine to medium erystal-

line, porous; some chert, light gray to

tripolitic; some chert, light gray,

speckled brown ....... SOTUUUEVRVIIUIURRY . || 480
Dolomite, medium gray, finely to medi-

um crystalline, calcareous cement,

porous; trace of chert, quartzose .... 16 495
Dolomite, tan, medium to dark gray,

finely to medium crystalline; chert,

light gray, dense, some speckled ...... 30 526
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Mississippian system—Continued
Kinderhookian series—Continued
Chapin member:
Limestone, slightly dolomitic; small
amount of chert; trace of pyrite ........ 17

Prospect Hill member:
Sandstone, fine to coarse, calcareous ... 3

Devonian system.
Upper Devonian series.
Sheffield shale (86 feet thick) :
Shale, light gray, clayey; trace pyrite .. 5
Shale, light gray, silty; trace pyrite ...... 10
Shale, light gray, clayey; trace pyrite .. 20

Lime Creek, Shell Rock, and Cedar Valley
formations (293 feet penetrated) :
Dolomite, light gray and buff, finely

crystalline; trace dolomite ............ 10
Limestone, medium gray, finely crys-
talline, dolomite ..... . 10
Limestone, pale cream, medium ecrys-
stalline ... 6
Dolomite, light gray, medium ecrystal-
line; limestone, buff ... ool 14
Dolomite, - light gray, medium saccha-
roidal, caleitic .......cooemee 30
Dolomite, as above; limestone, white to
steel-gray, medium erystalline .......... 42
No sample ..o 8

Dolomite, cream, medium crystalline;
limestone, white, finely crystalline .. 10
Dolomite, medium to light gray, medi-
um to coarsely saccharoidal, some
POFOUS oot 15
Dolomite, light gray to tan, finely crys-
talline, dense, argillaceous, speckled .. 10
Dolomite, ecreamish white and brown,

(4 13 ¢ 1 UV 15
Dolomite, medium gray, coarsely crys-
talline, friable, porous ......................_. 20

Dolomite, as above; dolomite, dark-
gray, dense, hard ............coooeeienee 5

3

542

545

550
560
580

590
600
606
620
650

692
700

710

7256
735
750
770

776
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Devonian system—Continued

Upper Devonian series—Continued

Lime Creek, Shell Rock, and Cedar Valley

formations—Continued
Dolomite, white, coarsely -crystalline,
friable, porous ......
Dolomite, tan, finely granular; some
dolomite, dark brownish, black, dense
Dolomite, light gray, finely crystalline;
some shale, dark brownish, black,
waxy ; trace of pyrite .....cccoeeeneeeen....
Dolomite, brown, medium ecrystalline ..
Dolomite, cream, finely to medium erys-
talline
Dolomite, light gray, finely crystalline;
speckled dark gray
Dolomite, brown, medium crystalline ..
Dolomite, tan to white, medium crystal-
line, calcitic
Dolomite, tan to white, medium crystal-
line, POrous ........oeeereeeeeereeeeeeeens

GEOLOGY AND GROUND-WATER RESOURCES

. 20

20 -

15 -

796
800
805
826
840

845
860

866

873 T.D.
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89-28-19L12. Sample log for Fort Dodge city well 16 in
SEl, NE14, SW14 sec. 19, T. 89 N,, R. 28 W. Drilled in 1948 by
Thorpe Well Co., Des Moines. Altitude of land surface, 980

feet. Sample study by R. W. Screven.

Thickness Depth

. (feet)
Pleistocene system.
Recent (20 feet thick) :
Soil and cinders . b
Sand and gravel, heterogeneous .............. 15

Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds (160 feet thick):
Shale, red brown, soft, micaceous,

slightly calcareous 5
Shale, gray, micaceous, slightly cal-
careous; limestone, gray ........cceeeee. 20

Shale, dark gray to black; some sider-
ite, brown and black; some siltstone,
gray; trace of coal and pyrite ............ 135

Mississippian system,
Meramecian series.
Ste. Genevieve limestone (65 feet thick) :
Shale, red, some green, calcareous;
minor amount of limestone, buff to
pink, gray, very finely crystalline
to lithographic; trace of pyrite ........ 65
Limestone, buff, finely crystalline,
sandy ; sandstone, white, fine to medi-
um, angular to round, some frosted
grains, calcareous ..... 20
Dolomite, light brown, very finely crys-
talline; sandstone, white, medium,
caleareous; trace of pyrite ................ 15
Sandstone, calcareous; argillaceous ...... 5

Dolomite, buff, brown, and gray, fine,
sandy ; limestone, buff, sublithograph-
ic; some chert, buff, gray, mottled
with nodular chalcedony; some sand-
stone, calcareous 20

(feet)

20

25

45

180

245

265

280
286

305
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Mississippian system—Continued
Osagian series.
Undifferentiated beds (80 feet thick) :

Dolomite, grayish buff, finely crystal-

line; limestone, white, medium crys-

talline; trace of glauconite ............... 5 310
Dolomite, gray and brown, finely crys-

talline; limestone, light brown, finely

erystalline ... 10 320
No sample ......cooovoeermeeeeeeieeeeeereceeeeenen 6 325
Limestone, pink, buff and brown, fine

to medium crystalline, argillaceous,

porous; trace of glauconite ................ 25 350
Dolomite, gray, brown, granular, argil-

laceous; limestone, buff, fragmental;

trace of glauconite ........................ 15 365
Limestone, buffish gray; limestone

brown, finely granular, argillaceous;

some chert, white, quartzose ............ 5 370
Dolomite, gray, brownish buff, granu-
lar, argillaceous; some chert .............. 5 375

Limestone, gray, buff, very finely to
finely crystalline, argillaceous; trace
glauconite ... 10 385

Kinderhookian series.
Gilmore City limestone (80 feet thick) :
Limestone, buff to light brown, sub-

lithographic; some chert, quartzose 15 400
Dolomite, gray-buff, finely crystalline,
argillaceous ...........oooooeiicieicieeenn, 5 405

Limestone, white to cream, fragment-
al, oolitic; minor amount of dolomite,
gray, finely granular, fossiliferous .... 60 465

Hampton formation (190 feet thlck)
Iowa Falls member.
Dolomite, gray and cream, coarsely to

very coarsely crystalline .................. 5 470
Limestone, buff, finely to coarsely crys-
Stalline ..ooeeeoieeeeeeeeeeann 5 475

Dolomite, buff, medium to coarsely
crystalline, calcareous cement ............ 10 485
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Mississippian system—Continued
Kinderhookian series—Continued
Hampton formation—Continued
Iowa Falls member—Continued

No sample eeeeeeeennureeeranneenes 5
Dolomite, cream, medium ecrystalline;
some limestone, oolitic .........cooeeee.o..... 10

Eagle City member.
Limestone, cream, lithographic, with
scattered dolomite rhombs ............... 25

Maynes Creek member.

Dolomite, pink, brown, finely to medi-
um crystalline, some saccharoidal,
some porous; some chert, buff to
light buff, granular ................... 25

Dolomite, gray, finely crystalline;
porous; some chert, as above; some
chert, gray-white, granular, tripolitic 15

Dolomite, gray, finely crystalline; dolo-
mite, buff, medium crystalline ............ 15

Dolomite, as above, argillaceous ............ 10

Dolomite, gray, grayish brown, finely
to medium crystalline, porous; some
chert, buffish white and gray, granu-
JBY e 10

No sample ..o, 5

Dolomite, gray, finely -ecrystalline;
chert, buffish-white and gray, oolitic,
smooth to granular, dolomitic; minor

amount of green shale ....................... 35
Dolomite, creamy buff, finely to medi-
um crystalline, porous _...................... 15

Devonian system.
Upper Devonian series.
Sheffield shale (35 feet thick) :

Shale, light green, soft, calcareous;
some limestone, light brown, finely
to medium crystalline; some dolo-
mite, light brown, medium ecrystal-
HNE e 35

490

500

525

550

565

580
690

600
605

640

655

690

221
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Devonian system—Continued
Upper Devonian series—Continued
Lime Creek, Shell Rock, and Cedar Valley
formations (195 feet penetrated;
fault cuts out about 210 feet of
beds) :

Limestone, buffish-white and light
brown, sublithographic to finely crys-
talline; some shale, dark green, lami-
nated, glauconitic 10

Dolomite, pink to buff, finely crystal-
line; limestone, pink to ‘buff, finely

crystalline to sublithographic ............ 40
Dolomite, cream, medium to coarsely
erystalline ... eereeeseesneranes 22
Shale, green, micaceous 3
No sample; inferred position of fault
plane ... . b
Limestone and dolomite, light gray and
cream, coarsely crystalline ............ 16

Dolomite, buffish brown and gray,
finely to coarsely crystalline; lime-
stone, buff and gray, finely to coarse-
ly ecrystalline 50

Limestone, cream to pink, very finely
to coarsely crystalline; some dolo-
mite, gray to buff, very finely erys-
talline b

Shale, green, calcareous ..........cccceecveeecee 10

Limestone, gray, buff, finely to medi-
um crystalline; some shale, dark
green, brittle, waxy; fossil frag-

ments . 15
Limestone as above, mottled; fossil

fragments b
Limestone, gray and gray-brown, frag-

mental ............ 15

Dolomite, brown, finely granular;
limestone, cream, coarsely crystal-
line 5

700

740

762
765

770

785

835

840
860

8656

870

886

890
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Devonian system—Continued
Upper Devonian series—Continued
Lime Creek, Shell Rock, and Cedar Valley
formations—Continued
Limestone, cream, finely crystalline,
some fragmental, oolitic; fossil
fragments

Middle Devonian series.

Wapsipinicon limestone (120 feet thick) :
Dolomite, buffish brown and gray, very
finely to coarsely crystalline .........._.....
Dolomite, gray, some buff, very finely
crystalline, argillaceous; some chert,
grayish white, granular, speckled
gray
Dolomite, as above
Dolomite, as above, with dark-gray
streaks
Dolomite, grayish buff, very finely
granular :
Dolomite, as above; trace of chert,
white, containing buff and gray
fossils
Limestone, gray, finely crystalline;
dolomite, grayish buff, granular;
shale, green, calcareous; sandstone,
medium, rounded, frosted; chert,
milky, smoky, smooth to granular ....

Ordovician system.
Cincinnatian series.
Maquoketa shale (65 feet thick) :

Dolomite, light buff, finely crystalline;
some limestone, buff and green, fine-

ly to medium crystalline; some lime-

stone, buff and green, finely to medi-

um crystalline; some chert, white to
smoky, smooth
Dolomite, buffish-cream, finely to medi-

um crystalline; some limestone,

trace of chert

b

16
26

6

20

20

10

10

896

920

936
960

966

986

1,006

1,015

1,026

1,030
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Ordovician system—Continued
Cincinnatian series—Continued
Maquoketa shale—Continued
Dolomite, buff-cream, finely to medi-
um crystalline; limestone as above;
trace of chert, buffish white, granu-
- lar, trace of speckled black ................ 5
Dolomite, grayish buff, finely to coarse-
ly crystalline; some chert, buffish
white, granular, trace tripolitic;
trace of limestone and shale .............. 40
Shale, green, laminated .......................... b

Mohawkian series.
Galena dolomite (205 feet thick) :

Dolomite, buff, brown, gray, finely to
medium crystalline ! . 15

Dolomite and limestone, buff to gray,
very finely to medium ecrystalline .... 15

Dolomite, cream to gray, finely to medi-
um saccharoidal . 56

Dolomite, grayish buff, finely crystal-
line, speckled orange .......................... 15

Dolomite, pinkish buff and gray, finely
crystalline ........ 20

Dolomite, cream to buff, very finely to
finely crystalline; some chert, off-
white, granular to tripolitic; contains
3 (812150 | USSR 40

_Dolomite, light grayish buff, finely to
medium crystalline; some chert, buft-
white, granular to tripolitic, speckled
black and buff ... eeemeeeeeemnneeas 10

Dolomite, buff and gray, finely crystal-
line, mottled and speckled black with
small amount of chert ...................... 35

Decorah shale and Platteville limestone
(115 feet thick) : .
Limestone and dolomite, gray, some
pink, finely crystalline ........................ 35
Shale, green, soft, calcareous; some
limestone, buff, black and white, fine-
1y crystalline; trace pyrite; fossils .. 40

1,035

1,076
1,080

1,095
1,110
1,165
1,180

1,200

1,240

1,250

1,285

1,320

1,360
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Ordovician system—Continued
Mohawkian series—Continued
Decorah shale and Platteville limestone—Continued

Shale, brown, flaky, caleareous ............ 10 1,870
Shale, green, fissile; some limestone;
gsome sandstone, frosted .................... 20 ° 1,890
No sample ....eeeeeeeeeeeeeaes 10 1,400
Chazyan series. \ ‘

St. Peter sandstone (65 feet thick) :
Sandstone, white, fine to medium,

rounded, frosted 40 1,440
Sandstone, as above; trace of shale,

BYCRIL ooeeereceeeneeceeeesnnasesessossssenneanes 15 1,456
No sample ... I 5 1,460
Sandstone, as above ..................counune... 5 1,465

. Beekmantownian series.
Prairie du Chien formation (825 feet
thick) : ,
Willow River member.
Dolomite, grayish buff, finely crystal-
line, some silty, sandy .......ccoceue.ne.... 30 1,495
Dolomite, pink, cream and brown,

arenaceous; sandstone, fine to medi-
um, frosted ...l 55 1,660

Root Valley member,
Sandstone, fine to coarse, round to sub-

round, frosted ; some dolomite, arena-
CeOUS ..o..cceveennnee .... 3b 1,685

Oneota member.

Chert, buff and white, containing

oolites, some quartzose; some sand-

stone ........ . 10 1,695
Chert, buff and white, arenaceous,

quartzose; small amount of dolomite,

light buff to brown, finely crystalline,

ArenaceoUS: .........ooooeveeeeeeeieeeeeceeeeererenenes 40 1,635
Dolomite, buff to gray, some pink, fine-

ly crystalline, arenaceous; some

chert, as above; trace of sandstone .... 95 1,730
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Cambrian system,
St. Croixian series.
Jordan sandstone (60 feet thick) :
Sandstone, fine to coarse, rounded,
frosted, trace dolomite cement .......... 60
St. Lawrence formation (80 feet thick) :
Dolomite, dark gray and buff, arena-
ceous, argillaceous; trace glauconite
in lower part ... 80

Franconia formation (250 feet thick) :
Siltstone, gray; dolomite, very glau-
conitic 105
Shale, green, some fissile, calcareous;
limestone, buffish brown, finely crys-

talline; much glauconite ......coeeeeeeeet 185
Glauconite; some limestone and shale,
as above .. 10

Dresbach formation (70 feet thick):
Eau Claire member,
Limestone, buff-white, silty; some
glauconite; some shale, green, lami- .
nated 105

Mt. Simon member.

Sandstone, grayish white, fine to
medium, calcareous 156

No samples ... 10

Sandstone, clear to orange, medium to
coarse, angular to round, frosted,
coarseness increasing toward bot-
tom: some siltstone, grayish green,
argillaceous ... 40

Pre-Cambrian system (?)
Undifferentiated beds (17 feet penetrat-
ed): ‘
Basalt, red, serpentinized .................... 17

1,790

1,870

1,976

2,110

2,120

2,226

2,240
2,260

2,290

2,307 T.D.
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89-28-19P5. Sample log of Cargill Co. well at Fort .Dodge
in NE14SE1,SW1} sec, 19, T, 90 N,, R. 28 W, Drilled in 1946
to a depth of 546 feet and deepened to 1,190 feet in 1950, by
Layne-Western Co., Ames. Altitude of land surface, 990 feet.
Sample study by W. E. Hale and G. C. Huntington.

Thickness Depth
(feet) (feet)
Pleistocene system. '
Recent (6 feet thick) :
Fill material, no samples .................... b b

Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds (80 feet thick) :

Shale, gray to dark gray; trace coal ...... 20 25
Shale, dark gray, pyritic; sandstone,

white, medium, angular ..............._... 5 30
Shale, drabbish white, pyritic ................ 5 35

Mississippian system.
Meramecian series.
Ste. Genevieve limestone (50 feet thick) :

Shale, gray to pale pink, calcareous;

trace pyrite 15 50
Limestone, pale pink, very finely crys-

talline to sublithographic .................... 5 6b
Shale, green and pink, calcareous; trace

pyrite . 25 . 80
Limestone, green, earthy, very finely

crystalline .......oooemeeeeeiee 5 85

St. Louis limestone (50 feet thick) :

Dolomite, tan, coarsely to finely crys-
talline, arenaceous; sandstone, white,
medium, angular to subround, frosted;
some limestone, cream, lithographic;

trace chert, brown, watery .............. 15 100
Dolomite, buff to brown, very finely

crystalline b 106
Limestone and dolomite, gray, very

finely crystalline b 110

Shale, pale gray, silty, sandy ................ b 115
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Mississippian system—Continued
Meramecian series—Continued
St. Louis limestone—Continued
Dolomite, brown, very finely crystal-
line; limestone, light gray, litho-
graphic; some sandstone, medium,
frosted; trace chert, brown, watery .. 10 125
Shale, gray, sandy .....cccoveeveeveemmrcecennnee. 10 135

Osagian series.
Undifferentiated beds (80 feet thick) :

Dolomite, gray to dark brown, coarse-
ly saccharoidal, porous, some speck-
led white; trace shale, green, glauco-
nitic and pyritic ....cveevveeeeeeeenee. 16 150

Dolomite, as above; some limestone;
trace shale, gray; trace -chert,

Arusy ....cocceeeeeeeceenns ... 10 160
Dolomite, brown, medium crystalline,

BIY e 156 175
Dolomite, as above; some dolomite,

earthy; some sandstone, medium ...... 5 180

Dolomite, light brown, medium crystal-

line, vuggy; limestone, gray, very

coarsely crystalline, earthy; trace

pyrite 10 190
Shale, gray Silty ...coceeereeeieeeeeee b 195
Dolomite, grayish brown, medium erys-

talline; some vuggy, some silty and

argillaceous; trace pyrite .................. 20 215

Kinderhookian series.
Gilmore City limestone (96 feet thick) :
Limestone, cream, lithographic to very
finely crystalline .......ccoooveeverevnennnnes 20 235
Limestone, as above: limestone frag-
mental, oolitic; trace of pyrite in
lower part ............... 7% 310
Hampton formation (180 feet thick):
Towa Falls member,

Dolomite, tan, coarsely crystalline,
VUREY  creecermemserssesssssesassasssssessasssnnreacan .. 16 326
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Mississippian system—Continued
Kinderhookian series—Continued
Hampton formation—Continued
Iowa Falls member—Continued
Limestone, drabbish white, crystalline,

oolitic .. 10
Dolomite, tan, coarsely crystalline,
some silty 10

Eagle City member.
Limestone, buff, medium to coarsely
crystalline . S 10
Limestone, buff, lithographic ................ 20

Maynes Creek member.

Dolomite, tan, coarsely saccharoidal,
porous; some chert, buff, smooth,
trace watery brown; trace of pyrite 20

Dolomite, gray, finely to medium crys-
talline, argillaceous: trace of chert,
gray ... .. 15

Dolomite, gray to buff, finely to coarsely
crystalline; some limestone, gray to
buff, finely to medium crystalline ...... 25

Dolomite, gray, finely crystalline; some
chert, gray, smooth, some speck-
led brown ... .. 10

Dolomite, gray, finely crystalline, silty;
some limestone, gray, coarsely crys-
talline; some chert, as above .............. 40

Dolomite, beige, medium ecrystalline;
some limestone, gray, medium crys-
talline .o 5

Devonian system.
Upper Devonian series.
Sheffield shale (40 feet thick) :
Shale, light-green, smooth; trace of
dolomite, light-gray, medium ........... 40
Lime Creek, Shell Rock, and Cedar Valley
formations (420 feet thick) :
Dolomite, light gray, fine, dense ............ 10
No samples ........ : 40

336

345

366
375

396

410

436

445

485

- 490

530

540
580

229
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Devonian system—Continued
Upper Devonian series—Continued
Note: Driller’s log from 580 to 1,005 feet.

Limestone, hard 100
Shale, blue . 10
Limestone ...occcoccceevvcecerrennnn 1956
Shale, blue . 15
Limestone 5
Shale aeeeeeeeeeceeeeeeereeccen et 10
Limestone, hard ..........cccocciiiiinnnrnnecees 36+

Middle Devonian series?
Wapsipinicon limestone (approximately

120 feet thick) :
Limestone, hard .........ccoooeeiirrearicaeee. 45+
Shale, blue ....oceeeeeeeircneneee b
Limestone ' .. b
Dolomite, gray, finely granular .............. 45

Dolomite, gray, finely granular, some
sandy; some chert, black sand

grains .. 10
Shale, grayish green, soft, calecareous
sandy . .. 10

Ordovician system.
Cincinnatian series.
Maquoketa formation (80 feet thick) :
Dolomite, gray, finely granular; some
chert, white, smooth to granular,
dull, some tripolitic; trace shale,
green and brown 35
Dolomite, cream, medium to coarsely
crystalline, dense, some arenaceous;
some chert, as above 16
Shale, gray, dolomitic; cherty ............... 30
Mohawkian series:
Galena dolomite (40 feet penetrated) :
Dolomite, cream, medium to coarsely
crystalline; some cherf, cream,

smooth to granular 16
Shale, very dark green; some chert, as
above . b

Dolomite, cream, medium to coarsely
crystalline ; some chert as above ... 20

680
690
886
900
906
915
9650+

996
1,000
1,006
1,050
1,060

1,070

1,106

1,120
1,160

1,166
1,170

1,190 T.D.
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89-28-26E1. Sample log of Certain-teed Products Corp.
well near Fort Dodge in NW14, SW14, NW1 sec. 26, T. 90 N.,
R. 28 W. Drilled in 1946 by Art Vinson, Fort Dodge. Altitude
of land surface, 1,115 feet. Sample study by W. E. Hale.

Thickness Depth
(feet) (feet)
Pleistocene system.
Undifferentiated beds (45 feet thick) :

No sample 5 b
Till, gray, calcareous 26 80
Sand and gravel, heterogeneous, dirty 15 45

Permian (?) system.
Fort Dodge formation (20 feet thick) :

Shale, red, soft, silty, very calcareous 5 50
Gypsum, massive 14+ 64+
Shale, red, calcareous 1+ 65

Pennsylvanian system.
Desmoinesian series,

Undifferentiated beds (15 feet thick) :
Shale, dark gray, laminated, waxy ........ 15 80

Mississippian system.
Meramecian series.
Ste. Genevieve limestone (60 feet thick) :
Shale, gray, green and red, soft, cal-
careous, with some pyrite; some lime-
stone, light gray, finely crystalline;
fossils 60 140
St. Louis limestone (45 feet thick) :
Limestone, beige, very finely crystalline 5 145
Dolomite, beige to tan, finely to very ‘
finely crystalline, sandy, silty, some
argillaceous; some sandstone, medi-
um, frosted 35 180
Sandstone, fine to medium, frosted ...... 5 185
Osagian series (60 feet penetrated) :
Undifferentiated beds:

Shale, medium gray, unctuous; trace
PYTIte e 15 200
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Mississippian system—Continued
Osagian series—Continued
Undifferentiated beds—Continued
Dolomite, buff, gray, mostly brown,
medium saccharoidal; some chert,
dull white and quartzose; trace

glauconite ... 15
Dolomite, brown, medium saccharoidal,
lower 10 feet porous .............ccceceeeeeeee 20

No sample ...t cereeeeeenes 12

215

2356
247 T.D.
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89-29-20N1. Sample log of Swaney Motor Co. farm well
near Moorland in the NW14 SW14 SW1 sec. 20, T. 89 N,, R. 29
W. Drilled in 1948 by Art Vinson, Fort Dodge. Altitude of
land surface, 1,160 feet. Sample study by M. C. Parker.

Thickness Depth
(feet) (feet)
Pleistocene system.
Undifferentiated beds (125 feet thick) ;

Till, buff, sandy, calcareous .................... 10 10
Sand, buff, fine, calcareous ................... 5 15
Till, gray, calcareous 15 30
Sand and gravel, heterogeneous ............ 20 50
Till, gray, calcareous ............oecoeeeeeeencn. 10 60
Till, buffish, orange, calcareous .............. 20 80
Clay, buffish brown, silty, sandy, cal-

CAYEOUS —oiieeeeeeeineeeeececceneneeeens 5 85
Clay, as above, slightly calcareous ........ 5 90
Till, gray and brown, calcareous ........ 5 96
Clay, brown, silty, sandy, noncal-

careous, micaceous .. 10 105
Clay, as above, slightly calcareous ........ 20 126

Cretaceous system.
Upper Cretaceous series. ;
Dakota (?) formation (80 feet thick) :
Shale, light creamish gray, soft, unc-
tuous, with fine sand ......cccocoeecreeeeeeees b 130
Sandstone, white and yellow, very fine
to fine, angular, few coarse grains,
polished ................ 10 140
Shale, as above ..............oovreeeiieinene 5 146
Sandstone, white to yellow, fine to medi-
um, angular, some pink and black
grains, larger grains polished .........._. 10 1566

Pennsylvanian system.
Desmoinesian series,
Undifferentiated beds (115 feet thick):
Sandstone, light gray, very fine, dolo-
mite cement; shale, dark gray, lami- .
nated .o 10 166
Shale, dark gray, soft, unctuous, lami-
nated; trace pyrite _.....o.oooveeeeei.. 10 175




234 GEOLOGY AND GROUND-WATER RESOURCES

Pennsylvanian system—Continued
Desmoinesian series—Continued
Undifferentiated beds—Continued
Shale, black, laminated, soft, unctuous;
some pyrite; some sandstone, very

fine, angular; and shale, gray ............ 30
Shale, medium gray, soft, laminated .... 10
Shale, black 22

Sandstone, light gray, calcareous; trace
chert, light gray and buff, granular 8
Dolomite, buff, very finely crystalline,
dense; some chert, grayish white and
dark gray, granular ... ............ b
Shale, black, with some pyrite ................ 10
Shale, green; some pyrite; trace of
limestone, brown, finely crystalline .... 10

Mississippian system.
Meramecian series.
St. Louis limestone (10 feet thick) :
Dolomite, brown-black, mottled, fine to
medium fragmental; some sandstone,
frosted, subround .........occeoimneceeeees 5
Limestone, gray, finely crystalline, ar-
gillaceous; some dolomite and sand-
stone, as abOVE ...ceeiiiiiiiaieeeee. b

Osagian series.
Undifferentiated beds (10 feet penetrated):
Dolomite, creamish brown, finely gran-
ular, porous; some chert, buff, mot-
tled, nodular, fragmental ................... 10

205
216
237

246
250
260

270

276

280

290 T.D.
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89-29-831F1. Sample log of A. J. Crawford farm well near
Moorland NE14 SE14 NW1 sec. 81, T. 89 N., R. 29 W. Drilled
in 1948 by Harold Rasmussen, Callender. Altitude of land sur-
face, 1,171 feet. Sample by R. W. Screven.

Thickness Depth
(feet) (feet)
Pleistocene system.
Wisconsin stage (75 feet thick) :

No 8amPples ......ooovorereecreeerceeeeesrecnneenns 30 30
Till, buff, calcareous 10 40
Till, grayish buff, calcareous ................ 10 50
No sample . 10 60
Sand and gravel, heterogeneous ............ 5 66
No sample ... 10 75
Kansan stage (60 feet thick) :
Till, orangey-buff, leached ................ 5 80
No sample ... b 85
Till, orange, slightly calcareous .............. b 90
Till, orange, calcareous ..........ccce.o.... 5 95
Till, buff, calcareous ............occcooeeeaceeees b 100
No sample 5 105

Till, buffish brown, slightly calcareous 10 115
Till, brownish gray, silty, slightly cal-

(330 1010 . b 120
Till, grayish buff, calcareous ................ 10 136

Permian (?) system.
Fort Dodge formation (28 feet thick):
Shale, red, soft, sandy, silty, calcareous

with authigenic quartz ....................... 10 146
Sandstone, pink, fine to very fine, cal-

careous 12 167
Shale, gray, calcareous, silty e B 162

Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds (3+ feet penetrated)
Shale, black 3+ 1656 T.D.
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89-30-2Q1. Driller's and sample log of V. F. Lentsch farm
well near Clare in the SEl4 SW4, SE1 sec. 2, T. 89 N,, R. 30
W. Drilled in 1946 by J. M. De Vaul, Havelock. Altitude of land
surface, 1,150 feet. Sample study by Ethylmae Schultz. Driller’s
log to depth of 571 feet.
Thickness Depth
(feet) (feet)
Pleistocene system.
Undifferentiated beds (116 feet thick):

Clay, Dlue .ot 94 94
Sand, yellow ............... e s 10 104
Clay, gray .............. 12 116

Cretaceous system,
Undifferentiated section (507 feet penetrated):

ROCK e 5 121
Shale, gray ..o 32 153
ROCK e, 4 157
Shale, ray ..o 113 270
Shale, black .....ccoooeeeieieeee. 170 440
Shale; rock ... 26 466
Sandstone ..........ooooimeeeeee 6 472
Sandstone, hard ... . 11 - 483
Shale; rock ..cooeomeeeeeeeeeeeeeeeteeaeee 88 571
Dolomite, yellowish gray, sublitho-

graphic, arenaceous 2 573
Shale, light gray, no structure, dull,

arenaceous, dolomitic ....................___. 17 590

Sandstone, yellowish white and pink,
very fine to medium, angular to
curvilinear, wWaxy .cierrrerecrenienns 33 623 T.D.
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89-30-11R1. Sample log of V. and M. McLaughlin (formerly
B. Lentsch) farm well near Barnum in NEl; SEl; SEl, sec.
11, T. 89 N,, R. 30 W. Drilled in 1946 by Art Vinson, Fort
Dodge. Altitude of land surface, 1,176 feet. Sample study by
Ethylmae Schultz,
Thickness Depth
7 (feet) (feet)
Pleistocene system.
Undifferentiated beds (110 feet thick) :

Till, yellow, calcareous ........................... 20 20
Till, gray, calcareous ...........coeoeee.... 10 30
Sand and gravel, heterogeneous, dirty 20 50
Sand, coarse (dry) . 10 60
Clay, silty, brown, leached (Loveland

10€887) oo, 20 80
Sand and gravel, heterogeneous, silty .... 20 100
Sand, fine to meduim 5 105
Clay, gray; some sand, very fine ........ b 110

Pennsylvanian system.
Desmoinesian series. -
- Undifferentiated beds (60 feet thick) :

Sandstone, very fine to fine, calcareous 30 140
Shale, gray, arenaceous, calcareous ... 5 145
Dolomite, brown and gray, dense, argil-

laceous .......o.oooovoomeeeee. 5 150

Shale, dark gray, unctuous; trace of
sandstone, white, medium coarse,
waxy, pyritic; trace of coal .............. 20 170

Mississippian system.
Meramecian series. '
St. Louis limestone (60 feet thick) :
Limestone, beige, earthy, very arena-

ceous; sandstone, white, frosted ... 2 172
Shale, light-gray, soft, unctuous ........ 3 176
Sandstone, yellow, coarse, waxy (crev-

ice filling) ... 10 185
Limestone, tan and beige, finely crystal-

line, arenaceous ............ccoooeveeeevrueaecnnn. 15 200

Sandstone, coarse, dull, waxy (crev-
ice filling) . 5 2056
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Mississippian system—Continued
Meramecian series—Continued
St. Louis limestone—Continued
Dolomite, cream, very finely crystalline

to lithographic b 210
Limestone, beige, very arenaceous ........ 6 215
Limestone and dolomite, as above;

sandstone (crevice filling) ............. 15 230

Osagian series.
Undifferentiated beds (80 feet thick) :
Dolomite, gray, very ﬁnely granular, ar-

gillaceous 5 235
Dolomite, brown, medium granular,

very porous 10 245
Dolomite, cream, tan, very calcareous,

with many dolomite rhombs ................ 5 250

Dolomite, creamy biege, finely crystal-
line, earthy, with calcite crystals ..
Limestone, light brown, sublithographic
Limestone, greenish gray, finely crys-
talline, argillaceous; much glauconite 5 265
Dolomite, gray, very finely granular;

small amount chalcedony, white;

trace chert, gray; some glauconite .... 15 280
Limestone, light brown, fragmental,

slightly oolitic 3 285
Dolomite, gray, very finely granular;

some limestone; trace chalcedony,

trace quartz, crystalline .................... 10 295
Dolomite, medium gray, finely crystal-

line, argillaceous; trace of white

chalcedony; trace of crystalline

quartz ... 15 310

266
260

[, I~

Kinderhookian series.
Gilmore City limestone (145 feet thick):
Limestone, buff and cream, lithographic b5 315
Limestone, cream, fragmental, oolitic,
some sublithographic ......ccccevvreenens 86 400
Limestone, beige to tan, sublithograph-
ie, earthy, argillaceous .................... 56 455
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Mississippian system—Continued
Kinderhookian series—Continued
Hampton formation (50 feet thick):
Limestone, tan, finely crystalline; dolo-
mite, calcareous
Dolomite, gray, finely saccharoidal ........
Dolomite, as above; limestone, cream,
finely crystalline
Dolomite, light brown, finely crystal-
line, slightly calcareous; some lime-
stone )
Dolomite, brown, finely crystalline, with
included chert, gray; some -chert,
gray, dull; trace of chert, gray, oolitic
Dolomite, light brown, finely ecrystal-
line; siltstone, dolomitic ..................
Shale, green; trace of pyrite ..._..... W
Dolomite, beige to gray, finely crystal-
line eeeteetoeeeeeeeesteeeteresaeeeeameananen
Siltstone, beige

Devonian system.
Upper Devonian series.
Sheffield shale (10 feet thick) :
Shale, light-gray, soft; trace pyrite ....

Lime Creek shale (56 feet penetrated) :
Dolomite, cream to yellow, finely to
medium crystalline; some white, me-
dium crystalline; trace of chert, gray-
ish white
Shale, gray, dolomitic
Dolomite, light-cream, medium crystal-
line
Limestone, reddish-brown, medium
crystalline, fragmental .......................
Dolomite, cream, finely ecrystalline,
caleitic

26
20

10

.16

60

10

156
16

16

239

480
500

510

b2b

586

690
595

600
605

615

630
645

650
6566

671 T.D.
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90-27-28D1. Sample log of J. M. Engels farm well near
Vincent in NE14, NW14 NW1/ sec. 28, T. 90 N., R. 27 W. Drilled
in 1947 by Northwest Drilling Co., Humboldt. Altitude of land
surface, 1,135 feet. Sample study by S. E. Harris, Jr.

Thickness Depth
(feet) (feet)
Pleistocene system.
Undifferentiated beds (85 feet thick):

No samples ......cccoomeeeiieeeiiieecreeeeeeee 5 5
Till, yellow, calcareous ............cccecoeeeeeeen.. 10 15
Till, brownish gray, calcareous ............ 70 85

Mississippian system.
Meramecian series.
St. Louis limestone (15 feet thick) :
Sandstone, cream, calcareous, coarse
sand is rounded and frosted, fine sand
is angular to subangular .................... 15 100

Osagian series.
"Undifferentiated beds (70 feet thick):
Dolomite, grayish brown, dense, and
yellowish gray, saccharoidal; some
chalcedony, bluish white ................. 15 116
Limestone, cream to light gray, litho-
graphic to sublithographic; some

dolomite, as above ......ccoeorooeiiiieceneee 35 150
Limestone, light gray, dense, with finely
disseminated glauconite ................. 5 155

Dolomite, light gray, saccharoidal, very
silty, argillaceous; some chert, white;
some chalcedony ..ccooiiiiovieniiieeee. 15 170

Kinderhookian series.
Gilmore City limestone (100 feet thlck)
Limestone, cream, lithographic with

ATUSES  oeeeeeverereeeerereeene e enaenneasasenncennne 20 190
Limestone, cream, fragmental, oolitic;
some limestone, sublithographic _....... 80 270

Hampton formation (145 feet penetrated) :
Dolomite, gray to tan, very finely erys-
talline, mottled black and orange in
lower 5 feet, porous in places .......... 30 300
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Mississippian system—Continued
Kinderhookian series—Continued
Hampton formation—Continued
Limestone, cream, sublithographic and
pseudo-oolitic; dolomite, tan, finely
crystalline, saccharocidal ................... 15
Limestone, cream to light brown, sub-
lithographic; some dolomite rhombs 20
Dolomite, tan, very finely crystalline;
some chert, light gray and subwhite 5
Dolomite, drabbish gray, very finely
crystalline, dense; some limestone,
light to grayish buff, very finely crys-
talline; some chert, subwhite to light

gray ... reteerasearnnnennrennneseasaeane 45
Dolomite, light buff to light gray, very
finely crystalline, dense ... 5

Dolomite, light buff to light gray, very
finely crystalline, dense; some chert,
cream to light gray, stony; some lime-
stone, light buff to light gray ........._.. 25

No samples 5

241

316
336

340

386

390

415
420 T.D.
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90-27-31N2. Sample log of C. S. Knudson farm well near
Vincent in SW14,SW14SW1/ sec. 31, T. 90 N., R. 27 W. Drilled
in 1945 by Art Vinson, Fort Dodge. Altitude of land surface,
1,125 feet. Sample study by S. E. Harris, Jr.
i Thickness Depth
. (feet) (feet)
Pleistocene system.
Wisconsin stage (70 feet thick) :
Till, yellowish buff, calcareous ............... 16 15
Till, gray, calcareous ..........cccceceeeermmene- 10 26
Sand and gravel, heterogeneous, con-
taining grains and pebbles of lime-
stone, dolomite, gray shale, quartz,
and igneous rocks. Very dirty and -
apparently interbedded with till, buf-

fish gray, calcareous ........................ 15 40
Till, gray, calcareous ................... 25 66
Sand, yellowish, fine to medium, hetero-

geneous grains ...... .. b 70

Permian (?) system.
Fort Dodge formation (43 feet thick):
Shale, light gray, soft, micaceous, cal-
careous, containing some pyrite ........ 53 (5}
Limestone, yellow, with interbedded
sand, fine to medium. Also contains
abundant rounded pellets of lime-
stone, dolomite, and authigenic quartz 6 80
Sandstone, light gray, calcareous ce-
ment, very fine, angular, with coarse
sand of quartz, angular chert, lime-
stone, and dolomite ...l 10 90
Limestone, light creamy gray, with fine
sand; limestone and dolomite pellets
embedded in the limestone. Many
pellets are fragments of fusulinids

and bryozoans 5 95
Gypsum, white and clear, crystalline
and amorphous ...... 15 110

Limestone, light yellowish gray and
pinkish, fragmental, containing bryo-
zoan, fusulinids, and crinoid frag-
ments. Much pyrite ......cocceinniireenne. 3 113



- OF WEBSTER COUNTY, IOWA

Mississippian system.
Meramecian series.

Ste. Genevieve limestone (27 feet thick) :

Marl, grayish green and red, with in-
creasing amount of limestone, light
grayish brown, very finely crystal-
line near base, fossiliferous ................

St. Louis limestone (45 feet thick) :
Sandstone, subwhite, calcareous, very
fine, angular, with some medium
sand; some sandstone, white, coarse,
finely frosted; some limestone, buff,
very finely crystalline to sublitho-
graphic, with some sand imbedded
Limestone, light brown, very finely erys-
talline; some chert, light brown and
gray, subconchoidal ........occoovoeeeeeeeees
Sandstone, white, coarse, frosted, and
fine, angular; some limestone, sub-
lithographic; pink and yellow chert
graing; trace of pyrite .....ooeeeeeeeeeee.

Osagian series.
Undifferentiated beds (80 feet thick) :
Dolomite, drab, fine to medium crystal-
line; limestone, grayish buff and
brown, sublithographic .......................
Dolomite, dark brown, saccharoidal,
brilliant, fine to medium crystalline,
vuggy; some quartz, brown, watery
near base
Limestone, drabbish-gray, fine to near-
ly medium crystalline, speckled with
small glauconite grains .................
Dolomite, drabbish-gray and buff, sac-
charoidal
Shale, green and gray, noncalcareous,
some dolomite, drabbish brown, finely
to nearly medium crystalline, argil-
laceous
Dolomite, brown and gray, finely crys-
talline, dense, argillaceous....................

27

15

20

5

10

15

140

150
166

186

200

220

226

236

250

266

243
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Mississippian system—Continued
Kinderhookian series.

Gilmore City limestone (115 feet thick) :
Limestone, cream, sublithographic to
lithographic; some quartz, clear ._.......
Limestone, cream to subwhite, frag-
mental, oolitic; some limestone, sub-
lithographic .
Dolomite, dark-brown, finely crystal-
line; some chert, white, banded ........
Limestone, cream to subwhite, frag-
mental, oolitic; some limestone, sub-
lithographic ....ceoeeeeeeereeeceeceeeecaeee

Hampton formation (25 feet penetrated) :

Dolomite, light™ yellowish gray, finely
and medium crystalline, sparkling ...
Dolomite, light-gray, finely crystalline,
dense, mottled with black specks ......
Dolomite, brown to buff, finely and
medium crystalline, sparkling .......

15

45

50

10

280

325

330

380

390
395

405 T.D.
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90-28-156D2. Sample log of Badger town well in the NW1,
NWY, NWl, sec. 15, T. 90 N,,. R. 28 W. Drilled in 1947 by
Thorpe Well Co., Des Moines. Altitude of land surface, 1,155
feet. Sample study by W. E. Hale and R. M. Jeffords.

Thickness Depth
(feet) (feet)

Pleistocene system.
Wisconsin stage (80 feet thick) :

Till, brown, leached, silty, quartz sand.... 10 10
Till, buff, calcareous .............cccccoc.......... 10 20
Sand, fine to coarse, heterogeneous,

Y e 5 25
Till, gray, caleareous .............ccecooe.... 55 80

Kansan stage (40 feet thick) :

Till, orange, leached ...............cc.oceeeeeo. 5 85
Till, orange, calcareous ............ccoeoeee....o. 5 90
Till, brownish ray ......veeveeene. 15 106
Sand, heterogeneous .............cocccoeveeeneeee. 15 120

Nebraskan (?) stage (20 feet thick) :
Clay or till, chocolate brown, slightly
calcareous, very silty and pebbly .... 20 140

Mississippian system.
Meramecian series.
St. Louis limestone (25 feet thick) :
Dolomite, buffish tan, very finely crys-
talline; sandstone, medium angular
to round, some frosted grains, cal-
careous; trace of chert, pale gray,

translucent .......ooooomviieiiiiiiiiiiieeees 10 150
Sandstone, white, fine to medium, angu-
lar to rounded, frosted, calcareous.... 15 165

Osagian series.
Undifferentiated beds (85 feet thick) :

Dolomite, light brown, finely crystal-
line; limestone, grayish cream, very

finely crystalline, earthy ................... 10 176
Dolomite, brown, medium crystalline,
brilliant, vuggy in places ................._.. 20 195

Unconformity ?
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Mississippian system—Continued
Osagian series—Continued

Dolomite, light reddish brown, finely
to medium crystalline, and grayish
buff, medium crystalline, mottled
with small glauconite grains; some
limestone, gray, earthy, mottled by

glauconite and druses ......cocue.e.. 10
Shale, gray, calcareous; some chert,
EYAY, SMOKY .eoceeecceeccececceressmmsscneranenenns 10

Dolomite and limestone, yellowish gray,
very finely crystalline, argillaceous,

with some chalcedony ...................... 16
Limestone, gray to buff, sublithograph-
ie, argillaceous ... 20

Kinderhookian series.
Gilmore City limestone (90 feet thick) :
Limestone, cream to subwhite, frag-
mental, in part oolitic and pseudo-
oolitic . 90

Hampton formation (about 190 feet thick) :
Dolomite, buff to light brown, coarsely
erystalline, calcite cement ................... 5

Limestone, buff and cream, fragmental,

with some dolomite rhombs ................ b
No sample ... b
Dolomite and limestone, as above ........ 5

Limestone, buff and cream, fragmental 20
Limestone, light brown to grayish
cream, sublithographic ......._.............. 20
Dolomite, tan to brown, medium gran-
ular .. . . 10
Dolomite, as above, and gray, medium
crystalline, argillaceous _._................. 16
Dolomite, gray and brown, finely sac-
charoidal ; some chert, pale gray and
cream, opaque, Stony ......ccecrveenenen 15
Dolomite, gray, buff and brown, medi-
um crystalline, porous ..........cce.co... 10

205

216

230

250

340

345

350
355
360
380

400

410

426

440

450
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Mississippian system—Continued
Kinderhookian series—Continued

Gilmore City limestone—Continued
" Dolomite, drab, medium erystalline;
some chert, white to light gray,
granular ; some chert, milky white .... 15
Dolomite, drab, crystalline; chert, light

brown and light gray, granular .._..... 5
Dolomite, drab, as above; some chert,
dark brown and gray ... 10

Dolomite, light gray, silty; some chert,
very light gray, speckled, granular.... 20

Dolomite, light brown, porous, saccha-
roidal ; 26

No sample (may have reached Shef-
field shale) .............. eeeveenneeeenneas b3

247

465
470
480
500
525

530 T.D.
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90-28-36D1. Sample log of E. I. Oleson farm well near Badger
in the SW14 NW1, NW{ sec. 85, T. 90 N,, R, 28 W. Drilled in
1946 by Art Vinson, Fort Dodge. Altitude of land surface 1,127
feet. Sample study by E. Schultz. '
Thickness Depth
(feet) (feet)
Pleistocene system.
Wisconsin stage (70 feet thick) :

Till, buff, calcareous............ccceuueruuun..... 20 20
Till, drab, calcareous................................ 35 56
Sand and gravel, heterogeneous, dirty.. 5 60
Till, drab, calcareous...........cccceoeveeeceeenen. 10 70

Permian (7) system.
Fort Dodge formation.
Sandstone, subwhite, very fine, angular,

pitted. e 5 75
Shale, light buff, very silty, calcareous,

=10 § /AR 5 80
Shale, red, soft, very silty, calcareous,

containing much authigenic quartz.... 15 95

Limestone and dolomite, light cream,
composed of pellets about 1 mm in
diameter; some sandstone, very fine,
and authigenic quartz.......................... 5 100

Pennsylvanian system.
Desmoinesian series.
Undifferentiated beds (55 feet thick) :
Shale, gray; sandstone, fine; some
siderite and hematite.............ccoeeueeenc 5 105

Shale, light and dark gray, unctuous,
much carbonaceous material; thin
coal seams; few thin beds of sand-
stone, fine, white ....ccccoeeiimiirrecicnnnnnee 50 156

Mississippian system.
Meramecian series.
Ste. Genevieve limestone (10 feet thick) :
Shale, gray, caleareous; trace of pyrite.. 10 165
St. Louis limestone (55 feet penetrated) :
Limestone, light cream, sublithographic § 170
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Mississippian system—Continued
Meramecian series—Continued
St. Louis limestone—Continued
Sandstone, subwhite, very fine, calcite
cement; trace chert, gray subcon-
choidal; trace pyrite..........cccooevenee.. ) 176
Limestone, light beige, sublithographic.. 10 185
Sandstone, fine to coarse, coarse grains
frosted, calcareous, grading into lime-
stone, subwhite, very arenaceous;
some gray chert fragments.................. 26 210
Dolomite, tan, finely crystalline, porous,
some sandstone and limestone, as

AbOVE e b 216
Sandstone, white, fine, frosted, angular
to rounded ...... eeemmeeeeenneeeeesorenannn 5 220 T.D.

90-29-29B1. Sample log of W. C, Ulrich farm well near Clare
in the NE14, NW14 NE14 sec. 29, T. 90 N., R. 29 W. Drilled in
1948 by Art Vinson, Fort Dodge. Altitude of land surface, 1,176
feet. Sample study by R. W. Screven.
Thickness Depth
(feet) (feet)
Pleistocene system.,
Undifferentiated beds (77 feet thick) :

Soil developed on till, brown................... 10 10
Till, orange, buff, calcareous.................. 10 20
Till, gray, calcareous................cc............ 10 30
Sand and gravel, heterogeneous, cal-

careous ... et en 20 50
Till, gray, calcareous................................ 10 60
Sand and gravel, heterogeneous.............. 5 65
Till, gray, calcareous................ccccoeeeee... 5 70

Sand and gravel, heterogeneous.............. 7 T

Missi'ssippian system.
Meramecian series.
St. Louis limestone (31 feet thick) :
Limestone, yellow to white, finely sac-
charoidal, sandy; sandstone, white,
fine to coarse, coarse grains frosted,
caleareous ... 31 108
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Osagian series.
Undifferentiated beds (77 feet thick) :
Dolomite, grayish brown, finely crystal-
line, some chert, light-gray, quartz-

ose; trace of glauconite ....................... 12
Dolomite, light buff to buff, finely crys-
talline; trace glauconite and pyrite.... 5

Dolomite, brown, finely crystalline to
sublithographic, porous; druses and
chert, grayish white, mottled; trace
glauconite and pyrite 20

Dolomite, pink to reddish brown, finely
crystalline; trace glauconite................ 20

Dolomite, buff, sublithographic, caleite
CEMENTE ...t reeaeeenens 10

Dolomite, gray, brown, finely crystalline 10

Kinderhookian series.
Gilmore City limestone (67 feet penetrated) :
Limestone, white-buff to buff, litho-

graphic eeeeemmeeesmeaessessesesaseeennns 5
Dolomite, greenish gray, very finely
erystalline ..o 53

Limestone, buff, fragmental, oolitic;
some dolomite, greenish-brown, silty,
argillaceous ........ .. 87

120

126

146
165

176
185

190

196

262 T.D.
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90-30-3A1. Sample log of E. F. Beeh farm well, near Clare,
in NE cor, sec. 3, T. 90 N., R. 30 W. Drilled in 1947 by North-
west Drilling Co., Humboldt. Altitude of land surface, 1,180
feet. Sample study by M. C. Parker.
Thickness Depth
(feet) (feet)
Pleistocene system. ‘
Undifferentiated beds (95 feet thick) :

Clay, black, sandy, silty. 5 5
[Till, yellow, calcareous...............cccocee.cce.. 15 20
Till, gray, calcareous.. 30 50
Till, buff, calcareous 25 5
Till, buff and gray, calcareous............_... 5 80
Silt, brown, sandy, micaceous, calcare-

(31 T S . b 856
Clay, buffish-brown, sandy, calcareous.. 10 95

Cretaceous system.
Undifferentiated section (70 feet penetrated) :

Shale, gray, soft, unctuous, calcareous.. 5 100
Shale, light gray, very sandy; sand,

medium, composed of many pink and

clear quartz grains. 10 110
Shale, dark gray, unctuous, fissile.......... 5 115
Shale, light gray, sandy, much pyrite.... 8 123
Sandstone, medium to coarse, angular to

subrounded, cemented in part by

brown siderite and pyrite. Sand

grains are composed of clear to pink

quartz and greenish buff chert. A

few granules and pebbles are dull pol-

ished ....oocooeeereeeeeeceenens .. 42 165 T.D.
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90-30-3A2. Sample log of E. F. Beeh test hole near Clare, in
NwWiy, NE14 NEIj sec. 3, T. 20 N, R. 30 W, Drilled in 1947
by Northwest Drilling Co., Humboldt. This test hole is about
one-fourth of a mile west of 90-30-3A1. Altitude of land sur-
face, 1,180 feet. Sample study by S. E. Harris, Jr. Note: In
1945 an unsuccessful well was drilled at this site to a depth of
between 500 and 600 feet. The driller reported a predominantly
shale section with some beds of hard rock.

Thickness Depth

(feet) (feet)
Pleistocene system.

Undifferentiated beds (90 feet thick) :

Till, brown, caleareous.........ccccocoeeemeueeeen 5 5
Till, yellowish buff, calecareous, contain-

ing many shale pebbles....................... 15 20
Till, gray, calcareous.............ccccoeveeeeec.e. 30 50
Till, buff, calcareous ... 30 80

Sand and gravel, heterogeneous, contain-
ing a large amount of white to yellow
limestone granules and pebbles ... 10 90

Cretaceous system.
Undifferentiated Manson section (70 feet penetrated) :
Shale, gray, hard, carbonaceous, and
pyrite specks; trace of platy minerals 35 1256
Siltstone to sandstone, very fine, light
gray, very glauconitie, calcareous .... 10 136
Shale, grayish-brown, slightly calcare-
ous containing sand, fine to medium,
angular ..o 15 150
Shale, gray, with silt laminations.......... 10 160 T.D.
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90-30-4E1. Sample log of Albert Licht farm well near Clare
in SW14 SW14 NW1/, sec. 4, T. 90 N., R. 30 W. Drilled in 1949-
50 by Northwest Drilling Ca., Humboldt. Altitude of land sur-
face, 1,198 feet. Sample study by R. M. Jeffords and G. C.
Huntington. Note: Driller's log to 220 feet. This well devel-
oped a very small supply of water,
Thickness Depth
(feet) (feet)
Pleistocene system.
Undifferentiated beds (approximately 110 feet thick) :

Clay, yellow ......c.ovevveriiieeeeeceeeaeeen 40 40
Clay, blue ..o 40 80
Clay, blue, sandy .........cocooeooemmen. 5 85
Sand ... 5 90
Clay, yellow ........oooovoeeeeeeeeeeeeereeeeeeenne 20 110

Cretaceous system.
Manson sequence (approximately 995 feet penetrated) :

Shale, black ..o 110 220
Shalé, dark gray, clayey, noncalcareous,

MICACEOUS ...ttt enee 5 225
No samples ..........oocooenmieeeeeeeeane 25 250

Shale, dark gray, clayey, slightly cal-
careous; trace siderite pellets, and

PYTIte e 65 315

No samples ... 2256 @ 540
Shale, very light gray, soft, clayey, non-

calcareous; some siderite pellets........ 5 6545

- Shale, grayish red, clayey; some siderite ‘

pellets e 5 560
Shale, brownish gray, clayey; some sid-

erite pellets .......ooovvereeiinieeiieeeees 5 565

Shale, light gray, noncalcareous, no
structure; siderite pellets up to 2 mm.
in diameter; thin bed of sandstone,
fine to medium, angular to curvilin-
ear, clear, some frosted, at 620 feet.... 75 630

Shale, gray, no structure, noncalcare-

0us, Silty ..o eeeeeeeeeaen 15 645
Shale, gray, massive; trace of siderite
pellets s 85 730

Shale, gray laminated, soft.......................... 5 736
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Cretaceous system—Continued

Manson sequence—Continued

Shale, light gray, no apparent lamina-
tions ........ 25

Shale, gray, soft, laminated ; shell frag-
ments, buff, some with pearly luster.

Inoceramus? ... 26
Shale, gray, hard 25
Shale, brownish gray; trace of colum-

nar calcite and spicules........................ 20
Shale, gray, soft, ﬁaky; trace of pyrite

and mica .o 10

Shale, light gray, soft unctuous trace
of columnar calcite. Inoceramus?...... 15
Shale, gray, silty; siderite, massive,
brown; many Inoceramus fragments

and siliceous spicules :........cccceeeeee.ec..ec 5
Shale, dark gray; some siderite, mas-
BIVE oo eaes 20

Sandstone, fine to nearly medium, angu-
lar, clear, loose (report some water

but would not clear) ........ccocueeoenennen. 10
Shale, light to medium gray, unctuous,
gilty, noncalcareous 16

Sandstone, fine to nearly medium, angu-
lar, clear; trace shale, black, carbon-
aceous (report water, but would not

clear) ... 60
Siltstone, green and brown, calcareous

cement ....... 156
Sandstone, fine, angular, micaceous........ 20
No samples 25
Shale, medium gray, no lammatlons ap-

parent, silty . 16

Shale, black, with lignite containing im-
bedded resin nodules, slightly flam-

mable; trace of pyrite........ccoeereeuennen. 10
Shale, gray, no laminations apparent,
calcareous 30

760
795
795
815
825

840

845

865

876

890

950

965
985
1,010

1,025

1,086

1,065
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Cretaceous system—Continued
Manson sequence—Continued

Shale, black, carbonaceous, with lignite-
like material and resin; some thin
sandstone beds, medium to coarse,
angular to curvilinear, clear, loose...... 20 1,085

Shale, as above, with some shale, gray,
laminated, fissile and thin sandstone

beds 18= 1,103+
Sandstone, medium to coarse, angular,
clear (some water) ......ooreuuneenn. 2+ 1,106 T.D.

90-80-24N1. Sample log of St. Matthew’s Church well at
Clare, in SEl4 SW14 SW1j sec. 24, T. 90 N., R. 80 W. Drilled
in 1950 by Art Vinson, Fort Dodge. Altitude of land surface,
1,214 feet. Sample study by G. C. Huntington and W. E. Hale.

Thickness Depth
(feet) (feet)
Pleistocene system.
Wisconsin stage (10 feet thick) :

Till, buff, some gray, calcareous ............ 10 10
Till, gray, calcareous ............cccccooeee. 40 60
Till, gray, some buff, calecareous .......... 10 60
Till, gray, calcareous .................... 40 100
Kansan stage (25 feet thick) :

Till, gray and buff, leached ............... 5 105
Till, orange, leached ........cccooeenueunnneen.e 5 110
Till, buff, slightly calcareous ................ B 116
Sand and gravel, heterogeneous and

dirty, and buff till . 10 125

Cretaceous system.
Undifferentiated section (55 feet penetrated) :
Shale, gray, soft, unctuous .................... 20 145
Sandstone, fine to medium, much pink
quartz, larger grains, dull, polished;
much pyrite .. 35 180 T.D.
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90-30-35Q1. Sumple log of Erwin Malmin farm well near
Clare in SW1, SW1, SE!/, sec. 35, T. 90 N., R. 30 W. Drilled
in 1948 by Art Vinson, Fort Dodge. Altitude of land surface,
1,150 feet. Sample study by R. W. Screven.

Thickness Depth
(feet) (feet)

Pleistocene system.
Undifferentiated beds (80 feet thick):

Till, brown, slightly calcareous ............ 70 70
Till, orange, slightly ecalcareous .......... b 75
. Till, light brown, calcareous ............. 5 80

Cretaceous system (630 feet penetrated) :
Undifferentiated Manson section:

Shale, gray, soft, micaceous .................... 75 155
Shale, gray; some limestone, very dark

gray, Silty ... 45 200
Shale, light red to gray, soft, no lami-

NAtIONS ..o 15 215
Shale, gray, micaceous; some massive

siderite and siderite pellets ..........__.. 35 250

Shale, dark gray, flaky, calcareous;
some limestone, gray and buff, gran-
ular. Inoceramus fragments, fish

tooth? e 30 280
Shale, dark-gray, micaceous ................ 20 300
Shale, gray with white specks, mi-

CACEOUS  .uveeeeeereeeaceaaammmaaaaseeernneeeeoeeaaaasanes ) 306
Shale, Eray ...cceeeererceeeieeeeeeeeeeteeeeees 15 = 320

Shale, gray, mostly mottled white,

calcareous, somewhat micaceous and

pyritic; some beds of limestone, dark

gray, granular ... 65 385
Shale, as above; much more limestone,

as above. Inoceramus fragments,

some fish teeth and scales ................. 40 425
Shale, dark gray, mottled white, fissile,
calcareous, fossiliferous ................. 10 435

Shale, gray, calcareous, slightly mi-
caceous and pyritic; much siderite,
brown, massive fossils ....................... 35 470
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Cretaceous system—Continued
Undifferentiated—Continued
Limestone, gray, very fine; trace of
limestone, buff; fossil fragments;

some siderite and shale as above ... § 476
., Shale, gray, slightly micaceous, pyritic;
siderite, massive brown ........_..... 25 500
Shale, gray, with some limestone, dark
Eray, granular ...........veeeveeveeernens 5 505

Dakota (?) formation.
Shale, dark gray and black; siderite;

some lignite ....o.oooiiiiiii 10 5156
Siderite; some siltstone, gray; some
shale, dark gray .......occoooeeiiveccicennecnns 5 520

Shale, gray; siderite; some pyrite ..... 10 530
Shale, gray and black; sandstone, gray,
very fine, angular; pyrite; and lignite 30 560

Shale, gray and black, micaceous ........ 5 566
Shale, gray and black; sandstone, gray,

fine; siderite, massive and as pellets 20 585
Shale, gray; siderite pellets ............. 10 596
Sandstone, fine .........ccooiiiiiiiiiiieiee. 5 600

Siderite, brown, massive and as pellets;
some sandstone, fine; trace of shale,

black o 20 620
Shale, light gray, p yrntlc ........................ 16 635
Shale, black; some siderite, massive

and as pellets; some lignite .______....___. 15 6560

Shale, light brown ; some siderite pellets 10 660
Siderite, brown, massive, medium ; some

shale, gray and black; some sand-

stone; trace of dolomite, buff, fine

fragmental reemeeeeeerarsaeanananans .. 20 680
Sandstone, white, clean, fine to medium;

some pink quartz, angular (water).... 30 710 E.D.
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