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GEOLOGY AND GROUND-WATER RESOURCES
OF CERRO GORDO COUNTY., IOWA

by H. G. HERSHEY, K. D. WAHL and W. L. STEINHILBER

ABSTRACT

The basic geologic framework underlying Cerro Gordo County
consists of an igneous or metamorphic Precambrian basement
complex overlain by, in ascending order, consolidated sedimen-
tary rocks of Precambrian, Cambrian, Ordovician, Devonian,
Mississipplan, and Cretaceous age, and unconsolidated sand,
oravel, and clay of Quaternary age. Structurally the county 1s
In the northern part of the lowan Basin, and the sedimentary
units of Cambrian through Devonian age dip southward at 9
to 14 feet per mile. Three major glacial advances, the Nebras-
kan, Kansan, and Wisconsin, covered all or part of the county
{llll'illj._'f the Pleistocene l‘:]nu‘}l and left behind ;J‘l:ll'i:l] drift con-
sisting of 0 to 125 feet of ti1ll and related outwash deposits. De-
]Hrriilr-é of Holocene age, aside from surficial soil, are thin and
scattered.

Ground water occurs 1n the sedimentary units of Cambrian
through Mississippian age and i1n the glacial drift and outwash
deposits of Quaternary age. The chief aquifers, in ascending
order, are the deep Cambrian sandstones, Jordan aquifer, St.
Peter Sandstone, Devonian and Mississippian limestones and dolo-
mites, and the Pleistocene glacial drift and related interglacial
deposits. Units between the St. Peter Sandstone and the
Devonian limestones, the Platteville, Decorah, Galena, and
Maqguoketa Formations, are of low permeability and are consid-
ered to be an aquiclude 1n comparison to the overlying and under-
lving units.

The deep Cambrian sandstones will vield about 60 gpm (gal-
lons per minute) to an individual well; the Jordan aquifer about
1,200 gpm; the St. Peter Sandstone 30 to 200 oepm; the Devo-
nian limestones and dolomites 120 to 200 gpm; and the glacial
outwash or shallow bedrock generally will yvield 10 gpm or more.
The Jordan aquifer supplies large quantities of water for mu-
nicipal and industrial use at Mason City. Pumping tests on
wells tapping the Jordan in that area show that the aquifer has
a transmissibility of about 35,000 gallons per day per foot and
a Storage coefhicient of 2 < 10 %, Pumping in the Mason City
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area from 1912 to 1969 has produced about 200 feet of draw-
down in the areas of maximum withdrawal.

Ground water in Cerro Gordo County is of suitable chemical
quality for domestic, industrial, or municipal use. The total dis-
solved solids ranges from 152 mg/l (millierams per liter) 1n
water from the shallow bedrock to 885 me /1 in water from the
deep Cambrian sandstones. Water from the Jordan. which is
the most productive aquifer in the county, generally contains
less than 500 mg /1 dissolved solids.

Ground water is the major source of water supplies through-
out Cerro Gordo County. The majority of wells in the county
are used for domestic and stock supplies, but the largest with-
drawals of water are for municipal and industrial supplies.
Municipal pumpage in the county in 1968 was about 1.5 billion
gallons; industrial pumpage was about 1.8 billion oallons and
most of the water was obtained from the Jordan aquifer. If
future development of water from the Jordan aquifer is to be to
the best economical advantage, careful consideration should be
given to the location, capacity, and pumping schedules of pro-
posed wells and nearby existing wells so that local overdevelop-
ment or excessive interference do not occur.
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INTRODUCTION
Purpose and Scope
Ground water 1s one of the principal natural resources of
Cerro Gordo County. All private domestic water supplies and,
with one exception, public water supplies in the county are ob-
tained from ground-water sources. Most industrial supplies are
obtained from ground-water sources and others are augmented
with eround water. Present eround-water withdrawals are con-
centrated at Mason (‘ilﬁ' l.';ill."-lillf.f tl{*l_'!iniﬂj_'_‘ water levels and a
significant cone of drawdown 1n that area. Those declines and
the consequential lowering of pumping levels are of concern to
water users throughout the area.

The purposes of this report are to delineate and describe aqui-
fers in Cerro Gordo County, evaluate the availability and quality
of water in the aquifers, supply data on ground-water utiliza-
tion, and determine the rate of growth and the magnitude of the
cone of drawdown in the Mason City area. This information
will provide a knowledge of alternate sources of supply and an
lllltl.l‘.ﬂT:l'ir‘-iH_L‘ of the effect of withdrawals on water levels,
which are essential points to be considered in planning future
water developments in Mason City and throughout Cerro Gordo
County. Specific problems in regard to quantity and quality
probably will arise in the future requiring more detailed studies
In particular areas.

Description of the Area

Cerro Gordo County 1s 1n the north-central part of lowa (fie.
1) and includes 16 townships or about 576 square miles. The
population in 1960 was 49,894 of which about 80 percent was 1n
urban areas. The pooulation of the county has been steadily in-
creasing and during the 1930 to 60 period has shown an 1n-
crease of 14 percent between 1930 and 40, 5 percent between
1940 and '50, and 8 percent between 1950 and '60. Mason City,
the county seat, has a nopulation of 30,642 and eight other In-
corporated towns have a combined population of 9,338.

Cerro Gordo County has a variable subhumid midcontinental
climate and a mean annual precipitation of 30.52 1nches at
Mason City. About 74 percent of the precipitation occurs dur-
Ing the warm szason (April through September) and 54 percent
during the season of greatest crop growth (May through Au-
oust). The climatic conditions are therefore highly favorable
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Figure 1.—Index map of Iowa :;h{.nvil_ig.: area of this report and status of
other recent ground-water Investigations.

tor agriculture and irrigation generally is not needed for most
Crops.

Corn is the dominant agricultural crop; although oats, wheat,
arley, flax, and soybeans are also grown. Peat lands 1n the
western part of the county generally are planted to potatoes,
onions, or sugar beets. In addition many ot the farms raise
livestock and on some the teeding and fattening of livestock for
market are major opzrations.

Mason City is a major trading center for most of north-central
lowa and several large agriculture processing plants, including
a sugar refinery, packing plant, and a milk-processing plant are
located there. Mason City is favorably located with respect to
natural rock materials suitable for the manufacture of Portland
cement, brick, and tile (Gwynne, 1943. p. 289-295). As a result.
two large cement plants and a brick and tile company have
located nearby.

The city of Clear Lake. second largest municipality in the
county, 1s located at the east end of Clear Lake, the third largest
natural lake in the State. Clear Lake and 1ts environs have a
substantial year-round population which, in the summer months,
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1s augmented by vacationists who are attracted by the water-
based recreational facilities 1n the area.

Cerro Gordo (‘HHHI}‘ 1S In the Central Lowland ]11iﬁ‘réin;"l‘:l]lhit'
province of the Interior Plains Division (Fenneman, 1938). The
western part of the county 1s 1n the Western LLake physiographic
section, and the remainder of the county 1s 1n the Dissected Till
Plains section.

The Western Lake physiographic section 18 underlain by
Pleistocene deposits of Wisconsin (Cary) age. Land forms are
typically morainal and characterized by erratically arranged
rounded knobs, ridees, and tortuous l‘f'!;ll'.-'1‘|j~.‘ 1[1*[rl‘t'r~'sinll_-' (Hf:'.

2A). The depressions range in size from a fraction of an acre

I‘I;f'lilr* 2A . —Gently rolling irface of the Wiscor n (Lary) driit area

]i. .‘\'ul'[}u'.!'.'. shore of Cleai lLake showing rollineg character of the
surrounding la: -i--';l;n.-,
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OF CERRO GORDO COUNTY, IOWA [l

to as large as 10 acres, and commonly are sharply depressed be-
low the adjacent terrain. Some larger depressions have been
drained artifically to permit cultivation. The marginal moraine,
defining the eastern edge of the Western Lake section, runs
almost due north-south about 6 miles from the western county
line (pl. 1).

The drainage pattern in the Western Lake section is poorly
developed and the surface features have changed little since the
retreat of the last glacial 1ce sheet. A prominent feature of the
section 18 Clear Lake which occupies a large natural depression
or kettle surrounded by low rounded knobs and ridges (fig. 2B).
The Clear Lake drainage area comprises about 22.6 square miles,
Including the area of the lake (Larimer, 1957, p. 80), and dis-
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Figure 4.—Area and capacity curves for Clear Lake,
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charges through a concrete outlet weir at the eastern end into
a tributary of Willow Creek. The eastern end of the lake is
confined by a 4- to 6-foot embankment which probably has re-
sulted from ice action. Ice is often piled up along this shore by
prevalling winds, and material from the lake bottom is seraped
and shoved onto the embankment by the ice. Clear Lake, when
full, i1s approximately 43/ miles long and 21/ miles in maximum
width (fig. 3). The lake area, as determined from aerial photo-
graphs 1n 1943, was about 3,550 acres and the water-holding
capacity was approximately 38,200 acre-feet. The average
depth was about 10.5 feet and the maximum depth about 18.5

Figure 5A. Gently llr'uln_l:ninu‘_[;]ziin typical of the Dissected Till Plains
I’ll}-‘“!“.'—"!‘il;!}ill' section 1n south-central Cerro Gordo Countv.

B. {,'l‘“ 1a] . boulders near the W iInnebago River in north-central
Cerro Gordo County.

— e —— g
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feet. The depth of the lake at various points can be determined
from figure 3 by comparison with the altitude of the outlet weir
(1,226.8 feet above sea level). Records of water levels in the
lake, however, indicate long periods when the lake level was
below the altitude of the outlet weir (fig. 22). The area and
capacity of Clear Lake when the water level 1s below overflow
stage can be determined from figure 4.

The Dissected Till Plains physiographic section of Cerro Gordo
County consists of a gently undulating plain modified slightly
by irregularities near major streams (fig. DA and B). Low hills
In upland areas are well rounded and merge gradually into the
landscape. A characteristic feature of the streams, particularly
in the lower reaches, i1s the vertical or nearly vertical banks.
Such banks occur commonly along both Winnebago and Shell

Figure 6A.—Winnebago River in north-central Cerro Gordo County showing
the slhightly indented character of the channel.

B.—Abandoned channel of Winnebago River near Mason City.
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Rock Rivers. As indicated by Calvin (1897), Winnebago River
flows In a relatively shallow channel in unconsolidated glacial
deposits (fig. 6A and B). This channel, however, is located in a
wide valley in the consolidated bedrock which is only partly filled
with glacial material. The valley of Shell Rock River, on the
other hand, does not seem to be related to the underlying bedrock
surface.

Previous Investigations

The geology of Cerro Gordo County, particularly the strati-
graphy of the Devonian, has been studied for many years. One
of the earliest descriptions of the county was by White (1870, p.
249-253). That report was followed by a description of the
Devonian rocks and fossils by Hall and Whitfield (1873) and a
description of the glacial drift by Upham (1881, p. 298-299).
The general geology of the county was first described in a re-
port by Calvin (1897).

Stratigraphic studies of the Devonian were made by Calvin
(1883), Webster (1889), Keyes (1893), Fenton (1919 and
1920), Fenton and Fenton (1924), Belanski (1927-28 and E9315)",
Stainbrook (1935, 1941, 1944, and 1950). and by Cooper and
others (1942). Recent work by Dorheim and Koch on the De-
vonian in Iowa, in part published in an International Symposium
on the Devonian (Collinson and others, 1967, p. 933-971), de-
scribes the Devonian rocks in ITowa. redefines the Devonian-Mis-
sissippian boundary, and resulted in a revision of previous geo-
logic mapping.

The glacial drift in Cerro Gordo County has been described
by Kay and Apfel (1929). Kay and Miller (1941), and by Kay
and Graham (1943). A recent report, which may have signifi-
cance in Cerro Gordo County, by Ruhe and others (1968) de-
scribes a study of the Towan drift problem in northeastern Iowa.

A report by Yoho (1967) on the basement complex in Iowa
includes data for three deep wells in Cerro Gordo County. That
report indicates that the basement complex at Mason City is at
an altitude of 348 to 600 feet below mean sea level and consists
chiefly of diabase and basalt.

A report by Norton (1897) describes the principles of ground-
water occurrence and ground water in lowa. That report includes
logs of wells in the Mason City area. Ground-water conditions,
public water supplies, and deep wells in Cerro Gordo County
were discussed in detail in a report by Norton and others (1912,

e e

—
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p. 759-768). lLogs of subsequent deep wells were described by
Norton (1928, p. 90, 256-261) and by lLees (1935, p. 377-379).

Additional ground-water data for north-central Iowa, although
without reference to Cerro Gordo County, are in a report on
the lowa-Cedar River basin by Tester (1936). Chemical analy-
ses of ground water and some well descriptions for Cerro Gordo
County are also included in reports by the State Planning Board
(1938, p. 30-31) and State Department of Health (1964, p. 45-
416),

Collection of data for a detailed report on the geology and
ground-water resources of Cerro Gordo County was begun by
H. Garland Hershey during the fall of 1937, and detailed field
work was carried on in 1941-42 by T. W. Robinson and A. P.
Gerardi. A report on the hydrologic phases of the investigation
was prepared by Robinson in 1942 and revised and expanded by
Jeffords in 1949. That unpublished report plus data accumu-
lated since 1949 serve as a basis for this report. The only data
collected specifically for this report was an update of pumpage
Information for deep wells producing from the Jordan aquifer.

Well-Numbering System

The public-land survey divisions form the basis for the well-
numbering system used in this report. Each well number con-
sists of three parts, separated by hyphens, representing first
the township, second the range, and third the section. A letter
and number following the section number indicate the 40-acre
tract in which the well is located as designated on figure 7, and
the order 1n which they were inventoried within that tract. As
an example, on figure 7 the location of well 97-22-21J1 is in the
NE1l4 of the SE14 of section 21, T. 97 N., R. 22 W.

The locations of wells and springs inventoried for this report
are shown on plate 1 and figure 10. The wells and springs are
shown in their respective positions and the wells are identified
by the last part of the well number.

Acknowledgments
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GEOLOGY

The occurrence, quantity, quality, and reliability of ground-
water supplies in Cerro Gordo County are directly related to the
oeology. Accordingly, the geologic features of the county are
reviewed briefly as fundamental considerations of hydrologic
discussions to follow.

The basic framework consists of an igneous or metamorphic
Precambrian basement complex overlain, in ascending order, by
consolidated sedimentary rocks of Precambrian, Cambrian, Or-
dovician, Devonian, Mississippian, and Cretaceous age and un-
consolidated sand, gravel, and clay of Quaternary age (table 1).
Rocks of Cretaceous age occur as small, thin outliers overlying
Devonian rocks and, because of their size and h}'lli't.nltl;_"it' INs1g-
nificance here, are not shown on the geologic map or discussed
further. Rocks of Devonian age make up the top of the bedrock
throughout most of Cerro Gordo County, the exception being the
southwestern corner where rocks of Mississippian age underlie
those of Quaternary age.

Structurally Cerro Gordo County is in the northern part of
the Iowan Basin. Sedimentary units of Cambrian through De-
vonian age dip southward at rates ranging from about 9 to 14
feet per mile. Rocks of Devonian and Mississipplan age were

deeply eroded before and during deposition of the overlying
glacial and alluvial deposits. The result i1s a highly irregular
bedrock surface which was buried and masked over most of the
county by glacial, alluvial, and eolian material.

The following discussion of geologic units will describe only
rocks encountered in wells or exposed at the surface in Cerro
Gordo County. Stratigraphic nomenclature used in this report
1S that used by the lowa Geological Survey and does not conform
In every detail with nomenclature used by the U. S. Geological
Survey. The units will be described in ascending order from
oldest to voungest.

Precambrian
The deepest and oldest rocks encountered in wells in the county
are designated the Precambrian basement complex which consists
of metamorphic or 1gneous crystalline rocks at a depth of 1,468
to 1.698 feet, indicating a Precambrian surface of high relief.
Wells do not penetrate deeply into these rocks because the gen-
eral nature of crystalline rocks precludes the possibility of their
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Souls and thin localized silt and sand along some st reams | Generally not a source of ground water.
and in marshes. |
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16 GEOLOGY AND GROUND-WATER RESOURCES

containing substantial quantities of water, and they are consid-
ered to be the base of the ground-water reservoir in most of the
State. Three wells in Mason City have penetrated the basement
complex. According to Yoho (1967, p. 16) the basement com-
plex at Mason City is diabase, basalt, and some gabbro.

The basement complex may be overlain by siltstone, shale, or
dolomite of Precambrian or Cambrian age or by sandstone of
Cambrian age, see logs of city wells 8 and 12 (96-20-3L2 and
16J2, table 10). Deposits of Precambrian or Cambrian age in
city well 8 consist of about 160 feet of dolomite and silty shale.
T'he dolomite is stained pink and the shale is pink to red and con-
tains traces of dolomite, sand, and igneous or metamorphic rocks.
Pink shale containing igneous or metamorphic rock fragments is
generally considered to indicate Precambrian age ( Winchell,
1899, p. 567) ; but according to Stauffer and Thiel (1941, p. 195),
1t also occurs in the overlying Dresbach Group of Cambrian age.
The age of the pink-stained dolomite and pink shale is therefore
In doubt and it is classified as Precambrian or Cambrian for the
purposes of this report.

Cambrian

Units of Cambrian age in Cerro Gordo County are the Dres-
bach Group, the Franconia Sandstone, the St. Lawrence Forma-
tion, and the Jordan Sandstone. The Dresbach has been sub-
divided into the Mt. Simon Sandstone., Eau Claire Sandstone,
and the Galesville Sandstone.

In Cerro Gordo County the Dresbach Group consists of well-
sorted, fine- to medium-grained sandstones that are light gray to
buff in color. The sandstones are poorly cemented by minor
amounts of dolomite. The thickness of the Dresbach in the
county has been determined only at Mason City where it ranges
from 55 feet in city well 12 (96-20-16J2) to 75 feet in city well
8 (96-20-3L.2). The Dresbach crops out in northeastern Iowa.
southwestern Wisconsin, and southern Minnesota; and the top
occurs at a depth of about 1,500 feet at Mason City.

The Franconia Sandstone consists of about 115 feet of sand-
stone, shale, siltstone, and dolomite. The basal part of the Fran-
conia consists of sandstone which is only slightly coarser and
less sorted than the underiving Dresbach. making that contact
difficult to determine in the subsurface. Logs of wells 96-20-
3L.2 and 16J2 (table 10) show typical Franconia sections and the
similarity between the lower part of the Franconia and the upper
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part of the Dresbach. The Franconia crops out in northeastern
[owa, southern Minnesota, and southwestern Wisconsin:; and the
top occurs at a depth of about 1,350 feet at Mason City.

The St. Lawrence Formation overlies the Franconia Sand-
stone and as known from samples obtained from wells 96-20-
L2 and 16J2 1n Mason City (table 10) consists of about 100
feet of buff colored medium fine-erained dolomite that com-
monly contains minor amounts of silt and argillaceous material.
Glauconite 18 abundant throughout the formation and traces of
waxy green shale occur 1n the basal part. The St. Lawrence
crops out 1n northeastern lowa, southern Minnesota, and south-
western Wisconsin: and the top of the formation occurs at a
depth of about 1,250 teet at Mason City.

The Jordan Sandstone which 1s the upper part of the Cam-
brian System in Cerro Gordo County consists of about 70 feet
of friable to dolomite cemented medium- to coarse-grained, very
well sorted quartz sandstone. T'he quartz grains are well
rounded and have frosted surfaces. In general, the upper part
of the formation is coarser graimned than the lower part. 1T he
Jordan crops out along the lower Minnesota River in south-central
Minnesota and along the Mississippl River in southeastern Min-
nesota, southwestern Wisconsin, and northeastern lowa. In the
Mason {'il}.' area the Lop of the Jordan occurs at a 1]+.*]!1h of about
1,150 feet.

Ordovician

Units of Ordovician age in Cerro Gordo County are the Prairie
du Chien Formation, St. Peter Sandstone, Platteville Formation,
Decorah Formation, Galena Formation, and the Maquoketa For-
mation. All except the St. Peter have been subdivided into
members : however, because some of the members are difficult to
recognize in the subsurface they will not be used in this report.

The Prairie du Chien Formation consists of about 320 feet of
sandy, cherty dolomite and sandstone. The lower part of the
formation is light grayv to buff, medium to coarsely crystalline
dolomite that includes minor accounts of sand and chert. The
middle part of the formation is chiefly dolomitic sandstone con-
taining some oolitic chert locally. The upper part consists of
licht gray to buff or brown, dense, granular, sandy dolomite.
The Prairie du Chien crops out in a large area 1n southeastern
Minnesota and in smaller areas in northeastern lowa, southwest-
ern Wisconsin, and northern Illinois. In the Mason City area
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the top of the Prairie du Chien Formation occurs at a depth of
about 800 feet.

The St. Peter Sandstone consists of about 70 feet of fine- to
medium-grained poorly cemented quartz sandstone containing
Some coarse-grained sand locally. Individual beds are well
sorted; the quartz grains are rounded and have frosted surfaces.
The formation is about 70 feet thick in Cerro Gordo County and
1S remarkably uniform in thickness and lithology throughout
northern Iowa. The formation is chiefly quartz except for frag-
ments of chert or dolomite which may occur in the basal part.
The St. Peter crops out in southern Minnesota, southwestern
Wisconsin, northeastern Iowa. and in northern Illinois. In Cerro
Gordo County the St. Peter occurs only in the subsurface. and at
Mason City the top of the formation 1s at a depth of about
750 feet,

The Platteville Formation consists of about 45 feet of shale.
dolomite, and limestone. The lower part of the formation is
dark- to olive-green fissle shale. The green shale is overlain by
brownish to buff argillaceous dolomite containing phosphatic
concretions, which is in turn overlain by gray fine-grained lime-
stone having green shale partings. The upper part of the unit
1s blue-gray, mostly noncalcareous, shale containing limestone
lenses.

The Decorah Formation comprises about 35 feet of soft, cal-
careous, green shale containing gray, fossiliferous limestone
lenses.

The Platteville and Decorah crop out in Winneshiek, Allama-
kee, and Clayton Counties, Iowa, and occur in the subsurface in
Cerro Gordo County. The depth to the top of the Decorah at
Mason City is about 660 feet.

The Galena Formation consists of about 220 feet of white to
light-gray limestone. tan, coarsely crystalline dolomite, and tan,
finely crystalline limestone containing embedded dolomite
rhombs. In Towa the Galena Crops out in the northeastern part
of the State and along the Mississippi River in the east-central
part of the State. In Cerro Gordo County the (Galena occurs only
In the subsurface, and the top of the formation is at a depth of
about 460 feet at Mason City.

T'he Maquoketa Formation i< the uppermost unit of Ordovician
age 1n Cerro Gordo County. The Maquoketa overlies the Galena
Formation and, because Silurian and Lower Devonian age beds
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are absent, underlies the Cedar Valley Limestone of Middle
Devonian age. In eastern lowa the Maquoketa is chiefly shale,
however, 1n Cerro Gordo County the upper part of the unit is
missing and the lower part consists chiefly of cherty argillaceous
cream-to-brown dolomite. The Maquoketa is about 100 feet
thick at Mason City but, because the top 1s an erosional contact,
the thickness may vary considerably within the county. The

rro Gordo County showing distribution of formations below

Bedrock L'““t“?if" map of (
e glacial drift.
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Maquoketa crops out in east-central and northeastern Iowa, and
the top of the formation is at a depth of about 340 feet at Mason
City.

Devonian

Units of Devonian age in Cerro Gordo County are the Cedar
Valley Limestone, and the Shell Rock. Lime Creek. Sheffield, and
Aplington Formations. All except the lower part of the Cedar
Valley crop out in the county (fig. 8). although the outerops
are small in number and size because of the almost continuous
cover of glacial and alluvial deposits.

The Cedar Valley Limestone consists predominantly of brown
to gray fine-grained dolomite that is characteristically slightly
silty or argillaceous. Lithographic limestones occur at several
horizons, and chert and quartz sand occur in some of the dolo-
mites. The Cedar Valley is 265 feet thick at Mason City 1n well
96-20-10N1 and 250 feet thick in well 96-21-13M1 (table 10).
The Cedar Valley Limestone crops out in limited areas along
major streams in northeastern Cerro Gordo County (fig. 8).
Major outcrop areas occur in adjacent counties to the northwest.
north, east, and southeast.

The Shell Rock Formation comprises buff. gray, and brown,
medium to coarsely crystalline dolomite and light gray litho-
graphic to finely crystalline limestone. Some beds are argilla-
ceous or silty and may be interbedded with thin shales. The Shell
Rock is a local unit and occurs only in northeastern Cerro Gordo
County and in adjacent parts of Worth. Mitchell, and Floyd
Counties. The formation is estimated to attain a maximum
thickness of about 85 feet in Cerro Gordo County.

T'he Lime Creek Formation overlies the Shell Rock Formation
or the Cedar Valley Limestone where the Shell Rock is absent.
T'he lower part of the Lime Creek is bluish- to medium-gray
shale that weathers yellow to buff. Thin silty dolomite layers
occur within the lower shale and become more numerous and
thicker toward the middle of the formation. The middle part
of the Lime Creek is yellow. marly, calcareous shale containing
thin argillaceous limestones or dolomites and laree concretions
of caleium carbonate. The upper part 1s massively bedded.
buff-to-gray dolomite and limestone containing minor interca-
lated shale layers. The Lime Creek FFormation crops out in a
wide band trending southeast across the middle of Cerro Gordo
County (fig. 8) and has an estimated maximum thickness of 130
feet.
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The Sheffield Formation crops out in a narrow band across the
southwestern corner of Cerro Gordo County (fig. 8). The Shef-
field consists of about 60 feet of soft, blue-gray shale locally con-
taining concentrations of pyrite.

The Aplington Formation, the uppermost unit of Devonian
age 1n Cerro Gordo County, overlies the Sheffield Formation.
The Aplington crops out in a narrow band across the southwest-
ern corner of the county (fig. 8) and consists of as much as 40
feet of buff, medium to finely crystalline dolomite and some
white to light-gray chert.

Mississippian

Rocks of Mississippian age occur only in the extreme south-
western corner of Cerro Gordo County (fig. 8). These rocks are
classified as part of the Maynes Creek Member of the Hampton
Formation and consist of brown, finely crystalline dolomite con-
taining some gray to white chert. The Maynes Creek underlies
about 100 feet of g¢lacial drift in the southwestern corner of
Cerro Gordo County and is not known to be exposed in the
county. About 20 feet of Maynes Creek was penetrated at
Meservey in well 94-22-32M1 : however, the maximum thickness
and the area of occurrence are not precisely known.

Quaternary

Rocks of Quaternary age in Cerro Gordo County consist of
a surficial covering of Pleistocene and Holocene clay, silt, sand,
and gravel. Three major glacial advances, the Nebraskan, Kan-
san, and Wisconsin, covered all or part of the county during the
Pleistocene Epoch and left behind glacial drift consisting of till
and related outwash deposits. Between and after the glacial
periods the previously deposited drift was subject to erosion or
was covered by loess deposits.

Nebraskan and Kansan drift and related interglacial deposits
occur 1hl'ull;_:‘}1nllt the county and rallge from zero to about 100
feet in thickness. In general, the drift is thickest in the western
part of the county. Drift of Cary age occurs only in the western
part of the county (fig. 9) where it overlies the Nebraskan and
Kansan and ranges from zero to about 25 feet in thickness.

Deposits of Holocene age, aside from surficial soils, are thin
and scattered. Peat and sediments carried by rain wash have
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AVAILABILITY AND QUALITY OF WATER
FROM AQUIFERS

The availability of ground water in Cerro Gordo County is
controlled by the stratigraphic position, extent, thickness, boun-
dary conditions, and water-bearing and transmitting properties
of the aquifers and aquicludes in the ground-water reservoir,
whose base 1s the Precambrian basement complex. The aquifers,
In ascending order, are the deep Cambrian sandstones, Jordan
aquifer, St. Peter Sandstone, Devonian and Mississippian lime-
stones and dolomites, and the glacial drift. The principal aqui-
clude, consisting of the Platteville, Decorah, Galena, and Ma-
quoketa Formations, occurs between the St. Peter Sandstone and
Devonian limestones. Although these units are classified as an
aquiclude, they do contain minor quantities of water and may
yield some water; however, when compared to adjacent aquifers,
the yield is of little importance. Several minor aquicludes also
occur within water-bearing units and will be discussed as part
of those units.

The chemical suitability of water from the various aquifers
depends on the type and amount of dissolved minerals the water
holds in solution and its intended use. Many mineral substances
dissolved 1n water are nh_it"t'liillliih]a' 1 T_ht’}' occur 1in 1;11‘}:‘(‘
amounts, and some are nh_it*t'timmhft,* or even toxic 1n :-;mull
amounts. The principal chemical properties that determine the
acceptability of ground water for most uses in Cerro Gordo
County are iron, sulfate, fluoride, manganese, nitrate, total dis-
solved solids, and total hardness. The U. S. Public Health
Service has set up recommended limits (U. S. Public Health
Service, 1962). The recommended limits and the significance of
each of the constituents are shown on table 2. The availability
and quality of water and its intended use are primary factors to
be considered when determining the suitability of a potential
water supply. Chemical analyses of water from Cerro Gordo
County are given in table 9.

Deep Cambrian Sandstones

Geologically this water-bearing unit consists of the Dresbach
Group and the overlying Franconia Sandstone. These geologic
units have been combined because the Dresbach and the lower
part of the Franconia both consist predominantly of sandstone
and probably are hydrologically connected.
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SIGNIFICANCE OF MINERAL CONSTITUENTS AND
PHYSICAL PROPERTIES OF WATER!]

TABLE 2.

\E;[\_;[lrnjili

Constituent Recommended
or Property Concentration Significance
ron (Fe) 0.3 mg/1* (bjectionable as 1t causes red and brown stamning of clothing and
i ] . i1 | . . i "
[-Ilf! I'|;L:]| I{ 1N concentrations atect rl'."' COLOT .Hlli laste r.nT |'H”.*‘[-
ages, Iron may be added to water from well casings. PUILPS, and
PipEs. l'!';*' concentration ailso 1s .1?"-"'-""-{ 43 Imicro-Oreganisms
“F””:u[ miHﬂJ!H; and analytical techniques are needed for ai
accurate *fri'i_'-.,

Manganese ( Mn 0.05 meg/l (Objectionable for the same reasons as iron. When both ron and
manganese are present, 1t 1s recommended that the total con-
centration not exceed (0.3 meg/| Micro-organisms also affect the
conceniration o Ped 1al teehn (ues ar |l"'*"i'."-1 1O an accurate ‘:’f;i.i?.

(Caleum (Cla :Hlii PI ! -'._[~:;.5 causes for hardness and s ale-forming properuies of water.

Magnesium (Mg | hey reduce the lathering ability of soap

."‘=+11.1lr‘-| _'\.;-1 ;4.]1-1 [f!li'éil'- 1 salty o1 i*.‘di kish taste when combined with !.In-r:-1+-. 0=

| i
Potassium (K) dium salts cause foaming in boilers
Sulfate willF 200 mg/] Commonly has a laxative eftect when the concentration I8 bOU to

o
1,000 mg/l, particularly when combined with magnesium or so-
'J:-‘lTIJ. I |'=." 1':".+'r L 1S ’J':'-Jl'l' !+"'~_“~ '1"-ITIP'H i'r.II[J!':]II 'i |1 :T}I 1;1i| 111171 i, i,';:u
laxative effect 1s commonly noted by newcomers, but they be-
come acclimated to the water in a short time. The effect 1s notice-
able In almost all persons when concentrations exceed 750 meg/l.
| sullate r-ul‘htl.HHi '~‘-,'?. caleium torms a }:.lrli o .J.ir' L1l in-:l!'rré .'mll

water i'.it~;]'+ [S.

(‘hloride ((] _ ; 2ol mg/| [..H;' amounts combined witl *--ii.'.li- mpart a *-~1.1I-'_~ Laste

| !..H!'.t.]r' | z.emg/l [n norvnern 11--'~;1, concentrations of U.8 to 1.9 mg/l are cons =i1‘["'1i
' | x " 1 ¥ i 4 ] '
Lo play a part in the reduction of tooth decay. However. concen-
trations over 2.2 mg/l will cause the mottling of the enamel of

children's teeth.

N trate \lP_ | 14 me ! \‘!;11"[5'-‘-.1&'. 1_.'| nitrate conitent w;jl11:|! ot i‘-l",r-l'rlfrJI'51;1,_1[}7 Il'i-if-
| INEg as 1t Imav cause TJLt-Ti|+'!]|'=L."].'I|".t.'! Imia or cyvanosis. H._J. COl-
' . centrations suggest organic pollution from sewage, decaved organie

matter, nitrate 1n the ~.||:f, or chemical fert l1zer. H_,’h nitrates

In the natural waters ol IH'J.s ale :-!fl.l'l'll Lo '..“r"l.rll“'*i OCcurrences,
| _ ']*-IJ..'i“l'a trom shallow iiIJ; -H'H.x on larms. Since the f !.-.I]l concen-
Lrations are characteristic of individual wells and not of any one
;lrlll.ii‘l, nitrate '-'~.||] noi iH' li.r-l'llﬂf'il 11l Il.'lm report. -

1 1ssolved Solids | o0 mg/| ['his refers to all of the material in water that 1s in solution. It af-

the chemical and physical properties of water for many uses

Amounts over 2,000 mg/1 will have a laxative

SONS \mounts up to 1,000 mg /] are generall
|

iécls th
P:'Em'f O INoOst per-
£'|-]L--;Ill'.ri'|! .'-j-"t'i'I-T4

ler water 1s avallable.

|
[ 1 1 "
‘1;I [ jll! Il:!]h !].-. Fl.l_r-i.-I:uF'-- : [1|4 r|1.;

Hardness (as CaC0O3) . | I'his affects the lathering ability Ol soap

[t 1s generally produced by

3 expressed in milligrams per
liter equivalent to CaC0O; as if all the hardness were caused by
u:'{;[--]'-ir.-i "!“Iii.'-rf'[' i_.--. Ol1es -llt-j'u ?:--.'|.1'Tr|l- 1=.r 1ifJI[1*'.'~' f I]:«.i'

when the hardness i1s above 100 mg/l: however. it can be treated

read I. I soltening

calcium and magnesium. Hardness

1'1 1S ¢

i']l]‘r'-q rature . \f'f'L IS the rirj-lj['ul;-li:.?_.‘.l ;1]‘,1] fey -u];|:[],1'1 |'|I A .'_1‘.1-'[' H;\i“ ""‘l"'l':dll_n TH]' ITl=
'i'-lﬁ‘-.fill. cooling ;Hui alr r'lrrufl‘-:nli:!._’. ."'»In.«‘. USCIS want a water
with a low and constant Lemperature,

‘*li~|++-rui4-+i Sediment (Causes water to have a cloudy or Hnltitl_'. appearance, [t must be
| :-I'I'Tl.l"l 0nr hlri'J'i‘ll Ot twjurw the water 18 I[H!'Ii, l[ IS the ITI;’L"!'TI_LI.}
that “silts-up” reservoirs, and it is the major cause of the reduc-

tion ol reservoir life,

T 1 : . _ - . o - . . . ,
1. See U. S. Publi Health Service (1962) and Hem (1959) for further discussion of chemical
and physical properties of water.
'FHI[-IL'I.*HHw |1.* X liter) mg/l's are approximately equal to ppm (parts per million) in eon-
""”TI';1?IF‘IJ“~ 111 1SS Ih:ill TFHIHI I;I;'” 'II"T”, ]'.'.._l'.i D. 11l

-
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The deep Cambrian sandstones have been penetrated by only
three wells in Cerro Gordo County: 96-20-31.2, 96-20-10N2, and
96-20-16J2, all at Mason City. Two of these wells were uncased
through overlying units and little specific information about the
deep Cambrian sandstones could be obtained from them. The
third well, 96-20-3L.2 (city well No. 8), was originally drilled to
the top of the overlying St. Lawrence Formation at a depth of
1,219 feet. This well was deepened 1in 1946 to a total depth of
1,765 feet penetrating the St. Lawrence, Franconia, Dresbach,
and about 67 feet of Precambrian crystalline rocks. For test
purposes all units above the Dresbach Group were cased off and
the well was pumped at a rate of about 60 gpm for 714 hours,
causing a drawdown of 83 feet. That test and information col-
lected during drilling and casing the well indicate that the deep
Cambrian sandstones probably will not yield large quantities of
water 1n the Mason City area.

Chemical analyses of water samples collected from the deep
Cambrian sandstones during drilling and testing of city well
No. 8 indicates that the water is soft but more mineralized than
water from overlying units (table 9, well 96-20-3L.2). "The con-
centrations of sodium, sulfate, and chloride in particular are
higher, and are 304, 262, and 55 mg/l (milhgrams per liter)
respectively in a sample collected in July 1946. The fluoride
content, 3.6 mg/l, is objectionably high (table 2) but could be
reduced by mixing with water low in fluoride from other sources.

The upper part of the Franconia Sandstone, containing silt-
stones and shales, serves as a minor aquiclude separating water
in the deep Cambrian sandstones from water in the overlying
Jordan aquifer. Because water from the deep Cambrian sand-
stones is more mineralized than that from overlying units and
only relatively small quantities are available, well 96-20-312
was plugged below a depth of 1,225 feet to improve the quality
of water produced from the well. Well 96-20-10N2 was abandoned
in 1957 : therefore, only one well, 96-20-16J2 (city well No. 12),
is known to produce water from the deep Cambrian sandstones
in Cerro Gordo County.

Jordan Agquifer
The Jordan aquifer is a hydrogeologic unit that includes the
upper part of the St. Lawrence Formation, the Jordan Sand-
stone, and the lower part of the Prairie du Chien Formation.
The Jordan Sandstone is the principal water-bearing unit; how-
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ever, water occurring in openings along fractures and solution
channels in the St. Lawrence and the Prairie du Chien probably

is in hydrologic connection with water in the Jordan.

For this

reason, and because all three units generally are left uncased,
they have been designated as the Jordan aquifer in lowa.

The Jordan aquifer underlies all of Cerro Gordo County, but
at this time (1969) has been utilized only in the Mason City area
(fig. 10) where 1t supplies large quantities of water for munici-
pal and industrial use. Wells producing from the Jordan aquifer
range from 1,200 to 1,538 feet in depth and produce as much as
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Figure 10.—Map showing wells penetrating the St. Peter Sandstone or
Jordan aquifer at Mason City.
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1,200 gpm (tables 3 and 4). The approximate depth to the base
of the Jordan aquifer throughout Cerro Gordo County is shown
in figure 11. These depths have been calculated from an average
land-surface altitude of 1,150 feet and should be adjusted to
local altitude where necessary.

p— —

Figure 11.—Map showing approximate depth to the base of the Jordan
aqulfer in Cerro Gordo County.

Most of the wells producing from the Jordan aquifer at
Mason City are also open to overlying or underlying aquifers and
produce some water from them. However, the largest part of
the water comes from the Jordan aquifer because production 1s
reported to 1ncrease considerably when it 1s penetrated. Be-
cause the Jordan 1s not the only aquifer open to the wells, hydro-
logic properties determined from pumping tests are not com-
pletely reliable, but those determined from two pumping tests
were considered to be reasonable,
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ABLE 3.—RECORDS OF WELLS THAT PENETRATE THE ST. PETER
SANDSTONE OR JORDAN AQUIFER AT MASON CITY.

Y eal Dept!
\\'-JH.]H'.’ UwWner ol \.1.|1_|i Il!‘!llf'ii {eet { ‘asing |':--,4.t,!

07-20-281.1 American Crvstal Suear Co 1924 ey 20-inch at top; 12-inch 653 to
315 1
O7-20-33F1 Lehigh Portland Cement Co 14924 1,260 2U-inch 0 to 14.8 ft.;: 12-inch 603.6
0iodtt
07-20) |2 L.ehich Portland Cement 191 | i U 12-inch O to 12 ft.: 6-<inch 620 to
| | 7251
07-20-331 Lehigh Portland Cement Co 1057 20-inch 0 to 65 ft.: 16-inch 639 t,
X24 {
U720 J1 N orthwes ern oHLa 1' )FLIA N
Cement Co 1924 1.281.5 12-1 Hh.3.5 {50 ft
06-20-3C1 I, B. Decker and S No. 2 N 1.200 No record
06-20-3(12 I. E. Decker and Sons. No ] 1 260 28-1nch 0 12 {t.: 20-1nch 0-50.8
it.; 12-1nch 607.2 to 726.5 ft.
06-20-31 3 J. E. Decker and Sons. No. 4 1Y57 1,210 | 20-inch 0 to 102 {t.- Ib-1nch 633
‘ to 742 1t.; 12-inch 795 to 1.042 {t.
06-20-3F 1 Mason City, No. 10 1932 1,245 | 20-inch 0 to 99.7 ft.: 12-inch 634.6
' to 743 1§
'lr'q___'tl-._.l 2 \I.,t:\rlil Uity. No. 6 Prior t
1910 1.218 S-1nch 635 to 735 {1
06-20-3 11 Mason Citv. No. 7 Prior to
1910 | 1,250 20-1nch U to 94.8 ft.: 12-inch 614
| to 757 ft
06-20-21.2 Mason Citv. No. 8 1912 1.229 20-1mnch 0 to 99 ft.: 10-inech 349 tn
[ 7 10 {t
06-20-31L3 Mason City, No. 9 1413 | 1.220 zU-1nch O to 55 1t.: 12-inch 632 to
SIIE S &
06-20-3M ] Hermanson Bros. Creamers 19350 N b.o-1nch 0 to 759 {
06-20-3 P1 Minneapolis and St. Louis R.R 1920) 805 |2-1mnch 0 to 30 ft.: 10-inch 614 &
130 1
Uo-20-40"1 Chicago and Northwestern R.R 1900 N2 10-1mnch 0 to 54 {t.: 6-inch 644 to
inal
06-20-9H2 [deal Ame vn Laund 1(0) 12-inch 0 to 20 1
06-20-10M 1 Interstate Power Co.. No. 1 415 | 200N 20-mnch 0 to 100 ft.: 12- neh 625
) J00 It.: 10541 {00 to
G960 1t
U6-20-10M 2 nterstate Power ('o.. No. 2 133 1. 201 5 | 83-inch 0 to 17 {i * 1b-1neh 17 to
(0 ft.: 12-1inch 596 ta 700 ft
150 1t of 9-inch at unknown
! n]lr'I=T".
06-20-10N 1 swift and Co 815 | 12-inch 0 to 36 ft.* 10-inch 28 to
| ' Ox 1
Chicago “.:-uilu-.t!-_“" il and | |
Pacific R.R., No. | 1870 1 473 N o recor:
U6-20-10N2 Chicago, Milwaukee St Paul and |
Pacific R.R., No. 3 1913 2(8.5° 16-inch O to 41 ft.: 12-inch 221.5
to 209.5 1t.; 10-inch 630 to 820 ft
Uh-20-15A1 Mason Cif No. 14 1907 1,297 2U-neh 0 to 150 1t.: 18-inch 650
to 770 ft.: 16-inch 742 to 849 ft
H6-20-16J 1 Mason City, No. 11 1934 1,306 2U0-inch O to 142.7 {t 14-1ne}
(13.2 to 777.2 1 16-11 101.2
to 814 it USTiTH ner tron
| {15 iU 1
06-20-16J2 Mason Citv, No. 12 U4 K | 538 5 W=1nch 0 to 10 £t 20-ineh 0O to
145 1 s-1nch 79 o815
l4-1nch 732 to 879.5 ft. Drilled
to Precambi an rocks at 1,585
It.; plugged back to 1,538.5 ft
n April 1948
Uh=-20-17.J1 ~tats ]'2'4!.-]1 reamneries. 1 ni No. ] 1y=s.2 | L 2R 1{)- ”r-h () to 95 5 {f v Ti ¢ =110 I TR()
to 860 1t.: 6-inch 860 to 1.0R0
1+ 10
06-20-17.)2 State Brand ( reameries, Ine.. No. 2 1956 1,364 | 20-1nch from -2 to 102 f{t *16-
| immch {42 to K50 (t.: both
casings grouted.
U6-20-18D1 Allied Mills, Inc., of [owa 1953 1.425 16-inch 0 to 92 ft_* 12-inch 670 5
to 800 1t.: 10-mch 1.016 to
1.036 ft.
G-20-221K | Wikt and Co 195 U717 12-inch 0 to 130 ft.: 10-inch 764

Deepened from 405 to (96 ft. 1n 1940

' - TN | 1 l|i F B B 1 # B | * 4 “ 1 i N a a -
E”F E ) -[\.iivrllqn.d irom blb to 1,218 ft, in 1920, Filled in and abandoned In 1932, after
standing idle since 1929

FaL aT: ¥: IE =™ TE 4 { i i (1) - . .
llt_l.]'ll'rl. irom =2i{H to {._: D | In 1920 I:f'l‘!ﬂ]:[]fiq-“{'ni and lIl't'j‘!'Hr'l:I 10 l.:-:” 1. 1In 1934
-l'll:l‘-r“':ill" 'Hlll*"i LO ]:]" 'I:_ 11 ]'."T'_L. rli'HHi“TlHHt"i ;17]'1 f!"l';lﬁ't‘li ”l 1"':_j.

| : Ilt‘t-|=4'llt-‘li LO l,.'--;
I_h 146, with resultant loss in head and production. Plugged back to 1.225 ft. In August

BrAAS

veported] drilled . 1 { } - & 1 : ’ . .
I _: rtedly drilled to 1.200 ft Iin 1913 - reconditioned and recased in 1934. and again in March

1999, when depth was determined to be 1.220 fi

“Uapped and abandoned

'].II'!'!_I"!_[F'Ii i-!'lrrll 'l+','q_1‘ e 1.\].1 ['.I |!E [.'1rl
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1T 1 XYb

HI}.'ITJI. fll'Tll .\lﬂl'h-n and others (1912, P 67 ) " abandoned abo

‘Not used since 1953 ; capped and abandoned in 1957
0n 1947, b-inch liner set from R60 to 1.080 {1 to prevent loose sands of the St Peter from

entering well

TABLE 4—SUMMARY OF PUMP TESTS ON WELLS PENETRATING
THE JORDAN AQUIFER AT MASON CITY

d by well owner
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The time-drawdown relations for a test on well 96-20-10M2
(Interstate Power Co. well No. 2) are shown on ficures 12 and
13. The semi-log time-drawdown plot (fie., 13), which is a
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Figure ]2.——@1";1ph showing water level in well 96-20-10M2 during a pump-

Ing test on October 23 and 24, 1937.
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straight line for ideal conditions, shows a distinct change in
slope after about 1 hour of pumping. The difference in slope
of the line in the latter part of the test indicates that a nearby
well was shut down, that the cone of drawdown had reached
a more permeable area of the aquifer or a recharge boundary,
or some other anomalous condition. The transmissibility in the
immediate vicinity of well 96-20-10M2, as determined from fig-
ure 13 by the straight-line method (Cooper and Jacob, 1946)
using a discharge value of 1,040 gpm, was 32,000 gallons per
day per foot. After 1 hour of pumping the aquifier had an
apparent transmissibility of 50,000 gallons per day per foot.
The time-drawdown relations for an observation well during
pumping of well 96-20-15A1 are shown on figure 14. The trans-
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missibility and storage coefficient of the aquifer in the vicinity
of wells 96-20-15A1 and 16J1, as determined from figure 14 by
a modification of the Theis non-equilibrium method (Ferris and
others, 1962, p. 92), were 34,000 gallons per day per foot and
2.02 > 10 * respectively.

Water levels in wells penetrating the Jordan aquifer are given
in table 5. The most authentic data as to the original water
level in the aquifer are given by Norton (1928, p. 256-258).
According to that information the water level was at an altitude
of about 1,015 feet in 1912 and began to decline rapidly when
pumping started. Reported water levels in wells 97-20-281L1
and 33F1 in 1924 are unusually high and probably are 1n error
or are representative of overlying aquifers.

Water-level declines to 1942 owing to pumping from the Jor-
dan aquifer were about 100 feet at the pumping center near the
J. E. Decker and Sons wells and city wells Nos. 7 to 10, about
60 feet in the northern part of the city at the American Crystal
Sugar plant, and about 45 feet in the southern part of the city
at city well No. 11. By 1969 declines due to pumping were about
200 feet at the pumping center, about 125 feet at American
Crystal Sugar, and about 140 feet at city well No. 11. Hydro-
graphs of water levels in the American Crystal Sugar Company
well, 97-20-28L1, and city well No. 11, 96-20-16J1 (fig. 15),
show that since 1959 water levels in the Jordan have not declined
significantly but have fluctuated 10 to 30 feet annually. Water-
level fluctuations of 10 to 30 feet in the Jordan are due to
pumping as shown in figure 16.

Pumping from the Jordan aquifer from 1912 to 1942 was con-
centrated in the northern part of Mason City resulting in a
slightly elongated cone of drawdown with its center in the area
of maximum pumping (fig. 17). Between 1942 and 1969 addi-
tional pumping in the southern part of Mason City has caused
the overall cone of drawdown to deepen and expand toward the
south; although the deepest part has remained in the area of
maximum pumping (fig. 17).

The estimated average rate of withdrawal in million gallons
per day from the Jordan aquifer on the basis of historical rec-
ords and estimates by well owners is less than 1 in 1912, 1.2 in
1915, 2.6 in 1920, 3.3 in 1925, 4.8 in 1930, 5.0 in 1935, and 5.6 in
1940. After 1940 withdrawal information is available for the
two largest users, Decker Packing Company and the city of
Mason City (fig. 24). Withdrawals by other industries in the
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