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GEOLOGY AND GROUND-WATER RESOURCES OF
ROCK COUNTY, WISCONSIN

By E. F. Le Roux

ABSTRACT

Rock County is in south-central Wisconsin adjacent to the Illinois State
line. The county has an area of about 723 square miles and had a popula-
tion of about 113,000 in 1957 ; it is one of the leading agricultural and industrial
counties in the State. The total annual precipitation averages about 32 inches,
and the mean annual temperature is about 48° F.

Land-surface altitudes are generally between 800 and and 900 feet, but range
from 731 feet, where the Rock River flows into Illinois, to above 1,080 feet,
at several places in the northwestern part of the county. The northern part
of Rock County consists of the hills and kettles of a terminal moraine which
slopes southward to a flat, undissected outwash plain. The southeastern part
of the county is an area of gentle slopes, whereas the southwestern part con-
sists of steep-sided valleys and ridges.

Rock County is within the drainage basin of the Rock River, which flows
southward through the center of the county. The western and southwestern
parts of the county are drained by the Sugar River and Coon Creek, both
of which flow into the Pecatonica River in Illinois and thence into the Rock
River. The southeastern part of the county is drained by Turtle Creek, which
also flows into Illinois before joining the Rock River. Nearly all the lakes
and ponds are in the northern one-third of the county, the area of most recent
glaciation.

The aquifers in Rock County are of sedimentary origin and include deeply
buried sandstones, shales, and dolomites of the Upper Cambrian series. This
series overlies crystalline rocks of Precambrian age and supplies water to all
the cities and villages in the county. The St. Peter sandstone of Ordovician
age underlies all Rock County except where the formation has been removed
by erosion in the Rock and Sugar River valleys, and perhaps in Coon Creek
valley. The St. Peter sandstone is the principal source of water for domestie,
stock, and small industrial wells in the western half of the county. This sand-
stone also yields some water to uncased wells that tap the deeper rocks of
the Upper Cambrian series. East of the Rock River the Platteville, Decorah,
and Galena formations undifferentiated, or Platteville-Galena unit, is the prin-
cipal source of water for domestic and stock wells. Unconsolidated deposits of
glacial origin cover most of Rock County and supply water to many small wells.
In the outwash deposits along the Rock River, wells of extremely high capacity
have been developed for industrial and municipal use.

X1
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The most significant feature of the bedrock surface in Rock County is the an-
cestral Rock River valley, which has been filled with glacial outwash to a depth
of at least 396 feet below the present land surface. East of the buried valley
the bedrock has a flat, relatively undissected surface. West of the valley the
bedrock surface is rugged and greatly dissected.

Ground water in Rock County occurs under both water-table and artesian
conditions; however, because of the interconnection and close relation of all
ground water in the county, the entire system is considered to be a single ground-
water body whose surface may be represented by one piezometric map. Recharge
occurs locally throughout the county. Nearly all recharge is derived directly
from precipitation that percolates downward to become a part of the ground-
water body. Natural movement of water in the consolidated water-bearing units
is generally toward the buried Rock and Sugar River valleys. Movement of
water in the sandstones of Cambrian age was calculated to be about 44 million
gallons a day toward the Rock River.

Discharge from wells in Rock County in 1957 was about 23 million gallons a
day. Nearly 90 percent of this water was drawn from the area along the Rock
River. Drilled wells, most of which were drilled by the cable-tool method, range
in diameter from 3 to 26 inches, and in depth from 46 to 1,225 feet. Driven wells
in alluvium and glacial drift are usually 114 to 2% inches in diameter.

Water levels in wells fluctuate according to a rather definite annual pattern;
they are generally highest in the spring, lower through the summer, and lowest
in the fall and winter. Short-term fluctuations result from atmospheric-pressure
changes, pumping of wells, and individual rains. Long-term trends in water
level are the result of long-term trends in the precipitation or pumping patterns.

Five aquifer tests were made to determine the transmissibility of the major
aquifers. The transmissibility of the sandstones of Cambrian age is about 34,000
gallons per day per foot; that of the Rock River valley fill is about 1 million
gallons per day per foot.

Ground water in Rock County is generally a hard, calcium magnesium bicar-
bonate type that is slightly alkaline. Iron is not usually a serious problem, but
concentrations as high as 5.4 parts per million have been reported. Measured
temperatures of water discharging from wells ranged from 48.8° F to 53.4° F.

INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION

The people of Wisconsin are becoming increasingly aware of the
importance of ground water to an expanding agricultural and indus-
trial economy. MacKichan (1957) reports that 42 percent of the wa-
ter furnished by public water-supply systems in Wisconsin and 80
percent of the rural supplies are from ground-water sources. Rock
County is one of the leading agricultural and industrial counties in
the State. Its location with respect to markets should encourage ex-
pansion in both fields, and a knowledge of the ground-water resources
of the county will be of value in determining the direction and amount
of expansion. :

A study of the geology and ground-water resources of Rock County
was begun in 1955 by the U.S. Geological Survey in cooperation with
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the Wisconsin Geological and Natural History Survey, University of
Wisconsin, as part of a statewide cooperative program of ground-
water studies begun in 1946.

The investigation, planned cooperatively with George F. Hanson,
State Geologist, was under the immediate supervision of W. J. Dresch-
er district engineer, and his successor C. L. R. Holt, Jr., district geolo-
gist. The purpose of the project was to determine (1) the location
of available ground-water supplies for farms, municipalities, and in-
dustries; (2) the geologic and hydrologic characteristics of the aqui-
fers; and (3) the chemical quality of the water.

A study was made of the geologic history, physiography, structure,
and stratigraphy of the area, and a geologic map was prepared. Map-
ping was done on U.S. Geological Survey topographic maps at a scale
of 1:62,500 (1 inch on the map equals about 1 mile on the ground).
Of 470 wells located in the field, drillers’ logs were available for 385,
and logs compiled by geologists from examination of samples were
available for 33. In addition to the wells visited in the field, the lo-
cation of 152 other wells for which drillers’ logs were available was
established to aid in geologic and hydrologic interpretation. Depth-
to-water measurements were made in about 230 wells for use in con-
struction of a piezometric map (fig. 15). Thirty-six wells (fig. 6)
were designated as observation wells to be measured periodically dur-
ing the investigation. Aquifer tests were made in Beloit, Evansville,
Janesville, and Orfordville to determine the hydraulic properties of
the aquifers. Three samples of well water were collected for analysis
to supplement 41 chemical analyses obtained from various sources.
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Burhans of the Janesville Water Department; R. R. Curtius, opera-
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tests at Evansville and Orfordville.
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Geological and Natural History Survey. O. J. Muegge, State sani-
tary engineer, provided well records and chemical analyses from the



X4 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

files of the State Board of Health. The Wisconsin State Laboratory
of Hygiene made chemical analyses of water from Rock County.
Municipal pumpage data were supplied by the Wisconsin Public Serv-
ice Commission.

PREVIOUS REPORTS

Little detailed work pertaining directly to ground water had been
done previously in the report area. Chamberlin (1877, 1883) discussed
the history of the geologic units in Rock County and described their
character, thickness, and distribution. A report by Weidman and
Schultz (1915) contains data on municipal ground-water supplies, the
quality of the water, and the occurrence of springs and flowing wells.
A report by Alden (1918) describes the glacial geology and the char-
acter and distribution of the bedrock formations. The geologic map
of Wisconsin (Bean, 1949) shows the relation of the bedrock geology
of Rock County to that of the rest of the State. The soils of the county
are described by Whitson (1922), the physical geography by Martin
(1916; reprinted in 1932), and the agriculture of the county by the
Wisconsin Department of Agriculture (1953).

WELL-NUMBERING SYSTEM

The system of numbering wells in Wisconsin (fig. 1) is based on the
Federal system of rectangular land subdivision. A well number con-
sists of five parts. The prefix is derived from the county name (Ro,
Rock County; Gn, Green County; Wg, Winnebago County, Ill.), and
the three numbers immediately following the county designation give
the location of the well by township, range, and section. The letter
“W? following a range number indicates that the well is west of the
Fourth principal meridian ; the absence of the letter indicates that the
well is east of the principal meridian. The final number is the well
serial number and indicates the approximate order in which the wells
of the county were first visited in the field. On maps showing well
locations, only the serial number is used to identify a well.

GEOGRAPHY
LOCATION AND EXTENT OF AREA

An index map (fig. 2) shows the location of Rock County, which is
immediately north of the Illinois State line, between lat 42°30’ to
42°51” N. and long 88°47’ t0 89°22” W. The nearly rectangular county
is about 30 miles long, from east to west, and 24 miles wide. The total
area is about 723 square miles, of which 8.5 square miles is lakes and
streams.
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»— Fourth principal meridian

—50
—40
Range west Range east
10 10 20,

| ! ! oy

Township

6 5 q 3 2

7 8 9 10 H 12
13
24
25
36

Well Ro-4/12/34-393

Townshty \
Range Sectian
Rock County \

Serial number of well
within county

FIGURE 1.—Well-numbering system in Wisconsin.
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F16URE 2,—Index map showing area of this report.

CULTURE

The population of Rock County, according to the U.S. Census of
1960, totals 113,105. A study made in 1957 by the University of Wis-
consin indicates that about 16 percent of the population is classed as
farm, 14 percent as rural nonfarm, and 70 percent as urban. Beloit is
the largest city and has a population of about 30,000. Janesville, the
county seat, has a population of about 25,000.

Nearly 95 percent of the land in the county is in farms. Among the
counties in the State, Rock County ranks 2d in corn production, 5th
in hog production, 14th in milk production, and 6th in total cash farm
income (Wisconsin Dept. Agriculture, 1953).

In 1956, about 20 percent of the county’s population was actively
engaged in manufacturing (U.S. Department of Commerce, 1958),
and about 13 percent worked in commerce and industry other than
manufacturing. The chief manufactured products are engines, tur-
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bines, paper-making machinery, motor vehicles, railroad equipment,
electrical machinery and equipment, leather goods, and writing
equipment.

TOPOGRAPHY

In the absence of adequate topographic map coverage in Rock
County, the altitudes of wells and other control points were deter-
mined by aneroid altimeter. U.S. Geological Survey and U.S. Coast
and Geodetic Survey bench marks were used for control. The land-
surface altitudes are generally between 800 and 900 feet. The high-
est altitudes, above 1,080 feet, are on a morainal hill in sec. 21, T. 4 N,,
R. 11 E. and on a bedrock ridge in sec. 16, T. 3 N., R. 10 E. The tops
of many of the bedrock ridges in R. 10 E. are above 1,000 feet in alti-
tude. The lowest altitude, 731 feet, is at the surface of the Rock River
where it leaves Wisconsin and flows into Illinois.

On the basis of surface features, the county can be divided into four
physiographic areas (fig. 3). One area comprises the hills and kettles
in the northern part of the county. There, the landforms are due al-
most entirely to glacial deposition, although in some places the bed-
rock is near the surface and may influence the general topography.
South of this area a belt of flat outwash and alluvium extends from

R.1I0E. R.NME. R.12 E. R3E. R.14 E.

-—— -— - -7 /-
" Edgerton 1 012 3 4 5 6MILES—I
) Orq;, [P S I T S | |
’ne\h,
/ ) . .
Evansville e h;l\'ﬂoralne high | relief I Tan
ilton i !
Junction Milton J
IR

|

|

|

T L Footville
|

T

Orfordville T.2N
creek |
Lok
\\ N
‘0
) YD
\O*_, Ciintcn
and drift . I N!
| T.IN

FIGURE 3.—Map showing physiographic areas in Rock County, Wis.
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east to west across the county and southward along the Rock River.
The third area, in the southeastern part of the county, is an area of
gentle slopes and low relief, the result of both glacial deposition and
bedrock control. Here, bedrock crops out in some places but is covered
by glacial drift more than 100 feet thick in others. The fourth area
is in the southwestern part of the county where the glacial cover is very
thin or lacking and the topography is due almost entirely to differen-
tial erosion of the bedrock. The terrain in this fourth area is charac-
terized by valleys underlain by sandstone and ridges underlain by
dolomite; it is similar to that of the unglaciated part of southwestern
Wisconsin.
SURFACE WATER

Rock County is in the Rock River drainage basin. The river en-
ters the county from the southwestern end of Lake Koshkonong, about
8 miles east of Edgerton, and flows southward through Janesville and
Beloit (pl. 1). In Rock County the river is 34 miles long and has a
gradient of 1.4 feet per mile. About 4 miles southwest of Edgerton
the Rock River is joined from the west by the Yahara River which,
together with its tributary Badfish Creek, drains much of the rolling
morainal land in the northwestern part of the county. North of Janes-
ville the Rock River is joined from the west by Marsh Creek. The
U.S. Geological Survey stream-gaging station on Rock River at Afton,
about 4 miles south of Janesville, has been in operation since 1914
(Wells and others, 1958). The drainage area above this station is
about 3,300 sq mi, and the average discharge is 1,735 cfs (cubic feet
per second) ; the maximum discharge of record is 13,000 c¢fs; the mini-
mum discharge, 36 cfs. Another eastward-flowing stream, Bass Creek,
joins the Rock River immediately south of the gaging station.

The western and southwestern parts of the county are drained by
the Sugar River and Coon Creek. Coon Creek flows southward into
Illinois, where it joins the Pecatonica River, which in turn joins the
Rock River at Rockton. The Sugar River flows into the Pecatonica
River at a point about 6 miles upstream from Coon Creek. The U.S.
Geological Survey stream-gaging station on the Sugar River near
Brodhead, Green County, has recorded (Wells and others, 1958) a
maximum discharge of 14,800 cfs, on September 13, 1915, and a mini-
mum discharge of 44 cfs, on September 5, 1948. Since it was installed
In 1914, the station has recorded an average discharge of 338 cfs. The
drainage area above the gage is about 527 sq mi. The gradient of the
slow-moving, meandering Sugar River is about 2.2 feet per mile in
Rock County.

Turtle Creek drains the southeastern part of the county. Through-
out much of its length, the creek flows on bedrock and, like the Rock
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and Sugar Rivers, is an effluent stream that receives water from the
ground-water body. However, beyond the point where it leaves the
area of bedrock outcrop and flows west over.the Rock River valley
fill (pl. 1), Turtle Creek is an influent stream, losing water to the
ground-water body (pl. 5). The average discharge recorded by the
U.S. Geological Survey stream-gaging station at Turtle Creek near
Clinton for the 18-year period of operation is 102 cfs (Wells and oth-
ers, 1958). The maximum discharge of record was 6,560 cfs on Febru-
ary 24, 1949, and the minimum discharge was 10 cfs on December
29, 1956. The gradient of the 15.5-mile reach of the stream in Rock
County is about 5.1 feet per mile. The drainage area above the gage
is about 186 sq mi.

Whitson (Whitson and others, 1922) reported that at least 16 per-
cent of the land area of Rock County could be classed as poorly
drained. By 1952, a number of drainage ditches had been dug and
less than 8 percent of the total land area was marshland or swamp.
About 45 percent of the poorly drained land is in the area drained by
the Sugar River and Coon Creek. Other marshland and swamp areas
are along Bass Creek and in the glacial moraine in the northeastern
part of the county.

Nearly all the lakes and pondsare in the northern part of the county.
The larger lakes, such as Gibbs Lake and Clear Lake, are exposures
of the ground-water body and, therefore, are ground-water lakes (see
pl. 1). Several of the smaller lakes and ponds in the area do not ap-
pear to be a part of the main ground-water body. For example, the
altitude of the water level in well Ro-3/13/10-134 was 819 feet in May
1956. In contrast, a small lake about 1,000 feet northwest of this well
was at an altitude between 880 and 900 feet. About 500 feet south-
east of the well, a pond was at an altitude between 880 and 900 feet.
The lake and pond appear to be perched—that is, underlain by im-
permeable strata that prohibits movement of the water downward into
the main water body.

CLIMATE

Rock County has warm, humid summers and cold, snowy winters.
Its temperature and precipitation are slightly above the average for
the State of Wisconsin. The average annual temperature is about 48°
F (fig. 4). The total yearly precipitation averages about 32 inches.
The growing season, extending generally from April 25 to QOctober 16,
averages 175 days. More than 60 percent of the annual precipitation
falls as rain during the growing season. At DBeloit the average snow-
fall is about 30 inches, which is equivalent to about 8 percent of the
average annual precipitation.
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ROCK UNITS AND THEIR WATER-BEARING
PROPERTIES.

An intelligent study of the ground-water resources of an area re-
quires a knowledge of the geology. Ground water occurs almost uni-
versally in the cracks, solution openings, and pore spaces of the earth’s
crust in the zone of saturation. For this reason, it is not searching for
ground water that is important, but rather determining the quanti-
ties of water available for use. The availability of ground water is
dependent upon the size, distribution, and interconnection of pore
spaces and other rock openings, upon the attitude of the rock units,
and upon their relation to other rock units and to the surface of the
earth.

The most widespread and productive aquifers (ground-water reser-
voirs) are formed by the sedimentary rocks. These rocks range in
composition from unconsolidated deposits of coarse-grained sand and
gravel to silt and clay, and from poorly cemented sandstone to dense
limestone and impermeable shale. All these are capable of containing
water, but to be important as aquifers they must transmit water to a
well or spring at a rate sufficient to meet the demand. This property
of a rock unit to transmit water is called its permeability and is ex-
pressed as the amount of water, in gallons per day, that will move
through a 1-square-foot cross section of the aquifer under a hydraulic
gradient of 1 foot per foot.

The permeability of sedimentary rocks has a wide range. Clay,
although it has high porosity (ratio of intersticial volume to mass of
material), has an extremely low permeability; the pore spaces be-
tween the grains are so small that nearly all the water is held in
place by molecular attraction. Well-sorted sand or gravel are more
permeable than poorly sorted material, because the spaces between
grains are not filled with fine material that would retard the move-
ment of water. The rocks of highest permeability are cavernous
limestones and dolomites, in which the water can move unhindered
through large interconnected solution openings and cracks.

In addition to the word “permeability”, the terms “specific capacity”
and “yield factor” will be used in the following discussion of the
water-bearing properties of the geologic units. The specific capacity
relates the discharge rate to the lowering of the water level in a dis-
charging well. It is expressed as gallons per minute per foot of
drawdown and is used as a rough scale for the water-yielding capacity
of a well and the relative transmissibility of the water-bearing ma-
terial near the well. The yield factor is used as a relative measure
of the permeability of the water-bearing material penetrated by the
well. Tt is expressed as gallons per minute per foot of drawdown



X12 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

(specific capacity) per foot of water-bearing material penetrated,
multiplied by 100. There are definite shortcomings to using the re-
lation of discharge to drawdown in expressing relative permeability
(Wenzel, 1942) ; however, owing to the similarity of construction and
the rather standardized methods of testing wells in Rock County,
the relation is generally consistent and is a satisfactory measure of
aquifer productivity.

The water-yielding rocks in Rock County include consolidated
rocks, such as shale, siltstone, dolomite, and sandstone, and unconsoli-
dated deposits of clay, silt, sand, gravel, and boulders. Of the rock
units described (table 1), the unconsolidated glacial deposits—the
Platteville, Decorah, and Galena formations undifferentiated (Platte-
ville-Galena unit)—and the St. Peter sandstone are the only ones

TaBLE 1.—Lithologic and water-bedring characteristics of geologic units in
Rock County, Wis.

Maxi-
mum
System Geologic unit thick- Description Water-bearing characteristics
ness
()

Recent alluvium Silt, sand, peat, and marl. Not determined. Probably
too thin to yield significant
quantities of water to wells.

Qua- Unconformity
tern- | Pleistocene deposits 382 | Till and outwash, gray to | Outwash sand and gravel in
ary brown; consists of clay, the Rock River valley
silt, sand, gravel, an yields large amounts of
boulders. water. Other bodies of
sand and gravel yleld mod-
erate amounts of water to
J— properly developed wells.
Unconformity
Platteville, Decorah, and 288 | Dolomite, light-gray to blue- | Yield sufficient water for
Galena formations, un- gray, yellowish-gray, domestic and stock use
differentiated. sandy, fractured at top, from fractures and solution
fine- to medium-grained openings. Principal source
sandstone at base; and of supply for wells east of
green shale. the burled Rock River
valley.
St. Peter sandstone. 185 | Sandstone, yellowish-gray | Yields sufficient water for
Ordo- to white, fine- to medium- domestic, stock, and small
viclan grained; white chert and industrial supplies. Prin-
chert conglomerate; and cipal source of ground
red shale. water west of the buried
Rock River valley. Us-
ually left uncased to con-
tribute water to wells
tapping rocks of Cambrian
age.
Unconformity
Prairie du Chien group. 60 | Dolomite, yellowish-brown Not determined.
to gray; and white and
gray chert.
Trempealeau formation 960 | Sandstone, white, gray, red, | Yield large amounts of water
Franconia sandstone fine- to very coarse- to deep wells throughout
Cam- | Galesville grained, dolomitic; silt- | the county. Lower part
brian sandstone stone, shale; and dolomite. usually more permeable.

Eau Claire Dresbach

sandstone [group

Mount Simon
sandstone
Unconformity 3
Pre- Crystalline rocks ? | Not penetrated by wells in | Not determined. May yield
cam- Rock County. some water from possible
brian weathered and creviced
zone.
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that are exposed at the surface and that can be examined in the field.
The rocks of the Prairie du Chien group, the Upper Cambrian
series, and the Precambrian are not exposed in Rock County; they
have been described by using data obtained from drillers’ logs, geol-
ogists’ sample logs, and examination of outcrops in other parts of the
State.

The distribution of the bedrock units in Rock County and the loca-
tion of wells are shown on plate 1, which is based on the work of
Alden (1918), Bean (1949), and the author and shows the geology of
the area as it would appear if all the unconsolidated material were
removed. Alden prepared a bedrock geologic map based on field ob-
servation and well logs. The author revisited many of the outcrops
previously studied by Alden and found few points of disagreement ;
however, many new roadcuts have been made since 1918, and a large
number of additional well logs are available. The author’s modi-
fication of the previous mapping is based on these additional data.

The vertical sequence of the geologic units is shown by geologic cross
sections (pl. 2). A cross section can be compared to a vertical slice
through the earth’s crust extending to the depth of each well, and from
one well to each successive well; it shows the thickness and depth below
the land surface of each rock unit and the inclination of the beds along
the line of section.

PRECAMBRIAN ROCKS

Rocks of Precambrian age have not been penetrated by wells in Rock
County. Although deep wells (table 3) have been drilled in the
county, they have never needed to penetrate the full thickness of the
sedimentary rocks to obtain an adequate supply of water.

The Precambrian complex, in areas north of Rock County, consists
of igneous, metamorphic, and firmly cemented sedimentary rocks that
have small or disconnected pore spaces and contain little or no recov-
erable water. Thwaites (1940) showed that the inferred surface of
the Precambrian rocks ranges from 200 feet below sea level in the
northwest corner of Rock County to 800 feet below sea level in the
southeast corner.

CAMBRIAN SYSTEM

. UPPER CAMBRIAN SERIES

Rocks of Late Cambrian age overlie the crystalline rocks of Pre-
cambrian age throughout Rock County. In the Rock and Sugar River
valleys, and probably in the Coor Creek valley, rocks of Late Cam-
brian age underlie unconsolidated Quaternary deposits (pl. 1). In
other areas they are overlain by Ordovician rocks of the Prairie du
Chien group or the St. Peter sandstone.

690-438 0—63——2



X14 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

The geologic subdivisions of the Upper Cambrian series in Rock
County are, from bottom to top, the Mount Simon sandstone, the Eau
Claire sandstone, the Galesville sandstone, the Franconia sandstone,
and the Trempealeau formation. The Mount Simon sandstone, the
Eau Claire sandstone, and the Galesville sandstone compose the Dres-
bach group. The Upper Cambrian series forms a single water-bearing
unit.

The Mount Simon sandstone, which throughout the area overlies
rocks of Precambrian age, is generally a very fine to very coarse
grained sandstone that is light gray, pink, or white. Dolomitic, silty,
or shaly layers are reported in some well logs. The maximum thick-
ness of the Mount Simon sandstone penetrated by wells in Rock
County is 525 feet at well Ro-1/12/35-25, at Beloit (pl. 2). How-
ever, the well does not penetrate this formation completely, and the
total thickness of the unit at the well site is probably more than 850
feet. At Evansville the Mount Simon sandstone is probably about
400 feet thick.

The Eau Claire sandstone, which overlies the Mount Simon sand-
stone, ranges in thickness from 348 feet in well Ro—4/12/10-2, at
Edgerton, to 200 feet in wells Ro-1/12/35-24 and —25, at Beloit (pl. 2).
It is a fine- to coarse-grained light-gray to white and pink dolomitic
sandstone. Near the top of the formation, layers of gray to green silt-
stone occur, and an extensive bed of gray, green, or red dolomitic shale
ranges in thickness from 10 to about 99 feet. Because the shale is much
less permeable than the sandstone, it undoubtedly retards the vertical
movement of water in the rocks of Late Cambrian age.

The Galesville sandstone is almost entirely a fine- to coarse-grained
light-gray to white sandstone. Its maximum known thickness in Rock
County is at Janesville, where 150 feet was logged in well Ro-3/12/14-
32 (pl. 2). At Edgerton only 25 feet of the sandstone was penetrated
by well Ro—4/12/3-34.

The Franconia sandstone, which overlies the Dresbach group, is com-
posed of very fine grained to medium-grained green, gray, and red
dolomitic sandstone interbedded with reddish-brown siltstone, red
shale, and red dolomite. The thickness of the Franconia sandstone is
relatively constant throughout the county, ranging from 120 feet in
well Ro—4/18/27-7, at Milton, to 70 feet in well Ro-2/12/2-3, at
Janesville.

The Trempealeau formation, which overlies the Franconia sand-
stone, is the uppermost unit of the Upper Cambrian series. It is a
predominantly sandy and silty gray, brown, and yellowish-gray
dolomite, but it also includes shale, siltstone, and fine- to medium-
grained sandstone. The formation ranges in thickness from 28 feet
in well Ro-1/13/19-27, at Beloit, to 90 feet in well Ro-4/12/3-34, at
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Edgerton. At Footville, the village supply well (Ro-2/11/5-28)
penetrated 96 feet of the Trempealeau. At Janesville (Ro-2/12/1-30),
(pl. 2), the formation is not present, having been deposited and later
eroded completely by the ancestral Rock River, which cut deeply into
the bedrock formations.

The upper surface of the Trempealeau formation slopes generally
toward the southeast (pl. 2 and fig. 5). The altitude of this surface
northwest of Evansville is about 700 feet, and southeast of Clinton it is
about 450 feet. The slope of the surface in the northwestern part of
the county is about 3.6 feet per mile, but in the southeastern part the
gradient steepens to about 9.4 feet per mile.

.All the cities and villages in Rock County obtain water from wells
tapping rocks of Late Cambrian age. Although this unit is charac-
terized by poor water-yielding properties, its great saturated thick-
ness (fig. 6) permits the construction of high-capacity wells (table
2). A map (fig. 6) showing the probable thickness of the unit in Rock
County is based on information from well logs, and from the work of
Thwaites (1940) on the buried Precambrian rocks in Wisconsin. The
thickness of the Late Cambrian rocks is about 920 feet at Brooklyn,
in Green County; it increases toward the southeast and is about 1,320
feet at Clinton and Beloit.
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Table 2 summarizes the available data on specific capacity and
yield factors of wells in Rock County. It shows that wells penetrating
deeply into the rocks of Late Cambrian age have rather high specific
capacity, but because of the greater thickness penetrated, very low
yield factor. Wells penetrating only a short distance into this unit
have very low specific capacity, but relatively high yield factor.

TasLe 2.—Specific capacity and yield factor of wells tn Rock County, Wis.

Specific capacity ! Yield factor 3 Average | Num-
thickness| ber
Geologic source of aqui- of
fer pene- | tests
Max. | Min.| Med. | Avg. { Max. | Min.| Med. | Avg. trated (ft)
Alluvmm and drift...__.._. 7.5 0.2 2.2 2.5 27 0.2 1.4 5.9 96 16
................ 1,250 12 120 201 (2,358 29 100 402 90 10
Plattevllle-Ga.lena unit 7. .2 1.5 2.5 47 .2 6.7 8.7 52 29
Platteville-Galena  unit,
and St. Peter sandstone- 5.0 .2 1.0 1.4 11 .2 1.8 2.5 64 25
St. Peter sandstone 12.5 .5 2.0 2.9 92 1.7 8.2 | 12.7 33 36
Upper Cambrian seri 7.5 .1 .9 1.9 34 .5 3.0 10.7 25 9
Do4 . 19.4 | 5.2 8.3 10.1 2.4 10 1.4 1.6 645 8
l QGallons per minute per foot of drawdown.

pecific capacity X 100
Thickness of aquifer penetrated (feet).

3 Large-diameter, high-capacity wells, in outwash.

4 High-capacity wells.
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Examination of drill cuttings and analysis of aquifer-test data in-
dicate that the permeability of the Eau Claire and Mount Simon sand-
stone is greater than that of the overlying St. Peter sandstone, Trem-
pealeau formation, and Franconia and Galesville sandstone. For ex-
ample, well Ro—4/10/27-467 at Evansville was test pumped at 600
gpm (gallons per minute) at a depth of 400 feet, when the well had
not yet reached the top of the Eau Claire. At this depth the specific
capacity was only 3.3 gpm per ft. The well was then deepened
through the Eau Claire and into the Mount Simon sandstone and
pumped at 1,270 gpm. The specific capacity of the well during this
test had increased to 13 gpm per ft, indicating a substantially higher
permeability for the Eau Claire and Mount Simon sandstone. Table
3 shows the geologists’ log of well Ro—4/10/27-467, at Evansville.

TABLE 3.— Materials penetrated by well {;’q—ﬁl 0/27-467 at Evansville, Rock County,
8.

Thick- | Depth
ness (ft)
(ft)
Glacial drift:
Soil, brown, nondolomitic, loess._.____ .. _ ... ___.._. 5 5
Gravel, fine-grained, sandy, tan, much dolomite__.________._ 25 30
Sand, medium-grained, light-brown-gray, slightly dolomitic,
more than 90 percent quartz sand grains___________.__.____ 50 80
St. Peter sandstone:
Sandstone, medium-grained, light-gray, some pale-orange,
slightly dolomitic (weathered?). . __ . __________________. 20 100
Sandstone, fine- to medium-grained, light-gray________.____ 15 115
Sandstone, coarse-grained, buff (rust-stained?); a little very
dolomitic blue-gray siltstone and shale______________.____ 25 140
Sandstone, fine-grained, pale-red, dolomitic. _ _______.._.___ 15 155
Sandstone, fine-grained, dark-red, dolomitic.___.___._____.__ 10 165
Sandstone, medium-grained, dark-red-brown, dolomitic_.____ 30 195
No sample_ _ e 15 210
Conglomerate: white chert; red siltstone; pink sandstone..___ 5 215
Sandstone, fine- to coarse-grained, red; conglomerate of white
ehert e 10 225
No sample_ _ _ ... e 10 235
Upper Cambrian series:
Trempealeau formation:
Dolomite, light- to medium-gray and purplish-gray,
slightly sandy and glauconitic, very sandy; some green
shale near base___.________ ___ . _________ e 50 285
Franconia sandstone:
No sample._ - _ __ el 25 310
Sandstone, fine-grained to very fine grained, silty, very
dolomitic, glauconitic, dark-red, some green-gray___.._ 20 330
Sandstone, fine-grained to very fine grained, pale-red and
light-gray, very dolomitie, glauconitic ... _________ 15 345
Sandstone, fine-grained to very fine grained, green-gray,
a little pale-red, dolomitic, glauconitic___.___________ 25 370
Galesville sandstone:
Sandstone, fine- to coarse-grained, light-gray___________ 30 400
Sandstone, fine- to coarse-grained, light-gray__._________ 10 410
Sandstone, coarse-grained, light-gray__________________ 15 425
Sandstone, fine- to medium-grained, light-gray___.______ 70 495
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TABLE 3.—Materials penetrated by well Ro-4/10/27-467 at Evansville, Rock
County, Wis.—Continued

Thick- | Depth

ness (ft)
(ft)
Upper Cambrian series—Continued
Eau Claire sandstone:
Siltstone, light-gray, green-gray, and blue-gray, sandy,
shaly, dolomitie. . . . ________________________.____ 20 515
Sandstone, coarse-grained, some fine-grained, light-gray,
silty, shaly, glauconitie, dolomitie.__._______________ 15 530
Sandstone, medium-grained, light-gray ________________ 45 575
Sandstone, medium-grained, light-gray, dolomitic; some
light-gray dolomite. _ . .. ___ . _______ . _____ 40 615
Sandstone, fine- to medium-grained, light-gray_________ 10 625
Sandstone, medium-grained, light-gray, dolomitie.______ 20 645

Sandstone, fine- to medium-grained, light-gray, dolomitic. 20 665
Sandstone, medium-grained, light-gray; some medium-

gray sandy dolomite_ __ ___________________________ 50 715
Sandstone, fine- to medium-grained, light-gray, slightly

dolomitie. - - o . 35 750
Sandstone, medium-grained, light-gray________________ 15 765
Sandstone, medium-grained, light-gray, dolomitic; some

medium-gray dolomite_.__________________________ 15 780
Sandstone, medium-grained, light-gray, dolomitic_..____ 15 795

Mount Simon sandstone:

Sandstone, fine- to medium-grained, light-gray_________ 20 815
Sandstone, very fine grained to coarse-grained, light-gray_ 30 845
Sandstone, fine- to coarse-grained light-gray______.______ 25 870
Sandstone, fine- to medium-grained, light-medium-gray - 15 885

Sandstone, fine-grained to very coarse grained, light-gray_ 75 960
Sandstone, coarse-grained to very coarse grained, a little
fine-grained at 970-980 ft, light-gray____ . ___________ 35 995

ORDOVICIAN SYSTEM
PRAIRIE DU CHIEN GROUP

The yellowish-brown to gray cherty dolomite of the Prairie du Chien
group is reported in only six sample logs in Rock County. The thick-
ness of this group ranges from 60 feet at Edgerton to 10 feet at Janes-
ville and Brodhead, and at Footville and Milton the reported thick-
nesses are 35 feet and 18 feet, respectively. In all other deep wells in
the county, the unit is absent and the overyling St. Peter sandstone is
in contact with the rocks of the Upper Cambrian series.. The Prairie
du Chien group has been included in the Upper Cambrian series on the
geologic map (pl. 1) because of the similarity of its water-bearing
properties to those of the dolomite in the underlying Trempealeau
formation. Where it is present, the unit may yield some water to
wells from joints enlarged by solution and from bedding planes, but
the Prairie du Chien group is not important as a source of water in
Rock County.
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ST. PETER SANDSTONE

The St. Peter sandstone is present, everywhere in Rock County ex-
cept where it has been removed by erosion in the Rock and Sugar Riv-
er valleys (pl. 1). In the eastern third of the county, the St. Peter
sandstone is overlain by the Platteville-Galena unit. West of the
Rock River the St. Peter is exposed at the base of cliffs formed by
the Platteville-Galena unit. In valleys and other low areas it directly
underlies unconsolidated Pleistocene and Recent deposits. In well
logs, the St. Peter is reported to be a fine- to medium-grained yellow-
ish-gray to white sandstone, commonly containing zones of white
chert, chert conglomerate, and some red shale. Where exposed, it is
a massive friable commonly iron-stained sandstone having a promi-
nent well-cemented zone of iron concretions at the top. Where this
well-cemented zone is sufficiently thick, a joint system generally is
present.

The St. Peter sands were deposited on the uneven erosional surface
of the Prairie du Chien group and rocks of Late Cambrian age; thus
the thickness of the formation varies considerably. The thickest sec-
tion reported in Rock County wells is 185 feet in well Ro-2/10/24-452,
at Orfordville (pl. 2). The upper surface of the St. Peter sandstone
slopes generally toward the east (fig. 7). From the northwestern part
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of the county to the southeastern part, the altitude of this upper sur-
face ranges from more than 900 feet to less than 600 feet.

In Rs. 10-12 E., domestic, stock, and small industrial wells obtain
water principally from the St. Peter sandstone. In Rs. 13 and 14 E.,
the overlying Platteville-Galena unit generally yields an adequate
supply of water, and for this reason few wells have been drilled into
the St. Peter sandstone. Specific capacities and yield factors of the
St. Peter are relatively high, which indicates that the formation is
quite permeable and readily transmits water to wells. As shown in
table 2, the average specific capacity of wells tapping the St. Peter
sandstone is exceeded only by that of high-capacity wells in the rocks
of Late Cambrian age and in the unconsolidated Quaternary deposits.
The average yield factor of wells tapping the St. Peter sandstone
is second only to that of high-capacity wells in the unconsolidated
deposits.

PLATTEVILLE-GALENA UNIT

The Platteville-Galena unit overlies all the consolidated rock units
throughout most of the area east of the Rock River (pl. 1). West
of the Rock River the unit caps hills and ridges and is exposed in
vertical cliffs above the less resistant St. Peter sandstone. The unit
probably includes the Decorah formation (Agnew and others, 1956),
but the Decorah has not been differentiated in well logs or in surface
mapping in Rock County.

The Platteville-Galena unit is described in sample logs as a light-
gray, blue-gray, or yellowish-gray dolomite with fine- to medium-
grained sandstone and green shale near the base. The greatest thick-
ness of the dolomite penetrated by a well in Rock County is 288 feet,
in well Ro-1/14/8-20, at Clinton (pl. 2). Most well drillers in the
area describe the dolomite as a limestone because of its appearance
and physical properties. Chemically, however, it consists of calcium
magnesium carbonate rather than caleium carbonate, which constitutes
a pure limestone.

Where exposed in Rock County, the Platteville-Galena unit is a
thick- to thin-bedded well-jointed dense dolomite, becoming gradu-
ally more sandy toward the base. In a few places the dolomite grades
downward from sandy dolomite through dolomitic sandstone to white
sandstone. The joints in the dolomite are nearly vertical and trend
northeastward or southeastward. This joint system apparently per-
sists throughout the county.

East of the Rock River the Platteville-Galena unit is the principal
source of water to domestic and stock wells. In this area, east of
the Rock River, it is seldom necessary to drill into the St. Peter sand-
stone to obtain an adequate water supply. The permeability of the
dolomite varies considerably according to the size and degree of inter-
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connection of joints and solution openings. In Tps. 3 and 4 N., R. 14
E., for example, sinkholes and blowing wells are indicative of large
solution openings above the water table. Table 2 shows, however,
that specific capacities and yield factors generally are relatively low.
Wells that tap both the Platteville-Galena unit and the St. Peter
sandstone have lower specific capacity and yield factor than those that
tap only the Platteville-Galena unit. This probably is because the
wells that tap the St. Peter also were drilled into an impermeable sec-
tion of the Platteville-Galena unit and had to be deepened to include
some of the underlying sandstone to obtain an adequate supply of
water. West of the Rock River, where the Platteville-Galena unit
caps hills and ridges, much of the unit may be above the zone of sat-
uration, and hence it seldom yields adequate amounts of water to wells.

QUATERNARY SYSTEM
PLEISTOCENE DEPOSITS

Rock County was covered by glacial ice at least twice during the
Pleistocene epoch. During each ice withdrawal there were periods of
erosion in which much of the material deposited by the ice was moved.

As the next ice sheet advanced it transported material deposited by
previous ice sheets, so that today the evidences of glacial deposition
are essentially those of the last ice advances. The ice advances that are
evident in Rock County are those of the Wisconsin stage, and perhaps
the earlier Illinoian stage (Alden, 1918). At present there is some
question as to the age of the glacial deposits in the southern two-thirds
of the county. Shaffer (1956) has interpreted the deposits called
Illinoian as being early Wisconsin in age. The age of the deposits
will not be considered in this report.

Glacial features may be erosional or depositional and may be classi-
fied by form and composition. For this reason, the map showing the
location of the four physiographic areas in Rock County (fig. 3) will
be referred to in discussing the Pleistocene deposits.

The moraine area of high relief is underlain by till, an unsorted mix-
ture of clay, silt, sand, and gravel deposited by an ice sheet. Large
remnants of moraines are found also in the bedrock and drift area
northwest of Janesville, east and south of Footville, and in the vicinity
of Orfordville. In the morainal areas, many small domestic and stock
wells have been completed in small lenses of stratified and sorted sand
and gravel.

Deposits of stratified sand and gravel occur in the outwash area.
These sediments were transported by glacial melt waters, which car-
ried away in suspension much of the silt and clay but deposited as
much as 396 feet of sand and gravel in preexisting valleys (well
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Ro4/13/30-279). The outwash deposits in the buried Rock River
valley are the most productive source of ground water in the county.
They are valuable because of their great saturated thickness, high
permeability, and storage capacity. Plate 3 shows the saturated thick-
ness of the outwash deposits in the buried Rock River valley and its
major tributaries as of June and July 1958. In the deepest parts of
the valley the thickness of saturated sand and gravel exceeds 300 feet.

The glacial deposits in the valley are recharged directly by precipi-
tation and by ground water moving into the unconsolidated deposits
from the bedrock aquifers.

The Pleistocene deposits are tapped by eight large-diameter, high-
capacity wells. Specific capacity and yield factor are so high that
these deposits are in a class apart from the other water-bearing units
(table 2). For example, well Ro-3/12/24-43, at the Parker Pen Co.,
in Janesville, yielded 1,250 gpm for 24 hours and had a reported draw-
down of 1 foot; Janesville municipal well Ro-2/13/6-46 yielded 5,450
gpm for 24 hours with 7 feet of drawdown ; and well Ro-1/12/35-343,
at Beloit, was tested for 10 hours at 4,500 gpm with a drawdown of
about 16 feet. It should not be assumed from these statistics, however,
that any well drilled into the fill of the Rock River valley will yield
large amounts of water. The quantity of water available to a well
can be determined only by drilling, because the water-bearing material
varies considerably in thickness, grain size, composition, and degree of
sorting from place to place.

F. T. Thwaites suggests (oral communication) that the coarser val-
ley fill should be found along the west side of the valley, where the
Rock River is flowing at present. Figure 8 shows that this is true
for five samples of valley fill collected from pits and road cuts. These
samples were taken at intervals across the valley from west to east.
The westernmost sample contained an almost equal percentage of sand
and gravel. The percentage of gravel decreased toward the east and
the percentage of sand increased ; however, many more analyses would
have to be made of samples collected at various depths to establish the
hypothesis. The clay and silt percentages did not change significantly.

Highly permeable outwash deposits are present also in the Sugar
River valley and in a narrow valley extending east and west from
Milton. In the northern half of T. 3 N., R. 14 E., and the southern
half of T. 4 N., R. 14 E., the succession of materials penetrated by
wells is usually clay, gravel, and limestone, according to well drillers.
The gravel, although in the moraine area of high relief, may repre-
sent an older buried outwash that could supply substantial amounts
of water to properly developed wells.
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EXPLANATION

Cloy and silt Sand Gravel

FI1GURE 8.—Particle-size distribution in five samples of Pleistocene outwash, Rock County,
Wis.

The moraine area of low relief in the southeastern part of the
county consists of relatively thick ground-moraine and drumlin de-
posits. Ground moraines are deposited beneath the advancing ice
sheet and are similar in composition to end moraines, but they form
a gentler topography. Drumlins are low hills of generally unstrati-
fied material, elongated in the direction of movement of the advanc-
ing ice sheet.

Ground moraine is found also in the area of bedrock and drift in the
southwestern part of the county, but it is usually much thinner here
than it is in the southeastern part.

Wells in the morainal deposits, both end moraine and ground
moraine, are included under “Alluvium and drift” in table 2. Yields
from wells in morainal deposits are usually small and specific capaci-
ties and yield factors are low.

In addition to Pleistocene deposits described above, thin terrace
deposits of sand and gravel are found along many of the streams,
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and peat and marl are present in some of the low, swampy areas.
In the southwestern part of T. 1 N., R. 11 E., there is an area of wind-
blown sand that probably was transported eastward from the Sugar
River valley. None of these deposits are considered important as
sources of ground water.

BEDROCK TOPOGRAPHY

The contour map (pl. 4) of the bedrock surface reveals the land-
scape as it would appear if the unconsolidated deposits were removed.
Data from well logs, field observations, altimeter traverses, and topo-
graphic maps were used in compiling this map. Because the bedrock
surface west of the Rock River is rugged and topographic control
is poor, it was not contoured above the 800-foot altitude. Uncon-
solidated material on the bedrock ridges in this area west of the Rock
River is generally so thin that the bedrock surface practically coin-
cides with the land surface.

The most significant feature of the bedrock surface in Rock County
is the ancestral Rock River valley, which has been filled with glacial
outwash to a depth of at least 396 feet below the present land surface
at well Ro—4/13/30-279. Below the 500-foot contour, the buried
valley ranges in width from about 14 mile to about 2 miles.

The modern Rock River leaves the old valley at the south end of
Lake Koshkonong, flows southwestward, and cuts across bedrock in
several places. From about 5 miles south of Edgerton, it follows the
buried ancestral Yahara River valley to a point north of Janesville,
where it returns to the ancestral Rock River valley. A tributary
to the buried Yahara River valley near Evansville has been filled
to a depth of at least 262 feet (Ro—4/10,/25-282) with stratified out-
wash deposited by glacial melt waters. From Janesville to Beloit
the Rock River flows along the extreme west edge of the buried an-
cestral Rock River valley. At several places (pl. 1) the river leaves
the old valley and cuts through rock spurs in a more recent channel.

East of the buried Rock River valley, the bedrock surface is rela-
tively undissected. Four topographically high areas (fig. 8) corre-
spond roughly to the high areas on the piezometric surface (pl. 5).
Three small valleys originate between these highs and continue west-
ward to join the buried valley of the Rock River.

The bedrock surface west of the buried Rock River valley is gen-
erally a rugged, highly dissected complex of ridges and deep, steep-
sided valleys resembling the present topography of the unglaciated
area in southwestern Wisconsin. The bedrock valleys of Bass Creek,
Coon Creek, and Sugar River were cut at least 170 to 190 feet below
the present floors of the valleys and subsequently were filled with
unconsolidated alluvial material.
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GROUND WATER
SOURCE AND OCCURRENCE

The source of practically all ground water in Rock County is pre-
cipitation. Of the total precipitation, part flows into streams and
lakes as direct runoff, part returns to the atmosphere by evaporation
and transpiration, and the remainder seeps downward through the
soil and rocks to the zone of saturation. The surface of the zone
of saturation is called the water table, and its position is shown by
the level at which water stands in nonartesian wells. All openings
in the zone of saturation are filled with water, and it is water in the
zone of saturation that is tapped by wells and flows from springs.

Ground water occurs in pores, fractures, and bedding-plane open-
ings in the rocks below the water table. The size, shape, and distri-
bution of the openings in the rocks vary considerably from place
to place and control the storage and movement of water. The amount
of water that can be stored in a rock depends on its porosity. The
“porosity” of a rock refers to its state of containing interstices or
open spaces, and is the ratio, generally expressed as a percentage,
of the open space in a rock to its total volume. Rock units that con-
tain and transmit enough ground water to supply wells adequately
are called aquifers.

In Rock County, ground water occurs under both water-table and
artesian conditions. Water in the unconsolidated beds of sand and
gravel is generally unconfined and is said to occur under water-table
conditions. Artesian conditions exist locally where the sand and
gravel deposits are confined by layers of silt or clay. Water in the
consolidated rocks is unconfined in the areas where these rocks crop
out or where they are covered by only a thin mantle of Pleistocene de-
posits. Downdip from the areas of outcrop, the water in the perme-
able rock units may be confined (under artesian conditions) by layers
of dense dolomite, cemented sandstone, or nearly impermeable shale.
The confining material is not totally impermeable, and there is much
slow leakage through the beds, so that over a long period of time, the
water in both the permeable and impermeable units may be consid-
ered as a single water body, rather than several water bodies, that has
a common piezometric surface (imagirary surface that everywhere
coincides with the static level of water in the aquifer).

Unconfined water in the zone of saturation moves through the rocks
in a direction determined by the slope of the water table. The water
table is not a flat or stationary surface but changes with location and
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time as a result of the geographic differences in permeability and
structure of the rocks, of the variable rates of discharge from wells
and springs, and of the recharge from intermittent and irregular
amounts of precipitation.

When a well penetrates a confined aquifer down the hydraulic gradi-
ent from its intake area, hydrostatic pressure causes the water to rise
in the well above the bottom of the confining rock layer. An artesian
well will flow if the hydrostatic pressure causes the water in the well
to rise above the land surface.

The form of the upper surface of the ground-water body in Rock
County in late June and early July 1958 is shown by the piezometric
contours in plate 5. The map was constructed by using depth-to-water
measurements from about 230 wells and surface-water altitudes at
about 65 locations where the levels of the surface-water sources are
maintained by discharge from the ground-water body. The records
for selected wells are given in table 4; records for all other wells are
on open file at the U.S. Geological Survey, 175 Science Hall, Madison,
Wis. The location of wells for which records are available is shown
in figure 6.

RECHARGE

Ground-water recharge in Rock County is derived directly from
precipitation that percolates downward to become a part of the
ground-water body and from ground water that moves into the area
in the buried bedrock valleys. Between Shopiere and Beloit, some
recharge may be also by infiltration from Turtle Creek. In this area
Turtle Creek flows across the buried Rock River valley at an altitude
about 20 feet above the general surface of the ground-water body.
This area of recharge is indicated (pl. 5) by the mound described by
the 760- and 780-foot contours.

The bedrock is recharged most easily in areas where there is little
or no overlying material. The piezometric map (pl. 5) shows three
ground-water mounds in the eastern part of the county and ground-
water ridges along State Highways 13 and 81 in the southwestern
and western parts of the county. In these areas the Platteville-Galena
unit is generally near the surface, and precipitation percolates down-
ward into this rock unit and is transmitted to the underlying St. Peter
sandstone. West of Rock River the St. Peter sandstone is at or near
the surface in many places and is recharged directly by precipitation.

Recharge to the unconsolidated Pleistocene glacial material occurs
most readily in areas of outwash deposits (fig. 3). A natural drain-
age system has not developed on the outwash deposits east of the
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Rock River, which indicates that most of the precipitation infiltrates
the soil and rocks. The Waukesha gravelly, sandy, and silty loams
(Whitson and others, 1922, p. 22, 49, 51), which have formed on the
outwash deposits, readily transmit water to the underlying stratified
sand and gravel. The most rapid recharge to the unconsolidated de-
posits in the Sugar River valley is in areas where the stratified sand
of the valley fill is overlain by very premeable soil (Waukesha sand).
The average annual precipitation in Rock County is about 32
inches, or about 1,100 mgd. In the Rock River basin about 22 percent
of this precipitation reaches the Rock River, either as surface runoff
or, for the most part, as ground-water discharge into the river, Ex-
cept for industrial and domestic consumptive use (the percentage of
ground water that is used and not returned) and temporary increases
in ground-water storage. the remaining precipitation is returned to
the atmosphere through evaporation or by transpiration by natural
vegetation. Most of the recharge occurs in the early spring, when
the soil-moisture content is high and evapotranspiration is low. Dur-
ing late spring, summer, and early fall, precipitation is generally re-
turned to the atmosphere by evapotranspiration or is used to restore
depleted soil moisture. Some recharge may occur in the late fall
after the end of the growing season and before the ground freezes, but
during the winter months, when the ground is frozen and the precipi-
tation is in the form of snow, there is practically no recharge.

MOVEMENT

The piezometric map (pl. 5) indicates the direction of ground-
water movement. Ground water moves down the hydraulic gradient
normal to the contours, from areas of recharge to areas of discharge.
In eastern Rock County the ground water moves generally westward
toward the Rock River from three ground-water highs in R. 14 E.,
except near Turtle Creek, where the water moves toward the creek.
Between State Highway 13 and the Rock River the water moves gen-
erally toward the Rock and Yahara Rivers and Bass Creek. West of
State Highway 13 the ground water moves toward the many small
streams and westward toward the Sugar River. Closely spaced con-
tours indicate a steep gradient, which is generally the result of water
moving through material of low permeability. Widely spaced con-
tours, as in the buried Rock River valley between Janesville, Milton,
and Edgerton, indicates that water is moving through more permeable
material.
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The quantity of water moving in the sandstones of Cambrian age
toward the buried Rock River was computed by applying Darcy’s law
to the area on both sides of the river between the 800- and 820-foot
contours (pl. 5). From Darcy’s law it follows that the quantity of
water discharged in a unit of time (@) is equal to the product of
the average permeability of the material (), the hydraulic gradient
(7), and the cross-sectional area through which the water moves (4).
It may be written in the form @ =77L, where 7 is the coeflicient of
transmissibility (permeability X thickness of the aquifer) and L is
the length of the section perpendicular to the direction of flow. An
approximate 7' of 30,000 gpd per ft (gallons per day per foot) was
computed from pumping tests at Orfordville, Janesville, and Evans-
ville. The average gradient, /, is determined by dividing the area
between the contours by Z, the average length of the contours. The
amount of water moving between the 800- and 820-foot contours was
calculated to be about 44 mgd. This is equivalent to about 0.6 mgd
per mile of contour length. Smith and Larson (1948) report that in
the Rockford, Ill., area, movement of water in the sandstone also is
at the rate of 0.6 mgd per mile of contour. By using a coefficient of
transmissibility of 1,000,000 gpd per computed ft for the unconsoli-
dated valley fill at Beloit, the amount of water moving out of the
county as underflow in the buried Rock River valley was calculated to
be about 40 mgd.

DISCHARGE

Natural discharge of ground water in Rock County occurs by
springflow and seepage and by evapotranspiration. Water also
moves out of Rock County as underflow beneath the Rock River
valley. Artificial discharge is through wells and drainage ditches.

It is estimated that about 800 to 900 mgd (about 70 to 80 percent
of the precipitation) is returned to the atmosphere by evapotranspira-
tion, that about 123 mgd is discharged by springflow or seepage into
the Rock River, and that about 40 mgd moves out of the area as
underflow beneath the Rock River valley. In addition, many springs
and seeps discharge an underetermined amount of ground water into
stream valleys and low areas. No estimate was made of the amount
of ground water discharged by drainage ditches; however, Whitson
and others (1922) reported that 16 percent of the county was poorly
drained in 1921, and the Wisconsin State Department of Agricul-
ture (1953) reported that less than 8 percent was poorly drained
in 1952.

About 23 mgd was pumped from wells in 1957, Nearly 90 per-
cent of the pumpage, or approximately 20 mgd, was withdrawn in
the heavily populated and industrialized area along the Rock River.
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The pumpage from wells represents only about 12 percent of the
water that could be withdrawn perennially from the ground-water
reservoir.. Municipal and industrial pumpage from the outwash in
the Rock River valley is about 14 mgd.

WATER-LEVEL FLUCTUATIONS

Water-level fluctuations in wells indicate that the ground-water
reservoir adjusts to changes in storage due to variations in recharge
and discharge. According to whether recharge exceeds, equals, or
is less than discharge, water levels in wells rise, remain static, or de-
cline. A knowledge of these fluctuations is necessary to determine
long-term water-level trends and changes in ground-water storage.
Other factors that affect water levels, such as atmospheric pressure
and changes in surface loading, generally have only a temporary
effect and indicate only a slight change in the actual quantity of
water stored in the aquifer.

A network of observation wells (pl. 1) was established in Rock
County to determine the magnitude and general pattern of water-
level fluctuations and to provide data for correlation of these fluctua-
tions with seasonal variations in recharge and discharge. Water-
level fluctnations were measured continuously by recording gages in
wells Ro-1/12/34-240 and Ro-2/10/24-452. The fluctuations in
water levels were caused by local pumping, natural recharge and dis-
charge, and changes in atmospheric pressure. Hydrographs show
long-term trends of water levels in wells Ro-2/12/2-3 and
Ro-4/13/27-8 since 1947 and 1952, respectively (fig. 9).

The hydrographs for wells Ro-2/12/2-3 and Ro—4/13/27-8 and a
curve of the cumulative departure from normal precipitation are
shown in figure 9. On the cumulative-departure curve a rising line
represents a wet year, a level line represents a normal year, and a
falling line represents a dry year. Precipitation was about normal
during 1947, below normal in 1948 and 1949, and above normal in
1950-52. The trend of the cumulative-departure curve correlates
with the hydrograph of well Ro-2/12/2-3. From 1952 through 1958
the trend of precipitation and of the hydrographs is generally down-
ward. The illustration (fig. 9) shows a definite relation between
long-term precipitation patterns and long-term trends in water levels.
Both water-level records illustrated on figure 9 show a long-term
decline during the period of deficient precipitation from 1952
onward.

Water levels in well Ro-1/13/9-238 (fig. 10) are generally highest
in the spring when recharge is greatest, lower through the summer,
and lowest during the fall and winter. In the spring of 1957 the
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water level reached a low in April. It rose more than 2 feet during
May as the result of 6.33 inches of precipitation. The normal decline,
caused by increased evapotranspiration and spring discharge, began
in May and continued into October. The decline was evident during
August even though precipitation was considerably above normal dur-
ing that month—about equal to that in May. Despite the greater pre-
cipitation, recharge to the ground-water body was considerably less
in August because of the higher evapotranspiration. The water level
rose slightly during November owing to above-normal precipitation.
In 1958 the spring rise occurred earlier than in 1957 and was in re-
sponse to recharge from snowmelt. Precipitation was negligible
during February, but there was 6 inches of snow on the ground at
Janesville at the beginning of the month. The snow cover thinned
gradually until at the end of the month there was little more than a
trace of snow on the ground. Most of the recharge from the melting
snow occurred during the last week of February, when the temperature
was above freezing. The water level declined again during the sum-
mer and fall.

The daily high and low water levels taken from automatic-recorder
charts at well Ro-1/12/34-240 and daily precipitation at Beloit are
shown in figure 11. The major water level fluctuations and the sea-
sonal trends result from recharge and natural discharge; the minor
daily fluctuations are caused by the pumping of several small wells in
the vicinity. Precipitation during the first 6 months of 1956 was 5.2
inches below normal. Only 1.7 inches of rainfall (2.8 inches below
normal) was recorded during June. The first large rainfall in July
1956 did not result in a significant rise of the water level because much
of the potential recharge was required to replenish the depleted soil
moisture. This rain, however, did replenish the soil moisture so that
the following rainfall of nearly 2.5 inches resulted in a water-level
rise in the well of about 2 feet. From this high water level, 30 feet be-
low the land surface, the water level declined during the remainder
of the summer and fall. A 1-inch rainfall on August 31 had little ef-
fect on the water level. The total rainfall during September and
October was less than 0.7 inch and the soil-moisture content was so
depleted that two heavy rains in November had almost no effect on
the hydrograph of the well. The water level in the well continued to
decline through December 1956, and through January and the first
week of February 1957, a period when the ground was frozen and re-
charge was at a minimum. Snow 3 to 5 inches deep was on the ground
on February 6. Most of the snow melted during February 7-14 and
resulted in a water-level rise of more than 1 foot. Precipitation dur-
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ing March was sufficient to maintain the water level and the soil mois-
ture, so that the precipitation in the first week of April resulted in
a water-level rise of more than 3 feet. In May, as the result of an
exceptional amount of rainfall (6.33 inches), the water level in the
well rose nearly 20 feet to a high of 16.12 feet below the land surface.
No interpretation of the sharp rise and the rapid decline about a
month later could be made from the available data. From the middle
of June through July and into August, the water level declined rap-
idly owing to natural discharge and evapotranspiration. The pre-
cipitation during this period had little immediate effect on the water
level in the well.

The hydrograph of well Ro-1/12/34-240 for March-June 1958 is
shown in figure 12. The water level declined in March because pre-
cipitation was deficient, totaling only 0.33 inch. A rainfall of about
1 inch in early April resulted in a rise of nearly 1 foot in the water
level, because evapotranspiration was low and the moisture content of
the soil was high. The total precipitation for the first 30 days of May
1958 was only 0.19 inch, but on May 31 and June 1, 2.8 inches of rain
fell. This precipitation resulted in a water-level rise of about 1.5 feet
in the well. The same amount of rain in May 1957 (fig. 11), after a
normally wet spring, caused a water-level rise of more than 3 feet.

Short-term, nearly instantaneous responses of water levels to at-
mospheric-pressure changes have been recognized in some wells.
These fluctuations generally are temporary and are small in compar-
ison to fluctuations caused by changes in storage due to fluctuations of
natural recharge and discharge and to pumping. Water-level fluctua-
tions in well Ro-2/10/24-452, resulting from barometric changes on
April 23-24, 1958, are shown in figure 13. The barometric pressure
was recorded at Madison, about 32 miles north of the well. The time
difference between the “highs” and “lows” may reflect the distance
between the well and the barograph. As the barometric pressure de-
creased during the afternoon of April 23, the water level in the well
rose 0.3 foot. On figure 13, note that the barogram has been inverted
for comparison with the hydrograph. A small temporary pressure
increase during the evening of April 23 was followed by a temporary
decline in water level. During the morning of April 24, the baro-
metric pressure rose and the water level in the well declined about 0.5
foot in 11 hours. The atmospheric-pressure change acts instantane-
ously upon the surface of the water in an open well, and creates a
pressure differential between the water in the well and water in the
aquifer immediately outside the well.
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Ficure 12.—Hydrograph of well Ro—-1/12/34-240 and dalily preclpitation at Beloit, Wis,,
March—June 1958.

AQUIFER TESTS

Aquifer tests were made on the sandstones of Late Cambrian age
at Orfordville, Janesville, and Evansville, and on the outwash deposits
of Pleistocene age at Beloit. The purpose of the tests was to determine
the hydraulic characteristics—the coefficients of transmissibility and
storage—of the aquifers. These coefficients in turn can be used to
predict the expected amount and rate at which water levels would
decline at various rates of pumping.
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The coefficient of transmissibility is expressed as the rate of flow of
water at the prevailing water temperature, in gallons per day, through
a vertical strip of the aquifer 1 foot wide and extending the full satu-
rated height of the aquifer, under a hydraulic gradient of 100 percent
(1 ft per ft). The coefficient of storage of an aquifer is defined as
the volume of water it releases from or takes into storage per unit
surface area of the aquifer per unit change in the component of head
normal to that surface.

Each aquifer test consisted of pumping a well at a uniform rate of
discharge and observing the rate of drawdown, and of stopping the
pump and observing the rate of recovery. The results of the tests
were analyzed by the nonequilibrium formula (Theis, 1935), or by
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the modified nonequilibrium formula (Jacob, 1950) or the recovery
formula (Theis, 1935), which are adaptations of the nonequilibrinum
formula.

The nonequilibrium formula assumes that the aquifer is infinite in
areal extent, that it is homogeneous and isotropic (transmits water in
all directions with equal facility), that its coefficients of transmissi-
bility and storage are constant, that it is confined between imperme-
able beds, that the discharging well penetrates the entire thickness
of the aquifer, and that the discharged water is released from storage
instantaneously with decline in head. These conditions are not fully
met in nature, and considerable judgment is necessary to decide the
extent to which they can be assumed to apply in any particular area.

A summary of the coefficient of transmissibility values determined
from the aquifer tests in Rock County follows.

Length | Discharge |Coefficient of

Well Location of aqui- | of well be- (transmissibil-
fer test |ing pumped| ity (gpd/ft)
(brs) (gpm.
Sandstone of Late Cambrian age

Ro-3/12/14-32_ _ .. __._.__ Janesville_.__________ 24 25 32, 000
Ro-3/12/23-33_ . ________ | _.do..__________. 20 50 37, 000
Ro-2/10/24-452_ _ . ________ Orfordville_______.__ 17 530 32, 000
Ro-4/10/27-467_ _ . _ . ______ Evansville_ ____.____ 22 1, 270 33, 000
Average. - __ | o |ee | 34, 000

Outwash deposits of Pleistocene age

Ro-1/12/35-343___________ Beloit__ .. ___.______ 10 | 4,500 | 1, 200, 000

The coefficient of storage could not be computed, as nearby observa-
tion wells were not available at any of the test sites. The results of
15 aquifer tests made on the sandstones of Late Cambrian age in
nearby Dane, Green, Jefferson, and Walworth Counties indicate that
the coefficient of storage in those areas averages about 0.00035.

USE

Withdrawal of ground water in Rock County for all purposes av-
eraged about 23 mgd in 1957. One-half of this was pumped from
municipal supply wells (table 5), one-third from privately owned in-
dustrial wells, and one-sixth from domestic and stock wells, About
nine-tenths of the ground water was pumped in the heavily populated
and industrialized area along the Rock River.

In Beloit most industries have their own water supply. Industrial
pumpage from privately owned wells was about 6 mgd in 1957. Most
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of this pumpage (5.2 mgd in 1956) was from three wells tapping
the valley fill. In Janesville most of the water for industrial purposes
is supplied by the city.

TABLE 5.—Municipal pumpage of ground water in 1957 in Rock County, Wis.

[Data compiled by Wisconsin Public Service Commission. Maximum and minimum daily pumpage at

Beloit approximate]
Location Dally pumpage (mgd)
Max, Min, Avg.
Janesville. . _ e 10. 49 3.91 6.3
Beloit (including South Beloit, Ill.) .. ... _____. 8 3.5 4.4
Edgerton____ . eea. .65 .21 .33
Evansville..._______ . ____________ . 54 .07 .29
Brodhead (Green County)._ 27 .14 18
Milton_ ... ________.... .28 .16 .15
Clinton_ _ . _ . .20 .07 .11
Footville_ _ . . __ oo .05
Orfordville_ _ _ e .09 . 03 .04
Brooklyn (pumpage for 1958) ____________________ .12 .01 .02

QUALITY

Ground water contains mineral matter that has been dissolved from
the atmosphere and the earth, or that has resulted from chemical re-
actions in the zone of saturation. A knowledge of the concentrations
of various mineral constituents in ground water is useful in determin-
ing the source and movement of the water, and its suitability for in-
dustrial and domestic use.

Table 6 gives selected chemical analyses of water in Rock County.
Table 7 summarizes the chemical quality of the water. The latter ta-
ble shows that the water is generally a hard calcium magnesium bi-
carbonate type which is slightly alkaline. The hydrogen-ion concen-
tration, expressed in terms of pH units, indicates the degree of acidity
or alkalinity of water. Water having a pH value below 7.0 is acid;
water having a pH value above 7.0 is alkaline. Iron is not a serious
problem, although concentrations as high as 5.4 ppm (parts per mil-
lion) have been reported.

Ground water from the several water-bearing units in Rock County
is similar in chemical quality. To illustrate this fact, the values for
the principal anions and cations from 26 water samples have been
plotted on hexagonal diagrams in figures 14 and 15. The patterns
have been grouped according to the source of the water—“A,” sand-
stone of Cambrian age; “B,” St. Peter sandstone and sandstone of
Cambrian age; “C,” Pleistocene deposits; and “D,” surface water.
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FicURE 14.—Pattern diagrams—group A—for water-analysis data, Rock County, Wis.
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FIGURE 15.—Pattern diagrams—groups B, C ,and D-—for water-analysis data, Rock
County, Wis.
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TABLE 7.—Summary of chemical constituents of ground water in Rock County,
Wis.

[In parts per million, except pH]

3 - g s | 8 3
218 e |3.1%8% 58 o ]a | 2. ]
- PN gz (8 g+ 20 8= S| =8 20
g g2 | 88| 85 |282| & s |1 851 %2 | 2=
= e | 2C | 82 |S82| g8 52 | 28 | 2% | BO | o
@ = | o = |3 A & o a o a
12 0.6 60 34 6.9 343 | 14 6.4 310 317 7.5
18 5.4 73 50! 15 460 | 52 17 422 386 7.8
—-m 9.8 .2 60 34 6.3 345 9.4 6.0 304 310 7.4
8.4 .0 49 26 . 217 .0 1.2 230 260 7.2
Number of analyses...| 10 33 30 30 30 4 | 44 4“4 42 37| 27

The similarity in shape of the patterns illustrates the similarity
in chemical character of the water samples. Despite the overall sim-
ilarity, there are differences that distinguish water of the deeper
water-bearing units from that of the shallower units. For example,
in group “C” patterns the magnesium calcium line slants upward to
the left while the magnesium calcium line in group “A” patterns
usually slants upward to the right or is vertical. The magnesium
calcium line in group “B” is similar to that in group “C,” indicating
that wells open in both the St. Peter sandstone and the sandstone of
Cambrian age may receive more water from the shallow St. Peter
sandstone than from the deeper sandstone of Cambrian age.

The slope of the magnesium calcium line is indicative of the cal-
cium magnesium ratio in the water. The ratio is 1:1 when the line
is vertical. The ratio is greater than 1 when the line slopes upward
to the left, and less than 1 when it slopes upward to the right. Hem
(1959, p. 82) states that the ratio of calcium to magnesium in natural
water, computed using equivalents per million, commonly ranges from
5:1 to about 1:1. High values of the ratio indicate that the water
has been in contact with limestone. Low values suggest that the
water has been in contact with dolomitic rocks. As computed from
the results of 60 water analyses, the calcium: magnesium ratio of
ground water in Rock County is 1.0:1.1. This reflects the dolomitic
character of the rocks through which the water has passed.

The high bicarbonate (HCO;) concentration in most of the ground
water is another indication of the predominance of carbonate rocks
(dolomite) in the area. The range of bicarbonate concentrations in
natural water is from 0 to more than 1,000 ppm, but concentrations
of more than 500 ppm are rare (Hem, 1959, p. 97). In Rock County
(table 7) the range was from 277 to 460 ppm, and the average concen-
tration, based on 44 analyses, was 343 ppm.

The variation in sulfate (SO,) concentration among water samples
from the several water-bearing units is not immediately evident from
the pattern diagrams of figures 14 and 15. Table 8, which summarizes
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the sulfate content of ground water in Rock County, indicates that
the sulfate content generally is higher in water from the Pleistocene
deposits than in water from the St. Peter sandstone and sandstones
of Cambrian age.

TaBLE 8.—Summary of sulfate concentration in ground water from three water-
bearing units in Rock County, Wis.

[In parts per million]

St. Peter sand-
Degree of concentration Pleistocene stone and sand- | Sandstones of
deposits stones of Cam- Cambrian age
brian age

Average_____ . _ o ______ 25 12 9
Maximum.___ .. .___ 44 19 14
Median_______________.________.____ 29 10 10
Minimum _ ___ . __ 6 8 0
Number of analyses_ _ .. _.__.________ 12 7 21

The two hexagon patterns in group “D” (figs. 14 and 15, repre-
senting analyses of surface water, are similar to those representing
ground water. Most of the water in Turtle Creek has passed through
or over carbonate rocks that crop out along its bank (pl. 1). This
probably accounts for the relatively high concentration of bicarbonate
in the water. Much of the water in the Rock River has fallen as rain
and has passed through or over only the unconsolidated Pleistocene
deposits on its way to the river, resulting in a relatively lower concen-
tration of bicarbonate.

The principal advantage of using ground water for industrial pur-
poses is its relatively constant temperature and quality. In Rock
County, the difference between the highest and lowest measured well-
water temperature was only about 5° F. In wells where the tem-
perature was measured at intervals throughout the year, the tempera-
ture variation was 0.1° to 0.6° F. The temperature of water from deep
wells in the Rock River valley averages 52.3° F, and that from shallow
wells averages 51.6° F. Water temperature in shallow wells outside
the Rock River valley averages 50° F.

Surface-water temperature fluctuates more rapidly and through a
wider range than ground-water temperature. Although the Rock
River is constantly receiving ground water, there is a close correlation
between the temperatures of air and of river water (fig. 16). The
average river temperature for the period September 1954-September
1955 was 54.5° F (Love, 1959, p. 64), which is about 3° F higher than
the average well-water temperature. The annual range in river tem-
perature was 57° F as compared to 0.6° F or less for water from wells.
On a particular day, for example on July 17, 1955, there was a differ-
ence of 12° F between the maximum and minimum temperatures of
the river.
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SUMMARY

Adequate supplies of ground water for domestic or stock use are
available throughout Rock County. Most of the domestic and stock
wells obtain water from the St. Peter sandstone, the Platteville-
Galena unit, or the unconsolidated Pleistocene deposits.

The two principal aquifers tapped by high-capacity wells are the
deeply buried consolidated rocks of the Upper Cambrian series, which
underlie the entire county, and well-sorted unconsolidated glacial out-
wash in the buried Rock River valléy. As of 1957, all the cities and
villages in Rock County obtained at least part of their water from
the rocks of the Upper Cambrian series, yet withdrawals from this
source averaged only about 5 mgd. Total municipal pumpage in Rock
‘County is about 12 mgd. Municipal and industrial pumpage from
the outwash in the Rock River valley iz about 14 mgd. Total pumpage
from all sources in the Rock River valley is estimated to be 20 mgd.
This is about 12 percent of the ground water that moves toward the
Rock River and out of the county as underflow in the valley.

Ground water in Rock County is generally a hard calcium mag-
nesium bicarbonate type which is slightly alkaline. The chief ad-
vantage of using ground water for industrial purposes is its relatively
constant temperature and quality. The annual temperature range of
water from wells is less than 1° F, as compared to 57° for the Rock
River in 1954-55.
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