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FOREWORD 

This report, Water-Supply Bulletin No. 7, Geology and Ground­
Water Resources of Clayton County, is one of a continuing series 
of studies exploring the intimate relationships existing between 
ground water and its host rocks. The area covered by this report 
is of unusual interest because, unlike most of Iowa, a large part 
of it has no glacial cover and the areas of recharge and discharge 
can be directly studied rather than inferred. 

This report has been prepared in cooperation with the Ground 
Water Branch of the U.S. Geological Survey with aid and advice 
from other State and Federal agencies. It is hoped that these 
reports will be valuable not only to the people of the specific area 
studied but to all who are interested in our priceless asset, water. 

H. GARLAND HERSHEY 

State Geologist 
Iowa City, Iowa 
June, 1961 
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GEOLOGY AND GROUND-WATER RESOURCES 
OF CLAYTON COUNTY, IOWA 

by 

w. L. STEINHILBER, o. J. VAN ECK, and A. J. FEULNER 

ABSTltACT 

Clayton County includes 784 square miles in northeastern 
Iowa and in 1960 had a population of 21,962. For the most part, 
the county is a dissected upland that is drained mainly by the 
southeastward flowing Turkey River and its principal tributary, 
the Volga River. The Turkey River empties into the Mississippi 
River, which flows southward along the eastern border of the 
county. The climate is humid continental, and the average· annual 
precipitation is 33.01 inches. The economy of the county is based 
on farming and the raising of livestock. The natural resources 
of the county include soil, water, rock, sand, and timber. 

Glacial deposits of Pleistocene age, ranging in thickness from 
a featheredge to slightly more than 100 feet, mantle the in­
durated rocks throughout much of the upland area in the central 
and western parts of the county. However, indurated rocks of 
Cambrian, Ordovician, and Silurian age are exposed in hillsides 
and valley walls throughout the county. 

The principal aquifers in the county, in ascending order, are 
the Galesville sandstone of the Dresbach group, the Jordan and 
St. Peter sandstones, and the Galena and Hopkinton dolomites. 
The Galesville sandstone of Late Cambrian age yields large 
quantities of water to wells in the northeastern part of the 
county; the hardness of water ranges from 278 to 305 ppm (parts 
per million) and the dissolved-solids content ranges from 415 to 
509 ppm. The Jordan sandstone of Late Cambrian age yields 
large quantities of water to several municipal wells in the eastern 
half of the county; the hardness of the water ranges from 238 
to 431 ppm and the dissolved-solids content ranges from 252 to 
461 ppm. The St. Peter sandstone of Middle Ordovician age yields 
small to moderate quantities of water to many farm and a few 
municipal wells in the eastern half of the county; the quality of 
the water is comparable to the water from the Jordan sandstone, 
although the hardness is slightly higher. The Galena dolomite 
of Middle Ordovician age is the principal aquifier for farm wells 
throughout all except the southwestern corner of the county. 
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Although locally it yields sufficient water for municipal require­
ments, in most places it yields only enough for domestic require­
ments. The hardness of the water ranges from 254 to 415 ppm 
and the dissolved-solids content ranges from 294 to 477 ppm. The 
Hopkinton dolomite of Middle Silurian age, which underlies only 
the southwestern part of the county, yields moderate quantities 
of water to wells. The water from this formation is less mineral­
ized than the water in the other bedrock formations; the hard­
ness ranges from 231 to 333 ppm and the dissolved-solids content 
ranges from 247 to 376 ppm. 

Small quantities of water for domestic use are obtained from 
the glacial drift in southwestern Clayton County. In most places, 
however, the supply is not dependable. 

Recharge to the aquifers in the county is by subsurface inflow, 
seepage, and direct precipitation. The Dresbach group and Jor­
dan sandstone are recharged by subsurface inflow. The St. Peter 
sandstone is recharged mainly by subsurface inflow from the 
north and south and partly by downward seepage from overlying 
formations. The Galena dolomite is recharged mainly by infiltra­
tion of direct precipitation on the interstream outcrop areas and 
partly by downward seepage from the Maquoketa shale and 
partly by some subsurface inflow. The aquifer of Silurian age 
is recharged by infiltration of direct precipitation and presumably 
by downward seepage from the Iowan drift. 

Discharge from the aquifers is by subsurface outflow, direct 
and indirect seepage, and springs. The Dresbach group and Jor­
dan sandstone are discharged by subsurface outflow, although 
the Jordan discharges some water into Bloody Run Creek by 
seepage. Discharge from the St. Peter sandstone is partly by 
direct seepage into the streams along the eastern border of the 
county, partly by indirect seepage up through the Platteville lime­
stone and Decorah shale in the lower reach of Turkey River, and 
partly by subsurface outflow to the west and southwest. Dis­
charge from the Galena dolomite and from the aquifers of Silur­
ian age is by seepage into streams that dissect the aquifers and 
by the numerous springs that issue from the aquifers. The 
amount of water discharged into the Turkey River drainage 
system by these seeps and springs is estimated to be at least 
10 mgd (million gallons per day) during extended periods of 
drought and several times this amount during periods of average 
precipitation. The discharge by springs alone is estimated to be 
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about 11 mgd during periods of near-average to average precipi­
tation. Most of these springs discharge into the Turkey River, 
but some discharge into the smaller streams along the eastern 
border of the county. 

An estimated 3,000 farm wells withdraw approximately 2 mgd 
of ground water from the aquifers in Clayton County. Most of 
this water is pumped from the St. Peter sandstone and the 
Galena and Hopkinton dolomites. Twelve municipalities in the 
county pump slightly less than 1 mgd of water from the county's 
ground-water reservoirs. More than half of the water pumped 
for municipal use is withdrawn from the Jordan sandstone and 
the underlying St. Lawrence formation. A few small industries 
withdraw approximately 200,000 gpd (gallons per day) from the 
aquifers in the county. 

Additional water supplies could be developed from the ,Jordan 
sandstone, St. Peter sandstone, Galena dolomite, and aquifers of 
Silurian age without depleting the ground-water reservoir. Wells 
drilled into the Galena dolomite and aquifers of Silurian age in 
particular, should fully penetrate the complete aquifer. 
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INTRODUCTION 
Purpose and Scope of the Investigation 

'!'he investigation upon which this report is based is part of a 
program of ground-water studies being made cooperatively by 
the Iowa Geological Survey and the United States Geological 
Survey. The ultimate aim of this cooperative program, which 
was started in 1938, is the complete appraisal of the ground-water 
resources of the state. The early emphasis of the cooperative 
program was on state-wide data collection, which formed the 
basis for a general understanding of the geohydrology of Iowa. 
The current emphasis of the program is on systematic investi­
gations of county units (fig. 1), mainly because the county is a 
convenient unit to study and report on. Although much addi­
tional data must be collected and studied for these county reports, 
the basic data collected during the initial phase of the cooperative 
program provides the backbone for this and all future ground­
water reports. 

The detailed study of the geology and the occurrence, recharge, 
discharge, quality, and availability of ground water in Clayton 
County began in 1951 and continued intermittently through 1957. 
The investigation was made under the general supervision of 

Figure 1.-Index map of Iowa showing progress of ground-water
investigations. 
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A. N. Sayre, Chief of the Ground Water Branch, U.S. Geological 
Survey, and H. G. Hershey, State Geologist and Director of the 
Iowa Geological Survey. 

Although this report deals specifically with the geology and 
ground-water conditions in Clayton County, much of the infor­
mation contained in it is applicable also to quarrying, drainage 
projects, excavations for foundations and dams, and other oper­
ations that penetrate below the surface of the ground. Because 
all these operations are facilitated if detailed geologic information 
is known at any given site, this report presents information on 
the thickness, character, and extent of the stratigraphic units in 
the county. In addition, descriptions of the rocks exposed in 
quarries, road cuts, and elsewhere are presented at the end of this 
report. 

Location and Extent of the Area 
Clayton County is in northeastern Iowa in the second tier of 

counties south of the Minnesota border (fig. 1). It is bounded on 
the north by Allamakee County, on the west by Fayette County, 
on the south by Delaware and Dubuque Counties, and on the east 
by the Mississippi River. The eastem boundary is irregular be­
cause of the winding course of the Mississippi River, but the 
other boundaries are straight lines. The county consists of 22 
townships and includes an area of 784 square miles. 

l\lethods of Im·estigation 

The geologic information for this report was obtained during 
approximately 3 months field work in the summer of 1951, and 
the hydro logic information was gathered during short field trips 
that continued intermittently through 1957. Rock exposures in 
79 quarries and 17 road cuts were measured and described. Rock 
cuttings from 53 wells drilled before and during the investigation 
were examined. In addition, drillers' logs and hydrologic infor­
mation were obtained from local drillers and well owners (table 
6). Springs are abundant in the county, and particular attention 
was given to recording the location, discharge, and geologic 
source of 76 springs, which includes all the major ones. Water 
samples from 41 wells and 10 springs were collected and analyzed 
in the Water Laboratory Division of the State Hygienic Labora­
tory at Iowa City. The altitude of the land surface at wells and 
at geologic contacts was determined by barometric altimeter. 

The field and office study of the surface and subsurface geology 
has made available considerable additional detail on the • 1ocal 
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stratigraphy and has resulted in a geologic map of Clayton Coun­
ty (pl. 1) that differs somewhat from earlier maps. County 
highway maps prepared by the Iowa State Highway Commission 
were used in compiling field data and in preparing the maps and 
diagrams for this report. Aerial photographs of Clayton County 
were particularly valuable in locating rock exposures and in trac­
ing formation boundaries. 

Wells, springs, and rock outcrops in quarries, road cuts, and 
other places have been assigned numbers based on the rectangu­
lar system for subdivision of public land (see figure 2). The 
number consists of three units separated by hyphens. The first 
number indicates the township; the second the range; the third 
part consists of a number indicating the section, a letter identify­
ing the 40-acre tract, and a serial number. The letters identifying 
the 40-acre tracts are assigned as indicated in the enlargement of 
a single section in figure 2. For example a well located in the 
SE¼SW¼ sec. 16, T. 92 N., R. 3 W., is designated as 92-3-16Pl. 
If a second well were to be drilled in the same tract, it would be 

0 C B A 

E F G H 

M L K J 

N ,.P O R ......... 

R. ew. II. 5W. R.4 W. R. I W. 

CLAYTON COUNTY 

Figure 2,-Map of Clayton County illustrating the well-numbering system
used in this report. 



7 OF CLAYTON COUNTY, IOWA 

assigned the number 92-3-16P2. The same numbering system is 
applied to springs and rock exposures with the addition of the 
letter S for springs, Q for quarries, G for gravel pits, and E for 
other natural or artificial exposures. 

Previous Investigations 
The first reference to the geology of Clayton County was made 

by Hall and Whitney (1858) 1 in a report on a reconnaissance 
study along the Mississippi River. White (1870), in a report on 
a geological survey of Iowa, also briefly described the geology of 
the county. Chamberlin and Salisbury (1885) and McGee (1891) 
mention Clayton County, but neither reference is more than in­
cidental. 

The topography, drainage, and general geologic features of 
Clayton County are discussed in considerable detail in a report by 
Leonard ( 1906). Subsequent reports on regional stratigraphic 
studies by Trowbridge (1917), Ladd (1929), Trowbridge and 
Atwater (1934), Scobey (1935), Tester (1937), Spivey (1939), 
Schuldt (1943), and Heyl and others (1955) also include some 
data on the geology of Clayton County. Many features of the 
Pleistocene and other surficial deposits are described and re­
viewed by Alden and Leighton (1915), Kay and Apfel (1929), and 
Kay and Graham (1943). 

Reports by Norton and others (1912), Norton (1928), and Lees 
(1928) contain information on ground water in Clayton County. 
Stream-flow records and other surface-water data, some of which 
pertain to Clayton County, are given by Crawford (1942 and 
1944), Mummey (1953), Bennion (1956), and Schwob (1958). 

Acknowledgments 
Many residents of the county generously supplied valuable in­

formation regarding wells, quarries, and rock exposures. Munic­
ipal officials provided pumpage data, and well drillers and con­
tractors furnished samples of well cuttings and many records. 
David E. Hoover, County Engineer of Clayton County, furnished 
information as to lo~tions and bench marks. Appreciation is 
expressed, also, to colleagues of the Iowa Geological Survey for 
suggestions during this investigation. Catherine M. Feulner as­
sisted in the field studies and in the preparation of some illustra­
tions for this report. 

lCltatlono of lltroture ore mode by giving the nuthor's nomc ond date, and refer to tho 
selected referenceo nt the end of this report. 
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GEOGRAPHY 
Topography and Drainage 

Clayton County consists of two very distinct topographic re­
gions; a more or less flat area underlain by unconsolidated Iowan 
glacial till and an extremely dissected area, where consolidated 
rocks are exposed in hillsides and cliffs. The surface in the south­
western corner of the county (fig. 23), which is covered with 
Iowan drift, has not been eroded in the comparatively short in­
terval since the Iowan ice disappeared, so that it is a flat to gently 
rolling, poorly drained, boulder strewn, depositional till surface 
(pl. 4A). In sharp contrast with the flat area, is the extremely 
hilly part of the county that was not covered by Iowan drift. This 
older topography, which was maturely eroded during the long 
interval following Nebraskan and Kansan glaciation, is dissected 
by numerous valleys ( pl. 4 B), nearly all of which are spring-fed. 

The major streams of the county are the Turkey and the Volga 
Rivers. The Turkey River enters the county 9 miles south of the 
northwest corner and crosses the county in a general south­
easterly direction. 'l'he Volga River enters the county about 17 
miles south of the northwest corner and almost parallels the 
Turkey River to Elkport, at which point the streams join. These 
two streams drain about four-fifths of the county. A small area 
along the northern border is drained by tributaries of the Yellow 
River and a small area in the southwest corner is drained by the 
Maquoketa River. A few small streams also enter the Mississippi 
River directly. The entire drainage system of the county is into 
the Mississippi River. 

The discharge, during the period October 1, 1951 to September 
30, 1952, of the Turkey River at the gaging station at Garber 
about a mile below the junction of the Turkey and Volga Rivers, 
and the precipitation at Elkader, during the same period are 
shown in figure 3. The total precipitation during the period was 
near the average. 

Climate 

The climate of Clayton County is variable and is described as 
the humid continental type. The temperature at Elkader during 
75 years of record has ranged from a high of 108°F. on July 13, 
1936, to a low of -40°F. on January 30, 1951. The average an­
nual temperature at Elkader is 46.3°F. The average for June, 
July, and August, the warmest months, is 66.7°F. The average 
period from the last killing frost in the spring to the first killing 
frost in the fall is 152 days (fig. 4). 
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The average annual prcc ipi talion al .Elkader is 3:tOl i nches 
and during the 69 yearn of record has r anged from a minimum 
of 20.98 inches in 1901 Lo a maximum of 50.01 inches in 1902. 
Other years of extremes in prcl'ipiLation were 187G with 44.8:-! 
inches, l!ll0 wit h 22.28 inches, Hl49 wit h 24.24 inche,;, and 1951 
wit h 47.7L1 inches ( fig . 5) . About two-thirds of the precipitatioll 
fa lls during the period of Ma,v through September. 
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Figure 3.-Average daily discharge of the Turkey River at Garber and pre­
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Base-ftow depletion curve plotted from stream-Bow records of Iowa. (Data
from Surface Water Branch, U. S. Geological Survey and U. S. Weather 
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Figure 4.-Grnphs showing (A) average and extremes of temperature by
months, nnd (B) nvernge monthly precipitation at Elkader, Iowa. (Basic

data from U. S. Weather Bureau). 
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Agriculture and Industry 
Agriculture in Clayton County consists largely of dairying and 

the growing of corn, wheat, oats, beans, hay, and sorghum cane. 
The raising of dairy and stock cattle accounts for a large part of 
the farm income. 

Because agriculture is the major activity in the county, the 
supplying of farm materials and equipment and the processing of 
agricultural products constitute the principal industrial activities. 
In the 18 incorporated towns are 15 creameries, a canning com­
pany that operates seasonally, a tool manufacturing company, 3 
small bottling companies, an<l a cheese factory. 

Natural Resources 

Lead was once an important natural resource of Clayton 
County. Mining started near North Buena Vista in southeastern 
Clayton County in 1851 and later at Miners Creek northwest of 
Guttenberg. The latter locality formerly produced considerable 
lead; at one time two smelters were in operation on Miners Creek. 
The ore is no longer being mined because it is too lean to be mined 
profitably under present conditions. 

The mineralogy and other features of the deposits at Gutten­
berg suggest a very weak type of ore deposition, such as might 
be expected of deposits near the limit of mineralization (Heyl and 
others, 1955, p. 239). The ore occurs as thin coatings of pyrite 
and marcasite on the wall rocks, with small galena crystals on the 
iron sulfide coatings, and a little barite. The deposits near North 
Buena Vista were found somewhat above the base of the Galena 
dolomite; those at Guttenberg were found at the base of the 
formation. 

In the past, several plants manufacturing clay products have 
operated in the county, using loess, alluvium, and Maquoketa 
shale as raw material. Although the Maquoketa shale locally fur­
nishes clay of good quality for the manufacture of clay products, 
the extreme variation in chemical composition prohibits exten­
sive development. As the localized high quality shale deposits 
were worked out, all the plants closed down. 

Lumbering is becoming an important part-time occupation for 
many farmers; much of the timber, which formerly was cut only 
for fence posts and for farm construction, has acquired a com­
mercial value in the past few years. A large quantity of walnut 
and oak logs are now being shipped out of the county, and cutting 
cmitinues throughout the year. 
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An inter esting feature of the nat ural r esoun:es of Clayton 
County b a sand mine, operated by American-Marietta Company, 
Concrete Materials and Conslrnclion Divis ion at Clayton, Jowa, 
(pl. 5). The mine at present extends about 2,500 feet along the 
face of the cliff and approximately 1,500 feei back into t he hill. 
The sand is exlraclcd \J>' means of drifts driven i11 lo ihc face of 
ihe cliff, and lhc "room-and-pillar" method of mining is used. The 
rooms and pillars arc approximate]>' 50 feet in each dimension. 
The sand is sorted b.,· air elulriation into th ree basic size grades. 
About 500 Lons of' sand arc shipped daily, mnst of it ,going to 
foundries in Iowa. 

PLATt: ii.- \ "1t:w OF SA:-ll ) 11:-:1:: OPEll,\TFll B\' ( ' n1'( '1!P.T~; ;\I.\Tt:Hl ,\l, S ,1:-;n 
C'o:-STl! l H"l'IO:- nI \'I S IO:- ,\T C!.,n ' Tf\lS'. 

About 80 r ock quarries are kno\\'n in Cla>·ton County, although 
some of them arc now alwndonerl (fig. G) . Some of the qua rried 
rock is used locall,v for building- stone, but most of it is crushed 
for use on roads. During- 1052, 8fi miles of road were su rfaced 
and 141 miles r esurfaced. The resurfacing projects r equired 
62,000 cubic yardH of rock, or 83,700 tons, and the surfacing proj­
ects required 85,000 cul.Jic yn rds, ot· 11-1.,750 tons. An average o( 
about 94,000 cubic yards, or 127,000 tons of crus hed rock is used 
yearly in Clayton Count>· to surface 50 miles of roads and to r e­
s urface 100 miles. 
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A few sand and gravel pits have been opened on the terraces 
along the rivers of the county. The material is used extensively 
for road surfacing and concrete aggregate. 

The natural features of Clayton County attract many tourists. 
Several state parks have been developed on the scenic heights 
overlooking the Mississippi River. Backbone State Park, on the 
Maquoketa River in northwest Delaware County, attracts many 
visitors to the southwestern part of Clayton County because of 
its easy access to boating, camping, and fishing. 

'-. . . ,_LLL.
••• 

CLAYTON COUNTY 
IOWA 

~ Ouarry 

• Sand and 
QtGYII p1I 

Figure 6.-Map showing location of rock quarl"ies and sand and gravel pits 
in Clayton County, Iowa. 

Population 
The population of Clayton County in 1960, according to the 

census, was 21,962, a decrease of 528 since 1950. Five towns in 
the county have a population of more than 1,000 and only one ex­
ceeds 2,000 (table 1). The total urban population is slightly more 
than half the total population of the county. 

Settlement of the county was rapid between 1850 and 1870, and 
most of the towns were incorporated during that period. The 
population continued to increase until about 1900, but then began 
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to decline gradually because improved farming techniques re­
duced the number of persons needed to operate farms. The de­
cline in rural population was not balanced by a corresponding 
increase in the county's urban population because, according to 
Trowbridge and other (1936, p. 14-15), most farm-to-city migra­
tion is to the cities of 20,000 or larger. 

Transportation 
The county is served by four branches of the Chicago, Milwau­

kee, St. Paul and Pacific Railroad. One branch extends across the 
northern part of the county through Marquette, Monona, and 
Luana. This branch is joined by a line from Elkader, which 
passes through St. Olaf. Another branch follows the Mississippi 
River through Marquette, McGregor, Clayton, and North Buena 
Vista, and a fourth branch crosses the southwest corner of the 
county through Strawberry Point and Edgewood. 

TABLE 1. POPULATION OF CITIES AND TOWNS IN CLAYTON 
COUNTY, IOWA 

~=-===----cc:===============-·=-=···===== 

Clnylou....... . ............... . 
t,IKOWOOO ............. . 
Elki,dor (County Seal) .. 
Elkport ...... . 
t'nrme111bur". . . . . 
Gnrbtt........ . 
Gnroavillo.. . 
Guttenberg. . . 
l.ittleporl .. 
[,113113, •.. 
Mnrqu,lle.... . 
McUr('ltor .... . 
~lonom,.......... . 
Xo:lh Due11a \'istn .... . 
O&terdock ............ . 
St.Ola!............... . 
Strawberry Point. 
\'olin....... , 

Totul .......... . 

.Total 1>01mlntio11 of Clnylon County ..... 

. --- . -.. ·-· -

Population 

~1195(),-1960 
136 130161 

767606716 
1,58j 1,5261,550 

1001311 99 
263 250296 

148153158 
j6( 581 662 

2,0871,860 1,912 
119139170 

220 276201 
;n 572OU 

l,OjO1,1381,309 
l,3jG1,3161,1111 

148 150203 
78 51 45 

169158191 
1,223 1,2¾7 1,303 

---
j23 ---361 

---
311 

11,05111,0:11 10,035 

I 21,9622j,33~ 22,400 

·--------·--

All-weather State and Federal highways extend to nearly all 
parts of the county. U. S. Highway 52 crosses the county in a 
northwesterly direction; at Froelich it is joined from the east by 
U.S. Highway 18. State Highway 13 passes through Strawberry 
Point and Elkader and continues northeastwardly to its junction 
with U.S. Highway 52. 

During the navigation season on the Mississippi River, barges 
pass the area but very little freight enters or leaves the county 
by this means of transportation. 
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GEOLOGY 
Heneral Geology 

The rocks that form the crust of the earth are divided ac­
cording to origin, texture, and composition into three main 
c]asses. Igneous rocks are formed by soJidification from moJten 
or partia1ly mo]ten masses. Sedimentary rocks are for med by the 
deposition of sediments that were transported by water, ice 
sheets, or ,vind; by precipitation from solution; or by the accumu­
Jation of organic remains. Metamorphic rocks are formed through 
a]teration of sedimentary and igneous rocks by heat and pressure. 

Although the igneous and metamorphic rocks constitute the 
greatest volume of earth's crust, they are buried in most p]aces 
beneath a mant]e of sedimentary rocks that range in thickness 
from Jess than a foot to a few miles. These sedimentary rocks 
are of great economic significance because of their accessibility 
and their chemical and physical properties; they are the source of 
all the petroleum, many ore minerals, and most of the ground 
water. 

Sedimentary rocks may be either unconsolidated or consoli­
dated. The unconsolidated rocks consist chiefly of sand, gravel, 
silt, and clay. In Clayton County, the principal mode of occur­
rence is as glacial tilJ. This unconsolidated rock, found on uplands 
and hillsides, is a mixture of clay and silt containing subordinate 
amounts of sand, gravel, and boulders (although, locally, sand 
may be the principa] sediment-as in outwash areas) that was 
deposited by one or more continental glaciers. Another common 
type of unconsolidated sedimentary rocks in Clayton County is 
alluvium, which is a detrital material that was deposited in 
stream beds and a]ong flood plains by the streams. One other 
common type in the county is loess, which is a wind-blown silt 
containing subordinate amounts of clay and very fine sand. 

The consolidated sedimentary rocks exposed in Clayton County 
consist of sandstone, shale, limestone, and dolomite, which were 
deposited in ancient seas as sand, mud, and lime-mud over long 
periods of geologic time. The type of sediment deposited at any 
given locality at any given time was dependent on many factors, 
the most important of which were probably depth of water and 
position of the shoreline. Thus, an area that underwent mud 
accumulation under a given shoreline position, would have had 
the mud deposits covered by sand or lime-mud when the shoreline 
shifted nearer to or farther from the site of deposition. As can 
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be seen from the varied rock types in Clayton County, the ancient 
shorelines must have shifted frequently during the geologic peri­
ods when these rocks were deposited. 

The sedimentary rocks are divided into stratigraphic units, 
called formations, on the basis of definitive Iithologic features. 
A formation is identified by a geographic name combined with 
either a lithologic term or the term "formation." For example, 
an exposure of dolomite near Galena, Ill., was described and 
named the Galena dolomite, and that term is applied to equivalent 
dolomite layers wherever identified in Illinois, Iowa, Wisconsin, 
and Minnesota. The formation name is equally applicable whether 
the formation crops out at the surface or is buried beneath 
younger layers of rock. Thus, the Galena dolomite, which crops 
out throughout much of eastern Clayton County (pl. 1) and un­
derlies younger formations at varying depths in the rest of the 
county, possesses certain diagnostic features by which it can be 
identified as the same dolomite that crops out at Galena, Ill. Sim­
ilarly, the sandstone fo1·mation that crops out in northeastern 
Clayton County ( pl. 1) and is reached by drilling to varying 
depths in the remainder of the county (pl. 3) is called the St. 
Peter sandstone because the same sandstone layer is exposed and 
was first described along the St. Peter River (now called the Min­
nesota River) in Minnesota. Two or more successive formations 
with related lithologies may be combined into units called groups. 
The Galesville, Eau Claire, and Mt. Simon sandstones comprise 
the Dresbach group in most of the Upper Mississippi region 
(table 2). Some formations are subdivided into subunits cal1ed 
members. Thus, the Maquoketa shale is subdivided into the 
Brainard shale member, Ft. Atkinson dolomite member, Cler­
mont shale member, and Elgin limestone member (table 2). 
These members of the Maquoketa shale are particularly well 
exposed in Clayton County. 

Formations and groups are combined into larger units cal1ed 
series, which include all the sediments deposited during an epoch 
of geologic time. Similarly, series are grouped into larger units 
called systems, which include all the sediments deposited in a 
period of geologic time. Table 2 shows the stratigraphic units 
identified in Clayton County and the larger units to which they 
belong. 

Summary of Strntigrn11hy 

Stratigraphy is the geologic science which treats of the de­
scription, organization, and classification of sedimentary rocks. 



00 TABLE 2. GENERALIZED SECTION OF THE GEOLOGIC FORMATIONS IN CLAYTON COUNTY, IOWA .... 

M:mmum
s1r,.T;·phic_ Unit Subunit Tbickn""' 

S,stem Streis or otmmtmn or Member (£eel) Physical obamoter Wa1<!ro,1pply 

lleeenl de1..,ita a.; Soils and alluvial deposits or silt, sand, and grawl. No large 811pp!il'OI have heen developed, but moderatc 
to brize yields probobl~ could IKl developed locally 
£rom alluvium in tho t. mmippi Itiver valrey. 

Quaternary Pleistocene Wisconsin Iowan drirt Weathrttd till and loess. 

Kall9llll dri£1 135 Weathered till and thin 1"""'1. Locally some weathered and Yields small qu1111litiea to dug wells. 
iro11-sLained sand, gravel and silt. 

Ncbl'll81cao drirl Weathered till. 

Niagaran Hopkinton 126(1) Mostly yellow to buff massive dolomite, some limestone, Yields moderately large quantitie, to wells and •imngs, 
dolomite 190 

l!illlrian Kankakee 
limestone 

HO(T) Yellow dolomite containing bands of white chert. Yields small quantities or waler lo wells. 

Alcwidrian 
Eclgewood a.; Thin-bedded, yellow to g111y sandy dolomite <00t:1ining 

seatwed nodules of chert. 
Yields small quantities or 11111er to wells and springs. 

Uminard shale 126 Gra~ shale. Not " !IOW'CC of \\'Iller •u11pb·. 

OrdoTician CincinnalWI !lfaquoktta shale n.Alkimon 
dolomite 

-IO G':f-:-.A~Uow dolomite ..,,,tainiog numerous nodules Yields small qUMlitiee or m>tcr to wells and B.,rlngo. 

Clmnonl i!halo -IO Bluisl,.green shale. Xol a llOUrte 0£ v.·ater 811pply. 

1-:litin limeslono 110 F'me-oained argillattous dolomite, and some ..,._ IYields small quanlili,s of ....1er lo ,.-ells. 

Dubuque so Thin-bedded dolomite and liml'Slone intttbcdded with Yields modttatcly larize quantities of WIiler to wells 
dolomite brown..,., and s.,rlnp. 

Galena dolomiw 81c1r11ttville Idolomiw 
;; 11\lassin-. bro...,, dolomite. Yields waler to sprinRS and some wolls. 

l'rot<u limestone 132 : Grayish-brown dolomite containiog I.a)·... of chm in Yields moderately brize quantities of wattt to wells. 

I 
lo>rt'f par1. l4rge quantili,s of nter isouo from Biuinp al its 

i.-. 

Ion member 23 

I 
G= calcareous shale interbedcled with limetone. No\" wource or ....1cr BUpply. 

Mobawkian Deconhehale G111tmberz 27 Thin-bedded ligh~y limestmre and dolomite. Yitlds omall quantities of ....1er to wells. 
limc,tone 
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TABLE 2. GENERALIZED SECTION OF THE GEOLOGIC FORMATIONS IN CLAYTON COUNTY, IOWA-Continued 

: 811ttl118 Fetty 
member 

l-~-ltG_m_or___ 
Platteville 
limestone 1_=_m_ber____

1\utonica 
dolomite 

Glenwood shale 

·1--1-11--, Very fos,iliferous gray to IUN'n shole intcrbedded with Sot a sourre or water sup1~Y-
thin lay,rs of dolomite. 

l__35__1 Thin-oodded. Kray limestone :snd dolomite. Yields small quantities of water to wells. 

, •--------------------:-------------------
16 IM:mive, lll':IY to buff, m-~t~--d-o-lo_m_it_•_·-----I-Y-i,_lds_ana11_q_uon_t_i1_i_o_r_,.._•t_..-_'°_..._dls._____,__ .. 

Sot II sourtt of waler suppl)·. j~5 Thin-1,..Jded, l[l'Con shole. 

St. Pcttt 112 Loosely eem,nted, fine to medium-f!Iained qunrti sand- Yields small to l:irl!ll q111111tities of waler to w.U.. 
sandstone stone. 

1------·I-------:--------11----
\\'iJ!o,r Ri.er 95 Light.gm;· to buff sand;· dolomite with '""'"' eh,n.
dolomite 

,-Roo-,-,-.at-le_y___,___25- --, Very light-1,rown to white sandstone. 
8:lndst,,nen...kmantmvnian Prairie du Chien 

formation 
Oneo14 dolmite 215 [ :!.llll!!liv,. vtllUI)', bull to ~ray chmy dolomite. 

-----:-------I-J-ordan--suds--to-n-•-l·-------l·--,-20--: Loos,el)· tffllfflted, medium to ~ed. ,rtll-ron(-d 

C:amhrisn 

SI. J.awrenre 
formation 

1-------11-------1 
~•ranronia 

8t. f'rohan 5311Jstone 
-- ----1--------1·----

HO 

J>noe. 1-----1-------1 - -
bacb •:au Claire 120 
grou1• sruidstone 

i Mt. Simon 115+ 
__1_sandsto_n_e_ _______ _____ 

butT to white sandstone. 

Co:irse))' eryatalline, silty, lltllY dolomite with some 
gl11uconite.

---------------------1------------------· 
Glnurooitie, dolomitic fii<.<ilc ,hale interbedded with Not a source of water oupply. 
~ed1dauc:oniti• sandltonc.

---------·1-------------------
! Medium-to ro:,rse.grained, white to iuay oand•tone. Yields large quantiti.. ol 1111ttr to wells in nOl'Ul<SSt. 
I 

Partly fi"'i!e, gray, silty ,hale and dolomitic cemented l\ol II source of wotcr su1111I)'.
siltston•. 

l'rec:unhrian 
Crystalli11e roeks In adjDl't'nt counties tl,e rocks are pink, biotilc ~ranites. I 

1 1 1 
UnditTtttntiated 37+ Solt, sill)", ttd shale and medium to fin_,.;ned sand-
red beds. stom,. 

C=, colorless to pink :and llnl)' sandstone with gray 
1o_grem:;.___""_·.,._us_•_hn_l_•_·__________ 

Yit-lds anal( quontitiC!I ol ..-attt to wells. 

Not important os an oc1uifer. 

Yields ""'"'" •1uantities ol 1'1ller lo wells. 
Yields bri• quantili<s ol nttt to wells. 

Yield• small to modrrnte •1uantities ol wottt to ,..,lls. 

Yields lar.ie quantitim ol highly mineralued wattt to 
.__,.._.i_ts_i_n_n_ort_hros_,_.___________.
1 

Yields no 1111ter to welll. 

Yields no water to wells. 
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Hence, the stratigraphy of Clayton County is the study and de­
scription of the rock formations that unclerlie the county. 

Clayton County is underlain by Precambrian igneous and meta­
morphic rocks that are commonly referred to as basement com­
plex at depths varying from about 1,200 feet in the northeastern 
part to about 2,600 feet in the southwestern part. This basement 
complex is overlain by a succession of stratified sedimentary 
rocks that belong, in ascending order, to the Cambrian, Ordovi­
cian, and Silurian systems. The oldest rock exposed in the county 
is the Jordan sandstone of Cambrian age. Formations older than 
the Jordan sandstone crop out in Allamakee County, Iowa, and in 
southeastern Minnesota and southwestern Wisconsin. Forma­
tions overlying the Jordan sandstone, in ascending order, are the 
Prairie du Chien formation, St. Peter sandstone, Platteville lime­
stone, Decorah shale, Galena dolomite, and Maquoketa shale of 
Ordovician age, and the Edgewood limestone, Kankakee limestone 
and Hopkinton dolomite of Silurian age. Because these forma­
tions clip toward the southwest, progressively younger strata 
are exposed toward the west, southwest, and south. The areal 
distribution of the outcro1>ping geologic formation is shown on 
plate 1, and the stratigraphic sequence, thickness, lithology, and 
dip of these rocks are illustrated on plate 3. The thickness, phys­
ical character, and water-bearing characteristics of the forma­
tions are summarized briefly in table 2 and are described in detail 
in the section on geologic formations and their water-bearing 
characteristics. 

Unconsolidated rock materials, which overlie the consolidated 
rocks, in many places in Clayton County, consist mainly of till, 
glacial outwash, and wind-blown silt (loess). The areal distribu­
tion of the Iowan and Kansan drifts is shown in figure 23. 
Alluvial deposits occur along the flood plains and terrnces of the 
rivers and creeks in the county. 

The stratigraphic nomenclature used in this report is that used 
by the Iowa Geological Survey and does not conform in every 
detail with the nomenclature mrnd by the U.S. Geological Survey. 

Geologic History 

During Early and Middle Cambrian time, the land surface in 
what is now Clayton County was above sea level and thus was 
subject to erosion. The land surface subsided below sea level 
during Late Cambrian time and sediments, mainly sand, began 
to accumulate on the floor of the sea. Because the sea was 
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shallow, slight crustal movements caused the floor of the sea to 
be raised above sea level from time to time, temporarily halting 
deposition and expm-1ing the accumulated sediments to erosion. 
However, the change from the upper sandstone of the Cambrian 
system to the lower dolomite of the Ordovician system seems to 
be gradational rather than abrupt, indicating that deposition was 
not interrupted by a withdrawal of the sea. A retreat of the sea 
after the deposition of the dolomitic Prairie du Chien formation 
exposed the upper surface of that formation to eroson, and it was 
upon the eroded surface of the Prairie du Chien that the St. Peter 
sandstone was laid down. After the subsequent deposition of the 
Platteville limestone, Decorah shale, Galena dolomite, and Ma­
quoketa shale, the sea again withdrew and widespread erosion 
occurred. The sea invaded the area once more and in it were 
deposited, in succession, the Edgewood and Kankakee limestones 
and the Hopkinton dolomite of Silurian age. How great a thick­
ness of sediments accumulated on top of the Hopkinton and was 
later removed cannot be determined, because the surface in Clay­
ton County over which the great continental ice sheets advanced 
in the Pleistocene epoch of the Quaternary period was the eroded 
surface of the Silurian and Ordovician rocks; there remained no 
record of deposition throughout the long span of geologic time 
between the Silurian and the Quaternary periods. 

As the first of the Pleistocene glaciers, the Nebraskan, passed 
over the county, the irregularities of the bedrock surface were 
largely filled with deposits of till, sand, and gravel. These mate­
riels were almost completely removed by erosion during the ice­
free period before the advance of the second, or Kansan, glacier. 
The Kansan ice sheet covered only part of Clayton County and it 
also left a veneer of glacial drift. The Kansan drift has been 
continuously exposed to erosion to the present day except where 
protected by the later Iowan till and loess. The deposits of the 
Iowan glacier, the last glaciation in the county, were laid down 
so recently, geologically speaking, that they have not been per­
ceptibly eroded. As the Iowan glacier retreated, the newly ex­
posed till provided the silt and clay that were the source of the 
loess deposits that accumulated around the periphery of the 
Iowan till plain. As the Iowan ice retreated yet farther north the 
exposed drift together with associated valley trains served as a 
source of the loess that mantled the entire area. The only sedi­
ments of significance that have been deposited in the county since 
the Iowan glacier melted consist of alluvium in the stream valleys. 
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Structure 
The sedimentary rocks of Clayton County dip to the southwest 

at about 18 feet per mile. A slight flexure (called an anticline) 
trends southwardly across the county (fig. 18). The maximum 
closure on this anticline (distance between the crest of the flexure 
and its base) is about 60 feet. 

A cross section drawn from the southwestern part to the 
northeastern part of the county (pl. 3) shows the regional dip 
as well as the thickness of the rock units. The variation in the 
thicknesses of some formations are due to depositional hiatuses 
rather than structural control. 
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GROUND WATER 

The following discussion of ground water pertains specifically 
to Clayton County. A wider discussion on the subject of ground 
water in Iowa is given by Norton and others (1912), Norton 
(1928), and Lees (1935), and the general principles of ground 
water are reviewed in detail by Meinzer (1923b) and Tolman 
(1937). 

PRINCIPLES OF OCCURRENCE 

All water below the land surface is ca11ed subsurface water to 
distinguish it from surface and atmospheric water. Ground 
water is that part of the subsurface water that occurs in a zone 
of saturation, the upper surface of which is called the water table 
(fig. 7). The remainder of the subsurface water occurs in the 
zone of aeration, which is between the land surface and the water 
table. Water in this zone is typica11y divided into three parts: 
soil water, intermediate or vadose water, and capillary water 
(fig. 7). 

Water held in the soil by adhesive and cohesive forces that act 
against the force of gravity is referred to as soil water. It is the 
soil water that furnishes the water requirements of plants and 
crops. When more water than can be held by these adhesive and 
cohesive forces enters the soil zone during the nongrowing sea­
son, most of the excess seeps down to the intermediate zone. How­
ever, very little of this excess water passes through the soil zone 
during the growing season, because vegetation intercepts it and 

Figure 7.-Diagram showing divisions of subsurface water (Modified after 
Meinzer, l!l23b). 
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discharges most of it into the atmosphere by the process known 
as transpiration. 

The mechanics of water movement in the intermediate zone of 
aeration are not completely understood. Before the excess water 
from the soil can move through the intermediate zone to the zone 
of saturation, the rock particles must be wetted and the air in 
the rock openings must be displaced. This process can perhaps 
be compared to pouring water onto a sponge. If the sponge is dry 
when water is poured onto its top surface, a large amount of 
water is absorbed before any water seeps through to the bottom 
surface; however, if the sponge is damp, the water will almost 
immediately pass through to the bottom surface. Similarly, the 
amount of water that passes completely through the intermediate 
zone and the rate at which the water moves are governed by the 
amount of water entering the zone and the character, dryness, 
and thickneHs of the zone. The water may pass directly below the 
water table or be held for an indefinite time in the capillary 
fringe, if one is present. 

Water in the capillary fringe is continuous with water in the 
zone of saturation but is held above the water table by capillarity 
acting against the force of gravity. The finer grained a rock 
material, the smaller the diameter of the capillary openings; and 
the smaller the diameter of the capillary openings, the higher 
water will rise in them. Thus the height that the capillary fringe 
stands above the water table is governed by the grain size of the 
material overlying the water table, standing higher in fine mate­
rial and lower in com·se material. If the material is very coarse, 
the capillary fringe may be non-existent. 

Locally, any one or all of the subdivisions of the zone of aera­
tion may be absent. Where the zone of saturation extends to the 
surface of the ground, no zone of aeration is present. 

Water that reaches the water table becomes part of the vast 
body of ground water in the zone of saturation. This is the water 
that supplies springs and wells and forms the base flow of peren­
nial streams during dry periods. This is the water with which 
this report is concerned. 

The depth to which the zone of saturation extends is very in­
definite. Ground water has been found in some very deep mines 
and oil wells; however, many mines at much shallower depths 
are dry. Obviously, the depth to which ground water occurs at 
any locality is dependent primarily on the existence of rock 
openings. In Clayton County, as in all of Iowa, the rock openings 
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of the sedimentary rocks are filled with water from the water 
table downward to at least the surface of the Precambrian crys­
talline complex. 

The zone of saturation can be pictured as a great subterranean 
reservoir that became filled with water. The water in this reser­
voir moves from recharge areas of higher hydrostatic head to 
discharge areas of lower hydrostatic head. The hydraulic gradi­
ent is the slope of a line, usually measured in feet per mile, from 
the hydraulic head in the recharge area to the hydraulic head in 
the discharge area. 

The amount of ground water in storage and the rate of ground­
water movement are governed in large measure by the character 
and structure of the rocks in the zone of saturation. If the 
rocks in the zone of saturation were of uniform character, having 
pore spaces and other rock openings of uniform number, shape, 
size, and interconnection (uniform porosity and permeability), 
then the amount of ground-water storage per unit volume of rock 
would be the same throughout the reservoir, and the rate of 
movement of the water would be at some constant velocity from 
the recharge area to the discharge area. However, as mentioned 
in the section on general geology, the sedimentary rocks are not 
of uniform character; rather, they are a heterogeneous sequence 
of strata that differ markedly in physical and water-bearing 
properties. The porosity and permeability vary not only from 
formation to formation, but also within a formation. Because of 
the variations in porosity, the amount of water stored in one for­
mation will be greater or less than that stored in another of equal 
thickness. Likewise, because they differ in permeability one 
formation may transmit water faster or slower than another of 
equal thickness. Clay, shale, and unfractured limestone may have 
a high porosity and so be capable of storing a great quantity of 
water, but because they are so nearly impermeable such rocks 
transmit water very slowly. Rocks that are impermeable, or 
nearly so, are called aquicludes, or confining beds. Most medium­
to coarse-grained sandstones, fractured limestones, and sand and 
gravel deposits, which have large, interconnected pore spaces or 
other openings, are capable of both storing and transmitting large 
quantities of water. Such rocks are called aquifers, or water­
bearing beds, and are the beds from which wells obtain water. 

Aquifers are divided into two categories-water table and 
artesian. A water-table aquifer is not overlain by a confining 
bed and the hydrostatic head of the water is the water table. 
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Thus, water levels in wells drilled into these aquifers do not rise 
above the point where water was encountered (fig. 8). An arte­
sian aquifer is overlain by a confining bed, and the hydrostatic 
head of the water is above the confined surface. Thus, the water 
level in a well drilled into an artesian aquifer is above the point 
where the water was encountered when the well was being drilled 
(fig. 8). Water-table aquifers can grade into artesian aquifers, 
and in Clayton County this is a common occurrence. 

Water-Table Conditions 

The water table may be defined as that isobaric surface, within 
the earth's crust, at which the hydrostatic pressure is equal to the 
atmospheric pressure. In practice, however, the water table is 
that surface which coincides with the water levels in wells that 
tap water-table aquifers. Contour lines depicting the shape of 
the water table in humid regions show that the water table con­
forms to the general land surface, but with subdued relief. 
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Figure 8.-Gcncralb:ed diagrnm illustrating the occurrence of ground 
water under perched, water-table, and artesian conditions. 

Only parts of Clayton County are underlain by a water-table 
aquifer. Water-table conditiorn, exist where sandy zones in the 
glacial drift extend to the surface or where the floor of a valley 
is underlain by unconsolidated sand and gravel. Several wells in 
the southwestern part of the county obtain sufficient water from 
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sandy zones in the Iowan drift for limited domestic and stock 
use. These wells range in depth from 12 to 49 feet, and most of 
them are dug. Some drive-point, drilled and dug wells, ranging in 
depth from 18 to 30 feet, obtain water from sand and gravel 
underlying the floodplains of the Mississippi, Turkey, and Volga 
Rivers. Water-table conditions also exist in some of the bedrock 
aquifers, particularly the St. Peter sandstone and Galena dolo­
mite, where they crop out east of the Kansan drift border. The 
water in these aquifers, however, is under artesian conditions 
to the west where they dip below younger formations. 

A water-table aquifer functions as a reservoir. When the dis­
charge exceeds the recharge the amount of water in storage de­
clines; when the recharge exceeds the discharge the amount 
increases. Changes in the amount of water in storage are indi­
cated by rises and declines of the water table. Periodic measure­
ments of the water level in wells show whether a net gain or loss 
in storage has occurred in an aquifer. Figure 9 shows typical 
declines of the water table which indicate net loss in storage, 
during the period April to December of 1951, in the glacial-drift 
aquifer at Strawberry Point. 

The water-table aquifers in Iowa are recharged principally by 
local precipitation. The most favorable periods for recharge are 
after the spring thaw before appreciable growth of vegetation 
and again in the fall after the first killing frost but before the 
ground becomes frozen. Obviously, if precipitation is low during 
these periods, recharge will be low. Recharge is retarded, but not 
stopped, during the growing sem,on by depletion of the soil water 
by evaporation and transpiration, and during the winter by 
frozen ground. Figure 10, which shows the fluctuation of the 
water level in a shallow well near Harcourt, Iowa, for the year 
1948, illustrates the relation between precipitation and recharge 
to a water-table aquifer during favorable and unfavorable peri­
ods. The large amount of precipitation during the summer months 
was mostly consumed by vegetation and very little water reached 
the water table, whereas smaller amounts of precipitation during 
March and April caused a marked rise in the water table. Some­
times, however, during periods of extremely heavy precipitation 
in the summer months, excess water is available to recharge the 
water-table aquifer (fig. 11). Also, if the ground is not completely 
frozen and the precipitation is in the form of rain instead of 
snow, recharge can occur during the early winter months 
(fig. 11). 
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Natural discharge from a water-table aquifer is through 
springs and seeps (fig. 8) and by evaporation and transpiration. 
The water table normally slopes more or less gently toward a 
point of discharge, such as a spring or stream, and the rate of 
ground-water movement is proportional to the gradient of the 
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Figure 9.-Hydrographs showing fluctuations in water levels for wells 
91-6-22D1, 91-6-22Hl, and 91-6-22G3, at Strawberry Point and monthly

precipitation at Elkader during 1951. 
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water table, among other factors. Therefore, as long as the water 
table has a gradient toward a discharge point, water is being 
continually discharged from the aquifer. This continual dis­
charge explains the steady decline of the water table during 
periods of little or no recharge (fig. 10). 
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Figure 10.-Graph showing daily fluctuation of water level in a shallow well 
near Harcourt, Webster County, Iowa, and daily precipitation at Fort Dodge,

Iowa, 1948. (From Hale, 1955) 

Artesian Conditions 

If an aquifer is overlain by a confining bed of relatively im­
permeable material and the hydrostatic head of the water in the 
aquifer is above the base of the confining bed, the aquifer is 
termed artesian. The number of artesian aquifers that may occur 
at depth is governed by the number of confining beds in the 
geologic section. Each aquifer may have a different hydrostatic 
head. The level at which the water stands in a well that taps an 
artesian aquifer coincides with the piezometric surface of the 
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I 

l 

Figure 11.-Hydrogi·aph of well at Stmwberry Point showing seasonal 
changes in ground-water storage, and daily precipitation at Elkader for the 

period July 1953 through May 1954. 

aquifer. The piezometric surface of an aquifer may, in some 
places, be above the land surface. If a well is drilled into an 
aquifer, where its piezometric surface is above land surface, 
water will flow from the well (fig. 8). Artesian conditions exist 
throughout Clayton County; however, the artesian pressure is 
sufficient to produce flowing wells only in the northeastern corner 
of the county. 

•Artesian aquifers function not only as reservoirs, but also as 
conduits for transmitting water. The areas of recharge and dis­
charge may be at great distances from the place of use, or they 
may be close by. In Clayton County, the aquifers below the St. 
Peter sandstone receive recharge from some unknown distance 
outside the county; likewise, the discharge from these aquifers 
is outside the county, although the Jordan sandstone is believed 
to discharge some water into Bloody Run Creek in the north­
eastern corner of the county. The St. Peter s;mdstone and the 
Silurian formations receive their recharge partly within and 
partly outside the county and the Galena dolomite is recharged 
mostly within the county; the principal discharge from these 
aquifers, particularly the Galena, is within the county. 
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Unlike water-table aquifers, the deeper artesian aquifers in 
Clayton County, such as the St. Peter and .Jordan sandstones and 
the Dresbach group commonly do not respond to variations in 
local precipitation and, therefore, usually are not affected by local 
drought conditions. The piezometric surfaces of these aquifers 
remain fairly stable until water is withdrawn by wells drilled 
into the aquifers. The shallower Galena dolomite, however, is 
responsive to variations in local precipitation in Clayton County 
because its principal recharge areas are within the county. 

Water in an aquifer may occur under artesian c,111ditions at one 
place and undet· water-table conditions at anothe1 Aquifers that 
are artesian where deeply buried generally cont.1in water under 
water-table conditions in their outcrop area. bi particular the 
Galena dolomite is unconfined east of the Kansan drift border 
(pl. 1 and fig. 24) ; elsewhere in the county it is artesian. In their 
outcrop areas in Clayton County, the Galena dolomite is re­
charged (fig. 21 and pl. 1) and the St. Peter sandstone is dis­
charged (fig. 19 and pl. 1). 
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WATER-BEARING PROPERTIES OF COMMON ROCK TYPES 

Sand nnd Gravel 

The terms sand and gravel as used in this report refer to ag­
gregates of particles ranging in size from 0.0625 to 64 milli­
meters. In Clayton County, unconsolidated deposits of this size 
range consist chiefly of river terrace deposits and alluvial fill 
along the major streams and are of late Pleistocene or of Recent 
age. Locally, coarse sand deposits of pre-Kansan age underlie the 
glacial till. 

The ease with which sand and gravel aquifers will yield water 
to a well depends largely on the size of the particles, the degree 
of sorting, and the amount of cementing material present (fig. 
12). The larger particle sizes generally have larger pore spaces 
and these pore spaces are usually interconnected to form rela­
tively large conduits for the movement of water. However, if the 
material contains an assortment of particles of various sizes, the 
larger pore spaces may be occupied by the smaller particles and 
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Figure 12.-Diagram showing the nature of interstices in several types of 
rocks. A-well-sorted snnd having open pores; B-well-sorted sand having
the pores partly closed by cementing material; C-well-sorted sand having
the pores completely closed by cementing material; D-poorly sorted sedi­
mentary deposit having low porosity; E-rock with well-developed solution 
openings; F-rock with porosity due to fracturing. (Modified after Meinzer, 

1923b.) 
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the rate of movement through the material may be correspond­
ingly less. In the same way, partial cementation after deposition 
generally reduces permeability. 

Well-sorted, fine grained sand deposits commonly are unsatis­
factory aquifers, not only because this material transmits water 
slowly, but also because wells that are finished in this material 
are difficult to construct and develop by the usual drilling meth­
ods. During construction by the cable-tool method, the hole may 
cave continually and casing is difficult to drive. If the water in 
the material is under a high hydrostatic head, the sand "boils up" 
into the hole-a condition known as "quicksand" to the driller­
and finishing the well becomes a difficult task. Developing the 
well is almost impossible, because the coarse-grained material 
that is needed to form a natural gravel pack outside the screen 
is lacking; consequently, the well becomes a "sand pumper", as 
fine sand is pulled into the well whenever the pump is turned on. 
This fine sand may cause considerable damage to the pump in­
stallation ; in addition, its presence is objectionable in the water 
supply. 

Because most beds of sand and gravel are poorly sorted, wells 
drilled into them must be developed so as to remove the finer 
grains from the water-bearing material. Sand and gravel de­
posits generally yield water readily to wells. However, as none 
of these deposits is very thick or extensive in Clayton County, 
they are tapped by only a few wells. Most of the wells are along 
the major streams and the Mississippi River. Wells on islands 
in the Mississippi River are made by driving sand points a few 
feet into the zone of saturation. 

Silt and Clay 
Silt and clay are rock materials consisting of particles that are 

less than 0.0626 millimeters in diameter. Such deposits have a 
high porosity and are capable of holding large amounts of water. 
However, because the aggregate surface of the interstices, or 
pores, within these fine materials is very high and a great amount 
of water is held by molecular attraction, saturated silt and clay 
will yield only a small fraction of their water to gravity flow and 
so are not consi~ered to be aquifers. If sand and gravel are 
intermixed with silt and clay, the combined materials would be 
no more permeable and would store less water than the silt and 
clay alone. Although silt and clay are poor aquifers, the material 
is important because they constitute the confining beds for ar­
tesian aquifers in the unconsolidated rocks. 
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Much of Clayton County is covered by a coating of wind­
blown silt, or loess. As is true of other silt deposits, loess is very 
porous but not very permeable. Where the loess is over 10 feet 
thick, as it is in some areas of Iowa, enough water will drain from 
this material into a fully penetrating well to supply limited 
domestic or stock requirements. In Clayton County, however, 
the loess generally is less than 5 feet thick, and no wells are 
known to be finished in this material. 

Sandstone 

Sandstone is composed of grains of sand held togeth~r by a 
cement. The grains range in diameter from 0.0625 millimeters 
up to 2 millimeters. Some sandstones are composed predom­
inantly of one mineral; whereas others are composed of several. 
All sandstones, however, contain accessory minerals. In Clayton 
County the sandstones are composed predominantly of quartz 
and the common accessory minerals are tourmaline, garnet, mag­
netite, ilmenite, iron oxide compounds, and mica. 

Many different varieties of sandstone are differentiated on the 
basis of the kind of cement that holds the grains together. The 
cementing material generally is silica, calcite, dolomite, clayey 
material, or iron oxides. The color of a sandstone depends largely 
on the cementing material. The lighter colors generally are the 
result of a calcitic, dolomitic, siliceous or clayey cement. A cal­
careous sandstone ,vill effervesce when tested with acid, and a 
clayey sandstone has the characteristic odor of clay when mois­
tened. Yellow, red, or brown sandstone generally is cemented 
with iron oxides as is the St. Peter sandstone at Pikes Peak State 
Park, in northeastern Clayton County. 

The porosity and permeability of sandstone are dependent on 
the grain size and degree of sorting of the constituent particles, 
and on the amount of interstitial cement. Large supplies of water 
are obtained from sandstone in Clayton County. The St. Petet· 
sandstone yields water to some farm wells and municipal wells at 
Garnavillo and St. Olaf. The Jordan sandstone yields water to 
municipal wells at Elkader, Farmersburg, Guttenberg, and 
Monona. The Dresbach group supplies the municipal wells at 
McGregor and Marquette. 

Limestone and Dolomite 

Limestone and dolomite are carbonate rocks that closely re­
semble each other. Chemically, limestone is primarily calcium 
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carbonate and dolomite is primarily calcium-magnesium carbon­
ate. These carbonate rocks can be easily distinguished by means 
of the acid test; limestone effervesces rapidly in cold dilute hydro­
chloric acid whereas dolomite is visibly less active in the same 
acid. 

Limestone and dolomite commonly contain open joints thl'Ough 
which ground water may move (fig. 12). Where such joints are 
lacking, most limestone and some dolomite is relatively imperme­
able. Although limestone and dolomite are nearly insoluble in 
pure water, ground water contains carbon dioxide and so is 
capable of dissolving these rocks and enlarging the joints to form 
channels and caverns through which water may move freely. 
Where these solution caverns are close to the surface, sinkholes 
may be formed by the collapse of the cavern roofs. These sink­
holes may become important points of recharge to the carbonate 
aquifer. 

The yield from wells that penetrate carbonate rocks depends on 
the number, size, and extent of openings in the rocks; the greater 
the number and size of the openings encountered by a well, the 
greater will be the yield. However, because the openings in car­
bonate rocks are irregular in distribution, it follows that the 
yield from wells that penetrate these rocks varies widely and 
irregularly. Not only do yields vary widely in wel1s finished in 
the same carbonate formation in different areas, but also in dif­
ferent carbonate formations in the same area. In fact, it is not 
unusual to find dry holes only a few tens of feet from a producing 
well. 

Limestone seems to have significantly less intergrunular 
porosity than dolomite. Although the porosity may not be great 
enough to permit rapid movement of water, the porous zones 
probably are more susceptible to solution and the formation of 
channels through which water can move freely. Hence, the dolo­
mite formations generally are more productive aquifers than the 
limestone formations. 

Because limestone and dolomite are soluble in acid, the pro­
.duction of wells drilled into fractured water-bearing Jimestone 
or dolomite can often be greatly increased by introducing hydro­
chloric acid into the well to enlarge the crevices and clean out 
residual clays that may be present in the crevices. A well drilled 
for the U. S. Fish Hatchery near Manchester, south of Clayton 
County line, obtained water from solution openings in dolomite 
of Silurian age. This well had been pumped at the rate of 170 
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gpm with a drawdown of water level of 108 feet. The well was 
acidized and then pumped at the rate of 315 gpm with a draw­
down of water level of 95 feet. 

An estimated 80 percent of the farm wells and the municipal 
wells at Edgewood, Luana, Strawberry Point, and Volga obtain 
water from the carbonate rocks in Clayton County (table 6). 

Shale 
Rock consisting of clay minerals or a mixture of clay and silt 

in consolidated, bedded form is called shale. This type of rock, 
like silt and clay, has a high porosity and can hold large quanti­
ties of water, but because of its low permeability yields little 
water to wells. However, water moves through shale along joints 
or bedding planes where these are well developed and particu­
larly where the shale is weathered. Although generally a poor 
aquifer, shale is important in the ground-water reservoir because 
it forms the confining bed for artesian aquifers in the consoli­
dated rocks. Shale tends to slump and yield objectionable sedi­
ment to water pumped from wells, therefore the shale sections 
in most wells are cased off. 

Most of the springs of Clayton County are located at or just 
above the contact of carbonate rocks lying upon shale. In the 
southern and southwestern part of the county, hundreds of 
springs and seeps flow from the contact between the Brainard 
shale member of the Maquoketa shale and Edgewood limestone. 

GROUND-WATER RECHARGE 

Recharge of ground water comprises the processes by which 
water is absorbed and added to the zone of saturation (Meinzer, 
1923a, p. 46). The three main processes involved in recharge are 
the infiltration of local precipitation, seepage, and subsurface 
inflow. Of these processes, the infiltration of local precipitation 
is the most important in the recharge of the shallow aquifers in 
Clayton County. 

A large part of precipitation that reaches the ground runs off 
directly to the streams, but some of the water enters the ground, 
and under favorable conditions reaches the zone of saturation. 
The quantity of water that will enter the ground is governed by 
the quantity and intensity of rainfall, the infiltration capacity 
of the soil, the local topography, the amount and type of vegeta­
tion, and the rate of evaporation. Other than the topography, 
these factors are all variables and make an extremely complex 
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problem (see Wisler and Brater, 1949, p. 32-38, 175-185). How­
ever, the qualitative relation between quantity and intensity of 
precipitation and the amount of recharge is illustrated in figure 
11. The hydrograph shows that a rainfall of 5.4 inches on July 
26, 1953 caused a rise in water level of about 1 foot, whereas a 
rainfall of 2.5 inches during the interval of August 2-4 caused a 
rise in water level of 2.9 feet. This comparison indicates that an 
intensive rain of short duration results in less ground-water 
recharge than a more gentle rain of longer duration. 

When conditions are favorable for recharge, the shallow dug 
wells in the area of the Iowan drift show an almost immediate 
response to local precipitation (fig. 11). Some of the consoli­
dated rock aquifers, such as the Galena dolomite, also are re­
charged largely by infiltrating local precipitation; but in some 
places, the rise in water level is delayed by the distance the water 
must travel to reach the aquifer. Recharge to the Galena dolo­
mite takes place mainly on the highlands between the stream 
valleys, where surface runoff is much slower. 

Recharge by seepage from surface waters is dependent largely 
on local precipitation although the effects are delayed. Streams 
and bodies of ponded water whose water surface is above that 
of the adjacent water table commonly lose water to the zone of 
saturation ; these are known as influent streams and ponds. 
Some of the intermittent streams in Clayton County lie above the 
zone of saturation and water may seep downward to the water 
table in those reaches where the stream bed consists of perme­
able materials. Seepage from undrained depressions on the 
Iowan drift in the southwestern corner of the county recharge 
the drift aquifer. A special type of large-scale seepage occurs in 
northwestern Clayton County, where sinkholes occur in the lime­
stone terrain. During periods of heavy precipitation, much run­
off accumulates in these sinkholes and seeps to the water table. 

Some of the recharge to the St. Peter sandstone in Clayton 
County is in the form of seepage, although different from that 
described above. In the areas between the major streams, where 
erosion has not dissected the Galena dolomite, the hydraulic head 
of the water in the Galena dolomite is greater than that of the 
water in the St. Peter sandstone and there is movement of water 
downward to the St. Peter. The Galena dolomite in the inter­
stream areas is recharged in the same way. Recharge to the 
Galena dolomite and St. Peter sandstone are discussed in more 
detail under the section, "Geological Formations and their Water-
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bearing Characteristics." The aquifer of Silurian age is un­
doubtedly recharged to some extent by seepage from the glacial­
drift aquifer. 

Subsurface inflow comes from initial recharge to the aquifer 
by precipitation outside the county and subsequent down­
gradient inflow into the county. This water may move long dis­
tances and be in storage for many years before being drawn from 
wells in Clayton County. The Jordan sandstone and the under­
lying formations are recharged mainly by subsurface inflow, but 
some of the overlying formations (figs. 19 and 21) are also re­
charged to some degree by inflow from outside the county. 

GROUND-WATER DISCHARGE 

Natural Discharge 

Although recharge to the aquifers in Clayton County is more­
or-less continuous, the amount of water in storage within the 
aquifer is kept within relatively narrow limits by discharge 
through springs and seeps, subsurface outflow, transpiration and 
evaporation, and artificial discharge. The major ground-water 
discharge in Clayton County is from springs and seeps and sub­
surface outflow. 

Sp1·ings and Seeps. Springs and seeps are the major form of 
discharge from the aquifers overlying the St. Peter sandstone. 
A few hundred springs flow from the Galena dolomite, Maquo­
keta shale, and Edgewood limestone; a lesser number flow from 
the Platteville limestone, Decorah shale, Kankakee limestone, and 
Hopkinton dolomite. A special effort was made to locate and in­
ventory all the major springs in the county. These la1·ger springs 
and some typical smaller ones are shown on plate 2. The geo­
logic occurrence, discharge data, and water use of the selected 
springs are presented in table 5. Chemical analyses of the water 
from 10 springs are given in table 4; 8 of these analyses are 
graphically illustrated in figure 13. 

Springs are most common on hillsides along the contact of the 
Edgewood limestone with the Brainard shale member of the 
Maquoketa shale and along or close to the contact of the Galena 
dolomite with the Decorah shale. Most of these springs flow at 
a rate of a few gallons a minute or less. However, at least 10 
springs flow at rates exceeding 100 gpm and one spring (94-5-
31R1S) flows at an average rate of 5,000 gpm. A large number 
of springs flow also from the Maquoketa shale, particularly along 

· the contacts of the carbonate members with the shale members. 



39 OF CLAYTON COUNTY, IOWA 

The flows of these springs are substantially less than those from 
the Edgewood limestone and Galena dolomite, ranging from less 
than 1 gpm to 25 gpm. A lesser number of springs discharge 
from the Hopkinton dolomite, Kankakee limestone, Platteville 
limestone, and Decorah shale. The rate of flow from these 
springs is small, although one spring from the Hopkinton dolo­
mite flows at a rate of 50 gpm. 

The amount of discharge that will occur is governed by the 
amount of ground water in storage. During periods of greater 
recharge, discharge is greatly increased; but even during periods 
of little recharge, discharge continues, although at progressively 
decreasing rates. During 1951, when the original fieldwork for 
this paper was done, spring lines were especially well developed 
because the rainfall during the period was greater than during 
any similar period in the last half century (fig. 5). Big Spring 
(94-5-31R1S), which has an average flow of 5,000 gpm, flows 
at a rate of 10,000 gpm for a short time immediately following 
periods of heavy rains. Similarly, the flows of the other springs 
in the county fluctuate in response to variations in the amount 
of precipitation. Thus, many measurements of spring flo,vs over 
a period of years are necessary in order to determine a valid 
average flow for each spring. Because the springs in table 5 were 
measured once only, it is impossible to calculate the exact amount 
of ground-water discharged by the springs in the county. How­
ever, the flow measurements can be used to approximate the 
order of magnitude of the total spring discharge. The total 
amount of water discharged by the springs shown in table 5 is 
about 7,500 gpm. The combined discharge from the numerous 
small springs in the county that were not measured probably is 
on the order of 400 to 500 gpm. Thus the total discharge approxi­
mates 8,000 gpm, or about 11.5 mgd. Because most of the flow 
measurements were made during a period of above average pre­
cipitation, the average discharge from springs in Clayton County 
probably is somewhat less than 11 mgd. However, the average 
discharge cannot be too much less than 11 mgd, because the aver­
age flow of Big Spring, which comprises about two-thirds of the 
total spring discharge, was used in the calculations. Thus, an 
estimated 11 mgd is discharged by the springs in Clayton County 
during periods of average to above average precipitation. 

Most of the larger and several of the smaller springs in Clay­
ton County are utilized (table 5). Big Spring (94-5-31R1S) 
supplies water for a private fish hatchery, and spring 93-3-2R1S 
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is used as the water supply for the village of Clayton. Spring 92-
5-9L1S formerly supplied water for a small creamery, and spring 
91-6-lOClS formerly supplied both water and power for a 
brewery and a feed mill. Both of these springs are used for stock 
supplies at the present time. The remainder of the springs that 
are utilized in the county provide water for stock supplies. 

Seeps, or places where ground water moves to the surface 
slowly over a large area and not in a restricted channel as at a 
spring, are relatively inconspicuous. However, they are subject 
to the same controlling factors as springs. Seeps are common in 
the southwestern part of Clayton County along the contact of the 
Iowan drift with the Kansan drift. Ground water is discharged 
from the Silurian formations, Galena dolomite, and St. Peter 
sandstone in Clayton County by direct seepage into the streams 
that dissect the aquifers. Some discharge from the St. Peter 
sandstone is by indirect seepage up through the Platteville lime­
stone and Decorah shale in the lower reach of the Turkey River. 

Springs and seeps from the formations overlying the St. Peter 
sandstone furnish the water that makes up the base flow of the 
Turkey River. The base flow of a stream is the flow that is de­
rived entirely from ground-water discharge. During protracted 
periods of no precipitation, not only is there no overland runoff, 
but also no ground-water recharge. Hence, the regional water 
table continually lowers, which results in a continually diminish­
ing ground-water discharge; and consequently, a continually 
diminishing base flow. Therefore, the depletion of base flow of 
a stream is in reality the depletion of ground water that dis­
charges into that stream. 

A base-flow depletion curve of a stream can be constructed by 
analyzing long-term stream flow records (Wisler and Brater, 
p. 24). Such a curve for the Turkey River has been constructed 
and plotted on figure 3. Although this depletion curve is ap­
plicable for any period of time, it has been arbitrarily appended 
to the hydrograph shown in figure 3 in order to illustrate its ap­
plication. The depletion curve indicates the amount of ground 
water that would have been discharged into the Turkey River at 
any time between mid-May through September of 1951, if no pre­
cipitation had occurred during this period. Because it did rain 
during this period, ground-water discharge was maintained well 
above the limiting values set by the depletion curve. 

During a period of above-average precipitation, such as 1951, 
the regional water tab!e is high and ground-water discharge is 
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initially high and remains fairly high; i.e, the initial value of 
base flow falls along the upper part of the depletion curve (fig. 
3). During periods of below-average precipitation, the initial 
base-flow value will fall along the lower part of the curve. Thus, 
the depletion curve indicates that during periods of average to 
above average precipitation several hundred cubic feet per sec­
ond of ground water is discharged from the ground-water reser­
voir into the Turkey River system above the town of Garber. 
Moreover, the curve indicates that during prolonged periods of 
no precipitation ground-water discharge would be maintained at 
above 50 cfs (about 33 mgd) for several months. This postula­
tion was verified during the prolonged drouth of the 1930's, when 
the flow of the Turkey River at Garber did not fall below 55 cfs 
(35 mgd), which is the lowest average daily flow (during non-ice 
interference periods) on record (Crawford, 1942, p. 40). 

Not all of the ground-water discharge to the Turkey River 
originates from the aquifers in Clayton County, because the 
Turkey and Volga Rivers drain a large area outside the county. 
(The total drainage area of Turkey River is 1,684 square miles, 
but the drainage area in Clayton County only is about 630 square 
miles.) Because not all the streams in the headwater area are 
incised on bedrock, and because, where the streams do flow on 
bedrock, the aquifers are not incised as deeply as they are in 
Clayton County, at least one third of the base flow of the Turkey 
River is believed to originate in Clayton County. Thus, a reason­
able estimate of the ground water discharged by seepage and 
spring flow from the aquifers overlying the St. Peter sandstone 
in Clayton County is at least 10-15 mgd during periods of drouth 
and several times this amount during periods of near-normal pre­
cipitation. Most of this discharge presumably is from the Galena 
dolomite. 

Subsm-jace Outflow. Subsurface outflow is the major form of 
discharge from the aquifers underlying the St. Peter sandstone. 
Not enough data are available to determine the direction of flow, 
but water levels in the several wells finished in the Jordan sand­
stone indicate that the water in the Jordan sandstone moves in 
an easterly direction in the eastern part of the county. Pre­
sumably a ground-water divide exists somewhere in the county, 
because water levels in wells to the west and south of Clayton 
County indicate that the water in the Jordan sandstone in this 
region moves in a southwesterly direction. Part of the discharge 
from the St. Peter sandstone is believed to be by subsurface out­
flow toward the west and southwest. 
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Transpiration. Transpiration is the process whereby water is 
taken up by plants from the soil and rock materials and dis­
charged to the atmosphere. For the most part, transpiration 
depletes soil moisture, but locally plant roots take water directly 
from the capillary zone or the water table. The rate of transpi­
ration is dependent upon temperature, sunlight, available mois­
ture, relative humidity, and air movement as well as type and 
stage of plant growth. Thus, transpiration is virtually restricted 
to daylight hours. 

Few of the plant types in Clayton County take water from the 
zone of saturation, but by withdrawing soil moisture plants pre­
vent or greatly reduce movement of water to the water table. 
Moreover, where the capillary fringe extends upv,ard into the 
soil, withdrawal of water from the soil may cause upward move­
ment of water from the water table. Plants that depend on 
ground water for their water supply are known as phreatophytes. 
Alfalfa, which is a common crop in Clayton County, is a phreato­
phyte in that its roots may extend to and extract water directly 
from the zone of saturation. Meinzer (1927, p. 64) cites reports 
of the roots of older alfalfa plants being traced to depths of 66 
feet. In Clayton County, however, ground-water discharge by 
phreatophytes is probably important only in the Iowan drift area 
where the water table is high. 

The depletion of soil moisture by the transpiration of field 
crops in the county, however, is important because it greatly re­
duces potential recharge to the ground-water reservoir. The fol­
lowing figures (Wisler and Brater, 1949, p. 166) show the 
amount of water used per acre during a growing season by sev­
eral different crops. 

Corn 263,520-408,000 gallons of water per acre 
Alfalfa 148,000-374,000 gallons of water per acre 
Wheat 211,800-329,400 gallons of water per acre 
Oats 207,000-375,600 gallons of water per acre 

Although the rate and amount of transpiration varies consid­
erably, even the lower values given here show that plants dis­
charge a tremendous amount of water to the atmosphere. In fact, 
this loss by transpiration has a significant effect on recharge to 
the ground-water reservoir. As an average of about 22 inches, or 
600,000 gallons per acre, of precipitation falls during the grow­
ing season, about one-half of the potential recharge to the water­
table by local precipitation is lost by transpiration. 



43 OF CLAYTON COUNTY. IOWA 

Evapomtion. Except in clay soils where deep cracks form 
upon drying and permit evaporation from a considerable depth, 
ground-water discharge by evaporation occurs only where the 
water table is at, or very near, the land surface. Because the 
depth to the water table in most parts of the county is greater 
than the depth to which evaporation is effective, evaporation is a 
significant factor in ground-water discharge only in the bottom­
lands of Clayton County. 

Artificial Discharge 
In Clayton County artificial discharge, such as occurs where 

water flows or is pumped from wells or where fields have been 
artificially drained, is considerably less than that from springs 
and seeps. Locally, however, heavy withdrawals of ground water 
may exceed the recharge and thus cause a progressive lowering 
of the water table. Such a change in the ratio of discharge to 
recharge disrupts the previously established equilibrium, and 
ground water is taken from storage. Equilibrium will be· re­
established only if recharge and discharge are again brought into 
balance. A new balance may result if the steepened hydraulic 
gradient induces greater recharge or the lowered water table de­
creases the natural discharge. 

Artificial discharge also occurs where fields have been artif­
cially drained. Draining fields by tiling is limited mainly to the 
poorly drained southwestern area covered by Iowan till. Tiling 
speeds the discharge of soil water, and possibly ground water 
during wet seasons, but probably much of the water would have 
been discharged by natural means at a later time. The actual re­
lation between tiling and ground-water storage in Clayton Coun­
ty is not understood fully, but the effect is considered to be minor. 
Elsewhere in Iowa, tiles are most effective in the spring after 
the soil thaws and before vegetation develops, and this coincides 
with highest yearly water levels in shallow wells. Thus, tiling 
seems in large part to remove water that would be rejected by 
already full ground-water reservoirs or would soon be discharged 
naturally because of the high stages. 

RECOVERY OF GROUND WATER 

Construction of Wells 
Several types of wells have ben used in Clayton County, in­

cluding dug, driven, and drilled wells. Dug wells were more 
common in earlier days, but the principal type now in use is the 
drilled well. 
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Most of the existing dug wells are in the area underlain by 
Iowan till. They are commonly shallow, approximately 8 feet 
in diameter, and constructed almost entirely in soft, unconsoli­
dated material. A dug well is practical only where the water 
table is near the surface, and the depth of the well generally is 
limited by the depth to the first water-bearing bed. Most of the 
wells are cased with native rock, but some are cased with brick 
or concrete block. In many places in Clayton County, wells have 
been dug to bedrock and later drilled into bedrock, because of 
the need for a greater water supply and the savings in drilling 
and casing costs. 

Drive-point wells are used in eastern Clayton County along the 
flood plains and terraces of the Mississippi, the Turkey, and 
Volga Rivers, where water-bearing sands and gravels occur at 
depths of 10 and 25 feet. The drive-point, sometimes referred to 
as a sand-point, consists of a pipe with a pointed screen that can 
be driven into the ground. The screen must be reinforced to 
withstand the driving force. Drive-point wells are satisfactory 
where water-bearing sand and gravel occur at shallow depth, 
and the water level is within 25 feet of the land surface. This 
type of well is generally fitted with a suction pump; the working 
cylinder and piston may be at the top as in a pitcher pump, or 
the cylinder may be placed below ground in a pit to permit draw­
ing water from a depth greater than 25 feet. In selecting slot 
openings for drive points, it is desirable to have the openings 
large enough to pass at least 50 percent of the finer sand initially 
in order that the coarser sand and gravel will collect around the 
point. The major advantages of this method of well construction 
are the ease and economy of installation. 

Drilled wells are by far the most common type of well used in 
Clayton County, and more than 90 percent of the wells canvassed 
were of this type. The type of drilling machine in common use in 
this county is the portable cable-tool, or percussion, type drilling 
rig, which is particularly adapted for drilling in both uncon­
solidated and consolidated rock. A cable-tool rig consists of a 
mast or A-frame, drawworks, cable, drilling tools, bailer, and 
power unit. A walking beam alternately lifts and drops the bit, 
causing it to break or crush the rock at the bottom of the hole. 
The crushed rock is removed by a bailer. Blank casing is in­
stalled to prevent the caving of unconsolidated material into the 
well and perforated casing or a well screen is installed opposite 
the water-bearing material if it tends to cave. Wells drilled into 
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bedrock are also cased where shale or soft limestone tends to 
slump into the well or to add objectionable sediments to the 
water. The Maquoketa shale, Decorah shale, and Platteville lime­
stone commonly are cased off. 

The starting diameter of a cable-tool well is determined by the 
number of shale beds that must be cased off and the quantity of 
water to be pumped. The yield of a well is not directly propor­
tional to the diameter of the well, but with larger diameters it 
is possible to install pumps having a larger capacity. Most of 
the farm wells are 6 to 6 inches in diameter, whereas municipal 
and industrial wells are 6 to 20 inches in diameter at the sur­
face (table 6). 

l\lethods of Lift and Types of Pumps 

In the past, the predominant type of pump in use for domestic 
and stock water supplies was the lift, or cylinder pump operated 
by windmill, and later powered by gasoline or electric pump jack. 
Now, electrically powered jet pumps and submersible turbine 
pumps are being installed in many new wells. A few of the 
shallow lift pumps are operated by hand. Where larger quan­
tities of water are needed, as for municipal and creamery sup­
plies, turbine and submersible pumps powered by electric motors 
are used. 

QUALITY OF GROUND WATER 

Information on the chemical characteristics of water supplies 
is necessary in planning the location of some industries and for 
the economical and satisfactory treatment of water for domestic 
and municipal supplies. If the chemical properties of waters are 
known, the most suitable equipment for water treatment and 
accurate cost analyses can be included in the plans of a water 
plant. Moreover, knowledge of the stratigraphic distribution of 
the chemical constituents in the ground-water reservoir facili­
tates the planning and installation of properly constructed wells, 
which will prevent interaquifer contamination. 

The chemical character of ground water commonly differs not 
only from aquifer to aquifer, but also from place to place within 
an aquifer. Information on the vertical and horizontal distri­
bution of various types of water factilitates the prediction of the 
chemical character of the water that will be derived from a 
given aquifer at a particular place. Moreover, it may prevent 
costly drilling where the desired quality of water does not occur 
at a reasonable depth. 
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The minerals and gases present in ground water are those 
which were taken up by the water as it passed first through the 
air and then through the various layers of soil and rock before 
reaching the point of withdrawal or discharge. Differences in 
the amount of minerals and gases dissolved or suspended in the 
water are governed by the chemical composition of the rock 
material through which the water moved, temperature, pres­
sure, reactions between the water and rock material, and the 
length of time that the water was in contact with these various 
materials. 

The general mineral characteristics of water from 41 different 
wells and 10 springs in Clayton County are tabulated in table 4. 
These water samples are considered to be representative of water 
from each of the water-bearing formations in the county. The 
analytical determinations were made in the Water Laboratory of 
the State Department of Health at Iowa City, Iowa. 

Chemical Constituents and Physical Properties in Uelation to Use 

Mineral substances in large amounts are objectionable in any 
water, and some constituents are undesirable even in small 
amounts. Mineral constituents commonly found dissolved in 
ground water and some data on their source and significance to 
the user of the water are summarized in table 3. Of these the 
dominant ionic constituents are calcium, magnesium, sodium, 
potassium, bicarbonate, sulfate, and chloride. Calcium, magne­
sium, sodium, and potassium are positive ions called cations. 
Bicarbonate, sulfate, and chloride are negative ions called anions. 
In water analyses these constituents are generally determined as 
parts per million cations and anions. 

In order to express the ionic balance of a water sample, the 
quantities of constituents are expressed in equivalents per million 
as in figure 13. These are obtained by dividing the parts per 
million by the combining weight of the constituents. Parts per 
million may be converted to grains per gallon by dividing the 
values by 17.12. 

Dissolved solids. Theoretically, dissolved solids are considered 
to be the anhydrous residues of the dissolved substances in water. 
However, they are not a measure of the total weight of dissolved 
material as they occur in solution. For example, in the deter­
mination a sample is evaporated to dryness at a temperature that 
converts bicarbonate to carbonate. Water containing less than 
500 ppm of dissolved solids generally is satisfactory for domestic 



-17 01" CLAYTON COUNTY, IOWA 

TABLE 3. CHEMICAL CONSTITUENTS COMMONLY FOUND IN 
GROUND WATER 

Conslitueut :;ourt't" or rnm1e E1T,•d 011 ullllbility of wotrr 

l>ilir-a (SiO,) ....... . l'rartir:111)· all rocks and ,oil,. U•u•ll>· in I Furlllll laard .,.,.1, in fipe:, uud boilru. 
small amounts up to about 25 ppm. In • Carrird o,·,·r in stram of hi~h-pr=urr 
nlkaline m1trr, up lo 100 wm may hr , lmilrro to form drJlO"il• on hlaJe, of 
found. I ?-h-ani turhinr.\, 

lrou (I:,,)., TJIC' romtnon iron-.l~rnrin~ minrrnb, prr:w-nt 
iu 11t••rly ull lurmatious. U•uully I"" tlum 
I 1'1'111 m alkaline surfnro watrr. llighrr 
amounts occur in ndd wnt('rg from mine 
drainage or other sour'-"•· 

01,jrrtionnt.lr for food a111I hf"\'rrn,f' rm>­
c·••~inK, ~loru tlmu 0.3 l•11m iron t"n1U1t•s 
l,rowr1 ~h1iuK un 1•orrt'lnm nnd fnhricA, 

~ln11Kau<0e-h<,uring minerals. Usually less 
than I ppm in nlknlin• ,urlnro wat,rs. 
[.a,1i:,p c1ua11liti" oftf'n nMOri.nt<"II with 

Same ohj•cliorml,le £eotures a.• iron. FrJ-
crnl drinkinK wut<r ,tandard• •tat• tlaat 
iron nntl mnn1uml'&' tc~rthrr Bliou1J not 

--- -- --~--- ~-1--1_,i_Kl_,_i,_0_11_r_o_n_1._n_t_a_n_d_,_,·i_t1_,_u_ri_J__"_._.1_...._· I__('~~ ~,3 •·!m~: ---- --- ---

Cukium (Co) aod l'ra,tirally all rocks nnd ooil,, hut esl'('rially ICau,<• um,t of the laardn!'AA and sralo-form• 
Mn~n,.ium (Mg)....... from lim.,.tone. dolomite, ~)·r,oum, nnd inR propcrti,. of water. C'omsume mud, 

gJ,'ltiiiforous shale. 1.ma1•. Hrrnn\'C'Ci hy v.att'r-surtc-nin1t. Jlf(),o, 
Cl'81:lt'8, 

A11<'ient hrinc-s. JJt'l\ wuler. intl11t1lrfol-hrit~;-J ni,•t•II 11ally tnidr to waler ,,;,,~l~;~~·r~,tj·;;-
Pot11,..ium (K) 
ll<Mli11111 (Sn) nm! 

o.1ul 11r,,·n5t«". Al50 diFRolw•d rrom ft-ldspur, 1 lnrl{e nmmmlt1 with chloridt. ~odinm 11nltll 
c·la}' and otl1l'r eummon minrrnk I nm)' ratl'-'C' fonminR in sk'am bulk-rs. 

11icari.;n:,;;;(HC'll,). - ·1 A,tion of <arhon dioxide in- ,.-,.;;.,-o;. ~·· 11;;.;;,;,.-;.--;;;,;i~~~I< produre nlka­
and Carbonate (CO,).... IJ011atc mioerah;. linity. llirarhonnl<S of ralrium and maR­

nt':!liurn dttom~ in boiling wottr with 
fornu1ticm of l'lt-ale and r(')r~ of rarhon 

--------~--- J -··-····-··--. dioxi<le~l\8. 
l!ulfutc (SO,) .... 8ulfot~ in wnt<'r c•ontainini: raldutu form1'1 

1m"'um, nnd other •ulfatc mineral•. Com­
lto<'kfil nnd eoil!J ront.ui11iug iron Kulfide, 

hnnl •eah, i11 •team huilers. In lnr~cr 
mon iu industrial wnst('ff nnd in waters atoo1111tt1. sulfale iu combination wilh 
lrom coal mining op,,ratio11•. oth("r ions nm}' ~ve a bitte-r tnste tu water. 

l'cdcrnl Jrinkin~ waler standards rrrom• 
mend that 1:1ulfote ront('nl ,ihoultl not 
l',rttd 2.w ppm. 

l'hlori,1,· (Cl) .. l.,at.::<' umouut.s in rombination \1·itl, witliurn 
natural nnd ar1ifiriul l,riru.-s, nnJ st:-a 

Smull to lnrg..- awount8 in all Boils nnd rocb. 
Rivr n .alty taste to walt'r. O1,jectionubl, 

wntn. in smnr industrial ll:K'S. Frdrrol drinkina: 
wnter •londurds recommend that du, 
ehlorido co11te11t should not cx«-ed 250 
ppm, 

l'luori,I• {F). \'11ri1m~ rninrrals or wid~Jlrf"ncl o('rurrrncc. Fluoritl" in Jrinkiu~ watt'r r("llur~ the in• 
rr~l'nt in hrine1 from oil wrll" and in ritlelll'O ur tooth d('('ny wht'n the WDll'r 
imhl!lrilll wnstt"S rrom llfot"l~itl~ or in• i3 MnllumN.I durin::: the [J("rhJ or rultifi­
11:relicitlt"S. di!infoctant.,, nnd llfM>r\·a­ ratioh or 1•ru1mel. Howe,·er. it mn}' rause 
li,·~. moltlin~ of the l'-"th. dcpondin~ 011 th• 

ronrenlratinn of ,he ·!uorid,. !lie ~• of 
1he ,hild. and the amount of drinking 
wntrr ('(lll8Umrd. (Mait"r, 1~501 

and most industrial purposes, except for local difficulties resulting 
from the hardness or exceptional concentrations of minor con­
stituents such as iron or manganese. Water containing as much 
as 1,000 ppm of dissolved solids is acceptable for domestic pur­
poses if no better water is available (U. S. Public Health Serv­
ice, 1946). 

On the basis of 48 samples collected from various untreated 
municipal, domestic, and industrial ground-water supplies, the 
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TABLE 4. CHEMICAL ANALYSES OF GROUND 

Dissolved constituents and hardness given in parts per million. 

Well and spring numbers indicate location; numbering system described 
in figure 2. Locations plotted on plate 2. 

i;; 
~ 

j
Wellot 
•pnng
numbtr Owtu?r 

Depth
lfrcl) 

Priocip:,l
1<nlrr0 1>1'3rini;: unit 

Dole of 
rolt.ction 

IS. 
s 
i: 

90.$-2CI. ...... 
91-2-16AI. ..... 
91·2-28Ll ...... 
91-3-2AI.. ..... 
91-5-30Rl. ..... 
Ol-6-35NI ...... 
91-0-IOCIS..... 
Ol•6°1Dl'IS..... 
Ul-6-22CI ...... 
Yl-6-22C3...... 

t:«l1ow1••l City II'ell 4 . ........ 
Millville Creamery ............ 
lino Andore1Ut ................. 
II. Wilh111111 Store ............. 
Corl Kromer .................. 
t:dROWn<MI City Woll 3......... 
('nrl l(loinlein................. 
John L,,.,, .... , ............... 
Strawberry Point Creamery I ... 
lltruwl,erri.' Point Creamery 3... 

269 
130 
565 

28 
162 
248 

Spring 
do 
105 
216 

t·ormation.o of Silurian oge
lit, Peter mod.stone 
Oolena dolomite 
l!rcent nlluvium 
••ormotion• of Silurian age

do 
do 
do 
do 
do 

8-lfl.a2 
8-22-51 
4-29-59 
2- 3-54 

II• 2-51 
8- 6-52 
7-23-41 
7-28-61 

11- 2-41 
6-211-54 

51 
54 

..ti .. 
40 
40 

"af· 
01-6-221>1 ...... t:lrnrr Ila drid~•- .............. 12 lllnriul drift 2- 1-5·1 ·18 
91-6-2201. ..... Strnwherry Point City Well 1. .. 100 t'ormotions of Silurian nit• 0.10..:H 
92-2...SRI. ...... 
02-2-liHI ..... 

Cluu-lcs Coin ................. 
Guttr11lK'r1 City Woll .......... 

30 
26 

Uece11t nllu,·ium 
do 

8-H-52 
8-26-37 

53 
M 

92-2-17LI .... Gultenl,..," City Well 2...... 435 Jn:dan 1!3ndstono 8-22-51 51 
0. 4-51' 

02-2-171.2 
92-5-9LIS 
92-5-17AI. ..... 

<:111trnl.-r1 C'ity Woll I. ....... 
HN>f1te8t.n.hl ........... , .. ,,. 
1-:riaalK'th l>tbtt! .............. 

4M 
S11ril1Jl 

30 

do 
(Jalrun doJomite 
l!ot-.,ut olluviurn 

8-26-37 
7-26-51 
2- 3-54 

52 
50 
45 

92+:!Sl ....... \'olaa Town Woll .............. 225 Galena dolomite 5-26-59 51 
92-&-lOCI. ..... •·· G. Cumrnin,;s .............. 18 l!rcent nlluvium 2- 3-54 •19 
92-6-14GIS .. 8tn11ley Sargent ............... ~prin1t Moc111oketa •hale 7-24-Sl 52 
93-2-701S Conrr•te Mulcriols ond 

Corudruction Uiv . ........... du Plnttcville limrJ1tone 7•23-54 61 
93-3-21118 . City of Cln>·lo11 ............... do (lnlc11n dolomite 2- 4-54 64 
03-3-111.11 ... ::: <lomnvillo City Well ........... 385 81, l'rlt'r !lmd•tone 7-111-51 
93~'1-ISKI ...... 
93-4-7Al. ...... 

C:amavillo City Well ........... 
Clayton County llome ......... 

3M 
780 

do 
Jordnn 1111ndstone 

0-14-34 
IO-l7•H ..62•• 

93-4-16lll ...... llui:o Katke .................. 152 Galena dolomite 4-30-50 
93...5-2111. ...... John llllltrnoirk ............... 96 do 5- 1-50 
93...5-23}:1 ...... Elkndrr Cit>· W,11 3........... 515 Jordan BD11dslo11e 7-10-61 52 
93...5-23E2 .. ... Elluulor City \\'ell 2........... 432 81. l'cltt mndstonc U•l6-34 
93-6-20112. Melvin Grrarnon ............. 158 formolioM of Silurion oge 9. 4-51 51 
94-4-18··· ... ::: t'nrmrl'llhuri: C'ilf Well ....... 705 Jn:d11n 1111ncL<to11e 5-10-64 61 
94-5-25~11 ..... 81. Ola£ Town \\ ,II I. ......... 330 St. l'i,ltt somhlone 8-20-61 50 
94-5-26111 ..... 81. Olaf Town Well 2.......... 378 do 1- 4-52 51 
94...5-31RIS ..... Ilny J-:hlrrs-lli1 Spring ........ Spring Onlena dolomite 0. 4-51 47 
91-6-21 FIS..... Emil Maur ................... do ~lnquoketa ,hale 0. fl.al 67 
05-3-15KI. ..... 
95-3-15K2 .. 

Mnr,1uottr City w,112 ......... 
lllnri1uctte City Well 1. ........ 

412 
5/IJl 

l>r,.hach grcm1> 
do 

8-22-51 
0-23-50 ..62·. 

95-3-161,1 ... Murquetto Htockt·nrd Well .. , .. 460 do 9-23-A0 62 
05-.'l-22Ql ... Me<ln•gc,r City \ 'ell 2 ......... l ,IMJO do 1-18-40

{ 11-10-511 
112 
112 

95-3-22Q2...... Mr<lreKof City Well 4......... l502 do 10.14-45 113 
95-3-22RI Mrllrogor City Wr\111 ......... 6·15 do 5. 6-40 112 

12- 8-40 52 
95-3-22RI ...... Mr<ln•gor City Well 5......... 481' l>ri·.,harli group 9-22-50~ 52 

0-22-50• 52 
6-27-51 51 
7-18-51 52 

15-3-22lll ... MeGrrR•ir Cit)' Well 5...... 470' do 8- 6-52 52 
{ 2· 2-51 52 

4- 5-M 52 
:15-3-22Il2...... ~l«lrr1or City Well 6....... , -

1 
116 St. l..a,urnce formation 

{ 
2- 2-54 
4- 5-M 

60 
Ml 

)5-3-MPI ...... l~k.. J\,ak 81nto l'nrk ......... 630 JorJan Mndatonr 7-21-37 51 
a5-4-15MIS .... F. \". 1..11ina ................. SprinR lialf'nn dolntnih• 8-18-38 40 
96-4-21AIH ..... lion L,,.1hu1 .................. S11rinu Unlo110 dolomite 7-24-51 40 
06-4-31 Ill ...... W. II. JohanninKmcicr ......... :1:111 81. Peter Mnd,to11t• 8-23-51 60 
!l5-5-5Ill. 
95-5-111{1. ·.:::: 

l,unna Cit?{ Wcll .............. 
Monona ,ity Well I ........... 

330 
HIii 

llnlcnn dolomite• 
Jordan ••ndstonc 

2· 2-51 
7-18-51 "s:i'' 

05-5·11 K2 ...... Mo11011u City Well 2........... KB do :1-2-1.:17 62 
96-6-32LI.. .... Postville Packing Company..... 930 do 8-22-51 60 

I Waler lr<'nted by Clultonborir l\lunieipal eortcnlnir •Y•lcm. 
2Snnwle eolleeu,d throuiih n 2•ineh dlseharirc 11lpc from n de11th of 1,004 feet. 
DWell J•luiiired bock lo 4111 feet on October 3, 111411. 
4Sample collected throuirh n garden hose from n de11th of 470 feet. 
~Well pluirired back to 479 feet on May 26, 1951. 
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WATER IN CLAYTON COUNTY, IOWA 

Principal water-bearing unit is given, but some water commonly is derived 
also from other formations in the uncased portion of the well. 

pH: Determination commonly made several days after collection of 
sample and may not be identical with determination made at the well. 

llnnfn..., G 
2:•(uCnCOa).. 3:....'= lg -1!::; g 1l~., "' i5 iJ:!g1le 1~ 5: ..~ :,i 0., 

--

..8 

' 
~ 

}!
~,

1 
0 l!" e .."fl j 1i:,~ 1li'J·c 1I .s 3·- 8. gj ,; i:2.!: -~,g" :,;:,;... <Q t,;.... Ii:" IJ~ = ~ ti>~"' ---·-"' 

0.96 7.5 2K:I .3 4700 72 22 10 2.0 0.0 28K 2n2 188.0 270 
0.197.0 .0 4D 611 5.5 .1 H4 :!72 72 717m .4 493 7.0 
0.0., .... 79 :1s 40 28 050.08 398 2.0 .2 392 7.5 364 3261.3 
9.5 7_:1.02 26 695.0 126 495 9.0 .1 492 459 406 5335 16 

13 H4.8 .o 76 22 350 2.0 .a 0 646.0 317 7.8 280 280 
7.375 24 322 ID j 8 286 22 4H.48 .o 5.0 .3 au 264.0 
5.8.0 36 164 4.0 ,2 j 0 317.0 1G 21 8.0 218 131 22160 
9. j.II 44 5.0 j 6.06 23 210 H .I 201 32 37524 257 172 

6_06,1.0 II 278 278 j 8.0 22 26 .2 4.0 248 228 20 502 
.2 56 28 6-2 21 7.0 j 9 33 403.0 271 .I 2M 2225.3 319 

18.20 04 8.0 .I 84 453.0 73 16 200 299 80 218 16437 
8.7 H j 4 3 .......0 .0 58 21 278 3.0 .0 231 228.8 2H 
4.3 j 8 4281.2 76 286 31 3.0 .3 .o 427 280 234 4610 22 

45 j 3 58 .......0 76 23 20 27 .0 431 284 226.I WI H 
3;;IH70 368 598.0 .0 35 35 .I .31 7 0 319 302 Ii19 

0_5 23 21 236.0 .0 16 32 38 .I 2.2 128 82 6818 9 7 
10 46 ......1.2 .2 Ill 392 31 .0 :mi31 22 .H 129 7 I 321 
8.1.0 :t1 5.0 .2 40.0 76 36 364 5.3 :195 338 298 6847 3 
4.S :IO 52.5 73 20 305 6.0 .2 302 250 474.0 21 284 7 8 
5.11 268 41 5.0 34 480.02 .05 67 21 .5 294 2.S4 2202.7 7 8 
4.8 j 686 331 31 4.0 .I 3:10 56 521.02 .05 28 351 27418 
7.8 93 18.o 8.0 .2 iO 308.0 37 13 Si 217 i a HO 76 

,0 4.8 ).527 43.o 81 H ·IIS .I .o 300 383 340 6807.6 
-1.0,O'l :1211 j .0 344 60 621.0 75 38 21 311 8.0 294.I IO 

70 211 38 537.0 .0 20 12 312 12 .3 .o 328 211-1 2667.8 
,0 :11 64 .......0 80 10 :151 38 .0 1.2 ml 344 20035 7.1 

1:1 40 48 .......6 78 35 :155 6.5 .3 330 291.0 .18 320 7.4 
0.3.54 .05 87 •18 400 47 .2 477 -1111 328 87 HO13 7.331 

.IJ.128.02 0.0 306 8.5 .2 51 700.05 96 27 351 30035 7.3 
12 :m1 64 49 563.2 60 31 :11:1 301 252.0 .0 7.55,01 .5 

61. 3 .0 60 32 12 a:m .0 :110 305 35 ......4.0 .0 7.3 270 
.2 .0 :16 7.5 378 31 .o 333 23 57074 7.0 7. 7 370 :1107 5 
.10 .0 73 6.8 327 22 2.0 3830 .2 314 306 268 4741.8 7.8 
.0 SI .4 644.0 80 3G H 366 22 Ht 363 3001.06 1.6 63 

9.1 28 462.22 27 293 1.0 .5 201 240 21.0 60 .0 283 7.7 
.I .0 73 31 9.7 349 31 6.0 310 24.1 354 7.3 286 5~13 

99 431.05 5.2 212 2.5 .3 328 204 198 96.0 60 35 3.1 8.4 
49I.I .o 70 25 305 53 54 278 250 28 661.I .o 416 7.0 
6,\ ,664 713.I 30 29M .I :I03 59.0 72 .0 509 i.K 2H 
ll60 32 312 M SI .I 305 49 713.2 .0 .0 i.O 2.SG12• _o 587 4,0301.5 .0 138 7:13 300 475 1020 .8 2,661 210 31169 7.5 

2.1 .0 153 824 303 561 1173 .7 3,0H 662 248 4H 4,810611 .0 7.5 
.55 325 321 225 45t .7 431 20:1 168 2,880.0 103 42 .4 1,350 7 5 

511 319 3,000.3 117 48 300 i"-17 .7 2,066 490 246 2H.0 .0 7.3 
102 319 2H 260 159 2,260.6 .0 40 317 HO .6 1,335 7.5 4190.0 

240 428.3 99 3H 303 515 .G 1,419 i.6 248 180 1,743.0 H .0 
325.8 118 526 293 792 .o 2,00:1 240 3,120.0 llO .0 500 200!~.. ,:110 1,82030 312 224 .6 1,297 308 2ll4 IH.6 U5 HS .o.o 

.111:1;10 :1121.6 320 212 430 .o 1,208 HI 2,100.03 07 .0 7.5 262 
1.2 .0 00 3IO 172 348 .7 .o 1,096 :181 12738 250 7.9 264 1.020 

lfl(I1.6 210 :112 284 .5 121 1,300.0 00 37 .0 980 7.7 377 250 
,I 81 140 123 84 1,3304.8 34 315 208 .5 773 7.7 312 258.0 

45.02 30 339 38 .I 613.0 84 423 :H5 278 0733 15 7.7 
;1:193:1 H 58.04 .03 80 33 46 .I 428 330 278 7652. 7 7.5 

.08 87 5.4 ll4.7 27 307 4.0 .0 .H 360 :128 252 76 ......7.1 
37;1.o 4.-1 12 .o ;120.o 70 33 6.11 1:1 :1s1 20 ......7.1 300 

7.8 6.0.0 .0 74 36 371 H .2 3511 329 301 25 5696.3 1.6 
;, 7.0 69 :io 7.1 310 31 5.0 .0 43 4677.3 321 207 251 

Kl.0 :rn 11.3 331 58 13 .3 358 548 
.2
o·• .0 332 84i.i 271 

.0 42 4.0 .2.0 69 8.1 261 .o 205 H 46227 1.6 258 214 
40.4 12 256 10 .0 28 .......04 64 10 .2 252 238 2107. l 

.2 103 18 512 20 4.0.0 ·12 .s .31 461 431 420 7387.0 11 
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potable ground water in Clayton County ranges from 217 to 
509 ppm dissolved solids (table 4). Excluded from this tabula­
tion are water samples from McGregor wells 2, 4, and 5, where 
the well field was contaminated by highly mineralized water 
from the Mt. Simon sandstone. Of the 48 samples, 12 contained 
less than 300 ppm dissolved solids, 22 contained between 300 and 
400 ppm, and 14 contained more than 400 ppm. 
-na1•dness. Hardness is the property of water attributable to 
the presence of alkaline earth elements. Calcium and magnesium 
are the principal alkaline earths in natural waters, although 
strontium and barium may be present in small quantities. Hard­
ness manifests itself in the amount of soap that is necessary to 
produce a lather because of the reaction of the soap with calcium 
and magnesium ions. It is usually expressed in terms of an 
equivalent amount of calcium carbonate. 

The acceptable hardness of water depends upon the intended 
use of the water. Hardness of water used for ordinary domestic 
purposes does not become particularly objectionable up to about 
100 ppm (Hem, 1959, p. 147). Hardness tolerances of water for 
industrial uses vary from one industry to another. A range of 
from less than 10 ppm to several hundred for process waters has 
been reported by the California State Water Pollution Control 
Board (1952, p. 267). 

The hardness of the potable ground water samples in Clayton 
County ranges from 146 to 459 ppm; the average hardness is 
about 300 ppm. Guttenberg is the only town with a municipal 
water-softening unit; table 4 includes analyses of both the 
treated and untreated water. Many domestic water softeners are 
in use in individual homes within the county. 

Specific Conductance. All aqueous solutions have the ability to 
conduct electrical currents. The measure of this ability is known 
as the specific conductance or conductivity of the solution. Spe­
cific conductance is the reciprocal of specific resistance and is 
expressed in mhos (micromhos). It furnishes an approximation 
of the ionic strength of a solution, within wide limits, although it 
does not indicate the relative amounts of different constituents. 

Chemical Characteristics of Water in Relation to Stratigraphy 

The chemical characteristics of water from aquifers are de­
pendent on the chemical composition of the mineral grains com­
prising the soils and rock strata, the length of time the water is 
in contact with the mineral grains, the hydrostatic head relations 
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IJelween aquifers, and the degree lo which mineralized water 
Lrappcd during deposition has been flu,,hccl oul of Lhe aquifer. 
A discu8sion of these facto rs is beyond lhe scope of this report. 
Brie fl y, however, the following generalitie8 a re valid : water 
from the shallower aquifers is usuall.v less mineralized than 
waler from lhe deeper aquife rs; water from the recharge area 
of an aquifer is us ually less mineralized lhan waler from the 
discharge area; and, excluding those area:; where extensive inter­
aquifer movement of water occurs, most aquifers Lend to yield 
a distinctive type of water. Ground waler in Clayton County 
does not dev iate greatly from Lhese generalizations (tables 4a 
and b). The general quality of waler from the various aqu ifers 
in Clay ton County is shown in figures 13 and 14. 

The hardness of water from t he variou: aquifers in Lhe count~• 
ranges from an average of 270 ppm in the formations of 
Silurian age to an average of 580 ppm in the lower part of the 
Dresbach (table 4a). The hardness of water increases with 
depth, Lhe seemingly aberrant averages Jor t he Jordan and St . 
Peter sa11cls lones noLwithst.and ing-. Mosl or the analyses of water 
from Lhe St. Peter sandstone are of waler from wells that a re 
located in the rechtU'ge area of the aqu ifer , where the chemical 

D Sodium ond Potassium (Q} Chloride and N1tfote 

D Mcc;int,1um fflsulfore 
gJ..l-Z.R$5D Colc,um {E] Blcarbcnot1 
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. 
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Fig-urc 1:1.- (;raphic representation of analyses of water samples from 
selected spring-~. 
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Table 4a.-Range in Hardness, in ppm, of Water From Water-hearing Units 
in Clnyton County 

--~------
---

----·--·--·-··- - ---=---=======-...:-

llurdnrillt or wnt,r 
Oc11th Number -----------·---

1\'akr-bcaring u11il ____ (foci)_._ ·•.I of sam11lc•. ~luxirmun I Minimum I AvcrnKe 

Glacial drilt and olhl\·imn., .. , .. ,,,,,, .. ,,. ! <30 fl -159 2 IS 316 
!•0ornmtiu11• ol l!ilurinu n~c. . . . .. , .. , . . . . . . ir.s-2m1 , :1:1:1 2:11 270 
o I d I 't IHwinl!.• r, a14 :110 :ia11• cua "om, e" , " """.. .. .. " .. ", Ofi-1105 5 41r, 25 I ;1,1r, 

Ht. Peter sandstonu ... , .............. , . . . 1311-132 7 -1-1 I 201 :1311 
Jordan snndst<111c• .... , .. .. . .. .. . .. . .. 435--0311 !J ,1:11 2:IS :ml 
D I, II ' f -112-f>SS :1 1 305 21R 295 

rco ac group'"""" l 615-IOCIO :11 062 ·1911 580 

Table 4b-Rangc in Dissolved-solids Content, in ppm, of W11te1· from Wa­
ter-bearing Units in Clayton County 

,- --- ·-·-------

()j,,.oJvml •oli<L, 
rontcnt of wuh•t 

Uc111h I Sumber ----· 
Wakr-bearin~ 1111il (£eel) •• ol •amplro Maiimurn ~liuimum A,•rrugo 

Gbcial drift and alluvium. 
--·-

<30' (j 492 281 380 
Formations of Silurian uste. 15S-269 j 376 2-17 :!115 
Gnlcna dolomite. , , ... , : I~11rin.t." Jj ;195 311 350 

U1l·bll5 5 -177 WI 3AA 
81. Pctt'r sandator10 ..... , ... 130-132 7 19:1 2~3 :mo 
Jordan sandstorao1.• ... ·1:1.\-o:!O 0 WI 2.~2 :150 
Ur~bach group! . .... I-112-5115 3' 50U ·115 450 

64S-1006 3, 30H 2066 2000 

ISome wells nrc nlMJ ur~n to St. P~t4?r ,;nnd.nto1u.i. 
~All wellH nre also 01>en to lh<' Jord1111 •nnd•tone nnd the 81. J.11w1·l'11c<' lormalion. 
aAnnh'~is or wntet· from llcGrc>1tm· Ch)' well 4 nnd extra nnub'Mt•M of Cit)· Wt'.'11 1i not In­
cluded. 

constituents are at a minimum concentration. Thus, the average 
is weighted more in the direction of the minimum and is not be­
lieved to be valid for the aquifer. Water from the Jordan and 
upper part of the Dresbach in many places is a mixture with 
water from the overlying aquifers, thus the chemical constituents 
are certain to be diluted. The increasing hardness with depth is 
best reflected in the maximum column of table 4a. 

The dissolved solids content ranges from an average of 305 
ppm in the aquifer of Silurian age to an average of 2,600 ppm in 
the lower part of the Dresbach (table 4b). Mineralization of the 
water increases with depth, as reflected in the maximum concen­
tration column of table 4b. The average concentration of dis­
solved solids is not believed to be representative for the St. Peter 
and Jordan sandstones, because of the reasons stated in the dis­
cussion on hardness of the water. 

A major change in water quality occurs between the Galesville 
and Mt. Simon sandstone of the Dresbach group. The water from 
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the Galesville and younger rocks is of the calcium magnesium 
bicarbonate type whei·eas that from the Mt. Simon is of the 
sodium chloride type. Moreover, the water from the Mt. Simon is 
much more mineralized than is the water from the younger rocks. 
Perhaps the connate saline water in the Mt. Simon sandstone was 
incompletely flushed out by fresh water. Whether this condition 
exists throughout Clayton County is not known, because the only 
wells drilled to the Dresbach group in Clayton County are at 
McGregor and Marquette. However, the water in the Mt. Simon 
sandstone at Cedar Rapids, Iowa, about 50 miles south-southwest 
of Clayton County, is known to be highly mineralized. 

Temperature 

Information on water temperature is necessary for industries 
and others that require water for cooling or processing purposes. 
Increasing use of air-conditioning by business establishments 
and homes also requires a knowledge of water temperature. The 
use of ground water for cooling purposes has two particularly 
great advantages over the use of surface water. G1·ound water is 
usually sediment free, therefore settling basins are not required 
as they are for surface water. More important, ground water 
has a uniformly low temperature throughout the year, therefore 
cooling towers m·e not required. The temperature of ground 
water from aquifers deeper than 50 feet usually varies no more 
than a degree or two during the year; whereas the temperature 
of surface water varies as much as 50° F. 

The temperature of grnund water in Clayton County ranges 
from an average of 49°F. in the drift and alluvial aquifers to an 
average of 52°F. in the Jordan sandstone and the Dresbach group 
(table 4c). The computation of the average figures is subject to 
the same limitations and conditions that were discussed in the 
preceding section. Thus, the average temperature of water from 
the Jordan and Dresbach sandstones as shown in table 4c, prob­
ably is somewhat lower than the actual temperature. Water from 
the shallow aquifers exhibits seasonal variations in temperature. 
The minimum temperatures of water from the drift and alluvium 
and from the springs (table 4c) were recorded during the winter 
and early spring, whe1·eas the maximum temperatures were re­
corded during the summer. Normally the average temperature 
of water from shallow aquifers is about the same as the average 
annual air temperature of the area. Because the average tem­
perature of the water samples collected from shallow aquifers in 
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Clayton County is 2 or 3 degrees higher than the average air 
temperature, it is believed that the discrepancy may be due to the 
sampling procedure. Many more samples need to be collected 
before a valid average temperature can be established. 

Table 4c-Range in Temperature of Water-bearing Units in Clayton County 

<llacial drift nnd nlluvium ................ . 
Formatiort• ol Silurinn n~• nm! 

Galena dolomite ....................... . 
••ormations of Silurian age ................ . 
St. Peter sandstone....................... . 
Jorda.o s:,ndstone'....................... . 
Dresbach group• ......................... . 

Depth 
(f('('t) I 

<:IO 

SJ)rini;ts 
100-269 
130-378 
435-930 
412-1006 

T,·1111,·ruturc• (°F> 
XumlX'r ---·----·.----

or t1atuplt>s ~laxlmum Minimum Avf'mgeI 
• -1· .. lili •• ·.ir, • • 49 

7 5 I 47 ·IU 
6 51 51 61 
l 
9 

,51 
.; I 

60 
,\0 

51 
52 

H 5a 51 52 

lSome wells nrc nl10 01um to St. Peter 1mndgtonc. 
2AII wells nre nlso 01,en to the Jordan sandstone and the St. Lnwrencc formntiun, 

Sanitary Conditions 

The analyses reported in table 4 show only the mineral content 
and properties of the water and do not indicate the sanitary con­
dition. A relatively large amount of nitrate in water is an indi­
cation that the water may contain organic wastes, but a sanitary 
analysis, plus information on well construction and location, is 
necessary to establish with certainty that the water is polluted. 

Most ground water is nearly free of contamination by harm­
ful bacteria. However, the water from dug wells is likely to be 
contaminated if they are not effectively sealed off at the surface 
so as to prevent the entrance of surface water, which commonly 
contains harmful bacteria. The water from drilled wells that are 
cased generally is not subject to surface contamination because 
the casing extends deep enough to exclude surface drainage. 
Occasionally, however, leaks in the casing or an inadequate seal 
about the casing may endanger the supply. Another possible 
source of contamination is the direct inflow of pollution to water­
bearing beds through sinkholes in limestone terranc. 

Domestic and public water supplies should be located and con­
structed so that the supply of water is wholesome and safe at all 
times. Wells should not be located near possible sources of pollu­
tion such as cesspools, privies, septic tanks, sinkholes, or barn­
yards. Every well, regardless of type, should be constructed so as 
to prevent surface seepage from entering the well. 
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Although well pits prevent freezing of pipes and pumps in 
winter, the unsanitary water that accumulates 'on the floor of 
these pits very commonly is a source of pollution if it overflows 
into the casing. A pit should be provided with drains that will 
function at all times to prevent an accumulation of excess water. 

UTILIZATION OF GROUND WATER 

A small amount of water is pumped from the Mississippi River 
for use by some industries located along its banks, but nearly all 
the other water used in the county is obtained from ground­
water sources. 

An estimated 2 mgd (million gallons per day) of ground water 
is pumped for domestic and stock supplies; and about 1 mgd of 
ground water is pumped by the few municipal wells, which 
supply a small urban population and a few small industries. In­
dustries having their own wells are few in number and pump 
only about 200,000 gpd (gallons per day). Irrigation is limited 
to minor garden and lawn sprinkling. Locations of wells visited 
dul"ing this investigation are shown on plate 2, and the use of 
water from these wells is given in table 6. 

Public Sup1,lieH 
Thirteen towns in Clayton County have municipal water sup­

plies and 12 of them depend upon wells. The other towns in the 
county have no public supply, and privately owned wells supply 
their water needs. 

A brief description of the water-supply installations for each 
town together with the consumption is given on the foil owing 
pages. Chemical analyses of the public-water supplies are illus­
trnted in figure 14, and available data on the wells are sum­
marized in table 6. The geologic logs of some of these wells are 
given at the end of this report. 

Cla11ton. This is the only town in Clayton County which ob­
tains its water supply from springs. Water from two springs 
(93-3-2R1S) located about 75 feet above the Mississippi River 
and flowing from the Galena dolomite is diverted into a storage 
tank at the head of the principal street. Fom this tank the water 
is distributed by a main extending about half a mile clown the 
street. In earlier clays, the system was used largely for fire pro­
tection; but at the present time nearly all the houses along the 
principal street are connected to the main. Houses off the main 
street are served by hydrants. The springs have an estimated 
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average combined flow of about 100 gpm and supply a population 
of 136. 

Edgewood. The water-supply system of the town was installed 
in 1922. By 1928, the town had two closely spaced 8-inch wells 
which obtained water from the dolomite of Silurian age; well 1, 
now abandoned, was 261 feet deep and completely penetrated the 
rocks of Silurian age; whereas well 2 (91-5-35Pl) was 126 feet 
deep and extended into only the upper part of the rocks of Silur­
ian age. In 1934 well 2 was deepened to a total of 1150 feet, 
into the ,Jordan sandstone, but because 70 feet of drilling tools 
was lost in the bottom of the hole, the effective depth really is 
1080 feet. The hole is cased with 432 feet of 6-inch casing that 
extends approximately 10 feet into the Elgin limestone member 
of the Maquoketa shale. When first completed, the well had a 
nonpumping level of 76 feet and, according to the driller, yielded 
80 gpm for 45 minutes; the amount of drawclown was not known. 
All the aquifers above the Jordan sandstone were tested during 
the deepening of this well, but none has a specific capacity (yield 
in gpm divided by drawdown of water level) greater than 0.5 
gpm per foot. This well was abandoned in 1946. 

In 1946, well 3 (91-5-35Nl) was completed in the Elgin lime­
stone member of the Maquoketa shale at a total depth of 450 feet. 
The well was cased with 16-inch iron pipe to 99 feet, and lined 
with a 12-inch liner from 248 to 375 feet; the remainder of the 
hole was open. The water level prior to pumping was 77 feet; 
but after the well had been pumped for 24 hours at a rate of 210 
gpm, the water level had declined to 115 feet. The well was 
plugged back to 248 feet in 1956, because shale caved into the 
bottom of the hole, and it now is used for standby purposes only. 

Well 4 was drilled by the town of Edgewood in 1952. This we11 
(90-5-2Cl) is in Delaware County but is inside the town's limits. 
The new well is 269 feet deep and completely penetrates the 
Silurian rocks. The hole is cased with 10-inch pipe to 84 feet, 
and IO-inch open hole extends to the total depth. The original 
static water level was 77 feet, and after the well was pumped for 
8 hours at the rate of 94 gpm the water level was 182 feet. The 
temperature of the water is 50°F. An estimated 35,000 gpd is 
pumped from this well into a 70,000-gallon reservoir. The supply 
goes into the distribution system without treatment. The popu­
lation of 767 is supplied an average of about 46 gpd per person. 

Elkader. The Elkader water-supply system was installed in 
1895-96. Wells 1 and 2, drilled about 25 feet apart along the 
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bank of the Turkey River, were 184 and 182 feet deep and tapped 
the St. Peter sandstone. The initial water level was 20 feet above 
the curb (altitude 734 feet) and the combined flow was 35 gpm. 
About 1912, they were pumped regularly at a reported rate of 
500 gpm, and they continued to flow when not pumped. In 1927, 
well 3 (93-5-23El) was drilled to an initial depth of 659 feet. 
Most of the water was derived from the Jordan sandstone be­
tween the depths of 490 and 530 feet and from the Prairie du 
Chien formation between the depths of 350 and 400 feet. Some 
water also came from the base of the St. Peter sandstone, and 
some came from the St. Lawrence formation at a depth of 550 
feet. The water level in 1927 was about 20 feet above the curb 
(altitude 732 feet) and the discharge was 190 gpm. The com­
bined flow of wells 1 and 2 had declined to 24 gpm at that time. 

In 1933-34, well 1 was plugged with clay and abandoned and 
well 2 (93-5-23E2) was deepened to 432 feet, into the upper part 
of the Prairie du Chien formation. Well 3 (93-5-23El) was 
deepened to 1426 feet and cased with iron pipe to 216 feet. In 
deepening this hole, the pressure head had declined to about 8 
feet below the surface. The loss of head reportedly occurred in 
the Dresbach group. In an attempt to regain the fl.ow, the well 
was dynamited between the 345- and 525-foot levels. This re­
sulted in bridging the hole. The well was then cleaned out to 515 
feet and the flow of water was restored. The well was pumped an 
average of 9 hours a day at 200 gpm. Somewhat later the com­
bined flow of wells 2 and 3 was reported at 77 gpm. 

At the present time well 3 is the primary source of supply, and 
untreated water is pumped to a 57,000-gallon low-level tank and 
a 173,000-gallon reservoir. The average daily pumpage is about 
180,000 gpd for a population of 1,526 or an average of about 118 
gpd per person. 

Fanne1·sbu1·g. The public water-supply system at this town 
was installed in 1939 and the well was drilled the same year. 
This well (94-4-18Fl) reached the Jordan sandstone at 670 feet 
and has a total depth of 705 feet; the hole was cased to 85 feet 
with 8-inch steel pipe into the Galena dolomite. The well is re­
ported to have encountered some water at a depth of 125 feet in 
the Prosser limestone member of the Galena dolomite, and the 
reported static water level of 111 feet below the surface is the 
same as that measured for the water from the St. Peter sand­
stone, which occurs between 315 and 360 feet. The specific 
capacity of the combined Galena dolomite and St. Peter sand-
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stone was less than 0.2 gpm per foot of drawdown. The water 
level is reported to have declined to 240 feet when the Root Valley 
sandstone member of the Prairie du Chien formation was pene­
trated between 455 and 480 feet. The final static water level was 
231 feet below land surface when the well was completed in the 
Jordan sandstone. A pumping test indicated a specific capacity 
of about 14 gpm per foot of drawdown after pumping at rates 
of 40 to 80 gpm for about 5 hours. 

The chemical quality of the water from well 94-4-18Fl is 
shown in table 4. Although the water is derived mostly from the 
St. Peter and the Jordan sandstones it includes some from over­
lying formations. The water obtained from the completed well is 
harder and contains larger quantities of iron than does water 
from wells drilled into the Jordan sandstone in other areas. 

The water used for public supply is not treated, and is pumped 
once a day into a 52,000-gallon reservoir. No records are avail­
able of daily pumpage, but the demand is estimated to average 
about 30,000 gpd. This supplies a town of 250, or an average of 
about 120 gpd per person. 

Ga,rnavillo. Prior to 1924, Garnavillo obtained its public sup­
ply from two wells about 150 feet deep. Because the yield of 
these wells was inadequate, a third well (93-3-18Kl) was drilled 
to a total depth of 365 feet, probably to the St. Peter sandstone. 
In 1949, a new well (93-3-18Jl) was drilled; it penetrated 25 
feet of the St. Peter sandstone, was 385 feet deep, and was cased 
with 10-inch pipe set at 60 feet below the top of the Galena dolo­
mite. Shortly after completion of the well, the static water level 
was reported to be 70 feet below land surface. Because the draw­
down was reported to be 63 feet after pumping several hours at 
the rate of 76 gpm, the specific capacity of the well probably is 
slightly less than 1 gpm per foot of drawdown. 

In 1955, the production from well 93-3-18Jl had decreased to 
less than 50 gpm. Therefore, in 1956 a well (93-3-19Dl) was 
drilled to a depth of 815 feet, into the St. Lawrence formation. 
The hole was cased with 12-inch pipe from the surface to 400 
feet, or about 25 feet into the Prairie du Chien formation, and 
was pressure grouted with 185 sacks of cement. The original 
static level was 312 feet below land surface. As pumping at the 
rate of 420 gpm caused a drawdown of 16 feet, the specific ca­
pacity of the well is slightly more than 26 gpm per foot of draw­
down. 
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During 1956, the town pumped a total of 15,155,000 gallons of 
water, slightly more than 8 million gallons of which was pumped 
from well 93-3-lSJl. Since 1956, well 93-3-19Dl has supplied the 
town needs and the older well is used as a standby. From Sep­
tember 1956 to June 1957 this well produced 14,083,000 gallons of 
water, or an avernge of about 51,000 gpd. The 1960 census re­
ported a population of 662 which indicates an average daily use 
of approximately 77 gpd per person. The water is not treated, 
and the system includes a 30,000-gallon steel standpipe reservoir. 

Guttenberg. Prior to 1937, a dug well (92-2-17Hl) reported to 
be 26 feet deep, 26 inches in diameter and cased with concrete, 
served as the source for the public water supply of this town. 
This well was located about 10 feet from the Mississippi River 
and the relatively high nitrate content of the water indicated the 
well was receiving some seepage from the stream. In 1937 the 
well was reported to have a nonpumping water level 4 feet below 
the surface of the ground and to yield about 200 gpm with a 20-
foot drawdown. 

Two wells were drilled into the Jordan sandstone in 1937. 
Well 1 (92-2-17L2) was drilled to a total depth of 450 feet and 
was cased into the Prairie du Chien formation with 8-inch pipe 
from the surface to 127 feet. At the time of completion, the static 
water level was 26 feet, and during an 8-hour test 440 gpm was 
obtained with a drawdown of 64 feet. Well 2 (92-2-17Ll) is 435 
feet deep. Twelve-inch surface casing was set at 56 feet and the 
completed well was cased from the surface to 99 feet with 8-inch 
pipe. The diameter of the well was considerably enlarged by dis­
charging explosives at a depth of 420 feet. The static water level 
was 23 feet, and was tested at 490 gpm for 4 hours with 19 feet 
of drawdown. Most of the supply now is obtained from well 2, 
and well 1 is used only when additional water is needed. 

During the period of July 1956 through March 1957 the town 
pumped 28,349,000 gallons, or about 105,000 gpd. This indicates 
a per capita consumption of about 50 gpd. Several industries in 
the town use a small part of this total. A food processing plant 
uses an average of about 800,000 gallons per year, a metal fabri­
cating plant about 650,000 gallons per year, a creamery about 
800,000 gallons per year, and a plant where button blanks are cut 
from clam shells about 350,000 gallons per year. 

The water is hard and a treatment plant was constructed in 
1939. Treatment consists of aeration, addition of lime and alum, 
coagulation, re-carbonation, and rapid sand filtration. During 
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summer months, when water usage is high, some untreated water 
is pumped into the mains. The system includes a 65,000-gallon 
low-level reservoir and a 132,000-gallon high-level reservoir. 

Luana. The original public water supply for Luana was from 
a well drilled in 1934 to a depth of 412 feet, presumably into the 
St. Peter sandstone. The initial static water level was reported 
us 138 feet, although when measured in 1957, the static water 
level was 85 feet below land sm·face. Apparently the well would 
not supply enough water and a new well was drilled in 1941. This 
well (95-5-5Rl) is 339 feet deep and just reached the top of the 
Decorah shale. The well is cased with 6-inch pipe to 63 feet, in 
the Elgin limestone member of the Maquoketa shale. The static 
water level was 165 feet and the yield was reported as 50 gpm 
with very little drawdown. The well yielded about 23,000 gpd 
until 1957, when the yield from the well declined. Although the 
well was acidized, its yield was not increased. A third well 
(95-5-9El) was drilled in 1958 to a depth of 347 feet. This well 
is cased with 8-inch pipe to 131 feet, about 30 feet into the Galena 
dolomite. The initial static water level was reported as 106 feet 
below ground surface, almost 60 feet less than the other well 
(95-5-5Rl). The well produced 210 gpm with a drawdown of 
only 7 feet. No production figures for this well are available but 
presumably this well now furnishes the town supply. The town 
has a population of 276 people and the 1957 consumption of about 
23,000 gpd would indicate a per capita usage of about 83 gpd per 
person. The water is pumped without treatment into two reser­
voirs of 10,000- and 30,000-gallon capacity . 

.Marquette. The records on the well (95-3-15K2) drilled for 
the public supply at this town in 1896 are not entirely clear. 
Seemingly, however, the well was 585 feet deep, and originally 
the water level was 17 feet above the surface. By 1904 the head 
had declined so that the well did not flow, but after recasing, the 
static level returned to 10 feet above the surface. The water level 
was 18 feet below the surface in 1944. Another well (95-3-15Kl) 
was drilled in 1950 to a depth of 442 feet, into the Dresbach 
group, and was cased to a depth of 150 feet, Just above the base 
of the St. Lawrence formation. The driller reported essentially 
no water to a depth of 150 feet. Water from the interval between 
150 and 325 feet had a static level of 20 feet below land surface; 
water flowed from the interval between 326 and 442 feet. The 
natural flow in 1950 was about 75 gpm, and 110 gpm were ob­
tained with a drawdown of 12 feet after 3.5 hours of pumping. 
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On the basis of pumping rates and water levels reported by 
the driller, the coefficient of transmissibility for the units open 
in this well, the Franconia sandstone and the Dresbach group, is 
calculated approximately as 10,000 to 20,000 gpd per foot. 

The water is not treated, and about 50,000 gpd is pumped to 
supply the population of 572. This is an average of 87 gpd per 
person. The distribution system includes a 65,000-gallon reser­
voir. 

McGregor. Several public-supply wells have been drilled for 
the town of McGregor. The first of these wells was drilled about 
1876 to a depth of 500 feet in an attempt to obtain a flowing weli. 
The site was about 60 feet above the lower levels of the town 
and the static water level was just below land surface. Well 2 
(95-3-22Ql) was drilled in 1877 to a depth of 1,006 feet and 
cased with 4-inch copper tubing to a depth of 40 feet. The orig­
inal intent was to have a flowing well with water of such mineral 
content as to be used for medicinal purposes. The original flow 
was 680 gpm, but the development of a health center never 
materialized and the water was too highly mineralized for a 
public supply. Salt water was reported to occur in a 4-foot bed 
of white sand at a depth of 520 feet in this well. The water was 
used as a fountain in the City Park until the well was plugged in 
May 1951, to prevent further contamination of the present city 
supply. The flow at that time was estimated to be 75 to 100 gpm. 

Well 8 (95-3-22Q3) was drilled in 1890 to a depth of 520 feet 
and cased with 215 feet of 3-inch pipe. Water was reported to 
come from a depth of about 303 feet; although the initial water 
level was 20 feet above the surface, the flow had ceased by 1895. 

Well 4 (95-3-22Q2) was drilled in 1898 to a depth of 502 feet 
and cased with 12-inch pipe to 70 feet and 9-inch pipe to 200 
feet. At the time of drilling the water level was 1 foot above the 
surface, but after 6 months the water level had declined to below 
the curb and in 1949 was 8 feet below the surface. The well was 
pumped at about 400 gpm, but no record of the drawdown at that 
pumping rate is available. 

Late in 1948, well 5 (95-3-22Rl) was drilled into the Dresbach 
group at a depth of 645 feet. The diameter of the hole was 15 
inches to a depth of 282 feet and 10 inches from 282 feet to 645 
feet, with 10-inch casing from the surface to 282 feet. The water 
level was reported to be 18.5 feet above the surface, and the flow 
about 200 gpm; pumping at 325 gpm lowered the water level to 
12 feet below the surface. Although the yield of the well was 
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sufficient, the water was too highly mineralized fo r most uses. 
Tests made with lhe Iowa Geological Survey geophysical logging 
equipment in August 1949 indicated t hat waler entered the well 
from the Galesville sandstone of the Dresbach group between 
280 and 410 feet and t he l\It. S imon sandstone between 530 and 
645 feel. The well al this time had a natural flow of 225 gpm 
made up of a flow of' c1pproximately 125 gpm from Lhe Ml. Simon 
sandstone and 100 g-pm from the Galesville sandstone. No water 
seemed to enter the well from the Eau Claire sandstone between 
410 feet and 530 feel. As chemical analyses of water from nearby 
wells ind icated lhal much of lhe mineralized \\'aler \\'as obta ined 
from the ML Simon sandstone, the well \\'as back filled with sand 
and gravel to a depth of about 490 feet in September 1949 and 
cemented to 1181 feet in October 1949. Subsequently t his plug was 
found to be inadequate and a lead seal was placed between 48 1 
anrl 479 feel in May 1951. AL th iR t ime, well 2 (95-3-22Ql), t he 
deep flowing well, was plugged lo prevent the mineralized water 
from reaching- the Galesville sandstone. Since the amount of 
mineralized water reaching t he Galesvi lle was reduced, the qual­
ity of water from th is aquife r has steadily improved (fig. 15). 

In lVIarch 1952, well 6 (95-3-22R2) was drilled to a total depth 
of 116 feet and completed in the St. La,nence formation. Ten­
inch casing was set ,\l 90 feel and cemented in the St. Lawrence 
formation. When drilling waR completed, th is well had a static 
water level of 15 feet, and pumping at 394 gpm lowered the water 
level to 33 feet. This well now provides the entire city supply, 
a lthough well 5 (95-3-22R-l) is still fiowing and is avai lable in 
an emergency. 

In 1956 the city pumped 44,472,800 gallons of \\'ater, an aver­
age of abou l 122,000 gpd to supply a population of 1,040, an 
average of about 117 gpcl per person. The water is not treated, 
although chlorine has been used in the past. 'l'he di,;tribution 
system includes a 275,000-gallon reservoir. 

Mo11011ci. The water supply fo r t his town \\'as originally ob­
tained f rom a spring and a well drilled in the SL Peter sandstone 
at. a reported depth of 459 feet. Field reports by the Iowa Geo­
logical Survey in 1935 include mention of two abandoned wells, 
each 415 feet deep. One well was abandoned in 1920, and had a 
water level of 161 feet in 19:15. The second well had been deep­
ened to 465 feel bul was abandoned in 1932. It had a static water 
level of about 200 feet and a pumping level of about 400 feet 
when discharging 40 gpm. In 1922, well 1 (95-5-llKl) was 
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Figure 1;;, G rnph sho wing- lhc dccrca,c in db1solvcd solid~ contenl of water 
from well !15-:!-2~JU al i\JcGreg-or afler well was pluJ.('g-ed back lo s hut out 

minerali;,:cd wnlcr from deeper aquifers. 

d rilled through t he Jorcla11 :,;andstone to a total dept h of 8 15 feet. 
ln J93G, 1iPcause lhe well yielded co11laminalccl walt•r, it was re­
paired and r ecased \\'ilh 8-inch iron pipe to a cleplh of G:31 feel. 
In 1935, the static \Yater le,·el ,n1s reported to be -115 feet below 
land surface, and in 1937 i t ,ms at 4~7 feel \\·i th a reported pump­
ing capacit.,· of 75 gpm. The resu lting tlr;1wdom1 at that. pump­
ing rate is not know11. 

In 1932, well 2 (95-5-11K2) was drilled Hbout 50 feet from 
\\'ell 1 lo a depth of 814 feel. The well is cased with 10-inch cas­
ing from the s urface lo 408 feet, probabl? in to the SL Peter sand­
stone. The slalic water level was .J27 reel, and pumping al Lhe 
rate of 327 gpm caused H drawdown of 83 feet. This well now 
supplies mosl of the wat er used, wi th well 1 avai lable in cmcr­
J,;cncy. 

The (o\\'n of l\Ionona pumped 2:~.71 -1,000 gallons of waler in 
1955, an average of almost 65,000 gpd. This quantit? supplies a 
populalion of 1,346, "'hich indicates a per capita consumption of 
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about 49 gpd. Of this total, the Chicago, Milwaukee, St. Paul and 
Pacific Railroad uses an estimated 7,000 gpd. The water is not 
treated, and the system includes a 60,000-gallon reservoir for 
maintaining pressure in the public system and a separate reser­
voir for the railroad supply. 

St. Olaf. Prior to 1928, St. Olaf obtained its water supply from 
a dug well 8 f'eet in diameter and lined with stone. The well was 
in the alluvium along Roberts Creek, which runs through the 
town. The system was expanded in 1927, and well 1 (94-5-25Ml) 
was drilled to a depth of 330 feet. The water level was reported 
to be 191 feet below the surface. No other records are available 
on this well, but evidently it passed through the St. Peter sand­
stone and into the Prairie du Chien formation. The well was 
abandoned in 1951 because the water was bacterially contam­
inated. 

Well 2 (94-5-26Hl) was drilled in 1951 to a depth of 378 feet, 
and cased with 8-inch iron pipe to 302 feet. The well is open to 
the St. Peter sandstone and nearly 40 feet of the underlying 
Prairie du Chien formation. The initial static water level was 
187 feet below land surface, and pumping at 55 gpm caused a 
drawdown of 37 feet. 

No record is kept of the amount of' water pumped, but it is 
estimated to be about 18,000 gpd to supply a population of 169. 
This is an average of about 106 gpd per person. The water is 
chlorinated and pumped directly into the mains or to a 51,000-
gallon reservoir. 

Strawber1·11 Point. The public-supply system at this town was 
installed in 1900. Very little information is available on the 
wells, except that city well 1 (91-6-22Gl) was 160 feet deep and 
obtained water from the Hopkinton dolomite. In 1936, city well 
2 (91-6-22G2) was drilled to a depth of 492 feet and completed 
in the Galena dolomite. Casing was set into the Silurian rocks at 
161 feet. Below this, open hole extended to 229 feet, where 141 
feet of 10-inch liner was set opposite the upper part of the Ma­
quoketa shale; open hole continued from 370 to 492 feet. At the 
time of completion the static water level was 130 feet below land 
surface, and pumping at an average rate of 400 gpm caused a 
drawdown of 30 feet, which indicates a specific capacity of 
slightly more than 13 gpm per foot of drawdown. At this time 
it was determined that all the production was from the aquifer of 
Silurian age. The well was repaired in 1944 after blue, clayey 
material was found in the water. At that time the static water 
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level was reported to be 128 feet, and the well was pumped at 438 
gpm with a drawdown of 30 feet. 

City well 3 (91-6-22Kl), drilled in 1955, was completed to a 
depth of 259 feet and finished in the Edgewood limestone. The 
well was cased with 8-inch casing into the Kankakee limestone 
at 157 feet. The static water level was 130 feet below the sur­
face, and pumping at a rate of 280 gpm lowered the water level 
30 feet. 

The town of Strawberry Point pumped 72,722,000 gallons of 
water in 1956, an average daily pumpage of approximately 199,-
000 gpd to supply a population of 1,303. This is an average of 
about 152 gpcl per person. Well 2 furnished 67,870,000 gallons of 
the total pumpage. In 1957, well 2 began yielding an objection­
able amount of sediment under sustained heavy pumping, there­
fore well 4 (91-6-22Nl) was drilled to the top of the Maquoketa 
shale at 240 feet. Ten-inch casing was set in the Kankakee lime­
stone at 135 feet. The static water level in well 4 is 96 feet, and 
pumping at a rate of 420 gpm causes a drawdown of only 14 feet. 
This indicates a specific capacity of 30 gpm per foot of draw­
down. No pumping records on the 1957 well are available, but 
it is assumed this well v,•ill furnish the main supply for the town, 
and the older wells will be used only in emergency. 

The distribution system of the town includes an 80,000-gallon 
elevated steel tank, and the water is pumped either into the res­
ervoir or the mains without tt·eatment. 

Volga. The public water-supply system for this town of 361 
persons was established in 1957, when a well (92-6-3Nl) was 
completed at a depth of 225 feet. It is cased with 8-inch pipe to 
the top of the Galena dolomite at a depth of 53 feet; the rest of 
the hole is open to the Galena dolomite. The initial water level 
was 41 feet, and the drawdown in water level was 15 feet when 
the well was pumped at a rate of 150 gpm. 

During 1958, this well produced 9,057,800 gallons of water, an 
average of almost 25,000 gpd. Based on a population of 361, the 
average daily per capita use is about 69 gallons. A creamery uses 
an average of about 10,000 gpd. The water is chlorinated before 
being pumped to a 42,000-gallon supply tank. 

Domestic and Stock Supplies 

Nearly all rural residents of Clayton County, as well as the 
residents of small towns that lack a municipal supply, obtain 
water for domestic and stock supplies from wells. Because of 
the great topographic relief, well depths ditfer markedly from 
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place to place in the county. The average depth is approximately 
200 feet, but some farm wells are more than 800 feet deep. The 
majority of the wells are drilled and are 6 inches or less in 
diameter. 

Flowing artesian wells have been drilled on a few farms in 
the northeastern part of the county. Only a very few of the many 
springs in the county have been developed for use as stock sup­
plies; a few undeveloped springs also are used. The chemical 
analyses of water from a number of springs are shown in table 
4 and graphic representations of the analyses are shown in 
figure 13. 

Most rural wells are pumped only when water is needed and 
the discharge rate commonly is only a few gallons per minute. On 
many farms the older windmill and pump jack systems are being 
dismantled and electric pressure systems are being installed for 
more efficient use of the water. Farms, unless very large, gen­
erally are supplied by a single well. A count of the number of 
farms indicates that there are about 3,000 domestic and stock 
wells in the county. This number includes wells used principally 
for domestic purposes in towns that lack municipal supplies. If 
the average farm family uses about 600 gpd, the average pump­
age from domestic and stock wells in the county is about 2 mgd. 

Industrial Supplies 
The 15 creameries in Clayton County are the main users of 

ground water for industrial purposes. All the creameries use 
water only for part of each day and some for only 3 days each 
week. Although the exact amount of water used per day by each 
creamery is not known, the average is about 10,000 gpd, or a total 
of 150,000 gpd. Other industries having their own ground-water 
supply include a tool manufacturing establishment at Gutten­
berg and poultry processing establishments throughout the coun­
ty. The total industrial pumpage is estimated to be about 200,-
000 gpd. 

Some industries make use of municipal supplies. The two 
bottling plants for soft beverages, one at Garnavillo and the 
other at Elkader, and the food processing plant at Guttenberg 
are supplied with water by the municipal system of the city in 
which each is located. Municipal water supplies are also used by 
several ice plants. The sand mine at Clayton obtains water 
directly from the Mississippi River for washing sand; this water 
is untreated and is used once only, after which it is returned to 
the river. 
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GEOLOGIC FORMATIONS AND THEIR 
WATER-BEARING CHARACTERISTICS 

PRE-CAMBRIAN ROCKS 

No wells in Clayton County have been drilled deep enough to 
reach the Pre-Cambrian rocks. However, several wells in ad­
jacent counties have reached these rocks, and the great variance 
in the altitude of the Pre-Cambrian surface in these several wells 
indicates that the top of the Pre-Cambrian is an erosional surface 
of great relief. Although they are known to consist principally of 
igneous and metamorphic rocks, the uppermost of the Pre­
Cambrian rocks consist, in places, of sedimentary strata. At 
Lansing, Iowa, about 13 miles north of the Clayton County line, 
a soft, silty red shale was reached at a depth of only 675 feet. 
Beneath 25 feet of this shale is 12 feet of medium- to fine-grained 
sandstone, and at 712 feet, crystalline rock was reached. The age 
of these sediments is not known definitely, but in Iowa the red 
shale and sandstone that underlie strata of known Late Cambrian 
age commonly have been assigned to Pre-Cambrian systems 
(Trowbridge and Atwater, 1934, p. 29). 

Because the Pre-Cambrian sedimentary and crystalline rocks 
do not yield water in adjacent counties, they are believed un­
likely to yie1cl water in Clayton County. 

CAMBRIAN SYSTEM 

St. Croi:tan Series 
Dresbach Group 

Stratigraphy. The Dresbach group was named by Winchell 
(1886) to include a thick sandstone section that contains some 
shale and sandstone now assigned to the lower part of the Fran­
conia sandstone. The term Dresbach now is generally applied to 
all Upper Cambrian beds below the base of the Franconia sand­
stone, and includes, in ascending order, the Mt. Simon, Eau 
Claire, and Galesville sandstones (Raasch, 1935). Although the 
Dresbach group is not exposed in Clayton County, these sand­
stones can be differentiated in the subsurface. The Mt. Simon, 
as indicated by samples from McGregor city well 5 (95-3-22Rl), 
consists of coarse, clear to pink and gray, angular to rounded, 
partly frosted quartz grains, with some gray to green micaceous 
shale. Although only 115 feet of the Mt. Simon was penetrated, 
the probable thickness is in the order of hundreds of feet. The 
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Eau Claire sandstone is made up of gray, partly fissle, silty shale 
and some siltstone with dolomitic cement. The Eau Claire here is 
about 120 feet thick. The upppermost formation, the Galesville, 
is composed of white to gray, medium to coarse, frosted sand 
grains that generally are rounded. The thickness is about 140 
feet. 

Water supply. The Marquette city wells 1 and 2 (95-3-K2 and 
Kl), the Chicago, Milwaukee, St. Paul and Pacific Railroad wells 
(95-3-16L2 and L3) at Marquette, and the McGregor city wells 
2, 4, and 5 (95-3-22Ql, Q2, and Rl) all obtain water from the 
Dresbach group. McGregor city well 2 (95-3-22Ql) at a total 
depth of 1,006 feet may have reached rock below the Dresbach 
group, but this is doubtful as the Pre-Cambrian surface is be­
lieved to slope steeply to the south and west from the compara­
tively shallow depth at Lansing. 

Water from the lower formation of the Dreslmch group is 
much more mineralized than that from the upper formation (fig. 
16). The sample from the McGregor city well 2 (95-3-22Ql), 
which was collected from a depth of 1,004 feet and so can be con­
sidered representative of water from the Mt. Simon, had a high 
dissolved-solids content; whereas the sample collected at the land 
surface, which represents a mixture from all formations of the 
Dresbach group had a markedly lower dissolved-solids content. 
Similarly, the dissolved-solids content of the water sample col­
lected from the McGregor city well 5 (95-3-22Rl) at a depth of 
470 feet was substantially higher than that of the sample col­
lected at the surface. The sample collected at 470 feet was water 
from the Mt. Simon that was not completely sealed off by a plug 
set at 481 feet; whereas the sample collected at the surface was 
made up of the combined flow from the Mt. Simon and Galesville. 
Samples collected from this well since the water from the Mt. 
Simon was successfully sealed off in May 1951 are representative 
of water from the Galesville only, and all show a marked de­
crease in dissolved-solids content (table 4). 

A rather undesirable characteristic of water from the Dres­
bach group in this area is hydrogen sulfide gas which gives the 
water an odor of "rotten eggs." The gas, however, can be re­
moved easily by aeration. 

All the wells mentioned above had initial flows of about 200 
gpm, but these flows have since diminished. Those wells still in 
~e- are pumped with only a moderate drawdown. The temper­
iiftite' of the water from the Dresbach group does not vary notice-
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ably with depth; a temperature of 52°F. has been recorded for 
water from both the Mt. Simon and the Galesville. 

Franconia Sandstone 

Stratigraphy. The name Franconia was first applied by 
Berkey (1897, p. 377), and is now used for beds underlying the 
St. Lawrence formation and overlying the Dresbach group. This 
formation includes in ascending order the Ironton, Goodenough 
(Taylor Falls), Hudson, and Bad Axe members (Raasch, 1935). 
As these members are differentiated in surface exposures on the 
basis of fossils, subdivision of the formation in the subsurface is 
difficult. In Clayton County, where the Franconia is known only 
in the subsurface, it consists of glauconitic, dolomitic siltstone 
and shale interbedded with glauconitic sandstone. The Ironton 
member is recognized, however, as the coarse-grained, somewhat 
more dolomitic, lower sandstone. In the Marquette area the total 
thickness of the Franconia sandstone is about 130 feet. 

Wate1· supply. The siltstone and shale in the upper part of this 
formation probably yield little water to wells. Although several 
wells that draw water from the underlying Dresbach group are 
open to much of the Franconia sandstone, no wells in Clayton 
County tap only the Franconia. The basal Ironton member 
probably yields some water to the wells that are bottomed in the 
Dresbach. 

St. Lawrence Formation 

St'ratigraphy. The name St. Lawrence was originally applied 
by Winchell (1874, p. 152-156) to the dolomitic limestones ex­
posed along the Minnesota River near St. Lawrence, Minn., 
where the dolomitic beds are underlain by glauconitic sandstone 
and overlain by siltstone. Later Winch.ell ( 1876, p. 153-155) de­
scribed the St. Lawrence as consisting of 200 feet of "dolomitic 
limestone" with some distinctly arenaceous layers and stained 
with green sand, overlain by the Jordan sandstone and underlain 
by the St. Croix sandstone. The Mendota limestone of Irving 
(1875, p. 441-442) and the Black Earth dolomite of Ulrich (1916, 
p. 477) seem to be the same dolomitic unit (Trowbridge and At­
water, 1934, p. 55; Raasch, 1935, p. 311). In Clayton County, the 
formation consists almost wholly of coarsely crystalline, gray, 
silty dolomite containing some glauconite. The various members 
have not been differentiated in the subsurface. 

The St. Lawrence formation has been recognized in well cut­
tings in Illinois and is exposed in northeastern Iowa and in ad-
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jacent parts of Wisconsin and Minnesota. The thickness of this 
formation in Clayton County probably iR somewhat more than 
170 feet. This thickness was found in the Marquette city well 2 
(95-3-15Kl) where the St. Lawrence locally forms the bedrock, 
and the top, thus, is probably an erosional surface. 

Water supply. The upper part of this formation yields water 
from fractures or solution openings which connect with the over­
lying Jordan sandstone. Many wells in the county drilled to the 
Jordan sandstone also penetrate the upper part of the St. Law­
rence and pl'Obably draw some water from this unit. McGregor 
city well 6 (95-3-22R2) draws its water from a large channel or 
fracture in the St. Lawrence, but probably most of this water is 
moving into the St. Lawrence formation from the overlying 
Jordan sandstone. The discussion of the character of water from 
the St. Lawrence formation, therefore, is included with the dis­
cussion of the Jordan sandstone. 

Jordan Sandstone 

Strati11rn.phy. The Jordan sandstone was named by Winchell 
(1872; 1874; p. 147-152) for exposures in and near Jordan, 
Minn. As used in this report it includes the beds of sandstone 
and very sandy dolomite lying below the Oneota dolomite member 
of the Prairie du Chien formation and above the dolomite of the 
St. Lawrence formation. According to Trowbridge and Atwater 
(1934, p. 27-79), the Jordan sandstone is equivalent to the 
Madison sandstone of Irving (1875, p. 442). 

The formation is composed of loosely cemented, medium to 
coarse, buff to white, well-sorted, sand grains having a frosted 
surface. The sand grains are somewhat larger than in the 
younger St. Peter sandstone and in the Root Valley sandstone 
member of the Prairie du Chien formation, but this difference 
is not diagnostic enough to identify the formation when the 
stratigraphic relations are unknown. The thickness of the Jor­
dan sandstone in Clayton County is variable, ranging from 40 
feet in the Elkader city well (93-5-23El) to 120 feet in the Clay­
ton County Home well (93-4-7Al) north of Elkader. 

Because of the high relief of the land surface and the slight 
southwesterly dip of the beds, the depth to the Jordan sandstone 
varies greatly throughout the county. The depth necessary to 
reach the Jordan can be determined approximately by examining 
the logs of wells included with this report or the geologic section 
of Clayton County (pl. 3). 
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Not enough data arc available to deter mine al l the recharge 
and dis1;hargc areas or the Jordan sa11dslone in Clayton County. 
Presumably, however, some recharge enters the county by sub­
surface inflow from the north\\'est. because t he pressure head of 
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the water in the Jordan sandstone is much higher in the Postville 
Packing Company well (96-6-32Ll) than in the wells at Monona 
(95-5-llKl), Farmersburg (94-4-lSFl), Elkader (93-5-23El), 
and the Clayton County Home (93-4-7Al) (table 6). No data is 
available to indicate whether subsurface inflow enters the county 
from the west or south. At least one component of ground-water 
movement is toward the Mississippi River, because the pressure 
head of water from the Jordan sandstone is lower in the wells at 
Guttenberg (92-2-17Ll) and Pikes Peak State Park (95-3-35Pl) 
than in any of the other wells in the county. Consequently, at 
least some ground-water discharge from the Jordan sandstone is 
to the east by subsurface outflow. In addition, some discharge is 
believed to occur in the outcrop area of the Jordan Sandstone 
along Bloody Run Creek and along the Mississippi River. 

ORDOVICIAN SYSTEM 

Beekmantownian Series 
Prairie du Chien l~ormatlon 

Stratigraphy. The term Prairie du Chien was applied by Bain 
(1906, p. 18) to dolomitic and sandy beds exposed in the vicinity 
of Prairie du Chien, Wis. This formation overlies the Jordan 
sandstone and underlies the St. Peter sandstone. In ascending 
order, it includes the Oneota dolomite, the Root Valley sandstone, 
and the Willow River dolomite members. 

The Oneota dolomite member was described by McGee (1891, 
p. 331-332) from exposures along the Oneota River in Allamakee 
County, Iowa. It was described as an arenaceous dolomite that 
for the most part is coarsely saccharoidal and in many places is 
cavernous and vesicular. As seen in Clayton County, this mem­
ber is a drab-gray to buff, cherty dolomite, somewhat sandy, and 
with many vuggy cavities and pores (pl. GA). The maximum 
thickness of the Oneota dolomite member is 215 feet in wells in 
this county; approximately 160 feet is exposed in a quarry 
(95-3-16M1Q) near Marquette, Iowa. 

The sandstone between the Oneota and WiIJow River dolomites 
along the Willow River at New Richmond, Wis., originally was 
named New Richmond by Wooster (1882, p. 106, 123-129). How­
ever, the member was renamed the Root VaHey sandstone by 
Stauffer and Thiel (1941, p. 61), and that name was adopted by 
the Iowa Geological Survey. The Root Valley sandstone member 
is a white to light brown, fine-grained sandstone that probably 
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grades locally into imndy dolomite. The thickness of this unit is 
as much as 25 feet. In drill cuttings from the Root Valley mem­
ber, sandstone is intermixed with dolomite. Moreover, because 
it is poorly exposed in the county, the lithology of the Root Valley 
is incompletely known. In the few localities where the sandstone 
is exposed, the sand resembles that of the Jordan sandstone, but 
it is somewhat finer grained. 

The dolomite unit above the Root Valley sandstone member 
and below the St. Peter sandstone was named Shakopee dolomite 
by Winchell (1874, p. 188-147). Wooster (1882, p. 106), how­
ever, applied the name Willow River to the upper dolomite unit 
of the Prairie du Chien that cropped out along the Willow River, 
Wis., and that name was tentatively adopted by Trowbridge and 
Atwater (1934, p. 65-73). Powers (1935, p. 171) proposed the 
name Willow River dolomite member for the upper dolomite of 
the Prairie du Chien formation, and this usage is followed by the 
Iowa Geological Survey. The Willow River dolomite member is 
well exposed in a road cut (95-3-9AIE) northwest of Marquette, 
Iowa (pl. 6B). In Clayton County, this member is composed of 
gray to buff, sandy dolomite with some oolitic and tripolitic chert. 
As shown in the logs of selected wells in this report, the thickness 
of the Willow River dolomite member is as much as 95 feet. 

Wafel' Suppl!f. The Prairie du Chien formation does not yield 
large supplies of water to wells in this area. Those wells that are 
drilled to the St. Peter sandstone are generally completed in the 
Willow River dolomite member, where some water may come 
into the wells along fractures, but this water is probably derived 
from the St. Peter sandstone. Wells finished in the Jordan sand­
stone are usually left uncased through the Prairie du Chien for­
mation, and some water could come from this zone. The Elkader 
city well 3 intercepted a large fissure in the lower Prairie du 
Chien formation and obtains some water from this formation as 
well as the Jordan sandstone. 

Chazlfan Series 

St. l'eter Sandstont' 

Stratigraphy. The St. Peter sandstone was named for ex­
posures along the Minnesota River (formerly St. Peters Rive1•) 
in southern Minnesota by Owen (1847, p. 169-170) and has been 
recognized widely since that time. In Clayton County, it un­
conformably overlies the Prairie du Chien formation and is over­
lain by the Glenwood shale member of the Platteville limestone 
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(Trowbridge, 1917, p. 177-182). Although the St. Peter sand­
stone is very uniform over wide areas in the upper Mississippi 
River basin, variations due to exposure and weathering of the 
iron-bearing minerals characterize the formation in Clayton 
County. In this county is is composed of medium- to fine-grained, 
pure white to buff-colored sandstone made up of frosted and well­
rounded, well-sorted grains of quartz. Locally, as at Pikes Peak 
State Park near McGregor, the formation is prominently iron­
stained and strongly cemented by iron oxides. Some of the iron 
stains are a vivid red. Northwest of Marquette, Iowa, in a road­
cut (95-3-9A1E) the same type of iron-stained sand is inter­
bedded with shale which yields conodonts that are typical of 
Lower Ordovician rocks. These conodonts may indicate that the 
St. Peter sandstone is more closely associated with the Prairie 
du Chien formation than was previously believed. 

The St. Peter sandstone is exposed along the Mississippi River 
north from Guttenberg and along Sny Magill and Bloody Run 
Creeks ( plate 1). Probably the best of the exposures are near 
McGregor (95-3-29J1E and 95-3-34AIQ). Additional exposures 
are described in tables 7 and 8. As seen in the sand mine (93-2-
7G1Q) three-fourths of a mile south of Clayton on the Mississippi 
River, the St. Peter sandstone contains not only considerable clay 
material that binds the sand grains, but ah;o thin lenses of lami­
nated, dolomitic shale that occur near the base of the formation. 
The shale lenses appear to be localized in occurrence, because 
they were encountered in only a few of the wells in the county. 

Because the St. Peter sandstone lies unconformably upon the 
Prairie du Chien formation, its thickness differs greatly from 
place to place in Clayton Countr. The maximum kno,vn thick­
ness is 112 feet, which was recorded in the drilling of the Clayton 
County Home well (93-4-7A]) ; the minimum known thickness is 
30 feet, which was recorded in the drilling of Elkader city well 
3 (93-5-23El). The St. Peter sandstone underlies all the county 
except the few square miles in the northeastern part where it has 
been removed by erosion. The configuration and altitude of the 
top of the formation is shown in figure 18. 

Water .,upply. The St. Peter sandstone is the principal aquifer 
for farm wells in those lowland areas where the deeply dissected 
valley systems of the Turkey and Volga Rivers have drained the 
overlying aquifers, and in the dissected upland areas near the 
headwaters of the creeks that drain directly into the Mississippi 
River. Although the St. Peter sandstone yields enough water for 
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Figure 18.-Map of Clayton County showing the general configuration and 
altitude of the top of the St. Peter sandstone. 

domestic and stock requirements, only locally does it yield enough 
water for municipal or industrial requirements. The towns of St. 
Olaf and Garnavillo and the creameries at Millville and St. Olaf 
pump relatively large amounts of water without excessive draw­
down from wells that tap the St. Peter sandstone. The towns of 
Farmersburg, Monona, Elkader, Guttenberg, and Edgewood and 
the Clayton County Home had to continue drilling to the Jordan 
sandstone, because the St. Peter sandstone did not yield enough 
water for municipal requirements. The low yields throughout 
most of the county is an indication of the formation's low trans­
missibility, which is attributed to interstitial clay minerals and 
localized lenses of shale that occur in the formation and to the 
great difference in its thickness. 

Figure 19 is a piezometric map of the St. Peter sandstone, 
prepared from water-level data that were obtained when wells 
were drilled into or through the St. Peter sandstone. The map, 
therefore, depicts the general configuration and approximate 
altitude of the pressure-surface before artificial discharge was 
initiated. However, the configuration of the pressure-surface at 
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the present time is presumably not greatly different, because only 
small quantities of water are withdrawn from the aquifer so that 
cones of depression are not extensively developed, and because 
seasonal fluctuations of the pressure-surface are very slight as 
indicated by the following water level measurements in well 
95-4-22Ll (depth to water in feet below land surface). 

1957 1958 1959 
Date Water level Date Water level Date Water level 
10-4 24.45 1-30 24.85 1-12 25.20 
11-25 24.43 3-4 24.87 5-26 24.66 
12-27 24.30 3-31 25.01 7-16 23.45 

5-2 24.25 9-3 23.79 
5-21 24.58 12-9 24.00 
6-11 24.75 
7-16 24.84 
8-12 25.32 
9-12 24.90 
10-10 25.10 
11-7 24.98 
12-12 24.98 

The contour lines on the piezometric map (fig. 19) indicate not 
only the approximate altitude to which water will rise in wells 
drilled into the St. Peter sandstone, but also the direction of 
ground-water movement within the aquifer. Water in the 
aquifer moves at right angles to the contour lines and from 
areas of high head toward areas of low head. The map shows 
that recharge to the St. Peter sandstone occurs by ( 1) subsurface 
inflow from the north and south, and (2) by seepage from the 
Galena dolomite in the east central part of the county, where 
the hydrostatic head of the Galena dolomite is higher than that 
of the St. Peter sandstone. 

Discharge from the aquifer is partly toward the Mississippi 
River and partly toward the west and southwest. The discharge 
toward the Mississippi River occurs (1) within the outcrop areas 
of the St. Peter sandstone by direct seepage into Bloody Run 
Creek, Sny Magill Creek, and the Mississippi River in the Gutten­
berg area, and (2) in the lower Turkey River Valley by indirect 
seepage up through the Platteville limestone and Decorah shale. 
Some water is discharged by subsurface outflow to the west and 
southwest, as indicated by the ground-water divide at Elkport. 
Additional evidence comes from water-level measurements in 
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Figure 19.-Map of Clayton County showing the general configuration and 
altitude of the pressu1·e surface of water in the St. Peter sandstone. The 
pressure surface shown is based on original stntic water levels in wells 
drilled into or through the St. Peter sandstone (see tuble (i) and, therefore, 

represents u restored J>ressure surface. 

wells drilled to the St. Peter sandstone in the counties to the west 
and southwest, which indicate that the regional piezometric sur­
face of the St. Peter sandstone slopes in a generally west-south­
west direction. 

Analyses of water from the St. Peter sandstone are given in 
table 4, some of these analyses are graphically illustrated in fig­
ure 20. Temperature data of water from the St. Peter sandstone 
a1·e given in table 4c. The difference.!-1 in the chemical quality of 
water from the St. Peter sandstone are attributed to mixing of 
water from the St. Peter with water from overlying formations. 

1Uoltawkian Serie.~ 
Platteville Limestone 

Stratigraphy. The Platteville limestone, as originally de­
scribed by Bain (1905, p. 18), included the Decorah shale but 
later was separated from it because of differences in the faunas. 
The formation consists of four members which, in ascending 
order, are the Glenwood shale, Pecatonica dolomite, McGregor 
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memlwr, a nd t he Spcchts F e rry nH.!rnber (T<ay, 1fJ:35b, p . 28G-
287). The Quimbys M ill member ( Agnew and Heyl, 194G, p. 
1585-1587), which occurs bet\,·een the :\IcGregor and Spechls 
Ferr>' members, has heen recogni7.ecl in Wiscons in. Tn Cla>·ton 
County, however, the Quimbys :i\1 ill me mber is lacking (personnl 
commu nication from A. F . Agnew, O<.:tober 13, 1951). 

The Glenwood (Calvin 1906b, p. G0-61) is a t hin green shale 
which o,·erlies the SL Peter sa ndstone. The thickness of Lh is 
member ranges from 0-25 feel in Clarlon Count>'· Although I he 
unit crops oul only in a few places, it is well exposed at the SL 
Peter mine (93-2-7GlQ) south of Cla~1ton, lo\\'a, where it is on ly 
~ feel thick ( table 7) , and in a stream cul west or McGregor 
(95-:~-29,J IE), where iL is on ly 5 feet t hick (table 8). 

The Pecatonica dolomite member (Hershey, 189.J, p. 175) con­
s ists of grayish-brown, mottled, massively bedclecl dolomite, 
which contains phosphatic pellets in the lower pnrl. It differ s 
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markedly from the overlying thin-bedded McGregor member 
(pl. 7). The thickness ranges from O to 16 feet in Clayton 
County ; where exposed in many quarries and road cuts (tables 
7 and 8), the thickness ranges from 12 to 16 feet. 

The name McGregor was applied by Kay {1935b, p. 286-287) 
to beds exposed in a stream cut (95-3-29J1E) about 1.5 miles 
west of McGregor, Iowa. Characteristically the McGregor mem­
ber is a thin-bedded limestone, which commonly contains shaly 
partings and numerous well-preserved fossils. The thickness of 
this member is greater than that of the PecatoniH, ranging from 
0 to 35 feet. The character of lhis member is well illustrated al 
a number of quarries and exposu res. 

Kay (1928, p. 16) originally defined t he Spechts Ferry member 
as the basal member of the Decorah shale but later, because of 
t,he fauna ! relat,ionships, he (1931, p. 370) redefined it as the top 
member of Lhe Platteville limestone. This member consists of 
interbedded gray to green shale and very fossiliferous dolomite. 
The thickness in Clayton County ranges from O to 18 feet. This 
member is nol well exposed generally, but good exposu res occur 
at a stream cut (95-3-29JlE) , a road cut (95-3-34GlE), and a 
quarry (92-2-20G1Q), where the Spechts Ferry member is 9 feet, 
5 feet, and 7 feet thick, respectively. Plate 7 shows t he unit and 
its contacts with the overly ing and underlying units. A special 

PLATE 7.-EXl'OSum: OF' T!IF. GuT·n:Nl3ERG LIMESTONE MF:MnER OF THF: 
DECORAH SHALF. (A) AND OF THE SPF.C HTS FERRY (B), MCGREGOR (C), AND 
PECATO:KJCA DOLOMITE (D) MEMl3ERS 01-' THE PLATTEVll, U: l.lMF.STONE II\'.' A 
\/UARRY (D2-2-20GJQ) SOUTH OF GuTn:NBF.IIG. 
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feature of this member is a persistent thin layer of white, clay 
metabentonite within about a foot of the base. 

Watm· supply. The Platteville limestone yields little water to 
wells in Clayton County. Generally it is cased off in deep wells 
to prevent caving of the shale into the well. A few springs flow 
from the McGregor and the Pecatonica dolomite members, but 
their flow is small. 

Decorah Shale 
Stratigmphy. The Decorah shale was named by Calvin (190Gb, 

p. 60-61, 84-87) for exposures within the city of Decorah, Iowa, 
and consists of two members: the Guttenberg limestone, or 
"oilrock", and the overlying Ion (Kay, 1928, p. 16). 

The Guttenberg limestone member, the type section of which is 
at Guttenberg, Iowa, consists mainly of distinctive thin-bedded, 
gray to brown, dense limestone and dolomite, with some imbedded 
dolomite grains and thin reddish-brown shale partings (pl. 7). 
Its thickness ranges from Oto 27 feet across the county. 

The Ion member consists of very fossiliferous, interbedded 
greenish-gray calcareous shale and limestone having a thickness 
of from Oto 28 feet. It is well exposed south of Guttenberg along 
U.S. Highway 52 at a road cut (92-2-33D1E) and at a quarry 
southwest of Guttenberg (92-2-19R1Q). The Guttenberg lime­
stone member is exposed in the same road cut and in stream and 
road cuts (95-3-29J1E) and (95-3-34GIE), as well as quarry 
( 92-2-20G 1 Q) . 

Prasopom simulatrix, a gumd1·op-shaped bryozoan occurs 
characteristically near the top of the Decorah shale, and the 
brachiopods Alyptorthis bellamgosa and "Dalmanella" rogata 
are abundant in the middle and lower parts of the formation. 

Wate1· supply. The Decorah shale, like the Platteville lime­
stone, yields little water in Clayton County. It is cased off in 
most deep wells to prevent the shale and thin limestone layers 
from caving. 

Galena Dolomite 

Stmtigmphy. The Galena dolomite was named by Hall ( 1851, 
p. 146-148) and in its type section at Galena, Ill., includes 250 
to 300 feet of dolomite and limestone. This formation consists, 
in ascending order, of the Prosser limestone, Stewartville dolo­
mite, and Dubuque dolomite members. In Minnesota, only the 
Prosser limestone and Stewartville dolomite members are in­
cluded in the Galena dolomite; the upper member, the Dubuque 
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dolomite, is included with the overlying beds of the Maquoketa 
shale (Stauffer and Thiel, 1941, p. 90). 

In Clayton County, the Prosser limestone member (Ulrich, 
1911, p. 368-369) is composed of a hard, compact dolomite, with 
limestone beds near the base and considerable chert throughout 
the member. The lower part of the Prosser is especially cherty 
and also contains the lower Receptaculitcs zone. The maximum 
thickness of this membe1· in Clayton County is 132 feet, as indi­
cated by well records and exposures. 

The Stewartville dolomite member was defined by Ulrich 
(1911, p. 368-369) and has a maximum thickness of 77 feet in 
Clayton County. In surface exposures it is characterized by the 
weathered, pitted, thickly bedded, porous, brown dolomite, and 
by the occurrence of the upper Recevtaculites zone at its base. 

In subsurface work, however, the Stewartville dolomite mem­
ber is difficult to distinguish from the underlying Prosser mem­
ber, because the dolomite cuttings appear similar and the upper 
Receptaculitcs zone is rarely noted in drill cuttings. Thus, in 
subsurface work, the contact between the two members is arbi­
trarily placed at the transition from non-cherty to cherty dolo­
mite, although this transition occurs within the Prosser limestone 
member (as defined in surface work). Hence, if the members 
were redefined so that the contact could be established at the 
transition from non-cherty to cherty dolomite, the surface and 
subsurface work would be more conformable. 

The Dubuque dolomite member (Sardeson, 1907, p. 193) as 
redefined by Kay (1935a, p. 563) has a maximum thickness of 
50 feet in Clayton County; it consists of thin-bedded dolomite 
and limestone, interbedded with thin, brown shale. The Dubuque 
can be distinguished from the underlying Stewartville by the dif­
ferences in their lithology (pl. SA and B) and by the presence 
in the Dubuque of Lingula iowensis Owen. 

Water supply. As in most carbonate rock, the yield of water 
from the Galena dolomite is dependent on the fractures and solu­
tion cavities that are present. This is a variable factor, but ap­
parently the fracture systems in the Galena are better developed 
in the areas where the Galena is exposed or under a thin cover of 
the Maquoketa shale. In the southern part of the county, where 
the Galena dolomite is overlain by the Maquoketa shale and 
Silurian dolomite, the formation is very tight and will yield only 
small quantities of water; whereas in the northern part of the 
county, particularly at Luana, it is possible to draw rather large 
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PLATE 8.- A, EXPOSUIU: OJ.' TIii•: DUr.UQUE DOLOMITF. Mt: ~ll!FI! OJ,' Tilt: GALF.NA 
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ELl(ADER, SHOWING THE 'l'lllN BEDS OF VOLOMITlo WITII S IIALB PARTINGS 
WHICH ARF. CHARACTERISTIC OF THIS Mtc:'<l(l£ R; B, EXPOSUlt l,; OF THF. STEWAllT­
Yll,l,F. DOLOMITE MEMBER IN A QUAllRY (93-5-12K2Q) N()H1' ll or: ELKMER, 

S HOWI NG nn; MASS IV E CII AllACTER ()I,' TIIIS MEMIJt:11. 



86 GEOLOGY AND GROUND-WATER RESOURCES 

supplies from this formation without excessive drawdowns. The 
Galena dolomite is the principal aquifer for domestic and stock 
supplies in the upland areas north of the Turkey River. It is an 
important aquifer also in the upper reaches of the Turkey and 
Volga valleys, particularly in the area surrounding the town of 
Volga (table 6). Also, numerous springs flow from this forma­
tion. The largest spring in the county, Big Spring (94-5-31R1S), 
discharges from the Galena dolomite. 

Figure 21 is a map of the generalized piezometric surface of 
the Galena dolomite based on water-level measurements made 
when wells were drilled into or through the Galena dolomite. 
The configuration of the piezometric surface, unlike that of the 
St. Peter sandstone, is subject to seasonal changes owing to sea­
sonal variations in local precipitation. The decreasing rate of 
flow from springs in the Galena dolomite during dry periods is 
an indication that the piezometric surface is declining in the 
recharge areas, whereas the increasing rate of flow during wet 
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periods denotes a rising piezometric surface. However, because 
recharge by direct infiltration of precipitation occurs only on 
the interstream upland between Sny l\fagill Creek and Turkey 
River, any major fluctuations of hydrostatic pressures in the 
aquifer is restricted to this area. The piezometric map of the 
aquifer in general, the ref ore, is considered to closely approxi­
mate the actual hydrostatic pressures in the aquifer, ancl the con­
tour lines indicate the approximate altitude to which water will 
rise in wells drilled into the Galena dolomite. 

Recharge to the aquifer in Clayton County is partly by sub­
surface inflow from the north and south, partly by direct infiltra­
tion of precipitation in the interstream outcrop areas, and partly 
by seepage from overlying formations in the interstream areas 
(fig. 21). Much of the recharge in the interstream area between 
Sny Magill Creek and Turkey River is aided by the numerous 
sinkholes in the area. 

Natural discharge from the aquifer in the county is toward the 
Mississippi River, partly by springs and partly by direct seepage 
into the Turkey and Volga Rivers and other smaller streams that 
flow into the Mississippi River. Approximately %. of the esti­
mated 11 mgd total spring flow in the county during periods of 
average precipitation is discharged by the springs in the Galena 
dolomite. 1'he amount of discharge by seepage is not accurately 
known, but the water discharged by seepage and most of the 
springs provides the major contribution to the base flow of the 
Turkey and Volga Rivers (see section on ground-water dis­
charge). 

The sanitary quality of water from the Galena dolomite is 
quite poor in many places, because of the rapid infiltration of con­
taminated surface water into sinkholes and the rapid flow of this 
water through large solution channels. The chemical quality of 
water is shown in figure 22. The dissolved solids content and 
hardness of the water are shown in table 4a and 4b; temperature 
data are shown in table 4c. 

Oincinna.tian Series 
l\lnquoketa Shale 

Stmtigmphy. The Maquoketa shale was named from ex­
posures of shale along the Little Maquoketa River in Dubuque 
County, Iowa (White, 1870, p. 180-182). In Clayton County it 
comprises four members, the Elgin limestone, Clermont shale, Ft. 
Atkinson dolomite, and the Brainard shale, in ascending order. 
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Gul<:1111 dolomite. 

These member,.; \\'ere all named by Calvin (1906b. p. GO, 98) and 
reclescribed in detail by Larlrl ( 1929, p. 309-4,10). 

The Elg-in limestone member in Clayton Counly consists of 
clayey grny Lo buff dolomite and shale. It i s slightly darker and 
more cla.ve.v lo the south Hnd i t contains cherL to the nort h. 
Where not eroded, the minimum observed thickness of t he E lgin 
is 38 feel. \\'hich was measured in a stream cul (91-4-14ElE) 
sout h of Garber; \\'hereas in a \\'ell al Postville lhe thickness is 
llO feel. The E lg in thi ns towc1 rd the south and east. 

The Clermont shale member consists of bluish-green shale 
Lh rougho11L Clayton County. A lthough its t hickness ranges from 
0 to 40 feel, it is about 14-feet t hick in the few exposures seen in 
the county. An excellent exposure can be seen nor thwest of 
Gunder (94-G-,JClE). and another in the stream cut previously 
menlioned for l hc Elgin limestone member (9J-4-l4EJ.E) . 

Where idenlifiecl in wells in the county the Ft. Atkinson dolo­
mite member consists of 20 to 40 feet of cherty dolomite. Some 
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good exposures of this unit can be seen at the same localities that 
were cited for the Clermont shale member. 

The Brainard shale member is poorly exposed in Clayton 
County because it erodes so easily. The only location where this 
member is completely exposed is in the stream cut south of Gar­
ber (91-4-14ElE). Thicknesses of 100 to 126 feet have been 
recorded in the drilling of wells. The member consists of grayish­
green blocky shale. 

Wate1· supply. Several wells in the northwestern part of the 
County tap the Maquoketa shale, and some springs flow from 
the middle or upper members. Ordinarily the formation is usu­
ally cased off in deep wells. 

SILURIAN SYSTEM 

Alexandrian Se1·ies 
Edgewood Limestone 

Stmtigraphy. Savage (1909, p. 517-518) designated the lime­
stone beds of Silurian age at Edgewood, Pike County, Mo., as the 
Edgewood limestone. Equivalent beds in Iowa, considered to 
represent a different depositional basin, were named the Winston 
limestone (Savage, 1914, p. 34-37), but subsequently this term 
was abandoned (Savage, 1926; Scobey, 1936). 

In Clayton County, the Edgewood limestone is composed of 
yellow to gray, sandy, thin-bedded dolomite with scattered nod­
ules of chert. The thickness varies widely, becoming thicker as 
the underlying Brainard shale member of the Maquoketa shale 
thins. In Clayton County, the thickness of the formation ranges 
from O to 35 feet. The Edgewood and younger Silurian forma­
tions underlie only the southern and west-central parts of the 
county. 

Water Supply. Because the underlying impermeable Brainard 
shale member prevents downward movement of water, the base 
of the Edgewood limestone is marked by countless springs and 
seeps. Although nearly all the wells tapping the Silurian rocks 
in this county were drilled to the easily recognized top of the Ma­
quoketa shale, little water seems to be obtained from the Edge­
wood limestone except from occasional crevices. 

ICnnkakce Limestone 

Stratigraphy. The Kankakee limestone was named by Savage 
(1916, p. 305-324) to include the upper part of the Alexandrian 
series in Illinois and Missouri. Equivalent beds in Iowa were 
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first termed the Waucoma limestone (Savage, 191-J, p . 35-36), 
but later assigned to the Kankakee (Savage, 1926; Scobe.v, 1935) . 

The Kanknkee limestone in Clayton Count .,· is compm;ed of 
yellow to buff dolomite interbcclclccl with bands of chert. The 
chel'L, wh ich comprises 20 to 40 percent of the for mation, occurs 
in th in, irregular layers LhaL gives the formation a characteristic 
bnnclecl appeara nce (pl. 9) . The top of 1he Kankakee limestone is 
clelinccl as the uppermost defin ite chert layer that occurs in the 
clolomile section. Thus, in surface work, the contact uelween the 
Kankakee limestone and Lhe overl.,·ing Ilopkinton dolomite is pre­
c isely located, altl1ough t he bw,e of the Hopkin lon contains scat­
tered, nodular cher t. Jn subs u rf'ace work, however, the layered 
chert in the Kanlrn kee limestone cannot be distinguished from 

PLATF. 9 .- EXPOSURP. o~· THE KA:-.-KAl<n: I.L\lF.STOC'E IN A QUARllY (93-G-
36 P JQ)) NORTJ!f:AST 0 1•' V OLGA, Sf-10\\' t N <: TltP. THIN- Rrnnrn ANO l\'ODULA lt 

IVJIJTI, C ll GHT TIIA'I' IS C II Al1 ,\ C'l'!\HIS'l' IC' CW 'l'II IS FOtlMA'l'lOX. 

t he nodular chel't. in !he Hopkinton dolomite ; therefore, the con­
tact bet\\'een the L\\'O fo rma tions is impossible to eslaulish with 
any de,g-ree of accurac.,·. Thus, the thickness assigned to the 
Kankakee limestone on lhc basis of subsurface work is open lo 
conside rable doub t. T he maximum thickness rneasu red in surface 
exposur es is 31 feel ( table 7), buL nowhere was a complete sec­
t ion wi th both upper and lower s tratigraphic l>ounclaries ob­
ser ved. 'l'he maximum 1hickness based on subsurface work is 
140 feel (see table of logs) . Thus, the actual thickness of the 
fo rmation is greater than 31 feet and probably considerably less 
than 140 feet. Obviously, wherever the Kankakee limestone is 
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assigned too great a thickness, the overlying Hopkinton dolomite 
will be concomitantly thinner. However, the maximum total 
thickness of both units is about 190 feet (table 2). 

Water suppply. The Kankakee limestone is not a very pro­
ductive aquifer in Clayton County. Because it is not cased off in 
any of the wells that penetrate the complete Silurian section, 
some water from this formation may enter wells. However, the 
main sources of water seems to be the overlying Hopkinton dolo­
mite. 

The Kankakee limestone and overlying Hopkinton dolomite 
contain a great many sinkholes in the southern part of Clayton 
County. The sinkholes are a major factor in the drainage of that 
part of the area where these limestones are covered by Iowan 
drift, so that much of the water which would otherwise run off 
is carried underground. Some of this water may leave the county 
by subsurface outflow to the south and southwest, but most of it 
probably is discharged by the countless springs that issue from 
the Silurian rocks. 

Niagamn Series 
Hopkinton Dolomite 

Slratigm]Jh!J. The Hopkinton dolomite was named by Calvin 
(190Ga, p. 572-574). It consists of the massive dolomite between 
the base of the Niagaran series and the top of the beds containing 
the brachiopod Pentamerus. 

The Hopkinton dolomite is not well exposed in Clayton County, 
although 20 feet is exposed at a quarry (91-6-lSQlQ) for crushed 
rock and agricultural lime. The formation is a massive, yellow 
to buff, medium-to coarse-grained dolomite, which contains some 
nodular chert, particularly near the base. The maximum thick­
ness is believed to be about 125 feet although, as indicated in the 
de!!cription of the Kankakee limestone, it may be somewhat less. 

Water supply. The Hopkinton dolomite supplies many farm 
wells in the southwestern part of Clayton County and also the 
city and creamery wells at Strawberry Point. Most of the wells 
drilled into this dolomite, however, also penetrate the Kankakee 
and Edgewood limestones, so that some of the water may be 
obtained from these formations. The chemical quality of water 
from the Silurian formations is presented in table 4 and graph­
ically shown in figure 23. Differences in the hardness and dis­
solved solids content of water from the Silurian formations are 
shown in tables 4a and 4b; temperature data is presented in 
table 4c. 
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Figure 23.-Graphic representation of chemical analyses of water from the 
Silurian formations. 

QUATERNARY SYSTEM 

Pleistocene Series 
Glacial Deposits 

Stratigraph1J. The bedrock throughout much of Clayton County 
is covered by deposits of glacial till which consists of yellow, buff, 
brown, and gray, unstratified pebbly clay, These deposits were 
left by the three continental glaciers that invaded this area 
during the Pleistocene epoch. In addition, melt water from the 
glaciers deposited sand, gravel, silt, and clay in the valleys as 
valley trains. The silt fraction of the valley trains served as the 
source material for the wind-blown deposits called loess, which 
accumulated on the upland surfaces. Between the periods of 
glaciation, the tills and associated deposits were subjected to 
weathering and erosion, the degree of weathering depending 
largely upon the length of time between ice invasions. 
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A detailed study of the Pleistocene deposits in Iowa has been in 
progress for many years. The nomenclature used by Kay and 
Apfel (1929) and Kay and Graham (1943) in their review of the 
general features of these deposits is followed in this 1·eport. 

The name of the stage applies equally to the continental ice 
sheet, to the mantle of till deposited by the ice sheet, and to the 
contemporary deposits of stratified drift. The total thickness of 
the glacial deposits ranges from less than a foot to as much as 
130 feet. The greater thicknesses are in that part of the county 
covered by the Iowan ice sheet of the Wisconsin stage of glacia­
tion. 

The deposits of the Nebraskan ice sheet, which completely 
covered the county, have been almost completely removed by ero­
sion; only scattered quartzose residuum remains on a few high 
surfaces outside the Kansan boundary (fig. 24) and, locally, thin 
remnants underlie the Kansan drift. Deposits of the Kansan 
glacier cover a large part of Clayton County (fig. 24). Where not 
protected by overlying deposits of the Iowan the Kansan till has 
been deeply weathered and largely removed by erosion ; nowhere 
in the county is it much more than 20 feet thick. Iowan till 
underlies only the southwestern part of the county (fig. 24) and 
is the only till sheet that conceals the bedrock topography of the 
county. The Iowan till is mostly gray, whereas the older Kansan 
till is mostly brown. 

Deposits of gravel, sand, and silt, formerly termed the Bu­
chanan gravels (Calvin, 1896, p. 58-60), are present at scattered 
localities in Clayton County. These deposit.'\ are interpreted to be 
Kansan outwash that was deeply weathered during post-Kansan 
time. They are characteristically red and iron stained and locally 
are as much as 10 feet thick. Two good exposures of these gravels 
are south of Elkader in the NE1/.1,NE1/.1, sec. 34, T. 93 N., R. 5 W., 
and north of Elkader in the NW¼NW1/.1 sec. 35, T. 94 N., R. 5 W. 

Deposits of loess cover much of the county, but studies of these 
sediments are not as yet sufficiently advanced to positively dis­
tinguish loess other than that clearly assignable to the Wisconsin 
stage. The loess is well exposed in sec. 35, T. 94 N., R. 5 W., 
where it overlies "Buchanan" gravels. 

Terraces along the Mississippi River and the major streams 
in Clayton County show that the streams at one time had a much 
larger volume and carried a far greater load of sediments than 
they do now. Although the formation of the terraces was, with­
out doubt, related to the glaciation in the area, the terraces have 
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Figure 24.-1\lap showing the present distribution of the Kansan and Iowa 
drifts. 

not been definitely correlated with the stages of the Pleistocene. 
The town of Osborne in the SE1/4.SW¼, sec. 9, T. 92 N., R. 5 W., 
is built upon one of the terraces along the Volga River. 

Alluvial deposits that underlie the flood plains of the rivers, 
particularly the Mississippi River, are at least in part of Wis­
consin age. The water supply from alluvium is discussed under 
Recent deposits, because there is no way of differentiating the 
ages of these deposits. 

Pleistocene deposits are well exposed northwest of Gunder. 
The water-laid sand beneath the till in the following section is 
crossbedded and shows marked involutions that seemingly were 
caused by pressure as glacial ice moved over it. 
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Pleistocene deposits in the SWI/i.NWl/t. ,<Jee. 4, T. 94 N., R. 6 W., 
near Gunder, Iowa 

Unit Description Thickness 
(feet) 

10. Loess, dark-brown, oxidized, leached, silty and 
clayey ............................................................................ 1 

9. Loess, medium- to dark-brown, oxidized, leached, 
clayey ............................................................................ 9 

8. Till, medium-brown, oxidized, leached, silty ................ 4 
7. Till, dark-brown, oxidized, leached, silty, sandy .......... 2 
6. Till, buff to medium-brown, oxidized, unleached, 

silty and sandy ............................................................ 15.7 
5. Sand and silts, medium- to dark-brown, oxidized, 

unleached, waterlaid, poorly sorted, well-cemented.. 1.3 
4. Sand, buff, oxidized, unleached, medium-fine, 

dominantly quartz, crossbedded ................................ 1 
3. Sand, as above, intei·mixed with waterlaid clay .......... 1 
2. Sand, buff, oxidized, unleached, coarse to fine, 

dominant quartz .......................................................... 1 
1. Silt, buff to gray, oxidized, unleached, micaceous ........ 3 

Total. ............... 39 

In this section the till is of Kansan age and the underlying sand 
and silt is pre-Kansan. The loess overlying the till undoubtedly is 
of early Wisconsin age. 

Wate1· supply. The development of water from the Pleistocene 
deposits in Clayton County is restricted to the Iowan drift area. 
The Kansan drift does not yield water in its outcrop area, be­
cause the drift is generally too thin and too dissected to hold 
water. 

Englacial sand deposits within the Iowa drift and interglacial 
sand and gravel deposits between the Iowan and Kansan drifts 
yield small quantities of water to several dug wells and a few 
drilled wells. Because these deposits occur as thin, discontinuous 
lenses and stringers, they are difficult to locate and they are un­
able to yield enough water to satisfy modern demands. How­
ever, if the requirements for water are low, these sandy zones 
within and at the base of the Iowan drift yield a fairly constant 
supply. Wells like the Elmer Baldridge well (91-6-22D1) have 
obtained a small but constant yield from the Iowan drift for 
many years. 
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Recent Deposits 

StratigraphJJ. Deposits of Recent age, excepting soils, are re­
stricted to the valleys of the major streams of the county and are 
called alluvium. They consist of silt, clay, sand, and gravel be­
neath the flood plains of the rivers in the county. As indicated 
in the discussion on the glacial deposits, the alluvium probably 
is in part of Wisconsin age. The locations of some sand and 
gravel deposits in the county are shown in figure 6. 

Wate·r su.pplJJ. The city of Guttenberg initially obtained its 
water supply from a large-diameter dug well finished at a depth 
of 26 feet in the alluvium of the Mississippi River flood plain. 
This well was capable of yielding 200 gpm with a 20-foot draw­
down in water level. The well was abandoned because the water 
had a high nitrate content. 

The alluvial aquifers are not extensively developed as a source 
of water supply in the county. A few wells, such as the F. G. 
Cummings well (92-6-lOCl) and the Willman Store well (91-3-
2Al) obtain small quantities of water from the alluvium along 
the Volga and Turkey Rivers. The alluvium along the interior 
streams are not thick enough or extensive enough to yield more 
than small to moderate quantities of water. The Mississippi 
River alluvium, however, probably could yield moderate to large 
quantities of water. The city of Dubuque, about 10 miles down­
stream from the county line, pumps an average of approximately 
6 mgd from the Mississippi River alluvium. 

Chemical analyses of water from some of the alluvial aquifers 
is presented in table 4 and graphically shown in figure 25. Tem­
perature data on this water are shown in table 4c. 
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SUMMARY AND CONCLUSIONS 

The Silurian formations and Galena dolomite supply moderate 
quantities of ,vater to many farm wells throughout the county. 
Only locally, such as at Strawberry Point, Volga, and Luana, do 
these aquifers yield large quantities of water. The yields of wells 
may be increased by acidizing the wells. 

Comparison of the estimates of natural and artificial discharge 
indicates that additional water could be developed from these 
aquifers without critically depleting these reservoirs. Because 
their recharge and discharge areas are within close proximity of 
each other, and because their major form of recharge is by local 
precipitation, the hydrostatic pressures within the aquifers re­
spond rather quickly to variations in local precipitation. During 
periods of drought, when the total discharge temporarily exceeds 
the recharge to these aquifers, spring flows diminish and water 
levels drop in wells. Because of this, wells drilled into the Silur­
ian formations and Galena dolomite should completely penetrate 
the entire aquifer. The water from wells that are in close prox­
imity to sinkholes are subject to contamination and should, there­
fore, be analyzed for bacteria. 

The St. Peter sandstone supplies sufficient water for domestic 
and stock supplies in the eastern half of the county. Only locally 
does this aquifer supply large quantities of water for municipal 
or industrial purposes. The variation in water yield is attributed 
to variations in the permeability and thickness of the formation. 
Data on the St. Peter sandstone in the western tier of townships 
are not available. 

Slightly more than 11:! mgd of water is pumped by municipali­
ties and a few industries from the deep aquifers in Clayton 
County. Most of this water is withdrawn from the Jordan sand­
stone and underlying St. Lawrence formation and a lesser 
amount from the Galesville sandstone of the Dresbach group. 
Both these aquifers are known to yield abundant supplies of 
water to wells in the eastem half of the county. Data from ad­
jacent Fayette County indicate that additional supplies could be 
developed from the Jordan sandstone in the western part of the 
county, although wells would be deeper and static water levels 
probably lower. 
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TABLE 5. RECORDS OF SELECTED SPRINGS IN CLAYTON COUNTY 

Spring number: Springs are numbered according to numbering system shown in figure 2. 
Date: Date when yield and temperature were determined. 
Yield: Determined by use of V-notch weir (a), measured cross section of channel and velocity (b), or estimation (c). 

Yield 
(Gallons Temperature

number
SJ)tin~ 

Owner Geologic sourte Date I, JJtt minute) (°F) l!se of wnler R,,msrks 

:,locl, 
91-&-lUIIS... . 
91.+9H1S..... . John Wiley........... . lllaquoketa shale \'alley oide 8-15-51 1.......... .. 

, 49Roy Appleton......... . do do 8-3-51 do 
91-4-26E1S.... . Edgewood limestone doC.Ghmon ........... . 8-28-51 49 do 
91-&-26ll1S... . C.Glt-aoon........... . do do 8-28-51 do 
91~r.c1s.... . do 7-111-618-tt Brotheni...... . K:1nkakee limestone do 
91-&-:IRlS..... . do do 6-26-51 do 
91+10C1S.... . 

•:. Znmiiier ........ .. 
}:dgewood limmtoneCnrl Kleinlein......... . do 6-18-51 do ..\nal)'8L1 of w11ter given in table 4. 

91-6-12CIS.... . J. R. Alderson ....... .. do do 6- 3-51 l>om.,.tie nttd stock 
91-6-17P1S.... . 7- 5-51l\ewherry Estate ...... . Hopkinton dolomite Rollin.ci plain Stock 
91-6-19PIS.... . 7- 7-51Valley mdeJohn Lee............. . do do Anal)'8'1 of water given in table 4. 
914191'28.... . do 7- 7-51John Lee............. . do do 
92-3-30A1S.... . 8- &-51Rudolph Rentschler ... . G11lenn dolomite do do 
112-4-7B1S..... . doKIi. Klink.......... . do 9- 3-51 do 
92-&-18E1S.... . do do 9- 3-51~K!inlc.......... . do 

7-27-5192-4-25R18.... . f:umce Thein......... . Galenn dolomite \'alley oide 
do92--S-IILIS..... . do 7-25-510-Stnhl.......... . Analysis of nter giTen in table 4. 

,.Alley l!oor 7-12-5192-5-21E1S.... . !lfyrtle Kmmer ....... . do 
}:d,o:ewood limestone \'..Uey oide 8- 3-51 

92-5-21Q18.... . 
92--6-27R1S.... . Otto Roker& .......... . 

do 8- 3-51 
92-S-31EIS.... . 

Otto Boken.......... . do 
do 8- 3-51 

92-5-34G1S.... . 
Herman Kruse........ . do 

8-5-51J. W. Stocks......... .. Mnquokela ,hale do 
ILE. Liddy ......... .. do do 8- 5-51tlu.35D18.... . .. ...50""'

92-&-:ILlS..... . L. c. rucbards........ . 9- 4-51do do s2 ··si.-..:.; ............ . do Valley door92-G-HGIS ... .. Stnnley_Sargent ....... . 7-24-51 Analysi, of water f!iven in table 4, 
92-G-16RIS.... . 7-2-1-51Harry Roeder......... . Ec!Rewood limestone Valley oide ·····49"·" ~~ 
92-G-20XIS.... . 

7- &-51fl2.6.2001S... .. Walter Mllltl!OD ....... . do do 
7- 6-51Goorge Andrme ....... . do do . .... 49..... ~:7- &-51 

92-G-21A1S.... . 
9Z-o-20PIS.... . Walter Manson ....... . do do 

Roy Klingman ........ . 7- &-51do do do 
92-G-21C1S.... . 7-&-51llarry Roeder......... . do do do 
!1U26118.... . 7- 3-51Illar,- O'Brien......... . 48 do 
92-6-29B1S. .. .. 

do do 
7-22-51Si.<;Koehler.......... .. Eclitewood limest11ae \'alley oide Slocl<• •••• .ji,""·Mnrtm Bo.u1ngartner... . 8-28-519U-32K1S.... . do do do 

do do 49 do 
93-2-701S.... .. 

Mnrtia Baumgartner... . 8-28-5192-&-32K2S... .. 
Concrete Materials and 

CoMtruetion Division. 9-12~l'lnlleville limestone do 54 Private drinking Analysis of water ginn in table 4. 
Wm. nnd Jolm Link.... Galcn11 dolomite do 8-&-5193-2-30P1S.••.. Stock . 
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•••••••••••• 

•••••••••••• 

•••••••••••• 

Anal • r ter • tabl 4 Co b' ed93-3-2RIS l'llhli drink"mgCityof Clayont ........ d0 100. fSJSO WI> (IITCDJD e m IDd0 2-4-64 54 • llow or two oprirtga.
93-3-22.JIS ..... G. W.llunt........... 7-12-61Deeorah shale do 8• 49 Stock 
03-3-2:!LIS..... G, W.llunl........... do do do 
93-3-23SIS..... 

7-12-61 12• 40 
Gole1111 dolomile 7-12-61 do 

93-3-20018..... 
Jac.J- ............ do 15° 
L. O. Hall. ............ do 8• do 

93-3-26D1S..... 
Decomh shale 7-21-61 

L.0.11:sll............. 7-21-61 dodo do 12° -··········· 93-3-2601S..... L.O. Hall............. do 7-21-61 do 
93-3-27AlS..... 

do Iii• •••••·••••••J:u:.J~............ PlalleTil!e limfflone 7-21-61 5• do 
93-l-12C1S..... 

do •·••••••••••RollingpwnLeoter Kromer ......... Galena dolomite 7-5-61 8• do•••••·••••••93-6-31P1S..... T.and R.Ltahy....... Valley floor do 
94-1-21111S ..... 

!llaquoketa ohale 7-5-61 12• 60 
0. J. Schoulle.......... Galena dolomite Rolling JtWD 10-13-64 8• 48 do 

9'-4-l!QlS...... Frila Muellc.- .......... 12•Gole1111 dolomite 10-13-64 StockRod~plain ·•••····••••9'-4-9B1S...... Stna"" Eilers.......... do 10-13-64 10• 48 do 
94-1-12818..... Qr.spcr Schoultc........ do 
94+17B1S....• 

10-13-64 5•do do 
4•Arno llennin11.......... do do 10-13-64 49 do 

9~18...... &acke............ doMaquokef4 shale do 10-13-64 12° 48
ou-aLis...... A~I. Olsen............ Valley lloor do 
9U-12J1S..... 

do 7-15-61 JO• 60 
John Bossanl .......... Rolling pbin do 

9-l-5-l3PIS..... 
031ena dolomite 10-12-64 a• 

)0-12-M 10• do 
~IRIS..... 

do do 49Osatr"fhomMn ....... 
}•..i, hatcheryRay Ehlers Big Sprinir) Analysis or w1>tu !liven in table 4. Owue.-

reports that spr:t:ows an average o£
\'alley su:le 7-28-61 5,000•do 47 

S.000 ~pm; imm • tely following ~TY 
rains, ll Son as mueh as 10.000 gpm. 

9U.12K1S..... A. A. Gubvig.......... llfaquoktta shale do 7-15-61 4• 60 Stock 
94-6-21F1S..... Emil lllaur ............ Analysis or ,..,.te, gin!D in table 4.7-15-61 1•do do 57 •·•·••••••••••••••••~EIS..... Pikes hak State Park .. do 7-24-61Galena dolomite 15• 49 ··s~·············95-4-1818...... Fnuik Suger .......... do 10-14-64 22•do 49 
95-t-:?EIS...... do do l0-U-6t do 
115+2LlS...... 

RayClrad~........... 8• 48 
Fnuik B ........... IO-U-64 5• do 

95-t-12A1S..... 
do do 48 

Milton Nel,o11 ......... do do 10-U-64 do 
ll>t-l2R1S..... 

7• 49 
Milton Nelson ......... Galena dolomite Valley side 10-14-64 Stoek 

95-4-IS!IUS .... 
10• 49 

}'. \". Leotina.......... Analyeis c,r water given in table 4. 
95-4-21AIS ..... 

do 8-18-38 UXI• 40 .·si,;.'..;· ............• • v;.ii~'y sid~ .. Analyais or water given in table 4, 
M--l-22RIS..... 

Ben Lestina ........... do 7-24-61 2JOb 49 
Charles Welch ......... Platteville li.mes1ono 10-15-64 6• do 

95-t-25KIS..... 
do 49 

f:mma \"...,ous........ Gale1111 dolomite do 10-15-M 15• 60 do 
~IRIS..... Gaylord O.,lke ......... do do 10-15-64 5• do 
~IS..... 

49 
Dale ThomJ""'D........ Rolling plain 10-15-64 12• do 

9.S-t-368 IS ..... 
do 49 

Frank l>avtffl .......... do do do 
95-5-IPlS...... 

10-15-64 8• 49 
Rlaie Ftt11U!OD......... \"alley side 10-15-61 dodo 5• ·····.so""·95-5-2CIS...... do do 10-15-&4 4• dof:dmund Rroi: ......... 

95-5-221118..... Raymond •able.-....... Maquoketa shale 10-15-61 do 
95-5-2GPIS..... 

do 18• 49 
Kenneth Thompson ..... do 10• do 

95-5-28!'11S..... 
Rolling JtWD 10-IHf 49 

Carl Joluanningmeier .... 10-15-54 dodo do 3• 49 

.... 
c:n 0 
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106 GEOLOGY AND GROUND-WATER RESOURCES 

TABLE 6. RECORDS OF SELECTED 

Well number: Wells are numbered according to the numbering system 
Type or well: Dg, dug; Dp, drive point; Dr, drilled. 
Depth of well: Measured depths given in feet and tenths; 1·eported depths 
indicated depth. 
Type of casing: B, brick; C, copper; I, iron or steel; N, none; R, rock; 
Type of pump: J, jet; L, lift; N, none; P!-1, 1>ressure system (typo of 
Type of power: E, electric; G, gasoline engine; H, hand; W, wind and 
Altitude: Determined with altimeter or hand level, accurate to within 
Water level: :Measured levels given in feet and hundredths; reported 
Use of water: A, abandoned; D, domestic; Ind, industrial; 1\1, municipal; 

====::;:__ -----='-==-~==-===========--=--=--==.,.,.-• -~-==-=--===== 

Mcth,.J
Well cmu1truction nf lift 

1 

- -,-l-)r_p_th-,-1!;-j:-;,-1====~(-•as:i-r_,g-D:c:p_t-h: 
Well 

number 

00-5-2CI....... 

91-1·26Kl .. ,. . . 
91-1~16XI. ..... 
111-2-8B1....... 
01·2-0GI.. ..... 
91-2-16AI...... 

01-2-28LI.. . . . . 

91-3-2Al ....... 

91-3-UEI. ..... 
91-3-IOn...... 
01-Hlll...... . 
91-1-SPJ. . . . . . . 
91+2llll...... 
01+2JLJ ...... 

Ol-6-2DI.. .... . 
DI-HAI. ..... . 
01-6-61'1. ..... . 
lll../l-7Fl. ..... . 
OJ-6-7Pl. ..... . 
91-S-WJ. ..... . 
91-S-9St.. .... . 
111.,;..sQ1. ..... . 
91-S-IOGI. .... . 
01.,;..Ht,I ..... . 
01-S-BMI. ... . 
91-S-IGAI. .... . 
01-5-16Pl ..... . 
91-S-17Al. .... . 
91-5-JSn ..... . 
91-5-19NI.. .. .. 
Ol../l-19N2..... . 
01-6-201>1. .... . 
01-6-211•'1 ..... . 
01-6-22B1. .... . 
01-S-2201. .... . 
91-S-23JI ..... . 
91-S-2iCI ..... . 
91-S-28FI ..... . 
OI-S-28GI. .... . 
91-5-281.1 ..... . 
91-6-29A I ..... . 
lll-6-29CI. .... . 
91-6-29MI .... . 
91-6-29~12 .... . 
9J-6-30Rl. .... . 

91-6-31Fl. . . . . . 
01-6-:!IJJ...... 
91-5-32PJ...... 

Owurr or knunt 

EJgewc•.J City Well~. 

Goor~e Kamm ........ . 
JarKrr farm ........... . 
Willimn Moron......... . 
G. W. llunl .......... . 
Millville Creamery ..... . 

n..., AuJcrc•gg... : ....... . 

II. Willmon Store ...... . 

John ~l°""r...........•. 
Elm,r Simmons ....... :. 
Ted Srnc><k ............. . 
l'ilkin~ton Fann ........ . 
Art ll't,,..,11............ . 
Dr. ll. W. Xowman ..... . 

P. I-:. Suding. . . . .. . . . . . . . 
Ocrnltl llrntt........ .... . . . 
R_. J'..W,~r..... ... . ... .. . . . . 
1-nnnio l\rnmcr.............J..,..,, l•'arm.. .... ........ 
Kat• Newberry. . . . . . . . . . 
Eurl llm,s.......... .. .. 
Knt• Xc"·berry. . . . . . . . . . . . 
&fin llnd1aW1...... . . . . . 
Ernrst llirkrrl. . . . . . . . . . . 
l.lnpl Oat............... 
l.i111a11 PlcelJJS........... 
Wnlt,r Klootrrman .. . .. .. 
llernu,n Rcinhnnlt. . . . . . . . . 
W. 8. l'uKh........ .. .. . . . 
Will Kui~hl.. . . .. . . . .. . . . 
Will Kni"ht. . . .. .. . . .. .. .. 
Lconnrd l{eJ111]pr. . . . . . . . . . . 
O.J.<lill. ............... 
l..rroy lllnw•-............ 
llurln11 \\',,ya11t. . . . . . . . . . 
Ernest Thurn............ 
lkrrnnn lln..<St'lt... . . . . . 
l,mrdl llowell. ........ 
Willard Armer. . . . . . 
Edna WiLion . . . . . . . . 
Franri,, Wilson . . . . . . . 
01,itz IIrothers .. 
II. II. Fotrington. . . . . . 

. .. .. . .. .. .. .. . 

. . .. . . . . . . .. . . . 

. .............. 

. .............. 

. .............. 

.. .. .. .. .. .. . .. 

. . . . 
.. .. .. .. . . . . 

11.11. forrinitou................... 
CotlKrnrner............................... 

llcnry l{.,,,,,lcr... . . . . . .. . .. . . . . . . .. . . .. . . . .. 
ll•nry l{eJtJ>ll'r..............................
John llowlll\Y.. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 

Type (feet) 

Dr 269 

Dr 
Dr 
l>r 
l>r 
l>r 

265 
215 
370 
55 

130 

Dr 56/i 

Dp 28 

Dr 
l>r 
l>r 
l>r 
Dr 
l>r 

395 
~25 
305 
205 
525 
875 

Dr 
llr 
Ur 
Dr 
Dr 
Dr 
l>i: 
l>r 
Dr 
Ur 
llr 
llr 
Dr 
Dr 
Dr 
l)g 
llr 
llr 
llr 
Dg
Dr 
llr 
Dr 
Dg 
Dr 
l>g
Ur 
Dr 
l>r 
Dr 
Dr 

160 
05 

225 
200 
187 
158 
21 

835 
;as 
815 
825 
190 
270 
2CO 
200 
36 

260 
161 
178 
49 

193 
710 
130 
32 

13.S 
~o 

265 
160 
3t 

135 
162 

Dr 
Dr 
l>r 

300 
190 
142 

(inrlc<'ll) 'l'yJ., (fret) 

HI I 81 

........ , 
... ii....... T ............ 

~ 

5 

5 
6 
5 
5 
6 
6 

0 
0 
6 
0 
5 
5 

36 
6 
0 
6 
6 
6 
6 
6 
6 

30 
6 
Ii 
-~ 

21 
0 

.... i ............. 

::::::::1 

l'ump l'o"·,•r 

T E 

L \I' 
··;;·· "~:.. . 
"';1;"' --~;.. . 

L w 

E. , Pi, 

.. I•: 
(;J. 
\I' 
w::::::::1 t 

2H 

. ... i' ............ 
I ........
I 
I 

I. 0 
(.lL 

"'i,"· .. j.; .. 
'"i.'". "if. 

L I•: 

. .. 'i" .. . .. ........ i. .. .. k .. 
I I, .: 
I 

.................... i.... "if. 
••••••• .. ·i"·······
•('.~•ll;;,;i.. .. • • • • .... i; • • .. jj .. 

I 100 1'11 g 
. .. T .............. i,;,.. '"it· 
Cement . . . .. . . . . . . .. . 

...5........ i....................... .. 
30 
6 

30 
6 
0 
6 
Ol, 
6 

.......... :::::::: .. i...... ii .. 
• • • ii •.. • : : : : : : : : .. i." ... ii .. 

I 165 ........... . 
I 160 ........... . 

... .. .. .. . ........ I. 
126 ........... . 
Jal L W 

L W.... i" • .. .. .. iil:i. . . . . .. . ..... 
I 132 •........••• 

II 

II 
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107OF CLAYTON COUNTY, IOWA 

WELLS IN CLAYTON COUNTY 

shown in figure 2. Locations arc shown on plate 2. 

given in feet. Parentheses around figure indicates well was 11luggcd back to 

T, tile. 
pump unknown); T, turbine. 
hand. 
5 feet. 
levels given in feet. 
PS, public supply; RR, railroad supply; S, stock. 

l'ri11cipal wate[•l,..nring '":,ii• _ 

Altitude 
ul laud 
tmrfatl' 
(f,eO 

910 
SS2 
610 
638 

1,216 

640 

800 
7~0 

1,162 
1,167 

860 

........ 
1,243 

1,230 
1,200 
1,200 
1,230 

.. i;iso· 

Wuln•IPv1•I Puml)iu~ dutu!-- ---------
Dis-

tnnre 
heluw 
land 

l>ntr ol 
(fret) 

surfarC" 
mt•atinrl'mt>ut 

;; 

........ ................ 
1951 

2i0 
61 

1958 
16.60 Juuc 25, JU57 
1<11 IMO 

HO IU5t 

'2is'" . . . . . . . . . . . 
30.30 June II, 1057 

t56 •••·•••••••·····!iii •••••••••••·•··· 
HO 
10,05 ·j;,;,;,·· ii;· itisi' 

180 ................ 
160 ................ 

........ •••••••••••••••• 

Pro- llraw-
ductiou down 
(gpml (foe!) 

!91 105 

........ . ...... .I 
•••••••• ••••·••• ........ ........ 
........ ........ 
........ .... ,,,. 

........ •••••••• 

3 6 
None••55 

. ....... 
........ ••••••••
::::::::1:::::::: 
.....•.. 4 .• , ••••• 

......~J 20 

. . . . . I . 

.... is· 14. U 

. . . . . . ' . ........ 

........ 
........ ........ 

........ 

.... 
30 10 

........ ........ 

'N~.-1~••20 
30 ........ 

u.., 
of 

w~•ler 

~I 

I>.!; 
ll, s 
ll, i; 
:,; 
Ind 

I>, i; 

I>, I'll 

ll,:,; 
ll, :i 
ll,S 
ll, :,; 
ll, s 
ll, S 

l),S 
I) 
ll, S 
ll, S 
ll, S 
I>, s 
A 
ll, i; 
ll, i; 
ll. i; 
ll, i; 
D, i; 
ll, i; 
l),H 
ll, s 
A 
ll, H 
ll, Ii 
ll,H 
ll 
ll 
s 
Jl,::; 

ll, 8 
IJ 
ll,::; 
ll, ti 
A 
IJ, S 
D,H 

D,S 
ll, S 
!l, s 

Remark• 

l 
l:eol011ie l<>it nvailal,lc'; 

anul),.L, of waler 
given in table~. 

1 <.eulogic log available' 

Anulysis of water lliveu 
in table ~i geologic
log given III table ol 
logs, 

Annl~-.i• of water given
in table 4; geol()l(ie
loa n\"ailabJc•. -

Anal}'!ls of watl"r s::i,-eo 
in table 4. 

C:eologic log amilable. • 

Grolos:ic lo:: given in 
tnble of logs. 

Geologic Jog :m,iil'lble.• 

Geologir log nvnilahlr. • 

Tompernturc li2° 1". 

Temperature 52° P. 
Analysis of water given 

in tnblc 4. 

Geolo:;ic log avollable.• 

Character 
of material 

l>o~1111ile 

S..udstone 
Dolomite 
Sandstone 

(icolo,;:ic•
euhtli,·iMiun 

!';llurian 

St. l'rkt 
Galella 
St. Peter 

•s;ild11t~~I~• • • • • • • <lah•nn(?) 
t-it. Peter 

l>olomitc 

tfaml nnd gravel 

:¼11doto110 
romlston• 
&.nihtone 
Dolomite 
llolomite 
Sandstone 

llolomilo 
Uolomltu 
llolomito 
llolornite 
Dolomite 
Dolomite 
llrilt 
Sandstone 
&nd•tone 
&ntl!!IOtal" 
Sa111.b1oue 
Dolomite 
Dolomite 
llolomite 
Uolowito 
Drift 
llolomitc 
llol11111ilo 
l)olomitc 
llri£t 
l>nlowilc 
Sand.stone 
Dolomite 
Drift 
Jlolomito 
Drilt 
llolomitr 
Dolomite 
Drill 
Dolomite 
llolomito 

Dolomite 
Dolomite 
Dolomite 

Gnlcua 

Alh1viu111 

St. l't,t« 
St. l't,t,r 

do 
Galenu 

do 
St. )'t,tcr 

Gulcna 
M1111uokctn 
Hil11riHn 

do 
do 
do 

Pleistocene 
St. l't,trr 

do 
do 
do 

Silurian 
do 

Silurian 
do 

Pleil'ltot"CUU 
Silurian 

do 
do 

Plei1-1t.t,t·t1111.1 
Silurian 
SI. l'eter 
Siluri:1n 
Pleistocruc 
Silurian 
l'lei.t«t'nr 
~ilurinn 

du 
l'leisloceno 
Silurian 
Silurian 

do 
do 
do 

69 
19.27 

490 
sso 
too 
501 
160 
HO 
134.63 
175 
28,·15 

134AO 
139 
68 
13.89 

153 
210 
103 
27.0.1 
S6.9S 
30.95 

126 
u~ 
31.12 
95 
6S 

106.6"1 
05 
65 

1943 
June 6, 1057 

1919 

10$6 
1956 

June 14, 1957 

•j;,;.~· •io: •io.~i • 
June 10, 105i 

1060 

·j~;.~· •·s: •iusi· 
1048 

...... 
1933 

Juno 6, Jll57 
June o. 1957 
June G, 1957 

IOIS 
1015 

June, 6, 11157 
1050 
1951 

Juuc o, 1057 
105•1 
1057 
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108 GEOLOGY AND GROUND-WATER RESOURCES 

TABLE 6. RECORDS OF SELECTED 

\\'di 
__,_,u_m_b._r__ 

01-4-331'1...... 
01-11-361,1. . . . .. 
91..&-36NI. ..... 

01-4-361'I,..... 

91-6-4Ft. .... .. 
01-6-IIFI. ..... . 
01-6-6111. .... .. 
9l-fl.6MI. .... . 
91-6-0<ll ...... . 
91-fl,6:-11. .... .. 
01..fl.7AI ...... . 
91-6-na ...... . 
91-11-SMI ..... . 
91·11-8ltl ...... . 
01-6-0AI. ..... . 
01-6-0RI. ..... . 
01-11-IOKI ..... . 
91-6-1 ICI. .... . 
9l..fl.13GI. .... . 
91-6-l3SI. ... .. 
91-6-17111. .... . 
91-6-ISCI ..... . 
01..fl.l8Sl ... . 
9l-6-l9FI ..... . 
91-11-201>I 
91-tl-21AI. .. .. 
91-11-21lll ..... . 
01-6-21~1.. .. .. 
9I--0-22CI ..... . 

9l-6-22C2.. . . . . 
91-11-221:3. . . . . . 

91-6-221>I 

91+22GI 

0I--0-22G2 .. .. . 
91+2203. . . . . . 
91+22111. .. . . . 

Ol-r.-22Kl...... 
91-r.-22N'I...... 
91-ll-23JI...... 
91-tl-24QI.. . .. . 
91-0.25A I. .. . .. 
u1+2ot:1 .. .. .. 
01+20(}I. . . . . . 
0I-G-27LI... . . . 

91-6-2RLI ... 
91429EI.. 
91-6-3181 .. . 
91+321'I .. . 
91433SI .. 
01+:lllCI.. . 
01+:lllRI. ... . 
01+301>1 .... . 
92-2-IIN'I. ..... . 
92-2-IIRI ...... . 

92-2-llll2....... 
92-2-81>1. ... . .. 
92-2-8M I. . . . . . 

______,_>"_'_"'_r_or_1<_•1_11,_111_____
1 

\'ernord \'Mk•......... . .. . . . . . . . . . . .. . . . . .. 
EdK•wood Crromery. . .. . . . . . . . . . . . .. . . . . .. . 
Edgewood City Well :1 ....................... 

~:dKcwood City W,11 2... . . . . .. . . .. . . . . . . . . . . 

1.ouis Bawngartoer. . . . . . . .. . . .. . .. . 
C. K McCorroo... .. .......... 
Corl Zwnn1iJU1er..... . . . . . .. . . . . . . . . . . . . 
Ll,ta An,old......... .. .. . . .. . . . .. .. . . . . 
t:. R. SchmidI. .. .. .. . .. . . .. . .. . . .. . . . 
Mildred Knberle.. .. . . .. . . .. .. .. . .. . . . .. . . . 
}'red Nodurft. . .. . . .. .. . . .. . . . . . . . . . . . . . . . . . 

t'.0J'i~ ~.::inn::::::::::::::::::::::::::::: 
Nell Westfall............................... 
t;.,1 \\'e3t .................................. 
lltrnAI Kehrli. . . . . . .. .. . . . . . . . .. . . . . . . . .. . .. 
lll,Mn Soolt.. .. . . . . . .. .. . . .. . .. . . . . . . . . . .. . 
Weldon Anderson. . . . .. . . . . . . . . . . . . . . . . . .. . . 
Hamlett Estate. . .. . . . . . . . . .. . . . .. .. . . . . . . . . 
William Knight. . . .. . .. .. . . . . .. .. .. . . . . .. .. . 
~ln,.Alderson ............................... 
Walter Fredrick . . . . . . . . . . . . . . . . . . .. . . . . . . . . 
~:. C. Buntin~..... . .. .. . . .. . . . . . . . . . . . . . . .. . 
l.est,,r Moser ....... ....................... 
IJnb M•Koo....... .. ............ 
t:.twin KrDmer . . . .. . . . . . . . . .. . . .. .. 
Ed,.in Kramer.............................. 
Chritttian Otterbook..... . . .. . . . . . . . . . . . . . . . . . 
Strawberry Point Creamery I................. 
Strawberry Point Creamery 2. . . . . . . . . . . . . . . . . 
Strawberry Point Creamery 3. . . . . . . . . . . . . . . . . 

Elmtr IJaldridge .............. 

Stra..-berry Point City Woll I.. . . .. .. . . . . . . . . . 

Strawberry Point Cil)' Well 2. . . .. . .. . . . .. .. . . 
llownrd Bowllllln . . . . . . . . . . . . . . . . . . . . . . . . . . . 
l.ance Scully.. . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . 

Strawberry Point City Well a................. 
Strawberry Point Cily Woll L............... 
Earl Johnson............................... 
Mcron Axtell. . . . . . . . .. .. . .. . . . . . . . .. . .. .. . . 
J•:nrl Knight. . .. . . . .. . .. .. .. .. . .. . .. .. . .. .. 
Jim Gibbs.. .. .. . . . .. . . .. . .. . . .. . . 
Arthur IJz,wkins . 
Goodrich ••arm. 

Henry Knake. . . . . 
Horinl Schofield... 
Gustav Kamam...... 
Harold Corr. .. . .. .. . . 
t:.twin \\"a.,hburn . . . 
Elmtr DorchordinK. . . . . . . . 
t'rederick Bockenstedt. . . . 
ll. II. Stamp........... 

. . . . . . . . . . . . 

. . . . . . . . .. . 

.. ......... 
. .............. 

. . . . . . . . . . . .. . 

. . . . . . . . . . . . 

Dr. \V1>ltcn,. .. .. . . . . . . . . . . . . . . . . . . . .. . . .. . . . 
Charles Cain..... . . .. . . . .. . . . .. . . .. . . . . . . .. . 

I>. Shadlo.................................. 
Tom Pieroo................................. 
l>r. Goddard.... . .. . .. . . . . . . . . . . . . . . .. .. .. . . 

W,ll ,.,11,trurtion 

-,-1-1 Casing1 I J>... 1 
I 

:I 

llt-plh 
Type_ (1..1) 

Dr 
l>r 
Dr 

Dr 

Dr 
Dr 
Dr 
lit 
Ur 
Dr 
Dr 

~ 
Dr 
Dr 
l>r 
l>r 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
l>r 
l>r 
Dr 
Dg 
Dr 
Dr 

Dr 
Dr 

l)g 

Dr 

Dr 
DK 
Dr 

Dr 
Ur 
Dr 
Dr 
Dg 
Dr 
J>r 
Dr 

l>r 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dp 

Dr 
l>r 
Dr 

1,080 

GO 
300 
210 
2811 
90 

UNI 
60 

100 
HO 
172 
200 
166 
210 
328 
150 
260 
510 
JOO 
32.5 
94 

110 
m 
25 

11!7 
105 

610 
216 

12 

100 

402 
18 

(20) 

259 
240 
220 

65 
16.l'i 
26.11 

12/l 
21/l 

127 
80 

175 
67.6 

110 
IIH 
176 
17/l 
300 
ao 
M 

370 
270 

meler 
(inrhro) 

6 
H 

16 

0 

6 
0 
0 
6 
6 
G 

...iJ .... 

•"6' .. ' 
fi 
6 
G 
6 
6 
6 
6 
6 
Ii 
ll 

:rn 
6 
6 

12 
12-8 

·IO 

16-10 
30 
6 

8 
I0-10 

V'" 
ao 
6 
6 
ll 

6 
. . . . : : : : : : : : : 

.. 5 . .... 
6 
6 '"i' ...........
6 

I L IIIH 
I, IIll 

. . . . . . . . I'll El'i 
38 .......... ..0 

Depth 
~ (l,el) 

432 

: : : ::::: :: 

. T ... 
'"'j'""' 

I 

ll 

I 
R 
I 

:::::::::: 

Molliud 
of lift -1-

l'llmp Puwor 

T 

\\'L 
I, w 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

: : : : : ::: : : : : : : :: : : • ',j,". "~:". 
............................ .. 
·········· ................... . 

...................... 

:: :::: :: 

........ 

........ 

136 
118 

12 

161 
18 

..... , .. 

167 
135 

:::::::: 

: : : : : : : : 

:::::i~: 

"j· .. 

"i.;,.. 
LPe 
T 

.. ,.. .. 

I, 

L 

T 
L 

"j.;'" 

"i-.:'" 

IIt: 
•: 

""j.:"" 

H 

E 

t: 
II ...... ...... 

T 
1' 

"j,;," "ii" 

.. i: .... ii ••

.I...C 
''j.;,·· "j.;"" 
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109OF CLAYTON COUNTY, IOWA 

WELLS IN CLAYTON COUNTY-Continued 

Principal water-lk,oring beds 

(1coloiicCharacter 
or material Rnbdi"·Ulicm 

Altitude 
of land 
surraoo 
(fN!I) 

-------1-------J---· 
Dolomite 
Dolomite 
Dolomite 

&nd•tono 

Dolomite 
Dolomite 
Dolomite 
Dolomite 
Dolomite 
l>olomilc 
Dolomite 
Dolomite 
Dolomite 
Dolomite 
Dolomite 
Dolomite 
Dolomile 
Dolomite 
l>olomite 
Dolomite 
Dolomite 
l>olomite 
Drift 
Dolomite 

'i>,;i~k ...... . 
Drih 
Dolomite 
Dolomite 

l>olomito 
Dolomite 

Drill 

Dolomite 

Dolomite 
Drift 
Drift 

Dolomite 
Dolomite 
Dolomite 
Dolomile 
Drift 

Drill 
Dolomilo 
Dolomite 

Dolomite 
Dolomite 
Dolomite 
llolomite 
Dolomite 
Dolomite 
Dolomite 
Dolomite 
Sand.tone 
&nd nnd gravel 

&ndotone 
&ndatono 
&ndotono 

do 
Galet1a 
Silurinn 

Jordan 

Silurinn 
do 
do 
do 
do 
do 
do 
do 
do 

8iluria11 
do 
do 
do 

llolenn 
Maquokelo(T)
Galena 
Silurian 

do 
Pleiatoc,,11, 
Silurian 
·s11~~········ 
Pl,istottne 
Silurian 

do 

Galenr, 
Silurian 

Plciatoeeno 

Silurinn 

do 
Pleiat-ne 

do 

Silurian 
do 
do 
do 

l'leialoct>no 
clo 

Silurian 
do 

do 
do 
do 
do 
do 

Silurian 
do 
do 

St. Peter 
Alluvium 

St. Peter 
do 
do 

1,105 

.. i:220· 

1,215 

1,212 
1,213 

1,200 

1,219 
1,213 
1,205 

••••• ••• ·iao·· • • 
916 160 

Wnter-level 

Dis­
tance 
below 
land 

surface 
(fool) 

17 
65 
11 

16 

55 

160 
120 
55 
65 
55 
50 

120 
165 
170 
uo 
ISO 
310 
130 
160
450 

00 
21.32 
49.30 
71.23 

134 
5.50 

121 
130 

127 
120 

2 

135 

130 
5 
6 

130 
95 

175 
200 

12. 17 
uo 

60 

50 
22 

120 
48.19 
00 
20 

l>nte o 
nt<'lUIUrt•rnctat 

1053 
1930 
1910 

11135 

................ 
1052 
1055 
1950 

........... ioso· 

................ 

................ 

:::::::::tt 

Pumpin~ d"t" 

Pro­
duction 
(~pm) 

210 

80 

nmw­
dow11 
(IN!t) 

::::::::1 P.:l 
38 

........ 

• • • • • • .. •.. iosi • .... •i2 • • ii~~~- ♦ 

:::::::: :::::::: 
········I········
········1········ 

//I/Hi 
·j;,;.~.. i2: •iiia1· 
Jun~ 12, 1067 
Jun• 12, 1957 

•j~~~ .. ii: •j957. 
........... j937. 

1954 
1061 

1036 

·s;.i,i:· ····iosi· 

1055 
1957 
1957 
1953 

Juno JO, 1957 
Juno 12, 1957 

1956 
1952 

: : : : ::: : : : : : : : : : 
.............. .. 
.. .. . . .. .. .... .. 

: : : : : : : : : : : : : : : : 
: : : : : : : : : : : : : : : : 

JOO 16 
300 ll 

400 :ro 

280 30 
420 H 

............... . 

............ . 
'i~~· ia: •iii3i • .......... •.. 

........... iti~i;. 

lloc 
(I 

wulier 

M 

A 

[), 8 
I>, 8 
U, II 
I>, 8 
J>,8
D, 8 
I>, 8 
D,S
I>, s
[), s 
I), s 
I>, 8 
I), 8 
I), 8 
1),8 
I>, 8 
D, 8 
I), 8 
I) 
I), s 
I), s 
ll, S 
A 
D,8 
A 

A 
Ind 

M 

M 
A 
A 

M 
lll 
D,8 
I), 8 
I>, 8 
A 
1),8 
1),8 

I), s 
J>, s 
I>, s 
ll, 8 
D, s 
I>, s 
J>,S
ll, 8 
A 
D 

I) 
I) 
A 

Remark• 

• 
Gtoloi:ic log available•;

Analysis of ,rnttt 
given in table 4. 
Original dept!, 4&0 
foot; plugged bnck 
lo 218 foet. 

G,..,logic Jog nvrulnble. • 
Depth to water wbilo 
drilling thru St. 
Peter eandstonc-
80 feet. 

Annlysis of waler given
in table 4. 

Geologic log nvailnhlo.• 
Geologic log nvnilnblo•; 

annlyeia of wnt-Or 
Kiven in tnble 4. 

Analysis of waler given
in table 4. 

Analysis of water given
in table 4. 

Geologic log nvnilablo.• 

Original depth of ...,.II 

~~f~lt~t"ed 
Goologic log available.• 
Gtologic log available.• 

'l'empernturc 49° ••• 
'l'cm11ernture 50° ••· 

Geologic log given i11 
table of logs. 

Geologic log a,-ailahlc, • 

Geologic Jog nvailoblc. • 
Anal)·sis of water given 

in table 4. 

Geologic log nvnilnhlc.• 
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110 GEOLOGY AND GROUND-WATER RJ,;SOURCES 

TABLE 6. RECORDS OF SELECTED 

---• ··------=======-=-=--=-=--~===::::::;:::-c:--=.-=-===-

Well 
m1mhet 

92-2-17111. . · 

92-2-171,1. . . . . 

92·2-17L2...... 

92-3-10111. .... , 
92-3-lOLI ..... . 
92-3-UQI ..... . 
02-3-151)1. . . , 
92-3-l5S I. ... . 
92-3-101'I ..... . 
92-3-211U .... .. 
02-3-22QI. .... . 
92~3-32LI ..... . 
92-3-32MI .... , 
92~'h15GI ..... . 
92-3-351ll .... .. 
!12~1-36SI., ... . 
92-1-lllll. .... .. 
02-MAI. .... ., 
02-4-6JJ. ..... . 

92+18At... 
92-1-19111.,, 
92-1-211,1... 
92-4~10SI. 
92-S.15KI... 
IJ'l-S.17AI.. .. . 

9'1-5-340 I.. .. .. 
9243ml.,.... 
92-5-3.'it-.l...... 
92-6-3NI. .... ,. 

92-6-~LI. ... ,.. 
92-6-9Kl..,.,.. 
92-6-IOCJ.. . .. . 

92-6-IODI. 
92-6-HDI.. 
ll'l-6-21JI ..... . 
92-6-211'1. ... .. 
92-6-25Cl.. ... . 
92+:IOFI. ... .. 
92-6-33KI .. , .. . 
92-6-3W ... . 
92-0-.16KI .... . 
03-2-320 I. .... . 
03-3-131U ..... . 
o:1-3-15111 ... , .. 
93-3-18JI ... . 

93-3-JSKI ... 

93-3-19Dl...... 
93-4-iAI....... 

93-f.16B1...... 

Ownrr or tcnnnt ____ 

I Outtt-ul"''K City \\'ell .. ,.................... 

Gutt,nlwrg City \\'ell 2...................... 

Gu\kul..,rg Cit>· Well I. ......... , .... 

f~:1:1~!~~:!•.-. '.::::::::::::::::::::::::::: 
Anthony ,~o!s... , .. , , , , .. , ... , .. , ... , . . . . . . . 
EJ &lirod,,r ......................... , . 
John EK•lrdor .. . .. .. .. .. .. .. . .. . . .. 
W, 11. Kr.Kel...................... 
II. Jlorrherding ......... , ... , . . 
llrnr~· llrDSC . . . . . . . . . . . . . . . . . 
llom• lloJeuberg ..... , ... , ... ,.... 
l.t'mar Chett<'ns:ttr. . . . . . . . . . . . . . . . . . . . ... , , . 
1'horn-M ~lr~r ... ,, .... , ... , ......... ....... 
Tl1u11m11 Mo,,-r ................ , ........ , , ... 
l,inroln l(raus .. , . , ..... , .. , ... , ... , ... ., , . . 
llolmuth 1.nttryer, ...... , .. , ... , , ... , ... , ... 
I,. I', M!!yor ...................... , .... , , ... 
Mol,le l'u•t. .. , .. , , ... , , , . , , , . . . 

lly IOiuk.. ........ .. 
Amm Mui,,r .. . 
llurgnitr llrothrrs ... . 
C. \'orwnld ............. . 
1,illi::m &hultc .... , ... . 
Eli1nbeth llrl"'" . 

James 8tork. . . . . .. . .. .. .. .. 
l>aly Syl,,.ter... , ............ , .... ,, ... ,... 
Minnie Sndina ......... , ... , ... ,............ 
\'olga Town Well ................ ,, ....... ,,. 

I•'. l{ittrrmnu. , ........ , , .. , ... , ... , , . . . . . . . 
l.ylr Jennings ...................... , ..... ,,, 
J,'. G. Curumiuge ....... , ... , , .. , . . . . . . . 

E..uay llalrl,ery.... , ... , , . . . . . . . . . . 
John 8ht-a.. . . . . . . . . . . . . . . . . . . . . . .. 
Hay l\lin,mnu.......... 
i;.-hold AuJrae. . . . . .. . . 
Johu O'llrien ........ , , 
llorn Eckhart............... 
l.ouL• llnumKartner. . . . . . . . . . . 
Allred l(raruer., ... , , ... , , ... , ............. , 
Wulhord llerelord Farm.. . , , . , , ..... , . . 
('hmry............ , ............ , .... , .... ,. 
(;hucnc"t~ J•i11M ... ....... , , .. , , .. , , , .. , , , .. , .. 
lien Ju•t. , , ... , ... , , . . . . . , .. , ... , . , ... , . 
Oornn,·ill11 City Well. . ........ , , . . . . . 

Garna,·illo Cit>· Well ................ , ....... 

GarnM·illo City Well ...................... , . 
Clnytou Couu\y llome.... , ... ,.............. 

llugo lfolkc, ........................ , . .. . . . 

Metl,o 
Woll conntruction ol Iii\ 

-·-1-::-,_~-~•-g
1 

-,-
Depth I 111oter I I Depth 

, (inrlic•) _•ty·~'.'.: ___ (feel) 1'1111111 PowerTypo 

Dg 

Dr 

llr 

8~ 
Dr 
Dr 
llr 
llr 
Dr 
Dr 
Dr 
Dr 
Vr 
Dr 
Dr 
llr 
Dr 
Dr 

Dr 
Dr 
Dr 
l>r 
IJr 
Ilg 

Dr 
Dr 
Dr 
Dr 

Dr 
Dr 
Dp 

IJr 
Vt 
Dr 
llr 
Dr 
Dr 
Dg 
Dr 
llr 
Dr 
Dr 
llr 
Dr 

Dr 

Dr 
Dr 

Dr 

_cr«:rt~ 

:m 

210 
122 
122 
HO 
40fi 
395 
219 
210 
~j 
6.'i 

135 
30 
90 
I'll 

261 
200 

330 
~9 

216 
9S 

200 
30 

522 
3S3 
4S5 
225 

200 
120 

JS 

H 
125 
320 
209-.,,.. 
200 
33 

l08 
220 
50 

152 
t:11 
3SS 

365 

815 
j!S() 

152 

20 

12-S 

s 

5 
6 
f, 
6 
6 
II 
0 
6 
G 
6 

·••· 
fl 
fl 
II 
6 

6 
r, 
fl 
6 
I) 

21 

6 
6 
f, 
s 

0 
0 
JI' '. 

6 
6 
6 
6 
Ii 
6 

5 
0 
6 

10 

12 
10-6 

Conrrett" 

., ........ 

....... ... 

... ,i ..... 

I 
I 
l 
l 
l 
It 

... , ...... 
"""i"···· 

""j" ... 

I 
l 
l 

20 

99 

12; 

38 
2:i 

162 
34 
77 
31 
.. , 
36 
~-

........ 

........ 
101 

........ 

........ 

116 

5S 
20 
30 

100 
5S 
60 
63 

........ 

·JO 

135 

25 
16 
liO 

T 

T 

'I' 

L 
L 
l, 
L 
I, 
J. 
L 
I, 

...... 

.. ,.. .. 

.. j,"' 
L 

l, 
L 
I, 
I, 
I, 
I, 

I, 

,.I, 
'l' 

. . r;.·. 

Pt, 

1.. 
I, 
I, 

...... 

·i;'· 
I, 
L 
'I' 

........ ...... 
400 T 
495 T 

35 L 

F. 

w 
~; 
E
•: w 
~:
•: w 

...... 
• • j,:· .. 

.. j,;'' • 
E 

I> 
w 
E 
w 
•: 
II 

•: 
G 
t-: 
•: 

"j.;"" 

11 
.. ~:· .. 

.: 
•: 

"ii". 
(l 
B,~ 

E 
•: 

E 
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O1~ CLAYTON COUNTY, IOWA 111 

WgLLS IN CLAYTON COUNTY-Continued 

,_~_·_a_1e_,._1e_,_·•_I---1·-ru_u_,,,iug data I___ 

Printi1"'1 wntet•beMing h<ds Dis-
tanoo 

Choract,r Geolo~ie 

Altitude below 

~~rfn~~ 1,:.r!c
of mat.rial • suhdi\·i,io11

-------[·------:
Sand 1111d ~mw,I 

&ndotouc 

!Jolomite 
Dolomite 
8nndlltono 
t-ln1ldst.onc 
S1111dstm10 
8nmii,tonc 
!Jolomitc 
llolomito 
!Jolomite 
Dolomite 
&nd8touc 
Sand und 5:rn,·d 
l>o!ornitc 
Oolumite 
8and!fto1ie 
&nd21tcmo 

lfandstcmc 
l>olomilo 
Uu!nrnito 
8unth1to1m 
J)o!omito
Sand and Gruvrl 

iiand•l<>ne 
Sand.tone 
&,111!,1<,ne 
Dolomite 

llolomito 
lJolomilc 
Sand und gravel 

!Jolomile 
Dolomite 
l>c~omitc 
Dolomite 
IJulomilc 
Dolomite 
llrilt 
Dolomite 
Dolmnitc 
Handstouo 
llolornito 
Uolomitc 
8a111Lilo110 

Sandatono 

Samlstonc 
8:mWtone 

Dolomito 

Alluvium 

Jordan 

do 

Galena 
do 

St. Peter 
do 
do 
do 

Galena 
do 

Galena(?)
Galena 
St. Peter 
Allu,·iu111
(;nlcua(?) 
tiolNm 
St. Peter 

do 

do 
Galena 

do 
St. l'cl<r 
Galena 
Allu,ium 

St. Peter 
do 

St. Peter 
Galena 

do 
do 

Allu,ium 

Galena 
do 
do 
do 
do 
do 

Pleistocene 
Silurian 

do 
St. Peter 
Galena 

do 
St. Peter 

St. Peter 

Jordan 
do 

Onlena 

(fret) 

625 

030 

972 
HOI 
920 
IIIMJ 
1120 
om 
895 
931 

820 

1136 
7t-O 

.... . 
765 

1,000 
SO() 
SIO 
M2S 

0117 
070 

l,Ofl2 

1,050 

1,028 
1,031 

080 

(frct) 

4 

23 

26 

150 
40 

125 
ISO 
200 
300 
195 
120 
66.10 
55 
55 

2.65 
9 

:!O 
HO 
Howing 

00 

1511 
\IO 

1110 

120 
110 
90 
H 

211 
30 
8 

50 
50 

2l0 
100 
H 

191 
23 
50 
00 

100 
00 
70 

312 
278 

31.01 

Dute of 
measurom,•ul 

............... . 

1937 

(1);17 

1952 
19,\0 
(050 
IMO 
1060 
IIIIO 
1049 
19~1 

June 26, 1957 

1957 

d,~tion 
(~1m1) 
. --

200 

400 

HO 

5 

I 
t:~;- \j
(frct) wnh•r 

20 A 

19 ~I 

61 

17 

I 

D.S 
n.s 
I), Ii 
ll, S 
I>, s 
ll,S 
D,:-1 
ll, S 
l),S 

.. -I n.:; 
.. : l),S 

Juno 25, 1957 
1055, ...... . 

June 25, 1957 

1950 

........... ii14,' 
1050 
io61 

1917 
1010 
1950 
1!157 

11150 
1055 
1037 

19l0 
1056 
19,\i 
I050 

19S7 
1955 

••••• •••• •'i0s6· 
........... 

)DI,()

ml~ 

1956 
JOH 

Apr, 30, 1069 

: : : : : : : : ....... . 

150 15 

... "7i;' 63 

420 IO 
126 Xonc .. 

.. .. . .. . .. . . . . .. 

s 
I>, s 
ll,S 
D, S 
D,S 

u,s
D,S 
[}, Ii 
ll, S 
I>, Ii 
I>, :-; 

)), s 
D,S 
I>. s 
~I 

I>, s
)), s 
Intl 

foci 
ll, S 
ll, S 
ll. S 
I>, Ii 
D,li 

i>:s· .. 
I>. S 
I> 
I>, s 
I>, 8 
~I 

A 

~I 
]"!i 

D, S 

lt•mnrb 

Annli·•i• of walor given
iu lnl,lo 4. 

Geologic log given in 
tuhlo or loitS; aoal-
;;i:,s[i.'"_f.'•r given 

Geologlr lo-l available•; 
annlym of wntrr 
givrn in tnL!e t. 
l>e111li to water while 
dri ling tbru St, 
P.ter-29 feet. 

Geologic log available.• 

(:rolo5eic •~ 3\7Lilab1e. • 

Fluwlng through n 
:?" pipe. 

.\rm1y:1i:1 of water 5ti\'l'Jl 
in table 4. 

(il-olugic log th"Cn in 
tnhlo of l.ogt!.
Annlym of water 
~ivm in tnLlo 4. 

Am1ly•i:J of \\"11er given
in table 4. 

O,•ologic log nvailalJle;' 
analysis of water 
"ivcn in table 4. 

A1111lysis of water given
in table 4. 

Geologic log a>·ailablc.• 
Gl'<Jlo,:ir log gi\·en in 

tnl,le of 10%8; anal• 
p•• of water gi\·en 
111 tnMc ~- Derth to 
waler while drilling
thru Galena and St. 
Peter formations-
156 feel, 

Annlysi.s of water Riven 
in tnblo •I, 
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112 GEOLOGY AND GROUND-WATER RESOURCES 

TABLE 6. RECORDS OF SELECTED 

Well 
number 

D3-6-2RI....... 

03-MRI.. .... . 
93-6-HR .... . 
03-6-171>I.. ... . 
93-6-ISKI ..... . 
03-6-21DI .... .. 
93-6-23•: I..... . 

03-5-23}:2...... 

o:l-6-20FI ..... . 
93-6-J0AI .... .. 
03-6-ISJl ..... . 
93-6-20111 ..... . 
93-6-20112 .... .. 

93-ll-28Ft. .. .. . 
D3-6-33Ct. .. . .. 
03-6--lUI I... . .. 
0t-3-8M I .. .. .. 
0t-3-32RI...... 
94-4-58 I. .. . .. . 
IH--1-16RI ...... 
11-1-4-UWI...... 

94-l-26QI... . .. 

94-·1-27JI ...... 
04-5-25}:t ...... 
04-6-25Ml ..... 

04-6-26111 ...... 

94-6-31Kl ...... 
D-1-5--14111 ...... 
04-6-6JI ....... 
01-6-IOKI ...... 
04-6-IIOI ...... 
04-0-IOPI. ..... 
OS..1-8CI. ...... 
95-3-ISKI ...... 

U5-3-16K2 ...... 

0$-3-101,1 ...... 

95-3-IOL:? ...... 
05-3-16L3 ...... 
0$-.1-16M I ..... 
95-3-22(2 I...... 

Owner or tennnl 

Jolin llmienaiek............ .. .. .. .. .. . . . .. . . 

Peter Miller. . .. .. . . . . .. . .. .. .. . . .. . . . .. .. . . 
W.C. Reimer ............................... 

Type 

Dt 

llr 
Dr 

~~:1f~j;~/z:: ::::: ::::: :::: :::: ::: :::::::: 8~ 
l>r. Mcllrotl1. . . .. . . . . . . . . .. . . . . . .. .. . .. . . . . Dr 
Elkader City Well 3. .. . .. .. .. .. . .. .. . .. .. . .. llr 

f:lkader City Well 2......................... Ur 

Cnmntion Milk Com1mny......... . . . . . . . . . . . Dr 

}~Jli:f~~::::::: ::::: ::: :::: :::: :::: : : : : : : 8~ 
rix~~'w.~~;.;.;.;:: ::: : : : : : : : :: : : : : : : : : : : : : : B~ 
A. It. Kr..Ct. . . .. . . . . .. . .. .. .. .. .. .. Dr 
llra. 11..tl nnd Hall. . .. .. .. .. .. .. .. . Ur 
Albert Schuldt. . . . . .. . . . . . . . . . . . . . . . . . Dr 
Allen Bnrnholl8l'....... .. .. .. .. .. .. .. . . Dr 
Herbert Koopmnn..................... Dr 
~!eyer Brothers.. . .. .. . . .. . .. .. .. .. .. . Dr 
Amvcts Club, Nationnl ...................... llr 
f'nrrnenhuri City Well....................... Ur 

L. Schroder..... . . . .. .. . .. .. .. . .. .. . . .. . .. . . Dr 

Albert llll(>Ret, ........................... , .. Dr 
St. Otar Creamery........................... Dr 
St. Olaf 'l'own \~ ell I ....................... , Ur 

St.OlnfTow11 Wrll 2........................ llr 

Roy t:hltni ......... ................. llr 
Amt'S Coll•~• 1"11r111 . ................. Ur 
Allred Burwra............................... Ur 
Mnry °'"""· .............................. llr 
Uuniler Chl'<'•o 1"nr.tory ...................... Dr 
0. Jarobso11 ................................ llr 
ArehAd11ey ................................ Ur 
Marquette City Wcll 2....................... Dr 

Marquette l'ity w.11 t ........ Ur 

Marquotl• Stockyard Well ..... Dr 

C. M. 81. I'. A: I'. R.R. Well 1. ............... llr 
C. M.St. P. A: P. R.R. Well 2................ l>r 
Guy Wolke ................................. Dr 
McGregor City Well 2....................... Dr 

\\'e11 ,...,..1ructio11 

I
Dia-

0.plh m,tet 
(feet)__(inehO!I) 

96 

269 
66 

207 
261 
196 

(615) 

132 

225 
164 
303 
313 
158 

220 
125 
00 

116 
84 

380 
209 
705 

2i0 

230 
201 
330 

378 

212 
382 
100 
143 
05 

225 
125 
H2 

585 

450 

440 
450 
83 

1,006 

6 

6 
6 
6 
6 
6 
8 

G 

8 
6 
6 
6 
5 

G 

: 

6 
6 
6 
8-6 

G 

5 
6 
6 

8 

6 
6 
5!i 
6 
6 
5 
0 

12-8 

6 

20-12 
8-0 
6 
11-3 

Cuing 

lkplh 
~ (feel) 

97 

54 
66 
40 
48 
25 

216 

78 

:t 
81 

153 

llfclhod 
or lift 

Pump 

L 

I, 
L 
L 
I, 
L 
T 

T 

"i: .. 
L 
L 
L 

................... i.... 

.....,is. L 
23 L 

IOI T 
86T 

94 L 

L'""iii!' T 
T 

302 T 

12 I, 
36 I, 
28 Pr, 

L 
T 
I,•.... iii' L 

150 T 

180 T 

........ ...... 
I 90 T 
I 150 T 
I 23 L 
C 40 ...... 

Pon, 

f: 

{I 
E 
w 
w 
E
•: 

""w" 
W 
W 
G 

.. \v .. 
E 
W 
f: 
E 

w 

E 
i,: 
i,; 

•: 

•:
E 
E 
•:•:
I,,,: 
}; 

•: 
...... 

•:
E 
\V ...... 
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WELLS IN CLAYTON COUNTY-Continued 

Woter-Jovol J'um11i1111 doto 

,Pri11cipal wal<!r-1,.arinK lit'<!,, Di.. 
t:lnoo 

Ahitude below 
of land land Pro- Draw• Uec 

Cbnrnctrr Ueotoaie or 
ol malttinl 

duction downBUr£noo Dal• ofBUrfaoo 
(£,et) (~pm) (lrd) Romarb 

---·--• --------
1uhdivision (leell ttlffl!Urt'hl'Pht "·nt« 

Dolomile do 786 60 1049 ll, 8 Arllllyais of wator IP'ffll 
in table 4. 

Dolomite 
Dolomite 

do 
do ····152" 200 

31 
l!!Ml 
l!!Ml 

D. 8 
ll, 8 

Dolomite 
llolomil<! 

do 
do ""i;i120· 

200 
IUi 

1950 
1949 

ll, S 
ll, 8 

Dolomite 
&ndatono 

do 
Jordan 

0000 

732° 
90 

Flow11 
11149 
1031 """':roil' 

I), s 
M ll,olofic loM nvoiloblc"; 

ana yeis or 1V111<!r 
a· tablo 4. 
~ ly drill-

feet, lhe11 
deepen to 1420 
feet, and finally 
l~ed back toK15 feet. 

&r,datone 81. ~1.... 732 }lows 1934 M Annlym or wnttt Kinn 
in 14b!e 4, 

&ndawne do 757 36 1951 50 Sone.. A Geologic log nvnilab!e.• 
Dolomite 
Dolomite 

Gnlcno 
do 

1,022 
1,181 

75 
275 

1950 
1949 

D,8 
D, S 

Geologic log avniloble.• 

Dolomite Mnquoke14 200 1950 ll, Ii 
Dolomite Siluri1111 H3 ................ D,8 A1111Jy,is or water 11ivc11 

in table 4, 
Dolomite 
Uolomite 

!llnquokcto(f)
Mu11uokoto 

lllO 
2& ........... iosf ll,8 

[I, s 
Dolomite 
Dolomite 
Dolomite 

do 
Prairie du Chien 
Gnle1m 995 

30 
56 
40 

1056 
........ .. "iiliil' 

I), i; 
ll,S 
D,S 

Sandstone SI. Peter 1,060 97 1949 I>, s 
Dolomite 
S:.ndatone 

Gnlena 
Jonliu, 

1,111 
98$ 

60 
231 

1949 
1930 80 

I'S 
5.6 M Geologic log nvnilllbl••; 

nnal>-.is of wator 
,i,·•n in table~. 
DeGlh to wnter whih,
dri ling thru Gnlenn 
and St. Peter-

Sa11dstoue St. Peter 985 125 1058 .. , .. ,,, ...... ,. I), s lll feet. 
Well was deepened to 

St. Peter in 1967; 
ori11innl well wne 
fintahed in Onlcnn 
dolomite nl 194 feel, 
nnd waler level wne 
75 f,et.

Dolomite llnlenn 1,107 90 1947 ........ ....... I>, s Geologic log available.• 
Ssndatone 81. Petrr SU 71 1957 50 24 Ind 
&.tidatone do 861 191 1927 A Anal)'Sis or waler i;i'ffll 

in tnble 4,
&nd!tone do 937 187 11151 M 37 M lll'Dloi.ic loa nvnilnble•;

nnalyzis or ,.,.,,. 
i ·eo in table 4.f;; th to water while 

~dri in~ thru Galena 

Dolomite (lnlctm 918 lllO 1950 I), 8 
dolom1te-80 feet. 

Snndstonc 
Dolomite 
Dolomite 
Dolomite 

St. Peter 
Mnquoketo

do 
Mo11uokrln 

900 180 1949 
as.oo Juue 27, I057 """iii' IO ..... , ........ ,.'"~s' , •• ................ 32 •·s~~~•• 

ll,8
)), 8 
1),8 
Ind. 

UeoloKi• loK nvailablc. • 

llolomite 
Ssndatooe 
Ssndstone 

Gnlenn 
SI. l'elet 
Ur.eb:>th 

.. i;<iso" "'oil'""' 

633 Flon 
••••••••••••••••1950 

1950 75 •·s~~•• 
I), 8 
)),8 
M Geologic log nvailnbte•; 

nnalyms of wnter 

&ndatone do Flo•'& A 
given in tnble 4. 

Anal>-.ill of wnltt aiven 

&nd.tone 

Sandstone 
Sandstone 
&ndalonc 
Sandstone 

do 

do 
do 

Jordan 
DrMbsch 

624 Flo"'" 

624 Hon 
628 Flowe 

75 ....63:i° Jo1o\l'II 

1917 

1917 
1941 
1940 
1877 

250 

.... oao · 

8 

Ind. 
Ind. 
I), !l 
A 

in table 4. 
An•l)'&ia of water giver,

in 14bll! 4. 
Geologic log a\'ailnble. • 
Geologic log available.• 

Analysis or water given 
in 14b!e 4. Well 
plugged in l\lllf 1061 
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Well 
__n_u_m_1_,.._r__ 

95-3-22Q3 ... 
95-3-22Q2 

95-3-22Rl..... 

95-3-22R2 ..... 

!l.5-3-351'1 .... 

93-t-22EI ...... 
95--1-221. I ..... 
95-4-29RI ...... 
95--l-31DI. ... 

95-4-321tl ...... 
95-5-5Rl.. ..... 

95-5-9El. ...... 
95-5-0SI. ...... 
9549S2 ....... 
95-5-llKI. .... 

06-5-IIK2...... 

115-5-14111. ..... 
95-5-HJI ...... 
95-5-22GI. ..... 
95-5-23JI ...... 
95-5-25SI ...... 
95-5-2SJI ...... 

• 95-5-29~1I. .... 
OS-6-381 ....... 
95-6-5QI. ...... 
95-6-16JI ...... 
05-6-1791.. .... 
95-6-22NI.. .... 
D5-6-23DI. ..... 
D6-6-26MI ..... 

• DS-6-301•'1 ...... 
DS-6-3IDI. ..... 
95-6-33NI. ..... 

• 95-6-34.M I. .... 
. 115-6-35FI. ..... 

96-G-32LI. ..... 

06-6-331.1 ...... 

_______'.~~::''.~_1<_•11_11_11t_________
1 

M('(lrraor City \\'di 3 ...... . 
Mt< ;r,gor City Well ! ..... . 

~(('(;regor City Well 5 .... 

!111,Clr,gor City Well 6 ...... ,, .......... 

l~km l'rak State Park .. 

~I illrr Tavrrn ........... 
l:rror.l Miolke ......... 
Art &•eland .............. 
W.11.Julmnniru;meier. 

Milton Mil'rr .................... 
Luuna City Well .......... , ...... 

Lumm Cit>· Well ............. 
l.unnn Crt-amrr>· 1.... ....... 
J.m11m Crr:ittaf"r)' 2. . . ........ 
Mununu Cit)' \\'ell 1. ....... 

~lonm111 City Well 2........... ,,.,,, . ..... , 

Cl11rk lfodw,el.. ............. 
IJonuld Sabl,~nn ............ 
Aaron Tirdrn .............. 
L:a,·ern Gnrms . ....... 
E. I,. ~lo111our ..... 
C. Joh.nnnimum•irr .... 
U. Jolmnnirucmdrr ... . 
En·in Uil'kman 
ll•ruld Everman: : : : : : ...... 

i\J1
,fi11i~;.;; ·.·.::::::::::.: 

Arthur Balli ........... 
Keilh C'arl,~011- ............. 

............ 

··••· 

(;, JI. l\no111nn11. , . , . , .. , ... ., .. , ............ 
Ii. I .. N1•l•o11 ................................ 
Harry lleldrrso11 ............................ 
:-;C'hm•r J•:riekwu ... . , , .. , , , .. , .. 
(hr,11 Hines .............. ...... ,, ..... 
(..., Fnrmcr ............... 
Postville P..1cking Comp.~ny ... •••••••••••••••• 

l'uotvilloCity Well2 ....................... 

TABLE 6. RECORDS OF SELECTED 

~let hod 
Well construction ol lilt------::-1·-- Casi,_111__ 

n,1ith 111•h>r I lleplh 
Type~ (i11C'h•·•> 

llr 
llr 

Dr 

Dr 

llr 

llr 
l>r 
Dr 
Dr 

Dr 
Dr 

Dr 
IJr 
llr 
llr 

llr 

Dr 
Dr 
Dr 
D1t 
IJr 
Dr 
l>r 
()r 
Dr 
Dr 
Dr 
Dr 
llr 
Dr 
llr 
llr 
Dr 
llr 
Dr 
Dr 

Dr 

520 
502 

116 

630 

51 
19.3 
86 

335 

:!RO 
330 

317 
:WO 
35~ 
815 

814 

70 
300 
98 
20 

396 
2SS 
104 
107 
Sil 
65 
99 
50 

115 
65 

271 
IOK 
291 
llO 
205 
930 

1,071 

o-:i 
12-U 

10 

6 

6 
6 
6 
6 

II 
6 

R 
H 
s 
s 

HI 

6 
6 
0 

36 
0 
6 
0 
6_1,1 
G 

s 
6 
r, 
0 
0 
5 
6 
0 
5 

10 

12 

~ 

... , ...... 

.... i ..... 

j' .... 

........... . 

.................... 
20 .......... .. 

: : : : : : : : .. '.·..... ~'.. . 

(kt•tl 

215 
200 

90 

00 

.._, 
IR 

25i 

O'J 

131 
128 

69 
631 

408 

1'111111• ~ 

T 

1... 

r. 
J 
L 
I, 

,.
T 

T 
'I' 
T 
1' 

'f 

E 

E 

1-: 

•: 
E 
E,,: 

0 
B 

E 
I•: 
•: 
E 

600 T E 
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W nlrr0 lcv<l I Pum1,i11i; data._D_is_________!______ 
Principal m11tr-ht-:1riui; beds 

Charact,,r 
_o_f_m_n_.._,_ia1__ 

&udslun• 
Sandstone 

&udstono 

IJo!omite 

Sandstone 
Sandstone 
D0Jomih1 

&nd11tn1u, 

Sandstone 
Do!omit,, 

l>olomile 
Dolomite 
l>olomite 
&ntbtoru.• 

S:indstouo 

Dolomit,, 
Sandstone 
Dolomite 
Dolomit,, 
S:indslone 
Sandatont.' 
Dolomite 
Dolomite 
Dolomit<> 
Dolomite 
Dolomite 
Dolomite 
l>olomilo 
Uo!omilc 
Dulomite 
Dolomite 
l>olomilc 
Dolomite 
Dolomite 
S:indstone 

Sandstone 

Oeoloi;ic 
,__._.._1id_i_v_i._io_n__ 

do 
do 

do 

St. L,u-rentt 

Jurdnn 

St. Peter 
do 

Gnll'na 
81, l'etrr 

do 
(inlr-na 

do 
do 
do 

Jor,ltm 

do 

Galonn 
Ht. Peter 
Gulenu(f)
Maquoketa
SI. l'eler 

du 
Unlcnn 
Mnc111okcln 

do 
do 

Mru1uokeln 
do 
do 
do 

Galt"1m 
do 
do 

Galena(?) 
GalC'na 
Jordnn 

do 

Altitude 
of land 
surlure 

:!f: 
land 

surface 
f__(t_._••_,___ci_.._,_>_ 

625 

625 

63S 

1,131 

1,020 
933 

l,05t
1,054 

1,090 
1,137 

1,131 
I, 117 

1,216 

1,216 

1,200 
1,180 

1,080 
1,120 
J,OIO 

1:::::::: 
1 •••••••• 

I 
1,10.S 

1,049 
1,120 

"i;:ioi" 

........ 

Flows 
Flows 

Hows 

lo 

4!15 

30 
2u.~ 
40 

125. 02 
105 

106 
101 
111 
Ui 

427 

rn 
IU0.40 
55 
4.62 

210 
2;U1 

IH 

35.02 
8.94 

40 

11. 75 
100 

230 
81.67 

EO 

370 

Dnte of 
mea.uromeul 

IR!lO 
IRIIS 

1018 

1952 

I036 

1040 
Oct, •I, I057 

1111!1 

Ort. 0, 1957 
1011 

I05S 
l019 
l!157 
1937 

1032 

•j~;.~·. 20;. ji,fr 
11157 

J11110 27, 1057 
1!157 
1059 
1957 

~i~y 'ii;;'ii/5;-'
:\lay 10, 1057 

Jut1r Zi. UISi 
1957 

1956 
:\luy 16, 1057 

................ 
1040 

1057 

1I l'ro- Draw- U"" 
duclion down of 
(KPIII) ~~ ~-

........ I........ A 
400 I' .. A 

325 12 1\1 

I 

I 

391 IS 

15 I'S 

PS 
I)10 
u.s 
D,8 

50 •X~~~•• s 
M 

210 M 
Incl. 

175 lud. 
75 M 

83 

A 
D,S 

15 I>, S 
s 

30 100 I>, S 
I>, II 
I), s 

Ill I>, s 
I>, 8 
l>, s 
D,S 

.. D.S 

.. I I>, :; 

. . I) 
5 I>. s 

1>,S 
I) s 
n: s 
D,S 

340 80 Ind. 

220 80 M 

•-•-- ~-n_,·•_u_ar_k_•_~ 

Arnily•i• of wut,,r "ivcn 
in tnhlo 4. 

GC'olo;cic Joie is "i\'cn in 
table of log•; anal­
y•i• of wnt,,r ~i•en 
111 lal,le ·I. Oroainnl 
dc11th or well WM 
045 feel; 1•111KKe<l 
back lo 4H I loel on 
0<1. 3, IOtO, ood to 
479 feel on ~lny 26, 
1951, 

Orologie loi: nvailable'; 
anal),-i, of wnter 
Riven i11 tab!• ·I. 

Grolo,tie loi: "' Riven 
in mhle of loi;s; 
unn)y5i~ of water 
gi\•rn in tablo 4. 

( )t,1)ugir. lo" 11vnilnblo"; 
n1mlyNi!1 of wntcr 
given iu tnhlo 1, 

Geoloi:ie log available"; 
nnnlysi• of wuler 
"i,·en in tllhlo 4. 

G,oloaie Ing ,m,ilnble. • 
(tf:olua;ic loi nvoilable.• 
Grolo.tir Joa avui14l,Je. • 
(iN1lo~ir log available': 

anul)-sis of wntrr 
given in table 4. 
U.J,th to \\'Iller while 
dri lini; lhru Galena 
and St. Pritt-
IOI feet. 

<lrolo~it' log n\·nilnble•; 
n11nly11is of wntrr 
given in tnhle •I, 

(h~•loiiic loa: available.• 

nroloRir log n,·nilnhle. • 

Annly•is of wotrr ~ivcn 
in table 4. D,1,th to 
waler while drilling 
I hru St. l'ctcr-
81 feet. 

Geologic Jog nvuiluhlo.• 
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TABLE 7. MEASURED GEOLOGIC SECTIONS IN QUARRIES IN 
CLAYTON COUNTY. 

Locations Shown in Figure 6. 

Quany
numbtt 

91·1·26LI<! ..... 

Dl•l•28KIQ..... 

01-2-ur1Q ...... 

01-2-1 RL IQ ..... 
01-2-21111Q ..... 

01·3-21MIII ..... 

91•4-4KIQ...... 

91-4-11 MIQ..... 

91-4-12MIQ... 

91-4-27KIQ..... 

91-5-IRPIQ ..... 

91-5-221'1(1 ..... 

01-6-22(11<1 ..... 

01-11-•llll<I ...... 

91-6-ISQICi ..... 

91-6-29CIQ ..... 

92-2-IDRIQ..... 

92-2-20CHQ ..... 

92-3-20SIQ..... 

92-3-2081Q ..... 

92-3-36(1)(1 ..... 

D2-4-12FJQ ..... 

02-M7GIQ..... 

02--1-171.JQ ..... 

02-4-28JlQ ...... 

92-5-SSIQ...... 

92-5-9LIQ ...... 

02-6-IOIUQ ..... 

112+m:1Q ..... 

92+:IOCJQ ..... 

' 
Fonuatiu11 

Gale11a dolomile 

do 

do 

I 

Kankakee lim..,lone 
Galena doloruile 

Ku11kukoe limcolcme 

Kankakee limcotone 
F.dgewoocl limestone 

Galena dolomite 

do 

IKnnknkN! lim,.,.tone 
•:.tRewood limtston• 

Kankakee !im..tooe 

IKankakee limffllone 

I 

F.dgewoocl limestone 

Ecliewnc•I limeotcmo 

Knnknkeo limestone 
Edgewood lim..tonc 

Hopkinton dolomite 

do 

IGalena dolomite 

l 
Dl'('Otahwl• 

Derorah ol1ale 

Platteville lim..tone 

Unlcnn dolomite 

do 

do 

do 

do 

do 

do 

l 
l 

Kankakee !im..tone 

Maquoketa shale 

Galenn dolomite 

Knnknkoc limeotcmo 
•:d~ewood lime,tono 

Galena dolomite 

do 

-"lembtt 

I 

Prns.wr limffltonc 

do 

l>uhuotu• dolomite 
Stew11ttville doluruite 

l'rollwr limffllono 

Dubuque dolomite 

du 

Prom-r limtstnnr 
Ion 

GuttenbttR lim..tonc 

lsr.t,~ •·•nr 
-" tGrecor 

I 
Pttntonim dolomite 

Dubuque dolomite 

I 
Stew11ttvill• dolomite 

l>ubuquc dolomite 
Stcir11ttville dolomite 

Pr<mer limestone 

IDubuque dolomite 
8tewnrh·ill• dolomite 

Duhuquo dolomite 

I 
IDubuque dolomite, 

81ew1111vill• dolomik' 

Dubuque dolomik' 
Slewnrt,·ill~ dolomil• 

I 
Elgin lim.,.tono 
lluhuc1ue dolomite 
Stewartville doloruil• 

IDubuque dolomite 
Stewartville dolomite 

Dubuque dolomite 

E1~ 
thiokn"" (ftttl 

50 

31) 

5 
20 

16 
15 

!lO 

H 
21 

13 

15 

2i 
M 

29 

15 
rn 
15 

27 
1G 

20 

22 

42 
17 

23 
7 

24 
12 

4 
22 

9 
14 

05 

8 
35 

18 

10 
II 

13 
II 

25 

II 
32 
6 

5 
20 

25 
10 

20 

•:1,mtiun or 
qu=y Ooor fftttl 

115; 

fl8.1 

820 

OD2 

1,088 

1,029 

9115 

1,006 

1,145 

1,096 

701 

623 

689 

789 

;;5 

770 

1,090 

7~6 

https://02--1-171.JQ
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TABLE 7. MEASURED GEOLOGIC SECTIONS IN QUARRIES IN 
CLAYTON COUNTY-Continued. 

Locations Shown in Fi1,ru1·e Ii. 

Qwmy Jo:iposed Elevation of 
number Formation Member thickness (feet) •1uarr)' Ooor (feet) 

92-5-aOIJH/. . . . . { Mu,1uoketa shale J,;tgin limestone 3 750 
Galena do1omitl' l>nhuqur. dolomite 18 

02-5-301>2Q. . . . . Galella dolomite do 21 

92.$-36D3Q.. . . do do IS 

92-6-5CIQ...... ~lnquoketa shale I1-'1. Atkiuwn dolomite 22 SIS 
('lrrmout shale 6 

02-6-8:-iH/...... Knukukoo limeo\011<, 20 I.Oil 

02-11-IIQIQ.... . { Mn,111okota shnlo 
(liilena dolomite 

Ebdn Hmt!::ltoue 
l>11huquo dolomite 

II 
12 

701 

IPet-utouira dolomite 12 
93-2-iGJQ. . . . . . { Plntteville limestone Glrnwood shale .3 

St. Peter oand,tone 8S 

93-2-29:-i!Q . . . . llnlrnn dolomite Pr~t'r lirn~tone IO 872 
03-3-iJIQ...... do lJulnu111e dolomite IS 

03-3-16B1Q..... Gnlrnn dolomite l'ro.~•r limestone 45 816 

93-3-lOCtQ. . . . . do do 48 85(1 

93-4-9SIQ...... do llubur1ue dolomite 20 013 

03-4-1-llll(/, ... . St,•w11rtvillc dolornito 18 

93--1-IOQIQ .... . do do 32 

03-5-12KIQ.... . do l>11Luquc dolomite 18 91:? 

93-5-12K2(1.. . . . Gnlenn dolomite Il>uhuqu• dolomire 10 
Slewnrh·ille dolomite 15 

03-S-12K31/ .... . do Slewurtvill• dolomilo 12 800 

ll3-5-14DIQ.... . do lluhuquo dolomite 30 81111 

93-a-16RIQ.... . do do 25 

03-5-22PIQ .... . do Stewnrtvillo dolomite 10 

03-5-27DIQ... .. do do 40 i9U 

93+20B!Q ... .. Knnknkce limestone 25 1,10:1 

93+36PIC/ ... .. do 31 1,009 

94-3~1,tQ ..... . l'lnttcvillc limestone. . . . { Mc<:regor 19 800 
l'centouicn dolomite rn 

Ol-3-IOPIQ. . . . . Gnlrnn dolomite Pro~t•r dolomite 18 

'Sl"''hts }'crry 5 
~ tGregm 25 

lPlatteville limt'Slono 
9~1iGIQ..... 

{ l'emtouica dolomite 
,t:ltn1Tood ,hnlr 

16 
4 

Sli 

SI. l'ekr •1mdsto11c 

04-3-171,IQ. . . . . Ue,..,rnh •bale Jon 10 IIIU 

94-4-301\!IQ..... llalcnn ,!olomite ll11bur1ue dolomite 30 018 

94-4-301\12Q..... do do 20 908 

9!-5-llllQ..... . do do 28 

0!-5-IJIQ ...... . do IDubuque dolomite 
~tewnrl\·ille dolomite 

94-WPJQ ... . Elgin limeswne .... 32 
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TABLE 7. MEASURED GEOLOGIC SECTIONS IN QUARRIES IN 

Elevation of 
quarry ftoor (feet)

Qunrri· 
number 

9h'i-HGIQ ..... 

91..S-25UJQ ..... 

D·l-6-201,IQ ..... 

04-6-JORJQ ..... 

\14-6-4CIQ ...... 

94-6-0CIQ ...... 

OM-21CIQ ..... 

94-6-2iHlQ..... 

04-6-28U1Q..... 

O-!-ll.:J6PJQ ..... 

95-3-16MJQ ..... 

05-3-22MJQ ..... 

P5-3-3UJQ ..... 

D.S-:l-3UJQ ..... 

95-1-21A1Q ..... 

95-6-19Q1Q ..... 

05-5-36,\ IQ ..... 

CLAYTON COUNTY-Continued. 
Locations Shown in Figure 6. 

Formation 

Galena dolo1uitc 

do 

do 

do 

!llnq11nk•tu slinle 

do 

I~(lltjlJOk•lu .bale 
Gnlena dolomite 

Galena dolomite 

do 

do 

Prairie du Cl,ien 

St. Pet<r 83ndstone 

do 

(;nl<'ntl do!omitfl 

do 

Maquoketa shale 

Galena dolmnilo 

Member 

Dubuque dolomite
{ Stcwurtvill• dolomite 

l'rOS!Cr lirn.,,tone 

Dubuque dolomite 

do 

Ft. Alkiusou dolomite 

111. Alkin•on d,~omitc
{ Clernmnt elmlo 

l::l~in lim...tono 
Dubuque dolomit, 

Dubuque dolomite 

do 

do 

Oneotu dolomite 

Pr,....r limMl,me 

do 

Ell!in limestone 

Dubuque dolomilo 

T far"""'1 
tbicknos, (r~t) 

15 
JO 

21 

10 

18 

20 

22 
3 

7 
28 

18 

24 

30 

160 

12 

2.S 

25 

45 

18 

13 

851 

1193 

971 

812 

735 

900 

992 

972 
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TABLE 8. :MEASURED SECTIONS OF SELECTED ROCK 
EXPOSURES IN CLAYTON COUNTY 

- - ·---• 

Espoouro fa1.,.,J
}'ormntionn11mbc: lliirkues., (feet) Elevntion (fttt)Mcmbc: 

lDubuque dolotoile J.I 
OJ-2-2IHJE..... i57 (top of 

l'rosscr limestone 
Galena dolomit<J St-Ownrtvillo dolomito 62 

l'rOS8er li111mto110)5 

01·3-2JIE....... do Stewartville dolou,ile 772 (1011 of
{ l'ro,,er limestone)Prc,..er limestone 

Kankakee limestouo 
Edgewood limeslone 

llroinnrd shale 100 
01~1-1n:n: ..... 1\laquokota ahalo 733 (top or 

{ 
Ft. Atkinwn dolomite 19 

Galena dolomite)
t:l~in limt'Slone

{ Clermont •lw• H 
3H 

Galena dolomite Dubuque dolomite :11 

lGalcnn dolomite Pr= limestone 
Ion92-2-SL!IL .... 728 (~ or{Dceorah shot, Decor shnlc)Gutleubc:g limestone 

D11lmq110 dolomite 26 

lGalena dolomit<J Sto\flirtvillo dolon1ilo 77 
02-2-331>11•:.... , l'm,,or limestone 1:12 602 (lo~ of 

Decorah shale Ion llcoora ehalo)10 
Guttenber~ limestone 81 

92-3-36LH: ..... 808 (top ofGalena dolo111ilo Stewartville dolomite
{ Proo.ser lim,,,.lone)Prosser limestone 

02-6-3LIE...... 1\loquoketa ohnle 78.'l (top ol 
{Galena dolomite 

Elgin liu1,s1'lne IG 
Unlcna dolomite)Dubuque dolomite I 

03-3-22£1£ ..... Ion 762 (top of Ion)Decorah shale 23
{Guttenberg limestone 27 

04-3..&PlE ...... 876 (top or SI. 
Peter sandotonc) 

St. Peter ""ndsrone 6 

94-3-APH: ...... l'rnirio du Chiou 710 (top ol 
exposure) 

Wi1101v Uiver dolomite 7 

04-6-4C1E ...... l\foquokcla shnle ~'t. Atkinson dolomite IO 922(top ol
{ Clermont shale Clermont) 

04-G-MD rn..... 
0 

llloquokotn •hnle El11in limestone 852 (top or10
{ llnbuque dolomite II Dubuque dolo-

mite) 
Gal""• dolomito 

lMcGregor
PlaUeville lim,,,.t,,no l',cat,,nica dolomil-0 

~AlE...... Glenwood shale 972 (top or St. 
{ St. Peter ssodstone Peter sandstone)

Prnirio du Chien Willow River dolomite 

Pecatonica dolomite
{U6-3-28Pm ..... Plnttevillo limcstono Olenwood slrnlo 805 (top or St.

{ St. Poter snndntono Pewr snndntono) 

Galcnn dolomite Prosser limestono 40 
IonDecorah shalo 18

{Guttenberg limestone 6 
S~ehts Ferry 9l95-3-29JU:...... Platteville lim..tone 11 cGrr11or 898 (t,,p o! St. 

{ Pecaroriica dolomite 
22 
16 Peter sandstone)

GlenmlOd ehale .s 
St. Peter ssndstono 44( \\"rllow ru..,.. dolomitePrairie du Chien 6 

IonDeeomh shnle 20{ Guttenberg limestone H 
5S~chta Ferry

96-3-3401E..... Plnllevillo limo,tono 11 cGregor 21 009 (1'>1> or St. 
{ { l'ocnloniea dolomit<J 10 Peter snndslone)

Glenwood •halo 4 
St. Poter sandstone 15 

06-4-21AIE ..... Galeoa dolomite Prosser limcstono 3 952 (top or Ion){ Decorah ahalo loo 12 



120 GEOLOGY AND GROUND-WATER RESOURCES 

LOGS OF SELECTED WELLS 

Logs of eight representative wells in Clayton County are in­
cluded here to indicate the character of principal rock formations 
underlying the county. The locations of these wells are shown on 
plate 2, and other data on these wells are given in table 6. More 
detailed records of these and other wells in the county are avail­
able in the cooperative files of the Iowa and U. S. Geological Sur­
veys at Iowa City. 

Modifications of the stratigraphic nomenclature and forma­
tional boundaries on the older sample Jogs have been made on 
the basis of current interpretations of the subsurface geology of 
this part of the state, comparison of surface and subsurface 
samples, and field mapping. 

91-2-16Al. Sample log of Millville Creamery well, Millville, 
Iowa, in the NW1/.1,NE1/.tNE¼ sec. 16, T. 91 N., R. 2 W. Drilled 
in 1950 by Varner Well Co., Dubuque, Iowa. Altitude of land 
surface, 638 feet. Sample study by R. W. Screvens. 

Thickness Depth 
(feet) (feet) 

Quaternary system 
Pleistocene series 

Deposits of Wisconsin stage ( ?) 
Deposits of Iowan substage ( ?) 

Till, brown, oxidized, unleached .......... 10 10 
Deposits of Kansan stage ( ?) 

Loess, light-brown ................................ 10 20 
Deposits of Kansan or Nebraskan stage 

Till, brown, oxidized, unleached.......... 20 40 

Ordovician system 
Mohawkian series 

Platteville limestone 
McGregor member 

Dolomite, dark-gray and buff; some 
limestone, buff, sublithographic; 
about 10 percent chert, yellow to 
,vhite .................................................. 5 45 

Dolomite, dark-gray and buff; no 
chert; limestone makes up a large 
part of the rock ................................ 10 55 
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Ordovician system-Continued 
Limestone, sublithographic, gray; 

contains black fossils ........................ 10 65 
Pecatonica dolomite member 

Dolomite, orange to brown, fine- to 
medium-textured; Ii mes tone as 
above .................................................. 5 70 

Dolomite, brown to gray, medium-
textured, contains black fossils ...... 10 80 

Dolomite, brown ; and green shale; 
contains numerous phosphatic 
nodules .............................................. 5 85 

Glenwood shale member 
Shale, green ................. .............. ........... 5 90 

Chazyan series 
St. Peter sandstone 

Sand, white to buff, frosted, curvi­
linear to subangular, medium­
grained; about 30 percent green 
shale .................................................. 5 95 

Sand, white to buff, becoming finer-
grained toward base ........................ 30 125 

Beekmantownian series 
Prairie du Chien formation 

Willow River dolomite member 
Dolomite, light-gray, very fine-tex­

tured, intermixed with grayish­
brown, fine-to medium-grained dol­
omite; contains some white to buff 
tripolitic and oolitic chert .............. 5 130 T.D. 
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91-4-21Ll. Sample log of the Dr. D. W. Newman farm well 
near Edgewood in the SW¼NE1/i.SW¼. sec. 21, T. 91 N., R. 4 W. 
Well drilled in 1951 by Searsland and Winslow Well Co., Walcott, 
Iowa. Altitude of land surface, 1,167 feet. Sample study by R. 
W. Screven. 

Thickness Depth 
(feet) (feet) 

Quaternary system 
Pleistocene series 

Deposits of Wisconsin stage ( '!) 
Deposits of Iowan ( ?) substage 

Loess, yellow to buff ............................ 15 15 
Deposits of Kansan or Nebraska stage 

Till, yellow to buff, oxidized and 
leached ................................................ 15 30 

Till, yellow to buff, oxidized and 
unleached .......................................... 5 35 

Till, yellow to buff, oxidized and 
unleached, pebbly .............................. 10 45 

Silurian system 
Niagaran series 

Hopkinton dolomite 
Dolomite, yellow to buff, fine- to 

medium-textured .............................. 30 75 
Dolomite, yellow to buff, fine- to 

medium-textured ; contains white, 
granular chert .................................. 10 85 

Dolomite, yellow to buff, fine- to 
medium-textured .............................. 10 95 

Alexandrian series 
Kankakee limestone 

Dolomite, yellow to buff, fine- to 
medium-textured; chert, partly 
tripolitic ............................................ 10 105 

Dolomite, yellow to buff, fine- to 
medium-textured; large amounts of 
chert, partly tripolitic ...................... 30 135 

Dolomite, yellow to buff, fine- to 
medium-textured: some chert, 
white to buff ...................................... 10 145 
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Silurian system-Continued 
Dolomite, yellow to buff, fine- to 

medium-textured; minor amounts 
of chert .............................................. 10 155 

Dolomite, yellow to buff, fine- to 
medium-textured; about 30 percent 
chert .................................................. 10 165 

Dolomite, mostly gray to buff; about 
15 percent chert ................................ 10 175 

Dolomite, yellow to buff, fine- to 
medium-textured; some chert ........ 10 185 

Dolomite, yellow to buff, medium- to 
coarse-textured; some chert ............ 20 205 

Dolomite, yellow to buff, some gray 
and argillaceous ................................ 10 215 

Dolomite, yellow to buff; chert, white 
to gray with black specks, partly 
tripolitic ............................................ 10 225 

Edgewood limestone 
Dolomite, brown to gray, very argilla-

ceous .................................................. 30 255 

Ordovician system 
Cincinnatian series 

Maquoketa shale 
Brainard shale member 

Shale, light-green, powdery; trace of 
gray, granular dolomite .................. 10 265 

Shale, light-green, slightly dolomitic.. 40 305 
Shale, green and gray, slightly dolo-

mitic .................................................. 10 315 
Shale, gray, very slightly dolomitic .... 20 335 
Shale, gray, very slightly dolomitic; 

chert, white, granular ...................... 10 345 
Shale, gray, very slightly dolomitic; 

no chert .............................................. 20 365 
Ft. Atkinson dolomite member 

Dolomite, gray to brown, with black 
fossils ................................................ 10 375 

Dolomite, gray to brown; chert, buff, 
granular ............................................ 10 385 

Clermont shale member 
Shale, grayish-green ............................ 20 405 
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Elgin limestone member 
Dolomite, grayish-brown; large 

amount of grayish-green shale ........ 10 415 
Dolomite, grayish-brown; contains a 

minor amount of shale .................... 20 435 
Dolomite, grayish-brown; shale, 

brown with black carbonaceous 
specks ................................................ 20 455 

Mohawkian series 
Galena dolomite 

Dubuque and Stewartville dolomite members 
Dolomite, light-brown to buff, fine- to 

medium-textured, with cinnamon 
specks .............................................. .. 45 500 

Dolomite, light-brown to buff, fine- to 
medium-textured; limestone, light-
buff, fine-textured ............................ 50 550 

Prosser limestone member 
Dolomite, light-brown to buff, fine- to 

medium-textured; chert, buff to 
white, granular and some tripolitic 10 560 

Dolomite, light-brown to buff, fine- to 
medium-textured; no chert .............. IO 570 

Dolomite, light-brown to buff, fine- to 
medium-textured; with trace of 
chert; limestone, buff, very fine-
textured, with dolomite rhombs ...... 10 580 

Dolomite, light-brown to buff, fine- to 
medium-textured; limestone, buff, 
very fine-textured, with dolomite 
rhombs .............................................. 10 590 

Limestone, buff, very fine-textured, 
with dolomite rhombs ...................... 10 600 

Limestone, buff, very fine-textured; 
some chert, white, granular and 
tripolitic ............................................ IO 610 

Dolomite, light-buff, fine- to medium-
textured; chert, white, tripoli tic .... 20 630 

Limestone, light-buff, very fine-tex-
tured, with dolomite rhombs ............ IO 640 
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Limestone, light-buff, very fine-tex-
tured ; minor amount of chert ........ 20 660 

Limestone, light-buff, very fine-tex-
tured ; much chert ............................ 10 670 

Limestone, light-buff, very fine-tex-
tured; no chert .................................. 10 680 

Decorah shale 
Ion member 

Limestone, buff-gray to brown, very 
fine-textured, fragmental ................ 20 700 

Guttenberg limestone member 
Limestone, buff to brown, very fine-

textured, partly fragmental ............ 12 712 
Platteville limestone 

Spechts Ferry member 
Shale, greenish-gray, soft, chunky; 

some limestone, buff to brown, very 
fine-textured ...................................... 11 723 

McGregor member 
Limestone, gray to buff-brown, frag­

mental, very fine- to fine-grained .... 22 745 
Pecatonica dolomite member 

Dolomite, buff to gray, fine-grained, 
mottled .................... .......................... 10 755 

Limestone, gray to buff, very fine­
grained, with black carbonaceous 
fossils; dolomite, buff to gray to 
mottled .............................................. 5 760 

Glenwood shale member 
Sandstone, curvilinear to subangular, 

frosted grains; large amount of 
dolomite, buff to gray ...................... 5 765 

Shale, green, laminated ; trace of 
sandstone; much dolomite, buff to 
gray, mottled ......... ........................... 5 770 

Shale, green, chunky ............................ 5 775 

Chazyan series 
St. Peter sandstone 

Sandstone, curvilinear to subangular, 
frosted grains, medium- to fine-
grained . .... ...... ...... ......... ... . ....... .... ..... 55 830 
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Beekmantownian series 
Prairie du Chien formation 

Willow River dolomite member 
Chert, white to gray and buff, mottled, 

granular, oolitic and tripolitic, 
some sand, medium- to fine-grained 5 835 

Dolomite, gray to white, fine silty 
texture; chert, white to gray and 
buff; shale, hard, waxy, green, 
laminated .......................................... 10 845 

Dolomite, gray to white, silty texture 10 855 
Dolomite, gray to white; chert, white 

to gray and buff, partly tripolitic; 
trace of fine sand .............................. 10 865 

Root Valley sandstone ( ?) member 
Sandstone, angular to subrounded, 

frosted, fine- to medium-grained ; 
large amount of dolomite; trace of 
chert .................................................. 10 875 T.D. 
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91-6-27Ll. Sample log of the Goodrich farm well near Straw­
berry Point in the SE¼,NE¼,SW¼. sec. 27, T. 91 N., R. 6 W. 
Drilled in 1946 by Varner Well Co., Dubuque, Iowa. Altitude of 
land surface, 1,119 feet. Sample study by M. C. Parker. 

Thickness Depth 
(feet) (feet) 

Quaternary ( ?) system 
Undifferentiated residuum 

Chert, white, weathered to unweath-
ered; residual clays, red and green .. 25 25 

Silurian system 
Alexandrian series 

Kankakee limestone 
Chert, yellow to tan, opaque; dolo­

mite, hard, yellow to buff, granular ; 
red residual clay ................................ 5 30 

Chert, partly tripolitic; dolomite, 
yellow to buff, granular; red resid-
ual clay .............................................. 5 35 

Chert, yellow to tan, much of this is 
tripolitic; dolomite; red residual 
clay .................................................... 5 40 

Chert, yellow to tan ; dolomite, yellow-
ish-gray, crystalline ........................ 5 45 

Dolomite, yellowish-gray, crystalline; 
chert, tripolitic .................................. 5 50 

Dolomite, yellowish-gray; chert, 
white to yellow, opaque, partly 
tripoli tic; red residual clay .............. 5 55 

Dolomite, yellowish-gray, crystalline; 
trace of chert, white to yellow, 
opaque ................................................ 5 60 

Dolomite, yellow to tan, medium- to 
coarse-textured; much chert, white, 
tripolitic, and yellow to gray, 
opaque ................................................ 15 75 

Dolomite, yellow to tan, medium- to 
coarse-textured; chert, chalky, 
white and opaque, conchoidal .......... 20 95 
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Dolomite, cream to tan, granular; 
minor amount of chert .................... 20 115 

Dolomite, cream to tan, granular; 
large amount of chert, chalky, 
white, opaque .................................... 10 125 

Dolomite, gray to tan, dense, pyritic; 
trace of chert, white, opaque .......... 5 130 

Dolomite, gray to tan .......................... 10 140 
Dolomite, yellow to tan, crystalline; 

some chert, white to brown, opaque, 
conchoidal .......................................... 10 150 

Dolomite, yellow to tan, crystalline, 
porous; chert, white to brown ........ 5 155 

Dolomite, yellow to tan ; trace of chert, 
white to brown .................................. 10 165 

Edgewood limestone 
Dolomite, light-gray to tan, dense, 

pyritic; trace of chert, white to 
brown, conchoidal ............................ 10 175 

Dolomite, light-gray to tan, dense; 
minor amount of chert, white, 
opaque and tripolitic ........................ 20 195 

Dolomite, light-gray to tan and gray 
to greenish-gray, coarse, granular, 
argillaceous; trace of chert, white, 
opaque and tripolitic ........................ 5 200 

Ordovician system 
Cincinnatian series 

Maquoketa shale 
Brainard shale member 

Shale, gray and green, dolomitic, no 
structure ............................................ 15 215 T.D. 
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92-2-17Ll. Sample log for Guttenberg city well 2 at the center 
of the east line of the NEl/4.SW¼. sec. 17, T. 92N., R. 2 W. 
Drilled in 1937 by C. W. Varner, Dubuque, Iowa. Altitude of 
land surface, 625 feet. Sample study by E. H. Scobey. 

Thickness Depth 
(feet) (feet) 

Quaternary system 
Recent deposits 

Soil, brown, silty .................................. 8 8 
Ordovician system 

Chazyan series 
St. Peter sandstone 

Sandstone, gray and yellow, medium-
to fine-grained, frosted grains ........ 37 45 

Sandstone, quartz, medium-grained, 
subangular to curvilinear ................ 10 55 

Sandstone, as above; much dolomite, 
light-gray to buff, granular; some 
chert, oolitic, and white to opaque.... 5 60 

Beekmantownian series 
Prairie du Chien formation 

Willow River dolomite member 
Dolomite, light-gray, medium-

textured; chert, white, opaque; 
sandstone, medium-grained ............ lO 70 

Dolomite, light-cream to gray, arena-
ceous; trace of sandstone, medium-
grained .............................................. 10 80 

Dolomite, light-cream to gray; some 
chert, white to light-gray, opaque.... 5 85 

Dolomite, light-cream to gray, arena-
ceous .................................................. 10 95 

Dolomite, light-cream to gray; traces 
of iron ................................................ 20 115 

Dolomite, light-cream to gray; minor 
amount of chert ; trace of sand, 
medium-grained, frosted .................. 5 120 

Root Valley sandstone member 
Dolomite, light-cream to gray; chert, 

oolitic and sandy; sand, frosted, 
medium-grained ................................ 10 130 
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Dolomite, light-cream to gray; trace 
of chert, white; sandstone, medium-
grained; shale, light-green .............. 10 140 

Oneota dolomite member 
Dolomite, light-cream to gray, dense, 

coarsely-crystalline; some shale, 
light-green; trace of sand ................ 10 150 

Dolomite, cream to drab, porous ........ 20 170 
Dolomite, cream to drab, porous; some 

chert, white ........................................ 10 180 
Dolomite, light-cream to whitish-

gray, granular, porous ...................... 30 210 
Dolomite, light to drab, dense, porous; 

chert, white, dense ............................ 10 220 
Dolomite, as above; trace of chert ...... 55 275 
Dolomite, light-gray, granular, porous 25 300 
Dolomite, light-gray, medium-hard, 

granular, porous; some chert, white 5 306 
Dolomite, light-gray, granular; trace 

of chert, white .................................. 5 310 
Dolomite, light-gray; sandy, dense; 

sandstone, quartz, medium-grained 5 315 
Dolomite, light-gray, sandy, trace of 

sandstone, medium-grained ............ 5 320 
Dolomite and sandstone, as above; 

shale, green, no structure ................ 5 326 
Dolomite, light-drab gray, sandy, 

dense; sandstone, quartz, frosted, 
medium-grained ................................ 30 365 

Cambrian system 
St. Croixan series 

Jordan sandstone 
Sandstone, dolomitic, medium­

grained, frosted ; some dolomite, 
light-gray, sandy .............................. 5 360 

Sandstone, dolomitic, frosted grains, 
mostly curvilinear, medium­
grained; minor amount of dolomite, 
light-gray, sandy .............................. 10 370 

Sandstone, dolomitic, medium-grained 5 376 
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Cambrian system-Continued 
Sandstone, nondolomitic, medium­

grained, frosted, mostly curvilinear 55 
St. Lawrence formation 

Dolomite, light-gray, fine- to medium-
grained, granular .............................. 5 

430 

435 T.D. 
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92-G-3Nl. Sample log of Volga town ,Yell in the SW1/_1.SWl/.t 
SW \/1. sec.:~, T . 92 ~ -, R. G W. Drilled in 1957 by Thorpe Wel l 
Co., Des Moi 11es, Iowa. AIULude of land s urface, 828 feet. 
Sample study by R. C. Northup. 

Thickness Depth 
(feet) (feet) 

Quaternary system 

Pleistocene series 

lindifferenlialed 
Loess, yellow, noncalcareous ................ 5 5 

Ordovician system 

Cincinnalian seri es 
Maquoketa 1:,hale 

E lgin limestone member 
Dolomite, l,uff, finely saccharoicJ;.11, 

arg-i!la ceous ...................................... 30 35 
Sha le, g-ra~· lo g-reenish-bro\\'n, very 

dolomitic ......................................... 15 50 
:i\Iohawkian series 

Galena dolomite 
Dubuque and SlcwarLville dolomite meml.Jen; 

Limestone, lighl-gray lo cream, fine­
textured, cinnamon specks : with 
minor amount of tan dolomite........ 20 70 

Dolomite, lig-ht-crca111 to tan, medium­
to fine-textured; trace of while 
limestone co ntaining dolomite 
rhombs ........................................... 30 100 

Prosser limestone member 
Limestone, cream, fine-te:\i:ured, with 

embedded dolomite rhombs; some 
tan dolomile and trace of g rayish-
white chert ................................... :~5 135 

Limestone, cream, line-textured, some 
chert ............................................ ...... 40 175 

Limestone, cream, fine-textured; with 
trace of chert .................................... :rn 205 

Limestone, cream, fine-textured; dolo-
mite, tan, fine-grained ...................... 20 225 T .D. 

https://saccharoicJ;.11
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93-4-7Al. Sample log of Clayton County Home well in NE¼ 
NEl/i. sec. 7, T. 93 N., R. 4 W. Drilled by Hoeg and Ames, Lin­
coln, Iowa. Altitude of land surface, 1,031 feet. Sample study 
by S. E. Harris, Jr. 

Thickness Depth 
(feet) (feet) 

Quaternary system 
Undifferentiated deposits 

Loess, tan, non calcareous ............... ..... 5 5 
Pleistocene series 

Deposits of Kansan or Nebraskan stage 
Till, yellowish-brown, oxidized, 

leached ................................................ 10 15 
Till, brown, oxidized, leached .............. 15 30 

Ordovician system 
Cincinnatian series 

Maquoketa shale 
Elgin limestone member 

Shale, yellowish-gray, uniform with 
sand grains throughout ................ .. 5 35 

Mohawkian series 
Galena dolomite 

Dubuque and Stewartville dolomite members 
Dolomite, yellow, fine-textured, fossil­

iferous, phosphatic; limestone, 
light-brown, fine- to medium-tex-
tured .................................................. 5 40 

Limestone, drab to yellow, very fine-
textured, dense .................................. 5 45 

Dolomite, yellow, fine-grained; lime-
stone, drab to yellow, very fine-
textured .............................................. 10 55 

Limestone, yellowish-gray, fine- to 
medium-textured; dolomite crystals 
present .............................................. 5 60 

Dolomite, cream to gray, fine- to 
medium-textured; some limestone, 
yellowish-gray .................................. 30 90 
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Ordovician system-Continued 
Dolomite, cream to g rny, fine- lo 

medium-textured; limestone, light-
cream with dolomite gra ins .... ........ 40 130 

Pr osser limestone member 
Dolomite, cream to buff, fine- to 

med ium-textured, grny spots ; lime­
s tone, cream, fine-textured ; chert, 
white to gray, tripolitic .................... 25 155 

Limestone, cream, f in e-textu r ed, 
partly dusty, with dolomite grains ; 
some dolomite, cream lo buff ; trace 
of chert, light-gray, conchoidal, dull 5 160 

Limestone, light-gray to buff, fossil­
iferous, with dolomite grains ; some 
chert, cream to gray ......................... . 10 170 

Limestone, light-gray to cream, dusty, 
fine-textured, with darke1· fossil-
iferous fragments ........................... . 20 190 

Limestone, light-gray to cream, fine­
textured ; cher t, light-gray to yel-
low, opaque to subtnmslucent ....... . 5 195 

Limestone, light-gray to cream, fine-
textured; trace of chert ................. . 5 200 

Dolomite, yellow, with g ray spots ; 
limestone light-gray, fine-textured; 
chert ................................................. . 10 210 

Dolomite and limestone, fine-textured 10 220 
Limestone, light yellowish-gra.r, fine-

tex-tured ............................................. . 10 230 
Limestone, ye llowi s h-gray; some 

chert, light-yellow, conchoidal, 
opaque ............................................... . 10 240 

Limestone, light yellowish-gray, gray 
spots, fine-textured ......................... . 15 255 

Decorah shale 
Ion member 

Limestone, light-gray, m ecl ium­
textured, fossiliferous; some green 
shale fragments ................................ 20 275 
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Ordovician system-Continued 

Guttenberg limestone member 
Limestone, very light-gray to yellow, 

very fine-textured; some brown 
shale .................................................... 10 285 

Platteville limestone 
Spechts Ferry member 

Shale, green, fossiliferous, blocky to 
fissile .................................................. 10 295 

Shale, very light-gray, soft.................. 5 300 
McGregor member 

Limestone, gray, medium- to fine-
textured, some granular .................. 5 305 

Limestone, light-gray, very fine-
textured to lithographic, gray 
spots, fossiliferous ............................ 20 325 

Pecatonica dolomite member 
Dolomite, yellow to buff, fine- to 

medium-textured, with gray spots.. 15 340 
Glenwood shale member 

Shale, green, fissile, some pyrite ........ 8 348 
Chazyan series 

St. Peter sandstone 
Sandstone, quartz, frosted, curvilinear 

to subangular, calcareous cemented, 
pyrite near top .................................. 107 455 

Shale, light-green, very fine-grained, 
soapy; trace of dolomite, light-yel-
low, very fine-textured .................... 5 460 

Beekmantownian series 
Prairie du Chien formation 

Willow River or Oneota dolomite member 
Sandstone, quartz, frosted grains, 

with pyrite; shale, light-green; 
some chert, white, subvitreous ........ 5 465 

Dolomite, light-yellow, very fine-
textured ; trace of shale, green, 
waxy; chert, white ............................ 30 495 

Dolomite, gray, fine- to medium-
textured; trace of chert, white ...... 5 500 
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Ordovician system- Continued 
Dolomite, light- to medium-gra~•, fine­

textured; some sandstone, fros ted, 
subangu lar to cu1·vilinear, white; 
trace of cher t .................................... 20 520 

Dolomite, buff-gray, fine-textured, 
s ilty; trace of sandstone ................. 15 5:35 

Dolomite and sandstone, as above ; 
some chert, white to light-gray, 
conchoidal .......................................... 10 545 

Dolomite, buff-g ray, fine-textu red; 
cher t, white ... ..................................... 10 555 

Dolomite, buff, fine-textu red ; some 
chert, white to gray, s pecked with 
pyrite; trace of sandstone ................ 40 595 

Dolomite, ligh t-buff, fine- to medium-
textured ; sandstone and chert ........ 5 600 

Dolomite, light-buff, fine- to med ium-
textured; trace of chert .................... 40 G40 

Dolomite, light-buff; chert, wh ite to 
brown, opaque, some tl'ipoli tic ........ 10 650 

Cambrian system 
St. Croixa n series 

J ordan sandstone 
Dolomite, light-buff; sandstone, fine-

grained, frosted grains .................... 20 670 
Sandstone, white, frosted grnins, sub­

angular to curvilinear; cemented by 
silica and dolomite ............................ 60 730 

Sandstone, as above; dolomite, cream­
buff, ver_v sand?, fine- to medium-
textured .............................................. 10 740 

Sandstone, white, frosted grains, sub­
angula r , becoming more angulai· 
below .................................................. ~O 770 

St. Lawrence fo rmation 
Sandstone, grayish-brown, with much 

dense dolomitic cement .................... 10 780 T.D. 
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95-3-22Rl. Sample log of McGregor city well 5 located in 
SE¼SE~l.1 sec. 22, T. 95 N., R. 3 W. Well drilled in 1948 by 
Layne-Western Co., Ames, Iowa. Altitude land surface, 625 feet. 
Sample study by M. C. Parker. 

Thickness Depth 
(feet) (feet) 

Quaternary system 
Pleistocene series 

Deposits of late Wisconsin ( ?) stage 
Silt, sandy, yellow to brown ................ 20 20 

Cambrian system 
St. Croixan series 

St. Lawrence formation 
Dolomite, yellow to tan; some weath-

ered quartz and limestone................ 5 25 
Dolomite, yellow to tan, sandy; sand, 

medium-grained, frosted, with dolo-
mitic cement ...................................... 5 30 

Dolomite, yellow to tan, sandy; trace 
of chert, white, opaque .................... 5 35 

No sample .............................................. 5 40 
Dolomite, pale-yellow to pink, very 

sandy, dense; small amount of tri-
politic chert ........................................ 10 50 

Dolomite, pale-yellow to pink, very 
sandy, dense; white chert ................ 5 55 

Dolomite, pale-yellow to pink, very 
sandy, dense; no chert ...................... 10 65 

Dolomite, pale-yellow to pink; some 
white chert ........................................ 10 75 

Sandstone, quartz, coarse, curvilinear, 
frosted ; silt or fine sand, micaceous, 
with dolomitic cement ...................... 5 80 

Dolomite, tan, medium- to fine-
textured, sandy; sandstone, quartz, 
frosted grains .................................... 5 85 

Dolomite, tan, medium- to fine-
textured ; much pyrite ...................... 5 90 

Dolomite, light-gray, sandy, fine-
textured; some glauconite; trace of 
pyrite .................................................. 5 95 
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Ordovician system- Continued 

Dolomite, Lan lo buff, fine-lext.ured, 
g ranular, sandy; with a little pyrite 15 110 

Dolomite, Lan lo lighL-gra>', rned ium­
fine-textured, granular; some glau-
conite .................................................. 15 125 

Dolomite, light-gray, sandy, granular 15 140 
Franconia ::;andslone 

Sandstone, li ght-g ray, medium­
gra ined, frosted, dolomit ic, g lau-
coniLic .............................................. 10 150 

Sand stone, li g ht-g r ay to cream, 
frosted, fine-grained, argillaceous, 
dolomite cement, g lauconiti c ............ 50 200 

Dolom ite, light-gray lo yellow, sandy, 
silty, fine-tex tured, g lauconitic ........ 45 245 

Dolomite, tan, coarsely crystalline, 
dense, sandy, silty ............................ 10 255 

Dolomite, tan, coa rsely crystalline, 
dense, sandy; sands tone, white with 
fe\\' pink grains, frosted, curvi-
linear to subangular ................ .......... 15 270 

Dresbach group 
Galesville sands tone 

Sands tone, coa rse, frosted, pitted, 
white with some gray, curvilinear 
to subrounded .................................... 30 300 

Sandstone, wh ite to buff, medium- to 
fine-grained, subangu Jar to sub-
rounded .............................................. 60 360 

No sample .............................................. 10 370 
Sandstone, white, medium-grained 

with some fine grains, frosted, with 
few dark grains ................................ 40 410 

Eau Claire sandstone 
Sandstone, while, medium-grained ; 

some dolomitic cement ...................... 10 420 
Sandstone, very fine-g rained, frosted, 

cul'vilinca r, "·ith dolomitic cement ; 
shale, gray, fi ss ile, hard, silty .......... 50 470 

Shale, red to gl'een, sandy, glauco-
nitic; sands tone, very fine-gra ined 10 480 
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Ordovician system-Continued 
Sandstone, fine-grained, subangular, 

clear, loosely cemented, dolomitic; 
shale, green to gray, fissile .............. 15 495 

Sandstone, as above .............................. 5 500 
Sandstone, fine-grained, argillaceous 

in part ................................................ 5 505 
Sandstone, fine- to medium-grained, 

subangular, partly frosted, very ar-
gillaceous ..... ....... ..... ....... .... ....... ....... 25 530 

Mt. Simon sandstone 
Sandstone, white to orange to red 

grains, angular to curvilinear, iron 
cemented in part, medium- to fine-
grained .............................................. 10 540 

Sandstone, as above, but with fewer 
red grains .......................................... 20 560 

Sandstone, light- to medium-gray, 
curvilinear to subrounded, pitted, 
frosted, poorly cemented, coarse- to 
medium-grained ................................ 50 610 

Sandstone, white, curvilinear to 
round, frosted, medium- to coarse­
grained, cemented in part by dolo-
mite .................................................... 35 645 T.D. 
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95-3-35Pl. Sample log for well at Pikes Peak State Park south 
of McGregor, located in SE1/.i.SW¼, sec. 35, T. 95 N., R. 3 W. 
Drilled in 1936 by C. W. Varner, Dubuque, Iowa. Altitude of land 
surface, 1,134 feet. Sample study by K. E. Anderson. 

Thickness Depth 
(feet) (feet) 

No samples ............................................................ 15 15 

Ordovician system 
Mohawkian series 

Galena dolomite 
Prosser limestone member 

Limestone, buff, fine-textured, dolo-
mitic .................................................. 15 30 

Limestone, buff, fine- textured, dolo-
mitic; with some white opaque chert 10 40 

Dolomite, calcareous, cream to buff; 
white chert ........................................ 5 45 

Limestone, buff, dolomitic, vuggy; 
some white opaque chert ..... ............. 10 55 

Dolomite, buff, calcareous; trace of 
white chert .......................................... 5 60 

Dolomite, buff, calcareous .................... 10 70 
Dolomite, buff, calcareous; some white 

tripoli tic chert .............................. .... 15 85 
Dolomite, buff, calcareous ............ ........ 10 95 
Limestone, cream to light-buff ..... ....... 5 100 

Decorah shale 
Ion member 

Limestone, gray, fossiliferous; minor 
amount of grayish-green shale ........ 10 110 

Guttenberg limestone member 
Limestone, light-gray, fossiliferous .... 12 122 

Platteville limestone 
Spechts Ferry member 

Limestone, buff, fossiliferous, with 
traces of pyrite; much grayish-
green shale ............................ ... .. . ...... 13 135 

McGregor member 
Limestone, medium-gray, pyritic, 

fossiliferous; some dolomite ............ 15 150 
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Ordovician system-Continued 

Limestone, medium-gray, fossiliferous 15 165 
Pecatonica dolomite member 

Dolomite, gray to cream, slightly 
porous ............................. ................... 13 178 

Glenwood shale member 
Shale, green, pyritic .............................. 5 183 

Chazyan series 
St. Peter sandstone 

Sandstone, frosted, well-rounded, 
well-sorted, slightly iron stained in 
upper part .......................................... 90 273 

Beekmantownian series 
Prairie du Chien formation 

Willow River dolomite member 
Dolomite, buff to brown, sandy .......... 10 283 
Dolomite, buff to pink, sandy ; some 

chert, white, opaque .......................... 12 295 
Root Valley sandstone member 

Dolomite, buff to pink; trace of oolitic 
chert; some sand .............................. 15 310 

Oneota dolomite member 
Dolomite, cream to buff, very fine-

textured .............. ........................ ...... 45 355 
Dolomite, cream to buff, very fine-

textured; trace of white opaque 
chert ...... ....... ........ ... . . ............. . . . . . ... . . . 10 365 

Dolomite, cream to buff, very fine­
tetxtured; minor amount of white 
oolitic chert ........................................ 5 370 

Dolomite, cream to buff; much wihte 
opaque chert ...................................... 25 395 

Dolomite, buff, sandy; traces of chert, 
as above ..... ............................ ........... 10 405 

Dolomite, buff, sandy, slightly coarse-
textured .............................................. 15 420 

Dolomite, buff, sandy, coarse-
textured; some chert ........................ 10 430 

Dolomite, cream to buff, medium- to 
fine-textured ...................................... 40 470 

Dolomite, gray to buff, sandy; large 
amount of white granular chert ...... 10 480 
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Ordovician system-Continued 
Dolomite, buff, fine-textured; trace of 

white chert; sand, calcareous, 
frosted ................................................ 20 500 

Cambrian system 
St. Croixan series 

Jordan sandstone 
Sandstone, white, medium-grained, 

frosted; dolomite, buff, fine-tex-
tured .................................................. 20 520 

Sandstone, white, medium-grained, 
frosted ................................................ 70 590 

Sandstone to siltstone, slightly dolo-
mitic .................................................. 20 610 

St. Lawrence formation 
Dolomite, slightly sandy with traces 

of glauconite ...................................... 20 630 T.D. 
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