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MEMORANDUM OF THE CHAIRMAN 

To Members of the Senate Interior and Insular Affairs Committee: 
I am transmitting for your information a report entitled "Mineral 

and Water Resources of Wisconsin," prepared by the U.S. Geological 
Survey at the request of our colleague, Senator William Proxmire. 

This detailed survey will be particula.rly helpful to government and 
business leaders in Wisconsin. It will also be valuable to the Con
gress and members of this committee as we consider legislation regard
ing mineral, water, and related energy development. 

HENRY M. JACKSON, Chairman. 
(III) 
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LETTER OF TRANSMITTAL 

u.s. DEPARTMENT OF THE INTERIOR, 
GEOLOGICAL SURVEY, 

Reston, V a., September 9,1976. 
Hon. WILLIAM PRoxMrllli, 
U.S. Senate, 
Washington, D.O. 

DEAR SENATOR PROXl\URE: In response to your letter of June 3, 1974, 
we are pleased to transmit herewith a report on the "Mineral and 
Water Resources of Wisconsin," prepared by the U.S. Geological 
Survey in collaboration with the Wisconsin Geological and Nat ural 
History Survey. 

The report describes each of the various types of mineral deposits 
known in Wisconsin. Their relationship to the fundamental geologic 
framework is discussed in order to mdicate how and where other 
deposits might be found and to provide the information needed for 
the wise development of the State's mineral resources. The section of 
the report on water resources describes the broad distribution and 
availability of surface water and ground water, both geographically 
and geologically, and discusses the past and future water utilization. 

We hope that this report will be helpful to you and your colleagues 
and also to officials and residents of Wisconsin. 

Sincerely yours, 
V. E. McKELVEY, 

Director. 
Enclosure: Report on Mineral and Water Resources of Wisconsin. 
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FOREWORD 
j 

This report was prepared, at my request, by the U.S. Geological 
Survey of the Department of the Interior, in cooperation with the 

~. Wisconsin Geological and Nat ural History Survey. 
• I am confident that the report will prove to be a valuable tool in 

i 

assisting Federal, State and local decisionmakers in planning ·ahead 
for the future of Wisconsin. It contains a wealth of information on 
the mineral deposits :and water resources of the State, information 
which is required for decisions on the development of Wisconsin's 
mineral resources and on future water utilization. As the needs and 
goals of our society have changed, so has the scope of information 
required to make the decisions to meet these goals. The .report on the 
"Mineral and Water Resources of Wisconsm" will go far toward 
meeting this requirement as Wisconsin looks to the decades ahead. 

I wish to thank the personnel of the Department of the Interior, 
and the 1Visconsin Geological and Natural History Survey for their 
contributions to this report. 

WILLIAM PROXMIRE. 
(VII) 
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PREFACE 

(By U. A. Weeks, U.S. Geological Survey, Reston, Va.) 

In 1971: the Wisconsin Legislature named galena the State mineral 
o:f ·wisconsin, in recognition of the vital role this mineral played in 
the early development of settlements within the State. Early French 
explorers in the mid-17th century recognized this important lead ore 
mineral among the prized possessions of the Indians, and by the early 
18th century established trading posts to acquire galena :from them. 
The beginning o:f the 19th century saw the first migration into the 
territory that is now 1iVisconsin. These first permanent settlers were 
lead prospectors and miners. The early mines were shallow pits with 
ass_ociated spoil piles that resembled large badger burrows. These 
mines were responsible for Wisconsin's nickname of the "Badger" 
State. 

From this early beginning, the State has had an active and con
tinuous history of mineral production. The annual value o:f this indus
try has been about $1 H million in each of the past 3 years (1973-75). 
While the total value of mineral production over this long history 
is not fully known, over 1 billion dollars' worth of iron, zinc, and lead 
ores has been won from the metal mines and an additional 1.3 billion 
dollars' worth of stone, sand, and gravel has been produced. Known 
resources and additional favorable areas indicate that present produc
tion levels probably can be maintained for these established commodi
ties. Potential resources of peat are large, and increasing use o:f this 
material may result in significant growth of the peat industry. Recent 
discoveries of copper-zinc mineralization indicate that copper may 
become an important product of the State, and the level of zinc pro
duction might be increased. 

Water resources are abundant and widely distributed and provide 
essential support for the agricultural and forestry industries of the 
State. Ample water of high quality satisfies many other industries, 
including the brewing industry for which Milwaukee is famous. 

This report describes in summary form the mineral and water 
resources of 1Visconsin and the relationship between these resources 
and the gPologic framework of the State. The use, manner of occur
rence, distribution, and outlook for all known mineral commodities 
in the State arc describrd. The treatrnrnt of each commodity is neces
sarily brief, but those who wish to make deeper inquiry will find 
references to principal sources of detailed information. 

The snbiect material and outline and the selection of anthors was 
worked out iointlv hy strtffs of the TT.S. Grologicrtl Snrvrv and the 
'Visronc;in Geolofriral rtnd Natnra.l Historv Snrvev. Carl R Dutton 
of the Geological Snrv<>y assembled and edited the report with the 
close collaboration of Dr. l\frredith E. Ostrom, Director and StatP 
Geologist. 
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METRic-ENGLISH EQUIVALENTS 

lfetrlc unlt 

millimetre (mm) 
metre (m) 
kilometre (km) 

square metre ( m2 ) 

square kilometre (km•) 
hectare ( ha) 

cubic centimetre (em') 
litre (I) 
cubic metre (m0 ) 

cubic metre 
cubic bectometre (bm•) 
litre 
litre 
litre 
cubic metre 

cubic metre 

gram (g) 
gram 
tonne (t) 
tonne 

English equivalent 

Length 

= O.O:ltl37 Inch (In) 
= 3.28 
= .62 

Area 
---

= 10.76 
= .386 
= 2.47 

Volume 

= 0.061 
= 61.0:-1 
= 35.31 
= .00081 
=810.7 = 2.113 
= 1.06 = .26 
= .00026 

= 6.290 

= = = = 

Weight 

0.0:-15 
.0022 

1.1 
.98 

feet (ft) 
mile (ml) 

&quare feet (ft•) 
square mile (ml•) 
acres 

cubic Inch (In•) 
cubic Inches 
cubic feet (ft0 ) 

acre-foot (acre-ft) 
acre-feet 
pints (pt) 
quarts (qt) 
gallon (gal) 
million gallons (Mgal or 

1()<1 gal) 
burr~ls (bbl) (1 bbl=42 gal) 

ounce, avoirdupois (oz nordp) 
vound, avoirdupois (lb avdp) 
tons, short (2,000 lb) 
ton, long (2,240 lb) 

Specific combinations 

kllogtam per square 
centimetre (kg/em•) 

kilogram per square 
centimetre 

cubic metre per second 
(m•js) 

= 0.!!6 

= .!IS 

= a5.3 

,. 

atmosphere (atm) 

bar (0.9869 atm) 

cubic feet per second (ft•/s) 

.. 

!II etrlc unlt English equivalent 

Specific combinations-Continued 

litre per second (1/s) = .03l>3 cubic foot per second 
cubic metre per second 

per square kilometre 
[ (m•;s) /km2 ] 

metre per day (m/d) 

metre per kilometre 
(m/km) 

kilometre per hour 
(km/h) 

metre per second (m/s) 
metre squared per day 

(m1/d) 

cubic metre per second 
(m•/s) 

cubic metre per minute 
(m•;mln) 

litre per second (1/s) 
litre per second per 

metre [ (1/s) /m] 

kilometre per hour 
(km/h) 

metre per second (m/s) 
gram per cubic 

centimetre (g/cm•) 
gram per square 

centimetre (g/cm2 ) 

gram per square 
centimetre 

degree Celsius ('C) 
degrees Celsius 

(t~mperature) 

= 91.47 

= 3.28 

- 5.28 

.9113 
= 3.28 

= 10.764 

= 22.826 

=264.2 
= l5.8l> 

= 4.83 

= .62 
= 2.237 

= 62.4::1 

= 2.04S 

= .0142 

cubic feet per second per 
square mlle [ (fto/s) /ml1 ] 

feet per day (hydraulic 
conductivity) (ft/d) 

feet per mile ( ft;ml) 

foot per second (ft/s) 
feet per second 

feet squared per day (ft2/d) 
(transmissivity) 

mllllon ~allons per day 
(Mga /d) 

gallons per mlnute (gal/min) 
gallons per minute 

gallons per minute per foot 
[ (gal/mln)/ft] 

mile per hour (ml/h) 
miles per hour 

poundR per cubic foot (lb/ft•) 

pounds per square root (lb/ft2 ) 

pound per square Inch (lb/ln1 ) 

Temperature 

u: degrees Fahrenheit ('F) 

= [ (1.8 X 'C)+ 32) degrees Fahrenheit 

oi) 
,. 
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MINERAL AND WATER RESOURCES OF WISCONSIN 

INTRODUCTION 

(By Carl E. Dutton, U.S. Geological Survey, Madison, Wis.) 

This report summarizes and interprets information on the mineral 
and water resources of 'Wisconsin. Its main purpose is to help the 
people of the State and their elected or appointed officials understand 
and better appraise the present status of their mineral and water 
resources. 

·wisconsin has had a long history of mining activity, dating from 
the early French explorers obtaining lead ore from the Indian inhabi
tants. Metallic ores of lead and zinc in southwestern Wisconsin and 
iron ore in the Gogebic and Florence areas have added significantly to 
the economic growth in those areas. Construction materials such as 
sand, gravel, and crushed stone, and other nonmetallic rock products 
such as silica sand, have been of equal importance in sustained eco
nomic development and in the long run are of potentially greater 
value. 

Preparation of this report is particularly timely, in that recent 
exploration for potential mineral resources has been successful in 
identifying three significant deposits containing copper and zinc in 
north-central Wisconsin. Interest in these discoveries has stimulated 
increased exploration activities. Plans for the development of the three 
deposits are being prepared and discussed extensively to insure that 
all potential effects on the environment are considered and that if 
and when mining is conducted, any adverse effects are minimal and 
acceptable. · 

In this report, the fundamentals of the geology of the State are dis
cussed in the detail necessary as a background for resource appraisals. 
The resources themselves are then treated in some detail to identify the 
areas in which they are known to occur, and to identify areas in which 
additional useful materials can be found. The final section of the re
port reviews the abundant water resources. The selected referenees 
to the thousands of pages of publications and the many maps of 
various kinds supply further guidance to the interested readers and 
will be helpful to geologists and others needing more detailed in
formation about the geology and the mineral and water resources. 

Although the data summanzed in this report are extensive, the events 
that shaped the geologic framework of \Visconsin are still only known 
in broad outline. Much remains to be learned in future investigations. 
Maps summarizing the distribution of soils (fig. 3) and glacial de
posits (fig. 1) indicate the nature of largely unconsolidated earth 
materials seen at the surface of much of the State. The map of bed
rock geology (fig. 2) shows the known and inferred extent of the 

(1) 
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consolidated rocks that form the surface beneath the surficial cover. 
Because surficial materials conceal the nature of the bedrock from 
direct observation over so much of the State, surface studies are 
augmented by instrumental surveys that portray magnetic intensity 
of the underlyi.ng rocks (fig. 4) and variation in gravity (fig. 5), 
both of which help to define the distribution of different types of rocks 
in the subsurface. Other geophysical surveys have been made in se
lected areas including radiometric studies, seismic studies of shock
wave transmission, and a variety of studies of electrical and electro
magnetic fields and electrical transmission. Each of these defines spe
cific characteristics that are needed to correlate between rock types and 
structures known in widely scattered exposures of bedrock and the rel
atively few drill holes and excavations. Several of the geophysical 
methods are particularly useful in identifying potential resource accu
mulation, or in the case of magnetic surveys, to identify iron ore accu
mulation and electromagnetic surveys, to trace strata associated with 
copper-zinc mineralization. Studies of mineral and rock samples to 
measure their geochronologic age based on decay rates of natural 
radioactivity are providing powerful impetus to regional correlations 
of major events. 

Much work remains to be accomplished in the continuing effort to 
identify Wisconsin's resources and to plan for their wise and orderly 
use. 
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GEOLOGY OF WISCONSIN 

INTRODUCTION 

(By C. E. Dutton, U.S. Geological Survey, Madison, Wis.) 

The geology of \V"isconsin can be divided broadly into three parts, 
based on three quite different kinds of deposits formed at different 
times and by different sequences of events. Unconsolidated debris 
formed in association with the advance and retreat of Pleistocene 
continental glaciation mantles the surface in all but the southwestern 
part of the State. Beneath this mantle in the southern part of the 
State is a sequence of layered marine sedimentary rocks that were 
formed in relatively shallow seas that covered this area in Paleozoic 
time. The oldest group of deposits are of Precambrian age and under
lie all of the State. They are at or near the surface in the northern 
part of the State. These older rocks include complex associations of 
sedimentary and volcanic deposits intruded by a variety of igneous 
rocks, all of which have been folded to some degree and subjected 
to varying amounts of metamorphism. The sequence of geologic events 
in which these three kinds of deposits formed is summarized in 
table 1. The distribution of glacial deposits is shown in figure 1 and 
the distribution of various kinds of bedrock is shown in figure 2. 

TABLE I.-SUMMARY OF GEOLOGIC EVENTS IN WISCONSIN 

T1me intervals Geologic intervals GeologiC processes 

Present to about 10,000 years ago ... Post-Pleistocene ......... 10 Postglacial erosion and deposition of modern stream 

About 10,000 years to 2,000,000 to Pleistocene ............ . 
3,000,000 years. 

sediments. 
Erosion and deposition of rock debris dunng series 

of glacia; advances and retreats. 
8 

About 400,000,000 to 600,000,000 PaleoZOIC'·············· 7 
years. 

Emergence and eros1on. 
Successive floods by sea water and deposition of 

rock layers. Erosion occurred between penods of 
flooding. 

6 Emergence and erosion. 
About 900,000,000 to more than Precambrian............ 5 Foldmg, fault1ng, and recrystallization of rocks, an I 

2,700,000,000 years. mtrus10n of molten matenal. 
4 AccumulatiOn of layered sediments (marine and 

nonmarine) and lavas. 
Prior to 2,700,000,000 years................................ 3 Eros1on. 

2 Rocks deformed, transformed, and intruded by 
molten rock. 

Accumulation of sediments and lavas. 

' In order of increasing geologic age, the subdivisions are the Devonian, Silurian, Ordovician, and Cambrian periods. 

Older rocks of Precambrian age are exposed in many parts of 
northern and north-central Wisconsin where they form the bedrock 
beneath the mantle of glacial materials. In places to the south they 
project upward to form isolated exposures that mark islands around 
which younger sediments were deposited. These rocks record a com
plex and still not well-known sequence of geologic events that span 
the very long time period prior to 600 million years ago. Events as 

(9) 
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old as 2,700 million years ago are recorded in some of these rocks, and 
others are similar to rocks in Minnesota that are more than 3,000 
minion years old. Younger Preeambrian lava flows and inter layered 
sediments in northwestern vVisconsin unconformably overlie older 
metamorphosed volcanic and intrusive rocks, and are cut by younger 
intrusions. Sedimentary rock sequences that include sandstones, shales, 
and iron-formation occur in the Gogebic Range and near Florence and 
represent basins of deposition that developed in Middle Precambrian 
time on the older Precambrian basement rock. Elsewhere to the south, 
volcanic rocks and related intrusive rocks of Middle Precambrian age 
were emplaced, and subsequently metamorphosed. Description of these 
Precambrian events is given on pages 11-27. 

The sequence of marine sedimentary rocks of Paleozoic age includes 
layers of limestone, dolomite, sandstone and shale. They are nearly 
flat-lying to slightly inclined to the southeast, south, or southwest, 
dipping gently away from the up-warped arch of older rocks on which 
they were deposited. Detailed studies of these rocks and the fossils 
present in many layers show that during the period :from about 600 
to 400 million years ago, shallow seas occupied the region to varying 
depths at different times. The sequence of layers record the migration 
of ancient shorelines across the area. Erosional intervals indicate re
treat of the sea, and clastic sediments that are now sandstone and 
shale record advances of the sea. The carbonate rock layers indicate 
periods of greater water depths or development of reefs in areas 
further from shorelines. The sequence of Paleozoic strata is well 
exposed in the unglaciated area of southwestern 'Visconsin. Else
where to the north and east it is exposed only along streams and in 
quarries and road cuts. The maximum thickness of Paleozoic rocks 
is about 2,750 feet in southeast ''Tisconsin. The Paleozoic deposits are 
described and interpreted on pages 23-37. 

Glacial deposits in Wisconsin are mainly the result of the last three 
of four maior advances and retreats of ice during a period that began 
about 1 million years ago and ended less than 11,000 years before the 
present. Except in southwestern Wisconsin, earth materials at the sur
face in most of the State are mainly mixtures of clay, sand, gravel, and 
locally consist of many small to large pieces of rocks; all were deposited 
from glacial ice or from water produced by melting. The rock frag
ments are similar in composition to bedrock that occurs in areas of 
central and northern ·wisconsin, the adjacent part of Michigan, and 
south-central Canada. The variety in size and composition of rock 
fragments, the marked abruptness of the contact of the deposit with 
the bedrock surface, and the high degree of probability that they came 
from other than local sources are characteristic of deposits forn1ed di
rectly from melting glacial ice. Unsorted glacier-borne rock debris 
(moraine) was widely deposited over much of the State (fig. 1); re
lated water-borne clay, sand, and gravel (outwash) were deposited 
along paths of meltwater drainage from the glacial ice. The deposits 
left by glacial ice and by water from melting ice accumulated during 
a period from about 1 million years to about 10,000 years ago (table 1). 
Glacial deposits are further described and interpreted on pages 38-55. 

Each of the three types of deposits contains mineral resources of 
importance. The Precambrian rocks include resources of iron, copper, 
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and zinc. The Paleozoic strata include abundant supplies of limestone 
and dolomite to furnish crushed stone and dimension stone, as well as 
serving as host rocks for ores of 1ead and zinc. The glacial deposits 
include ample resources of sand and gravel. 

PRECAMBRIAN GEOLOGY 

(By C. E. Dutton, U.S. Geological Survey, Madison, Wis.) 

Introduction 
The presence of major iron, copper, and zinc resources in rocks 

of Precambrian age has stimulated continuing studies of the various 
kinds of rocks, their extent, and age relationships with otJher rocks. 
These rocks are a part of the southern margin of the Canadian shield, a 
great low-lying region of Precambrian rocks that is the exposed part 
of the North American craton. Away from this craton, the Precam
brian rocks are overlapped by strata of Paleozoic and younger age, 
which form a thin platform cover of relatively undisturbed rocks 
that thicken generally southward and westward. Glacial deposits of ir
regular thickness, soils, and stream deposits cover the bedrock over 
much of the region so that while much is known in the relatively few 
areas of bedrock exposures, throughout the broad intervening areas 
knowledge is limited to inference and regional correlations, supple
mented by drill hole data and instrumental surveys that provide mag
netic patterns and gravity gradients. 

Interest in the copper and iron deposits in northern Michigan and 
the ·probable existence of rocks containing similar deposits in northern 
Wisconsin led to many geological investigations beginning about 1850. 
Basic concepts concerning distribution, origin, classification, and ar
rangement of Precambrian rocks in Wisconsin and their relations to 
adjacent areas were presented by Weidman (1907), Van Rise and 
Leith ( 1911), Allen and Barrett ( 1915). Hotchkiss and others ( 1915), 
and Hotchkiss and others ( 1929). Leith, Lund, and Leith ( 1935) corre
lated the known geology and summarized the results of 50 years of 
work by geologists of the U.S. Geological Survey in the Lake Superior 
area. Dutton and Bradley (Hl70) compiled and interpreted geologic, 
magnetic, and gravity data for ""Wisconsin from published reports and 
unpublished data of the Wisconsin Geological and Nat ural History 
Survey and the U.S. Geological Survey in a series of six maps and a 
summary report with a companion bibliography (Dutton and Bradley, 
1971). 

There is much interest in the developing knowledge of the complex 
geological history of the Precambrian rocks of Wisconsin. Since 1970, 
the ·w·isconsin Geological and Nat ural History Survey has initiated a 
detailed low-altitude aeromagnetic survey of the State (fig. 4) and has 
compiled a reg:ional gravity map of Wisconsin (fig. 5). Only about 
1,200 square miles (about 6 percent) of the area where rocks of Pre
cambrian age form the bedrock in "'\Visconsin have been mapped 
geologically at a scale of 1 :24,000, the scale that is generally needed 
for appraisal of mineral resource potential (fig. 6). 



EXPLANATION 

1 24,000 
(1 onch = 2000 feet) 

1:62.500 
(1 inch = 5208 feet) LAFAYETTE 

10 MILlS 1--..,..-I."T"""...,.... _ _. 20 40 

0 20 40 10 kiLOMfTRES 

FIGURE 6.-Index of published large scale geologic maps and major areas of 
Precambrian bedrock outcrops in Wisconsin. Publications containing these 
maps by numbered areas are: (1) Leighton, 1954, (2) Van Hise and Leith, 
1911, (3) Dutton, 1971, (4) Bayley, Dutton, and Lamey, 1966, (5) Fisher, 1957, 
(6) Dalziel and Dott, 1970. Lettered areas discussed in text are: (A) 
Keweenawan, (B) Barron, (C) Gogebic, (D) Butternut-Conover, (E) Lady
smith-Rhinelander, (F) Florence, (G) Pembine-Amberg, (H) Southeastern, 
(J) Wausau-Wisconsin Rapids, (K) Black River Falls_Neillsville, (L) 
Baraboo. 

Two studies published recently provided a regional framework to 
correlate the detailed studies in widely scattered areas. Van Schmus 
(1976) bases his interpretation on radiometric age determinations 
from many areas. Sims (1976) establishes his framework on regional 
correlation of known and inferred geologic relationships throughout 
the Lake Superior district, supported by age determinations (fig. 7). 
RegionalsWin/fJUlry 

The following summary combines the observations and interpreta
tions of Dutton and Bradley (1970), Van Schmns (1976), and Sims 
(1976). Major events are listed in table 2, as is the distribution of 
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different rocks that resulted from these events. The lithology of the 
Precambrian rocks is shown in figure 2. More detail is given on rela
tive ages and regional relations in figure 7 for Early and Middle Pre
cambrian rocks, and in figure 33 for Late Precambrian rocks. Areas in 
which detailed mapping at a scale of 1 : 24,000 has been published 
are shown on figure 6, which also provides a location index to specific 
areas discussed below. 

0 20 40 M1 

0 20 40 Km 

EXPLANATION 

LATE PRECAMBRIAN (B00-1600 my) 

~ 
~ 

Rapak1v1-type 1ntrus1ves and 
anorthoSite 

h/::.::::/;J Ouartz1te 

MIDDLE PRECAMBRIAN (1600-2500 my) 

Gran 1t1c rocks 

Domonantly metasedimentary 
rocks 

Domonantly metavolcanic rocks 

Modtf1ed from P K S1ms, 1976 

EARLY PRECAMBRIAN (>2500 my) 

Gran111c rocks 

MetavolcaniC and metased1. 
mentary rocks, mamly 
greenschist fac1es 

OrthogneisS and paragne1ss. 
granulite and amph1bol1te fa
Cies Includes gran1t1c rocks, 
probably of both Precambroan 
early and m1ddle ages. and 
local bedded rocks of m1ddle 
Precambroan age 

--- Known or onferred fault 

FIGURE 7.-1\fap of Precambrian rocks in nQrth-central Wisconsin (modified from 
Sims, 1976). 



TABLE 2.-GENERALIZED SEQUENCE OF PRECAMBRIAN EVENTS IN WISCONSIN (COMPILED FROM SIMS, 1976, VAN SCHMUS 1976, AND DUTTON AND BRADLEY, 1970) 

Approximate age on million years (m.y.) Events Types of rocks and location 

J 600 

u"\ :r 
I, 600 

Precambrian 
Middle (X 

{ 

·2, 500 

Early w { 

Sedimentation. __ ------------ ______ ---------- _____ Sandstones, nearly flat-lying, in area south of Lake Superior(may not be present 
in Wisconsin). 

I, 100 ____________________ SedimentatiOn, volcanism, intrus1on, faulting __________ Basalt flows and related volcanic and clastic sedimentary rocks, gabbroic 
ontrus1ons emplzcej on major nft faults 1n Keweenawan area. 

I, 500-------------------- Erosion, intrusion __________________________________ Wolf R1ver Batholith. 

I, 651H, 700 ______________ Mild metamorphism and folding _____________________ Warping of Barabao area. 
I, 500-1, 800 ______________ Sed1mentat1on ____________________________________ Quartzites 1n Baraboo, Wausau, and Barron areas. 
I, 750-1, 800 ______________ Volcamsm, ontrusiOn _______________________________ Rhycllte and gramte on Baraboo area and small areas to north and east. 
I, 800-1, 900 ______________ Penokean orogeny w1th Widespread 1ntrus1on, foldmg Granite intrus1ons south and west of Florence, and Wausau area, area-wide 

and strong metamorphism. foldmg and metamorphism. 
I, 9J0-2, 100 ______________ SedimentatiOn and volcamsm. _ _ __ __ __ __ __ __ __ __ __ __ I ron-tormat1on, quartzite, and graywacke-shale in Florence and Gogebic areas; 

associated mafic volcan1cs in Florence area. 
2100 _____________________ Mild warping ____________________________________ Development of sedimentary basins. 
2, 100-2, 600____ __ __ __ __ __ Erosion ___________ ------ ________ ---- ______ ------ __ 

2, 700-------------------- Algoman Orogeny w1th strong metamorphism, fold1ng Orthogneiss and paragne1ss dommantly of granulite and amphibolite facies in 
1ntrus1on. north-central areas, gramte 1ntrus1ve mto metavolcanic and metasedimen

tary rocks south of Gogeb1c area. 
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Lower Precambrian 
The Lower Precambrian rocks of ·wisconsin include two different 

sequences, which Sims (1976) designates as an older gneiss terrain 
underlying the southern part of the area shown in figure 8 and a 
younger greenstone terrain that occurs south of the Gogebic Range 
in Wisconsin and more extensively to the north in the Lake Superior 
region. The gneiss terrain includes several types of gneisses, granite, 
and other rocks that have undergone intense metamorphism. The 
greenstone terrain consists of steeply dipping volcanic rocks and 
minor interbedded sedimentary rocks that have been folded and sub
jected to low or moderate grade metamorphism and intruded by 
granitic rocks. The volcanic rocks are dominantly subaqueous basalt 
flows, with lesser amounts of more felsic volcaniclastic rocks. The 
granitic plutons in the greenstone terrain were intruded concurrently 
with the folding during the Algoman orogeny about 2.7 billion years 
ago. The age of the gneissic terrain has not yet been established by 
geochronometric dating in Wisconsin, but is inferred to be older than 
the greenstone terrain. The gneissic rocks are similar to older rocks 
known in Michigan and Minnesota with ages of about 3.2 billion 
years. 

The recognition by Sims of these two different sequences of older 
Precambrian rocks represents a significant step forward in unravel
ing the complex geologic history of Wisconsin, and provides the first 
regional synthesis of these old events and a model which will be 
tested and refined by future investigations. 

1Jf iddle Precambrian 
A long interval of stability apparently followed the Algoman 

orogeny, during which time the region was subjected to significant 
erosion. Beginning about 2.1 billion years ago, mild warping formed 
one or more basins in which thick sequences of sedimentary rocks 
were deposited in the Gogebic and Florence areas, including the 
iron-formation in which important iron ore bodies formed. A thick 
volcanic unit occurs in the sedimentary sequence in the Florence area. 
To the south in Wisconsin extensive accumulations of mafic to felsic 
volcanic rocks were deposited at about the same time. Some of these 
volcanic rocks are the host rock for massive sulfide deposits contain
ing copper, zinc, and other metal values in sulfide minerals. The 
depositional cycle was brought to a close by the Penokean orogeny 
that involved folding and metamorphism of the bedded rocks about 
1.8 to 1.9 billion years ago. After culmination of the orogeny, and 
mainly after its termination, granitic plutons were intruded in the 
southern part of the area where the intensity of the orogeny was 
greater. In the time interval from 1.75 to 1.8 billion years ago, 
granitic intrusives and rhyolitic volcanic rocks were emplaced in the 
Baraboo area and adjacent areas to the north and east. Subsequently 
in that area erosion proceeded, and a sequence of clastic SE'diment~ry 
rocks was deposited. In the time interval from 1.65 to 1.7 billion years 
ago, these sediments were subjected to mild metamorphism and folded 
into a gentle syncline. Elsewhere in the 1Vausau and Barron areas and 
westward into Minnesota and South Dakota, extensive accumulations 
of similar platform quartzites were formed at about the same time or 
slightly later. 
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Upper Precambrian 
Deposition of quartzose sediments similar to those in the Baraboo 

area probably continued into Upper Precambrian time in the Barron 
area and elsewhere in the region. About 1.5 billion years ago a large 
anorogenic plutonic complex, the Wolf River batholith, was intruded 
in east-central ·wisconsin (fig. 7). ~everal igneous rock units within 
the batholith have unusual rapikivi textures, indicative of slow-cool
ing and passive emplacement. Thermal metamorphism of rocks in 
the surrounding terrain is indicated by geochronometric dates as 
young as 1.35 billion years. About 1.1 billion years ago, a major con
tinental rift fault developed that extends from Lake Superior south
westward into Kansas, a distance of nearly 1,000 miles ( 1600 km.). 
The basin of deposition that formed over this rift contains a thick 
sequence of basalt flows, interlayered sedimentary rocks, and gab
broic intrusive rocks. Extensive deposits of native copper are found 
in some of the basaltic flm,s, and copper sulfide deposits occur in one 
shale horizon in these strata in the Keweenaw Peninsula in Michigan. 
Extrusion of the flood basalts and emplacement of the gabbroic in
trusives were accompanied by :faulting and emplacement of dikes and 
by development of synclinal folds along the axis of the rift. These 
folds served as basins of accumulation for a thick sequence of clastic 
sedimentary rocks, which are the youngest Precambrian rocks in 
Wisconsin. 
Description of principal areas 

The following discussions provide a brief description of the prin
cipal areas underlain by Precambrian rocks based largely on summary 
information in Dutton and Bradley ( 1970) and further references 
cited in that study. 

J{ eweenawan area 
The northwesternmost area of Precambrian rocks in ·wisconsin is 

underlain by a thick sequence of Upper Precambrian volcanic and 
sedimentary rocks (figs. 2, 33). The Keweenawan area (location shom1 
in fig. 6) contains about 20,000 feet of basaltic lava flows with some 
andesitic flows. Individual flows are massive, and most exhibit typical 
flow-top structures. Beds of shale, sandstone and conglomerate are 
interbedded with the flows. Gabbroic rocks of essentially identical 
chemical composition to the lavas form numerous dikes and locally 
more extensive plutons near Mellen. 

A sequence of sedimentary rocks at least 17,500 feet thick, referred 
to locally as the Lake Superior Sandstone, overlies the lavas. The lower 
portion of the sequence, the Oronto Group, includes the Outer Con
glomerate, Nonesuch Formation and Freda Formation; all are clastic 
rocks similar in composition to sedimentary rocks interlayered with 
the lava flows. The upper part of the sequence, the Bayfield Group, 
includes the Orienta, Devil's Island, and Chequamegon Formations. 
The sandstones in the Devil's Island closely resemble known Cam
brian strata in the regions [pp. 31-32]. The Lake Superior Sandstone 
has been considered Upper Precambrian in age, but may contain strata 
of younger age. 

The sedimentary and volcanic seonences are folded into a large 
northeasterly plunging syncline in Douglas and Bayfield Counties. 
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The outer limits of the syncline are faults of general northeasterly 
trend along which the volcanic rocks to the south have been raised 
relative to the adjacent sedimentary rocks. Many transverse faults of 
general northerly trend are also present (Dutton and Bradley, 1970, 
sheet 3; alsop. 5 and 7). 

Native copper deposits in the lava flows and copper sulfide deposits 
in the Nonesuch shale have been extensivelv mined in the Keweenaw 
Peninsula in Michigan. In Wisconsin, the lavas and interlayered sed
imentary rocks contain widely scattered. occurrences of copper and 
copper sulfides, and the Nonesuch shale 1s known to contam copper 
mineralization, although minable concentrations have not yet been 
found (see copper chapter, pp. 107-117). 

Reports by Irving (1883), Butler, Burbank and others (1929), and 
White and Wright (1954) concern the geology and copper deposits 
of the Lake Superior area. General geology is discussed by Grant 
(1901) and Van Rise and Leith (1911); Grant also discusses the 
copper deposits in Wisconsin. The uprer sedimentary unit of the 
Keweenawan is discussed by Thwaites (1912b) and Hite (1968). 

Gogebio area 
The Gogebic Range lies immediatelv south of the Keweenawan area 

(figs. 2, 6), and is underlain by Middle Precambrian sedimentary 
rocks resting unconformably on Early Precambrian greenstones and 
granites. The sedimentary sequence includes 450 to 550 feet of Palms 
Quartzite, about 650 feet of Ironwood Iron-formation and about 10,000 
feet of Tyler Formation at the top. Locally, the Palms is underlain in 
small areas 'by the Bad River Dolomite. The iron-formation is a 
layered sequence of various ratios of chert and iron oxide, iron carbon
ate, and iron silicate minerals. The Tyler Formation is an interbedded 
sequence of fine- to medium-grained clastic sediments that are now 
dominantly slates. 

The Early Precambrian greenstones that underlie the sediments in 
the Gogebic area are metamorphosed basalt flows, volcaniclastic rocks, 
and gabbro. At the west end of the Gogebic Range, the sediments are 
underlain by granite which is intrusive into the greenstone. The gran
ite has been dated as at least 2.7 billion years old a short distance to 
the <'ast in Michigan (Sims and others, 1976). 

The sedimentary sequence has been folded, and the rocks dip steeply 
to the northwest and have been displaced along steep faults parallel 
to the trend of the beds or at right angles to the trend. Dikes and sills 
of Middle and Late Precambrian age locally have invaded the iron
formation. 

Significant amounts of iron ore were mined from ore bodies that 
developed within the iron-f1ormation. These ore bodies formed where 
dike-; intruded or faults offset the iron-formation and produced down
ward inclined troughs along which descending ground water was 
directed. ChPmical a('tion by the water locally (1) changrd the abun
dant originally soluble iron-bearin,g- minerals into residual and insol
uble ones and (2) removed varying amounts of chert. 

Butternut-Oonm,er and Rhinelander area 
The Butternut-Conover area (fi/!S. 2. 6, '7) extends southward and 

eastward :from the Gogebic Range. Glacial deposits from 25 to 235 feet 
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thick blanket most of the area, and bedrock outcrops are generally 
small and widely scattered. Most of the geologic data is based on drill 
hole information, test sites and geophysical surveys (Dutton and 
Bradley, 1970, pls. 1 and 3). 

Sims (1976) describes this area as having an Early Precambrian 
basement of gnessic rocks in which basins developed in Middle Pre
cambrian time. The basins became the sites of deposition of extensive 
accumulations of volcanic rocks of dominantly mafic composition and 
lesser amounts o£ clastic sedimentary rocks and iron-formation. Sub
sequently, all of these formations were folded, metamorphosed and 
intruded by granites. The proportion of volcanic rocks, mainly green
stones, increases to the south. The basins were apparently less exten
sive than basins in the Gogebic and Florence areas so that regional 
correlation of units is very conjectural. 

Allen and Barrett (1915) interpreted the geology near Conover on 
the basis of geologic data, magnetic data, and the results of drill core 
from 50 holes. Exploration at several sites of above normal magnetic 
values penetrated steeply inclined iron-formation that is commonly 
interbedded hematite, magnetite, and chert in a widt> range of pro
portions. The segments of iron-formation are steeply dipping limbs 
of folds or are fault segments of one or more iron-rich layers. The 
iron-formation din not conta:in iron ore in mineable concentrations. 
Associated rocks are chloritic and sericitic phillites or schists and 
local graphitic slates. Some schists are garnetiferous and locally 
kyanitlC. Greenstone and mafic intrusives are present locally. 

Iron-formation was penetrated in a number of drill holes at Butter
nut. The iron-formation has been intruded by granite. Fine-grained 
chalcopyrite is sparse in the iron-formation but more common in 
biotite sohists adjacent to the iron-formation on the south (Dutton, 
1975). 

Geologic data in the Butternut-Conover area are generally too few 
and scattered to determine the stratigraphic sequences and geologic 
structures except as generalizations. However, it is likely that the 
sequence including iron-formation near Pine Lake at the north edge 
of the area is bounded on the north by a fault, and adjacent rock to 
the north is probably of Precambrian W age. The south limit of the 
layered rocks near Butternnt in Ashland County is kyanitic schist 
1,720 million years old by K/ Ar ratio (Goldich and others, 1961, 
p. 105, and 178) present locally ·at an intrusive granite of unknown 
extent; magnetic data in part of the south side of the area suggest 
the presence of mafic rock of characteristics as indicated on sheet 1 
of Dutton and Bradley (1970) and by Hotchkiss and others (1929). 
Part of the layered sequence near Conover in the eastern part of the 
area is intruded and flanked by granite (Allen and Barrett, 1915, 
p.123). 

Data from exploratory drilling (Hotchkiss and others, 1929, pp. 
116-145) indicate that strata of the Butternut-Conover area probably 
extend westward to and presumably under quartzite near Barron. 

Ladysmith-Rhinelander area 
The greenstone sequences in the Ladysmith-Rhinelander areas and 

adjacent drift-covered areas have been the sites of intensive explora-
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tion, and three ore bodies containing copper- and zinc-sulfide minerals 
have been found recently near Ladysmith-Rhinelander, and Crandon. 

Precambrian rocks of special significance occur near Ladysmith in 
a poorly exposed area west of the Butternut-Conover area. Field notes 
of 1910 and subsequent publication (Hotchkiss and others, 1915, 
p. 169) report that volcanic material, "mashed prophyry ," from a dug 
well and that from several shallow test pits near Ladysmith contained 
copper and silver mineralization. Exploration in 1'. 33 N., R. 6vV., 
south of Ladysmith, Rusk County, in 1968, penetrated schists and 
phyllites derived from volcanic and volcaniclastic rocks and contain
ing copper mineralization of commercial significance (Dutton, 1971), 
the first discovery of ore in rock of this type in Wisconsin. 

A somewhat similarly interesting area east of Rhinelander was cited 
by Dutton and Bradley ( 1970, p. 8, item 8) , and recent successful 
exploration in the vicinity was reported in 1975. Discovery of copper 
sulfide with associated zinc sulfide and lesser amounts of gold, silver, 
and lead sulfide, near Crandon, was announced in May 1976. Explora
tion in the northwestern part of Marinette County penetrated low
grade copper and zinc mineralization. 

Rhyolite was also reported to have been penetrated by one hole in 
Sec. 10, T. 35N. R. SW., 14 miles northwest of Ladysmith (Hotchkiss 
and others, 1915, p. 180) and by five holes in T. 33N., R. SW., south
west of Ladysmith (Hotchkiss and others, 1929, p. 116-117). This last 
source also reports that two holes were in granite in section 23 of the 
same township. 

Florence area 
The Florence area is in the Menominee iron-bearing district in the 

southeastern part of a triangular basin that extends north and north
west to Crystal Falls and Iron River, Mich. 

Argillite and associated graywacke are the most abundant sedi
mentary rocks. In the northern part of the area, they are above and 
below the Riverton Iron-formation that is composed of interbedded 
siderite and chert and is about 600 feet thick (Dutton, 1971). The 
argillite and graywacke unit below the iron-formation is underlain 
by Badwater Greenstone and the Michigamme Slate, an argillite
graywacke unit. These rocks are all of Middle Precambrian age. 
The principal structure is a northwesterly plunging syncline with 
part of the southwestern limb missing because of uplift by faulting 
and subsequent erosion. A smaller syncline to the soutlnYest is doubly 
plunging and is similarly truncated by a fault. Iron ore formed by 
action of percolating water changing iron carbonate to insoluble iron 
oxide that concentrated in favorable structural traps along axes of 
downward flexures of strata or along faults. Chert was locally re-
moved or significantly decreased by solution. . 

Bedrock in the southern hal£ of the area consists mamly of meta
morphosed mafic lava flows, now greenstone, showing pillow struc
tures, and smaller amounts of metafelsic rock. The mafic lavas are 
older than the metafelsic rock. Both are probably of Middle Pre-

78-847 0 - 77 - 3 
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cambrian age as they are similar to rocks in the Pembine-Amberg 
area to the southeast that have an age of approximately 1,900 million 
years (Banks and Rebello, 1969). A fault separates the metafelsic 
rock from an argillite-graywacke unit adjacent to the north that is 
interpreted to be correlative with the Michigamme Slate in the 
northern hal£ of the Florence area. The greenstone unit is intruded 
by gabbro and by granite. 

Pembine-Amberg area 
The Pembine-Amberg area extends southward from the east end of 

the Florence area for about 30 miles (figs. 2, 6, 7). According to 
Jenkins ( 1973) rocks in the northern part of the area in sequence 
of probable decreasing age are metabasalt, metaandesite, basalt ag
glomerate, rhyolite, rhyodacite flows, and a few interbedded sedi
ments. The rocks have been folded and intruded by granite, granodio
rite, quartz diorite, and ultramafics. U-Pb ratios in zircons from the 
volcanics are about 1,905 million years old (Banks and Rebello, 1969) 
and the granite is 1,890+ 15 million years old (Banks and Cain, 
1969). Some greenstone and rhyolite in the area was examined by 
geophysical surveys and was explored by drilling. Minor copper and 
zinc mineralization is present, but interest has waned. 

Rocks in the southern part of the area are mainly quartz monzonites 
about 1,860+15 million years old (Banks and Cain, 1969) and 
1,800+30 million years old (Van Schmus, unpublished data). No age 
data are known for the lesser metavolcanic and metasedimentary 
rocks, mainly quartzite, that they intrude. 

Southeastem area 
The southeastern area extends over most of Shawano and Waupaca 

Counties. It includes the Tigerton area of anorthosite CW eis, 1965; 
Dutton and Bradley, 1970, sheet 3 and p. 11) and a much larger 
surrounding area of units that comprise the ·wolf River batholith 
(Van Schmus and others, 1975, p. 907-914). Granite and quartz 
monzonite constitute 51 percent of the Wolf River batholith; porphy
ritic quartz monzonite is about 21 percent, and quartz monzonite about 
10 percent; other units are rhyolite, syenite, and additional varieties 
of granite. 

The rocks of the batholith formed about 1,500+50 million years 
ago (Van Schmus, 1976, figure 2). 

Wausau-Wisconsin Rapids area 
The Wausau-Wisconsin Rapids area is the south-central part of the 

Precambrian bedrock at the surface in "\V"isconsin (fig. 2). It is the 
largest area of numerous exposures in the State (Dutton and 
Bradley, 1970, sheet 3, pp. 11-12) but only the area in the vicinity 
of Wausau has been mapped in detail. Mapping and geologic study 
of the area began in 1969 and is continuing. Open-file reports and 
maps are available from Wisconsin Geological and Natural History 
Survey. 

The most common rocks in the Wausau-,V"isconsin Rapids area are 
felsic and mafic varieties of igneous intrusives and extrusives, mainly 
of Precambrian Y age and locally of Precambrian X age (Sims, 1976). 
Several areas of quartzite are near vVausau. Exposures of gneisses 
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of Precambrian Wage (Sims, 1976) are common along the Wisconsin 
River and some tributaries south and west o:f Wausau. 

La.Berge and :Myers ( 1976) described the general structure of the 
vVausau area as " ... an extensive complex of volcanic and coge
netic intrusive rocks ... " The distribution of rock types suggests 
plutons, roof pendants, and contamination zones in the apex of a 
batholith in the western part of :Marathon County. Several major 
structural trends intersect in the county and "· .. coincide with 
zones of intense cataclasis . . . before, during, and after batholith 
emplacement." 

The principal rocks in the Stevens Point--Wisconsin Rapids area, 
which is south of the "\Vausau area, are granitic and mafic intrusives 
and gneisses that have been examined in detail in only a :few parts of 
the area. Rocks are locally well exposed along the Wisconsin River 
where the sequence is, from old to young: banded granitic gneisses 
and amphibolite, medium-grained tonalite (quartz diorite containing 
mica and hornblende) fine-grained tonalite dikes, which become less 
mafic with decreasing age of intrusion, mafic dikes, and diabase sills. 
All except diabase have been recrystallized under middle grades of 
metamorphism (Maass and others, 1976). 

Whole-rock analyses of Rb-Sr and U-Pb analyses of zircons from 
the older gneisses at Stevens Point indicate an origin about 2,800 m. y. 
ago (Van Schmus and Anderson, 1976). Deformation and intrusion 
during the Penokean orogeny of Precambrian X age took place 1,500 
to 1,900 m.y. ago. (Van Schmus and others, 1975). The gneisses 
formed in Precambrian W time but were modified by Penokean events. 

Gneisses are also exposed locally along the rivers in Eau Claire and 
Chippewa Counties. Cummings (1975) reports that the rocks at 
Big Falls east of the city of Eau Claire are mainly amphibolite, horn
blende gneiss, and banded amphibolite gneiss that have been sheared 
along major and minor converging and diverging planes. 

Black River Falls-Neillsville area 
The Black River Falls-Neillsville area (figs. 2, 6) contains the 

most southwestern exposures of Precambrian rocks in Wisconsin. 
They are along the course of the Black River and its tributaries west 
of the Wausau-Wisconsin Rapids area where stream erosion has 
removed overlying Paleozoic rocks. 

The common rocks are mainly gneisses and schists of probable Pre
cambrian W age, but Van Schmus (1976, p. 617) reports an age 
of 1,900 million years for unspecified rocks in this area. Felsic and 
mafic intrusives and several areas of iron-formation composed mainly 
of magnetite, hematite, and quartz are also present. The iron-forma
tion is probably of Precambrian X age. 

Barron area 
The Barron area (figs. 2, 6) is in the west-central part of the 

Precambrian area. The rocks there are dominantly quartzite and minor 
sandstone. They are mainly fine grained, but are locally coarser 
grained. Some rocks contain quartz pebbles (Hotchkiss and others, 
1915, p. 35-45). The basal part of the quartzite contains decom
posed fragments of schist and slate. A minor phase is pipestone in 
which Indians made a shallow quarry. 
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The general structure of the area is a gently northwesterly plunging 
syncline; minor faults are also present. The geologic age of the 
quartzite is uncertain due to its isolation and lack of any known rela
tionship to rocks of determined or generally accepted age, but it is 
generally believed to be Precambrian Yin age. 

Baraboo area 
The Baraboo area is about 75 miles south of the south limit of the 

Wausau-Wisconsin Rapids area (figs. 2, 6) and is underlain by a 
sequence of sedimentary rocks. The lowest unit is a resistant quartzite; 
overlying units are iron-formation and slate. 

The Baraboo area has been of special interest to structural geolo
gists as summarized by Dalziel and Dott ( 1970) ; "The very existence 
of an inlier of metamorphic and igneous rocks in the region probably 
would have attracted much attention from geologists. However, the 
work of C. R. Van Hise, C. K. Leith, and W. J~ Mead . . . in the 
latter part of the nineteenth and early part of the twentieth centuries, 
has made the beautifully displayed structures in the deformed meta
sediments at Baraboo famous to structural geologists throughout the 
world . . . It is generally accepted that Van Hise was the first to 
appreciate fully the structural configuration of the quartzite on the 
basis of bedding/cleavage relations." Concepts developed in this pio
neering work on rock cleavage are still among the primary tools used 
for detailed structural analysis around the world. 

The iron-formation in this rock succession contained ore that was 
mined. The strata are probably of Precambrian Y age. Dott and 
Dalziel (1972) report a Rb-Sr age for rhyolite below the quartzite 
as about 1,640 million years. 

Other areas 
Precambrian rocks are present in numerous small areas beyond 

the limits shown on figure 4, where erosion has locally removed over
lying Paleozoic strata. Details of these areas are summarized in Dutton 
and Bradley ( 1970, sheets 3, 5) and briefly tabulated here: 

Location Lithology 
Middle Mound, 18 mil~s west-southwest of Wisconsin 

Rapids ------------------------------------------- Quartzite. 
Necedah Mound, 30 miles south of Wisconsin Rapids____ Do. 
Hamilton Mound, 18 miles southeast of Wisconsin 

Rapids ------------------------------------------- Do. Waterloo, 30 miles northeast of Madison______________ Quartzite and granite. 
Waushara County----------------------------------- Granite. 
Green Lake County---------------------------------- Granite and rhyolite. 
Marquette County----------------------------------- Do. 
Near Baraboo, Columbia, and Sauk Counties----------· Do. 

Dating of muscovite from granite that intrudes quartzite in the 
Waterloo area yields ag-es of 1,410 million years by K-Ar and 1,440 
by Rb-Sr (Dott and Dalziel, 1972, p. 559). Rhyolite in the Fox River 
Valley has been dated as 1,800 -+-30 million years by U-Pb data (Van 
Schmus, Thurman, and Peterman, 1975, p. 1,262, table 2). 

The areas of granite and rhyolite have been investigated by Smith, 
(1976). Most of the rocks represent one of three chemical groups based 
on amounts of CaO, Ti02 , and Rb-Sr. Rhyolitef' and granites are 
probably from the same source. 
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PALEOZOIC ROCKS 

(By M. E. Ostrom, Wisconsin Geological and Natural 

Introduction 
History Survey, Madison, Wis.) 

Sedimentary rocks of Lower Paleozoic age overlie Precambrian 
rocks in the west, south, and cast areas of the State (fig. 2). They 
consist of a sequence of alternating clastic and carbonate rocks ranging 
in age from Late Cambrian to Late Devonian (fig. 8). The clastic 

System Series Group Format1on Member 

Upper Kenwood (55') 
Milwaukee (80') 

Devonian Middle Thiensville (65') 
Lake Church (35') 

Cayugan Waubakee (30') 
Racl.ne (100.) 

Silurian Niagaran Manistique (150') 

Hendricks) (llO') 
\3yron _1 

Alexandrian Mayville (175') 

Neda (55') 
Cincinnatian Maquoketa (240') 

Galena 230' 
S1nnipee Decorah (25') 

Champlainian Platteville (100' 
Glenwood (13') 

Ordovician St. Peter Tonti ) (332 ,) 
Readstownt 

Shakopee Willow R1 ver (50') 
Prair1e New Richmond (25') 

Canadian du 
Chien Oneota (200') 

Sunset Po1nt 
Jordan Van Oser) ( 60') 

Trempealeau Norwalk } 
Cambrian St. Lawrence 

Lodi <Black 
St. Croixan (50') Earth 

Tunnel City [---Lone Rock Reno 
(200') Mazom~ Tomah 

Birkmose 
Wonewoc (100.) Ironton (40') 

Galesville 
"-ltonneterre (20') 

Elk Mound Eau Claire (250') 

Mt. Simon (500') 

FIGURE B.-Geologic column of Paleozoic rocks in Wisconsin 

rocks are predominantly quartzose sandstone with shale in some areas. 
A notable exception is the Maquoketa Formation which is mainly shale 
with some beds of carbonate. The carbonate rocks are mainly dolomite; 
locally some may consist of dolomitic limestone and limestone. 

Paleozoic rocks are well exposed in the Driftless Area of south
western W1sconsm, but are covered by glacial deposits over most of 
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the remainder of the State (fig. 1). In the Driftless Area, the charac
ter of the exposed rocks is well known. Rocks too deep to be exposed 
in this area, and mostly covered by glacial deposits elsewhere in the 
State, are known primarily from sparse outcrops and from studies of 
rock samples collected from the drilling of water wells. Because the 
outcrops and wells are not evenly distributed, the character of Paleo
zoic bedrock for many areas of the State is not known. 

Paleozoic rocks are the source of both metallic and nonmetallic 
minerals as well as the host for the State's primary ground water 
supply. Metallic minerals that have been produced from these rocks 
include zinc, lead, iron, silver, and very minor ·copper. Principal non
metallic mineral products include crushed and dimension stone, lime, 
silica sand, and shale. In addition, an estimated 48 percent of all 
water used for industrial, municipal, and private supplies and 55 
percent of all ground water used in Wisconsin are obtained from 
these rocks. 
Depositional pattern 

The Paleozoic rocks of Wisconsin exhibit a distinctive stratigraphic 
sequence of alternating clastic and carbonate rocks which is inter
preted to reflect an equally distinctive depositional history. The pat
tern is especially well developed in the Upper Cambrian and Lower 
and Middle Ordovician rocks and persists in modified form in both 
Silurian and Devonian rocks. 

Upper Cambrian and Lower and Middle Ordovician rocks in Wis
consin are a recurring sequence of four rock types. Each sequence is 
referred to as a cycle of sediments. Characteristics of the cycles are 
summarized in figure 9. 
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ROCK TYPES DEPOSITIONAL ZONES GEOLOGIC UNITS 

carbonate BiogeniC Sinnipee Group 

Shaly sandstone 
Depositional shel! Harmony Hi 11 

and/ or shale Glenwood Mbr. 
v Reworked quartz Fin. 

sandstone 
Nondeposi tional shelf Nokomis Mbr. 

Quartz sandstone 
Shallow marine St. Peter Fm. 

littoral 
~~ - ~ "-"""' 

carbonate B1ogen1.c c. Willow River Mbr. 

" Shaly sandstone Depositional shelf 0 
~ 

and/or shale "' Shakopee 

IV c Fin. 
Reworked quartz Nondepositional shelf -~ New Richmond Mbr. 

sandstone ""' u 
Quartz sandstone 

Shallow marine 
" littoral 
~~~--~ 

Carbonate Biogenic .!:: Oneota Fm, 
" ~ a. 

"' sh:!a_~~;n~~!~~e Depositional shelf 

eJ III 

Re:~~~:~o~~artz Nondepositional shelf 
Sunset Point Mbr 

!2 
u Jordan Fm. 

Shallow marine Van Oser Mbr. 
Quartz sandstone 

littoral Norwal'!_MOr. "'.---

St. Lodi~k Earth 
Carbonate Biogenic Lawrence Mbr. Mbr. 

Fm. 

Tunnel ~Lone Shaly sandstone 
Depositional shelf C1ty Mazom Rock 

II and/or shale Group Fin. 

Reworked quartz 
Nondeposi t i onal shelf Wonewoc I Ironton Mbr. 

sandstone 

Quartz sandstone Shallow mar1ne Fm. l Galesville Mbr. 
l1ttoral 

Carbonate B1ogen1c Bonneterre Fin.~ 
Shaly sandstone 

Deposi t1onal shelf Eau Claire Fin. 
I and/or shale 

Reworked quartz 
Nondeposl.tional shelf sandstone 

Quartz sandstone Shallow mar1ne Mt. Simon Fm. 
l1ttoral 
~ 

FIGURE 9.-Cycles of sedimentation in Upper Cambrian and Lower and Middle 
Ordovician in Wisconsin. 

The four rock types that comprise a cycle are: (1) quartz sand
stone, (2) reworked quartz sandstone, (3) shaly and/or clayey sand
stone or shale, and ( 4) carbonate. Each type is believed to have formed 
in a different sedimentation zone located on a marine continental shelf 
and oriented approximately parallel with the shoreline. In a seaward 
direction the four zones and the four rock types are : ( 1) the high 
energy, shallow, marine nearshore zone of sands; (2) the nondeposi
tional shelf zone or slow depositional shelf zone of reworked alternat
ing beds of well-sorted medium and coarse sands and poorly sorted 
silty and clayey sands which locally conta]n burrows; (3) the deposi
tional shelf zone of predominantly fine-grained clastics including clay, 
silt, and very fine to fine sand with glauconite; and ( 4) the biogenic 
zone of calcareous carbonate reefs. 
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A cycle o.f sediments is formed during n, single episode of advance 
and retreat by the sea. As the sea advances, the land is slowly sub
merged; and the four sediment zones shift landward. Sediments de
posited in zones located near to and roughly parallel with the shore 
become buried as those previously deposited in zones farther from 
shore advance shoreward. In this manner, layers of sediment repre
senting different sediment zones are laid on top of the others and 
always in the same order. 

During retreat of the sea it might be expected that deposits would 
be formed in reverse order. In some cases this is true; but for the 
majority, at least in Wisconsin, these deposits have been wholly or 
partly removed by erosion during the retreat phase of a cycle. Maxi
mum retreat of the sea at the close of each cycle is approximately the 
seaward or southernmost limit of deposits of quartzose sandstone as 
shown in figure 10. 

APPROXIMATE SOUTHERI.)' UNliT OF 
St Peter Sandstone ,__ 

A hi'I>Qthatical 
St Pater s~oraline 
( D~pples, 1955) 

New R1chmonel Ss • · • • • 

Jordan Sandstone 

Go I esv11le Sandstone 

D~re chon of 

Sad1ment Transport 

, 

I , 
,. ' , 

FIGURE 10.-Map of approximate southern limit of occurrence of quartzose 
sandstones. 

Variations in cycles may occur where a particular sediment zone 
was not present due to differences in sediment source, sediment supply, 
energy conditions, suitability of receiving area, or distribution pat
tern of currents and other sediment dispersing agents. Variations may 
also occur in the last phase of a cycle where one of the normal deposits 
was removed ,vhen the sea retreated and the land was exposed to 
erosion by streams and wind. A cycle ends with maximum retreat o.f 
the sea. In some cases the erosion surface produced during retreat may 
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have a relief of up to 350 feet. However, in most cases relief is small, 
on the order of several feet, and may be difficult or impossible to 
detect. 

Five sedimentary cycles, indicating five successive episodes of ad
vance and retreat by the sea, occur in the Upper Cambrian and Lower 
and Middle Ordovician rocks of \Visconsin. The rock strata compris
ing each cycle and their relationships are shown in figure 9. 

Upper Ordovician rocks are primarily shale with some thin units of 
dolomite. They are widespread in eastern \Visconsin and in a few 
scattered outcrops in southwestern "'Wisconsin. On the basis of this 
distribution pattern, it is believed they formerly had a great~r ext~nt 
and likely covered at least most of southern and eastern \V1sconsm. 
Althoug-h these shales are considered to represent clastic deposits of a 
succeedmg cycle, their relationship to the underlying Middle Ordo
vician carbonates and their environment of deposition are not pre
cisely known. There is, however, some evidence to indicate an erosion 
surface separating the shale from underlying carbonates. In addition, 
the presence o.f chlorite-type clay minerals in the shale and their 
absence in older rocks suggest a different source area such as possibly 
the then youthful northern Appalachian Mountains. An extensive 
delta developed westward from the northern Appalachians in Middle 
and Late Ordovician time, and the shale may be a deposit from that 
event. 

The Maquoketa Shale, which is above the sediments of the fifth 
cycle, is locally overlain by a bed of oolitic iron-rich shale that may be 
up to 20 feet or more in thickness. The age of this shale is not positively 
determined although it has been assigned to the Upper Ordovician on 
the basis of fossils. However, the possibility exists that it may be 
Silurian in age and that the fossils were derived from reworking of 
the underlying shales. 

The Silurian rocks of ·wisconsin are predominantly dolomite that 
accumulated as reefs and related deposits in a shallow marine environ
ment, 'are almost devoid of clay and sand, and cover most of the Lake 
Michigan and upper Mississippi Valley regions. Silurian rocks are in 
a wide belt in eastern \Visconsin, extending from the tip of the Door 
Peninsula southward to the Illinois border, and are at the tops of the 
highest hills scattered in southern and southwestern Wisconsin. They 
are also known from numerous subsurface well samples. 

Devonian rocks are confined t0 a narrow belt along the Lake Michi
gan coastline extending from approximately Milwaukee northward to 
Sheboygan. They consist primarily of carbonate rocks, but the upper 
unit is a shale. These rocks are not well known due to very few sub
surface well records and to sparse outcrops. 
Depositional setting 

Deposition of Lower Paleoz01c sediments in the upper Mississippi 
Valley was on a submerged craton (a large rela:tively immobile area of 
the Earth's crust) in which there were active intracratonic basins and 
scattered arches and domes. A study of dispersal centers of Paleozoic 
and later clastic sediments of this and adjacent areas indicated to 
Potter and Pryor ( 1961) that the south ward direction of sediment 
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movement and slope of the craton have persisted through the Paleozoic 
to the present. They believe that ( p. 1229-30) : 

"Such uniformity over so long a time and over such a wide 
area can reflect only major tectonic control. The behavior ~f 
basement rocks of the craton provides that control. Thrs 
underlying tectonic control is the immediate cause of per
sistent paleoslopes, of recycling, and of the location and orien
tation of major clastic deposi'ts ultimately derived from dis
tant tectonic lands." 

Direction of sediment transport in the upper Mississippi Valley 
area is interpreted to have been to the southwest-that is, parallel to 
the shoreline, approximately parallel to the continental margin, and 
perpendicular to the paleoslope, a rel&tionship demonstrated for the 
St. Peter Sandstone by Dapples (1955). The continental margin lay 
toward the Appalachian Geosyncline to the southeast and south. 

During Lower Paleozoic time, high areas existed in the upper Mis
sissipi Valley and are referred to as the ·wisconsin Dome, the North 
Huron Dome, and a connecting link between these two domes called 
the Northern Michigan Highland, and the Canadian Shield (fig. 11). 

Interior 

Ozark D~~~·~ 
--,,,.··· 

0 200 

m11es 

FIGURE 11.-Map of eastern North America indicating areas of Pre-Cincinnatian 
Paleozoic orogenic activity (adapted in part from Eardley, 1951; King, 1959). 

The maior intracratonic basin of this time 'vas the Illinois-Michigan 
Basin. The Ozark area is considered to have subsided dnring pre-St. 
Peter time and to have risen before the end of the Upper Ordovician 
(Cincinnatian) time (Eardley, 1951; Lee, 1943). Deformation during 
this interval is believed to have resulted in the development of many 
arches and other structural features on the craton including the 
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Kankakee Arch, which separated the Michigan Basin from the Illinois 
Basin (Ekblaw, 1938), and the Findlay and Waverly Arches which 
bordered these basins along their southeastern margin (Woodward, 
1961). 
Geologic history 

Late Precambrian 
Sandstones referred to as the Lake Superior Sandstone (of local 

usage) that occur in northwest Wisconsin are of uncertain age. They 
have alternately been assigned by different authors to the Precambrian 
or Cambrian. The Lake Superior Sandstone is included in the upper 
Keewenawan Formation shown on figure 2. In their lower part they are 
interbedded with confirmed Precambrian rocks. However, the youngest 
formations are similar if not identical to younger Cambrian sand
stones. Unfortunately ·they do not occur in direct association with 
Cambrian rocks so that their interrelationships are not known 
precisely. 

The Lake Superior Sandstone is subdivided into two groups on the 
basis of rock and mineral composition. The lower or Oronto Group 
consists in ascending order of the Outer Conglomerate, Nonesuch For
mation, and Freda Formation. All of these formations contain abun
dant feldspar and closely resemble older sediments interbedded with 
known Precambrian rocks. The Oronto Group has an estimated total 
thickness of 22,000 feet. The upper or Bayfield Group consists in 
ascending order of the Orienta Formation, Devil's Island Formation, 
and Chequamegon Formation. The Orienta Formation is very similar 
to the Freda Formation. However, the Devil's Island is a sandstone 
and closely resembles the Galesville Sandstone of the Cambrian Sys
tem in composition, texture, and lithologic characteristics. Chequa
megon has a lithology similar to the Orienta. The Bayfield Group 
has an estimated thickness of 4,300 feet. 

The Lake Superior Sandstone was used as a source of building stone 
only in the late 1800's. 

Cambrian 
The oldest confirmed Paleozoic rocks in "\Visconsin are considered to 

be of Late Cambrian age. They were deposited on the uneven eroded 
surface at the top of the Precambrian rocks. Upper Cambrian rocks 
have the widest distribution of all Paleozoic deposits in ·wisconsin. 

During the Late Cambrian there were at least three episodes of ad
vance and retreat by the sea which produced three cycles of sediments 
(fig. 9). The first cycle consists of the Mount Simon, Eau Claire and 
Bonneterre Formations; these a.re interpreted to indicate submergence 
of the Precambrian surface and advance of the sea. 

The Mount Simon Formation is predominantly a medium- and 
coarse-grained, moderately sorted, quartzose sandstone with some 
layers of finer or coarser grains that range from 5 to 40 percent feld
spar. It is thick-bedded and cross-bedded. Locally it contains thin shale 
layers. The Mount Simon is absent in northeastern "\Visconsin but 
ranges to over 800 feet thick in southeastern "\Visconsin. Only the upper 
a proximately 40 feet is fossiliferous; it contains numerous vertical 
burrows, sparse phosphatic brachiopods, and is moderately to poorly 
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sorted. Sand grains have minute disseminated pyrite crystals on their 
surfaces, and the upper 6 inches to 1 foot of the formation tends to 
be iron-enriched. 

The overlying Eau Claire Formation, which is in sharp conformable 
contact with the Mount Simon, is a predominantly fine- and very fine
grained, silty, micaceous sandstone and sandy shale. This unit is thin
to medium-bedded, cross-bedded, and contains abundant sedimentary 
structures such as ripple marks and load casts. Glauconite is abundant 
in some beds as are trilobite and brachiopod fossils. Morrison (1968) 
identified five subdivisions of the Eau Claire that are laterally persist
ent and characterized by their relative content of sand versus clay. 
Two of the five units are predominantly shale and calcareous sandy 
shale. The Eau Claire is locally absent as, for example, in northeastern 
·wisconsin, but ranges to slightly more than 100 feet in western 1Vi.s
consin. In the vicimty of Beloit, the Eau Claire Formation is overlam 
by a dolomite unit that is tentatively correlated with the Bonneterre 
Dolomite of Illinois and Missouri. The Bonneterre is well exposed 
in Missouri and can be traced through Illinois to Wisconsin where 
it is known only from drill cuttings from water wells. 

The upper surface of the Eau Claire Formation shows clear indica
tion of erosion in western Wisconsin. It is postulated (Ostrom, 1964 
and 1970) that this erosion occurred during the retreat and emergence 
phase of the first cycle and represents the close of that cycle of deposi
tion. It may also explain the very limited extent of the Bonneterre 
Formation. 

The Eau Claire Formation is unconformably overlain by the TVone
woc Sandstone Formation. This sandstone is the first unit deposited 
in the second cycle of sediments and is interpreted to indicate a re
advance of the sea and submergence of the erosion surface developed on 
the Eau Claire Formation. The second cycle consists in ascending 
order of the Wonewoc, Lone Rock, and St. Lawrence Formations. 

The Wonewoc Formation is widespread over western, southern, and 
eastern Wisconsin. It ranges in thickness from less than 20 feet to 
over 100 feet and consists of the Galesville and overlying Ironton Mem
bers. The Galesville Sandstone is predominantly medium and fine, 
well-rounded, quartz grains; it is thick-bedded and cross-bedded. The 
Ironton Sandstone is characterized by alternating beds of well-sorted 
predominantly coarse- and medium-grained sandstone and poorly 
sorted, reworked, and burrowed beds of silt and sand ranging up to 
granule size. Beds are normally about 2 :feet thick. The contact of the 
Ironton with the Galesville is most commonly transitional. The Ironton 
ranges from less than 6 inches thick in south-central 1Visconsin near 
the village of Lone Rock and on the crest of the Wisoonsin Arch to 
more than 40 feet to the west in the Mississippi River bluffs. Its precise 
character and thickness are poorly known in eastern 1Visconsin due to 
being deeply buried. However, well samples suggest its character here 
is similar to that in western Wisconsin and that its thickness is up to 
40 feet. 

The Wonewoc Formation is a source of silica sand used for foundry 
purposes and locally, dimension stone. It is also a major source of 
ground water. 
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The overlying Tunnel City Group, which consists of the Lone Rock 
and the Mazomanie Formations that intertongue, is in sharp contact 
with the Wonewoc FormatiOn. 

The Lone ):{ock Formatwn IS especially well developed in southwest
ern, southern, and eastern Wisconsin. It is subdivided into the Birk
mose, 'l'omah, and Heno Members. '!'he characteristic variable lithol
ogies are (1) fine-grained glauconitic sandstone, (2) silty, sandy, and 
calcareous shale, (3) thin~- to 12-inch beds of rip-up pebbles (intra
clasts), and (4) sandy, glauconitic, and shaly dolomite with rip-ups 
in its lower part . 

The Mazomanie Formation is best developed in the vicinity of the 
Wisconsin Arch in south-central Wisconsin extending southward to 
the vicinity of Madison. The Mazomanie is a fine-grained, moderately 
sorted, thin- to medium-bedded, cross-bedded and locally burrowed 
sandstone. It is a tongue in the Lone Rock Formation, thins south
ward, and disappears in southern ·wisconsin (Ostrom, 1964 and 1970). 

The Tunnel City Group is overlain by the St. Lawrence Formation; 
the contact may be sharp or transitional. The St. Lawrence is over 50 
feet thick in southwestern "\Visconsin and may be absent or as much as 
40 feet thick in eastern Wisconsin. It gradually thins and ends north
ward. The St. Lawrence is comprised of the Black Earth and Lodi 
Members. In reverse of the relationship to the southward-thinning 
tongue of Mazomanie in Lone Rock, the St. Lawrence Formation has a 
northward-thinning wedge of Black Earth Dolomite Member in the 
Lodi Siltstone Member (Nelson, 1956). In southern areas of the State, 
the Tunnel City may be overlain by the Black Earth. Toward the 
north, the Black Earth wedge thins and is confined within the Lodi. 

The Black Earth Member may be a silty, thin-bedded dolomite or 
a medium-bedded algal dolomite. It is believed to have formed in the 
shelf biogenic zone of carbonate development. The Lodi Member is pri
marily a thin-bedded dolomite, sandy siltstone, and silty and dolomitic 
fine-grained sandstone. 

The Black Earth Dolomite is locally used for dimension stone due 
to its attractive color, durability, and availability. It is also a minor 
source of crushed stone. 

The St. Lawrence Formation is overlain by the ,Tordan Sandstone 
which is the upper unit of the Cambrian System of rocks. The contact 
may be either unconformable or transitional. It is unconformable in 
western Dane County (Ostrom, 1970), northeastern Crawford County 
(Wegrzvn, 1973), and in Winnebago County (fig. 6; Ostrom, 1970). 
The unconformable relationship is interpreted as a retreat of the sea 
and erosion of the St. La:wrence Formation followed by advance of the 
sea and deposition of the Jordan Sandstone (fig. 12). This episode of 
cyclic deposition extended from the close of Cambrian time into 
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NORTH SOUTH 

FIGURE 12.-Cross-section of sub-Maquoketa Shale Paleozoic strata from 
Kimberly to Brandon. 

Lower Ordovician time. The Jordan is absent in some areas of eastern 
Wisconsin but is more than 80 feet thick in areas of the southwest. 

The Jqrdan Sandstone consists of the Norwalk, Van Oser, and Sun
set Point Members. The Norwalk is a fine- and very fine-grained. 
medium- to thin-bedded, cross-bedded quartzose sandstone. Locally it 
is extensively burrowed. In many areas, only lack of carbonate distin
guishes it from the underlying Lodi Member. The Norwalk is believed 
to lap onto the Wisconsin Arch and to be overlapped by the Van Oser 
Member. 

The Van Oser Member is predominantly a coarse-grained, thick
bedded, cross-bedded quartz sandstone. It is in sharp and even contact 
with the Norwalk. Where it overlaps the Norwalk and rests directly 
on the underlying St. Lawrence, the contact may be locally uncon
formable with more than 20 feet of relief. 

The Norwalk and Van Oser Members are sources of silica sand used 
for foundry 1.nd abrasive purposes and to increase production from oil 
wells. 

The Sunset Point Member has transitional beds that are predomi
nantly sandstone with beds of ( 1) sandy dolomite and dolomitic sand-

t 
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stone, (2) sandy blue-green shale, and (3) sandstone with sandy 
dolomite .rip-up pebbles. Its contact with the Van Oser Member may 
be sharp or locally indistinguishable but generally appears to be 
transitional. 

The Sunset Point Member is the uppermost unit of Cambrian rocks 
in Wisconsin on the basis of trilobite fossils identified by G. 0. Raasch 
(1935) and of the indefinite character of the basal Ordovician strata. 
However, recent study of conodonts (believed to be mouth parts of 
worms or dermal structures of fish) from the Sunset Point and over
lyin~ Ordovician dolomite rocks of the Oneota Formation suggest that 
the 'Sunset Point Sandstone in western Wisconsin may be Lower 
Ordovician and not Upper Cambrian as presently thought" (D. L. 
Clark, 1967, personal communication). Davis (1970) assigned the 
Sunset Point to the Oneota Dolomite on the basis of ( 1) McGee's 
original description (1891), (2) the character of the basal Oneota in 
northeastern Iowa, and (3) what he described as the closer genetic 
and environmental relationship of the Sunset Point to the overlying 
pure dolomites of the Oneota. However, the contact of the Sunset 
Point with the underlying Van Oser Member is regarded by some 
(Kraft, 1956; Heller, 1956; Melby, 1967; Ostrom, 1970) as at least as 
indefinite and unclear as its upper contact with the Oneota. 

The Sunset Point was an important source of dimension stone used 
in the construction of many of the early buildings in south-central 
Wisconsin. Today it is sometimes used as a source of crushed stone. 

A bed of blue-green shale or sandy shale or shaly sandstone is at the 
top of the Sunset Point member in some areas of western and eastern 
Wisconsin. This bed tends to be less than 1 foot thick but may locally be 
up to 3 feet thick. In Minnesota, in the Minnesota River Valley, it is 
more than 3 feet thick and is blue-green clay and clayey siltstone. This 
bed is interpreted as representative of the shelf depositional zone. 

Ordovician 
The oldest Ordovician formations in Wisconsin belong to the Prairie 

du Chien Group of predominantly carbonate rocks which consist of the 
Oneota and Shakopee Formations. 

The Oneota Dolomite, similar to the Black Earth Dolomite, is inter
preted to have developed in a biogenic zone of calcareous carbonate 
reefs. It may locally be up to 300 feet thick. The lower, or sandy, 
portion contains "floating" sand grains and beds of quartz sandstone, 
chert, and glauconite. The upper, or non-sandy, portion is mainly pure 
dolomite with minor chert, shale, and secondary calcite; sand is rare . 
It is thick-bedded, poorly sorted, and weathers to a rough surface. 

The Oneota is a major source of crushed stone products in Wisconsin. 
It is believed that after deposition of the Oneota Dolomite the sea 

once more retreated, at least partly, and that an erosion surface was 
developed on its top. This surface is especially well displayed in Craw
ford and Grant Counties in southwestern Wisconsin and southeastern 
Minnesota and northeastern Iowa. 

The next cycle of deposition began with development of the New 
Richmond Sandstone Member of the Shakopee Formation. The New 
Richmond is very thin in south-central vVisconsin, on the order of 5 
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feet thick. It thickens westward to about 20 feet in southwestern Wis
consin, to 50 or more feet in Iowa and Minnesota and to more than 150 
feet southward into Illinois. 

In south-central Wisconsin, the New Richmond is medium-bedded 
and interbedded sandy dolomite, quartz sandstone, and shale with some 
thin beds of oolites and algal stromatolites. To the west, the content of 
quartz sand increases and carbonate content decreases. In northwestern 
Iowa, the New Richmond is quartzose sandstone. The New Richmond 
characteristically has a thin bed of green shale or shaly sandstone at 
its top and in some areas at its base. 

The New Richmond Member was deposited in an advancing sea. It 
is postulated that the change in rock type within the New Richmond 
indicates a change in the environment of deposition such that the 
quartz sandstone phase represents deposits formed in a shallow marine 
zone and the mixed rock type phase represents a combination or over
lapping of the non-depositiOnal zone with the depositional zone. The 
thin blue-green shale bed at its top is assigned to the depositional zone. 

The Willow River Dolomite Member overlies the New Richmond 
Sandstone along a sharp and even contact. The ·willow River is de
scribed (Davis, 1970) as sandy and intraclastic dolomite, algal stro
matolites, and oolitic dolomite with minor amounts of gray-green shale 
and quartz sandstone. Exposures are rare in 'Visconsin and are limited 
to the south and west. 

.-

-· 
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EXPLANATION 

-- Pratne du Chten Group [I2J] Elk Mound Group 

r~~]::;,J Trempealeau Group (~~~~~~~~~j Precambnan 

~~~ Tunnel Ctty Group C] St Peter Sandstone absent 

FIGURE 13.-Generalized geology of projected St. Peter erosion surface in southern 
and eastern Wisconsin. 

Following deposition of the "Willow River Dolomite, the sea re
treated once more. The approximate limit of this retreat coincides with 
the approximate southern limit of occurrence of the St. Peter Sand
stone as shown in figure 2. An extensive erosion surface that cut deeply, 
all the way down to the Eau Claire Formation in some areas of eastern 
Wisconsin, developed during this retreat. 

78-847 0 - 77 - 4 
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The St. Peter Sandstone was deposited in the nearshore sha.llow 
marine environment during readvance of the sea over the erosion sur
face which included an exposed Precambrian high in eastern \Visean
sin. The thickness of the St. Peter Sandstone is highly variable over 
short distances of several hundred yards; it may be more than 350 
feet thick or may be absent. It is thickest in areas of deepest erosions 
which occurred in the vicinity of Milwaukee and along what are be
lieved to have been stream channels leading to the west and southwest. 
The amount of pre-St. Peter erosion is reflected in figure 13 which 
indicates formations exposed on the erosion surface. 

The St. Peter Sandstone consists of the Readstown, Tonti, and Glen
wood Members. The Readstown is primarily a shaly conglomerate 
which oc.curs locally in the base of the St. Peter. The Tonti is a thick
bedded, cross-bedded, predominantly medium- and fine-grained, well 
sorted quartz sandstone. Beds of green shale and/or poorly sorted silty 
and clayey sandstone occur at its top. These beds, referred to as the 
Glenwooci'Member, are absent in south-central 'Visconsin, but are more 
than 13 feet thick in southwestern Wisconsin. They represent non
depositional and depositional environments. 

The St. Peter is a source of silica sand used for foundry, glass manu
fac.ture, and other purposes. It is also an aquifer in some areas. 

The St. Peter is overlain by the Sinnipee Group of predominantly 
carbonate ,rocks with some shale. The Sinnipee was deposited in the 
biogenic zone of carbonate formation and consists of thin- to thick
bedded dolomite, shaly dolomite, and shale. It is subdivided into the 
Platteville, Decorah, and Galena Formations which have an aggregate 
thickness of 250 feet to over 350 feet. The Sinnipee is present in east
ern, southern, and western ''Tisconsin. It is a major source of crushed 
stone and is the host rock of the metallic ores of zinc and lead mined 
in southwestern \Visconsin. Additional details of the lithology of this 
group are shown in figure 36. 

Following deposition of the Sinnipee Gr:oup there was ,a major 
change in depositional pattern which is recorded in the Maquoketa 
Shale Formation. The Maquoketa consists predominantly of calcareous 
dark gray and brown shale with loca-l beds of carbonate. It contains 
the day mineral chlorite which is interpreted to indic.ate a change in 
sediment source area to the northern Appalachian Mountains which 
were in process of forming at about the same time as the Maquoketa. 
Sediment derived from erosion of the forming mountains was carried 
westward to become part of a huge delta system referred to as the 
Queenston Delta. 

The Maquoketa Shale is mined for clay used in the manufacture of 
brick and tile. Tests indicate in some areas it has potential for manu
facture of e.xpanded lightweight aggregate. 

Locally, above the Maquoketa Shale, there is a reddish and iron-rich 
oolitic shale called the N eel a Formation. Its contact with the Brainard 
Member o£ the Maquoketa Shale is described as conformable in eastern 
Iowa (Brown and Whitlow, 1960, p. 30; "Thitlow and Brown, 1963b). 
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The Neda has been alternately assigned to the Ordovician and Sil 
urian by different authors. Its content of Ordovician fossils is cited 
as reason for assignment to the Ordovician. 

The Neda was mined during the period 1849-1928 as an ore of iron. 
Mines were developed in Dodge County near Mayville and Iron 
Ridge. However, its undesirable phosphorous content, limited quan
tity, and erratic distribution have discouraged use. 

Silurian 
Rocks of the Silurian System, including the Alexandrian, Niagaran, 

and Cayugan Series, are dolomites deposited as a part of the major 
shallow marine reef complex which oc~upied much of the Lower Great 
Lakes and Upper Mississippi Valley area. Outcrops are sparse due to 
a oover of glacial deposits. The dolomites range from thm- to thick
bedded and are a composite of reef and inter-reef deposits. In vVis
consin the Silurian rocks occur in a wide band along the eastern coast
line extending from the Door Peninsula southward to the Illinois 
border. They are also present at the top of certain of the highest hills 
in southwest "Wisconsin such as Blue Mounds and Platte Mound. 

Silurian rocks are a major source of crushed and dimension stone 
and of lime. They are also a local supplier of ground water. 

Dm.'onian 
Devonian rocks are dolomite, shaJy limestone, and shale. They are 

poorly exposed in Wisconsin and are.known only from a fe,v outcrops 
and a City of Milwaukee tunnel excavation. Former quarries in Devo
nian carbonate rocks produced crushed aggregate and lime. 
Status of mapping 

Approximately two-thirds of Wisconsin's land area or 36,470 square 
miles is underlain by Paleozoic rocks (fig. 2). Less than 2,000 square 
miles of this area, or only 6%, have been mapped at modern geologic 
standards at a scale of 1:24,000 (1 inch=2,000 feet) which is con
sidered minimal for mineral resource investigations and for other 
earth resource and environmental management purposes and problem 
solving (fig. 14). 
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FIGURE 14.-Index of published geologic maps of Paleozoic rocks at scales of 
1 :24,000 and 1 :62,500. 

GLACIAL GEOLOGY 

(By D. W. Hadley, Wisconsin Geological and Natural History Survey, 
Madison, Wis.) 

Origin and distribution of glacial deposits _) 
Approximately one million years ago, significant changes in world ~-

climate brought about the beginning of what geologists refer to as the Jr 
Pleistocene Epoch, popularly called the "Ice Age". The rate of snoy' 
accumulation at centers in Canada began to exceed the rate a,t which 
the snow melted. Snow continued to accumulate, and pressures deep 
in the mass changed the snow to ice. These vast accumulations of ice 
are believed to have reached thicknesses of almost 2 miles. The great 
pressure at the base of the ice from such thickness caused it to spread 
laterally and to move as a "glacier". vVhen the climate moderated, 
melting once again exceeded the rate of accumulation, and the glacial 
front receded (melted back) to the north. 
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Study of the glacial deposits of North America has shown that 
there were four major advances and retreats of the ice. It is now 
believed that glacial deposits representing three of these advances are 
exposed in Wisconsin. The deposits from the early advances are, how
ever, of quite limited areal extent. The great majority of the glacial 
deposits at the surface of the State were formed by the last of the four 
advances. The time during which the deposits of the last advance were 
laid down is known as the Wisconsin Age because deposits of that 
advance are well preserved in the State and were studied here in detail. 

Although glacial deposits dating from the first three glacial ad
vances may well be widespread in Wisconsin, the great thicknesses of 
glacial materials that were deposited by the last glacial advance 
blankets most of the State, making the identification and study of the 
buried older deposits extremely difficult. · 

During the fourth advance, differences in the rate of ice accumula
tion in the source areas, coupled with differences in topography, 
caused the ice frorit to split into a series of tongue-like lobes. Four . 
major lobes of ice entered Wisconsin and each lobe tended to follow 
pre-existing low areas of the Earth's surface. One moved along and 
beyond the present Lake Michigan basin; a second was similarly 
related to the Green Bay area; the third was similarly related to the 
Lake Superior area and extended into the extreme northwest corner of 
the State; ·and a fourth lobe moved southwestwa.rd across that part of 
the northern peninsula of Michigan south of the Keweenaw Peninsula. 

As the glacial ice moved, it picked up vast quantities of soil and 
rock materials and these were subsequently deposited along its route 
of travel, especially at or near the margins of the ice. The general 
term for material deJ?OSited through glacial action is glacial drift. 

Many of the glacial deposits consist of "till," an unsorted and 
unstratified heterogeneous mixture of clay, silt, sand, and boulders. 
Till is deposited directly by and under a glacier, either during glacia
tion or at the time of glacial melting, without being subsequently 
reworked by the water that is released as the glacier melts. 

Till is normally deposited in the form of moraines, which are 
mounds, ridges, or other accumulations deposited chiefly by the direct 
deposition from glacial ice. Moraines can be divided into two main 
classes, namely ground moraine and end moraines. Ground moraine is 
a thin layer of till which generally has a gently rolling surface and 
which is formed from the rock debris that was dra~ged along, in, or 
under the glacial ice. End moraines are normally ndge-like deposits, 
often showing considerable relief, that form by the piling up of till at 
the leading edge of an actively flowing glacier during the periods when 

~he position of the ice front was essentially stationary. There are anum
b'er._g!' types of moraines that are lumped under the heading of end 
moraiires-One of the more important of these is the terminal moraine 
which forms at or near a more or less stationary edge marking the limit 
of an important glacial advance. Another type of end moraine is the 
recessional moraine. These form during temporary but significa;nt 
pauses in the final retreat of a glacial front or during minor readvances 
of the ice front in a period of general recession. Finally there is inter
lobate moraine, which forms where the margins of adjacent glacial 
lobes come together. Figure 15 is a generalized map showing the d1stn 
bution of end moraines in "\Visconsm. 
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FIGURE 15.-General distribution of end moraines. 

Rock and soil debris released from the melting glacier was carried • 
by streams of meltwater and deposited at or near the ice front. These 
deposits normally consist of sorted and stratified materials, chiefly sand 
and gravel, and are called outwash. "\Vhen the meltwater streamR flowed 
out from the glacier across the terminal moraine, they deposited ac- ) 
cumulations of sand and gravel called outwash fans. In many cases _.,.--" 
these fans coalesced forming broad sheets of outwash ca1led outwas!v-"" 
plains. Large bodies of outwash were also deposited along the vdleys 
of the major streams that flowed from the glaciers. OutwashcTeposits 
confined to the valleys of the major streams are called valley trains. 
Valley train deposits dissected during erosion by later streams are 
preserved as bench-like deposits called outwash terraces. Figure 16 is 
a generalized map showing the distribution of the major deposits of 
outwash in the State. 
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FIGURE 16.-Generalized distribution of outwash. 

As the glaciers retreated, large bodies o£ ice often became detached 
from the main mass. Over large areas of \V1sconsin, these masses o£ 
stagnant ice were buried under later outwash deposits. \Vhen the buried 

~ ice melted, the overlying outwash collapsed, leaving pit-like depres
~ions o£ various shapes and depths. These depressions are called 

,'kettles", and are usually basin- or bowl-shaped with steep sides and 
{)£ten contain lakes or swamps. Outwash plains marked by large num
b<>,rs of kettles are called pitted outwash plains. The generalized distri
bution of pitted outwash is shown in figure 17. 

\ 
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FIGURE 17.-Generalized distribution of pitted outwash. 

Large areas of the State are covered by sediments deposited in ex
tensive glacial lakes that formed where earlier drainage pattern~ were 
blocked by the ice, or by materials deposited from the ice. Large areas 
were also flooded by the waters of the ancestral Great Lakes whrn these 
lakes were at levels appreciably higher than now. Fine-grained sedi
ments that were deposited in glacial lakes are called glaciolacnstrin9/ 
deposits. The more important deposits of this type are shmni in figure-
18. 

r 

/ 

/ 



43 

EXPLANATION .. 
Lake Basm Depos1ts 

60 MILES 
f--T"""""'...,.-.....,....--' 

20 40 

0 20 40 60 KILOMETRES 

FIGURE 18.-Generalized distribution of glaciolacustrine deposits. 

When the glacial fronts retreated, the newly deposited materials 
were highly vulnerable to erosion. Vast quantities of fine-grained ma
terial, primarily silt, were picked up by the wind and redeposited else

'--··~"'-.,where as a blanket on the surface. This wind-deposited, or aeolian, 
•· nw.terial is termed loess. In some areas of the State, fine sand was also 

wind::carried away from its original sites of deposition to form sand 
dunes. The distribution and thickness of the aeolian deposits of "\Vis
cousin are shown on figure 19. --.., .., 

:.. 
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EXPLANATION 
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~ Beach sand 

FIGURE 19.-Distribution of aeolian deposits in Wisconsin. 

1 

In addition to the major types of glacial deposits already discussed, 
glacial features too small to show at the scale of the map used in this 
report are of significant interest. These features are-

(1) Drumlin.-A low smoothly sloping, elongated, or oval hill, 
mound, or ridge of compacted till, built under the glacier and 

f 

/ 
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shaped by it, or carved out of an older moraine by advancing ice. 
The long axis is parallel to the direction :from which the ice ap
proached and has a more gentle slope tapering in the other 
direction. 

{2) Drumlin field.-A landscape characterized by swarms of 
closely spaced drumlins, separated by small marshy tracts. Wis
consin is noted for its drumlin fields. Major fields occur in south
eastern Wisconsin, primarily in Jefferson, Columbia, Dodge, Fond 
du Lac, and Sheboygan Counties, and in northern ·wisconsin in 
Rusk, Sawyer, Price, Oneida, Forest, Florence, Martinette, and 
Door Counties. 

(3) Kame.-A steep-sided hill, mound, knob, hummook, or 
short, irregular ridge, composed of poorly sorted and stratified 
sand and gravel. 

( 4) Esker.-A long, low, narrow, sinuous, and steep-sided ridge 
or mound, composed of irregularly stratified sand and gravel that 
was deposited by a stream flowing between ice walls or in an ice 
tunnel in or under a retreating glacier and was left behind when 
the ice melted. 

{5) Crevasse filling.-A short, straight, ridge of stratified sand 
and gravel, believed to have been deposited in a crevasse in a melt
ing glacier and left standing after the ice melted. 

A highly generalized map of glacial deposits of Wisconsin (fig. 1), 
indicates that a portion of southwestern Wisconsin has only valley 
train deposits and the deposits laid down in glacial lakes that formed 
when tributary valleys were dammed by the great volume of outwash 
deposited along the floors of the main valley. This region is referred 
to as the Driftless Area. Most geologists familiar with the ·area believe 
that it was not glaciated during the Pleistocene epoch, but some in
vestigators have taken the opposite view. 
Glacial stratigmphy 

Stratigraphy is the study of the individual units of material at and 
below the surface of the Earth and of their relationships to one an
other. Stratigraphic studies have long been ·a basic part of the study 
of igneous, metamorphic, and sedimentary rocks, but the use of strati
graphic principles in the study of glacial deposits has become wide-
spread only within approximately the past 15 years. Wisconsin, un
fortunately, lags far behind some neighboring States in this area of 
study, and much of what is known is the result of work that has been 

.ne.in_those areas . 
.lthough a detailed description of the glacial stratigraphy of Wis

cons 'n is beyond the scope of this report, it is possible to summarize 
the asic principles involved and to show the fundamental system 
of c1 sification being used in the study of glacial deposits. 

As scribed, four major glacial advances came into Wisconsin. 
Each a vance was followed by a gem•ral absence of ice and a period 
of mode ated climate during which extensive soil development took 
place. ithin each of the maior ice advances there were minor ad
vances an<d retreats of the ice. The advances are marked by the deposits; 
and the ice-free periods are marked by soil development, loess deposits, 
and in many cases the remains of vegetation. Minor advances of the 
ice may be inferred from changes in the composition of the deposits 
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formed; the ice moved across different terrains, and the resulting sedi
ments are different. The presence of loess or of overridden outwash 
between successive till sheets can also be used to differentiate the vari
ous drift units. 

There are two major systems of stratigraphic nomenclature utilized 
by geologists studying the glacial deposits of Wisconsin. These are 
time stratigraphy and rock stratigraphy. Time stratigraphy is the 
sequence and correlation of rock units according to inferred or actual 
age, whereas rock stratigraphy is the sequence and correlation of rock 
units based on the physical characteristics of the rocks. Both systems 
take into account the relative position of one unit with respect to the 
others. 

The period of time during the glaciation of North America is called 
the Pleistocene Epoch. The rocks deposited during the Pleistocene 
Epoch belong to the Pleistocene Series of rocks. An Epoch is a unit of 
geologic time, whereas a Series is a time stratigraphic term that refers 
to the materials that were deposited during that same time. The term 
Pleistocene can, therefore, refer either to the time segment or to the 
body of rocks. 

The Pleistocene Series is subdivided into seven stages (stage being 
a time-stratigraphic term). Each stage is composed of deposits formed 
either during one of the four major ICe advances or during one of the 
three interglaeial periods. The stages are further subdivided into sub
stages which indicate smaller advances and retreats of the ice. The 
Plmstocene time-stratigraphic nomenclature used in Wisconsin is 
summarized in table 3. 

Although the system of time stratigraphy is well suited for the 
mapping of large areas, it does not take into consideration variations 
in physical characteristics relating to rock type. ·when dealing with 
problems such as mineral resource investigations, waste management, 
powerplant siting, utility routing, or water supply management, the 
physical characteristics of the glacial deposits are the most important 
consideration. For these applications, as for almost all other aspects 
of applied or environmental geology, a system of rock stratigraphy 
is used. In this system, sequences of deposits are divided on the basis 
of physical characteristics, and thus are recognized and defined by 
observable physical features rather than by age or geologic history. 
The fundamental unit of this classification is the formation, which is 
oft~n S!!_bdivided into members. 

TABlE a.-ClASSIFICATION OF PlEISTOCENE TIME-STRATIGRAPHIC UNITS MAPPED IN WISCO~JS:N 
(AFTER WillMAN AND FRYE, 1970) -

cu age (years B.P.) Stage Substage 

Holocene _________ ••..•...•.•• __ •••..••• 

1{·~~~ !Valderan (Greatlake • . . Twocreekan. 
~H8L . ___ .... -------- ____ .. ______ W1sconsman •• -------------------------- ~~~~~~r~~~-

75·000:1:: Altoman. 
• Sangamonian.--------------------------

Illinoian ------------------------------- ; 
Yarmouthian .••••........... ------------ 1 
Kansan ••••• -------------------- •••••• __ 

1 Revision proposed by Evenson et al. (1975). 
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No comprehensive system of Pleistocene rock stratigraphy has yet 
been developed for Wisconsin, due to the lack of adequate field study 
and mapping. 
Geologic history 

Before the onset of glaciation, the surface of "'Wisconsin had been 
deeply dissected by streams. Although no statewide map of the pre
glacial topography of the bedrock surface is available, a good approxi
mation of its configuration can be obtained by reference to figure 20 

EXPLANATION 

Thockness of glacoal deposots, on feet 

CJ Less than 100 .. 200- 300 

CJ . 100- 200 .. Greater than 300 

l!'IGURE 20.-Generalized thickness of glacial deposits in Wisconsin. 
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which is a map of the thickness of the glacial drift. Bedrock valleys 
are inferred from areas of thick drift. 

Pre-Wisconsin glaciation : The distribution of Pleistocene time 
stratigraphic units is sho,vn by figure 21. No glacial deposits of 
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FIGURE 21.-Areal distribution of glacial time-stratigraphic units. 
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Nebraskan age have been identified in Wisconsin, although it is pos
sible that the State \Vas traversed by Nebraskan ice and the deposits 
lie buried under younger deposits. 

The oldest known glacial deposits in 'Visconsin are now thought to 
be a sequence of till, overlain in part by outwash and possibly ice
contact sand and gravel deposits, found in the area bordering Illinois 
in portions of Green and Lafayette Counties (Bleuer, 1970). The 
approximate limits of exposures of these deposits are shown as Area 1 
on figure 21. Bleuer considered these deposits to be of Kansan age. 
To the east of these deposits, in Area 2, the surficial material is thought 
to be a till of Illinoian age. Isolated crevasse fills and kames tbat 
lie to the west of the mapped deposits may have been let clown by the 
stagnant ice of one or more additional Illinoian icc sheets which left 
no other recognizable evidence. The Illinoian ice is thought to have 
entered the area from the East. A thick relict soil has been identified 
by Bleuer on the till surface in several areas, and probably repre
sents weathering during the Sangamonian interglacial stage. As far 
as is now known, the deposits within Areas 1 and 2 are the only 
pre-Wisconsin deposits exposed in the State. 

Altonian glaciation: Area 3, which lies immediately to the cast of 
the Illinoian deposits, is made up of deposits of the Altonian substage 
of the Wisconsin stage. During the Altonian, three different ice 
sheets, bearing materials of distinctly different composition, entered 
the area from the East. The surfaces of the deposits laid down by the 
second of these advances show minor soil development and spruce 
twigs in silts (Bleuer, op. cit.). 

Another area thought to be covered by deposits of Altonian age is 
shown as Area 4 (Mickelson, Nelson, and Stewart, 1970). Recent 
studies have indicated that at least two ice masses moved into that 
area. The oldest deposits were laid down by ice moving almost directly 
from the west. Deposits from the second ice advance show a flow di
rection from the north-northwest. Radiocarbon dates were obtained 
for material from bog deposits on the surface of the younger till. The 
material was dated at 40,800 years Before Present ( B.P.) , indicating 
that the younger drift must be at least Altonian in age. Since the 
old~ drift shows very extensive weathering, these materials may be 
early AI;n)'lian or older. 

The retreat of the Altonian ice marked the beginning of the Farm
dalian Substage. During this substage, there was substantial erosion 
of the previously deposited glacial materials, deposition of windblown 
silt over broad areas, and some soil development. 

Woodfordian ~laciation: About 6,000 years after the Altonian ice 
retreated, ice of the "Woodfordian Substage moved across Wisconsin, 
and an unusually well developed terminal moraine formed. This 
moraine -Cfl.n be traced continnously from Minn<'sota to Illinoi!' and is 
one of the most conspicuous ~laeial featm<'s in Wisconsin. The location 
o£ the Wo\>dfordian limit is shown by the heavy line on figure 21 to em
phasi,;e the fact that this line separates the often spotty and more 
deeply weathered drift to the south and west from extremely fresh 
deposits to the north and east. 
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Figure 15 indicates the distribution of end moraines and shows, 
that rather than being a continuous deposit, the vVoodfordian terminal 
morain0 is made up of a number of discontinuons segrri'Pnts. Thest) 
segments are interpreted as indicating that the Woodfordian ice 
underwent a number of minor retreats and readvances while at or 
near its terminal position. This oscillating ice front produced a large 
number of till units, making the interpretation of the 'Voodfordian 
deposits extremely complex. 

Working out the detailed glacial history and stratigraphy of the 
Woodfordian deposits is further complicated by the fact. that the 
Woodfordian ice was made up of a number of lobes :mel suhlobrs that 
moved across the State from a number of different directions and at 
slightly d:lfferent times. This had the effect of adding to the number 
of discreet and mappable units of drift. It also led to the formation 
of a number of extremely complex interlobate are:ts, the best known 
example of which is the Kettle Moraine, which formed roughly 
parallel to the Lake Michigan shoreline at the junction of the Lake 
Michigan and Green Bay lobes. 

The retreat of the 'Voodfordian ice was interrupted by a series of 
minor readvances and the attendant formation of a succession of reces
sional moraines. 

During recession, large areas of stagnant ice were common, and 
large areas of pitted outwash and other ice oontact features were 
formed. The unusually large areas of pitted outwash and other ice 
stagnation features, the large drumlin fields, most of which are of 
"'Woo<ifnrdian age, and the many well d<>vc>lopcd interlobate areas, 
especially the Kettle Moraine, have made 'Visconsin renowned as a 
site for the stndy of glacial deposits. · 

The Woodfordian was also the time of origin of the great majority 
of glacial lakes in 'Visconsin, including ancestral Lake Michigan, 
known as Lake Chicago, which formed as the 'Voodfordian ice front 
retreated northward in the basin in ·which Lake Michigan now lies. 

The Twocreekan Substage: The Twocreekan Substage. was named for 
the very significant forest beds exposed near Two Creeks in Manitowoc 
County. The Twocreeks deposits, which are exposed in the bluffs of 
Lake Michirran, are made np of about 10 feet of Jake clay ov~rln:i:ri 
locally by silt and sand upon which can be seen the in-pladi'remains 
of a spruce forest that grew on the deposits formed in the lake and on 
the beach. Radiocarbon dates for tree remains in the forest bed show 
them to have grown about 11,800 years ago (Black, 1974). 

Valderan ( Greatlakean) glaciation: At the end of Twocreekan time, 
ice moved down the Lake Michigan basin as far south as Milwaukee 
and down the Green Bay lowland to about the southern end of riiodern 
Lake 'Vinnebago. The extent of this glaciation is shown as Ar'eas 6A 
and 6B (fig. 21). ....-r 

The Valderan Substage was named after Valders Till exposed in a 
quarry near the town of Val~ers in MD;nitowoc County. Dev.-osits of t~1e 
Valderan Subs~age are qescnbed ·as bemg the youngest glacJ.al deposits 
in "'Wisconsin and are fypifiecl by the presence of a characteristic red 
till. Recent studies, however, indicate that the Valders Till actually 
lies under the Two Creeks forest bed (Mickelson and Evenson, 1975). 
They show that the Valders Till occurs in Area 6A and indicates that it 
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is a Woodfordian unit. The deposits which lie above the forest bed at 
Two Creeks are found within Area 6B. It has recently been proposed 
(Evenson, et al., 1975) that the term Valderan be replaced by the term 
Greatlakean Substage, which would embrace deposits younger than the 
Two Creeks forest bed. 

The V alderan ice had probably retreated from Wisconsin by about 
9,500 years ago, thus closing the Pleistocene glaciation of Wisconsin. 

Status of mapping 
Figure 1 is a modified reduction of a recently compiled map of the 

.(;. glacial deposits of ·wisconsin at the scale of 1 : 500,000 and summarizes 
all of the available published and unpublished glacial mapping. Figure 
22 is an index map of the sources used in preparing the map of the 

EXPLANATION 

Numbers refer to llst1ngs 
1n annotated bibliography 
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0 20 40 60 KILOMETRES 

FIGURE. 22.-Index to glacial mapping. 

glacial deposits of ·wisconsin. The annotated bibliography of glacial 
mapping in ·wisccnsin identifies the areas shown, and indicates the
kinds of" information to be found in each study. 

78-847 0-76--5 
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As shown by figure 1, the surficial deposits over most of "\Visconsin 
are of glacial origin. Thus, they exert an extremely strong influence on 
many of the principal factors that make up the physical environment. 
For example, the kinds and distribution of "\Visconsin's soils as shown 
in figure 3 have been determined to a large degree by the nature of the 
glacial parent materials from which they formed. As a consequence, 
factors such as the distribution of prime agricultural lands can be 
closely tied to the glacial geology. Similarly, the distribution and 
quality of both ground and surface water are closely related to the 
physical nature of and distribution pattern of the glacial sediments. 
The abundant deposits of sand and gravel that constitute "\Visconsin's 
most important mineral resource owe their existence to glacial action, 
and as the more readily located deposits near our population centers 
are exhausted, the need ':for knowledge of the large scale glacial geology 
becomes increasingly important. The engineering properties of the 
surficial deposits throughout the glaciated portions of the State are 
controlled in large part by the composition and mode of deposition of 
the deposits and can, therefore, often be correlated directly with the 
glacial geology. Finally, the kind and distribu.tion of land forms as 
well as rivers and lakes in the glaciated areas of the State are products 
of the Pleistocene ice age. 

Because of the control exerted by glacial geology on so many facets 
of our environment, there is a large and diverse group of agencies and 
individuals that can and do make good use of the geologic data as they 
become available. This group includes soil scientists, engineers, 
ecologists, hydrologists, geologists, foresters, planners, administrators, 
and many others. Existing geologic maps of the glacial deposits of 
Wisconsin are, for the most part, not adequate to meet these needs. For 
example, over a substantial portion of the State, the only source of 
information on the distribution of glacial deposits is the rough com
pilation of Thwaites (1956). This map is at a scale of 1:1,000,000 and, 
for the most part, the sources of information from which Thwaites 
compiled his map are unknown. Over much of north-central Wis
consin, the only source of information is the air photo interpretation 
work for Project SANGUINE (No. 16, annotated bibliography). The 
accuracy of this data is not known, and extensive field checking will be 
necessary for confirmation. Because of this deficiency of information 
on the glacial deposits of Wisconsin an intensified program for map
ping them is needed. 

An additional, and perhaps even more cogent, reason for an accel
erated program of glacial mapping in 'Visconsin lies in the progress 
that has been made m the field of glacial geology. Field study in "\Val
worth County by the author has, for example, shown that through 
careful study it is possible to differentiate at least five distinct units 
of glacial till exposed at the surface. Units such as these often have 
physical and chemical characteristics that remain essentially con
stant within relatively large areas. Inasmuch as many of the factors 
of interest to soil scientists, geologists, 'planners, and engineers can be 
correlated with the various till units, differentiating these units in 
mapping will greatly increase the utility of the map. 
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Although maps at a scale of 1:250,000 and smaller are useful for 
providing an overview of the glacial geology of large areas, maps of 
a much larger scale are needed in order to provide the necessary de
tail for most practical applications. 

In summary, in spite of the .critical needs for maps to show the dis
tribution and characteristics of glacial deposits, much of Wisconsin 
has never been mapped in adequate detail. Even where mapping has 
been at a relatively large scale, considerable doubt remains as to the 
accuracy of much of the information. Furthermore, the existing maps 
are at such a small scale that they are of little use in most practical 
applications and most are badly outdated in terms of the types of in
formation shown. 
Annotated bibliography of glacial mapping in Wisconsin 

(Location of areas shown on figure 22) 

1. Alden, William C., 1918. Quaternary geology of southeastern Wisconsin: U.S. 
Geol. Survey Prof. Paper 106, 356 pages, 3 plates. 

Scale : 1 : 250,000 
Units mapped: Terminal moraines, ground moraine, inter lobate moraine, 

outwash, outwash terraces, lake bed deposits, drumlins, eskers, beach 
and dune deposits, marshes. 

Comments: Deposits are differentiated on the basis of both age and 
glacial lobe. Very poor base map. This is still the primary reference 
for the glacial deposits of southeastern Wisconsin. 

2. Bell, E. A., and Sherrill, l\I. G., 1974. Water availability in central Wisconsin
an area of near surface crystalline rock: U.S. Geol. Survey Water-Supply 
Paper 2022, 32 pages, plate 2. 

Scale : 1 : 125,000 
Units mapped: Alluvium and peat, outwash, and till. 
Comments: Interpretation difficult because of the small number of map 

units. 
3. Berkstresser, D. F., Jr., 1964. Ground-water resources of Waupaca County, 

Wisconsin: U.S. Geol. Survey Water-Supply Paper 1669-U, 38 pages, plate 
3. 

Scale : 1 : 62,500 
Units mapped : Alluvium, dune sand, peat and marl, glaciolacustrine de

posits, till, glaciofluvial deposits, undifferentiated till. 
Comments: Combined units make interpretation difficult. 

4. Hadley, D. W., 1974. Surficial deposits of Walworth County, Wisconsin: Wis. 
Geol. and Nat. Hist. Survey, open-file map. 

Scale : 1 : 62,500 
Units mapped: Till, outwash, peat and muck, glaciolacustrine deposits, 

silty alluvium and colluvium, ice contact deposits. 
Comments: .Semi-detailed field check shows the map to be largely ac
curate. 

5. Hadley, D. W., and Pelham, .J. W., 1975, Glacial deposits of Wisconsin: Wis. 
Geol. and Nat. Hist. Survey, map, in press. 

Scale : 1 : 500,000 
Units mapped : End moraines, ground moraine, outwash, pitted outwash 

and other ice contact deposits, glaciolacustrine deposits. 
Comments : Summary of previous references. 

6. Holt, C. L. R, .Tr., 1965. Geology and water resources of Portage County, 
Wisconsin: U.S. Geoi. Survey Water-Supply Paper 1796, 77 pages, plate 1. 

Scale : 1 : 62,500 
Units mapped: Moraine deposits, ground moraine, outwash, undifferenti

ated outwash and till, alluvium, and marsh deposits. 
Comments: In some cases, combined units make interpretation difficult. 
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7. Hutchinson, R. D., 1970. Water resources of Racine and Kenosha Counties, 
southeastern Wisconsin: U.S. Geol. Survey Water-Supply Paper 1878, 63 
pages, plate 2. 

Scale : 1 : 125,000 
Units mapped: Outwash, ice contact deposits, sandy till, silty clay till, 

lake deposits, dunes and alluvium, organic deposits. 
Comments: Primarily a map of surficial materials. 

8. Milfred, C. J., Olson. G. ,V,, Hole, F. D., 1967. Soil resources and forest ecology 
of Menominee County, Wisconsin: 'Vis. Geol. and Nat. Hist. Survey, Bull. 
85, Soil Series no. 60, 203 pages, map. 

Scale : 1 : 63,360 
Units mapped: Till, outwash, drumlins, eskers, ice contact deposits. 
Comments : Deposits are further broken down on the basis of color and 

topography. Although map units are tied to the regional geology in 
the text, the classification scheme used on the map is not. 

9. Nelson, A. R., 1973. Age relationships of the deposits of the 'Vi~consin Valley 
and Langlade glacial lobes of north-central 'Visconsin: unpuLlished M. S. 
thesis, Univ. Wis.-Madison, plate 1. 

Scale: Approx. 1 : 140,000 
Units mapped: Till, lake sediments, outwash, ice contact features, com

plex undifferentiated drift, drumlins, eskers, moraines. 
Comments: Differentiates four tills and three moraines. 

10. Olcott, P. G., 1973. Surficial materials of Dane County, Wisconsin: Wis. Geol. 
and Nat. Hist. Sun-ey, open-file map. 

Scale : 1 : 62,500 
Units mapped: Till, outwash, glaciolacustrine, alluvium, marsh, and 

made land. 
Comments: Derived from soils mapping. Not field checked in detail. 

11. Olmstead, R. .J., 1973. Surficial materials of 'Vaukesha County, Wisconsin: 
'Vis. Geol. and :1\"at. Ilist. Snn·ey, open-file map. 

Scale : 1 : 62,[.00 
Units mapped: Till, icP contact deposits, outwash, allurium, marsh, 

glaciolacustrine deposits, eolian deposits, and altered land. 
CommPnts: DeriYPd from ,;oils mapping. :1\"ot field checked. 

12. Summers, W. K., 1965, Geology and ground-water resources of Waushara 
County, Wisconsin: U.S. Geol. Survey Water-Supply Paper 1809-B, 32 
vageR, plate 3. 

Scale : 1 : 62,500 
Unit~ mapped: Alluvium, outwash, morainal deposits, undifferentiated 

outwash and till, glaciolacustrine deposits. 
Comments: Much combining of units. For example, drumlins and icP 

contact forms are mapped as morainal deposits. 
13. Thwaites, F. T., 1943. Pleistocene of part of northeastern 'Visconsin: Geol. 

Soc. Amer. Bull., v. 54, pp. 87-144, plate 10. 
Scale : 1 : 2f.O,OOO 
Units malJped: Terminal moraines, ground moraine, outwash and out

wash terraces, deltas, sand dunes, drumlins and eskers. 
Comnwnts: Deposits of three different ages are diff!'rentiated, and the 

areaR that were submerged by varion,; glacial lakes are delineated. 
Very poor Lase map. 

14. Thwaites, F. T., 1956. Glacial features of Wisconsin: Wis. Geol. and Nat. 
Hi st. Surrey, open-file map. 

Scale : 1 : 1,000,000 
Units mapped: End moraines, ground moraine, outwash-pitted, outwash

unpitted, lake basins. 
Comments: Map was compiled from unspecified published and unpub

lished ,;ourceR, and sen·ed as the basis for a widely distributed page
size map. 

1ii. Thwait!'s, F. T. and Bertrand, K., 1957. Pleistocene geology of the Door Penin
sula, 'Visconsin: Geol. Soc. Amer. Bull., v. 68, pp. 831-880, Jllate 8. 

Scale : 1 : 250,000 
Units mapped: Terminal moraines, grotmd moraine, outwash, sand 

dunes, drumlins, and eskers. 
CommentR: Deposits of two ages are differ!'ntiated, and areas subm!'rged 

by various glacial lakes are indicated. Shows geology of the shallow 
subsurface under thin surficial deposits. Poor Lase map. 
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16. U.S. Army Cold Regions Research and Engineering Laboratory, 1969, An 
airphoto analysis of a portion of Wisconsin and Michigan for Project 
SANGUINE: 125 pages, 5 appendices, 99 maps. 

Scale : 1 : 48,000 
Units mapped: Moraines, ground moraine, drumlins, outwash, eskers, 

kames, lake bed deposits, beach ridges, alluvium, sand dunes, loess. 
Comments: An excellent airphoto study, hut contains many inaccura

cies due to lack of adequate field checking. Many areas mapped as 
moraine may be ice contact deposits. Fails to show thin drift in 
many areas. 

SOILS 

Although not usually regarded as a mineral resource, the approxi
mately 300 billion tons (272 X 109 metric tons) of soil in Wisconsin 
(to a rooting depth of 4 to 5 feet or 1.3m) constitute an important 
resource that provides the nutrients required for life by plants, ani
mals and human beings, and that serves as an indicator of subsurface 
geology and hydrology. Sandy and gravelly soils may be indicative 
of the presence of geologic deposits of sand and gravel, and bodies of 
organic soils (peats and mucks) mtty be managed as extractab~e 
resources. Some plants take up heavy metals, snch as lead, from sml 
and may be used as indicators of the presence of ore bodirs. 

Prominent bedrock features designated on the soil map (fig. 3) 
are the Gogebic and Baraboo Rang<'s, Barron Hills, Rib and McCaslin 
Mountains, also Silurian "Niagara" escarpment in the east, Blue 
Mounds, and the dolomite escarpment that forms Military Ridge in 
the southwest. Bedrock affects mineral composition of soils locally 
and the eight major soil regions of \Visconsin relate closely to land 
forms and geologic materials. 

Red clay is present in the lmYland near Lake Superior in north
western \Visconsin; pink loams and reel clays arc in the lowlands 
extending from the Green Bay area. Two large areas of pitted sand 
near McCaslin Mountain and Rhinelander are related to sorting of 
glacial ontwash by meltwater; the northwest area of sands is related 
to outwash and the underlying Bayfield Sandstone. Three areas of 
gray loams are derived from lime-deficient glacial till and outwash. 
Two areas of grayish yellow silt loams formed from thin loess over 
glacial drift, both lime deficient. Sandy loams and sands between Eau 
Claire and Madison overlie sandstone and coarse textured glacial 
drift.. Grayish brown hilly silt loams developed extensively in mod
erately thick loess over limestone and sandstone in upland areas and 
in outwash deposits along major Yalleys. Grayish brown rolling silt 
loams formed from thin loess over limy glacial drift. 

Prominent glacial landforms shown are the \Visconsin glacial end 
moraine, the Kettle Moraine, and an area of drumlins (elongate ice
sculptured hills) indicated on the map by short lines just east 'of 
Madison. 

Organic matter produced by the vegetative cover darkens soil in 
proportion to the wetness of the site and fineness of soil texture. 
Migration and precipitation of iron compounds in irregular color 
patterns in the soils have been influenced by movement of soil water 
~nd decomposition of organic matter. Soil patterns and properties 
m landscapes therefore record certain hydrologic conditions, such as 
magnitude and duration of fluctuations of the water tablr. Wetland 
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soils occupy about 8% of the area of the State, and bordering foot
slope soils with impeded drainage are nearly as extensive. Soils filter 
percolating water on its way to the water table and change their-
hydraulic conductivity from rapid in sands (2.45 gal/ft.2/day or 
100 cm/cm2/day at 20 mb tension) to very slow in clay (0.4 gal or 
0.2 em/ day at the same degree of saturation). 

The definition of hundreds of soil species by profile characteristics 
(fig. 23) and the delineation of soil bodies on maps have been at an 
increasing rate in the State since 1882 when T. C. Chamberlin pub-

Example of a soil-map unit 

••• A1- Horizon 

DUBUQUE 
silt loam 

' ' 
' 2' (60 em) 

\ 
\ 

3' (90 em) 

A2- Horizon 

B-Horizon 

\ C-Horizon 
4'(120 e~) ~~- (Parent materoal) 

\ 

\g_~§] Bedrock 

A soil profile 

A1 Dark organic-rich layer 
A2 Gray layer 

B Brown clay-rich layer 
C Stony layer 

Locally the A2. B. and C layers may not be present. 

FIGURE 23.-A soil profile. 
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lished the first State soil map. Although detailed soil maps are not ~ 
yet available for much of the Northern Highland a large volume of 
soil information has been published (fig. 24) and can serve as a guide 
to mineral and water resources. 
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EXPLANATION 
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Modern so1/ survey under way 

Old published SOli survey 

FIGURE 24.-Status of soil surveys, 1975. 

PHYSICAL Gl<:OGRAPIIY 1 

':Modified by editors from Black, Robert F., 1964, Wisconsin Blue Book, pp. 171-177. 

Geology 
On the basis of the kinds of rocks and the landforms resu}ting from 

them, Wisconsin may be divided into five general geographic regions 
(fig.25). 
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FIGURE 25.-Geographic regions of Wisconsin modified from Martin, 1932. 

The Lake Superior Lowland is underlain by nearly horizontal rock 
layers that are principally sandstone and are easily eroded. 

The Northern Highland province is underlain by large areas o£ ero
sively resistant igneous rocks and generally less extensive rocks formed 
by metamorphism of igneous and sedimentary rocks. All rocks in the 
Northern Highland province are more than 600 million years old and 
thus of Precambrian age. 

The other three provinces are part of the Central Plains region that 
extends southward along the Mississippi River and its tributaries. 
These provinces are underlain by a gently inclined series of sedi
mentary rocks-sandstones, shales, and dolomites-lithified from ma
terials laid down in ancient shallow sea ·water 300 to 600 million years 
ago. These rocks constitute the Paleozoic section of 'V"isconsin. 

.. 

,. 
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Topography 
The topography of the Northern Highland province is character

ized by local irregularities and low to moderate relid averaging per
haps 200 feet. The general elevation is 1,400 to 1,650 feet. Familiar 
high points are Rib Mountain at \V ausau and Sugarbush Hill near 
Laona, each about 1,940 feet above sea level. In 1962, the United States 
Geological Survey established that Tim's Hill, with the Ogema fire 
tower on top, and nearby Pearson Hill are 1,952.9 and 1,950.4 feet, 
respectively, the two highest known elevations in the State. The to
pography of the southern provinces is perhaps more uniform locally 
than the northern, but differs markedly within the provinces. Because 
of that variation the units are designated Southwestern Upland, Cen
tral Plwin, and Eastern Ridges and Lowlands. In the deeply dissected 
Southwestern Upland the general elevation is 1,000 to 1,250 feet above 
sea level. The highest points reach 1,450 feet and the lowest valleys, 
tributary to the Mississippi River, are cut below 700 feet. Relief com
monly approaches 500 feet along the steep-sided valleys. Hocky bluffs, 
castellated spurs, and rock monuments provide some of the most strik
ing scenrry in the State. In the Central Plwin, as the name implies, flat 
sm·faces or gently rolling surfaces are charactcristie. Rrlief is low ex
cept ·for occasional pinnacles and hills of sandstone. Elevations between 
750 and 850 fret arc 'videsprrad. In the Eastrrn Ridges and Lowlands, 
the ridg:~~s lack the distinction of being wry high -but the lowlands 
along Lakr. Michigan at 5RO ff'f't above sea Jevrl arc the lowest within 
the State. Relief on the order of 100 to 250 feet takes in the bulk of this 
region. 

\Vithin the five major provinccs of the State many other smaller 
units than those named will come to the mind of the knowlrdgeable 
traveler-the Fox Rivf'r-Green Bay Lowland, the Rock Rin'r Lowland, 
the Baraboo Range, and so forth-each a descriptive geographic lo
cality. The boundaries of the provinces are dl:'tcnnined actually by a 
romplex of bedrock type, topgraphy, soils, vegetation, climate, and 
land usc. Such a complex is not easily dl:'fined or applied. Individual 
boundarif's may be mm·ed somewhat according to the weight given any 
one ~actor. Obviously brdrock and topography arc here weiglwd most 
heavily. 
Drainage 

Although the local units named above apply to drainage basins, the 
major river. systems of the State cross the provincial subdivisions. 
Topography controls the slope down which water can flow. That 
topography is related ultimately to the bedrock and effects o£ con
structional and destructional processes working on it through geologic 
time. A complex interrelationship exists. The more resistant Pre
cambrian rocks of the northem province stand higher generally than 
the overlapping Paleozoic rocks to the south. 

The northern province culminating in Vilas County is the sourcf' 
for streams which flow radially outward-north to Lake Superior; east 
and southeast through the Menominee and Wolf Rivers to Lake Michi-
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gan and ultimately to the Atlantic Ocean; west, southwest, and south 
to the St. Croix, Chippewa, Black, and ·wisconsin Rivers to the Mis
sissippi River and ultimately to the Gulf of Mexico. 

The ease of access of some drainage basins played an important role 
in the historical development of Wisconsin. This is especially true for 
the Lake Michigan, Green Bay, Fox River, and lower ·wisconsin River 
waterway with its original short portage and later canal at the city 
of Portage, or the Lake Superior-Mississippi River route via the Brule 
and St. Croix Rivers. 
ReBource a-Bpect8 

Bedrock significantly determines the mineral and water resources of 
the State. Besides the direct role of yielding exploitable minerals to 
supply us with iron, lead, and zinc; of uimensional stone for buildings, 
tombstones, and the like; or of crushed rock for highway construction 
and agricultural lime, bedrock has yielded a variety of rock debris to 
the great glaciers that many times entered the State. Sanu and gravel 
from the glacial drift is still our No. 1 mineral commodity in terms of 
actual dollar value. 

The advances and stagnations of ice in Wisconsin left a generally 
thick blanket of glacial drift over three-fourths of the State. This drift 
contains a variety of rocks of different degrees of weathering. In places 
farming is well-nigh impossible. Elsewhere glaciers left many feet of 
parent materials that have developed rich soils. Moreover, meltwaters 
from the stagnating ice created mud flats and bars in the major rivers 
from which wind picked up silt-sized particles. That dust was depos
ited in an important blanket of loess in the southwestern upland especi
ally where little drift may be found. This provides a good soil on 
relatively sterile bedrock surfaces. Our soils owe much of their fertility 
and variability directly or indirectly to the mixing and transportation 
of vast quantities of debris by glaciers. In many rural homes and 
smaller communities, too. the glacial drift provides a source of drink
ing water, commonly of better quality than that from bedrock. The 
distribution of bog or forest, of pine or maple, of beaver or opossum, 
of quail or cottontail, of trout or walleye, among many others, is deter
mined by several factors chief of which is glaciation. The glacial de
posits commonly determine topography, soils, and drainage, including 
ground water and surface runoff, which in turn control the kinds of .£-
plants and animals that can use the land. Glacial erosion and deposi-
tion and geomorphic processes accompanying and following glaciation 
also produced all natural lakes and the scenery in many parks. 

TOPOGRAPHIC MAPPING 

(By P. A. Antill, U.S. Geological Survey, Reston, Va.) 

The national mapping program of the U.S. Geological Survey pro
vides general purpose topographic mapping and special map products 
which are essential to the intelligent and efficient inventory, utilization, 
development and management of the mineral and water resources of 
Wisconsin. 
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The Geological Survey began its topographic mapping program in 
Wisconsin in 1887 in the vicinity of Madison. The program has bene
fited :from a cooperative agreement in which mapping costs :for areas 
of mutual interest are shared equally by the State and the Geological 
Survey. The initial "\Visconsin cooperative program :for topographic 
mapping was with the Wisconsin Geological and Nat ural History 
Survey and began in 1915. Except :for 1 year, 1918, it continued until 
1932. The current cooperative program with the State has been con
tinuous since 1938. At present, the ·wisconsin cooperating agencies are 
the Geological and Natural History Survey, the Department of Trans
portation, and the Department of Nat ural Resources. 

The status of published topographic mapping in "\Visconsin as of 
June 30, 1975 (fig. 26), is as follows: 

EXPLANATION 

• 1 24.000 scale 

D 1 62,500 scale 

r---1 1 62,500 dt 
L__l 1 24,000 standards 

20 40 60 MILES 

0 20 40 60 KILOMETRES 

l!'IGURE 26.-Status of published topographic mapping, June 30, 1975. 
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Coverage 
Scale: (percent) 

1: 24,000 [1 inch=2,000 feet]------------------------------------ 44 
1: 62,500 at 1: 24,000 standards [manuscript copy at 1: 2-l,OOO scale is 

available] ---------------------------------------------------- 24 
1: 62,500 at 1: 62,500 standards [1 inch=approximately 1 mile]------ 27 

State total_____________________________________________________ 95 

About 25 percent of the State is in the present program for 
1: 24,000 scale mapping; 5 percent is new mapping, and 20 percent is 
replacement mapping (to replace 1 :62,500 scale maps with modern 
maps at 1 : 24,000 scale). 

The State is also completely covered by published maps at 1: 250,000 
scale (1 inch= approximately 4 miles) and by State maps (planimetric 
and topographic) at 1 : 500,000 scale. 

'Visconsin will have complete published coYerage at either the 
1: 24,000 or 1: 62,500 scale in 1977. Complete co\·erage of 1: 24,000 
scale mapping should occur by the early 1980's at the presen~ rate of 
funding. To provide a 1 : 24,000 scale base as soon as poss1ble, the 
Geological Survey plans to prepare by 1978 orthophotoquads in all 
areas presently unmapped at 1: 24,000 scale. 

The orthophotoquad is a black-and-white photo-image map at 
1: 24,000 scale that contains all of the information appearing on an 
aerial photograph while having the accuracy of the conventional line 
map. Distortions due to relief and camera orientation are eliminated 
through rectification. The orthophotoquad has the additional advan
tages of rela6Yely low cost and short production time. The ortho
photoquad provides an interim substitute until a standard map is 
available, serves as a companion product to an existing map, and can 
be used as a means of providing updated information for areas cov
ered by out-of-date maps. 

MrxERAL REsouRCES 

THE NATURE OF MINERAL RESOURCES 

(By W. P. Pratt and J .. J. Norton, l:.S. Geological Sun·ey, Denver, Colo.) 

Mineral resources arc naturally formed concentrations of solid, £ 
liquid, or gas in the Earth or at'its surface, from which profitable 
extraction of one or more usable commodities is currently or poten-
tially feasible. The commodity being sought may be: ( 1) an element 
occurring in its native, uncombined statr, such as gold or sulfur; 
(2) a metal that must be separated from the natural compounds 
(minerals) that make up its ores, such as lead or zinc or copper from 
thPir sulfides, or iron or aluminum from their oxides or hydroxides; 
(3) a chemical compound for use in its naturally occurring mineral 
state or for use after conversion to another compound, such as salt 
(for table and industrial use), fluorspar (for use in steelmaking and in 
the chemical industry), or phosphate (for use as fertilizer after treat-
ing with acid) ; ( 4) a mineral used because of its special physical 
properties, such as diamond (gem and abrasive), asbestos (insulating 
uses), or barite (used in heavy drilling mud for oil wells); (5) a rock 
or rock aggregate for use in construction, such as granitP, limestone, 
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or gravel; or ( 6) a substance used in one form or another as a source 
of energy, such as petroleum, natural gas, coal, or uranium. 

Nearly all mineral ra\Y materials used today are taken from natural 
concentrations of one or more chemical elements or minerals within 
a mass of rock that is called a mineral deposit. Metallic material rich 
enough to be mined is called ore. 

A mineral deposit may have a regular or very irregular shape and 
sharp or gradational boundaries, but it is always of relatively small 
extent compared to the expanse of a continent or a state. A few 
mineral deposits, such as beds of iron ore, may extend for a few miles; 
but most mineral deposits are only a few feet or a few tens of feet in 
at least one dimension and commonly only a few hundreds o£ feet in 
their greatest dimension. 

Mineral deposits are unique in that they are the products of natural 
geologic processes that have caused certain chemical constituents to be 
concentrated in a particular small part of the Earth's crust, rather 
than dispersed throughout a large part of it. And because most of 
these geologic processes act very slowly, most minPral deposits were 
formed over long periods of time-thousands or hundreds of thou
sands of years; moreover, many such processes take place only at great 
depths below the surface. Consequently, unlike other natural re
sources, mineral resources are, with few exceptions, not renewable. 

A key question in discussing mineral resources, whether on the scale 
of an entire nation, a state, or a mining district, is how much more 
material suitable for use remains in the ground. Stated more exactly, 
the question becomes: ·what is known to be present, and ·what is the 
expectation for future discoveries, or for development of known de
posits that have not yet been mined~ The words "reserves" and "re
sources" are the customary labels for estimates of the amounts likely 
to be available. Oftentimes such estimates are subdivided according 
to the completeness of the data on which they are based and the eco
nomic feasibility of extraction. The two words sum up a group of 
complex concepts involving geologic, engineering, and marketing con
siderations. Put perhaps too simply: "resources are what exists; re
serves arc what you can get out" (Park, 1975, p. 16). In more precise 
terms, reserves are·what is contained in bodies of earth material whose 
location, quantity, and quality are known, and from which a usable 
mineral or energy commodity can be extracted under cmTent tech
nology and at a profit commensurate with the business risks. The word 
"reserve" is frequently misused or carelessly used by laymen and 
professionals alike . 

Undiscovered ore or energy fuel, even if of great value. is not a 
reserve until its existence and location become known and its nature 
can at least be inferred from geologic evidence. Then, as tests of 
various kinds increase knowledge of (1) the quality of the bodies, (2) 
their size and shape, (3) the amenability to processing, and (4) the 
marketability of the product, quantitative estimates proceed through 
a series of categories until they become what is known as "mensured" 
or "proved" reserve when the material is ready for production. 
Because such tests are costly, the operators of a mine or wells will 
tend to maintain proved reserves at a level only large enough to plan 
the extraction properly and to justify any capital expenditnres re-· 
quired, though there is also a necessity to obtain enough information 
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about additional reserves to predict how operations will proceed in the 
long-term future. Nevertheless, there is little reason to spend money 
to prove reserves that will not yield a return until many years later. 
For some commodities there is even a risk that what are considered 
reserves now will cease to be reserves in the future because better 
deposits have been discovered elsewhere or technological changes have 
altered the market. 

"Resources" include both reserves and other mineral-bearing or 
energy-producing materials from which economic extraction of a com
modity is potentially feasible. Resources include deposits that are 
known to exist but are not now recoverable, either because they will 
not yield a profit or because of legal or political circumstances; such 
deposits may be extracted when technological, economic, legal, or 
political conditions change. Resources also include undiscovered de
posits. In accordance with known geologic conditions, some undiscov
ered deposits may reasonably be expected to exist in known mining 
districts. Others may occur "<iS conventional types of deposits in fa
vorable geologic settings where no discoveries have been made. Still 
others may occur in as yet unknown types of deposits that remain to be 
recognized. Some undiscovered deposits would, if found, be minable 
"as is," though not without the delay of months or years needed for 
construction of mining, milling, and transportation facilities. Others 
would become minable only with improvements in mining technology 
or in other circumstances. Although it is impossible to appraise the 
magnitude and quality of undiscovered deposits, their importance can
not be overemphasized; finding new deposits is the goal of millions of 
dollars' worth of exploration each year, and although the successes are 
relatively few, they include enough major discoveries to prove that the 
effort is worthwhile. 

The world's undiscovered resources of metals and many nonmetals, 
but probably not the resources of oil, gas, or coal, may be much larger 
than anyone would dare guess. Vast areas may contain mineral de
posits that are too deeply buried to be found at acceptable costs by 
existing exploration methods, but are shallow enough to be mined if 
discovered. 

The distinction among the categories of resources may be clarified 
by examples of similarities with personal finances. Reserves-which 
by definition are known to exist but may take years to be mined on t
are analogous to one's cash on hand, bank accounts, other liquid assets, 
and any reasonably assured future income from salary, pensions, and 
investments. Known reserves that cannot be mined profitably are like 
potential income from known skills that are currently unusable owing 
to strikes or adverse business conditions, and -perhaps like pending 
inventions or products not yet test-marketed. Undiscovered r<:>sources 
are comparable to future income that might be obtained from capital 
gains, gifts, lottery winnings, unanticipated inheritances, and skills 
not yet learned or business ventures not yet contemplated. 

In estimates of reserves and resources, the quality and ff_Uantity of 
the data and the interpretation of them are more important than mPre 
numerical snmmaries. Most of the discussions of the various commodi
ties on the following pages will treat resources not primarily in terms 
of arithmetic calculations, but instead will emnhasize thP m<>aning 
and the shortcomings or strengths of the available information. 
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MINERAL RESOURCES IN WISCONSIN 
Introduction 

(By M. E. Ostrom, Wisconsin Geological and Natural History Survey, 
Madison, Wis.) 

Minerals, fuels, and also agricultural and forestry products are the 
primary sources of the material and food requirements of our indus
trialized civilization. A continuing supply of each is essential to main
tain our modern standard of living. 

About 40,000 pounds of new mineral materials, including fuels, are 
required annually for each U.S. citizen (Mining and Minerals Policy, 
1975). ·wisconsin produces only a very few of the minerals required 
by its citizens and no fossil fuels. Except for construction materials
such as sand, gravel, crushed and dimension stone, and silica sand
'\Visconsin is a net importer of its minerals and fuels requirements. 

In 1972, the latest year for which complete records are available, 
·wisconsin ranked 38th in value of mineral production in the United 
States. This was 0.28 percent of the U.S. total, and the principal prod
ucts were sand and gravel, stone, irm1 ore, and cemeni. Among the 
States, 'Wisconsin is ranked 41st in value of mineral production per 
square mile ($1,591) and 43rd in dollar value per capita ($20). 

Certain commodities of 'Visconsin were among the leaders in 1972. 
For example, 'Visconsin contributed 4 percent of the total sand and 
gravel production in the United States and ranked 6th in quantity 
and 14th in value of sand and gravel produced. 

Mineral commodities are obtained from appropriate earth materials 
by various mining or drilling operations. An economic mineral de
posit is a concentration of one or several useful minerals in sufficient 
quantity and quality as to be mined, processed, and marketed at a 
reasonable profit under existing technologic, economic, and ecologic 
conditions. Mineral reserves are those additional deposits for which 
location, quantity, ·md I)Ua]ity are known :uHl from wHch a com
modity can be obtained under existing economic, technologic, and eco
logic constraints. Mineral resources arc any other materials from 
which extraction of a mineral commodity is potentially feasible de
pending on technological, economical, political, and/or ecological 
circumstances. 

Mineral deposits are the product of past geologic events and con
ditions. Thus, their location, size, purity, and accessibility "·ere pre
determined by specific events or combinations of events at various 
times during the 4.5 billion years since the Earth's crust began to 
form. 

Minrral deposits possess unique characteristics which make them 
more difficult to identify and to manage than either agricultural or 
forestry resources. Namely, mineral deposits are nonrenewable, fixed 
in location. fixed in quantity, fixed in quality, generally rare, and 
seldom visible at the Earth's surface. 

The quantity and value of minerals produced in the State in 10-
year intervals from 1910 through 1970 are presented in table 3 (Friz, 
1975). Mineral production in 1974, the latest year for which u:.s. 
Rnrean of Mines statistics are aYailable, was valued at a recorcllngh 
of $114.8 million. 



TABLE 4.-WISCONSIN MINERAL PRODUCTION, 1910-70 

Clay Iron ore Lead Lime Peat 

Year Tons Dollars Long tons Dollars Tons Dollars Tons Dollars Tons 

1910 _________________ (1) I, 176, 883 I, 149, 551 3, 609, 139 3,384 341,793 248,238 959,405 1920 _________________ (1) 1, 413, 255 1, 067, 159 4, 333,307 2,647 423,520 144, 590 1, 539,027 
1930 _____ ------------ (1) 2, 778, 533 1, 148, 277 3, 179, 175 I, 537 153,700 64,989 598,739 1940 ______________ --- (I~ 326,000 1, 277,840 3, 290,389 445 44,500 65,632 542,749 1950 _________________ 80,00 70,000 1, 720,000 8, 814,000 532 144,000 124, 530 1, 448,000 1960 _________________ 144, 000 156, 000 1, 502,000 2 16, 222, 000 1,m 273,000 

247,-iiiiii- 4, 503, 0~~ 1970 _________________ 8,000 14,000 806,000 3 10, 308, 000 238,000 

0 
(1) 

0 
0 

2, 293 
8, 500 
1, 531 

1 Not avatlable. 3 Estimate. 
2 Included under mtscellaneous. 

Source: U.S. Bureau of Mmes Mmerals Yearbook, 1906-71. 

TABLE 4.-WISCONSIN MINERAL PRODUCTION, 1910-70-Continued 

Sand and gravel Stone Zinc Mtscellaneous 1 

Year 

1910---------------------------------1920 ________________________________ _ 
1930 ________________________________ _ 
1940 ________________________________ _ 

1950---------------------------------1960 ________________________________ _ 
1970 ________________________________ _ 

Tons 

1, 451, 758 
2, 422, 689 
7, 082, 063 
6, 742, 882 

19, 117, 000 
35, 681, 000 
41, 103, 000 

1 Includes variously abrastve stones, cement, gem stones. 
2 Not available. 

,,. ... 

Dollars 

425, 563 
1, 553, 622 
2, 801, 713 
2, 304, 197 

11,959,000 
25, 648,000 
35, 107,000 

Tons 

(') 
1, 564, 940 
3, 370, 750 
4, 330,360 
7, 000,000 

16, 486,000 
17,577,000 

Dollars Tons Dollars Tons Dollars 

2, 644,518 20,952 2, 133, 216 (') 5, 249, 163 
3, 729,236 27,285 4, 420, 170 (') 497,360 
5, 100,266 12, 558 1, 205, 568 (') 1, 890, 201 
5, 030,263 5, 770 727,020 (') 734,885 

14,495,000 5, 722 1, 625,000 (') 3, 129,000 
22, 302,000 18,410 4, 750, 000 (') 7, 675, 000 
25, 167,000 20,634 6, 322,000 (') 5, 871, 260 

Source: U.S. Bureau of Mines Mmerals Yearbook, 1906-71. 

'le 

Dollars 

0 
(1) 
0 
0 

9, 000 
3 145,000 
'139, 000 

~ 

Total dollars 

12,504,977 
18,029,039 
17, 711, 394 
13, 553,683 
41,693,000 
77, 171,000 
87,670,000 



.. 

.. 

.. 

67 

Minerals have been an important economic asset to 'Visconsin ever 
since the lead deposits of southwestern Wisconsin first attracted p'ros
pectors and miners. Wisconsin's mineral industry has expanded to 
include production also of iron ore, zinc ore, clays, dimension stone, 
crushed stone, lime, sand and gravel, peat, and abrasives. 

The single most critical characteristic of mineral deposits is non
renewability-that is once a deposit is mined out it is exhausted as a 
source of minerals. Thus, if the supply of minerals is to continue, the 
choices are (1) a new deposit must be found, or (2) technology 
must be developed to make feasible and profitable the use of deposits 
with less suitable mineral, or (3) a system of recycling must be estab
lished, or ( 4) a substitute must be found. 

The finding of new deposits requires exploration using the most 
sophisticated geological and geophysical techniques. Exploration is the 
only method to locate and thus provide for reservation of concentra
tions of minerals that have the potential for development whether 
under existing or future technologic and economic conditions. Thus, 
identification of mineral supplies essential to satisfy the projected 
needs of society requires geological and geophysical studies to deter
mine mineral resources potential and to delineate reserves. 

Althou.gh the solid outer part of the Earth is composed of minerals, 
we must not be lulled to believe the mineral supplies are inexhaustible. 
Instead, we must consider the availability of minerals under existing 
and probable future conditions of occurrence, distribution, technology, 
energy, and ecological requirements. Thus, availability of minerals is 
limited by how much environmental disturbance and atmospheric 
degradation we are willing to tolerate, and how much money and 
energy resources we are willing to expend to obtain and to use the 
minerals. 

As known mineral deposits are mined out, the total number of de
posits decreases and the search for new deposits becomes more difficult 
and more costly. Although new technologies will likely allow the min
ing of lower grade materials, they will also likely require the use of 
more energy consumed per unit of mineral produced. Given an un
limited supply of energy, it is conceivable that the supply of minerals 
would be unlimited. However, the major source of energy used by 
industry is fossil fuels, and deposits of these fuels have the same prob
lems of nonrenewability, location, size, purity, and accessibility as do 
mineral deposits. 

Recycling is a viable alternative to provide at least a portion of 
specific critical mineral needs. However, the total supply of a given 
mineral cannot be recycled becam;e many are combined with other min
erals or used in such ways that they cannot be reclaimed at reasonable 
and acceptable cost. Recycling can and does, howe,·er, provide for 
at least a portion of the demand, which has the effect of extending 
reserve supplies over a longer period of time. For example, in 1974, 
approximately 25 percent of U.S. consumption of both iron and copper 
was from recycled scrap. However, recycling will never be adequate to 
provide for projected needs; thus, new sources of supply must be 
found. 

78-847 0 - 77 - 6 
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Substitution might be another alternative to the exhaustion or 
lack of a specific mineral. However, substitution that results from lack 
of availability of the most suitable material generally leads to use of a 
less suitable material. Thus, the substitute may not be as effective or de
sirable. This can ultimately lead to greater overall cost through lost 
efficiency. On the other hand, research which indicates that greater 
efficiencies or lower costs or both can be achieved using an alternative 
mineral that occurs in large supply would be highly desirable .. For this 
reason, minerals and materials research to discover substitutes which 
will perform at the same or higher efficiency and approximately the 
same cost levels should be encouraged. 

The concept of mineral independence, whether applied to "\Visconsin 
or to the Nation, assumes the existence of domestic supplies adequate 
to meet foreseeable demands or that substitutes can be found. Although 
desirable, it is highly unlikely that complete independence in supplies 
of minerals or fuels can be achieved by a state or nation because 
events in geologic history that produced mineral deposits also led ·to 
their unequal distribution over the Earth's surface. For example, 
"\Visconsin does not produce coal, petroleum or gas, or chromium, alu
minum, or salt because, so far as has been determined, the combination 
of geologic eYents necessary for their formation and preservation did 
not occur there. Wisconsin depends on other states and nations for 
its supply of these and many other critical minerals. In like manner 
the United States cannot be independent because concentrations of 
certain minerals in deposits of commercial potential either do not 
occur within its borders or are few in size and number. Thus, the 
United States must rely on foreign sources to satisfy most of its de
mand for mineral commodities such as asbestos, manganese, chromium, 
aluminum, and tin. 

All states in the United States and all nations in the world are de
pendent on each other for at least a portion of their mineral needs. 
This condition will not change. Thus, it can be expected that as the 
worldwide demand for minerals increases there will be a correspond
ing need for increased interdependence among nations. 

Dependence on outside sources for mineral requirements is unavoid
able. Such dependence is a problem only when such sources become 
unreliable. This has been clearly demonstrated on an international 
.'ocale by the Organization of Petroleum Exporting Countries (OPEC) 
which has usPd its control over world petroleum resources for both 
economic and political benefit. Similar organizations of countries have 
been formed for purposes of leverage in the world market, notably 
the International Tin Council (ITC) and the Council of Copper 
Exporting Countries (CIPEC). 

The future will certainly bring increased demand for mineral re
sources and greater interdependence among nations. The increased 
demand will require increased supply which· can only come from new 
deposits. This demand will require an increase in both geological and 
geophysical surveys which are the basis for minerals exploration. It 
also suggests that increased research to identify substitutes for min
f'rals in short supply is essential. 

~-
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N owmetallic mineral resources 

Barite 

(By D. A. Brobst and A. V. Heyl, U.S. Geological Survey, Reston, Va. and 
Denver, Colo.) 

Description and use.-Barite (barium, sulfur, and oxygen-BaS04 ) 

is a relatively soft, generally white to gray, heavy mineral that has 
a specific gravity of 4.5. This material occurs in many geological en
vironments in sedimentary, igneous, and metamorphic rocks. Barite 
in ore deposits occurs alone or, more commonly, in association with 
quartz, ehert, jasper, fluorite, celestite, and various carbonate and 
metallic-sulfide minerals. Three types of deposits can be defined : vein 
and cavity-filling, residual, and bedded. The geologic features of these 
types of deposits and some well-known examples of each have been 
Jescribed by Brobst (1973). The major domestic sources of barite in 
l'ecent years have been the large high-grade .bedded deposits of Nev
ada and Arkansas and the extensive residual deposits of Missouri and 
the southern Appalachian region. 

The properties of softness, chemical inertness, and weight make it 
valuable for many uses that are nearly hidden among the technical 
c;omplexities of modern industrial processes and products. About 85 
percent of the barite consumed annually in the United States is ground 
to sizes less than one three hundred twenty-fifths of an inch and added 
to the fluid used in the rotary drilling of oil and gas wells; the heavy 
weight thus imparted to the fluid assists in the drilling process and 
in controlling high oil and gas pressures at depth. The remaining 15 
percent is used directly as barite or in the preparation of barium 
compounds for a variety of uses as fillers and extenders in ink, paper, 
textiles, rubber goods, asbestos products and linoleum; heavy aggre
gate for concrete construction material ; electronic equipment; ce
ramics; and flux in glass manufacture. Some barite is still used in the 
ruanufacture of lithopone, a white pigment of 70-percent barium sui
rate and 30-percent zinc sulfide; but production has declined greatly 
flince the introduction of titanium dioxide pigments. 

The quality standards and prices for barite are determined by dif
ferent uses. Various product specifications and other technical aspects 
of the barite industry have been discussed by Lewis (1970) and 
Brobst (1975). Domestic barite had an average value of $16.50 per 
ton at the mine during 1974, according to the U.S. Bureau of Mines. 
The En~ineering and Mining Journal in September 1975 quoted prices 
of $21 to $28 per ton for drillin~ mud-grade barite at gulf ports and 
$40 to $50 per ton for domestically produced chemical and glass-grade 
barite. · 

Statistics in the annual Minerals Yearbook of the U.S. Bureau of 
Mines indicate that the United States has been the world's largest 
producer and consumer of barite since vVorld "\:Var II. Annual do
mestic consumption has reached nearly 2 million tons. The annual 
domestic production is currently more than 1 million tons which "·as 
supplemented in 1974 by imports chiefly from Ireland, Peru, and 
Mexico. 
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Occurrences in Wiscons'in.-vVisconsin has produced little barite. 
Accordmg to Heyl and others ( 1U5U, p. l:)U), some production "·as re
ported ±rom 1lWJ to 1U30: except ±or 11:)~3: 111 the zmc-lead district in 
the south western counties. No precise data are available for most 
years, but 5,0ll5 tons of barite concentrates \Yere shipped from Lafay
ette County in 1ll3U. The prmc1pal commercial sources of barite were 
the Raisbeck Mine at Meeker Grove and the t\YO mines of the Porter 
Mining Company about 2 miles south of Meeker Grove. The Porter 
mines, also called the Laird by Agnew and others (1954), are the 
only ones in the district knovm to have been worked chiefly tor barite. 
In 1920 and 1930, the 1,000 tons of jigged barite concentrates from 
the Raisbeck mine sold for about $5 per ton which was enough also 
to cover the cost of mining and producing the galena (combined lead 
and sulfur) concentrates (Hey 1 and others, 1U59, p. BO). The barite 
\Yas used in the manufacture of lithopone. 

The major barite occurrences in Wisconsin are associated with the 
commercially valuable deposits of zinc, lead, and other metals that 
constitute the greater part of the Upper Mississippi Valley zinc-lead 
district. The most recent comprehensiVe descriptions of this district 
(Heyl and others, 1959, and Heyl, 1968) discuss the relation of ba-rite 
to these deposits and offer some information of value in assessing the 
potential for future barite production. 

The ore deposits containing barite occur chiefly in the rocks of the 
Decorah Formation and the Galena Dolomite and a few are in the 
Prairie du Chien Group (all of Ordovician age). Most of the barite is 
concentrated in the central part of the district where it is abundant in 
most sulfide deposits. Barite content diminishes toward the margins of 
the district and is absent at the periphery. The barite occurrences cor
respond to the central part of the copper zone of Heyl and others 
( 1959, fig. 73, p. 143), but the zone of greatest barite abundance en
compassing an area of about 55 square miles trends more southerly. 
According to Heyl and others (1959, p. 93), "Elsewhere in the district, 
barite is restricted to small quantities in the zinc-lead deposits. The 
barite zone contains 90 percent of the localities in which ba-rite is found 
and includes all of those in wl1ich it is abundant." 

The barite generally forms white, tabular, platy masses that are 
locaHy common to abundant in the ores of zinc or lead or both. Com
monly barite fills the central parts of veins, but it also forms radiating, 
concentrically banded or fine-grained masses and many replace adja
cent rock, esprcially at the periphery of individual ore bodies. In a few 
deposits near Shullsburg, barite also was deposited at the outer margin 
of the veins. 

At the Porter mines in the NE%, N'\Y%, sec. 34 NE%, NE%, sec. 
33, T.2N., R.1E., the ore occurs in the lower beds of the Prosser "cherty" 
and the Ion Members of the Decorah Formation. The larger of the two 
mines is in an ore body that is probably of the pitch-and-flat-type 
(Hey] and others, 1959, p. 39) in sec. 34 where the barite occurs in 
white, crystaUine masses that fill fractnrPs and replace wa-ll rocks. The 
barite contains some galena in coarse euhedral crvstals. The smaller 
mine, in sec. 33, produced similar barite from shallower workings in 
the Decorah Formation. "Similar barite deposits were noted in the vi- -

• 
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cinity of these mines, especially in the south toward Leadmine". (Heyl 
and others, 1959, p. 241). 

The Raisbeck mine, sec. 21, T.2N., R.1E., yielded barite and galena 
concentrate from a pitch-and-flat deposit. In 1959, Heyl and others 
(p. 237) reported that a large part of the thick barite flat still remains 
containing scattered ~rystals of galena in a ratio of 6 tons of barite to 
1 ton of galena. The ore body was known for its richness with fiats of 
galena, sphalerite (combined zinc and sulfur) and barite as much as 
5 feet thick. Barite veins 3 to 5 feet thick are known. In one place a 
crosscut drifted 40 feet through a barite vein. The barite in this partly 
developed and mined ore deposit probably aggregates many thousands 
of tons. 

The Nigger Jim diggings, NE%, SW%, Sec. 22, T.4N., R.1E., about 
3 miles southeast of Rewey consist of workings less than 50 feet deep 
that show galena and much barite (Heyl and others, 1959, p. 266). 
The deposits were drilled by the U.S. Bureau of Mines (Apell, 1949). 
The ore is in veins, breccia, and wall replacements in the McGregor 
and Quimhvs ::\fill :M:e.mbrrs of the Platt.rville Formation 'US well as 
in the so-called "blue beds" and the Guttenberg Member of the 
Decorah Formation. Indications are that the limits of this ore body 
can be <:>nlarged by more prospecting. The deposit might produce 
barite with lead as a major byproduct. Several other little-prospected 
galena and barite deposits are known in the vicinity. 

Barite is abundant enough in several other parts of the district, 
Fmch as north of Linden, northwest of Mineral Point, between Cuba 
City and Shullsburg, and in places south of Platteville, to provide 
a potential byproduct with the lead and zinc ores. Such a barite 
product is now successfully recovered and sold from somewhat similar 
(lrnosits in Ponthrm Tlli"ois. 

Appraisal and outlook.-A review of the geologic literature of the 
Wisconsin zinc-lead district suggests that the potential barite produc
tion is considerably greater than indicated by the meager past produc
tion. The potential production of barite from many known depositR 
and their extensions yet to be found by prospecting, plus that found 
by new exploration and that possiblv recoverable by reworking old 
mine waRte, might amount to a significant tonnage should economic 
conditions warrant such effort. Studies bv Wharton (1972) of the 
potential production of barite from old tailings ponds in the Wash
ington County district, Missouri, suggest that 67 tailings ponds might 
contain about 1.9 million tons of barite-an amount equal to 17 per
cent of the district's total production through 1971. Recovery of 
minerals from tailings ponds and mine dumps perhaps should not he 
dismissed too quickly in these days of higher energy costs. 

Much of the barite in the State would have to be produced as a 
eo-product with the zinc and lead sulfides. Many users of barite have 
preferred not to depend on eo-product recovery for their supply for 
the obvions reason that. the demand for the prime product governs 
the totnl production nnd thus controls tlw nvailahilitv of their desirt>d 
product in the mnrket. As the industrialized world faces possible 
future shortnges of minerals, however. the economics of recovering and 
depending upon the supply of eo-products is likely to become as attrac-
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tive again as it was one-half century ago when the sale of Wisconsin 
barite covered the cost of production of the lead. With the expected 
increase in the amount of oil and gas drilling the world over in the 
coming years, the demand, and price, for barite also might increase. 

Extrapolation of sketchy available data suggests that perhaps as 
much as several million tons of barite might be geologically available 
within 250 feet of the surface in southwestern Wisconsin. 

Clay and shale 

(By S. H. Patterson, U.S. Geological Survey, Reston, Va.) 

Description and use.-Clay and shale consist mainly of extremely 
fine-grained minerals (clay minerals) and most deposits contain ap
preciable amounts of nonclay minerals and other impurities. Clay 
and shale are used in many types of products, because they have many 
different physical and chemical properties. These differences are 
caused by variations in clay mineral composition, size and shape of 
mineral particles, and amounts and type of nonclay minerals and other 
impurities. The most common use of clays and shale in vVisconsin has 
been in the manufacture of common brick and title. The properties 
required for these products include plasticity and fired strength. Much 
of the clay and shale in W"isconsin is either naturally plastic or 
becomes sufficiently plastic when worked that it can be shaped into 
brick and tile and develops sufficient strength when fired. Kaolin is 
another type of clay that was produced in 'Visconsin on a small scale 
many years ago. It is generally white and plastic, and was used in 
the manufacture of paper and porcelain. 

Economic importance and development.-Though 'Visconsin has 
never been a major clay-producing State, 190 brick and tile plants 
were on record at the turn of the century (Buckley, 1901). The brick 
and tile industry continued to be moderately active but has declined 
markedly in the last few decades. According to the records of the 
'Visconsin Geological and Natural History Survey, only 1,000 tons 
of clay, valued at $3,000, were produced in 1973. Apparently the only 
noteworthy kaolin production in Wisconsin was by the Superior 
China Clay Co. in the early 1900's (Buckley, 1901, p. 234). This 
company operated a kaolin-washing plant ncar Hersey, St. Croix 
County, which had an annual capacity of 5,000 tons. 

Occurrences in Wiscon8in.-The 'Visconsin clay and shale used in 
common brick and tile (Ries, 1906) accumulated· in a variety of en
vironments. Many clays are fine-grainrd materials that were trans
ported by glaciers or water from melting glacial ice or both. These 
deposits are generally of irre11:ular thickness, commonly contain 
variable quantities of boulders, and are irregularly distributed over 
much of 'Visconsin. A second type of deposits are water-laid clays 
located in belts along Lake Michigan, Grern Bay, and Lake Superior. 
A third type of clays are similar to the srcond type bnt contain more 
limy materials that were glacially transported. The third type of 
clays are located mainly in belts west of the second type of deposits 
in southeastern and eastern Wisconsin. Loess, which consists of fine-

• 
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grained, wind-blown material, occurs mainly in the unglaciated region 
in the southwestern part of the State. Clays formed by decay of 
crystalline rocks and then protected from erosion by overlying sedi
mentary formations arc mainly in Eau Claire, ,Jackson, Taylor, 
Marathon, Wood, and Portage Counties in the central part of the 
State. 

The shale used for brick and tile was dug mainly from the Maquo
keta Shale of Ordovician age and irregular deposits in Precambrian 
rock. The Maquoketa Shale is exposed mainly in a narrow belt extend
ing from Green Bay southward to the Wisconsin-Illinois boundary 
and in isolated patches in southwestern \Visconsin. The clay formed 
on Precambrian rock is scattered through several areas in the north
ern and northwestern part of the State. 

The plastic kaolin near Hersey that was mined many years ago is 
in the form of sedimentary deposits interstratified with sand (Buck
ley, 1!)01, pp. 233-234). The age of these deposits is unknown, but 
some of them are covered! with glacial materials. Other sedimentary 
kaolin deposits are scattered through the eastern part of St. Croix 
nnd western part of Dunn Counties. All of these deposits contain 
abundant quartz and large quantities of waste sand remained when 
the kaolin was recovered by washing. Residual-type kaolin deposits 
that formed by weathering in place are in Precambrian schists at 
:=:everal places in the northern part of the State. Most such deposits 
contain abundant quartz and iron oxide and have little value for use 
in ceramic products other than brick and tile. Presumably the best 
residual kaolins are in the Rice Lake and Eau Claire districts (Buck
ley, 1901, pp. 232, 237). 

Appraisal and outlook.-The several different types of clay and 
shale used for brick and tile at many places in Wisconsin in the past 
indicate that the total rE>sources of these materials must be very large. 
However, few are as suitable for brick and tile as deposits in neigh
boring States as noted at the turn o.f the century by the leading 
economic geologist specializing in clays ( Ries, 1902, p. 272) as follows: 

"It seems doubtful, however, whether Wisconsin can ever 
become an important clay-producing State, partly on account 
of the chamcter of the raw materials and partly because 
competition with neighboring States, such as Ohio, would be 
nearly impossible." 

Not only have Dr. Ries' gloomy doubts about the future of the clay
using industry in Wisconsin proved to be well founded by the virtual 
end of the brick and tile production in recent years, but also the future 
of this industry continues to be clouded. The reasons for the condition 
of the industry are no doubt partly related to the low quality of the 
raw material, but this factor certainly would be offset by the costs of 
transpol'ting out-of-state brick and tile to vVisconsin markets. Prob
ably much of the decrease in the Wisconsin industry has been due to 
the lack o.f plant modernization and the 'Closing of other plants brought 
about by environmental requirements of expanding metropolitan 
areas. The rejuvenation of the brick and tile industry is also hampered 
by uncertainties of future fuel supplies and increasing costs of plant 
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and mining equipment, labor, etcetera. Nevertheless, sufficient demand 
for construction brick must exist in Wisconsin to justify at least one 
new large, modern brick plant. 

Samples of a clay from St. Croix County, vVis., were tested as a 
possible substitute for the western bentonite used in bonding pellets of 
beneficiated fine-grained iron ore (Tosh, 197:3), and the results were 
negative. Little hope remains that high-quality bonding clay will be 
found in Wisconsin, because the most efficient clays for this use con
sist ·chiefly of sodium-montmorillonite, and large deposits of such clay 
are virtually unknown in the types o.f rocks that are in "\Visconsin. 
The St. Croix County deposits consist primarily of calcium-montmoril
lonite (M. E. Ostrom, written commun., 1975). 

Several Wisconsin clay, shale, and other fine-grained rocks have 
been tested for possible use in making lightweight aggregate (Cole, 
Hanson, and Westbrook, 1961). According to these preliminary investi
gations, some of the lower part of the Maquoketa Shale does expand 
with heat, and deposits of sufficient size to supply a large plant prob
ably could be found. Because a market for lightweight aggregate in 
"\Visconsin is likely to exist now and expand in the foreseeable decades, 
the future for this type of product seems brighter than for some of the 
other construction materials made from clay and shale. 

Crushed stone 

(By D. W. Hadley, Wisconsin Geological and Xatural History Suryey, :Madison, 
Wis.) 

Description a.nd use.-Crushed stone is rock quarried for uses that 
depend primarily upon its physical properties. This contrasts with 
most other types of mining, where the mineralogical and chemical 
properties of the rock are of primary importance. Most crushed stone 
is used in construction whereas most other mineral production is used 
.for manufacturing or chemical purposes. ~ 

Certain rock types, because of their physical propPrties, and to a 
lesser degree chemical properties, are ideally suited for use as aggre
gates, roadstone, road bases, and other similar purposes. Because the 
natural rock is broken into irregular shapes and various sizes before 
it is used, the product is known as crushed stone. 

The demand for crushed stone is high. As a measure of this demand, 
the national crushed stone consumption was 8,592 pounds per person 
in 1970. Preliminary data for 1974 shows a small decline in stone pro
duction, reflecting the downturn for the construction industrv as a 
whole during this period. The overall trend is, howe,·e1·, one" of in
creasing demand. Production data for the period 1919 through 1H74 
are shown in table 5. Although these data include dimension stone, 
crushed stone now accounts for more than gg percent of the total stone 
production. 

• 



.. 

• 

Year: 
1919.-----------1920 ___________ _ 
1921__ _________ _ 
1922 ___________ _ 

1923 •• ----------1924 ___________ -
1925 ___________ _ 
1926 ___________ _ 

1927------------1928 ___________ _ 
1929 ___________ _ 
1930 ___________ _ 
1931_ __________ _ 

!932 •• ----------
1933.-----------1934 ___________ _ 

1935 .. ----------1936 ___________ _ 
1937_ __________ _ 
1938 ___________ _ 
1939 ___________ _ 
1940 ___________ _ 
1941. __________ _ 
1942 ___________ _ 
1943 ___________ _ 
1944 ___________ _ 
1945 __ ----------1946 ___________ _ 

75 

TABLE 5.-5TONE PRODUCTION IN WISCONSIN, 1919-74 

(By year) 

ProductiOn in 
thousands of 

short tons 

I, 557 
I, 565 

11,744 
•I, 800 
2,488 

•2,222 
l 2, 541 
12,852 
•3, 104 
3,314 

•4, 004 
13,371 
•2, 627 

1,683 
I, 199 
2, 680 

12,495 
13,171 

3, 332 
3, 097 
3,183 
4,330 
4, 377 
4, 493 

14,186 
14,659 

4, 764 
6,193 

Value in 
thousands 
of dollars 

3,180 
3, 729 

13,570 
13,310 

4, 591 
•4, 087 
14,208 
14,933 
•5, 182 

5, 516 
•6, 167 
15,100 
14,080 

3,191 
I, 805 
3, liS 

l 3, 117 
l 3, 967 
4,284 
3, 881 
3, 564 
5,030 
5,666 
6,309 

16,677 
l 7, 741 

8, 443 
11,473 

Year: 
1947 ·-----------
1948.. ----------1949 ___________ _ 
1950 ___________ _ 
!951__ _________ _ 
1952 ___ : _______ _ 
1953 ___________ _ 
!954_ -----------1955 ___________ _ 
1956 ___________ _ 

1957------------1958 ___________ _ 
1959 ___________ _ 
!960 __ ----------1961 ___________ _ 
1962 ___________ _ 

!963. -----------1964 ___________ _ 
1965 ___________ _ 
1966 ___________ _ 
1967------------1968 ___________ _ 
1969 ___________ _ 
1970 ___________ _ 
1971. __________ _ 
1972..----------
1973 __ ----------1974 ___________ _ 

Production in 
thousands of 

short tons 

15,898 
17,224 

7, 327 
7, 000 
6,609 
8, 579 
7, 450 
8,289 

1!2, 180 
11, 126 
12, 434 
13,722 
13,522 
16,486 
13, 418 
13, 392 
13,583 
13,901 
15,344 
16,150 
17,122 
17,000 
18,954 
17,577 
15,568 
19,394 
23,818 
22,443 

'Some data not included to protect confidential mformation. 

Value 1n 
thousands 
of dollars 

l 11,676 
112,581 

13,636 
14,495 
14,672 
16,755 
15,980 
16,188 

118,843 
20,402 
22,455 
23,334 
23, 782 
22,302 
19,686 
19,709 
18,744 
20,232 
21,924 
23,735 
24,863 
25,223 
27,571 
25, 167 
25,105 
29,681 
36,917 
40,912 

Economic importance.-Stone production is, and historically has 
been, one of the major industries of ·wisconsin. Since 1919 a total of 
398,886,350 tons of stone, valued at $634,036,072 has been produced. 
Statistics for 1973 show a production of 23,800,000 tons valued at 
almost $37 million with 1V"isconsin ranking 19th among the states in 
tonnage of stone produced. 

In 1973, there were 343 active stone quarries in 1Visconsin, with 
stone being produced in 50 of the State's 72 counties. Stone production 
by counties is given in table 6. 

Occurrences in TVisconsin.-A number of different rock types are 
currently being quarried for use as crushed stone in "'Wisconsin. The 
more important ones are listed below and their major uses described. 

Limestone and dolomite.-Almost all of the rocks commonly re
ferred to as limestone in 1Yisconsin contain a high percentage of dolo
mite, a carbonate of calcium and magnesium. Dolomite differs from 
ordinary limestone in its much higher magnesium content which is a 
controlling factor in deh'm1ining potential uses. Dolomite is used as 
crushed stonP and as dinlPnsion stonP; it is the most important rock 
type quarried in the State. In 1972 more than 80 percent of the crushed 
stone produced in 1Yisconsin was dolomite. 

CrushPd dolomitP is used for many purposes. The largest single 
user in Wisconsin is the construction industry, which uses crushed 
dolomite as aggregate in portland cement and bituminous concrete, 
in macadam, and in the bases for roads and as roadstonc. Large 
amounts of dolomite are used as agricultural limestone. Miscellaneou~ 
uses include railroad ballast. flux for metallurgy, raw material for 
the production of lime, and riprap and jetty stone. 
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TABLE G.-STONE SOLD OR USED BY PRODUCERS, BY COUNTY, IN WISCONSIN, 1972-73 I 

(Thousand short tons and thousand dollars( 

1972 1973 

Number Number 
of of Kmd of stone produced 

County quarnes Quantity Value quarries Quant1ty Value' m 1973 I 

Barron.________________________________________________ I 9 18 
Bayfield________________________________________________ 1 (') (') 
Brown___________________ 10 670 970 9 898 I, 135 
Buffalo__________________ 8 W W 12 340 W 
Burnett__________________ I W W I W W 
Calumet_________________ 3 . W 155 3 36 W 
Clark____________________ I W W I I I 
Columbia________________ 4 W W 5 337 W 
Crawford_________________ 9 252 252 13 404 504 
Dane____________________ 23 I, 255 2, 036 26 I, 388 I, 972 
Dodge___________________ 8 535 723 9 655 940 
Door_____________________ 4 W W 3 64 62 
Douglas__________________ I 3 W 1 7 12 
Dunn____________________ 3 43 58 I 50 44 
Fond du Lac______________ 13 347 912 13 580 I, 360 
Grant____________________ 18 714 927 34 980 I, 177 
Green____________________ 24 515 521 20 W W 
Green Lake_______________ 3 25 36 2 54 81 
Iowa____________________ 19 443 418 17 532 494 
Jackson__________________ I W W 2 45 W 
Jefferson_________________ I W W I W W 
Juneau__________________ 2 W W 2 W W 
Kewaunee________________ I W W ------------------------------
La Crosse________________ 2 W W 7 439 541 
Lafayette_________________ 20 573 509 19 524 473 
Mamtowoc_______________ 3 W 550 2 W W 
Marathon________________ 16 1,767 3, 560 19 2, 527 4, 069 

Marinette ________________ I w w 2 w w Marquette ________________ 2 w w 2 w w 
Milwaukee_------ ________ 2 w w 2 w w 
Monroe __________________ 8 w w 7 w w Oconto ___________________ 3 w w I w w 
Outagam1e. ______________ 3 w w 5 w w 
Ozaukee ___ -------------- 2 w w I w w Pepm ____________________ 6 146 169 2 39 w 
P1erce. __________________ 12 w w 10 351 440 Polk _____________________ 2 w w 2 w w Portage ________________________________________________ I (I) (1) 
Racme___________________ 6 I, 220 W 3 w w 
Richland_________________ 3 W W 9 227 w 
Rock ____________________ 14 489 636 12 319 478 St. Croix _________________ 7 w w 9 374 476 
Sauk. ___________________ 9 709 923 12 w w 
Shawano _________________ w 87 4 w w 
Sheboygan _____ ---------- 4 25 I 3 24 
Trempealeau _____________ w w 9 298 w 
Vernon __________________ 12 w w 27 w w 
Vilas ______________ -- ______ ---------------------------- I 25 w 
Walworth ________________ I 24 w 3 w 62 
Washington _______________ 1 34 33 I 32 36 
Waukesha ________________ 23 2, 270 3, 419 29 2, 726 4, 419 Waupaca _________________ 2 21 36 2 38 82 
Wmnebago _______________ 15 w w 3 744 I, 152 
Wood __ ------------ __ -- __ 2 79 117 3 104 143 
Vanous_ --------------- __ I w w 28 w w 
Und1stnbuted ... ____________ -- -- -- __ 7, 257 12,605 ---------- 8, 669 16,719 

Total'------------- 343 19,394 29,681 415 23,818 36,917 

Limestone.• 
Do. 
Do. 
Do. 

Other stone. 
L1mestone. 
Gramte. 
Limestone. 

Do. 
Do. 
Do. 
Do. 

Traprock. 
L1mestone. 

Do. 
L1mestone, other stone. 
Limestone. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Gramte, quartz1te, 
sandstone. 

Traprock. 
Gramte, l1mesto~a. 
L1mestone. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

L1mestone, traprock. 
Sandstone. 
Limestone. 

Do. 
Do. 
Do. 

Limestone, quartzite, 
sandstone. 

Limestone. 
Do. 
Do. 
Do. 

Gramte. 
Limestone. 
Sandstone. 
Limestone. 

Do. 
Do. 

Gramte, sandstone. 
L•mestone. 

W-W1thheld to avoid disclosmg individual company confident•al data, included with "Und•stnbuted". 
' Includes both crushed and d1mens1on stone. Crushed stone 1n 1973 accounted for over 90 percent of total value and 

over 99 percent of total quant1ty. In 1974 1t accounted for approximately 84 percent of total value and 98.5 percent of 
total volume. 

' Data may not add to totals shown because of independent round mg. 
a "L1mestone" used generally to include dolom•te. 
• Less than one-half umt. 

Source: Data from U.S. Bureau of Mmes Minerals Yearbook. 

Because of its high magnesium content, dolomite is not suitable for 
use in manufacture of portland cement, and although cement is pro
duced in Wisconsin, the limestone used in its manufacture is shipped 
from other states. 
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Granite.-Because it is extremely hard, little or no crushed granite 
is produced in the State. However, friable and highly weathered 
granite is found in some areas of the State and is used as roadstone on 
local roads and for landscape and decorative purposes. 

Basalt-A limited amount of crushed basalt, which is a dark-colored 
fine-grained rock, is produced in 'Visconsin. The products are used 
primarily as roofing granules and for concrete aggregate. There were 
four basalt quarries active in 1972 located in Douglas, Polk, and 
Marinette Counties. 

Quartzite.-A rock similar to sandstone but the sand grains are so 
firmly joined together that fracture takes place through rather than 
around the grains. Because of its great hardness, quartzite is rarely 
used for dimension purposes except as flagstone. Its hardness does, 
however, make quartzite valuable for use as railroad ballast, grinding 
pebbles, and abrasives. Quartzite i.s produced from quarries located 
in Sank County. 

Gabbro.-An igneous rock, very similar to basalt but with a larger 
grain sizC', like that of granite. Limited quantities of crushed gabbro 
have beC'n produced in Ashland County. Most gabbro produced in Wis
consin is for use as dimension stone. 

111 arblc.-Marble has been quarried in Bayfield County near Grand
view. The product is marble chips, used as decorative aggregate and in 
terrazzo. 

Appraisal and outlook.-Geological factors control the potential 
for stone production. Almost all of the stone quarries in 'Visconsin are 
in one of four of the many rock units recognized in the State. These 
four units are: 

1. The dolomite formations of the Silurian System of rocks. 
2. The dolomite formations in the Sinnipee Group of the Or

dovician System of rocks. 
3. The dolomite formations of the Prairie du Chien Group, 

also of the Ordovician System. 
4. The granites, basalts, gabbros, quartzites and associated 

igneous and metamorphic rocks of the Precambrian. 
Although the bedrock geology of less than 10 percent of "'Wisconsin 

has been mapped in detail, the broad picture of the areal distribution 
of the various major rock units is known over much of the State. 
Fi~.rnre 2, a geologic map of 'Yisconsin, shows this rlistribution and 
indicates the areas in which each of the four units listed above occurs 
at the bedrock surface. 

The situation is complicaterl, however, in that the bedrock surface 
of most of the State is covered by unconsolidated deposits of sand, 
gravel, and other materials laid down during glaciation (fig. 1). Only 
in the "Driftless Area" of southwestern 'Visconsin, an area which 
shows no eYidence of glaciation, is the bedrock generally exposed. The 
extent and thickness of the glacial deposits are shown on figure 20. As 
can be seen from inspection of this figure, a large proportion of the 
areas where tl~e four rock units containing material suitable for stone 
production arC' found is covered by glacial deposits to depths of 300 
feet or more. This, of course, makes stone production economically 
unfeasible over large an:•as. 

A potential exists for stone production primarily in those areas with 
an overburden thicknef's of 50 feet or less. 
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EXPLANATION 

S1lunan Formations 
Oolomtte w1thm 50 feet of the 
land surface 

Smn1pee Group 
Dolomite. limestone and shale 
wlthm 50 feet of the land surface 

.. Pra1ne du Ch1en Group 
Dolomtte wllhm 50 feet of the 
land surface 

Precambnan 
/qneous metamorphic and sedimen
tary rocks wlfhm 50 feet of the 
land surface 

FIGURE 27.-Potential crushed stone production areas in Wisconsin. 

Figure 27 is a map of potential stone production areas in 'Visconsin 
and shows those areas which on the basis of existing records are con
sidered to have the greatest potential to contain materials suitable 
for use as crushed stone and which occur under 50 feet or less of 
overburden. 

Minor quantities of crushed stone are also produced from the St. 
Lawrence, Eau Claire, and Lone Rock Formations. However, these 
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have only local importance, as the quality of the above formations 
limits their use potential so they are not included in figure 27. 

Use of the map should be conditioned on the following 
considerations : 

1. The map is based on relatively limited data and is of very small 
scale which makes it unsuitable for evaluation of specific sites. 

2. Even though an area is known to be underlain by rocks of one of 
the four rock units previously mentioned, there is no guarantee that 
the rock at any given site will be physically or chemically suitable for 
use. This is especially true of those areas underlain by Precambrian 
rocks, where knowledge of the bedrock geology is extremely limited . 

3. Crushed stone is a large volume, low value product. Production 
will be economically feasible, therefore, only if the deposit is within 
reasonable shipping distance of the intended market. 

Dimension stone 

(By R. A. Laurence, U.S. Geological Survey, Knoxville, Tenn.) 

Description and use.-Stone has been used as a construction material 
since prehistoric times, and though many other materials now compete 
with natural stone for building and monumPntal uses, the value of 
dimension stone produced in the United States in 1972 was approxi
mately 1 percent of all non-fuel mineral production, and ranked 17th 
among 59 non-fuel mineral commodities produced in that year. Dimen
sion stone was produced in 43 states in 1972, demonstrating that 
although many of its former uses have been largely taken over by 
competing materials, the industry is still alive, active, and competitive. 

Dimension stone is defined as "natural building stone that has been 
selected, trimmed, or cut to specified or indicated shapes or sizes, with 
or ''"ithont one or more mechanically dressed surfaces" (American 
Society for Testing and Materials, 197.1), p. 7). It is used principally 
for building construction, monuments, curbing, and as flagstone. 
Granite, limestone, dolomite, sandstone, marble, and slate are the prin
cipal rock types used as dimension stone; all six are present in Wis
consin but only the first four have been quarried for dimension stone. 

The major requirements of rock to be used as dimension stone are 
durability, absence of closely spaced joints or fractures, a desirable 
color, anrl absrnce of minemls (e.g. sulfides--metal, especially iron, 
combined with sulfur) that may cause staining or deterioration. 
More detailed information on this 1s presented in the several standards 
for natural building stones of the American Society for Testing and 
Materials (1975, p. 1-37). 

Selection of a quarry site is largely deprndent upon depth of over
burden and proximity to transportation and markets, especially for 
the more common Yarieties of stone. 

Economic importance anrl de1·el opment.-1Visconsin 's dimension 
stone industry began before 1846, with quarrying of limestone in 
Waukesha Connty (Friz, 1975, p. 17). By 1880, as reported in the 
lOth census, Wisconsin production was $227,065, from 46 limestone 
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and 14 sandstone quarries. Granite quarrying began in 1880 (Friz, 
1975, p. 18) but was not reported in the lOth census. Production for 
selected years is given in table 7, and production in 1973 by types of 
stone in table 8. 

Occurrences in TV isoonsin.-The areas of past and current dimension 
stone quarrying are shown on figure 28. 

L1mestone and dolom1te (L) 

Grantte, mcludmg rhyolite 
and gabbro (G) 

20 40 60 MILES 1-....--'...,_ ........ _ _. 
0 20 40 60 KILOMETRES 

EXPLANATION 

Sandstone and quartz1te ( S) 

Numerals 1nd1cate number of act1ve quarnes 
In 1973 

FIGURE 28.-vVisconsin counties that have produced dimension stone. 

,_ 
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TABLE 7.-WISCONSIN DIMENSION STONE PRODUCTION IN SELECTED YEARS 

Year 

1880 •..•••...•...•.•.•••••...••••.•..••..••....•••••.....••......••.•.••••• 
1910 •••••••••••......••••••••..••..••..•....••••.••••••••.......•••••.•.••• 

mt:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
1960 ••••••••••••••••.••••••••.•••••..••••••••••••••••••••••...•••••.••••••• 
1973 •••••••••••••••.......••.••••••••••••••.•.•.•..••••••••••..••••••.....• 

t Not avatlable . 

Quantity 
(short-tons) 

(') 
(') 

78,710 
77, 250 
79, 530 

118, 235 
72, 327 

Value 
(dollars) 

227, 065 
I, 838, 387 
I, 892, 214 
I, 306, 675 
2, 520, 807 
3, 082,256 
3, 608,000 

Source: Data from U.S. Geological Survey, Mtneral Resources of the Untted States, 1882 and 1910, and U.S. Bureau of 
Mtnes, Mtnerals Yearbook, 1930-73. 

TABLE B.-DIMENSION STONE PRODUCTION, WISCONSIN, 1973 

Kind of stone 

Limestone and dolomite •••••• -------·--
Grantte _____________________________ _ 
Sandstone •• ____ ·- ___________________ _ 

Source: Data from Drake, 1975, p. 11-12. 

Number of Quant tty 
quarries (short tons) 

25 
7 
8 

62, 871 
8, 041 
I, 415 

Value 
(dollars) 

I, 347,000 
2, 231,000 

30,000 

The 1973 dimension stone output of Wisconsin was equtvalent to: 
4.6 percent of the U.S. output of dimension stone in 1973, by quanttty. 
4.2 percent of the U.S. output of dimension stone 1973. by value. 
0.3 percent of total Wtsconsin output of stone tn !973, by quanttty. 
9.7 percent of total Wtsconstn output of stone in 1973, by value. 
3.15 percent of all Wisconstn mtneral output tn 1973, by value. 

Rank among States 

Quantity Value 

2 
8 
9 

2 
8 

11 

Lilmestone a'Tiii dolomite.-Most of the rocks commonly called lime
stones in Wisconsin, and especially those used as dimension stone, are 
actually dolomite (Hanson, 1964, p. 207), a variety containing more 
than 4J percent of the mineral dolomite, a double carbonate of cal
cium and magnesium. 

Limestone and dolomite occur throughout the eastern, southern, and 
western parts of the State, and have been quarried for dimension 
stone, at least for local use, in nearly every county in that area. Produc
tion in 1973 was from the Silurian dolomites in the east-central area, 
and especially near Lannon, Waukesha County, and in Fond duLac 
County; and a minor amount came from the St. Lawrence Formation 
in Dane County. The widely known Lannon stone is used principally 
as house veneer, curbing, and flagstone. The dolomites of the Sinnipee 
and Prairie du Chien Groups have also been quarried for dimension 
stone. 

The number of active dimension limestone quarries in '\V"isconsin 
has declined from 39 in 1970 (Friz, 1975, p. 17) to 25 in 1973 (Drake, 
1975, p. 31), but output was down only 4,000 tons, from 67,000 to 
63,000, and value increased from $1,263,000 to $1,347,000. This was a 
better performance than the national production of dimension lime
stone for the same period. 

Granite.-Igneous rocks are present in about a third of Wisconsin's 
area, chiefly in the north-central part, where many varieties of granite 
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occur. Granite is the officially designated State rock. Red and reddish 
brown varieties are the most abundant, and these are highly desirable 
for monuments and cut and polished slabs or blocks in building con
struction. Leading areas of current production are in Marathon County 
("'V"ausau Granite") and Marquette County ("Montello Granite"). 
Dimension granite has been produced in at least six other counties. 
Production of the widely known "Wisconsin Black Granite," actually 
a gabbro, in Ashland County, and a gray granite in Marinette County 
has not been reported since 1970. 

Much of 'V"isconsin's dimension granite in earlier years was used 
as paving blocks, especially in Milwaukee and Chicago, but this market 
has been lost to more modern paving methods. 

Sandstone.-Sandstones occur chiefly in three geologic units in ·wis
consin: in the Prrcamhrian rocks mostly in the northem half of the 
State; in the several formations of the Upper Cambrian System (called 
Potsdam in most older reports) occupymg a wide belt adjacent to the 
Precambrian, mainly in the central and western part; and the St. Peter 
Sandstone, of Ordovician age, mainly in the southem and southwestern 
part. 

Current production of dimension sandstone is entirely from the 
Upper Cambrian formations, in Wood, Portage, Sank, and Marathon 
Counties (fig. 28). It is used as house veneer, cut stone, rough construc
tion, and flagstone. 

Formerly, a red Precambrian sandstone, known as "Lake Superior 
Brownstone," was extensively quarried in Douglas, Bayfield, and Ash
land Counties (Thwaites 1912b; Buckley 1898, pp. 167-219), but the 
demand for this type of stone declined in the 1890's and there has been 
very little production in the past 60 years. 

Sandstone has been produced for local use from the St. Peter Sand
stone, chiefly in Lafayette County. 

Other types.-Marble occurs in the Precambrian sedimentary rocks 
and has been quarried near Grandview, Bayfield County, but it was 
crushed and sold as terrazzo chips and not as dimension stone (Gus
tavson 1961, p. 1133). 

Boulders, both granite and limestone, in glacial deposits have been 
used at many localities as "field stone," for house veneer, stone walls, 
and fences. This type of stone is widespread, but is, of course, not 
present in the Driftless Area. 

Re8o·urce appra,isal and outlook.-Stone, unlike nmny of our min
eral commodities, is in no danger of exhaustion. However, the quantity 
of stone in Wisconsin that has acceptable physical and chemical proper
ties is unknown. Barton (1968, p. 28) noted that "Dimension stone of 
one variety or another is almost always available within reasonable dis
tance. Few large areas are totally devoid of formations that will yield 
blocks for major construction, though choice of rock types and rock 
quality may be greatly restricted. Outwash plains, filled valleys, coastal 
plains, deltas, fans, and similar al'hwium-covered areas are about the 
only places where diniension stone resources may br absent." However, 
availability of these resources may be restricted by depth of overburden 
which must be removed in quarrying dimension stone. Figure 27 shows 
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areas in 'Visconsin where different types of stone are within 50 feet 
or less of the surface. 

Use of dimension stone as a principal material for load-bearing in 
building construction has declined since the increase of structural steel 
construction, but the stone industry has adjusted to this by providing 
dimension stone in thin veneer slabs or blocks for both exterior and 
interior uses. 

As reserves and resources of dimension stone in 'Visconsin a1·e not 
well kno,Yn, the major resource problems are identifying suitable de
posits and adjusting to the growth of cities, suburbs, and highways so 
that the quarrying of the more desirable or available stone deposits is 
not prevented by these conflicting uses of the land. Establishment of 
mineral reservation and extraction districts is proposed as a solution 
to the latter problem (Friz, 1975, p. 57). 

Feldspar 

(By F. G. Lesure, U.S. Geologic-al Survey, Reston, Va.) 

DescrijJtion and u.Ye.-Feldspar is the general name for a group of 
important rock-forming minerals; they constitnte nearly 60 percent of 
many igneous rocks and arP common in some SPdimentary and many 
metamorphic rocks. The feldspars are alnminnm silicate minerals that 
contain varying amounts of potassium, sodium, and calcium. 

From 1955 to 1970 about 55 percent of the feldspar in the United 
States was nsed in glass, 31 percent in pottery, 4 percent in enamel and 
10 percent in soaps, abrasives, mineral fillers, welding rod coatings and 
other miscellaneous uses. A little more than 110 pounds of feldspar is 
used in an average ton of glass containers and slightly less than 100 
pounds in a ton of flat glass. Feldspar is useful in ceramics as a flux 
because it lowers the melting temperatures of the other ingredients. 
The resulting glass cements munelted particles so that the feldspar im
parts strength, toughness, and durabilitv to the finished product. 
Feldspar makes up 10-35 percent of the body and 30-50 percent of the 
gJaze in many types of cPramics. 

Economic importance and de-uelopment.-No feldspar is producecl 
from occurrences in 'Visconsin, but nearly 9,000 short tons of ground 
feldspar were used in the State in 1961, the last year for which figures 
were published (W. ells, 1965, p. 325). This was about 1.5 percent of the 
total United States consumption of feldspar at that time. 

Feldspar was first mined in the United States in 1825 from very 
coarse-grained granitic bodies called pegmatite in Connecticut and 
shipped to England for use in ceramics (DuBois, 1940, p. 207). Prin
cipal production from 185:3 to 1910 was from Connecticut, New York, 
Maine, Pennsyh·ania, and Maryland. Feldspar mining began in North 
Carolina in 1911, and that State has for many years accounted for 
nearly one-half or more of the annual U.S. production. In recent years 
Califomia, Connecticut, South Carolina, Georgia, and South Dakota 
have been our other important feldspar producers. 

78-847 0-76--7 
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Transportation cost is an important element in marketing feldspar 
for glass because the delivered cost per unit of alumina plus alkalies 
(Na20+ K 20) is the basis for determining relative value of competing 
feldspar products. The ceramic industry is more concerned with a 
particular feldspar and its effect on the delicate balance of ceramic 
mix, plant operation, and product quality. In general, one feldspar 
product cannot be substituted for another in a ceramic mix without 
extensive tests. A ceramic feldspar is sometimes shipped past another 
producing phint to a consumer who would rather pay more freight than 
change suppliers. 

The average price of crude feldspar 'Yas $16.20 per lon_g ton in 
1973 and $9.51 in 1960 CWells, 1974. p. 1). The average price of ground 
feldspar per short ton was $18.05 in 1978 and $18.40 in 1960. Prices 
quoted for ground feldspar for May 1975 were as follmYs: North Caro-
lina, 20 mesh, flotation $16; 200 mesh, flotation $25.50-$32 (Engineer- " 
ing and Mining Journal, 1975). Details of the minin_g, beneficiation, 
and marketing of feldspar are given by Castle and Gillson (1960), 
Cooper and Wells ( 1970), Feitler ( 1967), and Neal ( 1973). 

Grn~ral characteri8tic8.-0ommercial deposits of feldspar are found 
in some pegmatites, many granites and related igneous rocks, and cer
tain beach sands and alluvium. Examples of all three types are found 
in 'Visconsin bnt have not bren evalnatrd as sources of feldspar. 

Most pegmatites arc light-colored coarsely crystalline igneous rocks 
which are found as lenticular or tabular bodies in metamorphic rocks 
or in large granitic intrusions. Individual mineral grains and crystals 
may be many feet in length. Pegmatite bodies range in size from small 
pods and veins to large massc>s hundreds of feet thick and thousands 
of feet long. Feldspar, quartz, and mica are the most common minerals 
present, but many rare and unusual minerals are found in some depos
its. In many pegmatites the minerals are somewhat erenly distributed 
throughout, but in others thr minerals are segregated into certain 
layers or parts of the body called zones (Cameron and others, 1949). 
These zones can sometimes be selectively mined to recover the desired 
minerals by hand sorting and are, therefore, important economically. 

Granite and related igneous rocks are composed of one or two kinds 
of alkalic feldspar; quartz; and minor amonnts of various other 
minerals, mainly muscovite, biotite, hornblende, or rarely pyroxene. 
Feldspar content ranges from 50 to 70 percent, and grain size from 
less than one-fourth inch to about an inch. Deposits range from small 
masses measured in feet to very large masses measured in miles. 
Granitic rocks that contain only small amonnts of iron- and 
magnesium-bearing minerals, can be mined in bulk and a mixture of qo-, 
notassium and sodium feldspar recovered bv milling and flotation. 
Mixtures of feldspar and quartz a.re also produced as a byproduct of 
granite Quarrying. 

Feldspathic beach sands and alluvial (river) denosits formed as 
the result o£ erosion of granitic rocks, or pegmatites, may be rich 
enough to be mined for their feldspar content. Allnvial cl0posits along 
the Mississippi, Illinois, Wabash, and Ohio Rivers and dune and beach 
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sands of Pleistocene age in Illinois contain 5 to 25 percent feldspar, 
2 to 12 percent feldspathic rock fragments, 60-80 percent quartz, and 
some flint and heavy minerals. The alluvial sands are in lower river 
terraces, in present channels and in sand bars (Hunter, 1965). Similar 
deposits along the Kansas, Arkansas, Little Arkansas, and Republican 
Rivers in Kansas contain as much as 27 percent feldspar. 

In Wisconsin a few small pegmatite bodies have been reported in the 
area of Precambrian rocks in T.29N., R.6E. in Marathon County 
(Weidman, 1907, p. 653) -and in T.37N., R.18E, in Marinette County 
(Dutton and Bradley, 1970). These deposits have not been evaluated 
as to quality or quantity of feldspar present. 

Granite and related granitic rocks are wiclespread in east central 
Wisconsin, especially in the Wolf River Batholith (Medaris and 
others, 1973). Broken g-ranite from two quarries near "'\Vausau was 
examined optically by Hill and others (1969, p. 7) and found to con-

. tain too much iron oxides for use as 1a source of feldspar. Other de
posits may contain much less iron and a full evaluation of the feld
spar potential of these rocks has not been made. 

Much of "'\Visconsin has a cover of glacial deposits including exten
sive areas of material deposited by water from melting of the ice. 
Sand in such deposits should be considered as a potential source of 
feldspar. No data have been found on the mineralogical content of 
the sand deposits in Wisconsin and no evaluation of feldspar resources 
can be made. 

Appraisal and outlook.-The feldspar resources of "'\Visconsin have 
not been adequately studied to permit more than a qualitative ap
praisal. No reserves are known but hypothetical resources of feldspar 
in the known areas of granitic rock and speculative resources in areas 
of glacial sand deposits are probably large. 

Fluorite 

(By R. E. Van Alstine, U.S. Geological Survey, Reston, Va.) 

Fluorite is transparent or nearly so and may have a wide range of 
generally light colors; it is an industrial mineral that contains calcium 
and fluorine as CaF .,. About one-half the amount used in the United 
States is for making ~'3teel, and an equal amount for making aluminum, 
uranium, refrigerants, aerosol propellants, resins, drugs, plastics, and 
other nrodncts. About 1 percent is used for opalescent glass and also 
special enamels as coating on appliances and fixtures. 

The annual consumption in the United States is about 1,400,000 
tons, of which 90 percent is imported chiefly from Mexico, Spain, and 
Italy. Mines in Illinois, Kent11ckv, Nevada, New MPxico, Texas, and 
Utah produced 167.000 tons in 1974. 

Only about 1,000 tons of fluorite arc used annually in "'\Visconsin 
for fluorine chrmicals and the manufacture of alumin11m and steel. 
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EXPLANATION 

F Fluonte U Uran1um - thonum 

Mo Molybdemte Zr Z1rcon 

T Talc Areas of known occurrence 

FIGURE 29.-Location of selected nonmetallic mineral commodities. 

Seven minor occurrences of fluorite in Wisconsin have been reported 
(fig. 29), and there appears to be small potential for commercial 
deposits o£ fluorite in the State. Search for a deposit of significant 
size and grade, however, probably would be directed most profitably 
to the localities where fluorite has already been found, especially where 
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granite or syenite intrusive bodies contain fluorite. Other bodies of 
similar rock could be examined for fluorite deposits. 

Occurrences of fluorite have been reported as follows: 

1. Mellen area, Ashland County. About 0.4 km northeast of Mellen, East half sec. 31 T 45N 
R.2W. In gramte(lrvrng, 1880b, p.172-174; 1883 p. 314) __________________ . _ .'_.:. _. :·_ 

2. Northwest corner of Marrnette County, sec. 7, T.38N., R.20E.In granrte (Prrnz, 1959, p.100)_. 
3. Marathon County. In syenrte (Myers, 1973>---------------------·-·------------------
4. Wausau area, Marathon County. In syenrte and pegmatrte (Werdman, 1907) _______ . _. __ . __ . 
5. Brg Falls area, Waupaca County. In granite and associated variant (quartz monzonrte) 

(Medarrs and others, 1973<p. 9 and 22) ___ . __ . _. _ ·--- ___________________ . __________ _ 
6. Neenah quarry, Winnebago ~ounty. Assocrated wrth calcrte, galena, and pyrrte rn 0.3 meter 

zone of vern frl:rng and coatrng on seams and joints rn Galena Dolomrte (Bagg, 1918) ____ . _. 
7. Near Mrneral Pornt, Iowa County. Detected rn zrnc ore rn replacement bodres and verns 

along shears and faults in Galena Dolomrte. Grayvrlle mrne, sec. 31, T.5N ., R.3E. (Brown, 
1967' p.1736)_- ---------.-------.-.--------------------------------------------

Gemstones 

Latitude 

46°20' 
45°47' 
44°59' 
44°57' 

44°37' 

44°10' 

42°52' 

(By R. E. Thaden, U.S. Geological Survey, Denver, Colo.) 

longitude 

90°40' 
88°02' 
89°47' 
89°38' 

89°01' 

88°28' 

90°11' 

Description and use.-Gemstones historically ha.ve included certain 
mineral species and certain organic m:Jterials, in particular, jet, amber, 
pearl, and coral, which, by virtue of having a desired combination o£ 
the qualities of beauty, rarity, and durability, have been coveted by 
people over the ages for use as items of personal adornment or as small 
ornamental household objects. These materials are used in their nat
ural state or, more usually, are slabbed, carved, polished en cabochon, 
or faceted in order to enhance their natural beauty. Those few mate
rials exceptionally endowed with the desired qualities have been, in 
past times, termed "precious" stones. Ordinarily included were 
diamond, ruby, sapphire, and emerald. All others were termed "semi
precious" stones. In recent years this rather artificial distinction has 
been largely abandoned due, for the most part, to changes in taste and 
availability. Increased use of chrysoberyl, fire opal, turquoise, and 
aquamarine, for instance, has resulted in skyrocketing prices for these 
mmerals. The use of the family of cryptocrystalline quartz minerals, 
the flints, cherts, jaspers, agates, and petrified wood and bone, usually 
thought of as the least expensive and perhaps least desirable of the 
semiprecious stones, also has increased enormously, but there has been 
no comparable increase in price because of their greater abundance. 
In fact, the production of the cryptocrystalline quartz minerals in 
this country greatly outweighs the production of all other gem 
materials. 

A contemporary definition of gemstones must also accommodate 
two other types of materials. First, handsome granites, porphyries of 
various kinds, brightly patterned dolomites and quartzites, and other 
kinds of rocks are sold in increasing quantities. And, second, rock and 
mineral specimens are mined and marketed simultaneously and with
out distinction from the mining, fashioning, and marketing of gem-
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stones, because many specimens adequate in size and quality for the 
production of jewelry are exactly those materials that can be sold as 
attractive cabinet pieces. For this reason, the summaries of produc
tion and value of the many mineral commodities, which have been 
published annually for many years by the U.S. Bureau of Mines, 
do not, and cannot, distinguish between the production of gemstones 
and the production of rock and mineral specimens. 

Economic importance and development.-Wisconsin is not well 
endowed with the so-called precious or semiprecious minerals because 
the potentially gem-bearing bedrock, except in th€~ southwestern part 
of the State, is mostly buried under glacial deposits that are as much 
as several hundred feet thick. Few gemstones, therefore, are produced, 
and so Wisconsin has become one of about 20 States, mostly those in 
the Southeast and Great Plains areas of the United States, whose 
annual production of gemstones, as estimated by the Bureau of Mines, 
is $1,000 or less. This is in contrast to a few of the Western States, 
whose annual production ranges from several hundred thousand to 
more than $1 million. 

Occurrences in Wisconsin.-Althongh a State whose potential gem
stone deposits are relatively inaccessible and that is relatively unknown 
as a producer, Wisconsin early became famous because a number of 
remarkably large specimens of that most exotic of gemstones, diamond, 
were found in the latter part of the 19th century. Starting with the 
diamonds and continuing to the present, production of gemstones in 
-Wisconsin, as elsewhere in the country, has derived almost entirely 
from the activities of individuals, mineral clubs, and operators of 
small lapidary and rock shops, who tend to specialize in local gemstone 
products mined by themselves. 

Figure 30 shows the distribution of the several kinds of potentially 
gem-bearing rocks to be found in Wisconsin, as well as the approxi
mate position of selected mineral and gemstone localities mentioned 
in the text. 

Appraisal and outlook.-Keweenawan volcanic rocks similar to 
those in the northern part of the State have yielded an abundance of 
thompsonite, pumpelleyite, datolite, prehnite, and other gem materials 
to the east in Michigan. In Wisconsin, these minerals should be looked 
for, as well as varieties of the rock itself, for instance, varieties show
ing spherulitic structure-breccias recemented either with calcite or 
another mineral or with interstitial copper, and rosettes of porphyritic 
feldspar crystals set in a dark matrix. Specimens of wavellite, pyro
phyllite, and a metallic copper and silver may also be found. Precam
brian iron formations in the Gogebie and Menominee areas contain 
splendidly banded taconite and jaspillite, as well as masses of vari
ously colored jasper, crystals of specular hematite, some perhaps of 
faceting grade, and specimens of intergrown quartz and specularite, 
needle hematite, and radiating aggregates of goethite. Attractive 
specimens of layered iron-formation are also present locally near Black 
River Falls. 

Precambrian metamorphic rocks of many compositions and grades 
are found throughout the northern and north-central parts of the 
State. They may well contain a variety of gem materials including 



•i 

EXPLANATION 

G Geodes 

P Catlm1te (P1pestones) 

L lead, zmc, copper 

D D1amond 

Z Z~rcon 

0 

* Areas of known occurrence 

D Paleozotc sed1mentary rocks 

Grantte and undlfferentrated baste 
1gneous and metamorphtc rocks 

89 

20 40 60 MILES t--...--'-r-_,..,.. _ _, 
20 40 60 KILOMETRES 

.. Iron formattons 

-- Keweenawan volcantc rocks 

Precambnan bedrock. 
prtmanly sandstone 

FIGURE 30.-Geologic map of Wisconsin and location of potential gemstone
bearing areas. 

garnet, corundum, chrysoberyl, actinolite, topaz, spinel, staurolite, 
kyanitc, and perhaps jade minerals similar to those found as boulders 
along Rib Creek near Wausau, among many others. The high-grade 
metamorphic zones near Marathon, near Mercer, and along the trend 
of the iron-formation near the Gogebic area west of Hurley should be 
fascinating and perhaps rich in gemstones. Unusual but beautiful 
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material for the lapidary is found among the rocks themselves, for 
example, cummingtonite and g-runerite rocks, which commonly have 
fibrous structure resembling tiger's eye quartz, and soapstone, marble, 
and serpentine, which are easily carved. 

Precambrian granitic rocks have yielded zircons, quartz crystals, 
aventurine, and garnet in Wood County and should contain a wide 
variety of other gemstones, especially in the numerous pegmatites. 
Some gemstones characteristic of pegmatites are tourmaline, beryl, 
apatite, spodumene, moonstone, and sphene. Again, the rock itself 
may furnish material for the lapidary at many places. Graphic gran
ite and other graphic intergrowths, for example, Quartz and tourma
line, are common, and a quite ordinary, but very beautiful, granite is 
quarried commercially at Wausau. 

Near Milwaukee, some Paleozoic sedimentary rocks contain miller
ite-bearing geodes, and deposits of catlinite comparable to those in 
the Pipestone National Monument in Minnesota occur in Barron and 
Chippewa Counties in the northwestern part of the State. At the 
Lutz quarry near Oshkosh, mineral snecimens have been found con
taining covellite, marcasite, sphalerite, calcite, pyrite, smithsonite, 
galena, cerussite, hemimorphite, bornite. and cuprite. At Mineral 
Point, in the southwest corner of the State, specimens containing 
many of these same minerals can be found. In fact, the area of zinc
lead mining in the three southwesternmost counties represents a 
severely neglected area of beautiful mineral specime11s; probably the 
best snecimens available anywhere in the zinc-lead district are to be 
found in those counties. 

The surficial glacial cover also offers something to the gem col
lector. It contains the so-called Lake Superior agate. which is found 
in gravel beds and ,qravel pits in the Porthern part. of the State along 
the St. Croix and Mississippi Rivers. Larrre pieces of meta11ic copper, 
ripped from the bedrock and carried south by glaciers. have also been 
found at a number of places in northern W'isconsin. The glacial cover 
also carried cherts and jaspers and an abundance of beautiful and 
exotic rocks of all kinds. many from far to the north in Canada. Not 
least, it contains the diamonds, all but one of which were found 
before the turn of the century in a small arPa in the southeastern nart 
of the State in association with moraines. Why others have not been 
found in recent times is not known, but the six documented and 
apparently legitimate finds can hardly have exhausted the diamond 
supply of the moraines. 

It remains to mention the highly colored. and in many instances 
fantastically shaped. freshwater pearls that were produced in some 
quantity in Wisconsin in past years. Pollution and the construction 
of dams have caused a decline of the freshwater mussel populati_on, 
but the clean unner reaches of flowing streams still harbor these shell
fish: if interest is not in the nearls, it might be in the mother-of-pearl 
shell, which supported a thriving button industry in years gone by. 

The number of older. retired peonle with time on their hands is 
increasing ranidly in this country. Also. changes are taking place in 
attitudes and lifestyles of all age gronns; these changes include a 
renewed interest in and appreciation for the natural environment, 
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including the rocks and minerals. These trends suggest the likelihood 
of a continuously, if slowly, expanding production of gemstones and 
allied materials by individuals in the future, and of an associated 
increase in those sectors of commerce supportive of this kind of 
recreational and esthetic pursuit. In particular, the tourist industry 
is expected to be the principal beneficiary of this activity. 

Graphite 

(By P. L. Weis, U.S. Geological Survey, Reston, Ya.) 

Description and use.-Graphite is pure crystalline carbon, is very 
soft, and has excellent cleavage. It is flexible and is a very good con
ductor of heat and electricity. Graphite is unaffected by or extremely 
resistant to attack by most chemical solvents and reagents. In an 
oxygen-rich atmosphere at temperatures above 600° C, graphite de
composes slowly to form the gas C02 ; but if protected by a non
oxidizing atmosphere or an inactive coating it is stable to 3,500° C, 
the highest melting point of any element. 

No commercial graphite deposits are known in Wisconsin, but pos
sibly some minor graphite is present locally. 

Natural graphite occurs in three geologic environments, and the 
distinctive qualities of the graphite in each give rise to three com
mercial classes : 

(1) Veins-mineral material that fills fractures in rocks-consist
ing of 75-100 percent graphite are of commercial value but are found 
only in a few places in the world. The veins occur only in igneous 
and metamorphic rocks, mostly of Precambrian age. 

(2) Flake graphite is the commercial designation for graphite that 
occurs as flakes scattered through layers of carbon-bearing sedi
mentary rocks altered by heat or pressure or both. Commercial de
posits contain from about 5 to more than 20 percent graphite. The 
thickness, toughness, density, size, and shape of the flakes vary by 
the deposit. 

(3) Amorphous graphite 2 is a commercial designation for any 
homogeneous, very fine-grained graphite, most of which comes from 
thermally altered beds of coal. Deposits of commercial value generally 
contain at ]east 80 percent graphite. 

Industrial uses of graphite depend upon the characteristics of the 
three natural graphite types. Fine-grained, relatively low-cost amor
phous f!:raphite is used extensively for foundry facinrrs, certain re·· 
fractories, and as a source of carbon in steelmaking. Flake graphite 
is nrized for hif!:h-quality lubricants and for high-quality crucibles 
and refractory ware. Amorphous lump, or vein graphite, is also used in 
lubricants and refractory ware but is especially desired for carbon 
hrm;hPs in elel'tric motors. The uses of the granhite consumed in the 
United States in 1973 have been summarized by Willard (1973, table 1). 

The onlv domestic graphite mine now active, that at Burnet, Tex., 
produces flake graphite. Deposits of similar material, however, occnr 

• The term "amorphous" Is a misnomer ; ali graphite Is crystall!ne. 
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in many other places in the United States, chiefly in Alabama, Alaska, 
New York, Pennsylvania, and other places in Texas (\Veis and Feitler, 
1968, p. 304). Deposits of vein graphite occur in Montana and New 
York, and deposits of amorphous graphite occur in Rhode Island, New 
Mexico, and Colorado. The inactive deposits are not economically 
competitive with foreign sources of natural graphite (Weis, 1973, p. 
278). 

Natural graphite now faces competition from synthetic graphite, 
marketed as artificial graphite. The commercial name is a misnomer 
insofar as it implies an imitation, because the product is really crystal
line graphite, produced in high-temperature furnaces from petroleum 
coke or other forms of amorphous carbon. This synthetic graphite is a 
product of high purity, but it tends to be finer grained, Jess dense, and 
more expensive than most natural flake graphite. Synthetic graphite 
can be substituted to some degree in all of the uses of natural graphite 
though its higher cost makes it noncompetitive for some uses. Synthetic 
graphite, however, is the only product that is pure enough for use as 
moderator rods in nuclear reactors. It is also used in electrodes for elec
trosmelting and in anodes for the electrochemical industry. Total con
sumption of synthetic graphite has increased steadily over the last 20 
years and in 1973 was almost 332,000 tons, about 5Yz times the total 
tonnage of natural graphite consumed (Willard, 1H73, p. 2). The use of 
synthetic graphite in future industrial markets undoubtedly will affect 
the mining of natural graphite. 

Occurrenres in Wisconsin.-No commercial graphitl'> deposits are 
known in "\-Visconsin. Rocks containing amorphous carbon were mined 
from two properties near Junction City, Portage County, before World 
War I (Bastin, 1911, p. 1093). The carbonaceous material occurs a."l 
lenses in shaly zones in quartzite. It was mined and crushed for use as 
paint pigment. Although it was marketed as graphite by the pro 
ducers, tests showed it to be non-graphitic amorphous ca.rbon (Weid
man, 1907, pp. 655-657). Both amorphous carbon and graphite can be 
used to produce suitable black pigment for paints, but graphite-based 
paints are much more effertive protection from corrosive vapors. They 
are therefore used mostly in chemical plants, smelters. and other in
dustrial uses where they are likely to be exposed to acid fumes. 

Graphitic schists are reported from Presque Isle, Vilas County, and 
from Manitowish, Manitowish Countv, and in an area northeast of 
Butternut, Iron County (Dutton and Bradley, 1970). Small vein-like 
strealr,; of granhite occur ·in peo-matite veins ·cnltinrr Quartz syenite 
near Wausau, Marathon County OVeidman, 1907, p. 307-308). No at
tempts have been made to exnloit any of these occurrences. 

Appra{sal and outlook.-Potential for graphite production from 
Wis,.,onsin appenrs small. Many areas in the United States are known 
to contain si!!nificant flake graphite deposits ID11ch largPr and richer 
than any known in Wis<'onsin (CamPron nnd Weis, 1960). Many are 
mu<'.h dosPr to rotential users, :vet only one nrodu<'er in Texas has con
tinn~d surcessfnl opP.rntions in the United Rtates since World War II. 

It appears highly nnlik!'.Iv that Iarf!'e, hi!!'h-l!l"nde l!l"anhite deposit'3 
rernain unniS<'OVerPd. in Wisronsin. Even if they did exist, discovery 
would not. necPssarily !Pad to succPssfnl prodnction. They would be 
faced with competition from low-cost foreign deposits, domestic de-
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posits :closer to markets, and already established domestic producers, 
and the purchasing habits of a small group of users who are tradi
tionally reluctant to change from tested sources of supply, regardless 
of prices or salesmanship. 

Kyanite 

(By F. G. Lesure, U.S. Geological Survey, Reston, Va.) 

Description and use.-Kyanite is an aluminum-rich mineral used to 
make high-quality heat resistant materials and othe;r ceramic prod
ucts. Kyanite together with chemically similar sillimanite and anda
lusite form the kyanite or sillimanite group of·minerals, all having 
the same chemical composition, Al2Si05 , but different physical prop
erties. Although there has been some production of all these minerals 
in the United States in the past, only kyanite is produced in quantity 
today (Espenshade, 1973), and only kyanite is known to occur in 
quantity in Wisconsin. 

When kyanite-group minerals are heated to high temperatures, the 
resulting product ( mullite) retains its strength and chemical stability 
at high temperatures for long periods of time and is, therefore, used 
to make bricks and other shaped objects for furnaces in the metal
lurgical and glass industries. One of the earliest uses for mullite was 
in automobile sparkplugs. Synthetic mullite is also made from mix
tures of materials containing alumina ( Al20 3 ) and silica ( Si02 ), and 
can substitute for kyanite in most uses. 

The United States is a leading producer and exporter of kyanite 
and synthetic mullite. Most of the current production of kyanite is 
from Georgia and Virginia. Prices for kyanite in J nne 1975 were 
listed as : Georgia, raw bagged, 35 mesh, $63 a short ton ; 325 mesh 
$118 (Engineering and Mining Journal, 1975). Excellent reviews of 
properties, treatment, and uses of these minerals and the geology of 
the deposits are given by Espenshade and Potter (1960), Klinefelter 
and Cooper ( 1961), Varley ( 1965), and Cooper ( 1970). 

Occurre'Mes in Wisconsin.-Kyanite occurs in a belt of rocks that 
extends for 15 miles (25 km) along part of the Flambeau River in 
Ashland and Iron Counties south and southwest of Mercer, Wis. 
Outcrops of kyanite-bearing schist have been reported in T.41N., R.1 
and 2E. and T.42N., R.1, 4, and 5E. (King, 1882, p. 585-615; Allen 
and Barrett, 1915, p. 111-121). The kyanite forms 6 to 7 percent of 
some layers of the schist and occurs in crystals as much as several 
centimeters long associated with the minerals quartz, feldspar, bio
tite, and garnet. The kyanite crystals contain inclusions of other min
erals and crushing to less than 60 mesh is needed to get a good 
concentration (Fries, 1939). Similar kyanite-bearing schist or gneiss 
is also present in T.42N., R.10E., Vilas County, about 40 miles (66 
km) east of Mercer (Allen and Barrett, 1915, p. 120). 

Other areas of kyanite-grade metamorphism are in Lincoln, Mara
thon, and Taylor Counties (Dutton and Bradley, 1970, sheet 6). Silli
manite is locally present, but no occurrences of kyanite are known. 

Appraisal and outlook.-Although large tonnages of kyanite-bear
ing schist are probably present, a complete study of the poorly exposed 
occurrences, and milling tests of large samples are needed in order to 
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evaluate the resource potential. Hypothetical resources of kyanite in 
the schist and gneiss are probably large. The quality of the kyanite 
may be low because of inclusions of other minerals and the outlook for 
exploitation is not good. 

Magnesite 

(By A. J. Bodenlos, U.S. Geological Sur'vey, Reston, Va.) 

According to information contained in private company reports, sev
eral small outcrops of magnesite (composed of magnesium, carbon, 
and oxygen) are near Pembine (Sec. 21, T.37N .. , R.21E.). Although 
the area is largely covered, the outcrops may represent a mineralized 
belt more than 1,000 feet long; the magnesite, however, is contaminated 
by large amounts of talc and quartz and also contains too much iron 
to be usable in industry. The magnesite evidently resulted from the 
alteration of a belt of serpentine (a magnesium silicate mineral), that 
produced magnesium carbonate, quartz (silicon dioxide), and talc (an
other variety of magnesium silicate). 

Similar deposits, very large in size, are in Vermont, Canada and 
other parts of the world, but none are being mined because they too 
contain large amounts of similar impurities (Bodenlos and Thayer, 
1973, p. 381). 

Peat 

(By C. C. Cameron, U.S. Geological Survey, Reston, Va.) 

Description and use.-Peat, which is partly decomposed vegetable 
matter that accumulated under water or in a water-saturated environ
ment, has a wide range of physical and chemical properties. For 
statistical purposes, the U.S. Bureau of Mines classifies peat in three 
general types. Material from decomposed Spha~num, Hypnum, and 
other moss groups is classified as moss peat, whereas that from reed
sedge, shrub, and tree groups is classified as reed-sedge peat. Peat 
humus is material so decomposed that its botanical identity is obscured 
and further oxidation of the material has been impeded. The Bureau 
of Mines classification, however, does not adequately identify peat 
according to properties important to the modern industry. Chief 
among these properties are water-holding capacity, ash, and fiber con
tents. Water-holding capacity, which is measured in percentage by 
weight, depends upon botanical character, the degree of decomposi
tion, and the degree of drying to which the peat has been subjected. 
Ash content, also measured in percentage, consists of the solids re
maining after dry peat has been heated at 550° C. Ash content is, 
therefore, the reciprocal of organic content valuable to peat use. Ac
cordingly, the American Society :for Testing and Materials accepted 
in 1969 a modification of the Bureau of Mines classification which 
states that all commercial quality peat must have an ash content not 
exceeding 25 percent. Fiber content refers to the proportion of stem, 
leaf, and other plant :fragments between the sizes of 0.5 mm and 12.7 
mm. Percentages of fiber are based on oven-dried weight at 105° C. 
Sphagnum moss peat must contain a minimum of 331,6 percent fiber, 
of which at least half is Hypnum moss fibers. Heed-sedge peat also 
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must contain a mini~um of 33% percent fiber, of which reed-sedge 
and other nonmoss fibers comprise more than 50 percent. All other 
forms of peat with ash content not exceeding 25 percent are classed as 
other peat in ASTl\f designation: D 2607-69. 

Soper and Osbon (1922, pp. 11-12) recognize three general types of 
peat deposits. These include: ( 1) the filled basin, in which peat ac
cumulates in marshes, ponds, and lakes; (2) the built-up deposit and 
its corollary, the climbing bog, in which peat forms on flat or gently 
sloping moist areas not covered with water; and (3) the composite 
deposit consisting of built-up peat underlain by peat of the filled-basin 
type. 

As the formation of peat deposits depends on many factors, the 
rate of its accumulation varies widely from place to place and from 
year to year. If climate, topography and vegetation are favorable, 
peat forms rapidly as in a few sphagnum bogs along the coasts of 
Maine and Alaska; but if one of these features is relatively unfavor
able, the rate of accumulation is retarded, or brought to a stop, or 
destruction of the deposit may set in. Estimates of the growth rate 
of peat in Minnesota show an average production of about 2 tons per 
acre per year (dry basis) or about 0.2 centimeter annual increase in 
thickness per year. 

Although the present physical property requirements of marketable 
peat are largely based on agricultural uses, the same properties account 
for the increasing use of peat in environmental control. For example, 
moss peat, because of its high water-holding capacity, has been used 
in large quantities in combating pollution caused by oil spills from 
offshore drilling and from freighters and barges. Extensive research 
by the department of chemical engineering of the University of Sher
brooke, Quebec, Canada, revealed the high efficiency of moss peat in 
the filtration of pigments and dyes in wastes :from textile plants, and 
of mercury and other metals in wastes from other industrial plants
moss peat is 20 to 30 times cheaper than activated charcoal presently 
employed as a filtering agent. Moss peat also can be used for the man
ufacture of activated carbon, as a binder :for pelletizing iron ore 
concentrate, and for manufacture of concretes used as lightweight 
thermal and sound insulators. Preliminary laboratory studies in the 
United St-ates using natural peat cores have shown good results in 
reducing nitrates in waste water effiuent below acceptable levels. Deni
trifying organisms were shown to be present in all of the peat material 
used and no additional carbon source was necessary to initiate the bio
chemical process. Peat is also used for phosphate removal in the treat
ment of waste water. Thus, peat-owr-sand mound systems bec-ame 
operational in 1974 in a number of U.S. Forest Service lake camp
grounds in Wisconsin, Minnesota, and Michigan. Studies are being 
initiated at a number of State agencies and universities (Minnesota, 
for examnle). in thP- u~e of nent as an alternate energy source and as a 
source of chemicnJs for fertilizers and industrial· uses. The U.S. 
demanfl for peat bv the year 2000 is forecast by Decarlo (1970) as 
1,200.000 to 2.400.000 short tons. 

Economic importance and development.-All peat humus, reed
sedge, and some moss peat production is from surface pits, and most 
operations use conventional excavating and earth-moving machinery 
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including bulldozers, draglines, and :front-end loaders in drained bogs, 
and clam shell and dredges :for submerged bogs. In 1973, 68 percent of 
the peat was shredded before sale; the remainder was sold without 
prior processing, or in some instances shredded and kiln-dried. 

The production of peat in the United States :for soil conditioning 
and horticultural purposes began about 1904 when 12 companies pro
duced a :few thousand tons annually. By 1973 peat production climbed 
to 635,000 short tons, an increase o:f 10 percent over the production 
reported in 1972. Peat was produced at 98 operations in 22 States. 
Fifty-three percent o:f the total production was reed-sedge peat valued 
at $11.29 per ton; 24 percent was moss peat valued at $13.92 per ton, 
and the remaining 23 percent was humus peat valued at $12.44 per ton 
(Sheridan, 1974a). 

Before 1955, most domestic peat was sold locally in bulk, but since 
then large quantities have been distributed to all parts of the United 
States. Prices o:f domestic peat vary greatly, but in general the sales 
value depends chiefly on type of peat, the degree o:f processing, and 
whether the peat is sold in bulk or package. In 1973, 58 percent of the 
peat was sold in packaged :form at $14.26 per ton, and 42 percent was 
sold in bulk at $8.84 per ton (Sheridan, 1974a). Although fourth in 
world production after the U.S.S.R., Ireland, and West Germany, the 
United States produces only 0.6 percent o:f the world total. 

The peat industry in the United States is based on use o:f peat as 
a soil conditioner and horticultural material. Commercial sales o:f peat 
:for 1973 totaled 634,503 short tons :for $7.547,000, averaging $12.16 
per ton (Sheridan, 1974a). In addition 323,501 short tons valued at 
$18,762,000 were imported chiefly :from Canada a.nd West Germany. 
The largest single market is the l.ndividual homeowner who uses peat 
as a soil conditioner in preparing and maintaining lawns, shrubs, and 
gardens. The second largest market is :for use by landscape contractors 
and municipal, State and Federal Governments in preparing public 
parks, gol:f courses, and strips along public highways in urban areas. 
Eighty-seven percent o:f the total peat marketed hy producers in 1973 
was sold :for general soil-improvement purpoSE'S. Most o:f the remain
ing 13 percent used as a material :for packing flowers and shrubs, and 
as an ingredient :for potting soils, and as a filler :for mixed :fertilizers. 

The utilization o:f peat in Wisconsin began with the settlement by 
emigrants from Ireland, Germany, and Scandina.via where peat had 
been used as a fuel :for centuries. As :far back as 1868 an attempt was 
made to market it as a fuel. Its use in combination with fertilizers 
dates from the beginning o:f this century. However, the early attempts 
at development o:f Wisronsin peat were mainly along the lines of uti
lizing it for fuel, gasifying it, and manufacturing it into paper. By 
1911, peat and muck marshes were being drained and converted into 
valuable agricultural land for raising cranberries, corn, and other 
crops. But it was not until recent development of the modern industry 
based on agricultural and horticultural usage that a market was found. 
Today the peat industry in Wisconsin is represented by two opera
tions (Sheridan, 1974-b). The Demilco, Inc., mine :from which humus 
peat is excavated is located in Waukesha County near the town of 
Wales in the southeastern part o:f the State. The moss and peat humus 
mine belonging to Superior Brand Peats is located in Lincoln County 



I" 

97 

near Tomahawk. The combined production in 1973 of the two opera
tions amounted to 2,261 short tons air-dried of which 1,959 tons were 
sold in bulk and package for $208,000 at an average of $106.15 per ton, 
by far the highest average price per ton of any peat sold in the United 
States in 1973 (Sheridan, 197 4a). A third operation, that of Certified 
Peat. and Sod, Inc., located near New Berlin, Waukesha County, and 
producing bulk and packaged moss peat, was reported active in 1975 
(Mickelson, 1975b). 

Occurrences in lVisconsin.-Peat is found in many parts of "\Viscon
sin on the poorly drained surface of glacial drift within the generalized 
area shown in figure 31. Peat deposits surveyed in 1903 and in 1908 

EXPLANATION 

Areas contammg some 
peat depos1ts 

• Peat mtne 

Areas contammg many 
peat depos1ts 

FIGURE 31.-Location of peat mine operations in 1974 in Wisconsin and gen
eralized areas containing swamps and marshes suitable for peat prospecting. 
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are described in a comprehensive report on the peat resources published 
in 1915 (Hnels. 1'915). Fifty deposits Ecattered throughout the State 
in the area delineated were found to range from 1 or 2 feet to over 
20 feet in depth and to cover from 10 to more than BO,OOO acres in area. 
In the southeast depo~its, peat near the surface is in an imperfect state 
of decomposition and is light, spongy, fibrous and of yellow or light 
reddish brown color. The lowest layers are almost black in color, pitchy 
and slippery and almost fiberless in structure. These deposits are rep
resentatives of many more that occupy depressions formed by glacial 
action during the Wisconsin stage of glaciation. They are found in 
some but not all spruce-sphagnum and tamarack-~phagnum bogs and 
swamps that predominate in the northern part of the State and in 
many grass-sedge meadows and marshes that occur in the southern 
part. 

Appraisal and out1ook.-Soper and Osbon (Hl22) estimated that 
a little more than 1 million acres of peat ]and in Wisconsin is capable 
of yielding 2.500 million ~hort tons of air-dried peat based on the 
production of 200 tons air-dried peat per acre-foot. This figure should 
be revised by additional studies which take into account changes that 
have l'ome into effect sinl'e 1922, such as (1) red11ction in peat lands 
by drainage for crops and urban features; (2) addition of previously 
unmapped swamps and marshes; ( 3) destruction of peat deposits by 
forest firC's and by oxidation brought about by lowering the water 
table within the deposits; and ( 4) the limitations on quality of peat 
for the modern industry listed· in American Society for Testing and 
Materials D 2607-69, standard classification of peats, mosses, humus, 
and related products. 

The outlook for increased development of the peat industry appe.ars 
favorable in the light of expanded markets owing to predicted food 
shortages throughout the world. However, utilization of peat lands 
for the production of peat products must be balanced against utiliza
tion as crop lands based on suitability studies. The growing shortage 
of fossil fuel already has directed a hard look at peat as an alternate 
source of energy (Farnham, 1974) in areas such as Minnesota with 
large neat resources. Because peat mining is a st.ripping operation, 
the effect of large-scale exploitation in the midst of Wisconsin's recrea
tional areas would have to be considered. 

Sand and gravel 

(By D. W. Hadley, Wisconsin Geological and Natural History Survey, 
Madison, Wis.) 

Description and use.-Deposits of sand and gravel were formed b;y 
the physical and chemical destruction of bedrock, and subsequent 
reworking a:p.d deposition by water, wind, and glacial action. 

With few exceptions, the sand and gravel deposits of Wisconsin 
were formed in coniunction with the glaciation of the State. As the 
great ice masses of the continental glaciers moved down from Canada, 
they incorporated vast amounts of rock and soil. When the glacial ice 
melted, these materials were released mainly as glacial outwash, which 
is the primary source of sand and gravel in Wisconsin. 
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In many areas of 'Visconsin, bodies of stagnant ice were largely 
buried, and pits formed in the surface as the ice blocks melted. These 
pitted plains are also prime sources of sand and gravel, although such 
deposits are often smaller and less uniform than are the large outwash 
bodies. 

Figure 1 shows the distribution of surficial glacial deposits at the 
surface in "Wisconsin from which the approximate distribution of areas 
of potential sand and gravel deposits can be determined. Five mapping 
units are used. Two of these, namely outwash and pitted outwash, 
have already been indicated as major sources of sand and gravel. The 
remaining three map units, and their potential for useful deposits o£ 
sand and gravel, are described briefly below. 

Ground moraine is rock debris carried forward in, on, or beneath 
a glacier or ice sheet and finally deposited from its under surface . 
It normally has a surface of low relief. The potential for sand and 
gravel production from ground moraine is relatively small. 

End moraines are mounds, ridges, or other accumulations o£ unsorted 
glacial material, mostly till, deposited at the front o£ an actively 
moving glacier. End moraines have a relatively high potential to 
contain moderate to small deposits of sand and gravel. 

Lake deposits \Yere laid down in lakes formed either by the blocking 
of preglacial drainage or by the flooding of depressions in the surface 
of the glacial deposits. The potential for sand and gravel in these de
posits is extremely low. 

Economic importance and development.-The largest single use of 
sand and gravel is as concrete aggregate. A vast amount of concrete is 
used every year in Wisconsin in the construction of homes, factories, 
farm buildings, roads, bridges, and for a multituae of other purposes. 
Because at least three quarters of concrete consists of aggregate, cheap 
and abundant gravel is extremely important to the construction indus
try. Other principal uses of sand and gravel include material £or fill, 
for the paving and maintenance of road systems, and for use as railway 
ballast. 

Wiscon~in's need for sand and gravel is great. In 1970, for example, 
consumption was well in excess of 18,000 pounds per person, which is 
more than twice the national average. The deposits in Wisconsin are 
widespread and, in 1972, of the State's 72 counties, only Iowa and 
Menominee Counties had no operating pits. 

Sand and gravel has been produced in Wisconsin since the early 
days of settlement, when the major use was as a surfaeing material for 
roads. The U.S. Bureau of Mines has maintained statistical data on 
sand and gravel production since 1911. These data, which include both 
the tonnages produced and the market value, are shown in table 9. 
Preliminary data for 1974 show sand and gravel to be the principal 
mineral commodity produced in Wisconsin, constituting 41.6 percent 
o£ the total value for mineral production in the State. In 1973, the last 
year for which data are available, Wisconsin ranked fifth in quantity 
and seventh in the value of sand and !!'ravel produced among the 
States, and contributed 3 percent o£ the Nation's total sand and gravel 
production. In 1972 there were 368 operating !!'ravel pits in the State. 
Counties with production of more than 1 million tons of sand' and 
!"ravel were, in descending order of quantitv: Waukesha, Washington, 
Rock, and Dane Counties. .. 

78-847 0 - 77- 8 
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Appraisal and ontlook.-The map of glacial deposits of Wisconsin 
shows only the surficial deposits. In many portions of the State, par
ticularly in the highly populous areas of southeastern Wisconsin, a 
large proportion of production comes from deposits that are not ex
posed at the surface. The rating of the various map units in terms of 
their potential for sand and gravel production is based on general 
character of surface deposits. Large areas mapped as outwash, for ex
ample. may be made up almost entirPly of sanrl. and therefore have no 
potential for gravel production. Similarly, although end moraines are 
often rich in sand and gravel, the moraines within any narticular part 
of the State may be almost devoid of such water-bo:rne deposits. 

TABLE 9.-SAND AND GRAVEL PRODUCTION IN WISCONSIN, 1911-74 

Thousands of Thousands of 
short tons Value short tons Value 
produced (thousand') produced (thousands) 

Year: Year: 
191L •••........•.. 3,677 $732 1943 .....••••....... 6, 223 2, 596 
1912 ........•....... 3, 052 664 1944 ...••........... 8, 634 4,128 
1913 ......•.•....... 4, 045 772 1945 .... -----------. 8, 384 4,111 
1914.. .••.•.•..•.... 3, 594 769 1946 ....•••......... 14, 829 6,803 
1915 ........•....... 2, 862 690 1947 ... ------------. 16,335 9, 939 
1916 ......•• -------- 3, 545 894 1948 ................ 18,613 11, 370 1917 ________________ 3,610 I, 081 1949 ________________ 17,023 10, 456 
1918 ....•...•....... 2,170 810 1950 ________________ 19, 117 11, 959 
1919 .. -------------- 2, 763 I, 543 1951.. ______________ 19,392 12,392 1920 ________________ 2,423 I, 554 1952 .... ------------ 24,896 16, 938 
1921.. .•....•....... 2, 900 I, 783 1953 ... ------------ 23,656 16,173 
1922 ................ 3, 434 I, 958 1954 ___ ------------- 23,979 17,396 
1923 ...... ---------- 5, 022 2, 794 1955 .....• ---------- 27,978 19,958 
1924.. •...........•. 5, 714 2, 703 1956 ......•.•....•. 27,715 19, 097 1925. _______________ 6, 181 2, 064 1957---------------- 29,394 18,693 
1926 .•..•••........• 7, 977 3, 264 1958 ......•• -------- 39,383 25, 845 1927 ________________ 9, 020 3,190 1959 ________________ 41,999 27,535 
1928 ........•....•.. 10,104 3,680 1960.--------------- 35,681 25,648 
1929 ....... --------- 10,728 4, 574 1961 .. -------------- 39,978 28,457 
1930 ......••...•.... 7,082 2, 802 1962 •............... 33,649 24,408 
1931.. .•..••........ 5, 152 I, 961 1963 ....•.•......... 35,363 24,863 
1932 ...••........... 3, 621 I, 307 1964 ..•.•........... 34,348 24,695 
1933 ....•........... 3, 369 I, 377 1965 •............... 38,751 27, 707 
1934 ......••.•...... 4, 773 I, 837 1966.--------------- 41,523 30,713 
1935 ................ 4, 777 2, 067 1967---------------- 42, 542 32, 955 
1936 ................ 8,192 3. 514 1968 ________________ 39,807 30,903 
1937 .....•..•....... 7, 531 3,292 1969 ...• ------------ 42, 815 35,414 
1938 .....••••.....•• 6, 273 2.800 1970 ................ 41,103 35,107 
1939 ..•............. 7,025 2, 616 1971.. •••........... 38, 561 32,748 
1940 ..• ------------- 6, 743 2, 304 1972 ................ 36,430 31,324 
194L ..•..••....... 9, 263 3,398 1973 ...••........... 40,250 43,647 1942 ________________ 9, 266 3, 497 1974 (prel•minary) .... 36,225 51,077 

The glacial map indicates that a large portion of southwestern '\Vis
consin is largely devoid of glacial deposits. This region, which is known 
as the "Driftless Area", is thought by most geologists to be unglaciated, 
and sand and gravel production is limited to valley train deposits along 
major valleys together with some recent stream deposits. 

Sand and gravel are high volume, low value commodities. and trans
portation costs between the source and market areas often' make up a 
large share of the costs to the user. As the haulage distance increases, 
the delivered price also increases, adding to the costs of construction. 
Thus, although the sand and gravel resources of the State as a whole 
are enormous, there is already a shortage of suitable deposits within 
reasonable haulage distances of a pumber of communitieS' in 1Viscon
sin. ~his is partly due to the unavoidable depletion or "mining out" of 
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deposits, but many very valuable deposits o:f sand and gravel are being 
lost through the spread o:f the communities that such deposits might 
well have served. ·when homes and shopping centers are built over the 
deposits, or when mining is prevented by zoning restrictions, the de
posits are :for all practical purposes lost. 

In several parts o:f the country, :far-sighted administrators and plan
ners have not only initiated programs to identify sand and gravel de
posits that are near population centers, but also have taken steps to 
insure that sufficient reserves will be available to meet the future needs 
o£ the expanding communities. Many of these plans incorporate the 
idea o£ multiple sequential land use. These plans protect the sand and 
gravel resources until they are needed and call :for the rehabilitation 
and restoration of the land when mineral extraction is completed. In 
many cases, the restored land has been found to be significantly more 
valuable as a site for development after mining and restoration than it 
was in its initial state. It is to be hoped that similar programs will be 
undertaken in Wisconsin in the near :future to insure the continued 
availability of high quality, low cost sand and gravel to the citizens 
o:f the State. 

Silica sand 

(By K. B. Ketner, U.S. Geological Survey, Denver, Colo.) 

Description (Jjnd uses.-In a geologic sense, sand refers to particles 
of earth materials in the size range between 1/16 and 2 mm. The par
ticles, or grains, may have similar properties or may differ greatly in 
shape, color, and hardness depending on the combination o£ chemical 
constituents o£ which they are composed. As re&ource materials, silica 
sands have a very high content of clear grains of the mineral quartz, 
and one important use of silica sand is as the main constituent used to 
make glass. 

Silica sand is the product of especially long continued or often
repe·atrd cycles of weathering, abrasion, and winnowing. The hardness 
and chemical inertness o£ quartz favor development o£ concentrated 
quartz sand deposits because almost all other minerals tend to decom
pose or disintegrate and be carried away. The most extensive and purest 
silica sands formed in shallow seas. Less extensive and generally less 
pure deposits formed as dunes along the shores of lakes and the sea, 
as dunes of desert regions, and as channel and flood plain deposits along 
streams . 

The principal uses o£ silica sand are listed below: 
Abra8ives 

. Blastin~ sand i~ o£ uniform grain size. The grains are propelled at 
}ugh velocity by air, water, or centrifugal force for removina tarnish 
rust, or pai_nt ~rom meta:I surfaces or £or renovating stone ven~er. ' 

Glass-grmdmg sand Is clean, fine- to medium-O'rained and is used 
for rough or semifinal grinding of plate glass. o ' 

Stone-carving an? rub~in~ sand is relati~ely pure, well-sorted, angu
lar, and coarse gramed; It Is used for sawma and rouO'h grindin,g- di-
mension stone. o "" 
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Glass 
High-quality glass sand must be more than 99 percent Si02 and have 

an extremely low content of alumina and iron. Moreover, the sand must 
be very well sorted in order to promote even melting. 

Refractories 
Furnace bottom sand (also fire sand) is used for lining and patching 

open hearth and electric steel furnaces. The sand should contain enough 
clay to provide cohesiveness and enough fines and iron oxide to promote 
rapid fusion. 

Ganister mix (also semi-silica or cupola daub) is a mixture of sand 
and fine clay used for lining and patching metal vessels and certain 
types of furnaces. It may be a naturally occurring mixture or may be 
prepared by mixing silica sand with plastic fire clay. 

Molding sand or core sand is washed and graded silica sand in com
bination with appropriate bonding agents. It is used for cores and 
molds in ferrous and nonferrous foundry practice. 

Runner sand is coarse-grained, moderately high in natural clay, 
and is used to line runners and dams on the casting floor of blast 
furnaces. Runner sand is also used in the casting of pig iron. 

Miscellaneous 
Filter sand is washed and graded silica sand used for filtering sus

pended impurities and bacteria from water-supply systems. 
Hydraulic-fracturing sand is very closely graded in size. Mixed 

with a suitable carrier, it is pumped at great pressure into rock forma
tions to increase oil, gas, or water production by preventing feeder 
fractures from closing. 

Standard testing sand is prepared to exact size and shape specifica
tions for use in research or testing work involving a comparison of 
methods or materials. 

Traction sand (also called eng!ne sand) is well-sorted, free flowing, 
medium-grained, and has a minimum of soft rock fragments; it is 
used to increase the friction of locomotive wheels on slippery rails. 

Economic importance.-Ten companies were producing high-silica 
sands in Wisconsin in 1970 (Ostrom, 1970b). The total State produc
tion of high-silica sands cannot be determined from published fig
ures because of incomplete reporting and because figures for some 
categories of high-silica sands are lumped with those for common 
sands. However, the bulk of high-silica sands produced in Wisconsin 
is used as molding sand, and in the decade ending in 1971, the last 
year for which figures are available, the average yearly production for 
that use was 822,000 short tons worth $2,258,000. Total annual U.S. 
production of high-silica sands at present is about 30 million short 
tons. 

0 ccurrernces in lT' is('on.~in.-High -silica sand in Wisconsin is ob
tained chiefly from the Wonewoc, Jordan, and St. Peter Formations. 
These formations are layers of sand and weakly coherent sandstone 
interlayered with limestone, dolomite, shale, and impure sandstone. 
The entire layered sequence of rocks seems to lie flat locally but, on 
a regional scale, it slopes gently to the east, south~ and west from the 
north-central part of the State. The effect of erosion on these gently 
sloping strata has been to expose the edges of the beds in an arc that 

• 
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encompasses most of the State, as shown on figure 2. The high-silica 
sand deposits were never formed or were completely eroded from the 
northern counties, and, although they are beneath the surface in the 
counties that border Lake Michigan, they are completely covered by 
thick lavers of dolomite and shale. 

The Wonewoc Formation is the high -silica formation lowest in the 
sequence of rock strata and is the most widely exposed. It forms most 
of the bluffs in and at the edge of the sand plains area in the central 
part of the State. The sands of the 'Vonewoc are of medium grain 
and are moderately high in silica content. The vVonewoc ranges from 

" about 60 to more than 100 feet in thickness, except where erosion has 
stripped away part of it. 

The .Jordan Sanrlstone lies about 250 feet above the Wonewoc in 
the sequence of rock strata. The sand grains in this formation tend 
to be finer than those of the 'Vonewoc but are of similar purity. The 
Jordan ran,ges from about 20 feet to more than 60 feet in thickness. 

The St. Peter Sandstone, about 250 feet above the ,Jordan, is a 
weakly coherent medium-grained sandstone like the Wonewoc but 
is much more pure and, on the average, is mnch thicker, but ranges 
from 9 to 350 feet. 

Selection of a silica sand quarry site involves locating areas in 
which high-silica formations crop out and then locating parts of the 
outcrops that are free from deleterious mineral matter, are easily dis
aggregated, and arc close to transportation and markets. 

The places where high-silica formations may crop out can be deter
mined approximately from the State geologic map, and more specifi
cally from geologic maps of the various counties of the State, geologic 
quadrangle maps, and miscellaneous maps of small areas. These maps 
can be found in certain Universitv of 'Visconsin theses and in various 
publications of the U.S. Geological Survey and the Wisconsin Geo
logical and Natural History Survey. Assistance in locating the most 
complete maps of particular areas can be obtained from personnel 
of the Wisconsin Geological and Natural History Survey. The names of 
St. Peter, .Jordan, and 'Vonewoc may not appear on some maps of 
areas in which these formations crop out. If not. the assistance of a 
geologist familiar with stratigraphic names may be required. 

Appraisal and outlook.-The resources of high-silica sand in Wis
consin are ample for the foreseeable future. Even if production were 
to increase greatly, there is no apparent possibility that the deposits 
would be exhausterl soon. However, a large proportion of the most 
:favorably located deposits may be precluded from exploitation by 
shortsighted practices. When residential developments are allowed to 
spread over valuable sand deposits and when land-use laws are in
voked to prohibit exploitation of known deposits in urban areas, costs 
will increase as a result of having to confine mining to areas remote 
from industrial users and the ultimate consumers. 

Sand and sandstone deposits capable of yielding high-quality silica 
sand should be identified and precisely delineated on geologic maps. 
Geologic mans exist :for some areas, and workable silica sand deposits 
are specifically designated on only a few of these. Precise location of 
all deposits would permit orderly planning for the most beneficial 
multiple use of land underlain by silica sand deposits. 
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Much of the popular opposition to mining in urban areas lies in the 
unsightly, dangerous, and useless condition of mined-out areas. 
Methods for restoring abandoned pits to esthetically acceptable ap
pearance and productive or recreational use should be developed. Some 
abandoned pits become partly filled with water. If the banks are sloped 
and suitably planted and maintained, these ponds can be converted at 
moderate cost to parks or recreational and wildlife areas. 

Talc and soapstone 

(By C. Ervin Brown, U.S. Geologic:J.l Survey, Reston, Va.) 

Deseription and use.-The term "talc," as used industrially and in 
this report refers to rocks composed mainly of hydrous magnesium
and calcium-rich silicate minerals and having the mineral talc, which 
contains no calcium, as an important constituent. Soapstone is a gen
eral term for massive impure fine-grained talc rock that is sawed into 
shapes for various purposes. Use of a well-known mineral name, talc, 
for an industrial raw material of mixed mineralogy leads to confusion 
as also does the fact that many people associate that mineral with 
talcum powder, which is only a minor use. 

Minerals other than talc that are most commonly present in indus
trial talc and soapstone are tremolite, anthophyllite, serpentine, chlo
rite, and diopside. Quartz and carbonates of calcium, magnesium, and 
iron are lese:; commonly present. 

The mineral constituents of industrial talc differ widely in physical 
properties ranging from talc, that is extremely soft and slippery, to 
tremolite that is hard, hackly, and breaks in sharp prismatic grains. 
Consequently, the physical properties of rocks composed of these min
erals vary according to the ratio of constituents and usually reflect 
the properties of the dominant minerals. 

Industrial talc is used where certain combinations of the follow
ing properties are desired: Extreme whiteness when powdered or fired, 
softness or smoothness, fibrous or flaky particle shape, various de
grees of oil absorption, chemical inertness, high fusion point, low 
water absorption and shrinkage when fired as a ceramic body, low 
electrical and thermal conductivity, good retention as fillers, and ease 
of grinding to extreme fineness (Industrial Minerals, 1968). 

Talc is used as a base material for manufacture of ceramic wall 
and floor tile; as a filler by the plastic, paper, roo1ing, and rubber in
dustries; as a paint extender, and as a diluent or carrier for insecti
cides. Other special uses are diverse, ranging from a polish for rice, 
wood turnings, nails, and white shoes to a dusting powder for rubber 
products and salami. The massive form, soapstone, is cut for labora
tory tabletops and sinks, steel-marking crayons, and blocks for art 
carvings. High-frequency ceramic insulator shapes are machined and 
fired from another massive pure talc variety known as block steatite, 
and block talc is machined and fired for burner nozzles. Cosmetic 
talc for talcum requires very pure, white, mineral talc of which little 
occurs in the United States. The United States also is deficient in re-
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serves of block steatite; however, the United States has vast resources 
of talc for the numerous other uses (Brown, 1973). 

Economic importance.-About 1 million short tons of talc is con
sumed annually in the United States. Of this, 86 percent is produced 
by five States: New York, Texas, Vermont, California, and Montana. 
None is produced close to the manufacturing industries of the cen
tral part of the United States. \Visconsin is ideally located to supply 
this important industrial commodity to these industries and has the 
type of rocks that might contain talc deposits. 

Development and emploitation.-Talc and soapstone were produced 
briefly in Wisconsin from deposits in Wood County. These deposits 
were first noted in the early 1920's and were mined by the American 
Talc Co. from 1929 to 1931 when 9,011 tons valued at $29,383 were 
sold (Bowles and Stoddard, 1932a, 1932b, 1933). The rock was used 
mainly for filler and also for roof coating and foundry facing. The 
deposits were later explored and tested by several companies and in 
1963 the Marathon Mining and Manufacturing Co. applied for an 
Office of Minerals Exploration loan to explore for block steatite and 
chrysotile asbestos. Laboratory tests performed by the Bureau of 
Mines found that only another fibrous mineral (amphibole) and not 
chrysotile asbestos occurred there and that although the massive soap
stone machined well it cracked when fired. Also, the reflectance and 
fired color were poor because of a high iron content, but the rock would 
serve well for filler uses where color was not important.3 Because of 
these test results, the loan applicr,tion was denied. Apparently no 
further work has been done on the deposits since 1963. 

Occurrences in Wisconsin.-The deposits in Wood County occur in a 
northeast-::oouthwest trending zone about 1 mile wide and 3 miles long. 
The material appears to be altered mafic (magnesium- and iron-rich) 
volcanic rock. The predominant rocks in this area are mainly chloritic 
and biotitic schists, which are metamorphosed mafic volcanics. One 
type of talcose rock occurs as lensy, coarse, white seams up to 4 feet 
wide that transect schists and soapstone. The soapstone is a fine-grained 
grayish talc-tremolite rock. 

One worker 4 attributed the development of talc in Wood County 
to alteration of an iron- and magnesium-rich rock by heat and solu
tions from the surrounding very ancient granitic material that was 
molten and far below the earth's surface. The occurrence of the soap
stone close to its contact with the granite and accompanying aplite 
( relr ted very fine-grained rock) appears to support this theory 
(fig. 32). 

• Unpublished report from U.S. Archives. Grosh, W. A., and Sweeney. J. W .. 1963, 
Evaluation of Marathon Mining and Manufacturing Co.'s Application, OME-6301: U.S. 
Archives. 

• Shaw, Chester, W., 1942, The talc deposits near Milladore, Wis., unpublished research 
report, University of Wisconsin. 
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EXPLANATION 
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FIGURE 32.-Geologic map and soapstone occurrence in Wood County. 

A second occurrence of talc-rich rock is in Marinette County in the 
SE%, NWJ4, section 21, T. 37 N., R. 21 E. (fig. 29). Here talc is as
sociated with the mineral magnesite (MgCOa) and both were formed 
from the alteration of serpentinite (rock chemically similar to talc) 
by hot aqueous carbon dioxide-rich solutions. The serpentinite has ac
cessory chromite (mineral composed of iron, chromium, and oxygen), 
which is evidence of its origin as an ultramafic (magnesium and iron 
rich) igneous intrusion (report in Wisconsin Geological Survey files). 
Much of the talc mined in Vermont is from similar rocks. Other ser-
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pentinite areas containing asbestos are nearby in section 21, T. 38 N., 
R. 21 E. (Prinz, 1959) and N%, SE%, section 24, T. 36 N., R. 21 E. 
Talc was not reported associated with these serpentinite bodies. 

Appraisal and outlook.-The paint, paper, rubber, ceramic tile, and 
insecticide industries in the midcontinent area do not have a nearby 
producing source of an inert mineral filler such as talc. Other deposits 
of talc in the United States formed in areas of metamorphic and igne
ous rocks similar to those in northcentral Wisconsin. The soapstone 
and talc zone in northeastern vVood County probably is not unique in 
Wisconsin because the geologic situation that possibly produced the 
deposit is a common rock association throughout the northcentral part 
of the State. 

The talc-magnesite alteration product of serpentine in Marinette 
County is similar to the large talc deposits mined in Vermont 
(Chidester, 1962). More of this type deposit probably also occurs in 
'Visconsin. 

Rock containing talc is soft and would have been severely eroded 
by glaciation. This perhaps explains the rarity of outcrops of talc
bearing rock in Wisconsin. More may be found as exploration for 
mineral deposits in the glaciated areas of Wisconsin progresses. 

Metallic mineral resources 
Copper 

(By W. S. White, U.S. Geological Survey, Reston, Va. and C. E. Dutton, U.S. 
Geological Survey, Madison, Wis.) 

Description and use.-Copper has a unique combination oi' physical 
and chemical properties that make it essential to an industrial society. 
These properties include high electrical and thermal conductivities; 
good ductility and malleability that make it easily worked and shaped; 
strength; good corrosion resistance as, for example, in pipes and roof
ing; and lack of magnetism. It can be readily combined with many 
other metals to form useful alloys, notably the brasses and bronzes. 
Copper is an essential ingredient in many fungicides. About hal£ (53 
percent) of the copper used domestically in 1970 was for electrical 
applications, followed by 16 percent in construction, 12 percent in 
industrial machinery, 8 percent in transportation, 6 percent in ord
nance, and 5 percent in other uses (Brobst and Pratt, 1973, p. 164). 
Among the other uses are jewelry, coins, and computers. 

Economic importance and development.-Copper has not, hereto
fore, been a resource of any consequence to Wisconsin, but this situa
tion appears to be changing rapidly. 

Heyl and others (1959) have estimated that a few small copper 
mines on the margin of southwest Wisconsin's zinc-lead district pro
duced about 10,000 tons of ore (copper combined with su1fur) con
taining 15-20 percent copper between 1837 and 1949. Although these 
deposits account for the only recorded production of copper in the 
State, they are characteristically small, scattered, and are not likely 
to make important contributions to the mineral wealth o£ the State. 

The similarity of certain rocks in the vicinity of Mellen, Wis., 
to those in which some concentrations of copper-nickel ore have been 
found in northeastern Minnesota has encouraged some prospecting for 
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similar deposits in Wisconsin. During the periocl1955-58, Bear Creek 
Mining Co. put clown about 30 diamond drill holes as part of one such 
effort. This exploration did not lead to any mining activity, and the 
results were not published. 

Three other types of deposits have greater potential as major 
sources of copper. These are: (1) Native copper in the ancient basaltic 
lavas that cross the northwestern corner of the State; (2) copper in 
the form of copper sulfide at the base of a thick bed of shale known 
to lie above these lavas over a considerable area east, southwest, and 
south of Ashland; and (3) copper, again combined with sulfur, but 
associated with zinc and other metals in massive sulfide deposits in 
greenstone belts of north-central Wisconsin. The first two types of 
deposits have been of major importance in Michigan, and their suc
cessful exploitation in that State was a principal encouragement to 
exploration in the similar rocks of northwestern 'Wisconsin. Although 
results of these explorations in Wisconsin have not been encouraging, 
the possibilities for discovery of native copper deposits, at least, are 
far from exhausted. 

The targets of exploration in the greenstone belts of north-central 
'Visconsin are deposits of a type that is common in those parts of 

·Canada underlain by ancient metamorphic rocks, the so-called Ca
nadian Shield. The rocks of north-central Wiscom:in may, in fact, be 
regarded as an extension of the Canadian Shield, with the intervening 
area covered by younger rock in the Lake Superior region. Explora
tion in this part of Wisconsin, beginning about 10 years ago, has been 
extraordinarily active, and is being rewarded by important dis
coveries, as will be discussed below. It is safe to predict that deposits 
in this area will make Wisconsin a significant producer of copper 
within a relatively few years. 

Oopper deposits of the Lake Superior type 
Occurrences in lV isconsin.-The Lake Superior region has long been 

famous for a distinctive type of copper deposit. The copper occurs 
chiefly as the native metal, whereas in all the other major districts of 
the world, most of the copper is chemically combined with sulfur. 

Three forms of this type of deposit are recognized. In the commonest 
and quantitatively most important type, the copper fills holes and 
pockets in what were originally the frothy or broken-up tops of ancient 
lava flows. In a second type of deposit. almost as important in terms 
of total production, the copper is found in the spaces between pebbles 
in beds of conglomerate, a rock formed by consolidation of gravel. A 
third type of copper deposit is in fissures that cut across the lava flows 
and conglomerate beds. Such fissure deposits locally contain spectac
ular masses of native copper and were the first type of deposit to be 
exploited in the Lake Superior region. Total production from fissures 
has, however, been less than 2 percent of the total for all types in 
Michigan. 

If one were to drill a hole 3 or 4 miles deep through the sequence 
of rocks that contain the above described forms of deposits, he might 
expect to make the following observations on the drill core obtained. 
Most of the rock would be basaltic lava; a geologist would be able to 
identify individual lava flows by noting places where the frothy top 
of one flow was overlain by massive rock at the base of the next higher 
lava flow. The 3 to 4 miles of drill hole would probably have passed 



109 

through 300 to 400 individual lava flows. The frothy top makes up, 
on the average, about 15 percent of the thickness of each flow, or about 
7 to 8 feet for a flow of average thickness (50 feet). 

A few pairs of lava flows in this drill hole would be separated by 
beds of conglomerate or sandstone, the conglomerate acting, in a sense: 
like the filling and the lava flows like the bread in a sandwich. In
dividual beds of conglomerate range in thickness from less than an inch 
to as much as 100 feet, and conglomerate might make up anywhere 
from 1 to 10 percent of all the rock sampled by the drill hole-the 
proportions of conglomerate and basalt differ from place to place. 
There would probably be 20-30 separate beds of conglomerate and 
sandstone in the 3 to 4 miles of drill core; and on the average they 
would be separated, one from another, by 500-2,000 feet of basaltic 
lava flows. 

In all this core, perhaps 20-30 percent of the individual frothy tops 
of the lava flows would be found to contain at least a few specks of 
copper, and one or two of the tops might contain as much as would 
be found in the average rock of a commercial deposit. This does not 
mean that a commercial deposit would actually have been intersected, 
because small scattered shows of copper are hundreds to thousands of 
times more numerous than major deposits, but the occurrence o£ much 
visible copper would encourage further attention to the layer that con
tained it. One or two of the conglomerate beds intersected might also 
show traces of copper, though such occurrences would be much less 
common than traces of copper in lavas. 

History of exploration.-Indians mined native copper in northwest
ern Wisconsin in prehistoric times (Sweet, 1880, p. 358), though on a 
more modest scale than in Michigan. The earliest recorded explora
tions, in 1846-47, were contemporaneous with the beginning of seri
ous exploration throughout the Lake Superior region. But this and 
later recorded flurries of exploration activity in Wisconsin (1855-57, 
1863-65, 1890-91, and 1898-1902) did not lead to development of 
any mines or copper production other than copper yielded by mill 
tests. Individual prospects consist, for the most part, of trenches, test 
pits, and, at some, one or several shafts a few tens of feet deep. By far 
the most ambitious exploration in Wisconsin was at the Weyerhaeuser 
prospect in easternmost Douglas County, 12 miles east of Gordon. 
The work done here from 1906-13 included 19,374 feet of diamond 
drilling and 1,950 feet of underground workings, but the results did not 
encourage further investment. 

The search for native copper deposits in Wisconsin since 1913 has 
been desultory. Minor explorations were recorded in 1916 and 1924. 
The U.S. Bureau of Mines unwatered and sampled the most promising 
underground workings of the Weyerhaeuser prospect (A lode) in 
1944-45 (Smith, 1947) and of the Chippewa prospect (14 miles 
southeast of Superior) in 1953 (Holliday, 1955); 157 tons of bulk 
sample from the Weyerhaeuser contained an average of 0.25 percent 
copper. Further drilling at the Weyerhaeuser property in 1959 by a 
mining company was designed to test two other promising copper
bearing layers, but the average copper contents were found to be less 
than 0.10 percent (Wisconsin Geol. & Nat. History Survey files). 

Resource appraU:al and outlook.-The types of rock in which these 
deposits occur-basaltic lava flows and the conglomerate beds found 
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between some pairs o£ flows-unde·rlie a very large area around the 
western hal£ o£ Lake Superior in Michigan, Wisconsin, and Minnesota. 
The area underlain by these rocks in Wisconsin is shown in figure 33. 

EXPLANATION 

CJ Mostly sandstone. some shale and .. Rocks of basaltiC compos•t10n that 
conglomerate These rocks are were InJected m a molten cond•t•on 
slightly your1ger than lavas mto the rocks that now surround 

them Stmdar rocks m Mmnesota 
Anc•ent lava flows roughly 1 billion contacn copper-ntckel depos•ts that 
years old may prove to be commercial 

D 
: Lme along wh1ch copper-bearmg shale 

Anc1ent lava flows deeply bur•ed below ·. .. •s at the surface or covered only by 
mucn younger sandstone glacral depos1ts 

Efl Rocks older than anc1ent lava flows X 
Nattve copper prospects m areas 
underla1n by anc•ent lava flows 
(after Grant, 1901) 

LJ Rocks older than anc•ent lava flows Explorat1ons contammg copper 
deeply buned below younger sandstone * sulph1des 

FIGURE 33.-Bedrock geology of northwest Wisconsin, showing location of copper 
prospects. 

"' 
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Of the native copper produced in the Lake Superior region, 97 per
cent has come from about 1 percent of the total area in which these 
lava flows form the principal bedrock, and all the individual deposits 
that have produced significant amounts of copper are in Michigan. 
The belt containing these rocks in Michigan is 3-7 miles wide and ex
tends almost 150 miles from Keweenaw Point to the Wisconsin border. 
All the known major copper deposits lie within a 28-mile segment of 
this belt, and, except for a small amount from Isle Royale, all the 
recorded production, including a significant amount from unsuccessful 
mines and explorations, has come from a 90-mile segment that ends 
about 40 miles east of the Wisconsin border. 

The geologic basis :for this remarkable concentration o:f the rich 
deposits is only partially understood, but the geologic setting and 
certain characteristics of the rocks that contain copper deposits in 
Michigan are sufficiently like those of the rocks in Wisconsin to permit 
the hope that workable deposits can be found in Wisconsin. The fol
lowing attributes of the lavas and associated conglomerate beds in 
'Visconsin are favorable.: ( 1) Visible traces of copper are common; 
this is also the situation in Michigan, where a few copper stains can 
be seen in almost every large roadcut in the lavas, but it is not true 
of the lavas exposed in many other parts of the Lake Superior region 
or of lavas of similar composition elsewhere in the world. (2) The 
minerals associated with the copper in the numerous explorations in 
Wisconsin are the same as those associated with the copper in the 
Michigan deposits. One goal of future geologic study of the rocks in 
'Visconsin should be a map showing the distribution of these asso
ciated minerals. On such a map of the Michigan district, it can be 
seen that different combinations of minerals are characteristic of dif
ferent areas, and that most of the major copper deposits lie close to 
the boundary separating two such areas. Search for a similar line in 
Wisconsin could be productive. (3) Without more diamond drilling 
than has been done in Wisconsin, it is not possible to be sure that the 
abundance of conglomerate beds and of thick rubbly tops of lava flows 
is comparable to their abundance in Michigan, but the results of such 
exploration as has been done certainly do not rule out the possibility. 
( 4) The copper-bearing lavas of Wisconsin are parts of a thick se
quence of lavas that once was nearly horizontal. This sheet was later 
deformed in such a way that it now forms a trough that can be fol
lowed southwest from the vicinity of Ashland to Minneapolis-St. Paul. 
In the northern belt of lava flows shown in figure 33, the individual 
flo·ws slope southeastward toward the axis of the trough. If it were 
possible to tunnel down toward the southeast along a single lava flow, 
the tunnel would go down with gradually decreasing steepness until, 
at a distance of 10 to 20 miles from the tunnel mouth, and a vertical 
depth of 2 to 5 miles, the tunnel would be flat. It would then start 
to rise, and would reach the surface somewhere along the southern belt 
of Java flows shown in figure 33. It appears to be an important geologic 
characteristic of the productive district in Michigan that such a tunnel 
would have an inclination of 25° or more near the surface and would 
flatten out many miles away and many thousands of feet below the 
surface. The configuration and dimensions of the trough in Wisconsin 
suggest that the depths and distances to which individual flow· tops 
may extend are comparable to those that exist in Michigan. 
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The chief obstacle to exploration ·in Wisconsin is the size of areas 
that are deeply and completely covered by glacial deposits. In a few 
areas outcrops of bedrock are fairly common, and shows of copper 
have ~ncouraged prospecting, but these areas have not so far proved to 
contain commercial deposits. Literally nothing is known, hpwever, of 
the potential of more than 90 percent of the area underlau~ by rocks 
that could conceivably be copper bearing. Geophysical techmques have 
yet to be found useful in direct surface or airborne detection of native
copper deposits, but can be helpful in establishing the trend of indi
vidual lava flows across these areas. Beyond this, however, it is diffi
cult to see how geologic investigation of these large drift-covered areas 
can be effective without drilling' of some sort. A large proportion of 
the regional geologic information available for the copper-bearing 
rocks of Michigan comes from drill holes; for 90 miles southwest from 
Keweenaw Point, very few sections [1 square mile] in which the bed
rock is lava flows have less than one drill hole, and some have more 
than 20. 

Copper in shale 
Occurrences in Wisconsin-Copper chemically combined with sul

fur occurs in the bottom-most beds of a gray shale formation, 200-700 
feet thick, over a large area in Michigan and northwestern Wisconsin. 
This shale has been named theN onesuch Shale. If one were to put down 
a deep vertical diamond-drill hole 20-25 miles west of Ashland, he 
would expect the hole to pass, successively, through the following ma
terials : ( 1) 200-400 feet of unconsolidated glacial material, mostly 
sand; (2) 6,000-8,000 feet of reddish sandstone; (3) 200-300 feet of 
Nonesuch Shale, possibly with traces of copper in the bottom few 
inches or few feet; ( 4) 1,000-2,000 feet of reddish conglomerate; and 
(5) a series of lava flows, belonging to the group described in connec
tion with the native copper occurrences. If it were possible to follow 
the Nonesuch Shale sideways away from the point at which it was cut 
by the drill hole, one would expect it to become deeper and deeper be
low the sudace eastwal'd, and to become shallower northward, west
ward, and southward. It would reach the surface just beneath the gla
cial deposits (i.e. 200 feet or more below the land surface) along the 
clotted line of figure 33. There is no place west of Mellen, Wis., where 
the N om•such Shale can be examined at the surface-it is everywhere 
covered by glacial deposits along the dotted line where it should reach 
the surface-but its position is known or can be at least roughly pre
dicted as a consequPnce of the ex·ploration drillinO' by the Bear 'Creek 
Mining Co. East of MPllen, the shale can be SPen at ";;everal places where 
maior streams like the Rllicl, Potato. and Montreal rivers cross the loca
tion of t~e clotted line of figure 33. ~hroughout the fishhook-shaped 
area partially enclosed by the dotted hne, the Nonesuch Shale is pres
ent at depths ranging from near zero to several thousands of feet. 
Nothin'! is known about its possible presence in depth north of a line 
connPctmg Ashland and the point of the fishhook. b11t if the shale is 
prePent there, .geophysical evidence suggests that it is likely to be 10,000 
to 20.000 feet below the surface. South and wPst. of the fishhook, all the 
rocks are olclPr than the. Nonesuch Shale. anrl if the shale was ever 
present as a blanket overlying- these older rocks, it has long since been 
~~~~ . . . 
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Copper chemically combined with sulfur, primarily in the mineral 
chalcocite (a common ore mineral) , is generally present at the very 
base of the Nonesuch Shale. At most places in Michigan and Wiscon
sin, the copper-bearing layer is less than a foot thick, and places where 
it is an inch or less in thickness are common. The total amount of 
copper present is typically very small; at very few places is it equiv
alent to the amount in a layer 1 foot thick w1th 1 percent copper. In 
the vicinity. of White Pine, Ontonagon County, Mich., however, the 
copper-bearmg zone ranges up to 50 feet in thickness, and a number 
of beds in the lowermost 20 feet contain 1 to 4 percent copper. The 

• 'White Pine deposit is one of the Nation's major copper ore bodies. 
The hope of discovering similar concentrations of copper elsewhere 
has prompted drilling programs in both Michigan and Wisconsin. 

Resource a.pprnisa1 and outlook.-During the period 1955-1960, the 
" Bear Creek Mining Co. made a thorough search, particularly in the 

area south and southwest of Ashland, for copner deposits in shale, 
of the type now being actively mined at White Pine, Ontonagon 
County, Mich. The. locations of 45 diamond drill holes put down dur
in!! the course of this exploration are shown on map 3 of the series 
by Dutton and Brad lev (1970). This exploration did not lead to any 
mining activity, but did E>Stablish the continuity of certain strata from 
Mi('higan westward into 'Visconsin. 

!A little copper stain is visible in the bottom inch or so of the None
such Shale in outcrops northeast of Mellen. The shale contains far 
more sand than is typical of areas in which the copper-bearing zone 
is thicker and richer in copper. The shale is steeply inclined, which 
means that even if the thickness and copper content of the copper
bearing layer increased northward at rates comparable to those found 
near 'Vhite Pine, the amount of ore available above, say, a depth of 
5,000 feet would be very small indeed. 

The detailed results of the drilling by Bear Creek Mining Co. farther 
west have not been published. The geologist in charge of the explora
tion did state, in a paper presented orally at a meeting of the Institute 
on Lake Superior Geology in 1963, that of the 1-foot intervals assayed, 
the richest found anywhere contained less than 1 percent copper, and 
the second richest contained less than 0.2 percent copper. The drill 
core from this program was given to the U.S. Bureau of Mines for 
storage in its facility at Fort Sn~lling, Minn., and a number of these 
cores were examined microscopically by the U.S. Geological Survey. 
The shales of the Wisconsin area lack certain features that are closely 
r<>lated to copper content in the White Pine deposit. The beds that are 
rich in copper at White Pine are dark-gray, and the copper minerals 
are conspicuous; similar dark-gray beds above the copper-bearing zone 
contain conspicuous iron pyrite. In Wisconsin, the shale is light-gray, 
and neither copper minerals or iron oyrite are conspicuous in any 
beds. 

The dPnsity of drillin~ in Wisconisin is adequate to establish that 
no deposit anvthing- like the one at White Pine exists in the explored 
area. The 'Vhite Pine deposit is at least 8 miles long and up to 5 miles 
wide, and if the area o£ submarginal copper concentration around 
it is inclui\ed, it is very much larger still-a very large target indeed. 
Thfl only 11rea where a large deposit of this type might remnin con
cealed in Wisconf'in is east and north of the drilled area, in east
central Bayfield County and northernmost Ashland County; in this 
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region, the Nonesuch Shale lies at depths ranging from 2,000 feet to 
perhaps as much as 10,000 feet. 

Oopper in greenstone belts 
Occurrences in Wisconsin.-Other areas in Wisconsin underlain by 

Precambrian rocks have been of recent interest in regard to explora
tion for copper-bearing deposits (Dutton and Bradley, 1970; Dutton, 
1972). The favorable rocks are layered sequences of light-colored, 
explosively ejected, mainly fine- to some medium-grained fragmental 
material; associated rocks are commonly sequences of dark-colored 
lava flows. The light-colored rocks are generally similar to those ~ 
that contain significant amounts of copper, lead, zinc, and silver in 
Ontario and Quebec, Canada. 

The earliest known record and collected specimens of copper-bear
ing material in such rocks in Wisconsin was in 1914 by a Wisconsin 
Geological Survey party engaged in geologic and magnetic investi
gations. Specimens of quartzose sericitic rock collected from the 
bottom of a 50-foot well that was dug 10 feet into bedrock in the 
SEI4, SEl,i, sec. 16, T. 33 N., R. 6 W., contain small amounts of 
scattered malachite. Two samples from the well were reported 
(Hotchkiss and others, 1915, p. 169) to contain 1 oz. of silver per ton, 
and one sample contained 0.75 percent copper but the other had none. 
An occurrence of similar rock with less evidence of copper was re
ported to be in a pit 15 feet deep in the northeast corner of the SE!4, 
sec. 16. A third occurrence is mentioned in the field notes of May 15, 
1910, as "'schistose granite mineralized with copper sulphides and 
carbonate' from a pit 12 feet deep in the SW!4, NW!4, sec. 15, T. 33 
N., R. 6 W." (Dutton, 1971, p. 100). However, recent exploration 
in T. 33 N., R. 6 W. was not successful in finding commPrcially 
valuable amounts of copper mineralization. 

All of the areas known to be underlain by the seouences of volcanic 
rocks have too few exposures to permit determination of the location 
or even the appraisal of the possible presence of ore. Consequently. 
additional data are sought by means of airplanes equipped to detect. 
and record variations in the natural and/or artificially genrrated 
electrical currents produced in materials possibly associah'd with 
copper-bearing minerals in the earth under and adjacent to the flight 
paths over the areas of interest. · * 

The progressively favorable sequence of-(1) initial geologic ap
praisal of an area of interest if sufficient data are available, (2) sub
sequent confirmation by aerosurvey data, (3) negotiations for lease 
or purchase of desired areas for drilling exploration and possible ~ 
subsequent mining, ( 4) results of exploration, ( 5) estimated costs of 
mining and recoverv of metallic copper, and (6) reasonable assurance 
of economic feasibility-have led to thrre discovPries brinrr announced 
and considered for development. These are the Flambeau 'deposit near 
Ladysmith, the Pelican deposit near Rhinelander, and an as yet 
unnamed deposit near Crandon (fig. 33). 

The following information is from the Prelimjnary EnvironmPntal 
Report for the proposed Flambeau Mining- Corp. Copper Mine, Rusk 
County. Wis., 161 pages, prPpared by the State of Wisconsin, Depart
ment of Natural Resources, 1975. 
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Kennecott Copper Corp., through its exploration subsidiary Bear 
Creek Mining Co., has discovered a minable copper deposit south
west o:f Ladysmith in Rusk County. The Flambeau Mining Corp., 
a wholly-owned subsidiary o:f Kennecott, would be responsible :for the 
mining phase of the project. The company proposes to mine by open 
pit methods :for a period o:f approximately 11 years which would 
possibly be :followed by an 11-year phase o:f underground shaft mining. 
The copper-bearing sulfide ore wou~d be concentrated at the project 
site. The copper concentrate would be transported out of "\Visconsin 
to be smelted. The open pit would be rehabilitated as a 50-acre lake, 
and the 186-acre waste containment area (tailings pond) would be 
revegetated and would :form a terraced, flat-topped hill. 

The mine site is located in Rusk County in northwestern "\Viscon
sin. The center of the ore deposit is located south o:f Ladysmith 1.6 
miles and 0.2 miles west o:f Highway "27." The 2,750 -acrPs under 
control are located in sections 9, 10, 16, 17, 20, 21, and 22, T. 34 N., 
R.6W. 

The Precambrian bedrock consists o:f a complex interfingering suite 
o:f volcanic and volcanidastic rocks now metamorphosed and altered 
to schists and phyllites. These rocks were probably volcanic flows, 
ash beds, pumice deposits and volcanic-derived sediments of Middle 
Precambrian age. "\Vithin this complex volcanic pile is a distinctive 
rock type, a quartz-sericite schist, termed the ore horizon, since it 
contains the copper ore body. The ore horizon pinches and swells 
along strike :for 15,000 feet and varies in width from 25 to 200 feet. 
Only the one ore horizon containing the single known ore body has 
been found. 

The ore horizon, because it contains more quartz than the adjoining 
rocks, has resisted erosion to form a gPntle broad northeast-trending 
ridge in the Precambrian bedrock surface. This bedrock ridge is o:f 
gn•at significance to the development and operation o:f the open pit 
mine. for it acts as a natuml impermeable barrier between the river 
and the pit located some 300 :feet to the east. The buried ridge rises 
beneath the east hank of the river to reach a subsurface elevation of 
1,095 fl'et undl'r the west pit perimeter. This l'lPvation is approxi
mately 10 feet higher than the average river level. 

The FlamhPau ore body lies conformably within a ouartz-Rl'ricite 
schist and is intimatPlv associated with lenses o:f mPtachert. The ore 
hody stribs north 45° Past and dips aoproximtely 70° to the northwest. 
Diamond drilling has 011tlinPd a tabular-shaped massive sulfide deposit 
2,400 feet long. averaP.'ing 50 feet in ·width, and extending to 800 :feet 
beneath thP. snrfacP. Deerwr drilling has not intersected economical 
mineralization. Massive sulfide mineralization, greater than 150 percent 
snlfidP, gradPs at depth into SPmimassive sulfides which vary from 20 
to 50 percent. sulfide. An envelope of disseminated sulfides, predomi
nantly pyrite with minor amounts of chalcopyrite, encloses the ore 
bodv and is found along strike within the ore horizon. The width 
of this pvritP halo averages 110 :feet to the north of the ore body but 
only 55 feet to the south. Contacts between tl'e massive-semimassive 
ore' body and the enclosing- rock vary from knife-edge sharp to grada
tional over 15 to 20 feet. Therefore any improvements in mining tech
nology or higher copper prices would not have an appreciable effect in 
increasing ore reserves. 

78-847 0 - 77 - 9 
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Pyrite is the predominant sulfide mineral. The chief copper mineral 
is chalcopyrite which is found scattered througl:out the pyrite. In the 
upper or north wall of the ore body the sulfides are crudely banded; 
however, the character of the mineralogy changes across the ore body 
as well as with depth. Sphalerite, a zinc sulfide, increases noticeably 
toward the lower contact of the ore body, imparting a well-banded 
appearance to the ore body when mixed with pyrite and chalcopyrite. 
At depth, pyrite decreases, sphalerite is reduced to minor amounts, and 
the chalcopyrite grains coalesce to form irregular masses. The upper
most 50 to 150 feet of the ore body were enriched in copper during the 
ancient weathering interval which produced the clay saprolite. Chalco
cite is the predominant copper mineral in the upper portion of the en
riched zone, whereas bornite predominatPs in tl'e lower hal£. The dis
sprninated pyrite halo has been enrichPd on either side of the massive 
sulfide vein. Zinc minerals are virtually absent in the enriched zone. 

Copper with traee amounts of gold and silver would be produced 
from the Flambeau ore body. Although small amounts of zinc are 
found in the lower wall and in satellite lenses beneath the vein, the 
company reports insufficient tonnage to warrant recovery under present 
economic conditions. 

Relatively little specific information has bPen published as yet about 
the massive sulfide deposit discovered near Rhinelander. The follow
ing information appeared in a September 1975 issue of the "\V"i.sconsin 
State Journal (Madison). N oranda Exploration Co. notified the De
partment of Natural Resources of plans to begin copper and zinc open 
pit mining near Rhinelander. The firm, a subsidiary of Noranda Mines 
Ltd., of Toronto, found copper and zinc ore in Anril 1975 in explora
tory drilling on land owned by ConsolidatE-d Papers, Inc., 8 miles 
southeast of Rhine1ander in Pelican Township. According to Con
solidated Chairman George W. Mead II, the start of operations would 
depend upon environmental and other p-overnmental approval and 
could take as long as 5 to 7 years. Consolidated would be paid royal
ties. The area is expected to produce 1,000 tons of ore a day for 10 
to 14 years. From other news accounts, this deposit is generally simi
lar to the Flambeau deposit except that the zinc content is significant 
and recoverable. 

In May 1976, the Exxon Corp. announced the discovery of a major 
massive sulfide ore body 6 miles south of Crandon, Forest County. 
The announcement repo'rted that zinc-copper ore had been intersect~d 
at depths ranging from 417 to 1,387 feet brneath the surface in 10 
to 11 drill holes over a length of about 5.000 feet, and may contain 
around 30 million tons of ore. This estimate would place the deposit 
umong the 10 largest massive sulfide deposits in the United States. 

Ou.tlook.-The ore-bearing potential of areas known or inferred to 
be undE-rlain by comparable volcanic host rocks is beintr examinPd 
and tested by a significant number of mining interests. The outlook 
for additional discoveries appears quite promising. 

Other occu.rrences in Wisconsin 
Copper mineralization is also present in another geologic setting 

(Dutton, 1975). Occurrences of predominantly fine-grained chalcopy
rite in rocks associated with magnetic cherty iron formation in north
ern Wisconsin are near Butternut (T. 41 N., R. 1 W.). Twenty-eight 

... 



117 

drill holes in an area slightly more than 1 mile long and about 800 
feet wide penetrated widths of 300 to 700 feet of bedrock. Cores from, 
16 of 20 drill holes that entered the rocks south of the iron formation 
for 10 to 200 feet and a medi>~~.n distance of 40 feet contain chal
copyrite. The approximate amount of this mineral in 24 representa
tive core pieces of 2- to 4-inch length ranges from more than 25 grains 
in 1 specimen from each of four holes, and 5 to 20 grains in 13 speci
mens in three of above holes and eight additional holes, to less than 
5 grains in t\yo of above holes and in four more holes. Only in core 
from 1 of 12 drilled cross-sections was chalcopyrite not seen. 

Chalcopyrite with or without associated pyrite is most commonly 
present in calcite that occurs as lenses, irregular areas, and fracture 
fillings in biotite schist that may or may not also contain quartz and 
locally small garnets. 

Semiquantitative spectrographic analyses of 12 pieces of core from 
eight drill holes in the Butternut area had a range of copper content 
m parts ywr million as follows: 2 at 700, 1 at 150, 3 at 100, and 1 each 
at 70, 20, 15, and 7. 

Steeply northward inclined masses of pink granitic rocks that were 
penetrated by 17 drill holes in 11 of 13 cross-sections, ranged from 
10 to 160 feet thick. Traces of chalcopyrit~ occur on fine chloritic or 
uiotitic ::::earns in the granite. Sparse very fine chalcopyrite is also in 
recrystallized chert in iron formation from a hole about 2 miles north 
of Butternut. 

The association of sulfides and rock minerals at Butternut are be
lieved to indicate clearly that the constituents of the sulfides were 
mobile, but no evidence was seen as to whether they were transferred 
within the host rocks, were partly or mainly derived from the granite, 
or came from other sources, 

A few very fine grains of chalcopyrite are in cores from an iron 
formation in Iron County near Pine Lake (T. 44 N., R. 3 E.), about 
lti miles northeast of Butternut. The rock is chloritic phyllite that 
has thin layers and lenses of fine-grained quartz or calcite or both. 
The cores from this exploration have not been examined for the 
amount, distribution, and geologic relation of the mineralization. 
Spectrographic analyses of two pieces of core from different holes in
dicated 100 parts per million of copper. 

Gold and silver 

(By C. E. Dutton, U.S. Geological Survey, Madison, ·wis., and ,V. C. Prinz, U.S. 
Geological Survey, Reston, Va.) 

Gold and silver occur in three distinct geologic terrains in 'Visean
sin: (1) Precambrian rocks in the vicinity of the Gogebic iron-mining 
district, (2) ore from the upper Mississippi Valley zinc-lead district, 
and (3) copper deposits in greenstone belts in the northcentral part 
of the State. There has been no gold and only a small amount of 
silver produced in Wisconsin, but significant production of these two 
metals can be expected in the future as recently-discovered copper 
deposits in greenstone belts are put into production. 
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Several areas in and near the Gogebic district were explored for 
gold and silver in the late 1800's according to sketchy old accounts, 
mainly the Ashland Press newspaper. Ore from the Northern Belle 
mine in the W%SW1,4 sec. 22, T. 45 N., R. 4 w·. was reported to 
have assayed $90.50 in gold and silver per ton. A mine in sec. 32, T. 
45 N., R. 2 E. was reported to have produced 200 pounds of ore con
taining $164 worth of silver per ton. Samples from the southwest 
part of sec, 2 and the northwest part of sec. 11) T. 44 N., R. 6 W. 
~ontained 0.433 to 0.59 percent copper) 0.36 to 1.74 ounces of silver 
per ton, and from a trace to 0.004 ounce of gold. Other areas in which 
exploration activity for gold and silver were reported are in sec. 6, 
T. 44 N., R. 5 W., and sees. 15, 22, 23 and 34, T. 45 N., R. 4 W., 
but no assay data were given for these areas. These explorations 
do not appear to have resulted in any significant discoveries or 
production. 

Lead concentratPs and galena frnm the upper Mississippi Valley 
zinc-lead district in southwestern Wisconsin contain trace amounts 
of gold and trace amounts to 3.0 ounces per ton o:f silver (Heyl and 
others 1959, p. 95-96). Some silver has been produced as a smelter by
product during the refining of lead ores from the district, but published 
production statistics are incomplete and the total amount produced is 
unknown. There has been no recorded production of gold from the 
district. · 

Three copper-zinc deposits have recently been discovered in meta
morphosed volcanic rocks or greenstone belts, in northcentral Wiscon
sin (see Copper and Zinc-lead chapters); similar deposits elsewhere 
generally contain gold and silver that are recoverable as byproducts of 
the copper mining. Two of the Wisconsin deposits~ the Flambeau de
posit near Ladysmith and the deposit near Crandon, are known to 
contain gold and silver. The other deposit, which is near Rhinelander, 
probably does also. As these deposits are put into production, W'is
consin can he expected to produce, for the first time, significant 
amounts of gold and silver. 

Iron 

(By H. Klemic, U.S. Geological Survey, Reston, Va., and C. E. Dutton, 
U.S. Geological Survey, Madison, Wis.) 

Description (Jffl.(] use.-Iron is one of the widely distributed elements 
in the earth's crust. The average iron content of the crustal rocks 
is about 5 percent, and some large rock units contain more than 50 
percent iron. Common sedimentary rocks contain 2 to 3 percent 
iron, and some common igneous rocks contain almost 9 percent. Iron 
ore, rock mined principally for iron, generally contains from 20 to 69 
percent iron. Large quantities of iron ore containing less than 40 per
cent iron are mined. These require beneficiation (separation of ore 
minerals :from associated minerals) to increase iron content and be 
economically suitable for recovery of jron metal. The average iron 
content of ores shipped in the United States in 1970 was 60.64 per
cent (American Iron Ore Association, 1971). 

The extent to which iron ores can be beneficiated at reasonable costs 
is dependent primarily upon the types and relative amounts of iron-

.. 
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rich minerals present. Iron occurs in a great number of different types 
of minerals. but three of them-all oxides of iron and containing 60 
percent or more iron-are the most important iron ore minerals. 

Magnetite (Fe30 4-3 parts iron and 4 parts oxygen) is the iron-ore 
mineral having the highest percentage of iron-up to 72.4 percent. 
It is hard, black, strongly magnetic, and is slightly more than five 
times as heavy as water. Its magnetic properties make it possible to 
separate magnetite from associated nonmagnetic iron-poor minerals. 

Hematite (Fe20 3 ), in pure form, contains 70 percent iron and is 
black to red, depending upon grain size, or steel-gray if in the crys
talline form of specularite. It is hard and dense, being 4.2 to 5 times as 
heavy as water. Hematite is virtually nonmagnetic relative to 
magnetite. Some hematite ores are rich enough to be used directly. 
Differences in density and differences in behavior in liquids used in 
flotation processes make possible the separation and concentmtion of 
hematite from low-grade ores containing iron-poor waste minerals. 

Goethite (Fe2 0 3 • H 20) contains up to about 60 percent iron, is yellow 
to dark brown, hard to soft and earthy, 3.6 to 4 times as heavy as water, 
and nonmagnetic. The earthy and impure form is called limonite and 
generally contains lower percentages of iron. Some goethite ores are 
beneficiated by washing out impurities having lower density. Others 
are direct-shipping ores. 

Impurities in iron ores can be considered to include all undesirable 
constituents other than iron. For this reason iron ores that have the 
highest iron content are preferred, but other iron-bearing rocks in 
which most of the impurities can be separated from the iron-rich 
minerals form the major part of the ores mined in the United States. 
Impurities that are major constituents of iron ores are minerals con
taining silicon, magnesium, aluminum, calcium, and titanium. Unde
sirable impurities that are minor, but very significant, constituents are 
minerals of phosphorus, sulfur, zinc, and arseni.c. Those of phosphorus 
and sulfur are the most common. 

Beneficia:tion of ir'on ores generally involves (1) the sepa1mtion and 
removal of valueless minerals with a resulting concentration of the 
iron-rich minerals and (2) agglomeration of the iron concentrates into 
briquettes or pellets of suitable size for smelting. Some ore concen
trates are sintered into porous agglomerates for furnace feed. 

The ratio o.f some crude ore to iron concentrates is as much as 3 to 1, 
and the concentrates contain more tha.n 60 percent iron. Pellets made 
from such concentrates thus have the desirable characteristics of high 
iron content, low amounts of impurities, and favorable particle size 
for efficient smelting. For example, pellets produced near Black River 
Falls, "\Vis., by the Jackson County Iron Mining Co. in 1970 contained 
in dry form 63.41 percent iron, 0.016 percent phosphorus, 8.08 percent 
silica (Si02), 0.05 percent manganese, 0.29 percent alumina ( Al20 3 ), 

0.33 percent lime ( CaO) and 0.28 percent magnesia (MgO). (American 
Iron Ore Association, 1971, p. 72.) 

Iron deposits of economic valne generally form by one of three 
major geologic processes: (1) magmatic activities involving segrega
tion of molten materials or precipitation from hydrothermal solutions, 
(2) sedimentary accumulations by chemical precipitation or by depo
sition of grains of iron-rich minerals, and (3) re.sidual concentrations 
resulting from the chemical breakdown of iron-bearing minerals and 
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removal of iron-poor constituents, by near-surface-weathering proc
esses or by leaching in the subsurface by permeating solutions. Some 
deposits .form or are enriched as the result of two or more of these 
processes, and some deJ?osits are changed in mineralogic character and 
m shape after their imtial concentration as a result of later geologic 
conditions involving changes in one or more conditions of temperature, 
pressure, physical deformation, and chemical stability. 

The iron deposits of economic significance in 'V"isconsin are princi
pally those formed by sedimentary processes. Some of the deposits 
have been residually enriched by redistribution of iron or by leaching 
of impurities, and some have been metamorphosed. For the most part, 
these changes involve movement of iron or recrystallization of iron 
minerals within the original beds or layers of iron-rich sedimentary 
rock. 

The locations of iron resource districts and areas in Wisconsin are 
shown in figure 34. 

20 40 60 MILES 
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0 20 40 +50 KILOMETRES 

\FIGURE 34.-Iron-ore resource a•reas of Wisconsin. 

... 



121 

Most of the large iron deposits are in the sedimentary iron
formations of Precambrian age and were deposited more than 1 billion 
years ago. Deposits of that origin and age in ·wisconsin are in the Goge
bic Range, the Florence area, the Bamboo Range, and the Black River 
Falls area in J,ackson County. Other known deposits of Precambrian 
age have not been brought into production. Some deposits in sedimen
tary strrata of Paleozoic age were formed in the Ordovician Period 
about 450 million years ago, but those in Wisconsin are not large or o.f 
present economic importance. 

Iron is the principal metal employed in modern industrial civiliza
tion, and more than 99 percent of the iron produced is alloyed with 
other elements to form steeL Steel is used in a great variety of struc
tural forms, tools, machinery, transportation equipment, containers, 
and other items for both industrial and consumer needs. There are no 
practical substitutes for steel in many of its applications. 

Vast quantities of steel are produced. Estimated world production 
of .raw steel in 1974 was about 700 million metric tons or slightly more 
than 771 million short tons. (U.S. Bur. Mines, 1975a, p. 83). U.S. pro
duction of about 132 million metric tons (145 million short tons) was 
18.8 percent of world production and was second to that of the Soviet 
Union which produced about 136.3 million metric tons (153 million 
short tons) or 19.4 percent of world production. (Skillings Mining 
Review, 1975, Iron and Steel, February 1975, vol. 64, no. 8, p. 22). 

World iron ore production in 1974 was nearly 877 million long tons 
(891 million metric tons). U.S. production of 85 million long tons 
(86 million metric tons) was about 9.6 percent of world production. 

In addition to domestic and imported iron ores, considerable 
amounts of iron and steel scrap are used in steelmaking. About 49 
million metric tons of purchased scrap (54 million short tons) were 
consumed by the U.S. steel industry in 1974 (U.S. Bur. Mines, 1975a, 
p. 84). There is a competitive economic relationship between domestic 
and imported ores and scrap metal. 

Economic importance and development.-\Visconsin has had contin
uing iron ore production for about 100 years except for a few years in 
the 1960's (table 10). The 67 million long tons ( 68 million metric tons) 
produced since 1910 was 1.4 percent of the U.S. total production of 
that period. In recent years, however, production from \Visconsin has 
been only about 1 percent of domestic production, averaging 900,000 
long tons (914,000 metric tons) per year. 

Recent and continuing expansion of mining and iron ore pelletizing 
facilities in the Lake Superior region will increase the amount of 
domestic production from that area and will increase total U.S. 
production. 

In 1974, 84.5 percent of U.S. iron ore production was from the Lake 
Superior region, mostly from Minnesota and Michigan (U.S. Bur. 
Mines, 1976). Iron ore production in \Visconsin in 1974 was nearly 
879,000 metric tons (865,000 long tons) of pellets, or slightly more than 
1 percent of U.S. production of usable iron ore (U.S. Bur. Mines, 
197 4). Production was from the open pit taconite mine and pellet plant 
of the Jackson County Iron Mining Co. near Black River Falls, in 
Jackson County. 
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TABLE 10.-Production or shipments ot iron ore in Wisconsin 
[Data from reports of U.S. Bureau of Mines, U.S. Mineral Resources, Wisconsin Geological 

Survey reports, and Lake Su•perior Iron Ore Assoclatlon] 1 

Year 

Prior to 1880-------------
1880 --------------------
1881 ---------------------
1882 --------------------
1883 ---------------------
1884 ---------------------
1885 ---------------------
1886 ---------------------
1887 ---------------------
1888 ---------------------
1889 ---------------------
1890 ---------------------
1891 ---------------------
1892 ---------------------
1893 ---------------------
1894 ---------------------
1895 ---------------------
1896 ---------------------
1897 ---------------------
1898 ---------------------
1899 ---------------------
1900 ---------------------
1901 ---------------------
1902 ---------------------
1903 ---------------------
1904 ---------------------
1905 ---------------------
1906 ---------------------
1907 ---------------------
1908 ---------------------
1909 ---------------------
1910 ---------------------
1911 ---------------------
1912 ---------------------
1913 ---------------------
1914 ---------------------
1915 ---------------------
1916 ---------------------
1917 ---------------------
1918 ---------------------
1919 ---------------------
1920 ---------------------
1921 ---------------------
1922 ---------------------
1923 ---------------------
1~24 ---------------------
1925 ---------------------
1926 ---------------------
1927 ---------------------

Long ton• 2 Year Long tons • 

372, 000 1928 ---------------------- 1, 396, 000 
37, 000 1929 ---------------------- 1, 792, 000 

198, 000 1930 -------------·-------- 1, 149, 000 
276, 000 1931 --------------·------- 630, 000 
62, 000 1932 --------------·------- 360, 000 
35, 000 1933 -------------·-------- 613, 000 
48, 000 1934 -------------·-------- 596, 000 

152,000 1935 --------------------- 722,000 
389,000 1936 --------------------- 919,000 
337,000 1937 --------------------- 1,421,000 
837, 000 1938 -------------·-------- 625, 000 
949,000 1939 --------------------- 1,174,000 
589,000 1940 --------------------- 1,229,000 
790, 000 1941 -------------·-------- 1, 487, 000 
439, 000 1942 -------------·-------- 1, 548, 000 
318, 000 1943 --------------------- 1, 392, 000 
664,000 1944 --------------------- 1,537,000 
482,000 1945 --------------------- 1,296,000 
491,000 1946 --------------------- 1,097,000 
677,000 1947 --------------------- 1,543,000 
476,000 1948 --------------------- 1,469,000 
746,000 1949 --------------------- 1,406,000 
739,000 1950 --------------------- 1, 702,000 
784,000 1951 --------------------- 1,745,000 
675,000 1952 --------------------- 1,486,000 
483,000 1953 --------------------- 1,655,000 

1,719,000 1954 --------------------- 1,429,000 
2,033,000 1955 --------------------- 1,886,000 

839,000 1956 --------------------- 1,488,000 
734.000 1957 --------------------- 1,576,000 

1,067,000 1958 --------------------- 867,000 
1,150,000 1959--------------------- 701,000 

560,000 1960 --------------------- 1,502,000 
1,152,000 1961 --------------------- 1,122,000 

896.000 1962 --------------------- 1,045,000 
592,000 1963 --------------------- 938,000 

1,125.000 1964 --------------------- 524.000 
1,529,000 1965 --------------------- 141,000 
1,180,000 1966 --------------------- ----------
1,168.000 1967 --------------------- ----------

882.000 1968 --------------------- ----------
1, 067. 000 1969 3 

-------------------- 36. 000 
llR. 000 1970 --------------------- 806. (l()() 
795,000 1971 --------------------- 824,000 
831,000 1972 --------------------- 887.000 
7P6.00~ 1973--------------------- 956.000 
935.000 1974 --------------------- 865.000 

1,241.000 
940,000 Total------------------ 84,966.000 

• St~tistlcs concerning production and shipments difl'er in some reports-larger figures 
useil In such c~•es. 

• Fl~ntres rounded. 
3 Pellets. 

Iron om ref'Prves in the TTniJP.d. ~tj.'ltt>s are Pstirna.tPd to be more 
than 9.000 million tons. and identified re:::omces. indnflin2' both 
reserves and potential ores toh1l more than 100.000 million tons 
(Klemic and others. 1973a). Of t.he.se resonri"N>. nhout. 78 nPr,.ent are 
in the !.Jake Superior region, in the States of Minnesota, Michigan, 

'· 
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and Wisconsin. Most of the iron ore resources of the United States 
are in low-grade material that requires both beneficiation and agglom
eration to be usable. 

The United States has imported about one-third of the iron ore it 
has consumed in recent years (about 48 million long tons or 49 million 
metric tons in 197 4). Iron ore production in Wisconsin in recent years 
has been equivalent to only about 2 percent of the amount of iron ore 
imported. 

The selection of specific deposits or parts of deposits for more 
detailed evaluation or for development for production is based upon 
the relative advantages to be gained in each case. Not only must the 
quantity and quality of the ore in the deposits be determined, but 
their physical setting and geographic location relative to transporta
tion systems and markets must be considered. Only those parts of the 
total resources that are chosen for development and production are 
considered to be reserves. That is, reserves are known, identified 
deposits of mineral-bearing rock from which the mineral or minerals 
can be extracted profitably with existing technology and under present 
economic conditions (Klemic and others, 1973a, p. 2). The remainder 
of the identified resources is only potential ore. 

The classification of iron resources as reserves or as potential ores 
is not a static matter. As economic considerations change, or as the 
technological developments in steelmaking result in changed specifi
cations for iron ores, some mines may be closed and mine plants dis
mantled, even though their resources have not been exhausted. Such 
resources are reclassified to the status of potential ores and are no 
longer reserves. Other deposits which previously had not been com
petitive and were only potential ores may be reevaluated and de
veloped for production and reclassified as reserves. 

Ocmtrrences in Wiscon8in.-Gogebic district: The Gogebic iron
mining district, extending southeastward for about 50 miles along 
the outcrop zone of the Ironwood Iron-formation from 6 lffiiles west 

. of Mellen, Wis., to 6 miles west of Lake Gogebic in Michigan is 
one of the major iron-bearing districts of the Lake Superior region. 
The part of the district in Wisconsin exhmding west from the State 
border at Hurley is about 30 miles long and abou:t 0.2 mile wide. The 

t- Ironwood Iron-formation, the ore-bearing sequence, ranges in thick
ness from about 400 to 1,000 feet. It is steeply inclined, dipping about 
60 degrees to the north, and in places has b-een offset by transv(;'rse and 
longitudinal faults and intruded by mafic dikes and sills (Dutton, 

.... 1955). 
The Palms Formation, a metasedimentary unit 400 to 500 feet thick, 

consistingly mainly of greenish gray silty argillite, underlies the iron
formation. Overlying the iron-formation is the Tyler Formation, a 
light to dark gray metasedimentary sequence that is mainly clayey 
siltstone, but which includes sandstone and hardened clay or silt, and 
has a basal iron-rich zone that has locally been mined for iron ore 
(Schmidt, Robeit G., 1975, written eommunication). The thickness of 
the Tyler Fm,mation in 1:Visconsin is as much as 9,500 feet. 

The Ironwood Iron-formation was formed principally by chemical 
sedimentation, but some fragmental sediments and material of organic 
origin are also present (Schmidt, Robert G., 1975, written communica-
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tion). The Tronwood Iron-formation is of Precambrian X af!e (1,600 
to 2,500 million years) and is probably correlative with the Negaunee 
Iron-fovmation of the Marquette district and the Vulcan Iron-forma
tion of the Menominee district (James, 1966). 

Five distinctive members of the formation, characterized by the 
predominance of either thick, wavy-bedded cherty iron formation or 
thin straight-bedded iron-forma.tion were recognized by Hotchkiss 
(1919). Chert or fine-grained quartz, siderite, hematite, magnetite, 
chamosite, and stilpnomelane are the principal minerals in the un
metamorphosed and low-grade metamorphosed zones in the forma
tion (Schmidt, 1975). Iron silicates including stilpnomelane, minne
sotaite, grunerite-cummingtonite, and iron pyroxenes are present in 
the more metamorphosed parts of the formation near the western end 
of the district near intrusive mafic bodies. The iron content of various 
parts of the formation ranges from about 26 to :m percent. High
grade iron deposits within the formation resulted from oxidization 
and leaching of iron-rich carbonates and silicates by deeply circulat
ing waters principally in structurally controlled zones along the inter
sections of mafic dikes and iron formation. The ore bodies formed 
mostly above the crosscutting dikes, but SOII).e occur elsewhere in the 
iron formation. Ore was found at the surface in some areas and some 
ore has been mined at depths as great as 3,500 feet (Dutton, 1955). 
Large quantities of hematite ores from such ore bodies averaged 
more than 52 percent in iron. 

Iron ore shipments from the Gogebic district in Michigan and 
Wisconsin from the start of mining in 1884 throu_g·h 1967 totaled 
320 million long tons of which about 65 million long tons ( 66 million 
metric tons) was from the part of the district that is in Wisconsin. 

In the Wisconsin part of the Gogebic district, most of the produc
tive ore bodies were in Iron County; but some ore was also mined near 
Mellen in Ashland County. The principal mines, the Montreal and 
Cary, were in Iron County, and produced roughly 30- and 15-million 
long tons, respectively, of usable ore. Other important mines were the 
Ottawa, Atlantic, Iron Belt, Germania, and Pence mines. The Ottawa 
mine yielded nearly 4-million long tons and the others less than 2-mil
lion tons each. Most of the smaller mines were closed by 1913, but the 
Montreal and Cary mines were in production up to the mid-1960's. 

Some high-grade ore remains in the district, but the greatest amount 
of potential ore is in lower grade partly oxidized but unleached iron 
formation. 

Only a limited amount of information is available concerning the 
potential iron ore resources that exist in low-grade material in the 
iron formation. Investigations were made by the U.S. Bureau of Mines 
(Zinner and Holmberg, 1947) of the character and amenability for 
beneficiation of some of the iron formation in Iron County, Wis. The 
results of their investigations indicated that material from certain 
parts of the iron formation could yield iron ore concentrates, but that 
the concentrates were somewhat higher in impurities than was gen
erally acceptable. More than 100 million tons of such iron-bearing 
material that could be mined by opencut methods were reported to be 
present in the 2-mile length of the district that was in the area of 
their studies. Extrapolation of their results to include the entire 
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length of the district in Wisconsin would suggest that there are more 
than 2,000 million tons of low-grade material. 

It is likely that the potential resources are considerably larger 
because the iron formation in the western part of the district contains 
a greater percentage of the iron in the form of magnetite, and because 
of advances made in the technology of mineral beneficiation in the 
past two decades. Potential ore in the Gogebic district has been esti
mated at 7,750 million tons (Roberts and Crago, 1948), but this in
cluded both the Wisconsin and Michigan parts of the district. 

The area of potential magnetic iron resources remaining in the 
Gogebic district extends for about 18 miles southwest of Upson, and 
the approximate width is about 300 feet. However, about 20 percent 
of that material would not be recoverable because of associated waste 
rock such as (1) interbedded slate, (2) masses of intrusive rock, (3) 
excessively broken rock produced during displacement of rock seg
ments, and ( 4) material in which percolation of 'vater has altered 
the iron formation and destroyed magnetism. Furthermore, the in
clination of the iron formation locally steepens, a.nd the minable width 
correspondingly decreases. Additionally, the fineness of grinding of the 
rock needed for liberation of the magnetic material and the percent 
o£ recovery are not known. 

Butternut--Pine Lake area: Discontinuous elongate segments of 
Precambrian age iron-formation trend northeasterly from Pine Lake 
in Iron County and from near Butternut in Ashland County, Wiscon
sin (Dutton and Bradley, 1970). The northern area, called the 
Marenisco Range, and the southern one, the Turtle Range ( Al1en and 
Barrett, 1915), are characterized by magnetic anomalies present locally 
in zones extending to near Marenisco in Gogebic County, Mich. Most 
of these parts of Wisconsin and Michigan are covered by glacially 
deposited sediments and the presence of the iron-·formation was deter
mined mainly by exploratory drilling at the sites of the magnetic 
anomalies. At one site, a shaft was sunk into the iron-formation and 
in other places ·iron-formation was found in outcrop :and in loose 
boulders. 

Early exploration in the area, before 1915, was in search for de
posits of high-grade ores, but no such maJteri,al was found. In the 
period from 19fi5 to 1966, exploratory drilling based on data from 
magnetometer surveys was to appraise the quality and quantity of 
iron-formation suitable for concentration into marketable ores. Iron
formation containing magnetite as the principal iron-rich mineral 
was present at several localities, and magnetite-hematite iron forma
tion, hematite-siderite iron formation, and ferruginous slates were also 
found (Dutton and Bradley, 1970, p. 9). 

The rock types most commonly associated with the iron-formation 
are micaceous and chloritic schists; and locally phyllites, black slate, 
quartzite, and greenstone are present. Granite and diabase cut some of 
t'he iron-fovmation. Ages of 1.72 billion years for a schist unit and 
1.66 billion years for a granite have been reported (Goldich and 
others, 1961, p. 105). Some of the iron-fol'ma.tion may be in remnants 
of synclinal folds, or in fault segments, but other parts may be lenses 
OJ" locally magnetic parts of larger rock units. 
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In the south Butternut area a magnetic anomal~· about 2 miles long 
trends southwesterly from the town of Butternut m T. 41 N., R. 1 W., 
in Ashland County. Diamond drilling in the area extended for 5,700 
feet along the anomaly, and bedrock was penetrated for a width of as 
much as 630 feet (Dutton and Bradley, 1970). Overburden in the area 
averages 125 feet in thickness. The area tested is largely underlain by 
steeply southeastward dipping iron-formation bounded on the north 
and south sides by schists and granites. The iron-·forma:tion contains 
fine-grained hematite and specular hematite in association ·with chert 
or jasper. Quartz-garnet-biotite schists occur between some areas of 
iron-formation, and some masses of granite .penetrate the iron
formation. 

Data concerning the quantity and magnetic iron content of the iron
formation are not available, but if an average width of 300 feet 1s 
assumed for a length of 1 mile, to a depth of 500 feet from the surface, 
the area would contain an estimated 50 million tons of iron-formation. 
This amount of minable iron-formation might be expected to yield 
more than 15 million tons of magnetic concentrates. 

The Michigan mine area, which is in T. 42 N., R. 1 E., about 10 
miles northeast of the town of Butternut in Ashland County, includes 
the site of the former Broomhandle and Michigan mine explorations; 
the latter was reexamined by private interests in the period from 
1953 to 1958 (Dutton and Bradley, 1970). Diamond drilling was in 
an easterly trending area about 13,500 feet long and up to 1,200 feet 
wide, to an average depth of about 350 feet, lying east of the old 
Michigan mine shaft. Steeply dipping to vertical iron-formation rang
ing in width from about 23 feet to more than 1,100 feet was penetrated 
along a length of about 2 miles. Glacial till in the area averages about 
30 feet in thickness. Phyllites, schists, and greenstone porphyry adjoin 
the iron-formation to the north and chlorite schists with calcite beds 
and marble and greenstone occur to the south. 

The iron-formation in outcrop, at the old mine shaft ,and test pits, 
sampled by drilling, and on dumps of a pit excavated to get material 
for metallurgical testing, consists of chert, magnetite, and specular 
hematite distributed in an alternation of ferruginous and cherty 
layers that differ p.-reatly in thickness and in relative proportions of 
the various minerals. The total iron present in crude iron-formation 
commonly was 25 to 30 percent, but the magnetic iron represented only 
15 to 25 percent of the iron-fovmation. The estimated tonnage of iron
formation to a depth of 400 to 500 feet is more than 200 million tons, 
and the amount of iron ore pellets containing more than 62 percent 
iron that possibly could be produced from the crude ore is estimated 
to be about 70 million tons (Skillings Mining Review, 1957). 

The Pine Lake area is about 12,000 feet long and up to 800 feet wide 
in T. 44 N., R. 3 E. It is iust east of Pine Lake and about 15 miles 
south of the Gog-ebic distriPt, and was explored in the period 1954 to 
1963 by diamond drilling. Schist and iron-formation are beneath a 
cover of 35 to 100 feet of glacial overburden. The iron-formation con
tains magnetite, hematite. siderite, iron-rich silicates, and chert. Anal
yses of drill core from the upper part of the iron-formation show 
values of 23 to 33 percent soluble iron but commonly had only 20 to 25 
percent of magnetic iron. Concentrates of finely ground· material 
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averaged about 62 to 66 percent iron and about 8 to 12 percent silica. 
Drill cores f.rom oxide-carbonate-silicate iron-formation zones con
tained 29 to 26 percent of soluble iron, but only 11 to 15 percent of 
magnetic iron, and locally as little as 1.35 percent magnetic iron. The 
total thickness of the iron-formation is not known, but one section is 
about 1,900 feet thick. How much of this thickness is caused by fold
ing or faulting is not known. 

The quantity of iron-formation present to depths reasonable for 
open-pit mining is estimated to be in hundreds of millions of tons, 
but information concerning the amount of ore that would be economi
cally amenable for beneficiation to a usable product is not available. 

Florence district: This district, extending southeastward for about 
25 miles along the north side of Florence County, Wis., is at the 
southeastern end of a roughly triangular-shaped basin of metamor·· 
phosed and complexly folded sedimentary rocks of Precambrian age. 
The Iron River-Crystal Falls district to the northwest in Michigan 
is in the much larger part of the basin. 

The Riverton Iron-formation, the principal iron-rich unit in the 
Florence area, is about 600-feet thick and consists mainly of inter
bedded chert and siderite (Dutton, 1971). It also contains local zones 
of chert, hematite, and magnetite (Pettijohn and Clark, 1946). Un
oxidized parts of the iron-formation contain 20- to 30-percent iron. 
Enriched ore bodies formed by oxidation and leaching of the j.ron
formation were in plunging synclines and along the flanks of those 
structures. Ore was found to depths of 825 feet in the Florence district. 
The oxidized ore bodies tend to occur in low swampy areas, whereas 
the unoxidized iron-formation crops out at the sur:faee in some areas. 
However, much of the iron-fovmation is not exposed in outcrop. 

The Riverton Iron-formation is underlain by the Dunn Creek Slate; 
it is a sequence of phyllite, graphitic slate and breccia, and graywacke 
about 2,500 feet thick. It also includes some layers of slaty sideritic 
iron-formation and immediately beneath the iron-formation is about 
30 feet of pyritic graphitic slate that typically contains 30- to 40-
percent pyrite (James, 1958). 

The Iron River Iron-formation is overlain by the Hia,vatha Gray
wacke that is a clastic rock unit consisting of about 100 feet or less of 
graywacke and slate in the Florence district in the eastern part of the 
basin. The Stambaugh Formation overlies the Hiawatha Graywacke 
and is mainly iron-rich rocks that range from chloritic mudstone and 
slate to laminated chert-siderite-magnetite rock (James, 1958). In 
the Florence district, the Stambaugh Formation is about 200-feet thick 
(Dutton, 1971). The overlying Fortune Lake Slate is the youngest 
unit in the area; it contains minor iron-rich rocks in Michigan, but 
none are known in Wisconsin. 

Mining in the Florence district began in 1880 and continued with 
some interruptions to 1932. A small quantity of ore was shipped from 
the district in 1937 (Lake Superior Iron Ore Association, 1938}, and 
the Davidson mine in the Commonwealth area was worked from 1952 
to 1960. Total shipments from the district through 1937 were 7,274,000 
long tons; the natural ores contained 48- to 50-percent iron. Produc
tion was from the Commonwealth, Ernst, and Florence mines-all 
in T. 40 N., R.18 W. The ores were high phosohorus non-Bessemer 
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grade (more than 0.18-percent phosphorus). Production from the in
dividual mines or groups, in long tons, was Commonwealth group-
2,923,010, Ernst mine-670,183, Florence mine-3,680,601. . 

Exploration by drilling and sinking test pits in areas along stnke 
from the previously productive mines has not been successful. The po
tentialities for discovery of additional large bodies of high-grade ore 
or large resources of low-grade ore amenable to beneficiation by present 
methods do not appear to be favorable (Dutton, 1971). 

Black River Falls district: This iron mining district is in Jackson 
County, in T. 21 and 22 N., R. 3 and 4 W., and is within the Hatfield 
and Black River Falls 15-minute quadrangles. The .T ackson County 
Iron Co. mine, which is currently in operation, is located about 5 miles 
east of the town of Black River Falls. 
--The rock formations in the area include an underlying complex of 
steeply dipping granitic gneisses, schists and greenstones, and intru
sive mafic dikes and bodies of granite of Precambrian age (Chamber
lin, 1877). The surface of the Precambrinn rocks has been eroded to a 
broad regional plain that locally has hills or monadnocks having re
lief of 100 feet or more. A pronounced unconformity separates the 
Precambrian rocks and the overlying sequence of flat-lying sandstone 
beds of Late Ca-mbrian age. 

The iron deposit being mined is metamorphosed siliceous magnetite
hematite iron-formation, or taconite, of Precambrian age that for
merly cropped out in an elon~rate mound extending about 100 feet above 
the surrounding plain. Sandstone of the Mount Simon Formation of 
Late Cambrian age covered most of the mound and underlies the sur
rounding area to depths up to about 100 feet. The iron-formation is as 
much as 500 feet wide, and has a length of more than 2,000 feet, and 
has been drilled to depths of several hundred .feet. Siliceous micaceous 
schists occur on both flanks of the iron-formation and thin lenses of 
schist containing actinolite, garnet, and talc are interbedded with the 
iron-formation. The content of magnetic iron in the deposit ranges 
from 15 to 35 percent and avera~res about 25 percent (Ohlson, 1973). 

Five other mounds of Precambrian iron-formation crop out in the 
district, and iron-formation is known to occnr beneath the Cambrian 
sandstone in other ·places where magneticalJy Pnomalons areas have 
been drilled. The iron-formation mav be in remnants of ti~rhtly folded 
sf.ructurt>s or in fanlt. segments of siwh folds. Granite which 1ntrurles 
the metamornhocoo Precambrian rO"'ks in the nrP-a has been nnterl as 
being abont 1.69 billion yea,rs old (KlE>mic and PE>trrman, 1972) but 
may be 1-'omewhat. older. Granite intrudin<r iron-formation has been 
found near one of the monnrls. so the iron-formation C'an be considered 
to be olrler than the P'ranite, but its actna,l aP'e is not. known. Unmeta
morphoserl diabase dikes also cut the iron-formation and associated 
PrPrambrian rocks. 

The iron deposits of the RlnC'k River Fn.lh; distrid ,,·ere discovered 
in 18~9. wPre workPn brieflv in 18n6 and 1857. and between 1880 and 
ttmO (Skillings, 1970). with onlv limited sncct>ss. In 19~9 the Inland 
HteeJ Co. nnrchast>rl the .Tarks"~ <:nnnt.v Iron no. Exploration and 
testing of the dePosits were in the 1940's and 1960's, and conptrnction 
of the mine and beneficiation plan facilities was begun in 1967. Pro
duction of iron ore pellets began in 1969 and is continuing. Initial 
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plans were announced :for the production o:f 750,000 tons of pellets 
:for a period o:f 20 years, but production in recent years has averaged 
about 900,000 long tons (914,000 metric tons) per year. The iron ore 
concentrates produced average about 68-percent iron and 5.5-percent 
silica (Ohlson. 1973), and the pellets contain about 63.5-percent iron 
(Skillings, 1970). Reserves in the district at the start o:f production 
are estimated to have been about 45 million tons o:f crude taconite and 
about :30 million tons remain. Some o:f this reserve is in deposits that 
are not adjacent to the beneficiation and pelletizing plant, and the 
economics o:f :future operations may affect how much o:f the ore can 
be mined. 

Baraboo district: The Baraboo district is in Sank and Columbia 
Counties about 31 miles northwest of Madison. It is within a 28-mile
long synclinal basin o:f metamorphosed Precambrian sedimentary 
rocks that trends easterly (Dalziel rtnd Dott, 1970). The iron-bearing 
unit, the Freedom Formation, is within a basin that is about 22 miles 
long and as much as 6 miles wide. The area underlain by the Freedom 
Formation is within T. 11 N., R. 5, 6, 7, and 8 E., but most o:f the 
exploration and all o:f the mining was within T. 11 N., R. 5 and 6 E. 
(Weidman, 1904; Schmidt, 1951, unpublished thesis). Most of the 
interior of the basin and all of the area underlain by the Freedom 
Formation are covered by relatively flat-lying Paleozoic sedimentary 
rocks and Pleistocene sediments to depths o:f as much as 700 feet 
(Schmidt, 1951). 

The Freedom Formation is a dolomitic unit that includes inter
bedded slate and chert and contains iron-bearing dolomite and 
manganese- and iron-bearing dolomite near the base. Iron silicates 
and magnetite :formed in the basal part o:f the :formation by meta
morphism, and later oxidation resulted in the development o:f rock 
very similar to the oxidized iron-formations o:f the Lake Superior 
region (Schmidt, 1951). Some parts of the iron-formation have been 
oxidized, leached, and :formed ore bodies that yielded ores containing 
47 to 54 percent iron (Lake Superior Iron Ore Association, 1938). 

The Seeley Slate, consisting- of about 370 feet of chloritic slate and 
some lenses of quartzite, underlies the Freedom Formation and over
lies the Baraboo Quartzite which is a few thousand feet thick. A 
quartzitic unit as much as 214 feet thick and a sericitic slaty unit up 
to 149 feet thick v>ere reported to overlie the Freedom Formation 
(Leith, 1935) in some places, but elsewhere the Freedom Formation 
is overlain by Paleozoic sedimentary rocks. 

Iron--form'ation was discovered 'in the Baraboo district in 1887; 
iron ore was discovered in 1900. Mine development began shortly 
afterward; and, with some interruptions, ore shipments were made 
in the period from 1904 to 1925. Shipments from the Illinois mine in 
the period 1904 to 1908 and in 1916, totaled 315,350 long tons (320,000 
metric tons), anP. those from the Cahoon mine in the period 1916 to 
1925 were 327,683 long tons (337,000 metric tons). Data on shipments 
from the Sauk mine opened in 1903 are not available, but the total 
amount of ore shipped :from the Baraboo district may have been 
1 million tons (Schmidt, 1951). The ores contained 47 to 54 percent 
iron and included low phosphorus and non-Bessemer ores. Some of 
the ore bodies may not have been totally depleted, but excessive 
amounts of water in the mines may have stopped operations. 
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The possibility exists that more ore b!:Jdies of the same type are 
present in the district, but no estimate of the amounts can be made. 
On the basis of thickness and extent of the iron-formation, there may 
be at least 50 million tons to a depth of 100 feet beneath the cover of 
PalPozoic sediments in the western part of the district (Van Rise and 
Leith 1911) but much of this mav not be amenable to beneficiation. 
The potential resources of low-grade iron-formation in the central 
and eastern parts of the district may be comparable. 

Mayville district: The Mayville iron-bearing diE:trict is in Dodge 
Countv; and the formerly productive mines were near the towns of 
Mayville. Iron Ridge, and Neda, in T.ll N., R.lG K The iron-bearing 
unit, the N eda Formation, crops out sparsely in Dodge, Brown, and 
Door Counties. and is known to be present loPally i.n the subsurface 
in Kenosha, Racine, Waukesha. W11shington, Fond duLac, Calumet, 
Brown. and Manitowoc Counties (Thwaites. 1912). 

ThP N eda Formation is of Ordovician age. It is above the Maquo
keta Shale and beneath the Mayville Dolomite of Silurian age, and 
is in a sequence of sedimentarv strata that dip very gently to the 
east. The iron-rich beds of the Neda Formation occur in broad lenses 
having areas measured in souare miles and range in thickness from a 
fpw feet to aR much as 55 feet (Thwaites, 1!H?.; Percival. 1855b; 
Chamberlin. 1877). They crop out at the foot of a bluff of dolomite 
near Iron Ridge. 

The ore zones consict of hematite-rich oolitic or flaxseed textured 
rock having a hematite matrix. The oolites are composed of a large 
varietv of minerals that are in concentric layers around nuclei of fossil 
material, rock and mineral fragments, or· fra<rments of oolites. The 
oolites are composed of goethite, hematite, phosphatic minerals, clay 
minerals, and carbonates (Hawley and Beavan, 1934). The iron ores 
contain 40 to 47 percent iron; iron-rich strata in some other places 
contain about 34 percent iron and are high phosphorus ores (Thwaites, 
1912: Lake Superior Iron Ore Association, 1938). 

Mining in the Mayville district began as early as 1849, when ore 
from deposits that cropped out at the foot of a bluJf of dolomite was 
removed from an open cut to supply a furnace at Mayville (Cham
berlin, 1877). Later mining extended into the subsurface. In the period 
1869 to 1874, about 305,000 tons were produced. The Iron Ridge mine 
was inactive from 1892 to 1902. From 1902 to 1914 production was 
about 236,000 tons. Total production from the Iron Ridge mine was 
more than 540.000 tons. 

The Mayville mine, au underground operation that 'vas opened in 
1892 and worked continuously until1928, shipped about 2,144,000 tons 
of ore (Lake Superior Iron Ore Association, 1938). Ore from the Iron 
Ridge mine in 1914 contained about 41 percent iron and 1.22 percent 
phosphorus, and that from the Mayville mine in 1928 contained about 
39.5 percent iron and 1.3 percent phosphorus. 

Potential resources of iron in the Neda Formation in eastern Wiscon
sin are not known, but it is likely that some lenses of ore in the sub
surface contain millions of tons in minable thicknesses. The ores, how
e.ver, would have ~o be mined by underground methods; and it is un
likely that benefiCiation to the grades acceptable at present would be 
possible. - · 
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Ironton area: A small deposit of iron ore was worked in the vicinity 
of Ironton in Sauk County in the period between 1850 and 1873 
(Chamberlin, 1882) but is now only of historic interest. The deposit 
"·as on the side and base of a hill underlain by Paleozoic sedimentary 
rocks in T.12 N., R.3 E. The ore was hematite in botryoidal and stalac
titic shapes intermingled with a rubble of sandstone and sand. The 
hematite probably formed from iron that was released by the decom
position of pyrite and transported by solution to sites of deposition in 
fractures in Cambrian sandstone. 

The deposit yielded about 25,000 tons of ore which supplied a fur
nace at Ironton that produced about 11,000 tons of iron. 

Similar iron deposits in Richland, Crawford, Pierce, and Vernon 
Counties are of no economic importance. No estimate is made for 
amounts of potential resources in deposits of this type. 

Molybdenum 

(By C. E. Dutton, U.S. Geological Survey, Madison, Wis.) 

Molybdenum is a metal of silver-gray color and is obtained from 
minerals in which it is combined with sulfur or with iron and oxygen. 
Molybdenum is used mainly for the manufacture of stainless steel, 
high-speed steel, and construction steel. The principal molybdenum
bearing deposits of the world are associated with intrusive rocks much 
younger than any rocks in 1Visconsin. 

Molybdenite, the combination of molybdenum with sulfur, occurs 
in very small amounts in Wisconsin; furthermore, the geologic occur
rences are not similar to those at the principal known sources of mo
lybdenite. The following information is from an open-file report pre
pared by D .• Terome Fisher for the U.S. Geological Surv~y and released 
June 26, 1957; a copy is in the files of the Wisconsin Geological and 
Nat ural History Survey. 

A small area of granite exposures near the middle of sec. 18, T.33 N., 
R.20 E. is about 4 miles northwest of the small community of Middle 
Inlet in Marinette County (fig. 29). Scattered grains and small clusters 
of grains of molybdenite are in quartz veins and locally in adjacent 
altered granite. Ten prospect shaft openings were made in 1939-42, 
and about 2,000 tons of rock were removed. The resulting molybdenite 
concentrate weighed 6,094 pounds and contained 47.82 percent molyb
denum and 0.04 percent copper. 

Another occurrence of molybdenite is in the north-central part of 
sec. 33, T.38 N., R.18 E. (fig. 29), which is about 4 miles south of 
Aurora, in Florence County. Six test pits were in granite exposures in 
an area about 700 feet long and from 100 to 400 feet wide. The rock 
exposed is mainly mica schist and locally gneiss; white feldspar crys
tals about one-half by 1 inch are irregularly distributed and constitute 
about 50 percent of the rock. Most pegmatites (coarse-grained granitic 
vein-like units) are parallel to layering in the schist and gneiss and 
cut across pegmatities of other directions. Some flakes of molybdenite 
are in the mineral quartz at the pits but are less common at the other 
exposures. 

78-847 0-76-10 
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Uranium-thorium 

(By R. W. Schnabel, U.S. Geological Survey, Denver, Colo.) 

Uranium is a heavy, silvery metal that has few uses except as a 
source of energy. Some minor uses are in various laboratory appli
cations, in the photographic industry, and in coloring glass a fluo
rescent yellowgreen. 

The only known occurrence of uranium in Wisconsin is in one frag
ment of a quartz pebble conglomerate found near Mt. McCaslin (fig. 
29) (sees. 35 and 36, T.34 N., R.16 E.) in the northeastern part of the 
State, but further investigations in that area have not found similar 
material. The fragment was reported to contain 0.44 percent equiva
lent uranium and 0.75 percent uranium. The rock containing the ura
nium is similar to that in a uranium deposit in an area of Canada 
just north of Lake Huron. 

Geologic conditions comparable to those bearing important uranium 
deposits elsewhere in (1) sandstone lenses in shales, (2) conglomer
ates, and (3) filling of fractures in rocks are not known at the surface 
in "\Visconsin. However, large areas of north vVisconsin are underlain 
by some rocks similar to those bearing uranium in Canada. 

Like uranium, thorium is a heavy, silver-gray metal, is a source of 
radioactive products, is a possible nuclear fuel, and is more common 
and widely distributed than uranium. The present industrial value of 
thorium is combining with other metals to permit them to be drawn 
into wires and threads. Thorium-bearing rocks in Wisconsin are of 
igneous or sedimentary origin; none are of commercial interest at 
present. 

Granite near Big Fal1s (T.25 N., R.12 E.) has local radioactivity 
along zones of more than normal amounts of dark colored minerals. 
Scattered pits and drill holes contained 0.01 to 0.02 percent U30s• 
and the best sample was 0.08 percent U 30 8 • The average of two com
posite samples in the vicinity of the pits and drill holes averaged 
77.2 ppm (parts per million) eTh02 (equivalent thorium pins oxygen) 
and 65.7 eUaOs as determined by spectrometric assay (Malan and 
Sterling, 196!>, p. 11). Large arl?a':' of c<'ntral and northern "\Visconsin 
are underlain by rocks similar to those at Big Falls but are covered 
by glacially transported debris. Present methods of detecting covered 
deposits of radioactive minerals are not practical. 

In unglaciated southwestern Wisconsin, several radioactive anoma
lies in Monroe County were investigated. Analyses of 11 samples from 
the Tunnel Citv group of strat::t indicated 1 toR ppm U and 40 ppm 
eU that probably resulted from J{4°, Another sr1mple contained 5:3 
ppm ThO", 1.5 ppm U.O~, and 7.6 per~<:>nt K hy gamma spectrometnc 
assay (Malan and Sterling, 1969, p. 14). 

Zinc and lead 

(By W. S. West, U.S. Geological Survey, Platteville, Wis., and R. A. Weeks, U.S. 
Geological Survey, Reston, Va.) 

The zinc and lead mines of southwPstern "\Visconsin are part of the 
oldest continuously producing lead-zinc mining district in the United 
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States, the upper Mississippi Valley district. The largest and most 
productive parts of this district (fig. 35) extend across five 'Visconsin 
counties and into small areas in Illinois and Iowa, and widely scattered 
minor deposits rxtend the area of known mineralization in all direc
tions far beyond the limit of the mining district, suggesting that the 
total area of mineralization is much larger than the mining district. 
This widespread mineralization plus the fact that there has been lim
ited exploratory prospecting for mineral deposits by drilling or other 
means within and beyond the boundary of the main mining district 
gives every reason to believe that new ore bodies and important un
mined extensions of ore deposits will be discovered, thus assuring a 
future for zinc-lead mining in southwestern Wisconsin. In addition, 
recent discoveries of copper-zinc mineraliz·ation in north-central Wis
consin suggest that the State's zinc production may increase signifi
cantly in the next few years. 

As shown in table 11, over 1.2 million tons of zinc and nearly 100,000 
tons of lead have bren recovered from the 'Visconsin portion of the 
Upper Mississippi Valley district from 1910 to 1974, with a combined 
value in excess of $267 million. Value and tonnage of the early produc-

43" 

0 10 20 MILES 
' '• ' '' '• • • • Area of lead deposits 

10 20 KILOMETRES 
Area of zinc deposits 

)( Principal mines 

FIGURE 35.-Map of main part of Upper Mississippi Valley zinc-lead district in 
Wisconsin and adjacent States. Modified from Heyl and others, 1959, fig. 73, and 
Heyl and others, 1955, pl. 1. 
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tion are not known accurately but estimated produetion given by Heyl 
(1959, table 1) suggests an additional250,000 tons of zinc and 350,000 
to 400,000 tons of lead were produced in the Wisconsin part of the 
district in the period following 1800. 

Lead is one of the metals earliest known to man~, largely because of 
the ease with which it can be won from its ores by smelting. Its softness 
and workability, high specific gravity, extreme resistance to corrosion, 
and a combination of low-melting and high-boiling point make it most 
useful. About 10 percent of its uses are based on its weight, some 30 per
cent is based on its softness, malleability, and resistance to corrosion, 
about 25 percent is attributed to its alloying properties while the re
mainder of its uses are related to specific properties of its chemical 
compounds. Nearly three-fourths of its use is in metallic form, alone 
or in lead-based alloys. Two major uses are in storage batteries and 
antiknock additives for gasoline, so that consumption is directly related 
to automotive transportation. Other significant uses include pigments, 
cable sheathing, construction materials, ammunition, and chemical 
compounds. 

TABLE 11.-ANNUAL TONNAGE AND VALUE OF ZINC AND LEAD METAL PRODUCTION IN WISCONSIN, 1910-74 

Year: 
1910.-----------------------------------------
1911 ... -- --------------------------------------
1912 ..... ------------------------ --------------
1913 ..... -------------------- ------------------
1914 ... ----------------------------------------
1915 ... ----------------------------------------
1916 ... ---- ------------------------------------
1917-------------------------------------------
1918 _____ ------------------------ --------------
1919 ... ----------------------------------------
1920 ... ----------------------------------------wn _______________________________________ __ 
1922.---------------------------------- -- ------
1923 _____________ -- .• ---------- -----·-· -- -· ----
W2~-----------------------------------------1925 •••.. -- .. -- •. ------------------------------
1926 ... -- ----------•• -- ------ ------------ ------
1927------------------------------------------
1928 ______ ------------------------------------
1929 ___ ------ ------------------ -- ---------- -· --
1930 ••••. -- ---------------------------------- -· 1931 _________________________________________ __ 
1932 __________________________________________ _ 

1933 ••• -------------------- -·------------------
1934 ......... ---------------------------- ------
1935 _____ -- -------- -- -· ------ -- -· -- -- ----------
1936_----------- ---------- ---- ---- ------------
1937 ···------ ----------------------------------1938 _________________________________________ __ 

1939 ... -------------------------------- --------
1940 ... ----------------------------------------1941. ________________________________________ __ 

1942 ... ---------------- ---- --------------------
1943 _____ --------------------------------------
1944 ________________ --------------------------
1945 _____ ------ --------------------------------1946 _________________________________________ __ 

1947-------------------------------------------
1948_----------------- ------------------------W4L ________________________________________ __ 

1950 ... ---------------------- ------------------
1951. .. ------------------------------------ ----
1952 __ ------ ---- -------------------------------1953 __________________________________________ _ 

1954 __ -- ------------------- --------------------
1955 .. -----------------------------------------
1956 .. ------------ ----------------------------

Zinc Lead 

Short tons Value Short tons 

25,927 
29,720 
33,050 
30,110 
31, 113 
41,403 
56,803 
59,742 
50,014 
40,765 
27,285 
3, 390 

10,952 
13,211 
14,027 
20,230 
26,800 
32,841 
18,417 
16,986 
12,558 
10,088 
7, 522 
7, 800 
9, 807 
8, 923 
8,126 
6, 938 
2,073 
5,904 
5, 700 
6,238 
9,426 

14, 387 
15, 549 
15, 561 
14,276 
12,224 
7,864 
5, 295 
5, 722 

15, 754 
20, 588 
16,830 
15, 534 
18,326 
23,890 

$2,800,000 
3, 388,000 
4, 561,000 
3, 372,000 
3, 174,000 

10,268,000 
15,223,000 
12,187,000 
9, 103,000 
5, 952,000 
4, 420,000 

339,000 
I, 249,000 
1, 797,000 
1, 824,000 
3, 075,000 
4,020,000 
4, 204,000 
2, 247,000 
2, 242,000 
1, 206,000 

767,000 
451,000 
655,000 
843,000 
785,000 
813,000 
902,000 
199,000 
614,000 
727,000 
936,000 

1, 753,000 
3, 108,000 
3, 545,000 
3, 579,000 
3,483,000 
2, 958,000 
2, 092,000 
1, 313, 000 
1, 625,000 
5, 734,000 
6, 835,000 
3, 871,000 
3, 355,000 
4, 508,000 
6, 546,000 

4, 325 
3,286 
2, 529 
1, 829 
1, 464 
2, 276 
2, 982 
4,056 
4,442 
4,130 
2, 594 

972 
691 
734 

1, 254 
1,877 
1, 546 
2,069 
1,698 
1, 536 
1, 537 

952 
910 
540 
234 
286 
904 

1, 091 
320 
388 
445 

1, 225 
775 
920 

1, 415 
1, 776 
1, 588 
1, 166 

861 
857 
532 

1, 391 
2, 000 
2, 094 
1, 261 
1, 948 
2, 582 

Valu 

$381,000 
296,000 
22R, 000 
161, ooo 
114,000 
214,000 
412,000 
698,000 
631,000 
438,000 
415,000 
87,000 
76,000 

103,000 
201,000 
327,000 
247,000 
261,000 
197,000 
194,000 
154,000 
70,000 
55,000 
40,000 
17, 000 
23,000 
83,000 

129,000 
29,000 
36,000 
44,000 

140,000 
104,000 
138,000 
226,000 
305,000 
346,000 
336,000 
308,000 
271,000 
144,000 
481,000 
644,000 
549,000 
346,000 
581,000 
811,000 
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TABLE 11.-ANNUAL TONNAGE AND VALUE OF ZINC AND LEAD METAL PRODUCTION IN WISCONSIN,1910-74-Con. 

1957-- --· •• ------------------------------------
1958 ••. -------------------------------- ---- ----
1959 .•• ---- ·- .... ---------- •. ---------- -· .. ----
1960 •.•...... ------------------------ ......•..• 
1961 ..•.. ---------· -- -· -------- .. ------ -· •.•• --
1962 ..•••.. ---- .. ------ .. ---- .. ------ .. ---- .. --
1963 .•..... -- ...• ------ •. -------- .. ------------
1964 •.•.. ---- .. ---- •. ---------- •... ---------- .. 
1965 ..•...... ---- .•.. ------ .. -------- .. ---· .... 
1966 ..• -- .. ------ .. ------ -· -- .. -- .. ---- •. ---- .• 
1967 •••.. -- .. -- •. -- •. -------- .• -- •. -- .. --------
1968 ••••. ---- ...... ---- .. -----· ----------------
1969 •. -- .. ····•···· .•..•..• -- .•.• -- ...•.. ------
1970 •••••.... -- ---· ---- ·- ---- .. ---- ........ ----
1971 •.•••.. -- .. ---- .. -· •. ·- -- .... -- .....• ·- .• --
1972 •.•.. ------ .... -------- ·- .• ------ .... ------
1973 •.. ---· ---- .. ---· ---- .. -- .. ---- .•.. ---- .•.. 
1974 ••••...••.. -- .... -- ...••• -- .• -- ..•. -- .•.••• 

Zinc 

Short tons Value 

21, 575 
12,140 
11, 635 
18,410 
13, 865 
13, 292 
15, 114 
26,278 
26,993 
24, 775 
28,953 
25, 7ll 
22,901 
20,634 
10,645 
6, 873 
8,672 
8,675 

5, 006,000 
2, 477,000 
2, 676,000 
4, 750, 000 
3,189, 000 
3, 057,000 
3, 476,000 
7,148, 000 
7, 882,000 
7, 185, 000 
8, 016,000 
6, 942,000 
6, 687, 000 
6, 322,000 
3, 428,000 
2, 440,000 
3, 583,000 
6, 229,000 

Lead 

Short tons 

1, 900 
BOO 
745 

1, 165 
680 

1, 394 
1,116 
1, 742 
1,645 
1,694 
1, 596 
1,126 
1,102 

761 
752 
757 
844 

1, 235 

Value 

543,000 
187, 000 
171,000 
273,000 
140, JOO 
256,000 
241,000 
456,000 
513,000 
512,000 
447,000 
298,000 
328,000 
238,000 
207,000 
228,000 
275,000 
556,000 

Zinc as a component of the alloy brass has been in use for several 
thousand years, although metallic zinc was not known until much 
later. Major quantities of zinc are now consumed in four widely di'ver
gent applications: ( 1) zinc metal, both as castings and in rolled forms, 
(2) as major ingredients in brass and other alloys, (3) as a protective 
coating against corrosion on a wide variety of steel products, and (4) 
as a chemical compound and pigment, zinc oxide, in rubber products 
and paints. The usage of zinc has grown so that it is now fourth, 
following iron, alummum, and copper in the amounts of metals used. 

Galena, the principal lead ore mineral, was known and prized by 
the Indian inhabitants of the region, although it apparently was 
valued for its attractive appearance and/or great weight, since there 
is no evidence that they smelted it to produce metallic objects. Early 
French explorers recorded the presence of lead ores in the region as 
('arly as the middle of the 17th century, and easily exploited deposits 
of lead ore at or near the surface of the ground were responsible for 
the establishment of a trading post in the region about 1690. Later, 
at the beginning of migration into the territory that is now Wisconsin, 
the first permanent settlers were lead prospectors and miners. In 1971, 
p-alena was named the State mineral of Wisconsin, in reco~nition of 
its nniqne plaee in the State's early history. Additionally, the State 
dPriv('S its nickname as the "Badger" State in large part because of 
the numerous f'hallow nits ann snoil pilPl' throt ref'PmhlP hadger bur
rows and result from the seareh for and mining of sha1Jow deposits 
of residual lead orPs. 'J'hP imnortnN'P of lenn in thP ~'arlv history of 
the State was nationally si!nlifirant. From about 1830 to 1871, the 
re~on was thfl most important lead-producing district in the Nation. 
Zin~ orE's. althonl?h known to be present as early as 1840, were not 

rninPci nntil 1 Rfi!l. lweanse nntil then there was no market for the ores. 
With thP Pstnhli<:hment of the first zine smelter in the Unih•d States 
at. La~nllfl. Tll.. in 1860. the zinc industrv of WisconAin began in 
Pfl.rnP"t. flllO has lw.en continuous since then with the possible exception 

of 1862. The earlv zinr. minintr exnloitPd the weathereci snri'A,r.e ores 
made np of smithsonite (zinc c11rhonate) a.nd hemimomhite (hydrous 
zinr. sili~'A.tP.), h1•t. thP. zinc Rnlfid(' minHal sphall'ritfl has h('coml' _the 
nrincipal ore mineral. 
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History 
The prehistoric residents of Wisconsin evidently gathered cubes 

of galena, inasmuch as the mineral is found at old village sites and 
in burials. There is no authentic evidence that the Indians actually 
practiced mining or smelting of lead sulfide before they were taught 
by early French explorers. . . . 

The first written record that lead was known m the district was 
in 16i'l8-59 when Radisson and Groseillers "heard of lead mines among 
the Boeuf Sioux, apparently in the vicinity of Dubuque, Iowa," 
(Thwaites, 1895). Perhaps the first extensive mining of lead ore by 
French and Indians was associated with the establishment of a trading 
nost hv Nicholas Perrot about 1690 at or near the present location of 
East DubU<"llle, Ill., for ohtainintT lead (Bain. 1 !l06). 

In 1699, Pierre Charles Le Sueur conducted the first siVlificant 
minino- exploration in the area and visited many Indian lead mines 
iwludin.l! Snake Cave which is verv likely the· oldest lead mine in 
'lVis,.onsin. The- site was l>~Jer called St. John's mine and is now a tour
ist nttraction in Potosi, Wis. 

Settlement bv lead miners in the territory that is now Wisconsin 
followed the com!Te"sional act of 1R07 that. acquirE~d the mineral lands 
and the treatv with the, Sac and Fox Indians in 1815 that gave the 
United States title to the lands in the lead reQ'ion. Settlement began in 
1819 with the, arrival of .Te"se vV. Shull at Gratiot's Grove south of 
ShulJsburg (Bain, 1906). Bv 1800. lead deposits hflrl been .found at 
sites near the present towns o-f Fairnlav, Potosi, Blne Moundc;, and per
haps Beetown (Forsvth, 1872). In 1824 the min·ing towns of Hazel 
Green and New Diggings were first settled following discovery of rich 
denosits. -

The early mining was strictly !l. pick and shovel operation, aimed at 
recovering float ore, that is, concentrations of galena in the residual 
soil formed as the host rocks weathered away from around mineralized 
joints and crevices. The miners dug relatively shallow pits called digs 
and since the output of each dig wac; small. tl,ey had to make many pits 
to obtain much ore. The pock-marked hillsides resembled a battlefield 
after an artillery bombardment, and are still to be seen where they 
have not been obliterated by plow or bulldozer. 

The heyday of lead mining extended from the late 1820's to 1848 
when the easily mined deposits were becoming depleted and the dis
covery of gold in California attracted many lead miners away from 
this area. From about 1830 to 1871 the region was the Nation's most 
important lead-producing district. 

Zinc mining increased in importance from its early days. About 1882 
a zinc oxide furnace first converted smithsonite ores to white zinc 
oxide. Eventually this smelter also treated zinc sulfide ores and oper
ated successfully until 1928. Other successful plants used zinc ores to 
produce sulfuric acid at Mineral Point from 1899 to 1930 and a similar 
plant operated at Cuba City from about 1910 to 1949. The first flotation 
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mill in the district was established at Linden in 1929, and most ores 
are now treated in such mills which lower the cost of treatment of the 
zinc concentrates by eliminating much waste material and by separat
ing large quantities of barite from the ores. 

Most of the mill concentrates of zinc ore are made into metallic slab 
zinc at smelters located outside Wisconsin, and some concentrates are 
converted directly to zinc oxide. 

Production of sphalerite ore overtook that of smithsonite after 1873, 
and practically no smithsonite has been produced since 1929 except for 
a few carloads in the 1930's and again about 1949. Zinc production first 
equaled lead production in 1873, and the two metals were produced in 
about equal amounts for the next 20 years. Since 1893, the zinc pro
duced has exceeded lead ranging from 5 to 20 times as much, and 
presently averages about 10 times as much. The average ore grade 
differs from mine to mine and from area to area within a given mine. 
Within the past 10 years, the ores mined by highly mechanized methods 
have averaged between 3 and 4 percent zinc, with most companies try
ing to maintain mill feed at about 3 percent ore to prolong the life of 
their deposits and maximize the recovery of metal from their mines 
by blending in as much lower grade material as possible. 

Although zinc and lead ores have been the most important product 
mined in southwestern Wisconsin, small tonnages of high-grade cop
per ores and barite also have been produced; iron sulfides have been 
mined for the manufacture of sulfuric acid; limonite and hematite 
were mined as iron ore north of the main mining area; and waste rock 
from the zinc-lead mines and mills has been widely used for road metal, 
blacktop, agricultural lime, and railroad ballast. Wisconsin continues 
as an important producer of both zinc and lead. 

Deposits 
The zinc-lead deposits of southwestern Wisconsin are frequently 

cited in the geologic literature as examples of a elass of deposits called 
stratabound. Such deposits occur selectively in certain strata within a 
generally favorable sequence of rocks that typically include the car
bonate rocks, limestone and dolomite. The localization of ore deposits 
within the beds tends to be controlled by the presence of through-going 
fractures or by subtle changes in porosity, permeability, or chemical 
reactivity of the host carbonate rocks. 

Although some zinc and lead deposits occur in most of the strati
graphic units exposed in the district, all important ore bodies found 
thus far have been in the Platteville, Decorah, and Galena Formations 
with some smaller but intriguing occurrences in the Prairie du Chien 
Group. Practically all production to date has been from the first three 
of these formations. The details of these formations are shown on figure 
36 and a regional stratigraphic summary is shown in figure 37. 
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rormat10l Member and 1 Local J Unaltered 

subdi\IISton termtnology Descnpt•on th•ckness. 
tn feet 

Maquo- ~ 
Shale, blue or brown, dolom•t•c, w1th dolomtte 

Shale lenses, phosphat•c depauperate fauna m 108-240 .... lower few feet . I , 
! Dolomite, yellowtsh buff, thm to med1um 35-

bedded, w1th tnterbedced dolomtt•c silale 45 
0 

. 
§ 11 ~ Oolom•te, yellow•sh buff, thtck bedded, vuw. 37-

j f Rueptaculttes m lower part 47 120 

15 Buff or z sandy 

i Dolomite as above, bentcmtte rarely at 38 
m•dpo•nt 225 

Galena 

I// I 
Ootomtte, drab to buff, t:uck to thm 

32 bedded, cherty, bento11ete at base 

J 

. 

~ Dolomtte as above, Rcctpt.a.culttea at top 

§ 

~ 
Dolom1te as above, cherty 

105 

i Oolom•te as above, scm•! chert, Recept.a.culdes 26 
u at mtdpomt 

Drab 

I 
Oolomtte as above, httlr chert, Reuptacuhtu 

15 abundant 

V Oolom•te as above, much chert 10 
c V Dolom1te as above, 10 

0 v- Dolom1te and l1mestone, hght gray, arg111aceous, 11-
gray1sh green dolomitiC shale 15 

~ v Dolomite, limestone, and shale as above, 
20 

I on 
Gray beds but darker 5-9 

Blue beds f-L-7=-L-v Limestone brown fine gramed thtn 32-
Decorah .. 

~ 
bedded, nodular, conchoidal, dark- brown 12-16 

Guttenberg 01lrock shale 

Spechts Ferry Clay bed K Shale green, toss1l1ferous, greemsh buff 
f1ne gramed limestone, phosphatiC nodules D-8 

QUimbys M1ll Glass rock ':z;;:t;;t near top, bentonite near base 

I 1\ 
Dolom1te and limestone, dark-brown, f1ne-

grained, sugary, medium-bedded, concho1dal. 0-18 

Trenton 
dark brown shale especially at base 

McGregor 
13-

Platteville 

""' 
l•mestone and dolom•te, hght gray, fme sramed 18 

30 55-

~ 
""-, L•mestone, ltght gray, fme-sra•ned, thm 12- 75 

Pecaton•ca Quarry beds ~dded, nodular conchOidal 17 

Oolom1te brown, med1um-gramed, sugary, 
20--24 

Glenwood Shale thtck bedded, blue gray where unweathered 

Shale, green, sandy D-3 
---

St Peter Sand rock Sandstone, quartz, medtum to coarse gramed 

~ 
poorly cemented, crossbedded 40• 

FIGURE 36.-Detailed stratigraphic column of Platteville, Decorah, and Galena 
Formations in zinc-lead district. From Heyl and others, 1950, figure 3. 
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Group or 
format•on 

Trempealeau 
formatiOn 

Mount S•mon 
sand-. tone 

139 

Descnpt1on 

Oolomtte, buff, cherty, P.natamcn.a at top, 

Average 
thickness 

1n feet 

90 

200 

Dolomtte, buff. cherty, ars•llaceous near base 110 

Dolomtte, lriht buff, cherty, sandy near base and 
m upper part, Chaly 1n upper part 

Sandstone, Stltstone, and dolom•te 

Sandstone and Siltstone, glaucomttc 

Sandstone 

S•ltstone and sandstone 

0-
240 

211<>-
320 

120-150 

110-140 

60-
140 

70-
330 

440-
780 

700-
1050 

FIGURE 37.-Simplified stratigraphic column showing relative quantitative strati
graphic distribution of zinc and lead in Wisconsin district. From Heyl and 
others, 1959, figure 2, with addition of relative quantities of zinc and lead 
from Heyl and others, 1970, figure 8. 
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Most o£ the zinc deposits are in the lower part o£ the Galena, 
Decorah, and the upper two-thirds of the Platteville Formations (fig. 
37). The principal lead deposits are in the Galena Formation. Small 
lead, zinc, and copper deposits have been found locally in the northern 
part of the district in the Prairie du Chien Group, and in the Trem
pealeau and Franconia Formations. In places, the St. Peter Sandstone 
is pyritized, and it is most heavily pyritized where it directly underlies 
zinc deposits. 

The more common types o£ mineral deposits am : ( 1) those associated 
with vertical or steeply inclined joints or fractures, called crevice de
posits; (2) those associated with inclined and horizontal fractures, 
called pitch -and-flat deposits; ( 3) those consisting of fine lead sulfide 
and zinc sulfide particles or crystals ecattered through the country 
rock, called disseminated deposits; and ( 4) tho!:e made up of angular 
rock fragments cemented together by ore and associated minerals, 
called brecciated deposits. The crevice and pitch-and-flat deposits are 
most abundant, and both types are stratigraphically and structurally 
controlled. 

Early mining recovered lead ore and minor zinc ore from crevice 
or crevice-related deposits, principally from discontinuous veins. called 
gash-veins, in crevices or fractures and from ore deposited in solution
widened openings along fractures at certain stratigraphic intervals. 
Crevice deposits are mainly restricted to the Galena Dolomite although 
a few have been mined from the Decorah and Platteville Formations. A 
large proportion of the production for about the past 70 years has 
come from pitch-and-flat deposits (veins along inclined joints or frac
tures being the "pitches" and the horizontal veins the "flats"). These 
deposits are usually found on the limbs (slopes) and ends of synclines 
in the Decorah Formation and the cherty lower part of the Galena 
Dolomite. Veins of zinc and lead sulfide that form flats along bedding 
at or near the base of the Quimby's Mill Member of the Platteville 
Formation are also quite common. 

The most abundant minerals with the ore minerals are calcite, pyrite, 
marcasite, barite, and more rarely chalcopyrite. Some of the frequently 
seen minerals that formed later are smithsonite, limonite, cerussite, 
hematite, malachite, and azurite. These and a large number of other 
minerals from this district are described by Heyl and others (1959). 

The structural setting of the zinc-lead district has been shown to be 
closely related to the distribution of ore deposits. Regionally, the dis
trict is on the western slope of the north-trending 1Visconsin Arch, and 
on the south slope of the Wisconsin Dome, a structural high that ex
poses Precambrian rocks to the north. Within the district, the strata 
have a gentle regional clip of about 18 feet per mile (less tha_n 1 °) to 
the south-southwest. Locally, the rocks have been broadly warped into 
anticlinal arches and synclinal troughs trending generally eastward. 
with some domes and basins. The folds are very !!entle, but extend 
from 20 to 30 miles in length and are 3 to '6 miles across, and have 
amnliturles of 100 to 200 feet. 

The deformational stresses that produced the-se gentle folds pro
duced a number of fa nits (fractures that show displacement of the rock 
layers) and joints (fractures without apparent clispla~ement other 
than separation across the joints). Some of the faults with minor dis-
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placement and many of the inclined joints are thought to have resulted 
from collapse of rocks through removal of support as underlying 
strata were solution-thinned and leached. 

All the stratigraphic units exposed in the area have well-developed 
joints, both vertical and inclined. The vertical joints are most nu
merous, and some are traceable for as much as 2 miles horizontally and 
up to 300 feet vertically. Regional trends of the vertical joints are 
mostly N. 77° W., N. 13° W., and N. 25° E., with theN. 77° W. 
trendmg joints generally being more open than the others. 

The ore deposits show both vertical and regional zoning. Copper, 
barium, nickel, and arsenic are quite abundant in the east-central part 
of the district along a northwest-trending zone. The distribution of 
zinc deposits within the broader distribution of lead deposits is shown 
on figure 35. Vertically, lead is in greater concentration in the higher 
part of the mineralized zone whereas zinc, iron sulfides, nickel, silica, 
and dolomite are in greater abundance in the deeper deposits. Part of 
the apparent vertical zoning may be the result of compositional dif
ferences in the several stratigraphic units. 

Outlook 
The district is very large, covering some 4,000 square miles, and has 

many small- to moderate-sized deposits of good grade. A significantly 
large part of it is unexplored by modern physical and chemical ex
ploration techniques. Potential resources of zinc and lead are large, 
and the district will be an important source of these metals for many 
years. Byproduct production of copper, barite, and pyrite may become 
more important locally. Future exploration will certainly search for 
major extensions of the district to the south and west in Illinois and 
Iowa, but many older mining areas in the central and northern parts 
of the district may again become productive, as will such little-known 
outlying areas near Potosi, and Beetown to the west and Yellowstone 
and Wiota to the east. 

Following World War II, several large mining companies started 
major prospecting programs using some of the new techniques for lo
cating ore bodies and other information developed from studies of 
the mining area by the U.S. Geological Survey in cooperation with 
the Wisconsin Geological and Natural History Survey and the U.S. 
Bureau of Mines. These prospecting programs had built up the known 
mineable ore rE>serves from 1 million tons in 1942 to more than 10 mil
lion tons in 1950. Ore found by exploration since 1950 has kept pace 
with ore removed by mining. Consequently, the ore reserves at the 
present time are still about 10 million tons. 

Relatively recent discovery and development of one new ore body 
in the northern part of the main Wisconsin mining district, four new 
ore bodies in the central part, and two new ore bodies in the western 
part prove that undiscovered commercially valuable mineral deposits 
are to be found by using modern prospecting methods in unexplored 
areas between old mines. UnE>xplored and scarcely prospected areas 
are present in the district. Additionally, several mines are being, or 
recently have been, profitably operated in partly mined out ore bodies 
in and near old mine workings. Great numbers of this type of poten
tial resources are available for future investigation and recovery in the 
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main mining area (fig. 36) as indicated by the numerous widely scat
tered diggings, mine shafts, and geological signs of mineralization. 

Large rewurces of oxidized and mixed oxidized-sulfide zinc-lead 
ores that generally occur at shallow depths are in many parts of the 
district. These deposits will no doubt be mined when smelting methods 
are developed to handle this type of ore. 

Some interest has developed in the Prairie du Chien Group, from 
which minor amounts of both zinc and lead ores were produced, and 
in the more calcareous parts of the Upper Cambrian units under
lying the mining district; these must be considered as potentially pro
ducing zones. Even the relatively small intense magnetic anomalies 
so far discovered within the district are generating some interest in 
the Precnmbrian rocks as a possible mineral source. 

Geologic studies of the district suggest that there probably is as 
much ore still in the ground as has been mined in the past. In any 
event the potential resources of both zinc and lead are very large, and 
the district will certainly continue to be an important source of these 
metals for many years to come. 

During the past 290 years of more or less continnous mining in this 
area, the Wisconsin zinc-lead district along with the rest of the Upper 
Mississippi Valley base metal district has had its ups and clowns in 
production. The more productive years have been primarily the result 
of technological advances in mining, milling. and smelting, and were 
also periods of emergency and high metal prices. 

As described in the copper section of this report, much recent.ex
.ploration in northcentral Wisconsin has been directed toward the dis
covery and evaluation of massive sulfide deposits associated with so
called greenstone belts of metamorphosed volcanic rocks. Three sig
nificant deposits have been identified thus far, and plans to mine them 
are being developed. All three deposits are reported to contain zinc in 
association with copper, although the zinc content of the Flambeau 
deposit near Ladysmith in Burk County is apparently too low to 
warrant recovery. The deposit near Rhinelander in Oneida County 
contains zinc in sufficient amounts to be recovered economically, and 
the zinc content of the ores near Crandon, Forest County, is reported 
to be greater than the associated copper. 

No snecific description of the Noranda Exnloration Co. deposit lo
cated about 8 miles southeast of Rhinelander in Pelican Township has 
bP-en published, but the company has indicated the deposit is capable 
of supnorting a 1,000 ton per dav operation for a. <period of 10 'to 14 
years. Presumably, this deposit is similar to the Flambeau deposit, 
which has been described as containing p:vrite, chalcopyrite, and sph:ll
erite in a single ore horizon associated with a quartz-sericite schist. In 
that deposit, the ore horizon pinches and swells. vnryin~ from 2fi to 200 
feet and averaging about 50 feet in thickness. The ore body comprises 
massive and disseminated sulfides. dominantly pyrite, with minor chal
('Onyrite and some sphalerite which forms distinct bands and some 
lenses. 

Published details on the deposit near Crandon are meager but indi
cate that the Exxon Corp. has discovered a maior massive sulfide de
no>"it. containing an estimated 30 million t.ons of zinc-copper ore with 
nssociatecl minor Ya lnrs in silwr, gold. and lead. 



' 
• 

143 

Although the extent of zinc resources in northcentral vVisconsin is 
still largely unknown, the recent discoveries sugg-est that further re
sources may be found and that production of zinc in this region can be 
expected. 
Annotations and selected 1·ejerences 

The first geologic study in the ·wisconsin zinc-lead district and per
haps the first significant geological study made by the U.S. Govern
ment in the entire country was in 1839 by D. D. Owen, John Locke 
and 189 assistants (Owen, 1840). They mapped the locations of the leacl 
mines and described the general geology for Owen's evaluation of the 
mineral-bearing Government ]and which is now Wisconsin, Illinois, 
and Iowa. Edward Daniels (1864) and J. G. Percival (1855a, 1856) 
rero.rrnizcd the main stratigraphic features and the alinement of lead
producing areas .• J. D. Whitney (1862, 1866) produced the first de
tailed reports rovering the entire district and r1escr'bed the lead-bear
ing crevice's. 1\fosPs Strong (1877) and T. C. Chamberlin (1882) gave 
detailed descriptions of the mines and geology as well as advancing 
some theories on the processes by which the ore may have been 
deposited. 

As ?:inc mining became increa-:in(Yly important, studies of the origin 
and dPnosition of the zinc ore as well as the relation of denosition to 
strflti.crranhv and strnrtnre were made by ,V'. P. Blake (1893), Arthur 
Winslow (1893 a, b, c). W. P .• Tenny (1894). C. R. Van Rise (1901), 
C. R Vnn Rise anfl H. F. Rain (1902). U.S. Grant (1903. 1905 a, b, 
1906), Grant and E. F. Burchard (1907), G. H. Cox (1909, 1911, 
1912), and W. 0. Hotchkiss and Edward Steidtmann (1909). 

Some other noteworthy contributors to our knowledge of tlw Pouth
western 'V'isconsin ore deposits and their origin prior to World 'V' ar II 
were H. C. George (1918). W. F. Boericke [melT. H. Garnett (HH9), 
.T. E. Spurr (1924). G. 1\f. Kay (1935 a. b, c, 1939), G. M. Kay and G. I. 
Atwater (1935), ,V. H. Emmons (1929.1940), C. K. Leith (1932), W. 
H. Newhouse (1933). L. C. Graton a1lfl G. A. Harcourt (1935), C. H. 
Behre, Jr. (1935), C. H. Behre, ,Jr., E. R. Scott, and A. F. Banfield 
(1937), and E. S. Bastin, C. H. Behre, Jr., and G. M. Kay (1939). 

Although geologic information snoradirally influenced mining com
pany personnel as early as 1853 with periods of more frequent applica
tion between 1890 and 1925, mnch of the so-calJed geologic work was 
actually mining engineering. Since 1946 most mining companies have 
employed geologists who have successfully used geologic techniqurs in 
the search for ore (Agnew, 1955). 

In October 1942 the U.S. Geological Survey began a detailed restudy 
of the geology and ore deposits of the upper Mississippi Valley zinc
lead district in the hope that a systematic investigation would help in
crease production of lead and zinc which were then in extremely short 
supply and badly needed. This geologic investigation has continued 
with important benefits to the State of 'Visconsin as well as to both the 
State and Federal geological surveys. Since July 1945, work in the 
Wisconsin part of the zinc-lead district has been also partly financed 
and supported by the Wisconsin Geological and Nat ural History Sur
vey under the successive directorships of State geologists E. F. Bean. 
G. F. Hanson, and M. E. Ostrom. 
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From 1942 to 1950 the rock nnits were studied and the stratigraphie 
nomenclature (formal names for each rock unit) to be used for the area 
was established; accessible mines wer(' mapned to determme the ore
emplacement controls; and detailed geologic maps of some highly min
eralized localities were made to determine the distinctive rharactPr
istics of favorable ore-bearing structures (Agnew and Hey], 1943; 
Agnew, 1944, 1946; Amww, and ot]wrs. Hl54. 1956: Allinrrham, and 
others, 1955; Heyl and Agnew, 1945; Heyl, and others, 1945, 1948, 
1952, 1955, 1959). In addition. underground mine mappinrr also hlped 
locate some extensions of ore deposits being mined as well as new ore 
bodies, and the limited geologic manping at the mrface led to the dis
covery of previously unknown mineralized area!O. 

In the ]ate 1940's the U.S. Geological Survey conducted experimental 
geochemical prosnecting studies in the arra (Kennedv. 1956). This 
work indicated that geochemical methods of prospecting, based on 
results from soil, rock, and water samples, show definite promise as a 
tool in searching for ore deposits in sonthwE>stern 'ViPconsin. High zinc 
~ontent of spring water samples verified and helped locate at least one 
rich zinc-lead ore body which-was mined. 

Drilling projects from J 942 to 1956 by the U.S. Geolorriral Survey 
and cooperatively by the U.S. Geological Survey and the U.S. Bureau 
o:f Mines 'vere to test poC'sihle orP-bearing strnet11res, mainly in the 
Platteville, Decorah, and Galena Formations but also to a limited ex
tent ·in the Prairie du Chien Group. and for obtaining stratigraphic 
information (Agnew, and others, 1953; Heyl, 1951; Carlson, 1956). 
Several productive zinc-lead ore bodies including the largest single ore 
body to date in the upper Mississippi Valley base metal district and 
some potentially productive ore deposits were th1s :found. The arming 
:for stratigraphic information by the U.S. Geological Survey proved 
very helpful in the geologic mapping of 71;2-minute quadr·angles. 

Geologic manning o:f 71;&-minnte quadrm1glPs lwgan in September 
1951 and is continuing primarily for making detailed studies of geo
logic :features related to mineralized areas in order to aid in finding 
other localities that are possibly :favorable :for zinc and lead deposits 
and other commercially valuable materials. To date 18 quadrangles, 
each covering about 54 square miles, in the 1Visconsin zine-lead re~ion 
have been published in U.S. Geological Survey bulletins or gE>ologic 
quadrangle maps (Carlson. 1961; Whitlow and Brown. 1963b; Alling
ham, 1963; Agnew, 1963; Taylor, 1964; Klemic and ·west, 1964; Mul
lens, 1964; Whitlow and West, 1966a, 1966b, 1966c; West and Blacet, 
1971; and West and others, 1971). 

The cooperative detailed geologic mapping already has helped and 
will continue to help develop 1Visconsin's mineral industry as these 
maps and.related reports serve to stimulate and g·uide the development 
of metallic and nonmetallic mineral resource-based. industries. The 
mapping has located numerous structures possibly :favorable for con
taining zinc-lead deposits and also located many areas of rock altera
tion and mineralization, some of which very likelv contain subsurface 
zinc a_nd lead ore bodies. Within the area mapped -geologically, several 
new zmc-lead deposits have been and are being mined; some old mines 
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reopened; quite an extensive amount of prospecting and exploration 
~work by drilling and other methods has recently been clone; and many 
acres of land have been leased during the past few years by various 
mining and exploration companies. The royaltit>s and lease rentals paid 
to the farmers and other landowners who have the mineral rights have 
been and are benefiting "\Visconsin's agricultural industry. The geo
logic maps and reports have been and will continue to be very valuable 
to individuals and companies interested in sources of sand and gravel, 
agricultural lime, road material, road ballast, concrete aggregate, di
mension stone, and foundry and glass sand. \Vater well drillers usc the 
maps and reports for locating domestic and stock "·ells and af: an aid 
in making out their well log reports to the State and the landowners. 
Government agencies, universities, libraries, research geologists, 
geological societies, and collectors of rocks, minerals, and fossils are 
frequent users of the geologic publications on the ·wisconsin zinc-lead 
district. 

In September 1972 the Federal and State geological surveys coop
eratively initiated a geochemical exploration program in southwestern 
Wisconsin to accompany geologic mapping (West and Wedow, 1972). 
The purpose of this program was to encourage additional interest in 
mining and to increase mineral production in Wisconsin by use of 
another geological tool to locate new ore deposits and determine the 
approximate extent of both new and known ore bodies, not only within 
the limits of the main mining district but also in the adjoining areas 
to the north and east. From the dat!t thus far obtained, geochemical 
testing of soil and stream sediments appears to be giving excellent 
results in locating and delimiting the approximate extent of new areas 
that warrant additional prospecting as well as indicating belts of 
mineralization (West, 1973, 1974). 

Zircon 

(By Harry Klemic, U.S. Geological Survey, Reston, Va.) 

Description and use.-The principal primary occurrence of zircon 
is as an acces"ory mineral (a minor component) of igneous rocks. It 
also is present in metamorphic and sedimentary rocks and in uncon
solidated sediments derived from zircon-bearing rocks. Zircon is 
heavier (specific gravity 4.7) and more resistant to decomposition 
than most of the major rock-forming minerals. Consequently, it 
accumulates in sandy sediments and is commonly found in beach sands 
and stream sediments as placer concentrations formed by wave or 
stream action. Most of the zircon deposits of present commercial 
importance are in unconsolidated sands from which a few heavy min
eral products are obtained (Klemic, 1975). Ancient placer deposits 
also are present in sandstone formations, but mining and extracting 
zircon from unconsolidated sand are less expensive than mining and 
milling hard rock. 
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Identified zircon rewurces in the United States are mainly in sands 
of coastal areas from Florida to New Jersey, along and inland from 
the Gul£ of Mexico, and in California. 

Zircon is used as- the source of the corrosive-resistant metallic ele
ments zirconium and hafnium for alloys and coatings in the chemical 
and nuclear reactor industries. Zircon is mainly used in heat-resistant 
molds for metallic foundry and glass industries. 

Occurrences in Wisconsin.-Although quantities of commercial sig
nificance have not been found, zircon in greater than the normal 
low amounts is known to occur locally in a complex of syenitic rock 
(differs from granite by lacking the glassy mineral quartz) of Pre
cambrian age near Wausau, Marathon County (Weidman, 1907; 
Youngman, 1931; Emmons and Snyder, 1944; Vickers, 1956). Another 
zirconium-bearing mineral ( eucolite) has also been found ( Geisse, 
1951). The area of syenitic rocks ·is within Townships 29 and 39 N., 
Ranges 6 and 7 E. figs. 29 and 30). It extends westward for about 
8 miles from the city of Wausau and north ward from Wisconsin 
Highway 20 for about 5 miles. In the southwestern part of the area, 
coarse-grained granitic masses cut the syenitic rocks, which are in
trusive into an older sequence of greenstones (altered basalt) and 
metasedimentary rocks (Weis and LaBerge, 1969). The zircon-bearing 
granite and some of the syenite are radioactive, mainly due to minerals 
that contain thorium, (Vickers, 1956). 

Some of the Paleozoic sandstone formations in Wisconsin and ad
joining areas consist largely of quartz (Ostrom, 1971) but also con
tain zircon and other heavy resistate minerals (Thiel, 1935). Glacial 
sediments in the area are also known to contain zircon (Dreimanis 
and others, 1957; Fanning and Jackson, 1967), particularly in the 
coarse l"ilt-size component. The heavy minPrals in zones measuring 
tens of feet in thickness in the St. Peter Sandstone total considerably 
less than 1 percent, and contain zircon as practically the only heavy 
mineral of commercial interest that is more than 15 percent of the 
heavy mineral fraction (Thiel, 1935). Some glacial sediments in the 
Lake Superior region contain from 3 to 24 percent heavy minerals 
but less than 1 percent zircon (Dreimanis and others, 1957). Coarse 
silt from glacial sediments and soils in Wisconsin contain about 0.06 
percent zirconium (Fanning and Jackson, 1967), equivalent to about 
0.1 percent zircon. 

Appraisal and outlook.-Attempts were made to exploit loose surfi
cial material from the Wausau deposit for zircon in the 1920's and a 
small amount of zircon-bearing rock was mined from shallow onen 
pits for beneficiation studies during the 1940's. In 1946 the U.S. 
Bureau of Mines conducted geophysical studies and did sampling by 
diamond drilling, trenching, and soil sampling. Some of the surficial 
mat~rial contained 25 percent zircon, but no zircon-bearing rock of 
comparable grade was found in the sampling. No estimate of potential 
resources of zirconium and hafnium in the Wausau area can be made 
using the limited data available from shallow sampling. However, 
the fact that commercial quantities of zircon and associated co-prod
ucts have been found in syenite complexes in other parts of the world 
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and that some zircon-rich rock has been found here makes this area 
worthy of further study. 

Unconsolidated sands containing about 3 percent of heavy minerals 
consisting mostly of salable co-products such as ilmenite, leucoxene, 
rutile, zircon, monazite, and staurolite are about the lower limit for 
profitable mining in the southeastern United States (Mertie, 1958). 
Such sands generally contained zircon in amounts of 10 to 115 percent 
of the heavy minerals or 0.4 to 0.6 percent of the bulk sand. The mine
able thicknesses were generally greater than 8 feet over areas measur
ing-from less than 10 acres to a few square miles. 

From this comparison it would appear unlikely that mineable con
centrations of heavy minerals will be found in the Paleozoic sand
stones or in the glacial silt and soils of Wisconsin. However, it is 
possible that heavy mineral concentrations of economic value may 
occur in glacial sands and in fine fractions washed from sand and 
gravel operations in loose sediments derived from some Paleozoic 
sandstones. Detailed studies of specific deposits of glacial material 
or of washings from sand and gravel operations would be required 
before any estimates could be made of potential zircon resources in 
such material. 

WATER RESOURCES IN "\VISCONSIN 

IKTRODUCTIOX 

Wisconsin has abundant "·ater of good quality. Large supplies that 
are stored in rocks below the Earth's surface are available for man's 
use. The State also is crossed by 33,000 miles ( 53,000 km) of streams, 
and more than 30,000 lakes dot the landscape. Unlike mineral re
sources, our water resources are continually being replenished. 

"\Vise management of our water resources becomes more important 
as man's use of the resource increases. In Wisconsin, there are numer
ous water-management programs in operation to help officials make 
these decisions. 

The State of Wisconsin has set water-quality standards, exercises 
flood-plain and shoreland management, regulates well construction for 
public and private \Yater supplies, and controls surface-water-irriga
tion pumpage and waste effiuent discharge. 

Eight multicounty planning commissions and numerous county 
and local planning commissions are involved \vith questions concern
ing water management. State ground-water policy is now under re
view. Water and related land resource use is being considered in 
river-basin planning by the U.S. Department of Agriculture; U.S. 
Army Corps of Engineers; Bureau of Outdoor Recreation, U.S. De~ 
partment of the Interior; and the Great Lakes and Upper Mississippi 
River Basin Commissions. 

What rocks contain water 
In Wisconsin, all of the rocks below the water table contain some 

water. The water table is the top of the saturated zone and is commonly 
within 50 feet (20 m) of the land surface, although in places it rs 
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greater than 200 feet ( 60 m.) This means that there is a zone of rock, 
saturated with water, underlying the State. This zone is the ground
water reservoir. 

The rocks making up the ground-water reservo_ir differ throughout 
the State. In the southeast, they include sandstone, dolomite, shale, 
and permeable glacial deposits totaling more than 1,000 feet (300m) 
in thickness. In central ·wisconsin they may be very thin, or missing, 
but commonly consist of 50 to 150 feet (20 to 50 m) of permeable 
glacial deposits. 

WATER BUDGET ~ 

Precipitation on the land and water surfaces starts the pattern of 
circulation called the water cycle (fig. 38). Some of the water runs 
rapidly off the land surface (overland flow) into nearby streams and <! 

lakes to become surface runoff; some water evaporates immediately 
from the surface soil and plants (evaporation) ; some returns to the 
air by plants (transpiration); and some seeps down through soil and 
rocks, reaching subsurface reservoirs (ground-water recharge) that 
eventuaally contribute base flow to streams and lakes (ground-water 
discharge). 

An average yearly water budget calculated for the State of Wiscon
sin is based on averages :for the 30-year period, 1931-60. 
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FIGURE 38.-Water budget for Wisconsin. 
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Precipitation 
The average precipitation, based on U.S. Weather Bureau figures 

for the 30-year period, 1931-60, is 31.0 inches (790 mm). It is greatest 
in the southwest and north-central parts of the State. 
Rwnoff 

The average yearly streamflow or runoff leaving the State during 
this same period is equal to 9.7 inches (250 mm). This is equal to 
26 billion gallons (98 billion liters) per day, or enough water to fill 
Lake Winnebago 1,200 times in 1 year. 

Although this water is measured in stream channels, its source is 
overland flow of precipitation and ground-water discharge into the 
lakes and stream channels. Nearly two-thirds of the streamflow in 
\Visconsin is contributed by ground-water bodies. 
Change in storage 

A large amount of water is temporarily stored in lakes and surface 
reservo·irs, in the subsurface ground-water reservoirs, and as soil mois
ture. More than 1,000 inches (25,000 mm) is stored in the ground-water 
reservoirs and more than 3 inches ( 80 mm) in the lakes and streams. 
The exact amount in storage changes from year to year, but during the 
30-year budget period, increases and decreases balance out and the net 
change is zero. 
Underflow 

Not all of the ground-water discharge to lakes and streams is meas
ured in streams leaving the State. Some is disc-harged directly to 
Lake Superior and Lake Michigan, and some moves across the State 
line to Illinois. The total quantity is about 0.1 inch (2 mm), which is a 
very small part of the budget. 
Evapotranspiration 

Evapotranspiration is the return of water to the atmosphere by a 
combination of evaporation from open water, foliage surfaces, and the 
land surface, and transpiration from plants. More than two-thirds of 
the water that enters Wisconsin from precipitation leaves by 
evapotranspiration. 

GROUND-WATER RESOURCES 

The water supply in ground-water reservoirs is replenished by the 
downward percolation of water from melting snow and ice and from 
rainfall. The amount of replenishment, or ground-water recharge, 
through the soil and rocks, depends on the connected pore space and 
fractures in the rocks. These factors also control how much water the 
rock will yield to wells drilled into it (fig. 39). 
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• Sand and gravel y1eld water from 1ntercon11<'< l•·d 

pore spaces between the gr<Jins 

Dolomite and limestone y1eld water from fractures 
that may be enlarged by solut1on 

Shale may y1eld some water to weMs from fractures 

Sandstone yields water from sma II Interconnected 
pore spaces between the grams. Part of the pore 
spaces are f1lled by cementing matenal. Some 
water commonly comes from fractures 

Crystalline rocks may y1eld some water from small 
fractures 

FIGURE 39.-Types of rock openings. 
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How much ground water is available 
Rocks that are capable of yielding water to wells in usable quantities 

are called aquifers. The four principal aquifers in Wisconsin are the 
sandstone, the Galena-Platteville, the Niagara, and the glacial sand 
and gravel. 

The sandstone aquifer is largely sandstone but includes beds of 
dolomite and siltstone. It includes all the rocks above the Precambrian 
and below the Galena-Platteville unit discussed below. Its permeabil
ity is not nearly as great as the sand and gravel, but more than 1,000 
gallons pl:'r minute can he obtained from 'wlls in this aquifer in south
ern and eastern Wisconsin because of its great thickness. W"ell depths 
range from about 50 feet (15m) to more than 2)000 feet (600 m) in 
extreme southeast Wisconsin (fig. 40). 
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EXPLANATION 

Probable well y1elds 

Chances of more than 1,000 gallons 
per m1nute (63 lltres per second) 
are good 

Chances of more than 100 gallons 
per mmute (6 3 l1tres per second) 
are poor 

D 

I 

Chances of 100-1,000 gallons per 
mmute (6.3-63 lltres per second) 
are good 

Ltmtt of sandstone aqurfer 

FIGURE 40.-Probable yields of wells in the sandstone aquifer. 
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The Galena-Platteville aquifer is a dolomite that yields water to 
numerous wells where it is the uppermost bedrock unit in the southern 
part of the State (fig. 41). Where it is overlain by the Maquoketa 
Shale (along the eastern part of the State) it has a low permeability 
and yields very little water. Aquifer thickness ranges from zero to 
more than 300 feet (90 m). Well depths are as much as 475 feet (145 
m) but are commonly less than 250 feet (76 m). 

.. 
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20 40 60 MILES 1--.,..........-.--,...,........._. 
20 40 60 l(llOMfTRI=S 

ProDaDFe well voelds from !lorman unpublished map 

EXPLANATION 

Probable well y1elds 

Chances of more than 500 gallons 
per m1nute (32 lltres per second) 
are good 

Chances of more than 100 gallons 
per mmute 16 3 lltres per second) 
are poor 

Chances of 100-500 gallons per 
m1nute (6 3-32 htres per second) 
are good 

Area of Galena-Platteville aqu1fer 
overlam by Maquoketa shale 

--- L1m1t of Galena-Platteville aqu1fer 

FIGURE 41.-Probable yields of wells in the Galena-Platteville aquifer. 
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The Niagara aquifer also is a dolomite. It is present only along 
Wisconsin's east shore (fig. 42), where it is extensively used for water 
supplies. It is the uppermost bedrock unit in most of this area and is 
up to 700 feet (200 m) thick. Well depths range from about 50 feet 
(15m) to about 600 feet (200m); most are from 100 to 150 feet (30 
to 46 m) deep. 
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EXPLANATION 

Probable well yrelds 

Chances of more than 500 gallons 
per mrnute (32 lltres per second) 
are good 

Chances of more than 100 gallons 
per m1nute (6.3 lltres per second) 
are poor 

D Chances of 100-500 gallons per 
mrnute (6.3-32 litres per second) 
are good 

FIGURE 42.-Probable yields of wells in the Niagara aquifer. 
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The sand and gravel aquifer is not a continuous rock layer but is 
made up of numerous layers, lenses, terraces, and valley fillings of 
permeable sand and gravel that arc part of the glacial and alluvial 
deposits covering most of Wisconsin (fig. 43). It is not well mapped 
but is known to be as thick as 300 feet (100m). VVells in this unit are 
generally not deep; depths of less than 100 feet ( 30 m) are common. 
However, because of the extremely high permeability of some sand and 
gravel beds, well yields of more than 1,000 gallons per minute are 
possible. 

EXPLANATION 

Probable well ytelds 

Chances of more than 1,000 gallons 
per mmute (63 lltres per second) 
are good 

Chances of more than 100 gallons 
per mtnute (6 3 lttres per second) 
are poor 
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f---T-1-T 
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0 20 40 60 KILOMETRES 

Chances of 100-1.000 gallons per 
mmute (6 3-63 lttres per second) 
are good 

L1m1t of sand-and-gravel aqu1fer 

FIGURE 43.-Probable yields of wells in the sand and gravel aquifer. 
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SURFACE-WATER RESOURCES 

Lakes and streams are replenished by precipitation on their surfaces, 
by overland flow, and by ground water discharging into them. The 
rate of streamflow depends largely on the size of each stream's drain
age basin, which controls the amount of precipitation it can capture. 
The constancy of streamflow is controlled by many factors, including 
the number of lakes and wetlands, channel gradient, amount and type 
of vegetation, variations in geology and soil cover, the size of the 
ground-water contribution, and man's regulation of surface reservoirs. 

Where the surfaoe 'water is located 
Rivers and streams 

Based on average streamflow, the 10 largest streams bordering and 
within the State are, in descending order, the Mississippi, Wisconsin, 
Chippewa, St .. Croix, Fox, Menominee, W ol£, Rock, Flambeau, and 

Wodth of river ondocates .:.~:;: 
average flow, m cub1c f / 
f o~et per second 

10 

100 

1,000 

10,000 

40,000 

FIGURE 44.-Average flow of principal rivers. 
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Black Rivers (fig. 44). All have average discharges of more than 1,500 
cubic :feet of water per second (30,000 1/s). 

Small tributaries to the large rivers account :for most of the drain
age mileage in ·wisconsin. 

Lakes 
·wisconsin's landscape is dotted with lakes. The "''Visconsin Depart

ment o:f Natural Resources has described about 31,000 o:f them. They 
range in size from Lake Superior to 2-acre ( 0.008-km2 ) spring ponds. 
Some are deep, some shallow; most are natural, some manmade. They 
fit into the water cycle in different ways. Some are no more than a wide 
spot in a stream. Others oc:-upy depressions in the land surface :formed 
by glacial ice. These kettle lakes are fed by ground-water discharging 
as seeps or springs. 



159 

Wetlands 
Wetlands can be defined as areas that are flooded or saturated for 

a month or more during the year. Many of these result from the natu
ral process of aging of lakes (fig. 45). Wetlands are an obvious part of 
our surface water but actually hold little of Wisconsin's total water in 
storage. 
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Lake with marshy shoreline 

:. . ~.: . ·:~ : ·.~: :- . . ... o···. o·.i> . , . 

'(). 0 ... . . , .·. o· 

Encroachment of wetland on lake 

FIGURE 45.-Natural succession of lake filling. 

How streamfiows vary 
Low flow 

Streamflow is generally highest after snowmelt and heavy rainfall. 
Between periods of rainfall, there is no overland flow, and streamflow 
is sustained by natural release of water from lakes or from the ground
water reservoir, or by controlled release from impoundments. The low
flow discharge of a stream depends on how much water is released from 
storage during these periods of no rainfall. 
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In the basin of the east branch of the Milwaukee River there is 
very little natural storage, either of ground water or surface water, and 
no artificial storage in impoundments (fig. 46). The stream occasion
ally dries up. In 1971, flows were below the average annual streamflow 
73 percent of the time. Sixty pevcent of the time, flows were more than 
10 cubic feet per second (300 1/s) below the average streamflow. 
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I!'IGURE 46.-Streamflow graph for East Branch Milwaukee River near New Fane 
in 1971. 

In contrast, much of the basin of Black Earth Creek is underlain 
by permeable sand and gravel. These sediments are readily recharged 
by rainfall and store large quantities of water, releasing it slowly 
to the creek. Although the average streamflow was similar to East 
Branch Milwaukee River in 1971, discharges in Blwck Earth Creek 
did not drop below 19 cubic feet per second ( 540 l/s). The flow main
tained by ground-water discharge was more than 10 cubic feet per 
second (300 l/s) below the average streamflow only 1 percent of the 
time (fig. 47). 
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FIGURE 47.-Streamfiow graph for Black Earth Creek at Black Earth in 1971. 
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Because of its high frequency of low flows, East Branch Milwaukee 
River would require additional storage to be It dependable source 
of water. 

Floods 
Floods can result from rapid snowmelt while the ground is frozen, 

heavy spring rains, a combination of the two, or heavy summer rain
fall. Local flooding can result from backwater ereated by damming 
of a stream by ice or debris. Dams or other control structures can be 
built to protect against floods of a given magnitude. 

A common unit used to assess flood magnitude is the 100-year flood, (_ 
a flood that would be expected, on the average, once every 100 years. 
This can be calculated, and for the Chippewa River at Durand it is 
172,000 cubic feet per second ( 4,870,000 1/s) (about 23 times the • 
average flow). Small streams tend to be flashier than large streams. 
For instance, the Eau Galle River at Spring Valley, with a drainage 
area of only 65 square miles ( 170 km2 ), has an estimated 100-year 
flood of 25,000 cubic feet per second (710,000 1/s), about 860 times 
its average. 

WATER USE 

Withdrawal use 
A total of 3.1 billion gallons ( 12 billion liters) of water-about 

12 percent of the average daily flow of all streams flowing from 
Wisconsin-is withdrawn daily from lakes, streams, and the ground
water reservoir to meet the needs of Wisconsin's homes, factories, 
and farms (table 12). This does not include the 55 billion gallons 
(210 billion liters) of water used each day for generating hydro
electric power (fig. 48). Fortunately, most of the water- withdrawn 
for use returns to streams and lakes for possible reuse. 
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FIGURE 48.-Location of hydroelectric generating plants. 

N onwithdrawal use 
Nonwithdrawal uses of water have great social and economic im

portance in our society. The most important of these uses are: fish 
~ and wildlife habitat, recreation, hydroelectric power generation, 

navigation and transportation, and waste transport and disposal. 
In Wisconsin the management of fish and wildlife habitat and 

recreation are extremely important because the State derives great 
economic gain from tourism. Wisconsin's 31,000 lakes and 4,400 square 
miles (12.000 km2

) of wetlands are extremely important game habitat. 

78-847 0-76--12 



164 

TABLE 12.-WITHDRAWAL USE OF WATER IN WISCONSIN 

[In m11Jions of gallons per day] 

Source and type of supply 

Ground water Surface water 

Public supply Public 
Pnvate supply 
supply (muniCipal) use Mun1c1pal Other 

Domestic_____________________________ 62.1 4.1 70.3 71.7 
lndustnal and commercial'------------ 91.0 I. 3 92.5 124.5 

0 0 
32.5 2. 6 

Thecmal-electnc coolmg_______________ 0 0 
lrngatlon____________________________ I. 8 0 
Stock________________________________ 0 0 54.9 0 
Other ________________________ ·------- 41.8 2. 8 II. 2 55.7 

Pnvate 
supply 

0 
217. I 

2, 158.0 
19.7 
15.6 
1.3 

------------------------·--------------------
261.4 254.5 2, 412.0 

2, 666. 5 
SubtotaL. __________ ----------- 196. 7 8. 2 
TotaL_________________________ 466.3 

• Excluding thermal-electric coolmg. 

About 55,000 million gallons per day (2,400 m 3/s) of Wisconsin's 
river water passes through turbines to generate about 1.6 billion kwh 
of hydroelectric power. Most of this is generated on the Wisconsin, 
Chippewa, Menominee, St. Croix, and Fox Rivers. More than hal:f 
of this power is generated by the Wisconsin and Chippewa Rivers. 

Water navigation and transportation are limited to the Mississippi 
River and to the Great Lakes. Ports on Lake Superior and Lake 
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Michigan handle 54 million short tons ( 49 million tonnes) annually, 
including grain, fuel oil, coal, gypsum, food, lumber, limestone, and 
iron ore. Barge traffic on the Mississippi River in Wisconsin handl'es 
about 17 million short tons ( 15 million tonnes). 

WATER QUALITY 

Natural quality . 
The chemical quality of Wisconsin's water generally is very good. 

Most is unpolluted and suitable for many purposes. However, all 
natural water contains some dissolved solids. Rain picks up dissolved 
solids as it falls, as it infiltrates through the soil, and as it percolates 
through the rocks. In Wisconsin, much water contains considerable 
calcium and magnesium, which cause hardnees. These elements arc 
derived largely from limestone and dolomite composed of calcium 
and magnesium carbonates. 

Ground water 
Wisconsin's ground water contains small amounts of sulfate, 

nitrate, chloride, fluoride, silica, iron, manganese, and potassium, but 
more than 80 percent of its dissolved solids is calcium, magnesium, 
and bicarbonate. Natural ground-water quality changes very little 
from month to month or year to year. 
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....._ Direction of ground water flow- .,._ 

Lakes can be polluted by nutrients from the septic systems of lake
shore cottages or by industrial and municipal waste discharges. Lakes 
also may be polluted from the streams flowing into them. 

Streams are easily polluted, Common pollution sources are muni
eipalities and industries (treated and partly treated wastes), power
generating plants (heated water), and farms and unsewered homes 
(agricultural and untreated animal and domestic wastes) . 

Overloading a stream with inadequately treated wastes may result 
in fish kill, unsightly appearance, odor, and a resultant decrease in 
the value of the resource (fig. 52). The reduction of oxygen by chem
ical or biological wastes discharged into the streams lowers the amount 
of dissolved oxygen in the streams and limits animal life to species 
tolerant of oxygen-poor water. This demand for oxygen is measured 
as biochemical oxygen demand (BOD). 

-:; 
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FIGURE 52.-Seasonal changes in water quality characteristics of the Rock River 
near Afton . 

. In the example above, chloride and phosphorus concentrations in
crease when streamflow decreases. Because they are introduced in 
sewage and industrial wastes, the concentrations are determined by 
the amount of water available for dilution. 

Nitrate concentrations show no trend that can be related to flow. 
The concentration is generally dependent upon the discharge from 
sewage-treatment plants and upon agricultural fertilization. 
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