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SHORT HISTORY OF THE ICE AGE IN WISCONSIN 

The Pleistocene Epoch or Ice Age began about 1,700,000 years ago which, in terms of 
geologic time, is not long ago.. There were many separat.e glaciations during the Ice Age, 
each followed by a period when the ice sheets (except. those on Greenland and Antarctica) 
melted away. The last major glacial episode is called the Wisconsin Glaciation, because 
it was first studied in detail in this state.. It ended about 10,000 years ago .. 

The ice sheets were formed by the accumulation of snow that turned to ice and 
reached a thickness of two miles in some areas. The North American ice sheet formed in 
east-central Canada, spreading outward in every direct.ion.. The sout.h edge of the advanc·­
ing ice sheet had many tongues or lobes whose direction and rate of movement were con·_· 
tr'olled by the topography of the land surface over which they flowed and by the rates of 
ice accumulation in the different. areas from which t.hey were fed. 

The ice sheet transported a great amount of rock and soil debris.. Some of this de·­
bris, which is called till, was piled up at the margins of the ice lobes to form mo­
raines. The pattern of moraines, in brown, shows the location of the major ice lobes in 

._lJi sc:.Qns iIL. __ .Q.l!.e lobe advanced dQW!Ltll.e basi D __ of._ Lak!:LHichig8.l)>-__ li.nothe.I' __ d.Qwn __ G.I'e_en_ Bay, 
and others down Lake Superior and over the northern peninsula of Michigan. The well­
known Kettle Moraine was formed between the Lake Michigan and Green Bay Lobes, Drumlins 
are elongated mounds of debris that were molded by the ice passing over t.hem; their 
orientations indicate the direction of ice movement.. As the ice melted, the debris was 
reworked by melt-water rivers, and large amounts of sand and gravel were deposited to 
form outwash plains.. Pits were formed in the outwash where buried blocks of ice melted, 
and many of these are now occupied by lakes. 

The action of the ice profoundly modified the landscape, smoot.hing off the crests 
of hills and filling the valleys with till and outwash, In some places it changed the 
course of rivers forcing them to cut new channels such as that of the Wisconsin River at 
the Wisconsin Dells, Elsewhere it dammed valleys to create lakes such as those of the 
Madison area. 

The Pleistocene glaciations were largely due to variations in the solar 
reaching the earth as a result of changes in its orbit. and axial inclination .. 
still in the Ice Age, and it is likely that glaciers will grow and again cover 
Wisconsin in future millennia .. 

energy 
We are 
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More detailed information on Ice Age material in Wisconsin is given in the follow­
ing publications .. 

Hadley, D.,W., and Pelham, J .. H .. , 1976, Glacial deposits of Wisconsin: 
Wisconsin Geological and Natural Hist.ory Survey Map Series No. 10 .. 

Mickelson, D .. M., , and others, 1984, Pleistocene stratigraphic units of 
Wisconsin: Wisconsin Geological and Natural Hist.ory Survey Miscel­
laneous Paper 84-1, 15 p .. 

Goebel, J. E., and others, 1983, Quat.ernary geologic 
Minneapolis 4° x 6° Quadrangle, United States: 
Survey Map I-1420(NL-15). 

map of the 
U .. S., Geological 

Farrand, W.R., and others, 1984, Quaternary geologic map of the Lake 
Superior 4° x 6° Quadrangle, United States and Canada: U.S .. Geolog­
ical Survey Map I-1420(NL-16) . 

Lineback, J.A., and others, 1983, Quaternary geologic map of the 
Chicago 4° x 6° Quadrangle, United states: U.,S., Geological Survey 
Map I-1420(NK-16), 
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GEOLOGIC HISTORY OF WISCONSIN'S BEDROCK 

introduction 

The bedrock geologic record in Wisconsin IS divided into two maior divisions of time: the Pre­
cambrian, older than 600 million years, and the Paleozoic, younger than 600 million Years. The Pre~ 
cambrian rocks are at the bottom and consist predominantly of crystalline rocks. Thev are overlain 
by PaleozoIc rocks which consist of relativelv flat-lying, In some cases fossil-beanng, sedimentary 
rocks. 

Precambnan rocks form the bedrock beneath the glaCial deposits In northern WisconSin and 
occur beneath the Paleozoic rocks in the south (see-the last paragraph and the cross-section on the 
reverse side), PaleozoIc rocks may once have covered northern Wisconsm, but if they did, they have 
been removed by erosion. GlaCial deposits, Including clay and sand and gravel, cover bedrock In the 
northern and eastern ,three-fifths of the state. 

In areas covered by glacial depOSits, surface outcrops are so sparse that details of the bedrock 
geology are obscured. In such areas the only clues to the underlving rocks are obtamed from rock 
cuttings and cores obtained from drill holes and from geophysical surveys which disciose magnetic 
and gravity variations. 

Precambnan Eon 

The Precambrian IS divided into two eras, the older Archean and the younger ProterozoIc. 
Each IS subdivided into three perlods--Early, Middle, and Late. 

Archean 

Rocks older than 2,500 million years are termed Archean. The oldest Archean rocks are 
gneisses (gn), or banded rocks. These are more than 2,800 million years old and are In Wood 
Countv. Similar old ages have been determined for rocks south of Hurley, where recognizable vol­
canic rocks (m'l) have been intruded by 2,100 minion year old granite \gnL All of these rocks have 
been extenslvelv deformed. and in many areas they are so highly altered that their onginal nature 
and origin are extremely difficult to Interpret. Because of this difficulty, both the older gneisses 
and some younger (Proterozoic) gneissic and crystalline rocks are combined on this geologiC map. 

Proterozoic 

There are four principal groups of rocks In the ProterozoIc. The oldest are around 1,800 to 
1,900 million years old. These EarlY Proterozoic rocks consist of sedimentary (s) rocks Including 
slates, graywacke and iron formation, and volcaniC (va) rocks. The sedimentary rocks dommate In 
the north, with volcaniC rocks becoming more abundant in central WisconSin. These layered rocks 
were Intruded by gabbros (ga), diorities, and granites (grJ about the same time that they were being 
folded and deformed. 

Quartz-rich Early ProterozoIc sedimentary rocks lq) occur as erosional remnants, or outliers, on 
the older Proterozoic rocks; they were deformed about 1,700 million years ago. The Barron Quartz­
Ite in the Blue Hills of Rusk and Barron counties, the Baraboo Quartzite in Sauk and Columbia 
counties, and Rib Mountam Quartzite In Marathon County are some of the major remaining areas 
of once widespread blankets of sandstone. 

The oidest Middle Proterozoic rocks mclude the granites, syenites, and anorthOSites (g, a) of 
the Wolf River complex. This extensIve body of related granitic rocks was Intruded into Lower 
ProterozOIc volcanic and sedimentary rocks around 1,500 million years ago. 

The youngest Proterozoic rocks In Wisconsin are about 1,100 million years old and are 
called Keweenawan rocks. At the time of their formation a maior rift or fracture zone split the 
continent from Lake Superior south through Minnesota and into southern Kansas. Keweenawan 
rocks can be divided into two groups: an older sequence of igneous rocks Including lavas (v) and 
gabbros (t); and a younger sequence of sandstone Iss). These rocks occur in northwestern WisconSin. 
In central Wisconsin diabase dikes were also emplaced at this time. 

At the close of the Precambrian, most of WisconSin had been eroded to a rather flat plain upon 
which stood hills of more resistant rocks such as the quartzites In the Baraboo bluffs. 

Phanerozoic Eon 

The Phanerozoic is divided into three eras. They are from the oldest to the youngest: the 
Paleozoic (old life), MeSOZOIc (middle life), and Cenozoic (most recent life). The PaleOZOIC IS rep­
resented by a thick sequence of sandstones, shaies and dolomites (dolomite is Similar to limestone); 
the MesozoIC, possibly by gravelsi and the CenOZOiC, only by glaCier-related depOSits. 

In the Paleozoic Era the sea advanced over and retreated from the land several times. The 
PaleOZOIC Era began with the Cambnan Penod (€ 1 during which Wisconsin was submerged at least 
twice beneath the sea. Sediments eroded by waves along the shoreline and by rivers draining the 
land were depOSited in the sea to form sandstone and shale. These same processes continued into 
the OrdOVICian Period (Opc, Osp, Os, Om) during which WisconSin was submerged at least three 
more timeS. Animals and plants living In the sea deposited layers and reefs of calcium carbonate 

- which are now dolomite. DepOSits that built up in the sea when the land was submerged were 
partially or completely eroded during the times when the land was elevated above sea leveL At the 
close of the OrdOVICian Penod, and in the succeeding Silunan (Sdl and Devonian (D), Wisconsin IS 
believed to have remamed submerged. There are no rocks of the PaleozoiC Era younger than De­
vonian In Wisconsin. Whether material was deposited and subsequently removed by erOSion, or was 
never deposited, IS open to speculation. 

Absence of Younger PaleOZOIC rocks makes interpretation of post-DeVOnian history In Wiscon­
sin a matter of coniecture. If dinosaurs roamed Wisconsin, as they might well have 10 the MeSOZOIc 
Era some 200 million years ago, no trace of their presence remains. Available evidence from 
neighbOring areas Indicates that towards the close of the PaleOZOIC Era the area was gently uplifted 
and it has remained so to the present. The uplifted land surface has been carved by mjlli~ns of 
years of ram, wmd, running water, and glaCial action. With the possible exception of some pebbles 
about 100 million years old, no MeSOZOIc age bedrock has been identified in WisconSin. 

In the last million years dUring a time called the Pleistocene, glaCiers Invaded WisconSin from 
the north and modified the land surface by carving and gouging out soft bedrock, and depositing 
hills and ridges of sand and gravel as well as flat lake beds of sand, silt, and clay. In this manner, 
the glaCiers smoothed the hill tops, filled the valleys, and left a depOSit of debriS over all except the 
southwestern part of the state. The numerous lakes and wetlands which dot northern Wisconsin 
occupy low spots In this Pleistocene land surface. GlaCial depOSits are not shown on the map of 
bedrock geology; however, the line of farthest glacial advance IS shown. A separate glaCial 
depOSits map IS available. 

Cross Section 

To assist in understanding the bedrock geology of WisconSin. a cross section has been prepared 
(see reverse side). A cross section represents a vertical slice of the earth's crust shOWing the subsur­
face rock layers In much the same way as a vertical slice of cake shows the layers of cake and frost­
ing. The WisconSin cross section shows the subsurface geology along a line from Stoddard in Vernon 
County, through Devil's Lake near Baraboo in Sauk County, to Whitefish Bay In Milwaukee County. 
The horizontal scale IS the same as that of the geologiC map, but the vertical scale IS exaggerated so 
that vertical thicknesses are expanded 50 times compared to horizontal distances. The PaleOZOIC 
rocks are shown as lavers, the younger units Iymg above the older units. They are al~o shown dipping 
to the west in the western part of the state and dipping east in the eastern part of the state, thus 
forming an arch. The center and oldest parts of this arch are found in the Baraboo bluffs, where the 
Baraboo Quartzite IS exposed at the surface. As shown In the cross sectIOn by fine lines In the 
quartzIte, the Baraboo area was folded into a U-shaped structure, or syncline, before the PaleOZOIC 
rocks were depOSited. Quartzite and granite underlie the Paleozoic rocks along this section. 

The gray Unit shown at the top of the rock sequence In the eastern part of the cross section 
represents glaclal materials which do not occur to the west. 
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ROAD LOG 

Assemble at Stop 1. 

University PaI'king lot 60, University Bay Area, Madison (SE!. SEt. Sec. 16, 
T.'7N., R.9E., Madison West 7.5' topogr'aphic quadrangle). 

lot #60 is situated on what was 'Once the bott'Om 'Of Lake Mendota. The lake 
as we see it t'Oday is a very transit'Ory geologic feature being steadily destr'oyed 
by the deposi tion of' sediment fx'Om incoming streams and the encroachment of' 
vegetation" The Willows Drive is a sandbar which vias formed by wave action in 
shallow water and which cut off part 'Of the University Bay. Behind the bar a 
marsh developed which gradually became filled with vegetat~on" The marsh was 
mostly drained and utilized for agriculture" T'Oday it is being c'Onverted by the 
Uni ver'sity t'O parking lots, buildings, and athletic fields. Eventually 'Only a 
small pond will remain, an example of Man's impact on the physical environment 
and his ability t'O modify the environment t'O his needs. 

Lake Mendota is a product 'Of glaciati'On" PlioI' to glaciati'On (say 40,000 
years ago) the view from here looking north would have been much like standing 
on the bluffs 'Of the upper Mississippi valley. The pz'e-glacial Yahara River 
valley would be some 250 feet below us and would be bOunded by craggy cliffs of 
dolomite underlain by sandst'One. 

With the advent 'Of glaciation tha hillcr'ests were smoothed 'Off, the valleys 
partially filled, and the river's dammed 'Or diverted fr'Om their c'Ourses" Within 
the glaciatedporti'On of the state some hills may be predominantly bedrock" 
These are called r'Ock'''cor'ed hills. S;1Ch are the Shor'ew'O'Od Hills seen to the west, 
In many cases the hills are no more than molinds of' "till" deposited by the glaciers" 
"rill" consists of an unassol'ted mixture of boulders, gravel, sand, silt, and clay. 
Thr'Oughout the whole of the glaciated at'ea, till mantles the sur'face of the bed­
r''Ock in varying thicknesses. 

"Gt'ound moraine" is the term used to denote the till that was deposited 
under the ice or dropped in place- hy the' ice as it melted. "Terminal moraine" 
is the till deposited at the margin of the ice front. 

We will be traveling mainly 'Over ground m'Oraine until we reach approximately 
Stop 4 where we will pass 'Over the terminal moraine of the last glacial stage. 

As we travel toward th;, next ~top lo'O~ ~refu!lX and note the rollinS ,!~­
£!!;ph.l. subdued hills, and closed depressions (Le. pockets) in the landscape, 
some of Whi'C"i)'m;ycon'tain po;~' ,-

The glacial phenomena seen in Wisconsin are the result of continental glac·­
iation when the ice covered much of the northet'n part of the North American 
continent. In Wisconsin the glaci-er' covered even the highest hills in the east­
ern and northern areas and attained a thickness of some 10,000 feet. The south-­
west area of the state is referred to as the ftDriftless" area because it contains 
no deposits 'Of glacial origin. The term "drift" had its or'igin in the early 
belief that what we n'Ow know t'O be glacial deposits were materials rafted by 
icebergs during the biblical Noachian deluge. 



StoP.~· 

Shorewood Quarry (NE co!'., swt, .lEt, Sec.17, T.7N., R.9E., Madison West 
7.5' topographic quadrangle). 

The !'Ock exposed in this quarry is the Prairie du Chien Dolomite gI'OUp. 
Ihis dolomite is the major hill-forming rock in the Madison ar'ea. It was 
formed in marine waters on a continental shelf about 400,000,000 years ago. 
Originally it was composed of fossil debris and chemically preCipitated carbonates" 
Chemical changes through time have altered the rock so that most evidence of 
fossils has been dest.c'oyeQ. The T'emains of algal str'Uctures are, however', quite 
well pI'eser ved locally.. Some sandstone, chert J and shale al'e also prE;!sent ~ 

lbw do we know this r'Ock is 400,000,000 years old? 

Stone taken from this quarry was used for building purposes. Ordinarily 
the high chert (flint), shale, and sand content here would argue against its use;, 
However, because it was located close to a market haulage costs were low and the 
stone could be sold at a lower price than better quality materials that were 
imported from outside the area. The Prairie du Chien finds wide application for 
road and concrete aggx'eg.ate and for agricultural limestone in most areas of the 
state where it occurs. 

A first step in quarrying is to remove undeSirable over'burden matet'ials* 
[he stone is quarried by drilling holes downward from the surface. These holes 
are then packed with dynamite which is exploded causing stone to break free from 
the m~in rock mass. Sonte. of' the old drill holes can be seen on the quari'y face" 
The blast r'ubble, in sizes from sand to 2 or 3 feet in diameter, may then be 
sized by hand for indi vidual jobs. In modern quarI'ies this matedal is run thr'ough 
a crusher to reduce it to the desired size, generally less than 4 inches. The 
crushed mater'ial is separated into dlffel"ent size fractions using screens with 
different s1 zed openings. The sizes produced at a quarry ar'e dependent upon the 
user's desire. 

Dolomite is a mixture of calCium aIld magnesium carbonate,. Although the 
'material was initially deposited as calcium ca:rbonate, replacement of some' of 
the calcium by magnesium thr'ough a process, only poorly known, has resulted 1-n 
its present compositi.on. 

Dolond te is one of a large .group of what are called industr'ial minerals 
(non.;.,..metallics) which at'e generally lower·-cost products. For this reason it is 
economically. bad bUSiness to haul the stone any great distance. The numerous 
qual'ries scattered thr'oughout southsI'n and southwestern Wisconsin attest to this 
fact. 

In 1968 production of crushed and br'oken dolomite accounted for 23 perce:nt 
"of' the total value of minerals produced in Wisconsin and we ranked 16th among 

states nationa+ly. 

Rocks which can be collected [zoom this quar'ly include dolomite, sandstone, 
cher't, and poSSibly shale .. Mineral specimens al'e rare and generally small, but 
include dolomite, calCite, and pyr'ite (foo1 1 s gold). At some horizons, notably 
the small bench in the f'loo! below the upper face, small fiBS-type" structures 
('an be seen in the chert.. These are called oolites and are formed by chemical 
pl'C'cipitntton of calcium car-bonate from sea water' onto small sand gr-ains or fossil 
! r';l~mt'n!:-; in nn~as where wave agitation can 1'011 the particles a!'ound. 



Through a process of replacement of carbonate by silicate the oolites attained 
their present composition (8i0

2
)" 

Alg-ae are the most abundant fossils" Other forms including brachiopods 
and gast ropods ale l'aI'e. A zone of a1 gal f'oI'mations can be seen approximately 
5 feet above the base of the Upper level on its west face. 

Dolomite is particularly dense. with few if any. openings. Such openings 
occur as vertical joints or as cavities along beddiilg"planes For this reaSon 
dolomite is not consider'ed to be a good water-producing rock (aquifer). In the 
west face of the upper' bench of the quarry water can be seen corning from openings 
in the rock" As the water moves through openings iIi such rocks it dissolves the 
rock thus enlarging the cavity. Under the right conditions this solution pro­
duces large cavities which when drained of their water', become caves~ Small 
ca ves occur at many places in southwesteI'n Wisconsin" 

West Towne Shopping Center (NWt. Sec. 25. T,,7N •• R.SE •• Middleton 7.,5' 
topogr'aphic quadrangle). 

This site is interesting because it is an excellent example of how resources 
available at a site can be utilized in site development and local construction 
projects, 

The aggregate material used to construct the West Towne Shopping Center and 
the- new portions of its ser vice roads j Gammon Road and Mineral Point Road, were 
deri ved chiefly fr'om the land on which the shopping center now stands. In the 
process of preliminary investigation of the site it was learned that sand and 
gravel in suff'icient quantity was available on the site to accommodate all 
planned construction. The only drawback appeared to be that all specifications 
called for crushed stone rather than sand and gravel. It is notable that in 
this instance the reg':llatory agencies saw fit to alter theit' standards and per­
mi t ted use of equally suitable materials in the form of glacial gravels which 
were available frdm the property being developed.. This decision resulted in a 
considerable savings in terms _of money that wbuld otherwise have been spent on 
transportation costs to import the aggregate. This is an excellent example of 
compatible use of the land, namely material r'emoved to level and make the site 
sui table for use as a shopping center Was used t.o constl'uct roads and buildings 
whi ch service or' are a part of the center. Fortuitously, in this instance, 
essentially all of the available gravel and sand on the prbper-ty was utilized 
so that none was lost or made unavailable through land'-use for another pur'pos.e. 

8top 1" 

Abandoned and unrehabilitated pits of the Hartlatid· .. Verona Gravel Co., Verona. 
(NWi. SEt. sec" 22, T,,6N •• R.SE., Verona 7,,5' topographic quadrangle). 

The significant point Df this stop is to consider the potential this land 
has if "ehabi! Hated in the light of the fact that Ver'Ona is agr'Owing and pro­
gressi ve communi ty.. What must be considered ar'e the urban, residential, and 
recreational potentials of this site. 

Active and rehabilitated pits of' the Hartland,-Ver'ona GI'avel Co., Verona 



(on ~outh line of theNWt, Rec. 22, T,,6N., R.BE., Verona 7.5' tOpOgraphic quad" 
rangle) 

The water--filled abandoned pit at the eaRt Ride of Highway 69 has been de­
veloped as a water recreation site for the Village of' Verona" At the same tim£' 
across the highway to the west there is an operating pit.. The use pOtential of 
the active pit includes water supply, recreation, and/oI' r'esidential development, 
The Har tland-VerOri.a Gravel Company is an economic benefit to the village because 
it provides employment and supplies aggregate materials near at hand while at 
the same time creating a potential future benefit in the form of a lake for 
WRt€'T' supply, recreation, or very desirable residential development. The village 
is an economic benefit to the producer because it purchases his materials.. This 
is an example of a compatible relationship of' an extractive industry with a 
community to the benefit of all concerned. It is a relationship based on the 
pr inci pal of multiple-sequential land-use. 

These gz avel deposits were fo:r'med by mel t·-water's which dr'ained westward 
away from the glacier front which stood a short distance to the east" The water' 
cart'ied sand and gravel which was dePosited as outwash. Sand and gravel in 
glacial deposits is derived fmm all of the rocks and soils over which a glacier 
travels,. Thus, a great variety of l'ock typs-'s can be found in glacial gr'Rvel 
deposits. How many different types of rocks can you find in 15 minutes? Where 
do you think they came from? How can they be used to decipher glacial history? 

Sarid and gravel constitute the major mineral production in Wisconsin in 
terms of both dollars and tonnage and in 1968 accounted for 43 perCent of the 
total dollar value produced.. That year· we ranked 7th nationally in terms of 
dollar· value of sand and gravel produced. 

~ you believe sand and gravel are irilpor"taht to Man? Name as many tises 
for gr'avel and sand as you can. Do you believe these uses ar·e critical to Man? 
Could modern society exist without sand and gravel and, if you believe yes, what 
are the alternatives to using sand and gravel? 

Road cuts on State Highway 69, 3.5 miles north of New Glarus and 4.5 miles 
west of Brooklyn (SW!. SWt, sec. 36, T.5N., R.BE., New Glarus 15' tOpOgraphic 
quadrangle) • 

Near the base of the hill is a high roadcut in the Middle Ordovician St .. 
Peter Sandstone., This sandstone, like others in the Ordovician and the Upper 
Cambrian of Wisconsin, is believed to have formed in a nearshore and beach area 
of a sea which advanced over an uneven and eroded land surface from the southeast 
(Western Tennessee) to the· northwest (Wisconsin and Minnesota).. The sand was 
deliv~red to the sea by streams which eroded and d:r'ained the land area as the 
sea advanced" Aftet' r'eaching the sea the sa.nd was redistributed by waves and 
cUI'r'ents in the beach and nearshoz'e' areas. 

Examination of the sandstone reveals many things about how it formed.. For 
example, the sand is distinctly bedded in beds up to 2 feet thick which ale lat­
erally persistent.. This suggests deposition in water rather than in sand dunes 
which would not be so unifol"mly bedded ~ Cross-beds wi thin individual beds reveal 
the direction 01' sed-imen·t t.ansport which was··mo".t likely-parallel to the shore­
line" Absence of fossils suggests that animals either-did hot live in the area, 



ot, that only swimmlng forms 11 ved there, or that all of their remains wer'e des·· 
troyed by wave and current action, or that only soft-bodied forms were present. 
The st. Peter consists almost entirely of quartz sand grains. Purity of the sand 
is attr'ibuted to the belief that tbe St. Peter' sand was derived from erOSion of 
preexisting sandstones of equal or nearly equal purity and ultimately fr'om rocks 
of very high quartz content. That the grains traveled a long distance or 
Wl:!re reworked many times is suggested! on the basis of thelr rounding which is 
exceptionally good. 

The purity of the St. Peter and other Lower Paleozoic sandstones in the 
upper Mississippi Valley area hes led to its use as a major source of sand for 
glass manufacture and steel molding (foundry sand). A major use of the high­
silica sandstones of Wisconsin is in the foundry indu~try. 

Overlying the St. Peter Sandstone is the Si nnipee Group of dolomites which 
15 subdivided in ascending order' into the PlatteVille, Decor'ah, and Galena form·· 
ations~ The Sinnipee fOI'med on a sea bottom in an area conducive to the existence 
of animals and algae.. Thus, the water must have been clear. well":·aeriated. and 
less than 300 feet deep which is an approJi:1mate maximum depth of light penetr's­
tion. A wide variety of fossil forms can be found in the Sinnipee including 
brachiopodS, molluscs, trilobites, bryozoans, ostracods, and cor'als. How many 
varieties can you find in 15 minutes? What do they tell you about conditions 
here at the time the Sinnipee was being formed? 

While the St. Peter was forming in the beach area the Sinnl. Pee was for'ming 
fur'ther' out on the continental shel f in deeper water. As the sea pr'ogr'essi vely 
advanced ovel the beach deposits so did the Sinnipee dolomite deposits advance 
over the St. Peter' sandstone. At the time the Sinnipee was forming in the area 
of this outcrop mere St. Peter was for'ming in the beach al'ea which had shifted 
to tbe northwest .. 

The Sinnipee dolomites are widely used as a source of aggregate mater'ials 
in Wisconsin although they are not generally as suitable as the P,'airie du Chien 
Dolomite seen at Stop 2 or the SUuI'ian dolomites which border the eastern coast 
of the State. The majority of the quarries found in Southwestern WisconSin BI'e, 

however, developed in the Sinnipee because it is the most readily available at 
the .surface. 

Stop 7 

Roadcut on County Highway G, 0.2 miles west of Village of Mt. Vernon (NWi. 
NW!, sec. 3, T,.5N., R.7E., New Glarus 15' topographic quadrangle). 

This exposure presents an excellent oppor'tuni ty to see a small portion of 
the erosion surface on which the st. Peter Sandstone was depoSited and to examine 
a fault which is a break in the earthts crust along which some movement has occurred. 

Reference to the diagram on the next page indicates that the erosion sur'face 
a t the base of the St. Peter' Sandstone is exposed at the west end of the northside 
rondcut. lIer'e the St. Peter can be seen occupying a shallow channel cut in the 
undel'lying Prairie du Chien Dolomite. 

Although many faults ar'e present in this exposure the most prominent can be 
seen near' the center of the southside roadcut as shown in the diagram,. The fault 
is well-defined because of the differences in rock types Which occur on either' 
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s]de. The left or east Ride has moved up !"elative to the west side" We know 
this because the rock on the left side is older than that on the r ightas deter··· 
mined fr-om stratigraphy (the study of layered rocks). In a normal sequence the 
rock formation which occurs on the east (left) side of the fault would occur 
below the sandstone Which appears on the west (right) side of the fault. 

Why are faill ts important to Man? One reason that is of immediate concern 
is that when the eaz'th IS CI'USt breaks today, such as it is doing along the San 
Andreas fault in California, ear thquakes are pr'oduced. There have been no Sig­
nificant earthquakes in Wisconsin during the last 50 years thus Wisconsin is 
regarded as a stable area. 

Faults are also important to geologists because tlleir presence may bear 
directly on the occurrence of miner'al deposits such as lead, zinc, 01' copper, and 
because their presence may affect construction projects such as darns or bridges .. 

Recently the Wisconsin Geological Survey became involved in assisting the 
ci ty of Madison with geologic data to locate a water supply for the Yahara Hills 
Gol f Course.. Based on all existing geologic information there £h_Qu_Id have been 
no problem with obtaining a supply from a deep well sufficient to satisfy the 
specified requirements. However', sever'a! deep holes failed to produce the re­
quired amount of water •. In an attempt to determine why these holes produced so 
1 it tle water a detailed study of rock samples collected from the new holes re··· 
vealed the presence of extensive and completely unsuspected faulting.. The pattern 
of faulting, which involved vertical movements of over 300 feet in some cases, 
1s believed responsible for the low water yields," The problem has since been 
solved by resorting to a series of shallow wells. 

Klevenvl11e sandstone quarry of the General Silica Division, George M. 
Pendergast & Co., Inc. (center NW!. sec. 3, T.6N., R.7E., Cross Plains 7.5' 
topographic quadrangle). 

The sandstone being quarried here is the St. Peter Formation. Near the top 
of the quarr'y can be seen a thin laye, of Sinnipee dolomite. 

In the mining operation the Sinnlpee dolomite is dr'illed, blasted, and strip­
ped off the top," Then the St. Peter 1iandstone is drilled and blasted. After 
blasting the sand is passed through a crusher to separa.te the individual grains 
which requires very little effort inasmuch as the grains are only slightly 
cemented together. From the crusher the sand is delivered to the plant by means 
of a conveyor belt and ther'e dried and finally screened to separate the desir'ed 
size fi'actions. 

The St .. PeteI' Sandstone consists almost entirely of quartz or silica sand 
grains. Because quartz is extremely resistant to heat the sand from this quarry 
is used primarily in the foundry industry to prepare molds for making steel 
castings and for lining furnaces.. Its high iron content rules out its possible­
usc> for' glass manufacture. Because of its extreme hardness silica ;:;and is also 
u .... t'O f'Ol abrasives nnd in the manufacture of pottelY, porcelain, and tile" 

D\l you ht'I i ('Vt ........ i 1 len sand i~ C':4~~f'ntial to mCHi""l'n :4()C'tE't~"'> Could we get 
:l!Ol1l! \\ithout :~i.lic::i :..;and t and if ~'ou o€'llv(' ~('~ whnt fit"(' thE' altE.?l"nativC's to 
tl~ill~ ~ilicn .... nnd? 



Note how "loose" the sand is in the quarry face and how rapidly it is breaking 
down in spite of the fact that it is almost 400 million years old. It is obvious 

" tt "i"· that age does not make a rock sol d. Rocks are held together mainly by 
"cement"ol by recrystallization of the compacted minerals. Lime, silica, and 
1 ron oxide al'e the most common cements ·in Wisconsin sandstones. 

Stops 9 g, 10 

Camel Hil1 roadcut on County Trl1nk Highway S about 2.5 '''les east of Pine 
Bluff (SW~, swt, SEa, sec. 24, T .. 7N., R .. 7E., Middleton 7.5' topographic quadrangle>.. 

Camel Hill is a bedrock ridge composed of Sinnipee dolomite underlain by St. 
Peter' Sandstone, both of which are exposed in the roadcut.. The gravel road at 
the north side of the road cut leads to a dolomite quarry in the Sinnipee dolomite 
operated by the Capital Sand and Gravel Company whose gravel pit we will visit at 
Stop 11. A po1nt to be noted here 1s that the quarry is hidden from view of the 
road by design on the part of the oper'ator so that those who find exposed quarries 
objectionable are not offended: thus, material critical to local growtb and 
development 15 made available. Capital Sand & Gr'avel Company is a leader' in 
quarry and pit rehabilitation in ·the Madison area .. 

Examine the piles of crushed stone near' the quarry. How many di ffelent 
varieties of stone can you find? Name as many uses as you can foI' crushed 
stone and of dolomite? Are these uses critical to our modern society? Could 
modern socIety exist without dolomite, and if you believe yes what are the alter­
nati ves to using dolomite? 

Camel Hill is located just! mile west of the ter'minal moraine of the last 
glacial episode in this area. Thus, Camel Hill is located at the east edge of 
the Driftless Brea. Note that the topography of the Dt'iftless area is character"·· 
istically differ'ent from that of the drift··covered area to the east. 

The Dt'iftless area encompasses the southwestern quarter' of Wisconsin and 
extends into Iowa and Illinois. It is unique in that it is surrounded by drift 
on all sides but appar'ently escaped glaCiation itself. 

The level hill tops of the Driftless ar'ea are due to a resistant cap of 
Sinnipee dolomite. v,,'hen streams cut below this level they encountered the St .. 
Peter Sandstone which is soft hence easily eroded so that wide valleys developed" 
The Sinnipee is termed a "ridge maker" and the St. Peter' is a "valley maker"" 
In the Driftless area the nature of the bedrock is reflected in the topography. 
Gentle slopes develop on soft formations and steep slopes or' cliffs on more 
resistant rocks. 

As we proceed eastward on Highway S note the change in drainage pattern 
from dendritic- and interconnected dz'ainage_ i.e" like the veins of a maple leaf) 
of the Driftless ar'ea to the unconnected drainage with many depressions and lakes-, 
hence potholes, of the glaCiated area. With dendritic drainage every gully leads 
to a creek which leads to a st:z'eam which leads to a bigger stream thence to the 
Mi5Sis9ipPi~ In the glaciated area draina.ge shows less tendency to interconnection 
and there are numerous potholes. The Driftless area is a classical example of the 
"matu!'e" stage of the erosion cycle in which nearly all the land surface is in 
:-::lope~ 

The t'idg-e i mile east of Camel Hill is the terminal moraine as was mentioned 
before. The glaCier extended this far but lacked the energy to surmount the Camel 
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Hill ridge. Between the mor'aine and Camel Hill are depressions occupied by shallow 
lakes during wet seasons. These lakes developed in the depressions formed be­
tween the OIOraine and the Sinnipee dolomite ridge. The area east of the terminal 
"",r'sine is x'eferred to as SW1911 and swale topography which is predominantly a 
gently rolling landscape. This character becomes more prominent eastward as the 
thiclmess of glacial depos! ts increases and the bedrock becomes more deep! y buried .. 

Our route will take us north along the west edge of the terminal moraine 
and back into the driftless area to Stop 11. 

Stop 11 

Gravel and sand pit of the Capital Sand & Gn.vel Company (NE!. SWi, sec. 11, 
T.7N., R.7E., Cross Plains 7.5' topogl'aphic quadrangle). 

This sand and gravel pit is located 1n a valley train deposit at the west 
edge of the ten .. inal I1\OIaine which marks the eastern boundary of the DrHtless 
area. Valley train deposits consist of materials washed out of a glacier and 
deposited on the floor of pI'eexist!ng valleys which serve to confine the water. 
The terminal moraine extends from Adams and Sauk counties on the nOrth through 
Dane and Rock counties on the south. It is the same moraine as WaS seen at Verona 
wher'e the gI'llvl'l occurred in an outwash deposit and as that located east of Call1el 
Hill at Stop 10. 

The Black Earth Creek valley contains many feet of glacial outwaSh, consisting 
of Jand, gravel, silt, and clay as determined from drilling. Useful sand and gravel 
deposits in the valley are unevenly distributed and must be located by drilling. 
The gr'avel pi t operation here will eventually extend downward to a depth of' 90 
feet" 

It is postulated that as the ice moved from east to west it effectively 
blocked the Black Rar'th Creek valley with ice and debris which for'med the terminal 
moraine that can be seen east of the pit. When the glacier reb'eated large 
quanti ties of mel twateI wer'e ponded between the moraine and the receeding ice. 
The lake thus tormed is referred to as glacial Lake Middleton. It occupied the 
area from the terminal moraine back to approximately the west edge of present 
La!<e ilendota. 

As the supply of ponded water in the lake Increased the moraine was finally 
breached and large quanti ties of water wer'e released to flow down the Black Earth 
Creek valley and depOsit more outwash~ The date of ice l'etreat has been determined 
as about 11,500 years ago on the basis of radiocarbon analysiS of' wood found in 
deposits of glacial Lake Middleton in the vicinity of Middleton. 

HOw many different rock types can be seen in this pit? Do they differ from 
those seen at Verona? What do they tell us about the history of glaciation in 
this area? What do tbey tell us about the route traced by the glacier in its 
journey to this area? lbw does the sorting of i>!Ut~cles here differ from that 
which might be expected in a gl,,,,!.al till formed of ilIater'ial dropped dir'ectly 
fro .. the ice as it mel tad wi th 2. minimum of sorting? 

Consider the r'ehabilitattt.n potential of this pit. Ultimately the operator' 
intends to mine out en area of appr'oxi.mately 40 acreS to a depth of about 90 feet. 
As m.ining proceeds the shoreline will be progressively graded so that the final 
product will be " lake witb rehabilitated shoreline are... As the Madleon ar'ea 
expands lake areas will be at " premium and this area should be one of the mOre 



oe"irable in terms of residential or recreational development. 

Intelligent land-use planning relies on apecif1c and adequate information 
about the physical environment, namely our rocks, Roila, and water.. This in­
fOllo.tion is e .... entia1 to develop!llSlllt of an area Under the lIlul tiple-sequential 
I nnd u~e concept. Only in this way can we derive IIlIIxlilnm present and future 
henefi t fr1>l11 our natural resources which basically is conservation 1n its present 
for'... The gravel pits seen here and at Verona are e,:amples which illustrate 
this concept. They show how the extract! ve miner.l industry which is essential 
to mainta1n the growth and development of our society can exist compatibly with 
expanding urban areas to their IllUtual benefit through a process of multiple­
sequent!al land use planning. 


