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INTRODUCTION

The geologic history and correlation of Upper Cambrian and Lowexr and Middle
Ordovician rocks in the Upper Mississippi Valley area have long been the subject
of study and controversy, As with all things the development of new information
and new ideas provides a basis for review and for change or retirement of tradi-
tional concepts. This field trip is intended to acquaint visitors to the Uppexr
Mississippi Valley area with the Lower Paleozoic rocks of the area and to review
some of the more pertinent changes in interpretation and correlation that have
taken place over the past 20 years, Due to the limitations imposed by time and
distance only selected outcrops can be visited., WMany other exposures that demon-
strate the principles described here, often to much better advantage, occur out-

side the route area.

The ideas and concepts formulated prior to 1$35 and which were integrated
in the guidebook to field trips for the Ninth Annual Field Conference of the
Kansas CGeological Society (1935) and in a paper by Twenhofel et al (1935) pre-
vailed up to about 1950. Since 1950, and especially since about 1960, there
has been a resurgence of interest in the Cambrian and Ordovician rocks of the area,

These rocks were the subject of several articles of Field Trip Number 2 for
the Geological Society of America in 1956 (Sloan) when it was held in Minneapolis,
Minnesota. WNew information and ideas provided by studies that have been completed
since that time but especially in the past 20 years serve as a basis for reeval-
uation of former concepts. A partial listing of these studies includes Starke
(1949), Boebel (1950), Raasch (1951, 1952), Raasch and Unfer (1964), Templeton
(1951), Ericson (1951), Ahlen (1952), Boardman (1952}, Berg (1954), Andrews (1955),
Dapples (1955), Nelson (1956), Bell et al (1956), Heller (1956), Kraft (1956),
Farkas (1958), Driscoll (1959), Shea (1960), Buschbach (1960), Emrich (1962), Tem-
pleton and Willman (1963), Ostrom (1964a, 1964b, 1965, 1966, 1969), Ostrom and
Slaughter (1969), Davis (1966a, 1966b, 1969), Melby (1967), Morrisom (1968), and

Asthana (1969).

This conference provides the opportunity to examine and judge first hand
some of the field data pertinent to revisions in interpretation and correlation
of the Lower Paleogzoic rocks of the area. In addition there are included two
papers that summarize some of these changes. The subject matter of these papers
deals with historical interpretation and with classification and correlation.
Subjects covered are cyclical sedimentation (Ostrom), and classification and
correlation of the Prairie du Chien Group (Davis). For detailed discussions the

reader is referred to the original works.

Geologic and geographic orientation for the field trip is provided by the
geologic map (Figure 1), the glacial deposits map (Figure 2), the map of the
buried Precambrian surface (Figure 3), the stratigraphic column (Figure 4), and

by highway maps (Figures 5 and 6).

The Committee gratefully acknowledges the comments and suggestions of George
F, Hanson, Chairman of field trips for the annual meeting of the Geological So-
ciety of America, 1970. The patience and resourcefulness of Roger Peters who
drafted the outcrop diagrams and assisted with other drafting chores and the
capable secretarial services of Mrs., Adeline Colvin and her assistants Mrs, Beth
Czerwonka and Miss Marilyn Gabel are also acknowledged.

M.E.O.
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SHORT GEOLOGIC HISTORY OF WISCONSIN

The bedrock of Wisconsin is separated into two major divisions: (1) older, predommantly
~crystalline rocks of the Precambrian Era, which were extensively deformed after their deposition
by movements of the Earth’s crust; ~and (2) younger flat-lying sedimentary rocks of the Paleszoic.

The Precambrian Era lasted from the time the earth cooled, over 4,000 million years ago,
until the Paleozoic Era which began about 500 million years agoe. During this vast period of 3,500
million years sediments, some of whick were rich in iron and which now form our iron ores, were
deposited in ancient oceans, volcanoes spewed forth ash and lava, mountains were built and de-
stroyed, and the rocks of the upper crust wete invaded by molten rocks of deep-seated origin. Only

a fragmentary record of these events remains but, as tree stumps attest the former presence of -

forests, the rocky roots tell the geologist of the former presence of mountains.

At the close of the_PrecamBrian Era most of Wisconsin had been eroded to a rather flat

plain u'pon which stood hills of more resistant rocks as those now exposed in the Baraboo bluffs. -
- There were still outpourings of basaltic lava in the north and a trough formed in the vicinity of

Lake Supenor in whlch great thicknesses of sandstone were deposxted

. The Paleozmc Eta began with the Cambrian Period, the rocks of wh:ch mdxcate that W1s

consin ‘was ‘twice submerged beneath the sea. Rivers draining the land carried sediments which -

were deposited in the sea to form sandstones and shales. Animals and plants living in the sea
depos:ted calcium carbonate and built reefs to form rocks which are now dolomite—~a magnesium-
rich limestone. These same processes continued into the Ordovician Period durmg which, as in-
dicated by the rocks, Wisconsin was submerged three more times. Deposits built up in the sea
when the land was submerped were partially or completely eroded at times when they were sub-

sequently elevated above sea level. During the close of the Ordovician. Period, and in the suc--

ceeding Silurian and Devonian periods, Wisconsin is believed to have remained submerged.

There are_ no rocks oﬁtctoppigg_in Wisconsin that are younger than Devonian. Absence of '
this part of the rock record makes interpretation of post-Devonian.geologic history in Wisconsin

a matter.of conjecture. Available evidence from neighboring areas, where youngerrocks are pres-
ent, indicates that towatrds the close of the Paleozoic Era, perhaps some 250 million years ago,
a period of gentle uplift began which has continued to the present During this time the land sur-
face was carved by rain, wind and running water.

The final scene took place during the last million y_eai:s when glaciets invaded Wisconsin
from the north and sculptured the l‘and-surfac'e‘,__ They smoothed the hill tops, filled the valleys
and left a deposit of glacial debris over all except the southwest quarter of the State where we
may now still see the land as it might have looked a million years ago.

Prepared by U. of W. Geological and Natural History Swvey, 1963.
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SHORT HISTORY OF THE ICE AGE IN WISCONSIN

The Pleistocene Epoch or "Ice Age" began about 1,000,000 years ago which,
in terms of geclogic time, is a very short time ago., There were four separate
glacial advances in the Pleistocene each followed by an inter-glacial period
when the ice receded. The fourth glacial stage is called the Wisconsin Stage
because it was in this State that it was first studied in detail.

" The glaciers were formed by the continuwous accumulation of snow. The snow
turned into ice which reached a maximum thickness of almost two miles. The
ice sheet spread over Canada and part of it flowed in a general southerly
direction toward Wisconsin and neighboring states, o )

The front of the advancing ice sheet had many tongues or "lobes" whose
direction and rate of movement were controlled. by thé topography of the land
surface over which they flowed and by the rates of ice accumulation in the
different areas from which they were fed. _

The ‘ice sheet transported a great amount of rock debris called "drift",
Some of this was deposited under the ice to form "ground moraine" and some was
piled up at the margins of the ice lobes to form "end moraines". '"Drumlins"
are elongated mounds of drift which were molded by the ice passing over them
and hence lnd1cate the dlrectlon of ice movement, - :

_-The pattern of end-moralnes, in red, shows the position that was occupied
by four major ice lobes. One lobe advanced down the basin of Lake Michigan,
another down Green Bay, a third down Lake Superior and over the northern peninsula
of Michigan and yet a fourth entered the state from the northwest corner. The
well-known "Kettle Moraine" was formed between the Lake Michigan and Green Bay
. lobes. As the ice melted the drift was reworked by the running water. Large
_‘amounts of sand and gravel were deposited to form "outwash plains"j pltS were
“formed in the outwash where buried blocks of ice melted and many of these are

‘now occup1ed by lakes.

L ‘The action of the ice profoundly modified the landscape, smoothlng off the
crests of hills and filling the valleys with drift, In some placés it changed

the course of rivers forcing them to cut new channels such as that of the Wisconsin
River at the Dells; elsewhere it dammed the valleys to create lakes such as those

of the -‘Madison, area.

Durlng recent years there have been intensive studies made of the polar 'i
ice caps, and methods have been developed for dating glacial events from the -
radloact1v1ty of the carbon in wood, bones, ete, which are found in many of
the deposits, The results of these studles are causing many previously acecepted
concepts to be changed or challenged.

We once thought .that there were rather extensive glacial deposits older
than Wisconsin age in the State, but age determinations do not support this, |
It was also thought that the ice left Wisconsin some 20,000 years ago but a- §
forest at Two Creeks in Manitowoc County was buried under an advancing ice ’
tongue only 11,000 years ago. Evidence is accumulating to indicate that ice
may have occupied the so-called "Driftless Area" of the southwestern part of
the State which hitherto has been held to be unglaciated.

Most scientists now believe that the cause of the Pleistocene "Ice Age" -
was due to variations in the solar energy reaching the earth, but how these may i
have occurred is still a matter of conjecture. We are still in the Ice Age and
it is anybody s guess whether future millenia will see the melting of the ice
caps and the slow drowning of our coastal cities, or the regrowth and once
more the inexorable advance of the glaciers. ”

Prepared by the University of Wisconsin Geological § Natural History Survey, August 1964
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~ SEDIMENTATION CYCLES IN THE LOWER PALEQOZOIC ROCKS OF WESTERN WISCONSIN
by
Meredith E. Ostrom¥*

INTRODUCTION

Lower Paleozoic rocks of the Upper Mississippi Valley area have long been
recognized as cyclic. In 1964 the author discussed previous work and presented
his own conclusions on the basis of a re-study of the area, The following dis-
cussion is based primarily on the formex presentation but does include more

recent observations. It has been prepared for the Cambro-Ordovician field trip

. of the 1970 Geological Socilety of America annual meeting.

“Four majoxr lithotopes are present . in the Lower Paleozoic rocks of the
Upper Mississippi Valley. These are: (1) thick-bedded, medium to coarse-
grained, well-sorted, and cross-bedded guartzarenite; {(2) medium to thin-bedded,
reworked quartzarenite characterized by alternating poorly-sorted sandstone
which is commonly burrowed, calcareous, slightly glauconitic and shaly and of
well-sorted, medium to coarse-grained sandstone; (3) shale or argillaceous
thin~bedded sandstone that is fine-grained, glauconitic, and shaly with minor
carbonate; and (4) carbonate or sandy or silty carbonate or calcareous silt-
stone. Fach lithotope is interpreted as the manifestation of a different and
distinet marine shelf sediment zone which has its analogue in recent sediments
such as those of the Northwest Gulf of Mexico (Van Andel and Curray, 1960).

‘Previous investigators recognized the broad cyclic patterm in the Lower
Paleozoic rocks of this area and described them as an alternating sequence of
carbonates and sandstones but relationships of beds and the implications of
these relationships were only poorly known and described. Berg, Nelson, and
Bell (1956) recognized four principal lithotopes which occur repeatedly in the
Upper Cambrian trocks of Southeastern Minnesota and which coincide approximately
with those described in this paper. The major differences between their work
and this paper is in interpretation and in expansion to include the Lower and

Middle Ordovician yocks of the area.

Berg et al (op. cit.) interpreted the Mt. Simon through Galesville forma-
tions as a recoxrd of a "...relatively simple transgressive-regressive cycle of
marine sedimentation across an area of moderately low relief.” The nearshore
deposits of the transgressive and regressive phases of their cycle consist of
medium to coarse-grxained quartzose sandstones which are, respectively, the Mt.
Simon Formation and the Galesville Member of the Wonewoc Formation. In theirx
opinion the Galesville is topped by a disconformity which they attribute to
pre-Pranconia exosion and which they, at least in part, believe is responsible
for regional thinning of the underlying rocks.

In the present study no evidence for disconformity of the Galesville and
overlying Ironton Sandstone was found: their contact is tramsitiomal., However,
the basal. contact of the Galesville is clearly one of disconformity which re-
sulted from pre—Galesville erosion. Thus, it is apparent that both the Mt.
Simon and Galesville sandstones are nearshore depesits of transgressive phases

of two separate cycles.

*Associate State Geologist, Wisconsin Geological and Natural Histoxy Survey,
University Extension.




11

In: the overlying rock section the quartzarenite lithology is xepeated
three more times as the Jordan Sandstone, New Richmond Sandstone, and St, Petex
Sandstone. There is a major widely recognized unconformity at the base of the
St. Peter (Dapples, 1955) and a minor unconformity at the base of the New
Richmond (Ulrich, 1924; Andrews, 1955: Davis, this publication). The contact
at the base of the Jordan Sandstone has not been positively identified from
outcrops as disconformable although it commonly is shaxrp and is marked by a
distinet lithologic change from sandy and/or €ilty carbonate below to quartz-—
arenite above. Studies of well cuttings suggest that in the subsurface
(Flguxe 17) thls contact is unconfoxmable.

These data and the regular and repetitive occurrence of other lithotopes
suggested that there might be a broad and predictable cyclical pattern of rock-—
type occurrence and contact relationships which would reflect a ¢yclical pattern
of sedimentation different than that described by Bexg et al (1956). Subsequent
examination revealed this to be true (Ostrom, 1964) as shown by the fact that
each of the five quartzarenites which occur in the Lowexr Paleozoic section of
this area is commonly unconformable with underlying rocks and the contacts are
commonly marked by an erosion surface mantled by quartzose sandstone. Further-
more, each of the sandstones is separated by a similar sequence of rock units.
The close similaxity of cycles with regard to contact relationships and arrange-
ment of lithotopes led to the interpretation that they reflect a tectonic and
depositional history characterized by repetition of similar. tectonic. and depo-
sitional events. The tectonic events are believed to have been, in the simplest

"context, periodic uplifts and downdrops of the Wisconsin Dome which caused
periodic fluctuations in sea level, each one recording the tectonic activity
by cyclic deposition of the various lithotopes as the sediment zones migrated

over the shelf

THE LITHOLOGIC CYCLE AND LITHOTOPES
Lithologic Cycle

A lithologic cycle is a recurring sequence of strata consisting of several
lithotopes arranged in the same order. Lithologic cycles record a definite
series of physical conditions and geologic events which recurred in the same
ordey with only minor variations. In the Cambrian and Ordovician rocks of the
Upper Mississippl Valley area the cycles are asymmetrical because the success—
ion of lithotopes in the transgressive order does not match that of the re-
gressive order. Asymmetyry here is attributed mainly to post-depositional ero-
sion ox variations in the source area and sediment supply or the distributicn

pattern of reworking and dlspe151ng agents.

Fouxr major lithotopes which recur in the same sequence in five lithologic
cycles, as shown in Table I, are recognized in the Upper Cambrian and Lower
and Middle Ordovician rocks of the Upper Mississippil Valley area. The four
lithotopes are: (1) quaitzarenite, (2) reworked guartzarenite, (3) argillaceous
sandstone or shale, and (4) carbonate. The lithotopes are believed to have
formed in different sediment zones located on a marine shelf and oriented approxi-
mately parallel with the shoreline. The sediment zones are roughly analogous to
the zones described by Curray (1960) and Van Andel (1960) for Recent sediments
in the Northwest Gulf of Mexico which, in a seaward direction, are the high
energy littoral zone of sands, the slow or nondepositional zone of reworked
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Table 1, Correlation of lithologic cycles with lithotopes, shelf sediment
zones, and lithostratigraphic units. '

i _ SHELF LITHOSTRATIGRAPHIC
LITHOTOPES SEDIMENT ZONES UNIT
Carbonate Biegenic Sinnipee Gp.
Argillaceous Sandstone Harmony Hill
v and/or Shals Depositional Shelf Mor.,
Glenwood
Reworked Quartzarenite Nondepositional Shelf Fr. Nokomis Mor.
Quartzareni te Littoral St. Peter Fm.
—-""""‘—\.__.'.-"-'-"'—-—._—/_-""-—-—-
Carbonate Biogenie *| Willow River Mor. .
Argiliaceous Sandstone .
v and/or Shale Depositional Shelf Shakopee
Fm.
Reworked Quartzarenite Nondepesitional Shelf New Riohmond Mbr.
Suartzarenite Littoral
el ——— ]
Hager City Stoddard Subm.
Mor, Genos Subme. :
Carbonate Biegenic ‘ Mound Ridge Subm.
w0 é ‘ Higkory Ridge Subm.
| | Argillacecus Sandstone L ’
o1 II1 and/or Shale Depositional Shelf s tockton
B E : 8 mil Sumset Point Subm.
Reworked Quertzarenite Nondepositional Shelf & Mor.
Quartzarenite Littoral ~ Jordsn Fm,
ST m
Carbonate Biogenie lawrence Black Farth Mbr, == Mbr,
m.
Aréillaceous Sandstone : " Turmel lone ’sﬂ-——"’
II and/or Shale Depositional Shelf City Rock 5. Mazomanie Fm.
’ : L GPa Fm.,

' Reworkedr 'Qua.rtza.renite

_ Nondepositional Shelf

Ironton Mbr,

Wonewoo
‘Quartzarenite Littoral P, Galesville Mbr.
I I
Carbonate Biogenic Bonneterre Fm,

“Argillacecus Sandstone

Fau Claire Fm.

and/or Shale Depositional Shelf
Reworked Quartzarenite Fondepositional Shelfl Mt. Simon Fu,
Quartzarenite Littoral
n M—-
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alternating sands and muds, the shelf depositional =zone of fine-grained clastics
and the biogenic zone of calcareous 'reefs’ :

The extent to which a deposit in a given sediment zone can develop depends
upon the coincidence of many factors, chief among which are sediment source, '
sediment supply, energy, suitability of receiving area, and sediment distribu-
tion pattexn. Variations in these factors are reflected in the relationships of

the resultant lithotopes.

_ The littoral sediment zone exhibits the greatest stability in terxms of
enexrgy and location chiefly because current and energy conditions in this zone
are consistent and high and because its landward boundary is relatively stable.
Distribution and size of the other zones which have lower energy levels is
subject to the vagaries of available energy and distyibution pattern of rework-
ing and dispersing agents., Where these conditions are stable there is minor
shifting of zones, thus little mixing of sediment type. Under fluctuating con-
ditions deposits of different zones will be intermingled. '

Quartzarenite Lithotope

The quartzarenite lithotope which is the basal unit of each cycle is repre-
sented by.the Mt. Simon, Galesville, Jordan, New Richmond, and St. Peter sand-
stone formations. This lithotope is characterized by thick bedding, umiform
-lithology and mineralogy, and cross bedding  Lithologically, the lithotope con-
sists mainly of well-sorted, clean, friable, medium and fine-grained sandstone.
The basal few feet may locally contain coarse and very coarsé sand granules,
pebbles and cobbles. In the base of the Mt. Simon and St. Peter sandstones
" coarse materials may locally be more abundant than in the other gquartzarenites.

Mineralogically, the gquartzarenite lithotope consists chiefly of quartz
sand grains with an exception shown by a recent study done by Virendra Asthana
(1968) supported by the Wisconsin Geological Survey which indicates the Mt.
Simon Sandstone of the initial c¢ycle contains up to 40 percent feldspar grains
with an average of 18 percemt. Previous studies (Tyler et al, 1940; Stauffer
and Thiel, 1941 Potter and Pryor, 1961) indicate lower feldspar values with a
maximum reported value of 22.5 percent (Potter and Pryor, 1961) and an average
of about 3 percent. Heavy minerals common to this lithotope are magnetite,
ilmenite, leucoxene, zircon, tourmaline, and gaimet. The amount of garnet is
generally less than 5 percent of the total heavy mineral content.

Fossils ave rare or absent in the quartzarenite lithotope. Where present
they tend to occur either in the basal few feet or near the top.

The quartzarenites occur as blankets of sand which grade into fine-grained
shaly sands and carbonates laterally to the south and east across the craton in
the direction of the Appalachian Geosyncline as is illustrated in Figure 7.
Directional indicators show that current direction at the time and place of de-
position of the gquartzarenites was predominantly to the southwest and south
(Figure 8). Locally quartzarenites tend to thicken in basinsg such as the
Illinois Basin and to thin over highs such as the Wisconsin Dome.
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Figure 7. North-south generalized cross section showing relatiomships of
pre-Cincinnatian Paleozoic strata from Lena, Wisconsin to Pulasgki, Tenn.
Vertical scale is much exaggerated and is intended to show relative thick-
ness, inferring a genexal time yelationship. Section is approximately
1200 miles long. Prepared from sample studies of Wisconsin wells and from

"published logs from Illinois (Workman and Bell, 1948), Missouri (Grohskopf,

1955), and Tennessee (by Freeman, in Dott and Murray, 1954).

APPROXIMATE SQUTHERL LMIT QF:
St Peter Sandstona S~
A hypothatical
St Petor shoreline
( Dapples. 1955)

New Richmond $s
Jordan Sandstone -

P

Galesvills Sendstone .~~~

Diraction of /
Sadiment Transport

Transgressing

Figure 8. Map indicating approximately southerly limit of occurrence of
quartzarenites. Limit is interpreted to indicate approximately shoreline
configuration at time of deposition of sands which formed earliest deposits
of these formations. Dominant transport directions, as determined from
current lineation and cross—-bedding measurements, are indicated by arrows.
Limits of Galesville, New Richmond, and St. Peter sandstones modified from
Workman and Bell (1948), Emrich (1962), Powers (1935), and Dapples (1955).
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The basal contact is commonly sharp and may be marked by lithologic change.
The relationship of the quartzarenites with underlying beds is commonly uncon-
foxmable and may be angular which is interpreted to indicate erosion prior to

their deposition.

The contact with the overlying lithotope is commonly transitional but may
locally be shaxp and distinct. The upper contact is placed approximately where
there is a distinet change from thick bedding to thinner and uniform bedding
and/or where there is evidence of reworking of bottom materials. The succeeding
lithotope may locally be well-cemented with carbonate in which case it is maxrk-
edly more resistant to weathering than is the underlying massive sandstone and

tends to form 2 prominent ledge.

The gquartzarenite lithotope is believed to have developed in the littoral
sediment zone which is defined to include the sediments of the beaches, barriers,
spits and nearshore zone along a coast. A modexn analogue to this lithotope is
forming in the littoral sediment zone of the Northwest Gulf of Mexico (Van

Andel and Curray, 1960).

- Formation of these blanket-type deposits of sand is attributed to the
coalescing of a continuous series of littoral sands which migrated over a
shallow marine shelf during progressive subsidence (Curray, 1960; DuBoils, 1945;
Dapples, 1955; Fyeeman, 1949; Calvert, 1962; Ostrom, 1964). Sediment delivered
to the sea by rivers, together with sediment eroded from the shore by the trans-
gressing sea, is winnowed and redistributed by waves and currents. The coarser
fractiomn, consisting of sand, is distributed in the littoral =zone by waves and
longshore currents similar to those of the Northwest Gulf of Mexico which parallel
the shoreline. The finer fraction is carried farther out on thé shelf and is
deposited according to the distributing pattern of marine dispersing agents.

The width of the littoral zone, in a seaward direction, in the present-day
Northwest Gulf of Mexico is shown at a maximum of about 10 miles by Van Andel
(1960) and includes the high energy surf zone and turbulent zone down to a depth
of 6 fathoms off the Texas coast. Movement of sand parallel to the shoreline in
the littoral drift system is reported out to depths of 60 to 80 feet {(Johnson,

1956).

The seaward limit of deposits of the littoral sediment zone at the time
of maximum regression can be mapped and is interpreted to indicate approximately
the configuration of the ancient shoreline at that time as is shown in Figure 8.

Reworked Quartzafenite Lithotope

The reworked quartzarenite lithotope overlies the quartzarenite lithotope
and is yvepresented in the sequence by the upper 20 to 40 feet of Mt. Simon
Sandstone, the Ixonton, the lower part of the Stockton Hill Member (Sunset
Point), and the lower part of the Glenwood Formation (Nokomis Member). Each
is distinct and well-developed except the upper part of the New Richmond Sand-
stone, This may be explained by the fact that at many places the entire New
Richmond is litholeogically similar to the reworked quartzarenite lithotope of
other cycles which suggests that this lithotope does in fact exist but that it

[ [ L
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Mt. Simon Ss.
Precambrian

Figure 9. Unconformable contact of Mt. Simon Sandstone with weathered
Precambrian rock in a cutbank at the east side of Duncan Creek in
Irvine Park, Chippewa Falls (Stop 1).

Galesville Ss.
Eau Claire Ss.

Figure 10. Unconformable contact of Galesville Sandstone with Eau Claire
Sandstone in quarry located in an abandoned quarry at east side of County
Trunk Highway D about 4.5 miles southeast of Strum (Stop 4).




17

Shakopee Fm.
Oneota Fm.

kb ¥

Figure 11. Unconformable contact of New Richmond Sandstone with Oneota

Dolomite in south face of Chicago, Burlington, and Quincy Railroad Quarry
at north edge of Wyalusing (Stop 15).

St. Peter Ss.
Shakopee Fm.

Figure 12. Unconformable contact of St. Peter Sandstone with Shakopee

Formation in roadcut at north side of State Highway 27 about 1.5 miles

east of Prairie du Chien (Stop 13). The Shakopee is visible at both sides
of the picture above road level.
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has not been distinguished from the quartzarenite lithotope with which it has
been erroneously equated.

The reworked lithotope is compositionally and texturally transitional with
both the overlying and underlying lithotopes, having some of the characteristics
of each of them as well as possessing certain unique characteristics. Its con-
tacts may be sharp and well defined or transitional and obscure.

The reworked lithotope consists of coarse-grained quartzarenites which are
commonly interbedded with poorly-sorted strata composed of materials ranging in
size from clay to granules or with arenaceous carbonate strata. The inter-
bedding is expressed on weathered outcrops as ledges separated by reentrants and
reflects differences in texture and cementing character of beds (Figure 13).

Figure 13. Outcrop expression common to the poorly-sorted reworked quartz-
arenite lithotope is shown by this exposure of the Ironton Sandstone near
Tunnel City, Wisconsin.

The normally well-sorted coarse sandstone beds locally contain thin shale
laminae and intraclasts. Heavy minerals are essentially the same as those which
occur in the underlying quartzarenite, although the garnet content is commonly
higher. The coarser grained beds are commonly cross-bedded. They may be, at
least in part, lag concentrates formed by wave and current removal of fine-
grained materials from bottom deposits similar to those of intervening beds
which contain particles ranging in size from clay to granules.

The poorly-sorted silty beds are thick and may contain abundant burrows.
The mixing, reworking, and burrowing of these beds is thought to have all been
done by the same organisms. Ripple marks are most common in finer grained beds.
Conglomerates are of limited lateral extent and are commonly composed of intra-
clasts.

Fossils are locally common, especially in the upper part and in finer
grained and poorly-sorted beds. They consist of the burrows already mentioned
and of trails, and less commonly of brachiopod shell fragments and of trilo-
bites.
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Contact with the underlying quartzarenite may be sharp or ifransitional.
The contact is placed at the base of the lowest bed indicating reworking and
is generally based on the change upward to coarser grained sandstone that is
better sorted in individual beds but may contain materials ranging in size from
These styata axe generally silty and somewhat calcarecus, and

clay to. granules.
pyrite, and beds of shale,

may contain ferxruginous cement, fossils, glauconite;
dolomite, and conglomerate.

. . Thée reworked lithotopes are commonly thinnest over positive features such
as the Wisconsin Dome and Arch and tend to thicken into intracratonic basin
areas. -‘For example, the Ironton Formation shows an increase of from zero feet
over the Wisconsin Arch in south-central Wisconsin to about 100 feet basinward
in northeastexrn Illinois (Emrich, 1962; Buschbach, 1960) and 50 feet in westexn
Wisconsin (Emrich, 1962); the lowexr portion of the Glenwood Formation (Nokomis)
increases from zero feet over the Wlscon51n Arch to about 8° feet in southwestern

Wisconsin (Ostrom, 1969).

Detailed examination of parxticular units assigned to the reworked quartz-
arenite lithotope indiCates:that'some beds can he traced over broad areas.
Certain beds in the Ifonton Formation are cited as being laterally persistent
and as maintaining an essentlally uniform thickness over dlstances of up to
100 miles in west*centxal Wisconsin (Emxich, 1962).

The reworkéd”quartzarenite lithotope developed in a shelf zone that pro-
duced vertical variability between beds and lateral persistence of individual
units. Vertical lithologic variability is interpreted to mean unstable and
frequently changing environmental condltlons _ Such an area is the shelf zone
of slow or no dep051t10n characterlzed by reworked and alternatlng beds of

~sand and finer sediments analogous to that descxlbed for the Noxthwest Gulf
of Mexico, by Curray (1960) and- Van Andel (1960).. In the Northwest Gulf of
Mexico burrxowing organisms and oc0a51onal hurricane waves rework bottom sedi-
ments and mix small quantities of newly added clay and biogenous carbonate
with the underlying older sands. The result is sands interbedded and mottled
with clay or clayey sands. Such mixing penetrates to a depth of up to about
5 feet and may produce a crude graded bedding.

Neighboring sediment zones may encroach into the slow or no deposition
zone of reworking in response to a variety of conditions related to changes
in sediment supply and available enexgy and produce an intermingling of
deposits of both zones in an alternating pattern. The energy level in the zone
of slow or no deposition'is erratic and is subject to extremes of enexgy con—
ditions. At times of low wave and current energy finer materials normally
carried to more remote areas of the shelf may be deposited, bottom conditions
stabilize, benthonic animals establish themselves, and neighboring environ-
ments of lower energy may encroach on the area. At times. of high wave and
current energy bottom sediment is churned up, finer materials are kKept in -
suspension or removed, coarse materials are left behind, animals adapted to
low-energy conditions are displaced or destroyed, and neighboring emviron—
ments of lower energy are encroached upon.

The zone of slow or no deposition is, thus, seen to expand, contract, and

shift position frequently in response to changing energy conditions causing
intricate intermixing with deposits characteristic of neighboring environments
which may encroach into and zetreat from this zone.
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Argillaceous Sandstone oY Shale Lithotope

The argillaceous sandstone or shale lithotope overlies the reworked
quartzarenite lithotope and locally, where the latter is missing, rests directly
on the quartzarenite lithotope.. Strata assigned to the argillaceous lithotope
are the Eau Claire Sandstone, the Lone Rock Formation, the thin clayey sandstone
oy shale or calcareous shale in the lowey part of the Stockton Hill Member and
at the top of the "Sunset Point" (the Blue Earth Siltstone of Minnesota), a2 thin
pale green clayey sandstone and calcareous shale at the top of the New Richmond
Sandstone, and the Harmony Hill and Hennepin members of the Glenwood Formation.

The argillaceous lithotope is characterized by fine-grained sediments con-
sisting of shale or silty or argillaceous sandstone. The sand grains are pre-
dominantly quartz and feldspar. Clay may occury as a green coating on sand
grains or it may be present as thin shale partings or in shale beds up to 10 or
12 feet thick; it may also occur in the foxm of abundant glauconite pellets.
Carbonate is common as cementing material or as thin beds., The heavy mineral
suite is dominated by garnet (the Lone Rock heavy mineral suite contains up to
90. percent: Driscoll, 1959) with lesser amounts of ilmenite, leucoxene, tourma-

line, and zircon.

' This lithotope is essentially uniform in composition on a regiomal scale.
Variations are due chiefly to differences in shale-to—-sand ratioc and locally

in carbonate content. :

Fossils commonly consist of fragmented bfachiopods, trilobite molds and
casts,_and'abundant burrows and trails. '

The argillaceous lithotope is commonly thin bedded or shaly which dis-
tinguishes it from the underlying lithotopes in which bedding ranges from thick
to thin and in which shale is rare. Cross-bedding is common and is well de-
veloped. Ripple marks and current lineation features are locally abundant.
Beds of intraclasts are common and consist chiefly of sandstone clasts in a
matrix of fine sand, silt, c¢lay, and glauconite cemented with carbonate.

Regionally the argillaceocus lithotopes are transitional laterally with
carbonates and tend to thin southward and southeastward in the direction of
the Appalachian Geosyncline, They tend to thicken into basin areas and to
thin over highs such as the Wisconsin Arch.

The environment of deposition of the argillaceous lithotope is believed to
have been the depositional zone of the shelf located generally seaward from the
zone of slow or no deposition ( Van Andel, 1960). The uniformity of texture,
composition, and thickness of this lithotope over broad areas is interpreted to
indicate a stable enviromment having an essentially constant enexgy level and a
uniform rate of sediment accumulation. Variations in this uniformity are attri-
buted to nearness to neighboring depositional zones or to minor shifts of en—
vironmental areas at times of major wave and current activity which would cause

intermingling with neighboring depositional zones.

The sediments of the depositional zone consist of the fine clastics winnow-
ed from the river sediments and beaches and deposited farther offshore in accord-
ance with the distribution pattern of marine currents. The amount of sediment
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which accumulates is a function of sediment supply and of local shelf subsidence.

Present-day deposition of fine sediment on the shelf in the Northwest Gulf
of Mexico is limited primarily to the area beyond the littoral zome and occurs
mainly in the middle and outer shelf areas. The pattern of dispersion of these
sediments appeaxrs to be independent of the coarser sand distribution (Van Andel,

1860).

Carboﬁate Lithotope

Formations assigned to the carbonate lithotope include the Bonmeterze
Dolomite, St. Lawrence Dolomite, upper part of the Stockton Hill Member (Hickory
Ridge and Mound Ridge) plus the Hager City Membery, Willow River Dolomite, and
Sinnipee Group. What may be Bonne Texre Dolomite in this area is limited in
distribution to the southern edge of the state near Beloit. It is a persistent
carbonate unit which occurs in the upper part of the Eau Claire Formation in the
area and which is considered to be the lithostratigraphic equivalent of the
Bonne Terye Dolomite of Missouri.

The carbonate lithotope is the most readily recognized of all the litho-
topes as it is characterized by carbeonate rocks. In the lower part of each
carbonate unit sand and minor amounts of shale and/or glauconite and silt are
generally present. Highexr in the section these constituents may be totally
absent. In othex cases, beds of shale and sand can be found throughout the . -
unit. Bedding is commonly medium but varies from thin to thick.

In this lithotope fossils are more diversified and plentiful than in those
of the other three lithotopes. Bichermal reefs are present in all carbonates
except the Sinnipee Group. . . .

The carbonate lithotope maintains a uniform thickness locally and shows a
regional thickening into basin and geosynclinal areas. In the geosynclinal
area (Figure 7) carbonate sections appear to be continuous and are uninterrupted
by intervening beds of sandstone or shale. Exceptions to the local uniformity ' .
of thickness occuxr where erosional unconformity exists between a carbonate and
the overlying lithotope or where an irregulary reef surface is buried by sediment
of a succeeding lithotope. Where the carbonate is succeeded by a deposit
characteristic of a neighboring enviromment, as for example that of the depo-
sitional shelf area, the contact is commonly tramsitional and even. If the car- 2
bonate is succeeded by a deposit characteristic of a more remote envizonment of
deposition; for example that of the littoral zome, then the contact is likely _ —

to be one of unconformity.

-

R —

Contact of the carbonate lithotope with the undexrlying lithotope may be

sharp or transitional and is most often even. Departure from this condition ‘
may occur locally due to variations in bottom topography and energy and to the-
distribution pattern of marine reworking and dispersing agents. Where the con-
tact is transitional the carbonate lithotopes may initially contain beds of
quartzarenite, shale, fine-grained dolomite, stromatolites, intraclasts, ox B
discontinuous thin beds of colitic white chext indicative of shallow agitated

waters as are the upper suriaces of the dolomite beds which may be marked by ;
ripple marks and dessication cracks. The vertical lithologic variability of i
the transitional beds in the base of cextain of the carbonates, such as the -
Willow River Dolomite, is interpreted to indicate intermingling of deposits of
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the biogenic carbonate zone with those of neighboring depeositional zones in
response to changes in energy conditions and in the distryibution pattern of

marine reworking and dispersing agents.

Deposits having these characteristics are found in shallow-water lagoons
and tidal areas behind algal headlands or reefs and differ considerably from
those of the open shelf such as banks or platforms which consist almost entirely
of carbonate material. Sediment deposited in lagoonal areas may come from four
sources: the maihland, the algal headland, non-headland skeletal hard parts,
and chemical preeipitation. The gradation from algal headland into lagoonal
sediments ranges from shaxp to indefinite. In a shoreward direction the head-
land may merge, with indefinite ox complex interfingering relations, inte lime
sands that surround small patch reefs and eventually into lagoon lime sands,
evaporites, or clastic sediments (Cloud, 1952).

The amount of terrigenous and calcareous materials that accumulate in a
lagoon varies with supply and nearness to the mainland ox the xeef. In the
area of the Great Barrier Reef, terrigenous material commonly exceeds 90 per-
cent near the mainland (Fairbridge, 1950). In the reef vicinity calcareous
clastic materials and chemically precipitated lime muds may form 98 pexrcent of

the total.

The bulk of carbonate deposition today is taking place in biogenic environ-
ments similar to those which occur on the shelf off the east coast of
Australia, off the southeast coast of Florida, or in the Northwest Gulf of
Mexico (Fairbridge, 1950; Illing, 1954; Ludwick and Walton, 1957). Areas of
active reef development in the Northwest Gulf of Mexico are located in water
shallower than 30 fathoms (Parker and Curray, 1956; Stetson, 1953) in the zone
of slow to no deposition and in areas of stable but unconsclidated bottom where
all other requirements for their development exist. Ladd and Hoffmeister (1936)
and Cloud (1952) maintain that reefs may develop upward from any stable, pre-
existing platform in areas where all other requirements for their development
exist and that they will continue to develop so long as these requirements are
not altered. Carbonate deposition and reef formation seldom if ever occur where
bottom conditions are upstable or where there is abundant shifting sediment.

The carbonate lithotopes in Cambrian and Ordovician rocks of the Upper
Mississippl Valley area are interpreted to represent a biogenic zone of carbon-—
ate deposition. The conclusion that these lithotopes probably developed in
such a zone seems logically inescapable (Gilluly, Waters, and Woodford, 1951;
Cloud, 1952). Studies of the Oneota Dolomite (Starke, 1949) and of the "Trenton'
formations (Du Bois, 1945) in the Upper Mississippi Valley indicate that these
carbonates were deposited during times of transgression by the sea and that they
accumulated in biogenic zones of deposition as a series of coalescing deposits
which were spread out as sheetlike bodies shoreward over the shelf as the sea

transgressed.

1

PATTERN OF SEDIMENTATION
Depositional Setting

The area of deposition of Upper Cambrian and Lower and Middle Ordovician
sediments in the Upper Mississippi Valley was a craton on which there were
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active intracratonic basins and scattered arches and domes. A study of dispersal
centers of Paleozoic and later clastics of this and adjacent areas indicated to
Potter and Pryor (1961) that the southward direction of sediment 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 of basement
rocks of the craton provides that control. This underlying tectonic

-'control'is_fhe immediate cause of persistent paleoslopes, of recycling,
and of the location and orientation of major clastic deposits ultim—
ately derived from distant tectonic lands." '

In the Uppér Mississippi Valley area ditrection of sediment transport,
especially in the littoral zone, is intexrpreted to have been parallel to the
shoreline, hence approximately parallel to the continental margin, which lay
toward the Appalachian Geosyncline to the southeast and south, and perpendicu-
lar to the paleoslope, a relationship demonstrated for the St. Peter Sandstone

by Dapples (1955).

During the Late Cambrian and Early and Middle Ordovician there existed
high areas in the Upper Mississippi Valley referred to as the Wisconsin Dome,
the North Huron Dome, a connecting link between these two domes called the
Northern Michigan Highland, and the Canadian Shield (Figure 14). The major
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Figure 14, Map of eastern North America indicating areas of Pre~Cincinnatian
Paleozoic oxogenic activity (adapted in part from Eardley, 1951; King, 1959).

intracratonic basin of-this time was the Illinois-Michigan Basin. - The Ozark
area is considered to have subsided during pre-St. Peter time and to have
risen before the end of the Cincinnatian (Bardley, 1951; Lee, 1943). Deforma-
tion during this interval is believed to have resulted in the development of
many arches and other structural features on the craton including the Kankakee
Axrch, 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).
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DEVELOPMENT OF CYCLES

Distribution of major depositional zones over present-day shelf surfaces
is roughly parallel to the coastline. . Changes in sea level cause each zone to
migrate over the shelf, Lowering of sea level relative to the land causes
zones to shift seaward; éonversely, a relative rise in sea level results in a
shoreward shift. Minor sea-level changes, over shallow shelves, may cause
broad shifts of the strandline emerging or submerging vast areas and can
account for many thin, but widespread, units. Major changes in sea level
result in the development of complete cycles which should consist ideally of
deposits of both transgressive and regressive phases.

In a somewhat irregular pattern seaward from, and roughly parallel with,
the coast one can expect to encounter the high energy littoral zone of well-
sorted sand, the slow or no deposition zone of reworked alternating sands and
muds, the shelf depositional zone of fine-grained clastics, and the biogenic
zone of calcareous "reefs” (Van Andel, 1960; Van Andel and Curray, 1960).
Migration of each environment over the shelf results in their being deposited
in sheetlike bodies over the shelf surface, one on top of the other.

Deposits of the emergent phase are not as well represented as those of the
submergent phase. This is especially tiue of deposits developed in higher
energy envivomments located in the littoral and inner shelf depositional zones.
Regression of the sea exposes these zones and their characteristic deposits to
subaerial exosion. Thus, during emergence, deposits of the littoral zone axe
continually reworked and removed to the retreating shoreline. Fox this reason
they can be expected to be rare unless they are lowered, by local subsidence,
beyond reach of erosion in which case they will be presexrved.

A continuous sheet of coalescing nearshore beach sands will be deposited
over the erosion suxrface as the sea readvances over the land in the subsequent
submergent phase. Deposits of the submergent phase will be separated from .

. those of the preceding emergent phase by a hiatus except in the area defined

by the width and breadth of the littoral zone at the time of maximum emergence.
The bhiatus may be apparent if there is an obvious difference in lithology, an
unevenness of the contact surface, or clasts occur in the base of the over-
lying unit.  However, if, on the other hand, the lithologies are similar and
the underlying unit is so soft that the erosion surface is not preserved and
clasts do not form, then the hiatus may be obscured.

Cycles arxe likely to develop in nearshore areas because such areas are the
most readily affected by minor sea level changes which cause envirommental
zones to shift widely back and foxrth, Where there is little change in environ-
mental conditions, and where deposition is continuous from one cycle to the
next as can occur in outer shelf areas in which local environmental conditions
are unaffected by sea-level changes, there may be no discernible cycles.

VARIATIONS IN CYCLES

Lower Paleozoic sedimentary cycles may appear incomplete because of
erosional lacunas. A lithotope representing a specific depositional zone will
develop only if that zone is present in the area. Thus, deposits of the littor—
al zone will not occur seaward beyond the area of maximum regression of this
enviromment noy will they occur shoreward beyond the area of maximum trans-

gression of the environment.
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Subaerial erosion may produce surfaces with high local relief, such as that
at the base of the St. Peter Sandstone, which is the reason for abrupt lateral
changes in thickness of the underlying lithotope and often its complete removal.
On the other hand subaerial erosion may not cut deeply and only paxtially remove
the underlying lithotope as in the case of erosion prior to deposition of the
New Richmond Sandstone. :

Regressive phases are identified in Cambrian cycles in the Upper Mississippil
Valley area but are unknown in Ordovician cycles. Presence of a regressive phase
in the Eau Claire Formation was described by Ostrom (1964) and a regressive phase

~for the upper part of the St. Lawrence Formation in western Wisconsin was de-
‘scribed by Nelson (1956). It is suggested that active subsidence of the Illinois-
Michigan Basin during shelf emergence, at the c¢lose of the Mt. Simon and Gales-
ville eycles, caused regressive deposits to be lowered beyond the reach of
subsequent erosion and resulted in their preservation. The Jordan and New
Richmond cycles of the Lower Ordovician differ from older cycles in that their
shale or argillaceous sandstone lithotopes, representing the depositional shelf
environment, are poorly—developed. HRegression prior to development of these
cycles was probably less than during previous cycles and did not extend into
basin axeas; land areas wexre, thus, low and 6f low yelief and provided only
small amounts of clastics, and consegquently less sediment accumulated in the
depositional shelf environment. ‘

GEOLOGIC HISTORY

"As a result of this study, it is possible to formulate a working hypothesis
regarding the geologic history and paleogeographic evolution of Lower Paleozoic
rocks in the Upper Mississippi Valley.

Tive sedimentary cycles, indicating five successive episodes of shelf sub-
nergence and emergence, occur in these rocks. Strata comprising each cycle and

their relationships are indicated in Table I.

Lower Paleozoic sediments were deposited on an erosion surface cut in
Precambrian rocks. Thé basal Paleozoic deposit in this area is the Mt. Simon
Sandstone. The Mt. Simon is a guartzarenite which was deposited in the littoral
zone by a transgressing sea as a sheet of prograding and coalescing sand bodies
which filled in and mantled the erosion surface. The Mt. Simon does not occur
southeast of a northeast-southwest trending line which cxosses Tennessee approx—
imately where shown in Figure 7 and which is believed to mark approximately the
position of the shoreline before transgression began. Directional indicatoxs
in the Mt. Simon of the outcrop area of western Wisconsin show that sediment
was transported to the south and southwest parallel to the shoreline.

Seaward from the littoral zone in which the Mt. Simon was deposited was
the nondepositional shelf zone. The poorly-sorted reworked quartzarenite,
which characterizes this zone, is not known to occur everywhere but may be seen
at the type exposure of the Mt. Simon, at Eau Claire, Wisconsin. There, it is
represented by a unit about 20 feet thick consisting of alternating layers of
silty, poorly-sorted sandstone containing burrows, shale laminae, minor amounts
of calcareous cement,'and of layers of predominantly coarse-grained, well-

sorted quartzarenite.

The shale and argiliaceous fine-grained sandstones of the depositional
shelf zone indicative of the next seaward depositional zone are represented by

the Eau Claire Sandstone in which both transgressive and regressive phases are
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recognized. The two phases of this lithotope are separated by the expected car-
bonate unit developed in the carbonate zone. In Wiscomsin this unit is known
only from the subsurface and occurs in southern Wisconsin. Hexe it is a thin,
previously undifferentiated bed less than 20 feet thick and thickens southward
to form the Bonne Texre Dolomite of southern Illinois and Missouri (Workman and

Bell,‘1949;'Buschbach, 1960).

The transgressive phase of the Eau Claire, below the Bonne Texre, is thin
or absent in southeastern Missouri (Figure 7). Northward in Illinois the Eau
Claire thickens, as does the underlying Mt. Simon. The increase in thickness
may be due to the correspondence of the subsiding Illinois-Michigan Basin and
the -envircnments of deposition represented by these two lithotopes. That the
Eau Claire was deposited during transgression is supported by paleontological
evidence which suggested to Raasch and Unfer (1964) that the "...absence of

~earlier Cedarian fauma in the Mississippi Valley appears logically to have been

a result of the later arrival of the Dresbachian marine transgression here."

© Northward from the Illinois Basin, the Eau Claire thins until in eastern
Wisconsin it is absent (Twenhofel, Raasch, and Thwaites, 1935). Traced into
westexn Wisconsin and eastern Minnesota the Eau Claire reappeays and thickens
to fxom 60 to 100 feet. The reason for the thinning and local absence of the
Eau Claire is believed to be due both to depositional wedging onto the Wis-
consin Arch and in large measure to pre-Galesville ercsion. An erosion sur—
face is described at the top of the Eau Claire from cores taken near Troy
Grove in north-central Illinois (Quick, 1959). In the Northern Peninsula of
Michigan, the stratigraphic position of the Eau Claire is marked by an erosion
surface mantled by a basal conglomerate of the succeeding cycle (Ostrom, 1967).
In western Wisconsin the erosion surface is apparent at all exposures of this

- contact (Ostrom, 1965, 1967, and 1969; Morrison, 1968). In the Illinois Basin

(Workman and Bell, 1948; Buschbach, 1964) and the Hollandale Embayment of the
Forest City Basin (Austin, 1969) the contact is reported to be transitional
from the Eau Claire into the overlying Galesville, Thus, the contact of the
Eau Claire with the Galesville is marked by an erosion surface in positive
areas and by a transitional relationship in negative areas. The erosion is
believed to have occurred in land areas exposed during the same episode of
emergénce which produced the regressive phase of the Eau Claire. Preservation
in the Illinois-Michigan Basin of the regressive phase of the Fau Claire is
interpreted to indicate that basin subsidence, contemporaneous with shelf
emergence, lowered these deposits beyond reach of erosion.

Raasch and Unfer (1964) ascribe the absence of the Aphelaspis faunal
zone in the Upper Mississippi Valley area to post-Galesville erosion which
they assign to the Dresbachian-Franconian hiatus. An alternative to this
hypothesis is that in the Upper Mississippi Valley area the Dresbachian
terminated with the withdrawal of seas and the Franconian commenced with the
readvance of the sea and the first appearance of Franconian fossils. This
alternative interpretation is supported by the well-developed erosion surface
separating the Eau Claire from the Galesville, the absence of the uppermost
Dresbachian faunal zone {Aphelaspis) from the Eau Claire in this area,
absence of fossils from the Galesville, and the transitional relationship of the .

Galesville with Franconian rocks.
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Maximum regression of the strandline is marked approximately by the
southerly limit of littoral zone deposits formed during the subseguent cycle,
namely the Galesville Sandstone. The Galesville is not known to occur south
of a line which intersects the cross section of Figure 7 at about West Point,
Hancock County, in west—-central Illincis (Ostrom, 1964) and which eéextends east-
waxrd through central Illinois and then northeastward through north—central
Indiana toward northeastern Indiana (Figure 8; Emrich, 1966). South of this
area deposits of more seaward open shelf enviromments were laid down.

The Galesville Sandstone Member of the Wonewoc Formation is succeeded by
the Ironton Member which is generally poorly-sorted and consists of coarse and
medium-grained sand and poorly-sorted, silty and calcareous beds containing
abundant burrows. It is typical of the lithotope developed in the nondeposi-
tional environment. In western Wisconsin successive alternating strata in the
Ironton Member can be traced laterally over distances of up to 100 miles
(Emrich, 1966). The first appearance of fossils of Franconian age in this area,

namely Camaraspis convexus and Elvinia roemeri, is in the Ironton Member.

Seaward from this zone was the depositional shelf zone. Deposits of the
argillaceous lithotope, which developed in this enviromment, are represented
by the Tunnel City Group and in the northerm paxt of the area by the Tunnel
City and the overlying Lodi Siltstone, an argillaceous and calcareous member
of the $t. Lawrence Formation, in which both a transgressive and regressive
rhase are recognized (Nelson, 1956). The predominantly transgressive Tunnel
City (Ostrom, 1966) is lithologically indistinguishable from the underlying
regressive phase of the Eau Claire south of the area of Galesville occurrence’
and within the area of maximum regression of the depositional shelf environ-
ment (Figures 7 and 8) represented in Missouri by the Elvins Group. In
Wisconsin the Tunnel City Group is composed of two fbrmations, namely the Lone
Rock and the Mazomanie. The Lone Rock consists of shaly and/or glauconitic
fine-grained, thin and medium-bedded sandstone. It partially encloses the
Mazomanie which is a tongue of sand which extends southward off the Wisconsin
Dome and parallel to the Wisconsin Arch (Figures 15 and 16: Ostrom, 1966) and
grades from fipne—grained, non-shaly, slightly glauconitic, thin-bedded sand-
stone at its outer edges to medium and fine-grained, well-sortéd sandstone,
similar to the Galesville Sandstone, over the arch. The shape and lithology
of the Mazomanie suggest that it formed during a minox regression which was
imposed on the major transgressive phase of the cycle.

The transgressive and regressive phases of the Tunnel City plus the over-
lying Lodi are separated in southern Wisconsin by the Black Earth Dolomite
Member of the St. Lawrence Foxmation, a northward pinching wedge representing
the carbonate depositional zone. To the noxrth this carbonate is absent.
Southward it increases in thickness and is correlated with the Trempealeau
Formation of Illineis and the Eminence and Potosi formations of Missouri.

The maximum northward transgression of the sea at this time is unknown.
Subseguent emergence resulted in subaerial erosion in northerly areas and
removal of these deposits {Nelson, 1956). This erosion surface is poorly
known, but evidence for its development exists in eastern Wisconsin (Figure
17) and as far south as Rochelle, in north-central Illinois (Willman and

Templeton, 1952).
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Figure 15. Areal distribution of the Tunnel City Group in 'Wis_consin
(Ostrom, 1966).
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Figure 17. Northeast-southwest cross section of pre-Cincinnatian Paleozoic
strata from Kimberly to Brandon in eastern Wisconsin showing variability in
thickness and lithology of St. Peter and Jordan formations. Base of
Prairie du Chien is used as datum plane. Section covers horizontal dis~-
tance of approximately 40 miles.

Littoral deposits of the subsequent cycle, characterized by thick deposits
of Jordan.SandstOne; are not known to occur southeast of an indefinite ‘line
extending approximately along the eastern border of Wisconsin, then around the
‘western border of Illinois to east-central Missouri, and finally westward where

the boundary is lost (Figure 8).

The Jordan Sandstone is succeeded by deposits developed in the nondeposi-
tional shelf zone represented by the Kasota Sandstone of Minnesota and the
Sunset Point of Wisconsin. The Sunset Point is poorly—sorted and consists
mainly of altexnating beds of sandstone, silty sandstone, sandy dolomite, and
dolomite which occurs in the base of the Stockton Hill Member. Seawaxd from
the nondepositional shelf zone was the depositional shelf zone. Deposits of the
depositional shelf in the Jordan cycle are thin or obscure and poorly known.
They are represented by a blue-green shale oxr calcareous, argillaceous and
silty =zone in Minnesota, the Blue Earth Siltstone Member (Stauffér and Thiel,
1941), and by a greenish argillaceous, silty and sandy zone in Wisconsin. This
lithotope is not known to exceed 3 feet in thickness. The lack of an extensive
shale deposit at this position is interpreted to mean that the depositional
shelf environmnment did not regress southward far enough to coincide with the
subsiding basin and that the exposed land area was smaller and lower than at
previous times of emergence. Consequently only a small amount of clay was

delivered to the sea.
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Traditionally a majoxr sequential break, the contact of the Cambrian with
the Ordovician has been placed at the contact of the Sunset Point (Madison
of older publications) with the overlying portion of the Stockton Hill Member
(Hickory Ridge of Raasch, 1952). Ulrich (1924) described a "diastrophic”
break between the Cambrian (Sunset Point) and the Ozarkian (Hickory Ridge).
Twenhofel, Raasch and Thwaites (1935) followed Ulrich. Raasch (1939)
believed the Jordan Sandstone marked the end of sand deposition due to marine
retreat. The following marine transgression is marked by the Hickoxry Ridge.
The Sunset Point developed between the Jordan and Hickory Ridge from supposed
local reinvasions of irregular and shallow depressions on the Jordan surface.

Raasch and Unfer (1964) followed previous authors but recognized an
additional break between the Jordan Sandstone and the Sunset Point based on

theix concept that:

., ..the Jordan styata beneath the Sunset Point are appre-
ciably truncated in the region of the Wisconsin Axch, where the
total Jordan succession is not only ncotably thinner, but the upper,
or Van Oser Member, is missing. Hence a significant nonsequence
within the Saukian Zone faunal succession coincides with physical
contact between the Jordan and Sunset Point formations...the Joxdan-

- Sunset Point break does not coincide with a major (genera-zone)

faunal break.”

Kraft (1956), Heller (1956), and Ostrom (1964; 1965) believed the Sunset
Point to be tramsitional between the Van Oser and Hickory Ridge. Melby (1967)
suggested that there is no major time gap between the Sunset Point and Hickory
Ridge on the basis of his field study which revealed no evidence to support a
significant time break. He makes no mention of an erosional surface contact
relationship at either the top or bottom of the Sunset Point.

Melby (op. cit.) examined conodonts obtained from samples of the Van
Oser, Sunset Point, and Hickory Ridge and reports that the "...results suggest
that there is no sharp faunal break between the Van Oser and Sunset Point
sandstones nor between the Sunset Point and the overlying ... (Hickory Ridge)...
west of the Wisconsin arch... Comparison of the Sunset Point conodonts with
those found by Furnish (1938) in the overlying Oneota Dolomite, tends to indi-
cate that there is no obvious evolutionary break between the two units (D. L.
Clark, 1967, Personal communication) ...The conclusion reached is that the
Sunset Point sandstone in western Wisconsin may be Lower Ordovician and not

Upper Cambrian as presently thought.”

Seaward from the depositional shelf zone deposits of the carbonate zone
developed and axye manifest in the Oneota dolomite above the Sunset Point.
In northerly areas the Oneota is lost to erosion . (Figure 7), thus its north-
ward extent must be inferred. The erosion surface which developed during
subseqguent emergence is only poorly known but has been described from ex—
posures in the Upper Mississippi Valley area by Ulrich (1924; Canadian-—
Ozarkian break), and from exposures near Eastman, western Wisconsin (Andrews,
1955), near Minneapolis, Minnesota (Ulrich and Resser, 1930), in the Ozark
area in Missouri (Lee, 1943) and by Ostrom (1964) and Davis (19686) from
studies in the Upper Mississippi Valley area. Maximum retreat of the sea

" during the emergence which produced this erosion surface coincides approxi-
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mately with the southern limit of deposits of quartzarenite lithotope (Figure
8). This limit of the New Richmond Sandstone is along a line trending south-
westward from about Danville, in east-central Illinois, toward Cape Girardeau,

Missouri (Workman and Bell, 1949)3

The New Richmond developed in the littoral zone during the succeeding
cycle. It is succeeded by poorly known or defined deposits of the nondeposi-
tional and depositional shelf zones similar to those of the preceding Jordan
cycle, and is ovexlain by deposits of the carbonate zone, the Shakopee Dolo-
mite, developed further seaward. In more seaward areas to the south the
Shakopee Dolomite is continuous with the Oneota Dolomite of the preceding
Jordan cycle and c¢onsists almost entirely of carbonate. Northward, as for
example, near Utica in north-central Illinois, the Shakopee overlies the New
Richmond and has a variable lithology which consists of dolomite containing
layers of quartzarenite, shale, and discontinuous thin beds of ocolitic chert.
The dolomite beds range up to 10 feet in thickness, are seldom more than 3
feet thick, and are commonly very fine-grained, and their upper surfaces may be
“yipple marked and mudcracked. The sandstone beds may be cross—~bedded and
commonly contain pebbles and cobbles derived from the underlying dolomite bed
in their lower part.
The variable lithologic charactexr of the Shakopee in this area is interpreted
to indicate frequent environmental changes and ", ..fluctuation of conditions
of sedimentation characteristic of shallow water deposition' (Cady, 1919). It
is postulated that the Shakopee Formation accumulated in a very shallow envir-
onment situated shoreward from an area of algal headlands. -This zone is con-
sidered to have been a broad, flat, and shallow lagoon or shoaling area sub-
jected to the influence of the land on one side and the algal headlands
and reefs on the other, while at the same time being influenced by other

factors affecting carbonate deposition.

The shakopee Dolomite and older strata were eroded in northerly areas in
Wisconsin during pre-St. Peter regression to an indefinite northeast~trending
strandline through western Kentucky (Dapples, 1955). The geology of the

eroded suxface is shown in Figure 18. The surface is one of prominent relief
: . B
. PR

\-/I'/ 4 20 40 &0 80 100 miles
(L_J__L.M__L_._,:.H__J'

St Peter Fm. absenil dug fo
either_nondeposition @
post-depositionol erosion

" ;

Praivie du Chien
Gp,

Tramgeoleau Gp
Tunnel City Gp
-] Ek Mound Gp.

Bregambrian

St Pater Ss. absent

Figure 18. Palepgeology of the pre-St. Peter erosion surface in southern

and eastern Wisconsin.
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in Wisconsin and noxthern Illincis. This emergence coincided approximately
with the development of many new intracratonic structural features as, for
example, the Kankakee Arch (Ekblaw, 1938) and Ozark Dome (Lee, 1943;
Dapples, 1955). A prominent pre-St. Peter positive feature is shown in the
vicinity of Milwaukee in Figure 18. Development of this feature is believed
to be related to the same tectonic activity that produced the Kankakee Arch.

The St. Peter Sandstone was deposited on this erosion surface during the
transgressive phase of the subsequent cycle. It is representative of the
littoral zone. Seaward from this zone deposits of the nondepositional shelf
zone developed. The poorly sorted lithotope that charactexrizes this environ—
ment is manifest in the lower part of the Glenwood Formation (Nokomis Member)
which consists of poorly-sorted, silty sandstone which may be interbedded
with coarse—grained, orthoquartzitic sandstone or with shaly dolomite ranging
from 0 to 100 feet in thickness. Deposits of the argillaceous lithotope '
which characterize the depositional shelf zone are represented by the upper
part of the Glenwood (Harmony Hill plus Hennepin members) which comsists
predominantly of shale ranging from 0 to 30 feet in thickness. In more sea-
ward areas carbonate was deposited in the carbonate zone and is represented
by 'a sequence of overlapping carbonates which include, in ascending order
beginning in southern Illinois, the Dutchtown, Joachim, Platteville, Decorah,
and Galena formations referred to en masse as the "Trenton” formations
(Du Bois, 1945), as the Ottawa Limestone Megagroup (Swann and Willman,
and in Wiscongin, as the Sinnipee Group (Ostrom, 1969).

1961),

Deposition of Cincinnatian clays and carbonates marked the end of cyclic
sedimentation characterized by the quarizarenite-carbonate association in the
Uppexr Mississippi Valley. Although the alternmating occurrence of clasties
and carbonates continued, the clastics of succeeding cycles were dexived in
large measure from the newly emergent eugeosynclinal area of the Appalachian
province (Woodward, 1961; Potter and Pyxyor, 1961).

SUMMARY AND CONCLUSIONS

Upper Cambrian and Lower and Middle Ordovician deposits of the Upper
Mississippi Valley consist of four recurring lithotopes comprising five sedi-
mentary cycles. The lithotopes and depositional zones are: (1) thick-bedded
quartzarenites deposited in the littoral zomne; (2) thin to medium-bedded,

reworked quartzarenites, transitional with overlying and under-
(3) shales or

and (4) carbon-

poorly-sorted,
lying lithotopes and formed in the non-depositional shelf zone;
argillaceous sandstones formed in the depositional shelf zone;

ates formed in the biogenic carbonate zone.

The depositional zone in which each lithotope developed occupied a posi-
tion that was roughly parallel to the shoreline and that migrated over the
shelf landward in response to submergence and seaward in response to emergence.
Each cycle has in its base a quartzarenite which marks the enviromment of the
littoral depositional zone. These are overlain, in turn, by deposits developed
successively farther out to sea, namely those of the nondepositional shelf
zone, depositional shelf Zzone, and carbonate zone. Deposition during emergence
resulted in reversed order of occurxrence.
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Rock units which comprise the five cycles of sediments, in ascending order,
are the: (1) Mt. Simon Sandstone, Eau Claire Sandstone, Bonneterre Dolomite;
(2) Galesville Sandstone Member, Ironton Member, Tunnel City Group, St.
Lawrence Formation; (3) Joerdan Sandstone, Sunset Point Member or EKasota Sand-
stone and Blue Earth Siltstone, Oneota Dolomite (excluding the Sunset Point);
(4) New Richmond Sandstone, Willow River Dolomite; and (5) St. Peter Sand-
stone, Glenwood Formation, and Sinnipee Group. '

The relationships of factors affecting pre-Cincinnatian P@leozoic sedi~
mentation in the Upper Mississippi Valley are summarized in Figure 19.

Source Areg
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Depositional Strike
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Figure 19. Model sﬁmmarizingVrelatipnships of factors which affected pre-
Cincinnatian Paleozoic¢ sedimentation in the Upper Mississippi Valley area.

Deposition of Cambrian and Lower and Middle Ordovician sediments in this area
was on the craton which was situated norxrthwest of the Appalachian geosyncline,
and on which were located more rapidly subsiding intracratonic basins and
essentially stable arches and domes., It is believed that the lithic cycles
are the product of repeated emergence, which was caused by rejuvenation of
tectonically positive portions of the cratom, and submergence, which resulted
from subsidence of the geosyncline and of the neighboring shelf area of the
cyaton.

The paleoslope of the area remained constant throughout the time of depo-
sition of these sediments and had a dip to the southeast in the direction of
the geosyncline. The dominant direction of sediment transport was to the
south and southwest roughly parallel to ancient shorelines.

Regressive phases are identified in Cambrian cycles in the area but are
unknown in Ordovician cycles. It is suggested that active subsidence of the
Illinois—Michigan Basin during shelf emergence at the close of the Cambrian
Mt. Simon and Galesville cycles allowed deposits developed during regression
to beé lowered beyond the reach of subsequent erosion.
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The Jordan and New Richmond cycles of the Lower Ordovician differ fxrom
previous cycles, and from the succeeding St. Peter cycle, in that their shale
or argillaceous sandstone lithotopes, representing the depositional shelf
zone, are poorly developed. Development of this lithotope in the other cycles
is thought to have been caused by coincidence of the depositional shelf zone
with the actively subsiding basin area which received large amounts of clastic
sediment from a land area of moderate relief during regressicn. Poor develop-
ment of the arxgillaceous lithotope in the Jordan and New Richmond cycles is
interpreted to mean that the depositional shelf zone did not regress as far
south as the subsiding basin, that the land area exposed to erosion was lower
and less extensive than at previous times of regression, and consequently,
that less sediment was delivered to the shelf.

The results of this study are the basis of a working hypothesis being
used by the Wisconsin Geological and Natural History Survey for interpreting
problems of Cambrian and Ordovieian stratigraphy and sedimentation. It is
not meant to infer that conclusions drawn from this study are final. How-
éver, use of the cyclical hypothesis provides a rationale to explain strati~
graphic relationships which have hithexto been poorly known on the local and
regional scale, as well as to define geologic problems for additional in-

vestigation.
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PRAIRIE DU CHIEN GROUP IN THE UPPER MISSISSIPPI VALLEY
by '
Richard A. Davis, Jr.
Department of Geology
Western Michigan University

INTRODUCTION

The first descriptiom of rocks comprising the Prairie du Chiem Group was
made by D, D. Owen (1840, p. 17) who named these strata "Lower Magnesian
Limestones” which included all rocks between the "lower sandstone” (Jordan
Sandstone) and the "upper sandstone” (St. Peter Sandstone). Since then there
has been considerable confusion and misinterpretation of the character and
distribution of rock stratigraphic units in the Prairie du Chien Group result-
ing in a chaotic literature due to broad and hasty conclusions drawn from re-
stricted investigations. A regiomal study of the entire Prairie du Chien Group
in the Uppexr Mississippi Valley (Davis, in press) provides a logical and workable
solution to this confusion (Figuze 20). :
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 JORDAN SS.

Figure 20. Lithostratigraphic classification proposed for Prairie du
Chien Group (Davis, in press).

The results of this study indicate the need for changes in the definition
and nomenclature of rock stratigraphic umits within the Prairie du Chien Group.
The nomenclature and definition ot those units as presented here and in a more
lengthy companion paper (Davis, in press) is different than any that has been
previously proposed. The revised c¢lassification, which is based on lithologic
variations, provides a meaningful basis for classification of these strata.
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All units in the revised classification are easily recognized and can be traced
throughout most of the outcrop area of the Upper Mississippi Valley. The term
group is retained for the strata between the Jordan and St. Peter Sandstones
as is the name Prairie du Chien as designated by Bain (1906) (Flgure 21). The
group is conveniently divided into two récognizable and distinct mappable form-
ations, the Oneota and the overlying Shakopee. These formations are separated
by an unconformity and each is comprised of two members (Figure 20).

This study has been financed by the Wisconsin Alumni Research Foundation,

- the Society of the Sigma Xi, the Wisconsin Geological and Natural History
_Survey, and the Western Michigan University Faculty Research Fund.

STRATIGRAPHIC LIMITS OF THE PRAIRIE DU CHIEN GROUP

The base of the Prairie du Chien Group has generally been considered to
coincide with the Cambrian-Ordovician boundary although the biostratigraphy
has not been worked out in detail. The poor presexvation and sparse occur-
rence of fossils have limited the scope of paleontological studies. However,
significant studies were made by Sardeson (1896), Ulrich (1924), Powell (1933},
and Stauffer (1937a, 1937b). The Prairie du Chien Group is commonly equated
with the Lower Ordovician, Canadian Seyxies, but recent studies of Praixie du
Chien conodonts at the University of Wisconsin indicate that these strata are
Tremadocian in age (D. L. Clark, personal communication). As yet it has not
been resolved as to whethex thlS stage is latest Cambrian or earliest

Ordovician,

The contacts at the base and top of the Prairie du Chien are abrupt.
The basal contact occurs between the friable, well-sorxrted, cross-bedded,
medium quartz sandstone of the Jordan Formation (Van Oser Member) and the
carbonate-cemented quartz sandstone of the overlying Prairie du Chien Group.
The basal Prairie du Chien is a dolomite-cemented, medium—bedded, medium
gquaxtz sandstone that is more pooxly sorted than the underlying Jordan. The
contact is also marked by distinct change in weathering profile such that the
dolomitic Prairie du Chien beds form a ledge over the friable upper Jordan

(Stop #S)n

The upper boundary of the Prairie du Chien is easily recognized but
exposures are limited in the Upper Mississippi Valley. The boundary is an
erosion surface with local yelief up to 350 feet which explains the absence of

the entire Prairie du Chien Group at some localities.

ONEOTA FORMATION

The Onecota Formation was named from the Oneota River (now Upper Iowa
River) by McGee (1891, p. 331) who applied it to the "Main body of limestone”
within Owen's (1840) Lower Magnesian limestone. McGee (1891; p. 332) de-
signated the term to include the "'magnesian and arenaceous limestone" above
the Potsdam (Jordan Sandstone) and below the New Richmond which he included

in the St. Petexr Sandstone.

The Oneota as defined by McGee, and as used here, includes all of the
dolomitic quartz sandstone, sandy dolomite, and dolomite above the pure
quartz sandstone of the Jordan and below the New Richmond Member of the
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Figure 21. Development of nomenclature for

the Prairie du Chien Group in the Upper Mississippi Valley.

Le



e

_—

———

—

[

—

38

Shakopee Formation. It is lithologically distinct and easily recognized. Its
thickness reaches a maximum of more than 200 feet in northeastern Iowa. The
lower boundary is at an abrupt lithic and profile change, and its upper limit
is an erosion surface where thexre is also a distinct lithic change.

_ - Past workers have considered the dolomitic quartz sandstone and sandy
dolomite of the lower portion of this formation to be a separate formation
(Raasch, 1935), a part of the Jordan Formation (Stauffer, 1927; Trowbridge

and Atwater, 1934; Ostrom, 1965, 1967; Melby, 1967), or a formation or member
in the Trempealeau unit (Twenhofel, et. al, 1935; Raasch, 1952; Raasch and
Unfer, 1964). It is the author's opinion, based on McGee's original definition
and the results of this study, that these lower sandy strata should be included
in the Prairie du Chien Group and more specifically in the Oneota Formation.
These sandy strata are sedimentologically related to the overlying pure dolo-
mites and together form a distinct and easily mappable unit.

Stockton Hill Member

The Stockton Hill Member (Davis, in press) of the Oneota Formation is
named from excellent exposures in reoadcuts in Stockton Hill along U.S. Highway
14 west of Winona, Minnesota. It includes all of the dolomitic guartz sandstone
aboﬁe the Jordan and below the pure deolomite of the overlying Hager City
Member. It is transitional between the homogemous lithic character of the
confining units. Oolites, algal stromatolites, intraclasts, chert, and glau~
conite occur at various horizons in the Stockton Hill Member throughout the
study area. Although there is considerable heterogeneity within the unit,
its strata are distinct from adjacent units (Figure 22). Lithology and bedding

N SE
wisC MINN l 1WA ’ wise
—190'
e T e
: R .
oo BRAIN SPARITE FACIES
LW
52 —-350
5
E
a _F
e
_ _Z DTN
w
..
z
=3
- §
L T —50
g %tz e = =TT oy
§ 5 e ms I B S —
£ % o
[ —
T o—— GRAIN SPARITE  FAGIES - T it
- o

noc
sl
f
/
/

e INTERBEDDED S

Figure 22. Generalized facies relationships in the Prairie du Chien Group.

character of the Stockton Hill is similar to the Willow River Member of the
Shakopee Foxrmation however the Stockton Hill contains more guartz than the
Willow River. The unit ranges in thickness from a few feet over the Wisconsin
Arch (Figure 22) to more than 50 feet.in the Mississippi River area.
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The lower portion of the Stockton Hill, the so-called "'beds of transition”
has been the source of considerable confusion in the literature due in part to
the fact that Ffossils were used to establish rock stratigraphic boundaries and
the rocks were not considered in a regional sense. These beds, located between
the quartz sandstone of the Jordan and the sandy dolomite in the Oneota of most
authors were initially called the Madison Sandstone by Irving (@Q875). 1In 1934
Wannemachey, Twenhofel, and Raasch modified Irving's definition. Raasch (1851)
proposed that the term Madison Sandstone be replaced by Sunset Point because of
confusion with the well-established Madison Formation (Mississippian) of

Montana -and Wyoming.

In the author’s opinion the Sunset Point is extremely difficult to identify

and cannot be recognized consistantly in the field or subsurface. In Raasch's

definition of the Sunset Point (1935, p. 314) he stated that:

"The upper boundary of the foxrmation lies at the line of separa-
tion between the fine-grained, well-sorted, and in many cases very
fiymly indurated dolomitic sandstones below and the prominent cobble—
couglomerates or ill-sorted, calcareous sandstones and green glauconitic
siltstones above. These latter rocks mark the base of the Ordovician

Oneota formation...'

According to McGee's original designation and the character of the basal Oneota
in northeastern Iowa, Raasch's Sunset Point should propexly be included in the
Oneota Formation. The reasons for separating the Sunset Point from the Oneota
(and therefore from the Prairie du Chien Group) appear to have been based on

the occurrence of Cambrian trilobites in these strata and on what Raasch
believed to be an erosional unconformity at the top of these strata.
can find no phySical evidence for such an unconformity at this horizon.

In a study of the Stoddard Quadrangle in Vernon County, Wisconsin, Raasch
(1952) described a Sunset Point - Oneota boundary and four members within the
Oneota Formation on the basis of lithologic criteria such as oolites, chext,
algal stromatolites and subtle changes in sorting and grain size. It was his
belief on the basis of this study, plus many years of experience in the Uppei-
Mississippi Valley area, that these criteria could be used for correlation

in the lower Oneota.

Raasch's boundary between the Sunset Point and Oneota could not be con-
sistently used in the field nor in the subsurface during the course of the
present regional study. Thus it is believed that these sandy dolomites and
dolomitic quartz sandstones should be combined with those which occur above
it in the base of Raasch's Oneota into a single lithostratigraphic unit. This
unit can be recognized in the field and subsurface, and is genetically and
environmentally related to the overlying pure dolomites of the Oneota. The
name Stockton Hill Member is therefore designated (Davis, in press) to include
all strata between the pure quartz sandstone of the Jordan Formation and the
pure dolomite of the upper Oneota Formation. This unit is equivalent to
Raasch's (1951, 1852) Sunset Point Member, Hickory Ridge Member, and all but
the upper few feet of the Mound Ridge Member (Figure 21)}. :

Hager City Dolomite Member

The Hager City Member overlies the Stockton Hill Member and is the upper
member of the Oneota Formation. It is named (Davis, in press) from exposures
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in roadcuts along H. S. Highway 63 north of Hager City, Wisconsin. The Hager
City Member is mineralogically homogenous with only minor amounts of cheft,
shale, and secondaxy calcite in an otherwise pure dolomite. ©Small percentages
of silt and fine sand~sized quartz occur near the area of the Wisconsin Arch
and one thin discontinuous bed of guartz sandstohe occuxs near Hager City,
Wisconsin.. In northeastern Iowa the Hager City Member reaches its maximum
outcrop thickness of 180 feet. It thins to less than a hundred feet to the
north and east and thickens to several hundred feet in the subsurface to the

south and southwest. .

The Hager City is a medium crystalline saccharoidal dolomite in most
There is little oolitic oxr intraclastic dolomite in most of the out—
The most diagnostic feature in hand specimen is the absence of
Cutcrops of Hager City strata are conspicuous by their thick

places.
crop area. .
detrital quartz.
or poorly bedded character, rough weathering, cavernous zones of poorly pre-

served algal stromatolites, and in many areas, large secondary calcite crystals.

Although the fauna of the Oneota Formation has been studied intensively
{Saideson, 1896; Powell, 1933), it is meager and poorly preserved so that Hager
City fossils are of questionable value to the stratigrapher. A few thin beds
with small molds of fossil fragments are present at most exposures.

ONEOTA~ SHAKOPEE CONTACT

For several decades there has been disagreement over the character and
significance of the contact between the Oneota Formation and the New Richmond
Member of the Shakopee Formation. Earlier workerxs considered the contact to
be an unconformity as evidenced by paleontology (Stauffer, 1937b; Furunish,
1938) and physical criteria (Ulrich, 1924; Andrews, 1955). Ulrich (1924)
designated this contact as the boundary between his Ozaykian and Canadian
systems. Recent workers are divided in their opinion in that Heller (1956) and
Shea (1960) believe the Prairie du Chien sequence represents continuous depo-
sition. On the basis of a regional historical interpretation of Cambrian and
Ordovician sedimentation Ostrom (1964) bhelieves the sequence is interrupted
by an erosion surface. This has been substantiated by field evidence (Davis,

1968).

A variety of observable physical criteria indicate that the Oneota -
Shakopee contact is an erosional unconformity at most exposures. The lack of
detailed paleontological data prohibits an estimate of its time significance
but it is thought to be minor. Evidence for erosion on the upper Oneota

surface includes:

1. Up to several inches of relief on the Omneota.

2. Local truncation of Oneota strata.

3. Abrupt change in lithology (Figure 22).

4. Loeal basal conglomerate with fragments of Oneota-type lithology.

SHAKOPEE FORMATION

Strata which occur between the Oneota Dolomite and the St. Peter Sandstone
comprise a distinct and recognizable mappable unit throughout most of the out-
crop area in the Upper Mississippi Valley (Davis, 1966).
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At most exposures two distinet lithic units can be recognized within this
formation. The lower is a pure quartz sandstone in the central poxtion of the
outcrop area (northeastern Iowa and southeastern Minnesota) but displays a
promirent change in facies to the north and east of the area (Figure 22}. In
these regions it is interbedded quartz sandstone, sandy dolomite, and gray~green
shale with some colites, intraclasts and algal stromatolites (Figure 22). This
unit is the New Richmond Member.

Above the New Richmond is the Willow River Member, a sequence of sandy
dolomites containing significant amounts of oolites, intraclasts, algal stroma-

tolltes and some chexrt.

These two members are identifiable thxoughout most .of the outcrop area
exXcept for the northwestern edge of the Upper Mississippi Valley region. The
general lithologic similarity in much of the three state area makes subsurface
distinctions difficult unless the New Richmond is a relatively pure quartz

sandstone.

Thickness of the Shakopee Foxmation is_largely controllied by pre-St. Peter
erosion. Maximum cutcrop thickness observed is about 100 feet in southeastern

Minnesota neax the city of Lanesboro.

New Richmond Memberx

The New Richmond Member of the Shakopee Formation exhibits moxre lateral
change than other units in the Praixie du Chien. In the central area it is a
pure quartz sandstone (Fig. 21) and reaches its maximum outcrop thickness of
near 50 feet. Adjacent to this region to the north and southeast the New
Richmond is composed of interbedded quartz sandstone, sandy dolomite, and gray-
green shale with some oolites and algal stromatolites. In these regions it
thins considerably and is only six feet thick at some locations. This facies
change occuxs in less than 20 miles and was cause for confusion by earlier

workers.

At exposures where the New Richmond and the overlying Willow River exhibit
similar lithologies there is little difficulty in distinguishing between the
two units (Stop 12). The New Richmond is characteristically bounded by gray-
green shale beds and thus stands out well on a quarry face.

Willow River Membex

Sandy and intraclastic dolomite, algal stromatolites and colitic¢ dolomite
with minor amounts of gray~green shale and quartz sandstone characterize the
Willow River Member. Each of the above lithic types is present throughout the
outcrop area with algal stromatolites abundant in the southeastern portion.
Thickness of the Willow River is controlled by the pre-St. Peter erosion sur—
face which cuts through the entire Prairie du Chien at some locations.

Maximum thickness exposed is 60 feet.

Cne of the most discussed problems in past reports on the Prairie du Chien
is that of distinguishing between the two dolomite units, namely the Hagexr City
and Willow River members. Previous investigators have expressed the opinion-
that the two units are essentially identical. However, the Hager City and
Wililow River can be recognized on the basis of their outcrop appearance and
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lithology. The following criteria apply:

1.

o

The Hager City Member is massive to poorly-bedded with a generally
rough surface whereas the Willow River is commonly medium to tThin-
bedded.

The Hager City is generally a coarser grained dolomite than the
Willow River. :

‘The Hager City does not contain detrital quartz whereas the Willow

River has at least a few guartz grains at almost every horizon.
This is the best single distinguishing criterion.

There are generally well preserved algal stromatolites in the.
Willow River. :

Intraclasts and oolites are less common in the Hager City than in
the Willow Rivex.

The Hager City commonly contains larxge calcite crystals and/or vugs
lined with drusy quartz. Neither of these are found in the Willow

River.

42
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PLATE I. PFPhotomicrographs showing textures and structures
in rocks of the Prairie du Chien Group.

A. Grain Sparite; well-sorted and rounded grains which have no preserved
internal structure, but were probably biogenic:. (Hager City Member,
Oneota Formation).

B. Medium~coarsely Crystalline Dolomite; well defined dolomite rhombs which
show some zoning, These are probably dolomitized and recrystallized
grain sparite. (Hager City Member, Oneota Formation.

C. Intraclastic Grain Sparite; poorly-sorted, heterogenous mixture of graius,
aphanocrystalline intraclasts, with sparry cement. (Hager City Member,
Oneota Dolomite).

D. Algal Biolithite; thin and regularly laminated algal stromatolite.
. (Willow River Member, Shakopee Formation).

E. Oosparite; sorted oolites which have lost most of their internal structure.
Several have quartz nuclei and composite and quiet water oolites (arrow)
are present. (Willow River Member, Shakopee Formation).

F. Quartz Sandstone; moderately well-sorted and rounded, medium—grained
and friable with a few chert fragments (New Richmond Member, Shakopee

Formation).

G. Conglomeratic Quartz Sandstone; basal quartz sandstone of the New Richmond
Member containing fragments of Hager Clty Dolomlte (New Richmond Member,

Shakopee Formation),

H. Contact between Hager City Member of Oneota Formation and the overlying
New Richmond Member of the Shakopee Formation. Truncation of dolomite
grains can be Seen along the contact.

Note: The scale on all photographs is 1.0 mm except for H which is 0.25 mm.

W
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Plate I[. Photomicrographs showing textures and structures in rocks of the
Prairie du Chien Group.
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STRATIGRAPHY AND SEDIMENTATION OF CAMBRIAN AND ORDOVICIAN ROCKS
IN WESTERN WISCONSIN

ROAD LOG

Total Mileage

Mileage Between .

. 0.0 . 0.0 - Main entry to Irvine Park off of U.S. Highway 53 neax
north side of City of Chippewa Falls. Enter Park and
proceed straight ahead (west). Refer to figures 1-6 for
geologic and geographic orientation.

0.2 0.2 . Cross bridge and turn right. . Proceed 0.5 miies-north past
~ 'zoo and picnic areas and stop near bridge on right.

0.7 0.5 STOP 1 (M.E. Ostrom). Stream cut in east bank of Duncan

Creek just north of first bridge south of Glen Lock dam in
Irvine Park near the north city limits of Chippewa Falls
(Figure 3) and in the NWi, SW;, sec. 31, T.29N., R.8W.,

Chippewa County (Chippewa Falls 15' topographic quadrangle,

1936) . : L _ _
Exposure can be reached by following foot path from
northeast side of bridge northward for about 100 yards.

~.The Mt. Simon Sandstone, presumably the oldest Cambrian formation in
Wisconsin, here rests unconformably on weathered Precambrian gneissic granite.
This relationship with the Precambrian persists throughout the Paleozoic area
of the state except that rock type and altered condition of the Precambrian vary.

Thwaites (1957) constructed a map (Figure 3) based on existing subsurface
data to show configuration of the Precambrian surface. Lack of data prevents
construction of a coherent "buried" Precambrian geologic map, however drill cut-
tings reveal that a wide variety of igneous and metamorphic rock types occur
beneath the Paleozoic cover. Among the rocks reported are granite, diorite,
quartzite, gneiss, schist, iron foxmation, rhyolite, basalt, siate, shale, and
greenstone. ' ' .

The Mt. Simon Sandstone is believed to have been deposited in a2 mavine
littoral and nearshoxe environment by a transgressing sea which migrated from
southeast to northwest over a weathered and eroded Precambrian rock surface

(Ostrom, 1964a).

"The areal extent of such deposits in the Gulf of Mexico today is limited
to the length of the shoreline and a maximum width of about 20 miles (Van
Andel and Curray, 1960). The Cambrian and Ordovician sandstones are believed
to be a result of spreading out littoral deposits as blankets during trans-
gression (Ostrom, 1964a). For example, Calvert (1962) shows that the Mt. Simon
or its lithostratigraphic equivalent the Erwin Sandstone, overlaps to the north-
west from Tennessee to Wisconsin, that it was deposited during a period of trans-—
gression, and that its age is Early Cambrian in Tennessee and Late Cambrian in

Wisconsin.
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MT. SIMON FM.

MT, SIMON FM.

PRECAMBRIAN

STOP 1
IRVIN PARK OUTCROP

- Nw},SW},Sec.31,T.29N. ,R.8W,

Ea gt Scale
e . In Feet
il 60
et T
SRR Very coarse to fine-
i grained. Thick-bedded. |
a1 e

Coarse to Pine-grained.

Some 1lsnses and thin beds
of sandstone.

Fine to very coarse-grained.
Very fine to cosrse-grained. Silty
abundant trail msrkings.

Vary coarse to medium-grained, little
fine, Thigk-bedded, Pebble quartz.

Very coarse to mediwm-grained. Pebble
quartz. Thick-bedded.

Coarse to fine-grained, little very coarse. 2

Pebbles looally. Thick-bedded,
Yory coarse to medium. Pebbles aartz.
Thiok bed.

Medium and fine-grained, litile coarse
near top. Thick-bedded.

Vory coarse to medium, little fine.
Silty. Pebbles quartz.

Gneissio granits, partially alﬁred
to slay in upper 3'.

Nageribed by ME. Ostrom (1986)
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Key tc Symbols Used in Stop Diagrams

Sandstone _ _Clay

Vary fine and fine

Madium A @] Algae
s Coarse
TN Very coarse Chert

ig::o Cong lomerate QOolitic chext

e e Colites

Intraclasts

Biltstone Lj_i_d Buxrows
Shale Glauconite
-Ezziﬁﬂ ﬁolomite Vugs

Eﬁiﬁiﬂ Limestone Phosphatic pellets
[<7._] Dolomitic

Dolomite with

EEE;EQ solution cavities

e

Cfoss~bedding

The Mt. Simon has been considered to be predominantly a quartzarenite
with minor shale, siltstone and fine conglomerate and minor feldspar (Crowley-
and Thiel, 1940; Potter and Pxyor, 1960). However, in 1968 a study sponsored
by the Wisconsin Geological Survey and used as a PhD dissertation by Virendra
Asthana revealeéd that the feldspar content of the Mt. Simon Sandstone averages
18% of which 81% is potash feldspar, 10% is plagioclase feldspar and 9% is
microcline., The range in feldspar content reported is from 2.85% to 40.07%.
Asthana reports that all of the microcline and plagioclase grains are detrital
as are a part of the potash feldspar grains. Authigenic orthoclase is very
common but occurs as rhombic overgrowths on detrital grains. On this basis
it appears that the Mt. Simon contains far more feldspar than has been pre-
viously noted which fact helps to distinguish it from other Upper Cambrian and
Ordovician sandstones in Wisconsin.

The source of the Cambrian sands has long been an enigma. Without going
into a lengthy discussion of the various hypotheses involving weathering and
long transport of eroded Precambrian rocks to produce a relatively clean
gquartz sand it should be pointed out that there is a ready source awvailable,
namely dquartzites of Precambrian age. Distribution of the Baraboo Quartzite
today is probably the result of a combination of factors including local and
regional variations in intensity of metamorphism, disintegration, and erosion.
It has been noted (Ostrom, 1966) that the Baraboo Quartzite disintegrates by
some natural process to yield already rounded monocrystalline quartz sand grains
and that this and similar quartzites may have been z major source of sand found
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in Cambrian and Ordovician rocks of the region. Figure 23 is a picture of a
quarry located near North Freedom, Wisconsin, and shows steeply tilted beds

Galesville Ss.

Baraboo Qtzt.

Figure 23. Unconformable contact of Galesville Sandstone with Precambrian

Baraboo Quartzite in quarry located southwest of North Freedom near hamlet
of LaRue in Sauk County, Wisconsin. Here weathering of the quartzite re-

leased rounded quartz grains which went to make up the Galesville Sand-

stone.

An excellent example of a Cambrian beach deposit.

of quartzite, weathered in the upper few feet, overlain by flat-lying beds of
the Galesville Sandstone. Other quartzites exhibit similar disintegration,
namely the Rib Hill and Barron in Wisconsin and the Sioux in Minnesota (Austin,
The fact that these quartzites are extensive, thick, and weather to
yield already rounded quartz grains suggests that they may have been a major
source of sand supplied to Cambrian and Ordovician seas.

1969).

11.4
12.1
14.7
14.8
15.9

16.0

Return to park entrance.

Stop sign. Entry to Irvine Park. Turn right (south)
on U. S. Highway 53 and proceed to Eau Claire.

Cross Chippewa River.

Enter city of Eau Claire.

Enter Eau Claire County.

Take ramp on right before underpass to County Highway ''Q".

‘Stop. Turn west (right) and follow to stop sign.

Stop sign. Turn north (right) on Dewey Street.

Turn west (left) on Eddy Street and follow across rail-
road bridge.
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16.4 0.4 Stay to left on Sheridan Road.
16.7 0.3 Turn diagonal north (right) on Snelling Street.
17.1 0.4 STOP 2 (M.E. Ostxom). Type section of the Mt. Simon

Sandstone formation. Exposure in bluff of Chippewa
River and in hill called Mt. Simom in the City of

Eau Claire in the SW}, SWi, sec. 8, T.27N., R.9W., Eau
Claire County (Elk Mound topographic quadrangle, 1934).
Section includes all rock exposed from top of hill
called Mt. Simon noxthward to base of river bluff.

The Mt. Simon Sandstone at its type exposure grades upward from well-sorted,
thick-bedded, coarse-grained, sandstone in the lower part to finer-grained,
thinner-bédded, transitional beds at the top. Although the formation contains
brachiopod shells in its upper few feet it is assigned to the Mt. Simon rather
than the Eeu Claire on the basis of lithologic similarity. The Mt. Simon is
assigned a Dresbachian age because it is transitional with the overlying Eau
Claire Formation which has a Dresbachian fauna (Crepicephalus and Cedaria).

: Older mineralogical analyses of the Mt. Simon at this site indicate a range

in feldspar content of from 2.06% to 5.0% (Stauffer & Thiel,; 1941; Crowley &
Thiel, 1940; Potter & Pryor, 1961). However, a recent study by Asthana (1968)
sponsored by the Wisconsin Geological Survey shows that the range in féeldspax
content of samples collected at regular 5-foot intervals from this exposure is
from 1.4% to 40.0% with an average of 17.5%. Combined plagicclase-microcline
percentages range from 0.864% to 12.7%.

Predominant heavy minerals in the Mt. Simon Sandstone are ilmenite, leuco-
xene, zircon, tourmaline, and garnet (Tyler, 1936). '

The overlying Eau Claife Formation where sampled near its base at Mt.
Washington  (type section of the Eau Claire Formation) has a minimum feldspar
content of 42% and a combined plagioclase/microcline content of 12%.

The only other mineralogical information available on the Eau Claire
Formation is an analysis by Potter & Pryor (l961) which indicates 12.5% feld-
spar in outcrops near Merrillan in northwestern Jackson County. Othexr analyses
from scattered outcrops of the Eau Claire show variable amounts of tourmaline
and zircon, ilmenite, magnetite, and garnet,but all are present.

Of particular interest at this exposure are the transitional beds which
are also well-exposed at Stop 3. These have been recognized at many outcrops
in this vicinity but have not been traced to other areas due to lack of out—
crops revealing this part of the section.

The transition beds are bhelieved to have foxmed in a nearshore marine
enviromment located seaward of the beach . The transition beds are character—
ized by wide range in grain size from clay to very coarse sand and granules,
well-defined bedding, different lithology from bed to bed, uniform lithology
of individual beds; and by vertical burrows which are confined to cextain beds.
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STOP 2
MT. SIMON OUTCROP
.Lower Level
SW%,Sw%,Sec.8,T27N.,R.9W.

Texrace level
parking area

2

62 _covei-é&' to base
of Upper level

Coarse-greined, Coarsest grains.
concenirated along bedding planes.

MT, SIMON FM.

Pine to very cozrse. -

Basssads e
Medium and ccarse—zreained.
- ~Medium and cotrse- od )

Fine and medivm-grainede Fireed surfase, oo
Vary coarse to very fine, Thick-bedded. [
Finer-greined in basal 1 foot. T

Yory fine to very soarss-grained.

Thick-bedded, i
' . LSV -“"‘.-f-f
Coarse to fine-grained, Thick-bedded. /:‘/ :,:./_

Coarse to fine-grained,
1ittle very coarse.
Thick-bedded.

Coarse to fina-greined.
Madlium to very fine-grained.

Fine to very coarss,. Thick-bedded.
Madiun to very fine.

Fine to very coarse-grained, Thick-bedded.

Madium to very cosrse-grained. Color banded.
Thick-bedded,

Madium to cosrsa-grained. Thick-bedded,
Visconsin - .
River

o gt

Horizontal to vertioal scale approx, 1:3
31' to Precambrian gmeias :

Refer to STOP 1 for key to symbols Desoribed by M, E, Ostrom and V, Asthaua,
modified from Ostrom {1966).
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Scale
In Feet
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STOP 2
MT. . SIMON OUTCROP
Upper Level Scale
SW%,8W%,Sec.8,T. 27N, ,R.9W, In Feet
: Noxth- - -

MT. SIMON FM.

Coarse-grained. Thisk-bedded. Obolus namoune common. These
rocks were agsigned to the Esu Clairs Fm., by Twenhofal
et al {1925, p.453).

Medium and fine-grained with some coArde, cotrszer
toward top.
Fine and very fine-grained.
Fine and medium-grained, Thick-bedded,
Fine and very fine-grained., Thick-bedded.
Very fine-grained with white brachioped fragments.
- Goarse—grained with litile very coarse and medium
Vory fine-grained, silty. o

210

Comrse-grained, with 1ittle very coarse, Thick-bedded,

200

Coarse to very fine-grained,  Silty. R A%
c s'o-%aimd with little very coarse, Thick-baddeds ==,
monite, »ipple warks and gray mottling at top. /=it

Coarse to vorj fine-grained, sility.

Fine-grainad, silty.,

190 7

Coarge to very fine. Silty.
Thick-bedded.

Coarge-grained with Iittls medium
and fine, Some trail markings,

Comrse-grained. Thick-bodded. Weathers to 176
irregular beds,

627 coversd to top of lower level.

T 160

150

Horizontal to vertisal Scals approx. 1:3

Refsr %o STOP 1 for key to symbola _ Described by M, E, Ostrem & V. Asthana,
 modified from Ostrom (1966).
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Retrace route to U. S. Highway 53 (mileage 14.8).

19.4 | 2.3 Turn south (right) on Highway 53.

21;4 2.0 ‘Bridge over U. S. Highway 12.

24,2 - 2.8 Bridge over Interstate Highway 93.

24,5 0.3 Turn west (right) on County Highway "rr'

24.7 0.2 Proceed straight west where "II" tuins south.

25.0 .0"3 §E9£d3 (M. B. Ostrom). Beginning of exposuxes of Mt.

Simon and Eau Claire formations in roadcuts on east-west
asphtalt road 0.8 miles due west of junction of U.S.
Highway 53 with County Highway "II". Located south of
Fau. Claire on the north line of the NW}, SEX, sec. 2,
T.26N., R.9¥., Eau Claire County. {(Chippewa Falls

topographic quadrangle, 1936).

At this exposure the contact relations of the Mt., Simon and Hau Claire
formations are clearly shown. The Mt. Simon consists primarily of medium and
coarse-grained sandstone with some fine-grained sandstone. The upper approxi-
mately 20 feet of the formation consists of transitional beds composed of
particles ranging in size from silt to granules. Certain of these beds are
thoroughly burxowed. The upper few feet of the transition beds commonly

contain brachiopods.

The Eau Claire Foxmation is distinguished from the Mt. Simon by its
generally finer grainVSize and thin-bedding, and.by the presence of glauconite,
trilobites, and abundant shale. Commonly the contact is marked by iron oxide

' enrichment in a zone about one foot thick.

. In a recent study of the Eau Claire Formation in western Wiscomnsin spon-
sored by the Wisconsin Geological Survey and used by Bradford Morrison (1968)
for a Master's Degree at the University of Wisconsin it was determined that
the Bau Claire could conveniently be subdivided into 5 laterally pexrsistent

lithologic units which are:

E. Upper Thick-Bedded Unit. Sandstone, fine and very fine-grained,
thick to medium-bedding, glauconitic; Upper upit at STOP 4;
missing at STOP 7. About 20' thick.

D. Upper Thin-Bedded Unit. Sandstome, fine and very fine-grained, thin
distinct bedding, very glauconitic. Described as "usually missing
from sections.” Lower Unit at STOP 4 and upper unit at STOP 7,

About 15' thick.

C. Lower Thick-Bedded Unit. Sandstone, fine and very fine-grained,
thick-bedded, locally very glauconitic. A few very clay-rich
irregularly-bedded units separating the more characteristic thick-
bedded units. Thick-bedded unit at entry at STOP 7. About 25' thick.
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STOP 3 _
TOWN ROAD EXPOSURE Scale

1 L26N, ,R.8W.
NW3, Vcl.z,T 26N, ,R.8 I%OF?et

Fine and very fins-grainsd. Atumdant
brachiopod and trilobits fragments
parallsl to bedding,

EAU CLAIRE FM.

" bedded, Contains fozsil brachiopods,
Hyolithes and trilobites (Cedaria).

Approximate road
lovel at top of hill
¥ A 4

Sand greinz are fine and very fine,
Mioa abwmdant on parting surfaces,
Brashiopod shells and irilobites
{Cedaria) abundant in certain beds,
egpacially lower &%, Imen oxide en-
richment in lower &%, Shals of this
wnit appesars to grade Interally to west
into lithology similar 4o overlying .
sandstone,

Fine. to coarse-gralned., Limonite
= gement. Abundsnt fosgila,

EAU CLAIRE FM, fossils, Limonite in basal &4,

MT., SIMON FM.

Very coapse to fine-grainsd. Thigk~-
bedded, Many beds show evidence of

Road level at east
end of expesure

Refer to STOP 1 for key to symbola Pesoribed by M, E. Ostrem

Fine %o very fine-grained. Thin to mediwm— n _

Fine-greined, Thin-beddod. Aht:nda:nt

Medivm #.nd conrse—greined, 'l'hiok‘.-‘ﬁedded.
Wnite brachioped shells in upper B3Y. 50

59

20 -

10 -

o |

———t M [——

[N,




S e b

e o . - s i

[

[

[—

54

B. Lower Thin-Bedded Unit. Sandstone, fine and very fine-grained, mizxed
thin and thick beds, thin beds regular and distinct, glauconitic,
high clay content, mica common. Abundant fossils and trail markings.
Unit at top of exposure at STOP 3 and at path level and below springs
at grotto at STOP 7. About 20' thick.

A. Shaly beds. Shaly sandstone and shale, very fine and fine-grained
and,  very thin-bedded, individual beds often indistinct and seldom
over 3" thick. Abundant fossils and trail markings. Lower unit at

STOP 3. About 15" thick.

Whereas the transition beds in the top of the Mt. Simon are believed to
have forxmed in a nearshore environment located near to but seaward of the beach
the Eau Claire Formation, by way of contrast, is believed to have formed in an
offshore area of lower energy located seaward of the nearshore environment.
This interpretation, is suggested by uniform but thin and laterally persistent
beds, presence of glauconite, presence of marine animals in a variety of foims
and abundant trail markings, and small scale cross-bedding. Bedding character
is- intexpreted to indicate brief episodes of higher energy and the increase in
carbonate content indicates condltlons of 11ght and water depth were conducive

to foxmatlon of cazbonate

‘The history suggested by these rocks is one of deepening waters probably
caused by subsidence of the land surface and northward transgression by the
sea over the land (Ostrom, 1964a). Thus beach deposits (thick-bedded Mt. Simon)
are mantled by nearshore deposits (transitional Mt. Simon) which are in tuxn
mantled by offshore deposits (Eau Claire). A recurrence at higher levels of
any of the lithologies noted would indicate regression. That this happened can
be seen at STOP 4 whexe the Mt. Simon lithology is repeated in the Galesville

Sandstone Formation.

25.3 0.3 Roadcut on south side exposing contact of Mt. Simon
and Eau Claire formations.

25.5 0.2 Roadcut at top of hill exposing Eau Claire Formation.

25.6 g.1 Roadcut on north side and at west end exposing Eau Claire/
Mt., Simon contact. Proceed west to junction with

State Highway 93.
26.7 1.1 Stop sign. Junction Highway 93. Turn south (left).

26.8 0.1 Abandoned quarry in Mt. Simon and Eau Claire on east
side of_road (left).

32.3 5.5 Junction with County Highway "HH".

33.9 1.6 Exposures of Wonewoc Formation for next 2 miles.

37.4 3.5 Exposures of rocks of Tunnel City Gioup for next mile.

38.9 1.5 Exposure of contact of Wonewoc Formation with Lone Rock
Formation.,

39.5 0.6 Exposure Eau Claire Formation.
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40.4

40.8

44.9"

45.7

46.5

41.8

49.0

49.5

50.0

50.4

1.2

0.5

-Enter Village of Eleva.

Stop signu-_Tufn east (left) on Stéte Highway 10.

Enter Strum. Turn south (right) on County Highway "D".
Turn East and follow County Highway "D". Note asphalt
plant to north working in glacial deposit. Floor of
pit is in Eau Claire Formation.

Turn south following County Highway "'D".

Turn south and follow Highway 'D".

Exposuré of contact of Wonewoc Formation with Lone Rock
Formation.

Exposure of contact of Wonewoc Formation with Eau Claire
Formation.

Exposure of contact of Wonewoc Forxmation with Eau Claire'

Formation about 20' above road level at top of massive
unit.

STOP 4 (M.E. Ostrom)., Bruce Valley quarrxy (abandoned)
located at east side of County Highway "D" 1.2 miles
north of Bruce Valley School in the NE}, Nw%, NWi of
sec, 9, T.23N., R.8W., Trempealeau County (Whitehall
15" topographic quadrangle, 1929).

At this site the contact of the Eau Claiye Formation with the overlying
Galesville Formation is marked by an unconformity (Figure 10) which is
especially well shown near the top at the noxth end of the guarried face.
The unconformity is interpreted to signify regression and erosion. The
Galesville is believed to have formed by a process of intermingling of beach
deposits during the succeeding transgressive episode (Ostrom, 1964a}.

Close examination of this contact indicates shaxp and marked lithologic
and/or textural change and often erosion of the top of the Eau Claire. The
lower few feet of the Galesville quite often contains clasts of Eau Claire

sandstone and shale.

STOP 7, the type section of the Galesville Forxmation.

An excellent example of these features will be seen at

Additional discussion of the relationships and significance of the
rocks shown at this exposure is given undex STOP 1.

53.3
54.9

56.3

59.8

2.9
1.6
l.4

3.5

Bear to east (left) and follow County Highway "'D".
Stop sign. Turn east (left) and follow Highway "D".
Turn south (right) and follow Highway "D".

Junction with County Highway "0". Continue south
(ahead) on Highway "D".
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STOP 4
Bruce Valley Quarxry
NE%,NW},Sec.9,T.23N, ,R.8W,

Mediuvm-~-grained with some fine and coarse. Thisk-
bedded, Iron oxide concentrated in lower & 4o 41,
EFresion surface at base well exposed near north
end of ouberop, '

WONEWOC FM,
Galesville Mbr.

Very fine and fine-grained, Abundent ivon oxide sialin and
cement, Medium to thin-bedded. ‘
Same as above but is reworked end has pitted surfase,
Vory fine and fine-ghained, Thiock-bedded.

WONEWOC FM, Very fine and fine-grained. Thisk-bedded.
EAU CLAIRE FM Fow brechiopod shells on badding planes.

Vory fine and fine-grained, Mediwm and
thin-bedded., Abundant orange brechiopod
shells on bedding planes.

Vory fine and fine-grainsd., Thin-bedded. = -
Abundant white brechioped shells and trail i R
and omrrent markings, Few trilobite :
fregments.

— wneven bedding.

Vory fine and fine-greinsd, Abundant white
brashiopod shells on bedding planes,

Road levsel
County Highway "

—

Horizontal to vertioal scale approx, 1:2

Refer to STOP 1 for key to symbols _
Desoribed by M, E, Ostrom

' 3" Very fine and tine-rirtined. Thip- .
g heddéd. “Abundant white brachiopod

thell® on bedding planes,

Fine and very fine-grained, Thin and

6 i a0 G Very fine and fine-grained, White
" brachiopod shells on bedding planes.

ine and fine-grained. Very fossiliferous,

Very fine and fine-grained. Thisck 4o thick-bedded,

56
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59.9 0.1 STOP 5 (M.E. Ostrom). Exposure of geologic section
beginning with Lone Rock Formation at top and extending
downward to Eau Claire Formation at base in roadcuts
located north of Whitehall on County Highway "'D" and 1.7
miles noxth of its juncture with State Highway 53 in the
SwW%, SwWi, sec. 12, T.22N., R.8W., Trempealeau County
{(Whitehall 15" topographic guadrangle, 1929),

This is an excellent exposure to show the interrelationships of the
various lithostratigraphic units beginning with the Eau Claire Foxmation
and extending upward into the Lone Rock Foxrmation. The section is complefe
except for about 15 feet of covered interval midway in the Ironton Member.

Beginning with the sharp and unconformable contact of Galesville on Eau
Claire near the base, one can proceed upwards through the remainder of the
section without evidence of major erosional break.

Regionally the Eau Claire Formation thins to the east until in the vicinity
of Wisconsin Dells it is not recognized. North and northwest of the Dells what
is believed to be thin Eau Claire can be seen at Friendship Mound, north of
Friendship, and at Sheep Pasture bluff located south of Mauston.

At Friendship Mound there is a one-foot bed of fine-grained, silty, iron-
oxide, cemented sandstone that separates two thick-bedded, medium-grained,
well-sorted sandstone units. The upperfof these two units is positively iden-
tified as the Galesville Sandstone. At Sheep Pasture Bluff the situation is
similar except that the thickness assignable to the separating unit is 7 feet
and it contains only minor iron oxide. Also.at Sheep Pasture Bluff, sandstone
clasts occur in the base of the Gdlesville. The possibility exists that the
geparating unit is the Eau Claire Formation thinned by pre-Galesville erosion
and that the lowexr sandstone unit is the Mt. Simon Sandstone.

A study of the Mt. Simon Sandstone by Asthana (1968) indicates that its
feldspar content ranges from 3 percent to 40 percent and averages 18 percent.
On the other hand it is known from numerous analyses of the Galesville Sand-
stone that it seldom contains more than 1 percent feldspar. Asthana (1968)
determined that the feldspar content of the sandstone unit below the Eau
Claire is higher than that above by a factor of 2 at Sheep Pasture bluff and
of 9 at Friendship Mound. This sharp decrease in feldspar content corres-
ponds to 2 similar difference between the feldspar content of the Mt. Simon
and Galesville sandstones elsewhere and is interpreted to indicate that at
these exposures the Eau Claire is much reduced in thickness probably due to
post-Eau Claire erosion. Thus, it appears that the Eau Claire thins east-
ward and that thinning is due to pre-Galesville erosion. - '

The Eau Claire-Galesville contact marks the end of one transgressive/
regressive sequence and the beginning of the transgressive phase of the sub-
sequent sequence. The Galesville Sandstone formed during transgression as
the result of a process of coalescing of littoral zone deposits. Rathexr per-
sistent high energy conditions are indicated by a noticeable lack of clay,
silt and very fine sand and a total lack of fossils,
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STOP 5
WHITEHALL ROADCUT
SW%,sW%,Sec.12,T,22N.,R.8W, Scale
: In Feet
270 -

LONE ROCK FM.
" Reno Mbx'.  Pine-grained. Thick to thin-bedded, Very glauconitic

beds sonsist of sandstone clasts in & glauconltle
sandstone matrix and shows svidence of bioturbation.

Tomah Mbr.
Fine-greined. Thin-bedded, rarely medium. Mion

sbundant on bedding planes.

Lovel of farm ro&d on quarry floor,

Fine-grained. Thin-bedded., Some brashiopod
shell fragments.

Birkmose Mbr. Pine-grained. Beds of sandstons intre-
clasts in glauconitic sandstone matrix,
-of reworked sandstone, and of orosg-
‘bedded glauconitlic sandstone,

LONE ROCK FM.
Madium and coarse-grained. Thiok-bedded. e
WONEWOC FM., Medium and ooarso—gminod.ﬂpppre’"‘reworma&'—? e
Ironton Mbr .Very fine to very coarse, Burrowed & reworked.f=<i¢: i>ent
Medivm and covarse-greined, Reddish browm. Gl F b AR LIS

v Line %o oArse, Rewo . (2
ng of upporv. gut SXpOSUre g!% QUATTY,. [3F

SR S-'--’.‘.“

110
1007
Very fine %o very coarse-grained.
Reworked.
g0

S ' Continved
Refer to STOP 1 for key to symbols
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A

Continued

Fine to very coarse-grained. Reworked. Basal
& iron oxide cemented.

Madium and coaprdd-
Ironton Mbx, grained, Basal and .
Galesville Mbr. upper i faot reworked ORI

Mediwm and fins-grelned. Thick-
bedded, Basal ¥ iron oxide
- cemented, -

WONEWOC FM.
EAU CILAIRE M.

Pine and very fine-grained. Thin and madivm-bedded.,

Described by M. E. Ostrom (1968)
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Above and transitional with the Galesville is the Ironton Member. The
Ironton is interpreted to have formed in an environment located seaward of
the beach where high and low energy conditions alternated. Whexeas the
Galesville is thick-bedded, the Ironton is medium-bedded and even-bhedded.
$ilt and other fine particles are abundant in certain beds. Bur¥roWws are conmon
and fossils are present locally. Also, there is commonly carbonate cement and
glauconite in the upper few feet of the unit. Alternate beds are commonly well-
sorted, clean, medium and coarse-grained, cross—-bedded guartzarenite on the one
hand and poorly—sorted, rveworked and burrowed quartzarenite on the other.
Emrich (1966) traced cexrtain of the burrowed beds for as much as 100 miles
in the outcrop area of western Wisconsin which is interpreted to signify a
broad and flat shelf bottom on which the effects of storm or quiet were widely

impressed.

The Ironton Member thins toward the Wisconsin Dome to the east. At this
exposure the Irxonton is about 40 feet thick. Traced east and south it thins
to disappearance as can be seen at exposures south of Lone Rock in the south
bluff of the Wisconsin River. Further to the southeast in northeastern Illinois
the Ironton increases to a maximum of 150 feet in thickness (Buschbach, 1964;
Fmrich, 1966). The Ironton thickens westward into Minnesota. It is assigned

a Franconian age on the basis of fossils.

At this exposure the Ironton is in sharp contact with and lithologically
markedly different from the overlying fine-grained glauconitic, shaly and thin-
bedded Lone Rock Formation of the Tunnpel City Group. The Tunnel City Group
consists of two distinct facies in the Upper Mississippi Valley area, namely
a glauconitic facies, the Lone Rock Formation, and a nonglauconite facies,
the Mazomanie Formation (Trowbridge & Atwater, 1934; Wanemmacher et al, 1934;
Twenhofel et al, 1934; Hricson, 1951; Berg, 1954; Ostyom, 1966, 1967). The
Lone Rock facies intertongues with and is laterally and vertically transitiomal
with the Mazomanie facies in the direction of the Wisconsin Dome as is shown in
Pigures 15 and 16 (Ostrom, 1966). The Mazomanie facies will be seen at STOP 18,

Abundant burrows and trails in the Lone Rock indicate prolific animal life.
Thin bedding and fine particles suggest persistent low energy conditions.
QOccasional beds, up to 2 feet thick and rarely up to 8' thick, of sandstone
clasts in a greensand matrix suggest occasional episodes of high energy such
as storms. The environmment of Lone Rock deposition is intexpreted to have been
located seaward of that of the Ironton in an area of deeper water and lower
overdll available energy as attested to by thin beds, fine sediment, abundant

fossils and lateral persistence of beds.

The similarity of the lower paxt of the Lone Rock Formation at this site
to the lower part of the Eau Claire at STOP 3 is believed to be significant.
In both cases the upward change is from transitional beds characterized by
medium and persistent beds of medium and coarse-grained guartzarenite to fine-
grained, shaly glauconitic sandstone with abundant trail markings on bedding
surfaces. The two units are interpreted as the manifestation of a single
environment repeated by two episodes of transgression separated by a minor
regression which is mrked by the Galesville Sandstone and the erosion surface

at its base (Ostrom, 1964),.
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60.4
61.4

61.7

62.1

62.7

62.9
63.6

64.3

65.0

67.4
68.5

69.5

69.6

70.0

70.4

70.7
71.2
71.8
71.9
72.7

72.8

72.9

Base of outcrop exposure at Stop #5.
Quarry in Eau Claire Formation on left.

Stop sign. Junction with State Highway
53. Turn west Gight) toward Whitehall.

Enter Village of Whitehall.

Road jogs to right; follow County Highway
"D" south.

Exposure of Bau Claire Formation on right.

Exposure of Bau Claire Formation on left.

Exposure of contact of Eau Claire and
Galesville formations in quarxy omn left.

Quarry in Eau Claire on left.

Small quarry in Lone Rock Formation on right
at reocad junction.

Turn west (right) on County Highway "N" and
follow to junction with State Highway 93.

Turh west (right)and follow Highway "N" up ‘
hill at church., _ y

Exposure of Lone Rock Formation on right (noxth).
Quarry on left exposes Lone Rock, St. Lawrence
and Jordan formations. Detailed déscription

given in Appendix at mileage 70.0.

Quarry on left in St. Lawrence Formation.

Exposure of Lone Rock Formation on left. N
Exposure of Lone Rock on left. | )
Exposure of Lone Rock Formation on left.

Exposure of Wonewoc Formation on right.

Wonewoc Formation exposed on right.

Stop sign. Junction with State Highway 93..
Tuxn west (right).

Exposure of contact of Galesville and Eau Claire
formations showing some cutout.
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77.5 4.6 Wonewoc Formation exposed on left.

77.8 0.3 Turn south (left) and follow Highway 93.

78.3 : 0.5 ; Quarry on left in Wonewoc Formation.

79.3 1.0 i§292_§ (M. E. QOstrom). Composite section from

outcrops and quarries located along State Highway

- 93 and extending from about 1.5 miles to about
3.2 miles south of Axcadia. Section begins with
quarry exposure of Lone Rock and St. lawrence and
ends at top of hill with quaryies in the Oneota
Dolomite in SE}, NWZ, sec. 9, T.20N., R.9V.,
Trempealeau County (Galesville 15' topographic
quadrangle, 1929).

This stop displays the St. Lawrence and Jordan formations to good advan-
tage and it also illustrates one of the problems in the Upper Cambrian
Stratigraphy in Wisconsin, namely determining the limits and relationships
of the Black Earth Dolomite and Lodi Siltstone members of the St. Lawrence

Formation.

Nelson (1956) studied these units in the Upper Mississippi Valley area.
He defined the Black Earth as "...sandy dolomite and interbedded dolomitic
siltstone and fine-grained sandstone” and in the vicinity of Black Earth and
Madison and at localities along the Mississippi Valley as dolomite that is
"...generally massive, brown to buff, slightly glauconitic...(with)...
algal structures lJocally.” The Lodi Member consists of "...siltstone,
generally dolomitic, and dolomitic sandstone.”

The fact that his definitions indicate both the Black Earth and the Lodi
can consist of dolomitic siltstone and fine-grained sandstone is reason why
it is commonly very difficult to distinguish the two members as can be seen
at this exposure. Here Nelson assigned the lower 17 feet of the St. Lawrence
to the Lodi the middle 12-foot portion %o the Black Earth, and an overlying
15-foot section to the Lodi for a total thickness of about 44 feet. Close
examination of the outcrop reveals that if a Black Earth Dolomite occurs
here it is probably the 7 feet of very silty dolomite in the interval from
19 feet to 26 feet above the base of the exposure. However, there does not
appear to be any marked difference in lithology such as would suggest the
presence of Black Earth lithology rather than Lodi. The Wisconsin Geological
and Natural History Survey recognizes the Black Earth as a medium to thick—
bedded, medium to coarsely-crystalline dolomite that is loeally silty, sandy
and glauconitic with fossil algae and with the possible exception of several
thin beds assigns all of the St. Lawrence Formation of this exposure to the
Lodi Member. The Norwalk Member of the Jordan Foxmation consists of very
fine and fine—grained non-silty sandstone which is thick-bedded to thin-bedded.
At this exposure it is separated from the underlying silty and dolomitic Lodi
by a sharp and uneven suriace interpreted to indicate post-Lodi erosion. At
the majority of outcrops of this interval in Wisconsin the contact appears
to he completely gradational. However, the fact that the Noxwalk and Van Oser
constitute a thick body of sandstone similar in character to the Galesville
and others of the Cambrian and Oxdovician sandstones of this region suggests
that the Jordan probably had a similar origin, namely that it formed on an
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STOP 6
ARCADIA ROADCUTS & QUARRY
il 8W%,NW%,S8ec.9,T. 20N, ,R.9W,

Continuad ‘ East———m

Noxrwalk Mbx.
Fine and vory fine-gzrained, Thick-bedded.
Base uneven and sharp exposed at north end

gide of State Highway 93.

JORDAN FM, _
ST. LAWRENCE FM. very silty, Mottled grey and buff,

-
Roadout exposures to top.

Tol¥ of qw-ry-.-\ A

Little very fine sand.

Medium to thin-bedded. Mottled with pale zreen
clay. Appesrs to be bioturbaceous.

Fine and very fine-grainsd. Abwmdant .
trail markings, Thin and wneven bedding, } i

Fine and very fine-grained. Medlum and
thin-bedded. '

Fine and very fine-grained,

?gg tino-grsim&. Thin and wneven

ST, TAWRENCE FM. S
TONE ROCK FM. Very fine—greined. ('’

Reho MbI Thick-badded, G
_ . Fine-grained,

Pine-grained.

Oy \___
.—/—-"'.\-/‘//—//

Refar to STOP 1 for key ic symbols,

Floor of quarry

70 _

60 —
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ONEQOTA FM, (Uppex
Stockton Hill

Medium and fine-grained. Pea-zized carbonsite concretions é,'.

at base,

ONEOTA FM,

64

STOFP 6
CONTINUED
Scale
In Feet
part not described) 190 9

Mbx. Medium-grained. Appesrs to be
brecciated looally.

Medium-grained, friable,
Medium-grained,
Fine. to medium-greined.

Coar;o and fine-grained., Few white #&lliceous
s.

150

Coarse and fine-greined.
gha.le with Iittis sand,.
Fine and medim-gra.imé?e. om%n ggaSn oxide.
Fine and coarse-grained, Friable,
: Coarae and fine- ned N
Fedium- grained, ¥riable, (
Fine-greined. Carbonate & silica conoretiona, \.z.

140 -

-

Medium-grained. Scatiered ocarbonate concretlons. ;-

Medimm-grained, AN -

130 -

Madium and fine-grained, i o

I S
h—
F i
B i
.

#odium and fine-grained. Some silioa concretions RSO
' Lo g 120 -

Medium-greined. Abundant carbonate coneretions..
- Medium-grained., Frieble, White & brown.

2

JORDAN FM.
Van Oser Mbr,

Norwalk Mbr.,

Refer to STOP 1 for key to symbols,

110

Coarse and medium-grained. Pea-sized carbonate
soncrotions near top grading to large masser

toward base, Thisk-bedded. 100

Fine and very fine-grained. Thick-bedded,

80~
Continued .
Degoribed by M, E, Ostrom: Modiflaed

from Twenhofel ( et al, 1035), Nelson (1958),
and Melbty (1967},
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erosion surface by a process of coalescing of beach deposits in a transgressing

sea, but that in at least this area erosion was a minor factor.

_ The Van Oser Member of the Joxdan Sandstone is characterized by medium-
grained sandstone with some coaxse and a little fine. Contact of the Van Oser
with the Norwalk is commonly though not always sharp. At this exposure the
‘contact is slightly uneven. Contact relations of overlying beds will best

be examined at subsequent steops.

79.5 Q.2 ‘ Outcrops on right and then left of Van Oser
: and Norwalk members of the Joxdan Formation.

79.7 0.2 ~ Outcrop on left of Jordan/Oneota contact .,

79.9 0.2 . Onéota Fozmation eﬁpésed on right.

80.4 0.5 Severél_quarries-in Opeoté Formation.

'80.9 0.5 Exposure of Oneot# Foxmatioﬁ;

8l.0 0.1 Contact of Jordan Sandstone with the Oneota

~ Formation.
82,3 1u3 _ Exposure of Wonewoc Formation on left.
85.5 3.2 Gélesville Member of Wonewoc Formation

exposed on left.

96n1 4.6 Galesville Member of Wonewoc Formation
exposed on left.

91.1 1.0 _ Stop sign. Junction with State Highway 35. Turn
east (left) and follow to Galesville.

95.8 4.7 Enter Galesville.

96.8 1.0 Turn left at lake edge.

97.0 0.2 Stop sign; Proceed straight ahead and park in city
park. :

STQP 7 (M.E, Ostrom). Type section of the Galesville
Sandstone exposed in bluff in the NE}, NW}, sec. 33,
T.19N., R.8W., Trempealeau County (Galesville 15°
topographic quadrangle, 1929).

OQutcrop is reached by walking north across highway bridge and thence
east along noxth side of Beaver Creek. Assemble at path gate. e

To leave circle park and tuxn south (left) on State Highway 53. Follow
53 south through city toward LaCrosse.

Discussions presented for stops numbers 3, 4 and 5 apply equally to this
exposure. Of special interest here is the Eau Claire-Galesville contact
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STOP 7
GALESVILLE OUTCROP
NE%,NW%,Sec.33,T.19N. ,R.8W,

LONE ROCK FM.,
Birkmose Mbr.
Fine-greined, Thin-bedded. Some brachioped shell fragments,

Fine and very fine-grained, trase of medium and soarse.
WONEWOC FM, Few brashiopod shell fragments.

Ironton Mbr. Madium and coarse-grained, littls fine, Few brechioped
. gshell fragn s, - .

gun an fgﬁofgm osk %ergggdor coarse, Medium-bedded,

F:Lno and very rina—gmined, trace medium, Thin-beddad.

Fine and mediwm-greined, itrace coarse, Thick-bedded,
Medivm-gr&ined, %race coarse and fine,

Medivm-grained, little coarse and fine. Thin to medium-bedded,

Coarse to mdim-gmined, trase rine. Thiok—bedded with some
thin beds, ‘

100 |

Galesville MDPY. ping 4o medim-gréined, little coarse.
Thick-bedded with few thin beda.

1 £1ne-grained,. Thin-bedded.
EiRtasornoidaliine Thed. 11 SRR &
Fine to mediwm-grained, li“tth coarse, 'i‘hiok-boddnd.

Mediut-grained, litile fine and coarse. Thick-bedded.

Pine to very fine-grained, irace medium. Thick-
bedded. '

Mapdivm to fine-gr&ined. Thick-bedded, Ve
Medium-greined, Iittle fine and coarse, Thick-bedded. F“r~—3~—‘-~:--

Fine-greined, little medium and coarse. Thick-bedded,
Mpdiuvm-grained, little fine & comrse. Thick-bedded.

Pine-grained, little very fine, Thisk-bedded.

Fine-grained, little very fine. Thiok-bedded.

Mediwm and fine-greinsd, little very semrse and very
fine, Thiok-bedded.

Continued

e
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Scale

In Feet
130 ~

110 _|

70 _

80
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STOP 7
CONTINUED
~ Continued | : .
_ : _ o 50
Medium and ﬁne-grcimd, li'c'hlo coarse and fine. : T
Thick-bedded. Contact exposed 16 feet

‘\ above psth gate at park |
Sd. / entry.” 40
R Yory fine and Tine-grain~ |
ed. Thin-bedded. j

> '_\——f//// Very fine snd fine-grained,

_‘ / i Oboloid brachiopod shells
SN locally abundent, Mediwn and__ |
S thin-bedded. Weathered 50 -
W . Contact expoged at surface pitted due to burrows |
Ezgg‘gi;g - spring level in end clay pebbles. :
‘ - grotio cave, o +

' Very £ine and fine-gmined. Thin-

bedded,
20 _
Mostly covered down to level of 10~
Beaver Creek,
Beaver Creek
below dan

0.

Refar to STOP 1 for key to symbols Described by M, E. Ostrom (1866)
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surface which is sharp along the outcrop face and is markedly uneven.
At this exposure erosion of the Eau Claire is obvious on the basis of cut-out
and the presence of clasts in the base of the Galesville (Figure 24).

Figure 24. Unconformable contact of Galesville Sandstone with Eau Claire
Sandstone at type section of Galesville in Galesville, Wisconsin (Stop 7).
Note sandstone clasts in lower 3 feet of Galesville above thin beds near
center of picture.

Early descriptions of this outcrop (Trowbridge and Atwater, 1934; Twen-
hofel et al, 1935) did not recognize the unconformable relationship between
the Galesville and Eau Claire. Twenhofel et al (1935) stated that "There
does not seem to be any definite evidence of physical change at this boundary."
Critical examination here reveals marked physical change and in fact an un-
conformable relationship produced by pre-Galesville erosion of the Eau Claire.
The relationship revealed here, namely that of quartzarenite resting with
erosional unconformity on older rocks, is common in the Cambrian and Ordovician
strata of Wisconsin and is one factor which led to a cyclic interpretation to
explain the history of sedimentation of Upper Cambrian and Lower and Middle
Ordovician rocks in the Upper Mississippi Valley area (Ostrom, 1964a).

Because the contact of the Eau Claire with the Galesville is one of
erosional unconformity one must re-examine the position of the Galesville
with respect to its assignment to the Dresbachian Stage rather than to the
younger Franconian Stage. The Galesville is separated from older rocks by
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an unconformity (Figures 10 and 24), it contains no diagnostic fossils, and

it is transitional with the overlying Ironton Member which contains Franconian
fossils. Furthexmore, the Aphelaspis trilobite zone which closes the Dres-
bachian and which should occur in the top of the Eau Claire is missing in
Wisconsin. Absence of this zone tends to support the contention of post-

FEay Claire erosion.

The Birkmose Member in the base of the Loné Rock Formation thins toward
the Wisconsin Arch from 15 feet just east of Galesville to less than 6 inches
at Ferry Bluff north of Mazomanie (Bexg, 1954). The Birkmose is one of several
units in theé Upper Cambrian and Lower and Middle Ordovician which thin east~
ward toward the Wisconsin Dome. - Some of the others are the Ironton, St.
Lawrence, Sunset Point, and Glenwood units.

97.5 0.5 Galesville Member exposed on left.

99,0 1.5 Decorah Pass. Contact of Wonewoc and Lone Rock For-
mation exposed.

99.5 0.5 Galesville exposed on left.

103.3 : 3.8 Bluff to east (left) Of road contains rocKs ranging from
Galesville at base to Oneota at top.

106.86 3.3 Bluffs to east (left) of road contain rocks ranging
from St. Lawrence at base to Oneota at top.

107.9 1.3 Holmen city limits.

113.2 5.3 Onalaska city limits.

115.3 2.1 Turn right {(west) off of U. S. Highway 53 onto Interstate
Highway 90Q.

118.8 3.5 Turn right (north) off of Interstate 90 onto TU.S. H1gh-
way 61 to LaCrescent.

119.1 0.3 Stop signs (2). Turn left (south) at second stop sign
and follow U.S. Highway 61 to LaCrescent.

120.9 1.8 LaCrescent city limits,

121.6 - 0.7 Stop light at LaCfescent, Minnesota (Houston Co.) at

intersection of U.S. Highways 14, 16 and 61l. Proceed
south on U.S. 14. On left (east) is Upper Mississippi

wWildlife Refuge.

122.0 0.4 Galesville Sandstone outcrops on right (west) to ihterw
section with Minnesota Highway 26 and for about 1 mile
beyond.

123.9 1.9 Intersection of U.S$. Highway 16 with Minnesota Highway

26, Continue on U.S. 16.
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125.8 1.9 Cross Root River.
126.9 1.1 City limits of Hokah, Mimnesota.
127.2 0.3 Intersection of U.S.Highway 16 with Minnesota 44 in

Hokah. Take Minnesota 44 south.

128.3 1.1 Tunnel City Sandstone on right side of road. High
' in left bluff is a quarry in the Prairie du Chien
Group, probably Oneota Formation (Hagey City Member).

128.6 0.3 High on right slope are ledges of Jordan Sandstone.
131.5 2.9 Tunnel City Sandstone exposed on right side of road.
132.7 1.2 Black Earth (?) Member of St. Lawxence on right.
133.3 0.6 Joxdan Sandstone on both sides of the road. Here we
begin to ascend out of the Mississippi River Valley.
133.8 0.5 Oneota Formation exposed in roadcuts.
146.0 6.2 Intersection with-Minnesota Highway 76 straight ahead.
140.7 0.7 | City limits of Caledonia, Minnesota (Houston Co.).
143.3 2.6 Intersection of Minnesota Highwayé 44 and 76. Turn
_left (south) and continue on Minnesota 76,
144.6 1.3 Oneota Formation exposed in roadecut on left (east).
146.3 1.7 STOP 8 (R.A. Davis). Exposure of Prairie du Chien

strata in roadcut at left (east) side of Minnesota
Highway 76 showing the New. Richmond Member of the
Shakopee Formation unconformably overlying the Oneota
Formation. Located in the NW}, sec. 12, T.10¥., R.
6E., Houston County, Minnesota.

This exposure shows only a limited Prairie du Chien section but it does
afford good opportunity for close examination of the contact between the
Oneota and overlying Shakopee formations. Here the pure dolomite of the
Hageyr City Member is overlain unconformably by the sorted and rounded medium

quartz sandstone of the New Richmond Member.

This contact was first described as an erosional surface by Ulrich (1924)
who designated it as the boundary between his Ozarkian and Canadian systems.
More recent workers (Powers, 1935; Heller, 1956; shea, 1960) have interpreted
this horizon as representing continuous deposition within the Prairie du
Chien Group. Regional study of this horizon by Davis (1968) has shown the
Oneota - Shakopee contact to be an erosional unconformity at most exposures.

At this location there is subtle relief on the upper surface of the
Oneota and an abrupt lithic change. About 30 miles te the northwest at
Lanesboro, Minnesota there are large fragments of Oneota lithology incorporated

in the basal New Richmond.
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STOP 8
ROADCUT ON HIGHWAY 76
NW,Sec.12,T.10N. ,R,.6W,

SHAKOPEE FM.
New Richmond Mbr.
East —>

Madiim-grained,bedded, friable, grades into overlying soil.

Madiwm-greinsd, shaly, poorly-bedded.

Mediwm-grained, poorly-bedded, medium brown, friable,

ripples,

Mediun grey, similar o beds below but with shale
into!'bﬂdso :

Mad fum-grained, thin-medium. bedded, red-brown,

Sorted, well-formed ripples, some cross-bedding, /. s :

somewhat friable, shaly ai base.

SHAKOPEE FM.

ONEQOTA T,
Hager City Mbxr.

Medium-eryotalline, thick-bedded; denss,
gray, some pods with apparent brescistion,
much omloite spar.

20 -

10 -

Described by R.A. Davis, 1986,
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151.4

153.4 -

153.6
154.0
157.8

158.4
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Village of Eitzen, Minnesota (Houston Co.).

Minnesota~Yowa state line.

Begin descending inte the Upper Iowa River Valley
(formerly Onecta River). Many exposures of the Oneota
Formation are present on both sides of the zroad.

Jordan Sandstone on right (west) side of road.
Intersection with Iowa Highway 19.
Cross Upper Iowa (Oneota)River.

STOP 9 (R.A.Davis). Excellent exposure of the contact
between the Jordan Sandstone and the overlying Oneota
Formation in exposure at west side of Iowa Highway 76
in the SW corner of sec.l, T.99N., R.6W., Allamakee
County, Iowa. (Figure 25.) ' "

This, and the succeeding two stops will cover the entire
Prairie du Chien Group with the exception of the Willow
River Member of the Shakopee Formatiom. This is the
type area of the Oneota as designated by McGee (1891).
Exposures are excellent and nearly continuous but acces-
sibility is limited at some horizons.

.The abrupt lithic and profile change at this stop marks

the contact between the Van Oser Member of the Jordan
Formation and the Stockton Hill Member of the Oneota
Formation. The character of this contact is rather
uniform throughout the Upper Mississippl Valley. It
marks the introduction of the first major Paleozoic
carbonate sequence in the upper Midwest.

The Stockton Hill Membex is a heterogenous unit of
dolomitic quartz sandstone and quartzitic dolomite with
alpal stromatolites, oolites, intraclasts, and some
chert. Although it is intermally varied the Stockton
Hill Member is distinct from units above and below.
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Continued

STOPS 9-11 ks

UPPER IOWA RIVER SECTION
ALONG HIGHWAY 76

Hager City Mbr. continued = CONTINUED O 7

Medium-orystalline, thick-bedded, buff, homogenous,
bio-turbate structures in lower portion, small wolds
of fossll fragments in lower 16%.

Medim-crystalline, i&n-gray, scae mottling.

Stockton Hill Mbrx.
Madlum-grained, tan, dolomite cement.

_ Medium-crystalline, tsn-gray, trece glauconite. &
Mediup-grained, tan, thin-bedded, dolomite cement, intreclasts. | i. =

i G e
o]

Modium-orystalline, buff-tan, poorly-bedded, trace glauconite.

¥dim-grained, buff, bedded.

Medivm-grained, ian, gray-green shale interbeds.

Medim-greined, buff, messive-poorly bedded, dolomite
cament,

ONEOTA FM,

JORDAN FM,
Van Oser Mbr,

Medim~goarse grained, friable, buff, few inches of
relief on upper surface,

70—

60—}

30_

20 _

10 -]

Stop 10
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STOPS 9-11 Continued  _] 74
Continued

o (15 . Madivm-crystalline, tan, poorly-

Hager City Mbr. bedded, rough weathering, poorly- () A & 170 —
: : _ preserved algae. A a $ :

. . .o@ QA »ﬁ\Oo - A 9/’10

Madivm-orystailine, gray, massive. (/ /

Covered interval between oxpogures

160 -

V '1507

Madium-orystalline, Buff-tan massive to V 0
pooriy-bedded. P

140
Modium-corystalline, gray, massive, vugzy,
rough weathering surface.
130
A
120

Hedium-crystalline, tan-gray,
' massive, vuggy, poorly-
pregerved algel strom-

atolltes. /
r / / _ 110
{T 4 £
I_

' 100..]
[/ yd Medium-orystalline, buff, massive to thick-
r / bedded, homegenous, molds of fogsil fregmentis,
Hagex City Mbr t 7 / / v
» Ci "

Akt A v

[ N & / A Medium-crystalline, gray, mAsSSive, Tuggy, -

‘poorly-preserved algal strometolites.

50
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3TOPS 9-11
UPPER IOWA RIVER SECTION
AIONG HIGHWAY 76

Secs ., 11-14 & 23,T,99N.,R.6W,

Medive-grained, well-bedded; red brown, sorted.

SHAKOPEE FM,
New Richmond Mby,

Fine-medium orysialline; flaggy quartzite. °

Medium-grained, red-brown, sorted.

Finely-orystalline, quartzite, tan, flaggy.

Medlium-grained, red-brown, friable, sorted.

SHAKQPEE FM,
ONEQTA M,
Hageyr City Mbr.

Modiwm-orystialline, buff~-gray, thick-poorly-bedded.

Medivmorystalline, buff-gray, poorly-~
bedded, vuggy, rough weathsring,
limpnitie staining.

Madivm-orystalline, buff, homogenous,
two distinet beds,

Described by R, A. Davis (1966; 1989}

250~

210

200

190

180

170

NANNAN

Stop 11

X

[




Figure 25.

76

, Oneota Dol.
~ Jordan Ss.

Contact of the Jordan Sandstone with the Oneota Formation at

west side of Highway 76 about 4.8 miles south of intersection with Iowa
Highway 19 and about 7.5 miles south of Eitzen, Minnesota (Stop 9).

159.0

0.

STOP_10 (R.A. Davis).Contact between the Stockton

Hill and the Hager City members of the Oneota Formation
in abandoned quarry at east side of Iowa Highway 76

in the SE}, NW}, sec. 12, T.99N., R.6W., Allamakee
County, Iowa. (Figure 26).

Emphasis at this stop is the contact between the Stock-
ton Hill and Hager City members of the Oneota Formation
and also the homogenous nature of Hager City Dolomite.
The contact between these two members is not evident
in the weathered profile which shows no break; however,
a distinct lithologic change is present. The contact
occurs about 5 feet above the quarry floor at the
southwest corner of the quarry and is that horizon
below which detrital quartz is abundant and above which
it is absent.

-

Although the Hager City Member is mineralogically
homogenous there are some differences in bedding, tex-
ture, and minor constituents. The lower 65-70 feet of
this unit is medium crystalline, thick and well-bedded,
buff dolomite. This is the "buffy-bedded zone'" des-
cribed by Raasch (1952) and it occurs at several expos-
ures along the Mississippi river area. The upper part
of this member is a rough weathering, vuggy dolomite
containing much chert, sparry calcite vug fillings,

and poorly preserved algal stromatolites.
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Figure 26.

161.0

Hager City Mbr.
Stockton Hill Mbr.

Roadcut at Stop 10 displaying the subtle profile change
between the Stockton Hill and Hager City members of the Oneota Formation.
Staff is 5 feet long and hard hat rests on the contact.

2.0

STOP 11 (R.A. Davis). Unconformable contact of the
Oneota Formation and the overlying New Richmond Member
of the Shakopee Formation (Figure 27) in roadcut at
east side of Iowa Highway 76 in the SW%, SE%, sec.

23, T.99N., R.6W., Allamakee County, Iowa.

Unconformable contact of the Oneota Formation (Hager

City Member) with the Shakopee Formation (New Richmond
Member). This exposure exhibits lithologic character
similar to Stop 8 but shows more evidence for erosion
prior to deposition of the New Richmond. Nearly the
entire New Richmond Member is exposed on the east side

of the road. What is apparently the contact between

the New Richmond and Willow River members of the Shakopee
Formation is poorly exposed on the west side of the road.

In addition to the distinct lithologic change and small
amount of relief on the Oneota surface there is trun-
cation of a few feet of dipping Oneota and fragments

of Oneota type lithology in the basal New Richmond (Figs.
27 and 28). Note the homogenous nature of the New
Richmond at this stop. The next exposure of this unit
will exhibit a distinct lithologic change.
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Shakopee Fm.
Oneota Fm.

Figure 27. Unconformable contact of New Richmond Sandstone with Oneota
Formation in roadcut at east side of Iowa Highway 76 about 7 miles south
of Eitzen, Minnesota and 7.8 miles north of Waukon, Iowa (Stop 11).

161.3 0.3 Mostly concealed contact between the New Richmond and
Willow River members of the Shakopee Formation.

162.0 0.7 St. Peter Sandstone on the left (east) with Platteville
Dolomite above.

168.8 6.8 Waukon, Iowa (Allamakee Co.) city limits. Stay on Iowa
76 (Iowa 13 of old highway maps).

Willow River
Dol.

New Richmond
Ss.

Shakopee Fm.

Oneota Fm.

Figure 28. Eastman Quarry (NW%, Sec. 17, T.8N., R.5W.) located on north
side of State Highway 179, 2.7 miles east of village of Eastman (Vernon
County) Wisconsin. This is one of the few exposures in the area that

shows the relationship between the members of the Shakopee and the trun-

cation of upper Oneota strata.
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169.3

1692.9

172.5

172.7
173.1
180.9

183.3

187.5
189.1

189.3

191.3

195.6

197.2

197.5.

‘4.3

1.6

. Intersection of Towa 76 and Towa 9. Turn left (east)
on Main Street. :

Stop light in downtown Waukon whexé Iowa 76 and 9 sep~

_”Efﬁfé:"“Cdntinue”straight”éastfon”Main”street*and"leave
" Waukon via blacktop road. '

Quarry in Platteville Dolomite on left (north) side
of zoad. :

- St. Peter Sandstone on the right (south).

More St. Peter om right.

Platteville Dolomite quarry on left.

STOP SIGN. Intersection with blacktop road. Turan
right (south).

St. Peter on right side of road.
Begin decent into the Mississippi River valley.

Shakopee Formation on the left (norxth). We will be
passing through the entire Prairie du Chien Group as
we decend. The valley flcoor is at the level of the
Jorxdan Sandstone in this vicinity.

STOP SIGN at intersection with Iowa Highway 364 just
before entering Harper's Ferry, Iowa. Turn right
{south) on 364. For the next several miles we will
pass Jordan Sandstone near road level with high bluffs

" of overlying Prairie du Chien.

"Railroad crossing at Waukon Junction, Iowa., You just

passed it!

Cneota Formation. This formation is quite similar

_here to the previous‘stdp and unless the group wishes

to stop briefly at the Stockton Hill Member we will
continue to the mnext stop at the Shakopee Formation.

STOP 12 (R.A. Davis). Excellent exposure of Shakopee

- Formation in roadcut at west side of Iowa Highway 364

in the SW%, sec. 16, T.96N., R.3W., Allamakee County,
Iowa.

The travel route for the last paxt of the trip is
shown in Figure 6.

Excellent exposure of Shakopee Formation in west
roadcut (Figure 29).
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STOP 12 '

WAUKON JUNCTION ROADCUT
Along Highway 364
Sec.16,T,.96N.,R.3W,

West —_— 80 1
¥odiwm-orystalline, buff, partially oovered. ]

‘ }'bdim-g:!ined, red-brown, sorted.
SHAKOPEE M, : e 70

Willow River MbY.  Medius-crystalline, tan, thin-bedded,

[
. ) .
‘*'mdiw-erysﬁ.llim, tan-p‘inkistx_ bg-oim, TASSITe. { ’ / C |

Pine-medium orystalline, tan-gray, massive. //
ERED

Mediun crystalline, tan to pinkish browm,
massive,

Mpdiwun-cvystalline, buff-tan,

Fine-crysialline, tan, plansr, stromsiolites.

Pine/medium-crystalline, brown clay pocketd.

Madimn-crystalline, tan-browm, digitate siromateliles.
Medium-crystalline, tan, massive.

Pine/medivm-orystalline, buff-tan,
Fine-orystalline, tan-gray, bedded at btase.

Fine-orystalline, tan-buff, chert nodules,
" &
R Raadiphodied vith dolontte

- New Richmond Mbr,

Fine-erystalline,

Mediwm-crystalline, buff, bedded.
Medium-grained, tan, dolemite cement.

Mediwn-grained, buff-tan, dolomwite cement.

Mediun-crystalline, buff.

m%g &"%l'gined, buff, sorted, clay seanms,
5-
Pine-mediumm orystalline, buff,

Madiwm-grained, buff, sorted, bedded, friable,.

SHAKOPEE FM, '
ONEOTA FM.

Hager City Mbr.

: Mediws-crystalline, buff-gray, poorly-bedded,

vuggy; upper few feot have quartz sand which }—%—-@t ]

is in pockets, apperently
sifted down from above.

Described by R, i, Davis,(1969)
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Figure 29.

Willow River Mbr.
New Richmond Mbr.

Roadcut at Stop 12 showing New Richmond Member of the Shakopee
Formation as an interbedded facies in marked contrast to its character at
Top of New Richmond Sandstone coincides with top of greenish
shaly zone about 5 feet above head of person in picture.

At this location the contact of the Oneota and Shakopee
formations is poorly exposed. Digging provides some
opportunity for observing a badly weathered contact.
The upper few feet of the Oneota (Hager City Member)
are vuggy and contain friable quartz sand which appar-
ently filtered down during or subsequent to deposition
of the basal New Richmond.

This exposure of the New Richmond shows striking contrast
to the previous stop (25 miles to the northwest). The
New Richmond has changed from a red-brown, medium,
sorted, quartz sandstone to an interbedded unit composed
of quartz sandstone, gray-green shale, and dolomite with
minor amounts of oolites, intraclasts, and algal strom-
atolites. From this location eastward toward the Wis-
consin Arch this unit retains this character and is
characteristically bounded by gray-green shale beds;
look for them in the quarry exposures at the next few
stops.

This stop provides the only good and accessible exposure
of the Willow River Member. Throughout the entire

Upper Mississippi Valley area this unit is comprised

of various interbedded dolomite types with some local
thin beds of chert, gray-green shale, and quartz sand-
stone. Carbonates are dolomitized algal biolithite,
"grain' sparite, intrasparite and oosparite. Carbonate
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mud was apparently present in small quantities ox

was recrystallized to coarser textures. Algal strom-
"atolites comprise a large portion of the section here
and at adjacent exposures (Stop 15). This is inter-
preted as being an algdl bank sepdarating a shallow bay
to the east and a normal marine shelf to the northwest
(Davis, 19686).

197.8 0.3 St. Peter Sandstone in ditch on the right.

197.9 0.1 Intersection of Iowa 364 and 19. Stop and turn left.
199.5 1.6 éhakopee Formation exéosed on both sides of the road.
200.2 0.7 Effigy Mound Natiqhal Monument on left.

200.3 0.1 Bridge over Yellow River.

200.4 0.1 Jordan Formation along the highway.

203.5 3.1 Village of Marquette, Iowa (Allamakee Co.)., Pass

under interstate bridge and turn right.

203.6 0.1 STOP SIGN. Proceed straight ahead one block and turm
’ sharp right following U.S. 18 via bridge across Mississ-

ippi River.

203.9 0.3 West end of ﬁridge.
204.2 0.3 Enter Wisconsin.
205.1 0.9 Leave bridge and enfter city of Prairie du Chien.
205.8 0.7 STOP LIGHT. Intersection of state highﬁays 27, 35
& 60. Proceed straight ahead on State Highway 27.
206. 4 0.6 Quarry in lower Oneota Dolomite on right.
207.2 0.8 Quarry on left exposes Oneota and Shakopee_formations“
207.4 0.2 STOP 13 (L.M. Cline) Unconformity at base of St. Petex

Sandstone in roadcut at north side of Wisconsin Highway
27. Formations exposed are Shakopee, St. Peter and
Platteville. Located in the NW%, SW},NE%,Sec.29, T7N,
R6W, Crawford County. (Prairie du Chien 15' topographic
guadrangle, 1932}

A well-developed U-shaped channel of St. Peter Sandstone cuts out several
feet of Shakopee dolomite and sandstone in a cutbank on the north side of
the road (Figure 12). Just east of the channel-the sheet phase of the St.
Peter rests disconformably on several feet of dolomite in the upper part of
the Shakopee. Below the dolomite member, but also in the Shakopee Formation,
are several thick beds of sandstone. As these horizontal beds of Shakopee
are traced westward toward the St. Peter channel, the upper dolomite disappears
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and the sandstone in the Shakopee curves downward toward the chamnel. The
dips in the Shakopee are believed to be secondary, being due, in part, to
pre—~St. Peter solution of carbonate in the Shakopee with a coxresponding
reduction in velume and collapse toward the channel. Insoluble argillaceous
residues of the Shakopee carbonate beds may be seen just east of the channel.
The same relationship may be seen just west of the channel whexre sandstones
in the Shakopee dip eastward toward the channel; the latter dips have been
accentuated by some small-scale post-St. Peter faulting. There is strong
possibility that pre-St. Peter solution of Shakopee carbonate below road
level is partly responsible for some of the dips. The possibility should
net be overlooked that ground water, moving freely along the permeable channel
the 8t, Peter, may have accomplished additional solution of the

phase of
Shakopee at a much later geologic date; this is suggested by the small scale
fanlting along the west wall of the 8t. Peter channel,

The New Richmond Sandstone occurs at a lower stratigraphic position
in a quarry about 200 yards west and on the north side of the road. In this
quatry well-bedded sandstones and dolomites of the New Richmond may be seen
about midway in the west face where they rest on the more massive, cavernous
and biostromal dolomites of the Oneota. Note here the fhin green shaly
bed which marks the top of the New Richmond. :

Upslope from the St. Petexr channel and just out of sight around the bend
in the road, the Platteville Formation is nicely expesed in a cutbank on
the north side of the highway. Thick-bedded, blue-gray, buff-weathering
dolomites of the Pecatonic Member of the Platteville constitute the lower
few feet of the cut. The overlying argillaceous, nodular calcitic limestones
belong to the McGregor Member., The McGregor offers vexry good fossil collect-
ing in contrast to the relatively barren Pecatonica Dolomite.

Turn around and retrace route back to Prairie du Chien.

208.7 1.3 Enter Prairie du Chien.

209.1 0.4 STOP LIGHT. Turn left (south) and follow TU,S8. 18.

212.9 3.8 Prairie du Chien Dolomite exposed in roadcut on left.

213.5 0.6 Traveling on top of Bridgepoxt terrace.

214.7 . 1.8 Intersection of U. S, Highway 18 and State Highway 60.
Proceed styaight ahead on U,S, 18.

215.1 0.4 Prairie du Chien Dolomite exposed in xroadcut onm right.
Cross Wisconsin River bridge.

215.9 0.8 Turn right (west) on County Highway "C" toward Wyalusiog
State Park.

- 216.7 0.8 Prairie du Chien Dolomite exposed in roadcut on left,

217.3 ’ 0.6 Prairie du Chien Dolomite exposed in roadcut on right.
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217.7 0.4 STOP 14 (M.E. Ostrom}. Contact relationships of 8St.
Peter, Glenwood and Platfeville formations exposed
in roadcuts at noxth side of County Highway "C" in
the SB3,Nw%,NE%, Sec. 22, T.6N., R.6W., Grant County
(Bagley 7.5' topographic quadrangle, 1962).

At this site all four lithotopes of the uppermost cycle, which has the
St. Peter Sandstone in its base, are exposed.

At STOP 13 the erosion surface at the base of the St. Peter was es-
pecially well shown. Dapples (1955) demonstrated that this erosion surface
could be traced over a broad area extending from western Tennessee to Wis- :
consin., A map by Ostrom (Figure 18) shows the geology of the pre~St. Peter
surface in Wisconsin and indicates that fthe St. Peter rests on successively
older rocks as one proceeds from western Wisconsin to the vicinity of Mil-
waukee., It is postulated that there was pre-St. Peter uplift in the vicinity
of Milwaukee and that the uplifted surface was subsequently eroded. Although
data are sparse there is very good agreement between thick sectiomns of St.
Peter which are interpreted to coincide with pre-St. Peter erosion channels

likely exposed by erosion. The data suggest stream drainage to the south-
west away from the Milwaukee area.

The thick-bedded quaftzarenite is represented by the St. Peter Sandstone
and the reworked poorly—sorted quartzarenite by the lower 2 feet of the Glen-
wood Formation (bed 2, Appendix). The reworked quartzarenite is transitional
through about 1.4 feet of siltstone and shale into the shale lithotope (beds
4 and 5, Appendix) and this is in sharp contact with the base of the overlying
carbonate lithotope which is the Platteville Formation.

The Glenwood Formation in Wisconsin thins to the east toward the Wis-
consin Arch from a maximum thickness of about 13 feet in the vicinity of
Beetown, located 15 miles southeast of STOP 14, to less than a foot near
New Glarus. A study by Ostrom (1969) showed that as one proceeds eastward
the upper or shale unit thins to disappearance and the underlying poorly-
sorted reworked quartzarenite is in direct contact with the overlying carbonate
lithotope. Traced further to the east, in the vicinity of New Glarus south
of Madison, the reworked quartzarenite thins to less than 1 foot.

The contact of the CGlenwood Formation with the Platteville Formation is
one of apparent unconformity. This relatiomnship is attributed to lateral
variations in environmental conditions at the time of formation rather than
to post-Glenwood erosion because there is no evidence except the apparent
regional truncation described above that would indicate the Glenwood was

eroded.

219.0 1.3 Turn right and follow County Highway "X".

220.0 1.0 Turn left and follow Highway "X" to Wyalusing.

220.3 0.3 Prairie du Chien Dolomite exposed in low roadcut on
- right.

220.5 0.2 Platteville Foxmation exposed in roadcut on right.
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STOP 14 .
ROADCUT ON COUNTY TRUNK "C"
NW%,NE%,Sec.22,T.6N.,R.6W.

Noxth —==

PLATTEVILLE FM,
McGregor Mbr.

%hin snd wheven bedding. Abuiidani fossils. Basal
contact treansitional through 6% of browmish red
limestone, '

"o

Pecatonica Mbr, Thick-bedded. Abwndant fossils.

Thiek-bedded. Abmdant foszils.

Weathersd surface horizontally ridged and
furrowed. :

PLATTEVILLE M.
: n _ , S1lty, leminated. ‘3
GLENWOOD ¥M. Pale gre‘m,ltgiina.fe‘d.'

Green & red shele in base,

Bioturbecesus, Poorly-sorted.

ST. DETER B,

' Finé and medium-greinsd, Thick-
b‘dd@do

Road level of
County Highway ¢

=———mmmm—

Scale
In Feet
m_

80

30

10|

Refer to STOP 1 for Xoy to symbols Described by M. E. Ostrom (1969}
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220.6 0.1 St. Peter Sandstone exposed in series of low roadcuts
on right for half mile.

221.2 0.8 Shakopee Formation exposed in low roadcut on right.

221.8 0.4 Upper shale beds ¢of New Richmond Member of Shakopee
Formation exposed in low roadcut on right.

222.4 0.8 © 8TOP 15 (L.M. Cline). Chicago, Burlington and Quincy

Egilroad'quarry at north edge of the community of
Wyalusing in the NW%,S8W%, sec. 31, T.6N., R.8W,, Grant
County, Wisconsin (Clayton 734' topographic quadrangle,
1962},

This quarry, exposing approximately 185 feet Prairie du Chien strata,
is probably the most nearly complete exposure of the Prairie du Chien in
the state of Wisconsin. George Starke (1949) described the rocks exposed
in this quarry and estimated that the floor of the quarry lies some.30
feet above the base of the Oneota Formation. His diagrammatic representation
of the stratigraphic section is reproduced in this guidebook in Figure 30 and
on the left side of the regional cross section of Figure 31. Starke's des-
cription is reproduced in the Appendix,

The Willow River Formation at this site was studied in detail by Carozzi

and Davis (1964).

Angular unconformity of beds at the Onecta/New Richmond contact is
clearly shown on the high southeast gquarry face {(Figure 11)., Here eastward
dipping beds of Oneota Dolomite are overlain by flat-lying beds of the New

Richmond Memberx.

Retrace route to U.S. Highway 18 when leaving.

224.6 2.2 STOP SIGN, Turn right and follew CTH "C".

225.6 1.0 Follow Highway "'C" to left at Y in road.

228.86 3.0 STOP SIGN., Intersection with U,S., Highway 18. Turn
left (north) and proceed to junction with State Highway
60.

229.9 1.3 Junction with Highway 60. Turn right (east) and proceed
toward Gotham.

231.1 1.2 Prairie du Chien Dolomife exposed in roadcut on right.

231.6 0.5 Jordan-Oneota contact exposed in roadcut on left.

232.9 1.3 Jordan-Oneota contact exposed in roadcut on right.

234.5 1.6 Gran Grae Creek crosging.

236.4 1.9 Bush Creek crossing.
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STOP 15

CHICAGO, BURLINGTON AND QUINCY RAILROAD QUARRY
NW},SW%,8ec.31,T.6N. ,R.6W.

Gray, very thick-bedded, non-cherty sof't, ‘some
- avess Line-grained gray buff delemite.

ONEGTA FM.

Very fine-grained, wndulating bed, scontains white,
gray and black oﬁerb; oaVernous.

Gray to buff, soarse-grained, in 4" beds,

. Gray to buff o orange, thick-badded; containz some
white chert; seme clay pockets near top.

B v floor
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STOP 15
CONTINUED

Algel strustures profuse; stringers of chert throughout;
basal foot is weathersd chert, )

Conglomeretic with dark greay pebblesz; well-bedded with gome
gresn shale partings and some clean white guartzose beds.

Wnite, medium-grain; pome green Specks.

Gray, very thick-bedded, non-cherty, soft, some areas fine-
grained gray buff dolomite.

88

136 -

110

100 —

70
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STOP 15
CONTINUED

180 4
White, stained brown, medium-grained, well-sorted and rounded e
grains, LRI R
ST. PETER FM.
180
SHAKOPEE M, _ o .
Willow River Mbx,
Gna.rled‘a.ppearaﬁce, thick 1 beds with some siringers E
of sandstone.
170 <

Broscistad. y e
{7 7 -

6 inch beds separated by gray shale, %%% -

iy pd £
/ yd L

{ A i
W o i _ 160 4
/- Z YA
Thinly-bedded, green shale partings; fleating graing /S 7 i
of gquariz sand, ‘ v e pAE
L o £ R : 4
f 7
s
Gr 1suconit i—/ /‘;/" < —
oo, £ onitic. ( A 150
(7 pd ,
' £ £
Fine-greinsd; weathers to irregular surface. /
L L
New Richmond Mbr,  Stesar e
e e e 140 4
ONEOTA FM, | -
Weathers to irregular surface; some - Lry” —— i
algal struotuares, = '
130

Desoribed by Gaorge Starke, 1849
Modified by L. M. Cline, 1958, 1960
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236.6

'236.8

237.7
238.3
238.5

240.3

242.4

242.6

246.0

250.1

250.6

250.9
251.0

251.1

251.2

251.3

920

Jordan-Oneota contact exposed in low roadcut and bluff
on left.

Jordan-Oneota contict exposed in high cut on left.
Jordan Sandstone e#posed in roadcut on left.
Little Kickapoo Creek crossing.

Jordan Sandstone exposed in outcrbp on left.
Enter Wauzeka. TFollow State Highway 60.

Leave Wauzeka.

Kickapoo River crossing.

Junction with State Highway 131 north. Proceed east
on Highway 60.

Black Earth Dolomite exposed in roadcut on left.
Lodi Siltstone exposed in roadcut on left.

Turn left (north) on County Highway ""E” and proceed
up hill to large quarry on left.

Black Earth Dolomite exposed in roadcut on left.
Van Oser and Norwalk members exposed.

Contact of Jordan and Oneota ozxmations.

Contact of Sunset Point énd Oneota ecmbers.

STOP 16 (L.M. Cline and M.E. Ostrom). Large quarry
in Oneota Formation and roadcut along County Trunk

Highway E. Located in SWi,NE}, sec. 21, T.8N., R.

3W., Crawford County, Wisconsin (Boscobel 15" topo~
graphic quadrangle, 1933). Examine contact bhetween
Norwalk, Van Oser, and Oneota in detail. Refer to

discussion at mileage 252.1.

The main objective of Stop 16 and the description of the section in
Easter Rock (mileage 252.1)is to study the Jordan Sandstone and the "trans-
ition beds” in the base of the Stockton Hill Member of the Oneota Formation.
There are several distinctive lithologic horizons in the Stockton Hill
namely an oolitic chext bed and a dolomite bed speckled with green shale,
which persist eastward and northeastward as far as the Green Bay area in

northeastern Wisconsin as was shown by Starke (1949)H

In tracing the zones

eastward from Boscobel, Starke (op. cit.; Figures 30 & 31) has shown gradual
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STOP 16
ROADCUT AND QUARRY ALONG COUNTY TRUNK "E"
swi, NE4,Sec 21,T.8N,,R,3W.
West —==

ONEOTA FM. | .
_ Po 180.9" (est, )

Inescengible. Thisk-beddad. Solution caviiies along
Some bedding planes.

Insccessibia, Medium and thick-beadded. .

Inaoccessibls,

Composed of thin algal laminae with nodules of ocolitic shert.

Algal biostrome, Mhoneysont’' etrusture.

Mediun and irregularly-bedded. Pits on weathorad surface due to
weathering of glaugonite pellets. Gusrry Floop

L/7°//

_/ :
Green clay “spsckling® in lower I, (/ . / / )

Con?mmtiu. Abundant white silioa ag encrustations on
pellets, colites & possibzy as fossile,

Ghuaonita pala{ 4 pitl on surt&ce. [‘:J s/ 7

Medium and even-bedded, Gresn clay speckling, m

Green clay “apecklingt*, |__/ L’

ONEOTA FM.

Continued

Scale

In Feet
160 —_

150

140 -

150 —

110 —

100 —
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STOP 16
CONTINUED

Continted

Fine-grained. Green clay in pellets and aling oross
bede and bedding planes,

Even-bedded and medimm-bedded, Pitted surfice in
lower 1 foot,

ONEOTA FM.
JORDAN FM.
" Van Oser Mbx,

Medium snd fine-greined, Thick-bedded. Lower
gt £ 1 Poot iron stained. Note whati appears
40 be fold or slump Structure 8' above basze,

Norwalk Mbr.

Vory fine and fine-grained, Thin %o thick-
bedded. Moch is hioturbaceous.

JORDAN FM.
ST. LAWRENCE M,

Contact sxposed oppesite stop warning sign.jg |

92

70 —

60

50

30 —

Refsr to STOP 1 for key to symbols Desoription by L. M. Cline & M, E, Ostronm
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overlap of these zones by younger Oneota strata until about 40 feet of basal
Oneota 1s overlapped along the axis of the Wisconsin Arch (refer to STOP 19).

The confact of the Jordan and Oneota Formations and the lithology of
the lowexr part of the Oneota (Sunset Point) are especially well shown in the

road cut along nghway ‘g

Retrace route back down hill to State Highway 60.

231.9 0.6 "STOP-SIGNU Junction with State Highway 60. Turn left
(east) and follow 60 to CGotham.

252.1 c.2 Easter Rock on left at junction of State Highway 60
with U,S8. Highway %1. It was here that Starke {194%)

described the oolitic chert bed and "green-speckled” bed
seen to better advantage at Stop 16. His description
of Easter Rock is given in the Appendix at Mileage
252.1 and his stratigraphic section is reproduced
diagrammatically as the middle column in Figure 30.

Note about 20 feet above xoad level the contact of the
Tunnel City Sandstone with the overlying St. Lawrence
Formation.

It appears that deposition of the Jordan Sandstone gradually gave way
to the dolomite deposition of the Oneota. There are rvipple marks and mud
cracks in bedsZ2, 3, and 4, which one might take as evidence of shoaling
conditions but it is perhaps just as reasonable to assume gradually deepening
waters from Jordan into Oneota time, thus making it possible for fine-grained
sediments to settle out, preserving the ripples and making it possible for
shrinkage cracks to be developed and preserved. Minor amounts of quartz
sand -continued to accumulate in the Oneota carbonate-forming zone, at least

as high as bed 15.

253.1 1.0 Lone Rock Formation exposed at base of roadcut and
: bluff on left.

253.3 0.2 Turn yight on State Highway 60 toward Gotham.

253.8 0.3 Lone Rock Formation exposed in outcrop on left.

254.5 6n7 Lone Rock - St. Lawrence contact exposed in roadcut
on left,

254.8 0.3 Note high bluff on left capped by Oneota with Jordan
face.

255.1 | 0.3 Lone Rock Formation exposed in roadcuf on left.

255.8 0.7 Enter Richland County.

257.6 1.8 Enapps Creek crossing.

260.9 3.3 Junction with County highways "X" and "T" at bridge

south to Blue River. Continue straight ahead on Highway
60 east.

)
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261.1

266.8

268.4

268.6

269.2
270.0
271.4
272.0
2%205

273.4

274.3

275.2

276.1

276.3

276.6

278.,4

279.5

281.2

281.8

282.2

288.1

289.8

96

Enter Port Andrews.

Junction with State Highway 183 north. Proceed right
on Highway 60 east.

Mill Creek crossing.

Junction with State Highway 80. Continue straight
abead on Highway 60.

Enter Orion.

Indian Creek crossing.

Lone Rock Formation exﬁosed in low roadcut on left.
Ironton and Galesville.exposed in roadcut on left.
Ironton Membher exposed in troadcut on left.

Lone Rock Formation exposed in roadcuf on left.

Noté high bluff on left with Oneota Dolomite cap and
Jordan Sandstone face. .

Wonewoc Formation exposed in hill behind baxrn on left.
Pine River crossing.

Enter Gotham.

STOP SIGN. Junction with U.S., Highway 14. Turn right
and follow U,$8., 14 to Spring Green.

Wayside on left.
Bear Creek crossing.

Junction‘with State Highway 130 north. Continue straight
ahead on U.S. 14,

Junction with State Highway 130 south. Continue straight
ahead on U.S. 14. '

Enter Sauk County.

Turn left on State Highway 23 at junction with U.S.
14 near north edge of Village of Spring Green. Next
stop is_gquarry which can be seen near top of bluff

to righ% front.

Roadcuts and guarries exposing section beginning with
Lone Rock Formation at base and extending to Oneota
Dolomite at top.
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289.9 0.1

Turn sharp right on quarry road where highway starts
downhill. Follow to quarry.

STOP 17 (M.E. Ostrom). Davis and Richardson Stone

290.8 0.9
Quarry located in the Wisconsin River bluff about 1

mile north of Spring Green in the SE%, Sw}, Sec. 31,
T.9N., R.4E., Sauk County (Spring Green 15' topographic
quadrangle, 1960).

This stop is intended to show the lateral persistence of certain beds
in the lower part of the Stockton Hill Member of the Oneota Formation as was
demonstrated by Starke (1949) and shown at STOP 16. Although this guarxy
was not used by Starke in his correlation it clearly shows the ocolitic white
chert bed and the "green speckled" bed which he used as key markers. For
a more detailed discussion refer to STOP 16 in the road guide and Appendix

and to figures 30, 31, and 32.

FORMATION

CHEOTA

C—

EXFLANATION

FORUATION

!nlq'nnlu Enrl«-nw - i‘
§ (NOTE:  Seclions  texen normal s il (S5 it
] e deonan deck) | ESER S (e Py
= : 6 ‘II\MI . E:l'l
CROSS SECTION OF THE SUNSET POINT SANDSTONE D“'”{“ - e

e itk m Swdstu with ihea
ot gomn b Wb 8 aMr oM

MEMBER OF THE JORDAN FORMATION FROM THE
B s rpuimen

TYPE SECTION AT MADISON WESTWARD TO
GENOA. WISCONSIN

JORDAN

Figure 32. Cross section of the Sunset Point Sandstone Submember of the
Onecta Formation from the type section at Madison westward to Genoa, Wis.

(Melby, 1967).

0f special interest at this stop are cerxtain red clay bodies which occur
.in the dolomite (Clay Minerals Society, 1964). These clay bodies are similax
to those which occur in the Oneota Dolomite elsewhere and which have been
described as fillings of solution cavities in the dolomite. ZX~ray diffraction
analyses of the clay indicates that it consists predominantly of mixed-layer
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STOP 17
DAVIS & RICHARDSON STONE QUARRY
SE%,Sw%,Sec.31,T,9%.,R,4E,

Scale
In Feet

ONEOTA FM, | _
Hager City Mbr. . ‘ ‘
_ ' as 7 50 _|

Medimm-crystalline, slightly vuggy.

Mediwum-crystalline, slightly vuggy. - :,..

Fine-orystalline, Medium-beddéd to ‘bhin-bed&ad near top. (77
Abhndant dendrites. Ay

Medium-crystalline. Modium and thin-bedded. Slightly vuzgy. | :

Fine and modium-orystalline. Scme 2mnll wuzs.
Floor at upper level. 7 a7

P 30

Thick-bedded.

Sandstone, fine & mediwm-grained. Ba]_.omitie. S
Fine & medium-crystalline. Dense to slightly vugay 7 —7

0o/ & 7 -
Dolomite, san with raen olay mo o
Medium and fino-crys%a dy g J.gac thiggtemny

persistent thin layers ot dolomi'be and sa.ndatom.—'"'"—*“—' 10

Green olay mwottling,—— I L 7 ]

Stockton Hill Mbr. Coarse % mdim-gmi—n&___/ X T2
gof't white silica. 5

Medimn & fine-grained, 11t v ~
Algnl bed, Thinly laminat 213’;,———911// i
Medium and fine-crystalline.

Conglomeratic, ——m———— ° 5
Fine-orystalline. Upper Ft eon@lcmemtier‘{%%ﬁ_-ér___.
Modiun and thin-bedded. — 77 0-

Refer to STOP 1 for key to symbols Desoribed by M, E. Ostrom
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expansible varieties and that it compares favorably with analyses reported
for residual clays believed to have developed as soils on the top of the
dolomite throughout much of southwestern Wisconsin (M.L, Jackson, personal
communication). One explanation for the clay bodies in the dolomite is
that possibly the residual clays circulated downward in groundwaters and
were redeposited in solution cavities.

However, close examination of the clay bodies here and elsewhere in
the Oneota Dolomite raise some serious questions with regard to this theory
as has previously been pointed out (Ostrom, 1964b). If examined closely
it can be seen that certain thin non—calcareous layers in the dolomite,
composed of chert, sandy or silty laminae, or green clay beds, persist through
the clay bodies. This is difficult to explain in texms of cavity filling.

As an alternative it has been suggested (op.cit.) that the clay bodies
foxmed by a process of replacement in the dolomite and that the residual
soils at the surface formed at least in part{_as a lag concentrate developed

as the carbonate was leached away.

. If it is true that this clay actually formed by a replacement process
. in the dolomite, then closer study may provide a clue as to the mode of .
formation of other c¢lays, such as bauxite, where they occur asscociated with

carbonate rocks.

291.5 0.7 STOP SIGN. Junction with State Highway 23. Turn left
and procged to Sp;ing Green.

283.4 1.9 STOP SIGN, Junction with U.S. Highway 14. Turn left
and proceed toward Madison.

-295.3 1.9 Biidge over Wiscomsin River.

296“6 1.3 Road to Towexr Hill State Parxrk on right.

300.7 4.1 Wayside on left.

301.9 i.2 Enter Arena.

304.2 2.3 Blue Mounds Creek crossing.

307.8 3.6 Entexr Mazomanie.

308.3 0.5 STOP 18 (L.M. Cline). Mazomanie Bluff, Mazomanie,

Wisconsin. Located in the SE}, NWZ, Sec. 16, T.8N.,
R.6E., Dane County (Mazomanie 7.3' topographic quad-
rangle, 1962). Description by L. M. Cline modified
after Thwaites (1935) and Starke (1949).

The main purpose of this stop is to observe the effect of the Wisconsin
Arch on the Jordan—Oneota interval but it also offers a good opportunity
tc see the Mazomanie Sandstone, St. Lawrence Dolomite, and the overlying
Lodi Siltstone. The Wisconsin Arch evidently was positive throughout much
of the Upper Cambrian and Lower and Middle Oxdovician time as is shown by
the thinning of many of the units over the arch (Starke, 1249; Ahlen, 1952;
Emrich 1962; Ostrom 1966, 1969; Melby 1967). The Jordan Sandstone, for example,
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| : STOP 18
MAZOMANIE BLUFF SECTION
SE%,NW%,Sec.16,T.8N. ,R.6E.

i TUNNEL CITY GROUP

}1 80
-
| Mediwm-grained, light grey, sofi, crosds-bedded, glauconitic, |
i pebbles of aandstone, trilobite fragments and borings,
i Prosaukia.
| 50 .|
i
i
)
1 .
| - £
- Madiim-grained, yellow, oross-bedded, slanconitie. % 2
- Medium-greined, dolomitic. )
} Madiwm- grained, ml;'sogle o_ross—-'bedding.
- Mediun-grained, dolemitic.
: Medium-grained, cross-bedding,
! Upper portion honeycombed with burrows,
i 30 <
- Mediwm-grained, soft, irregular ]
bedding, cross-‘beddad, glanconiti
! .' 20
Arsneceous, soff, yellow. {Z://_:‘/' Lr _
Fine-greined, SN -
Hodim—gminad Ve .
glausonitic, ™y o 10
Fine-grained, soft, thick-bedded.
Fine-grained, very hard, some oross-bedding, T
- lenses of yollow dolomite.
0

White, fine-grained,/ .~ - ' - "Ll
Highway 14
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8T, LAWRENCE M.

STOP 18
CONTINUED

Continuved

140 -

Arensceous to shaly, red and yellow laysrs.

Arenaceous, thisk-bedded,
Partings of ved and green shele.

130+
Dolomitis, in thin layers,
Weathers thick-bedded, bul finely laminated; 120
dolemitic, "=
. - -:':.:::"'—‘U""Z:
Fossiliferous; Westonia aurors, Dikelosephalus winons
Tellerina cmas{ﬁig__in_ gﬁ,_ LI winond &nd L, modia.
Finely laminated bed weathering massive, some sandy layers,
red clay parting at top. g ]
& P : 1104
Yellow-gray, dolomitic, layers 7 to 2 inches thisk.
Glausonitic, sandy, two layers azp_osedl in old quarry.
. : Zz
100
Concesled; sandstone fragments, T
80

ST. LAWRENCE FM.

TUNNEL CITY GRP.

Conglomeratic at top, medium-grained, glausenitic,
soft, some cross-bedding. : a0

Msdium~grained, glhuconitio, white.

Medium-grained, light grey, soft, giauconitie,
orcors-bedded, pebbles of sandstone, trileobite

fragments, Prosaukia.
i 70
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STOP 18
CONTINUED

ONEOTA FM,
Gray to buff, thisk-bedded, badly weathered,
Contains algal siructures.
Gray, sontains fragmint of shitens.
Buf?, fine-grained, wavy-bedded, cherty.
Mottled, bilostromal,
Gray, f;na-gre;ined.
{014 Guarry Face) ‘{
Buff, fine-grained, wavy-bedded,
Apenaseous,
Thick-bedded, wavy-bedded, lower part cherty,
Gray, thick-bedded, breeciated.
ONEQTA FM,
JORDAN FM, Light gray, fins-grained, thin firm
Van Oser Mbr, layers,

¥hite, soft, medium-grained, contains cslcite concretions

in even beds, L.
JORDAN FM. _ Coarse-grained, dolomitic, brownish- L/——_/
ST. LAWRENCE T, JYeiiew hard. e
- =
Yellowish.grey, arensceous some red / / ——— /
atreaks. AR
- L £

Dessribed by Ceorge Starke, 1949
Modified by L. M. Cline, 1859, 1980

- 2107

102

200 .

190 -

180

170 -

160 4

150

140 ~
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thins to 18 feet over the arch. The marked change in lithology and sharp
contact between the St. Lawrence Formation and Jordan Sandstone at STOP

18 could be interpreted as indicating pre-Jordan erosion as was suggested

by Ostrom (1964a). The Oneota rests with apparent unconformity on the Jordan
on the basis of the fact that the "transition beds" of the basal Oneocta

are absent as was shown by Starke (1949) who ascribed the relationship to
pre~Oneota erosion of the Joxdan sands. However, the absence of these beds
can also be accounted for by assuming that as the sea transgressed so did
the lithic boundary separating the "transition beds” from the underlying
"sand beds". Thus, the lithic boundary would cross time boundaries. By
this method individual beds among the "transition beds" would represent ap-
proximately time intervals and successively younger beds would reach further
landward to form an overlapping pattern (Ostrom, 1964a).

Twenhofel, et al. (1935) assigned the upper 25 feet of the Tunnel City
Sandstone at this exposure (Franconian) to the Reno Member. Ninety~-three
feet of the underlying section were referred to the Mazomanie and Birkmose
members without attempt at differentiation. It is noteworthy that zone
24 (refer to Appendix), which is in the Lodi Siltstone 120 feet above the
. base of the outcrop, has yielded the world-famous Dikelocephalus fauna

described by Ulrich and Resser (1916), although the genus is not restricted
~ to the Lodi. Fossils are. rare. '

Glacial note - Black Earth Creek valley immediately above Mazomanie
contains many feet of outwash sand and dolomitic gravel graded to the high
sand terrace in the Wisconsin River valley.

309.4 1.1 Junction with State Highway 78 north. Proceed straight
ahead and to right.
310.8 1.4 Exposure of section from Black Barth at base to Oneota
at top in hillside above barn on left.
. 311.0 0.2 Black Earth Dolomite exposed in roadcut on left.
311.3 0.3 Enter Village of Black Earth.
311.8 0.3 Junction with Highway 78 south. Continue straight
ahead on U.S. Highway 14.
311.8 0.2 Black Earth Creek crossing.
312.4 0.6 Roadcut and bluff on left reveal section extending from
Lone Rock Formation at base to Oneota Dolomite at top.
_313;1 0.7 Lone Rock—-St. Lawrence contact exposed in roadcut on left.
314.9 1.8 Black Earth Dolomite exposed in roadcut on left.
315.0 0.1 St. Lawrence through Oneota formations exposed on left.
315.2 0.2 Contact of Lone Rock Formation with St. Lawrence For-

mation in roadcut on left.
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315.6 0.4 Oneota Dolomite quarry exposed in distance to right front.
316.4 0.8 Enter Village of Cross Plains.
318.3 1.9 Lodi-Jordan contact exposed in roadcut on left. Bluffs

capped by Oneota.

319.0 0.7 Gravel pit in glacial outwash on left.
319.3 0.3 West edge of glacial till occurrence.
320.4 1.1 STOP 19. Roadcut at north side of U.S. Highway 14

(Figure 33) four miles west of Middleton, Wisconsin

in the SW%, SE}, Sec. 7, T.7N., R.8E., Dane County
(Cross Plains topographic quadrangle, 1962). Jordan-
Oneota contact. Last stop of trip. Proceed on to
Milwaukee. Note Oneota Dolomite quarry in distance to

southeast.

Figure 33. Contact of Jordan Sandstone with Oneota Dolomite in roadcut at
north side of U. S. Highway 14 about 4 miles west of Middleton.

STOP 19, so far as can be determined, represents the approximate crest
of the north-south trending Wisconsin Arch during the time the Jordan and
lower Oneota formations were being deposited. That this is the case is
well illustrated by the work of Starke (1949; refer to Figures 30 & 31) and
Melby (1967; refer to Figure 32).

Both Starke and Melby indicate that approximately 40 feet of lower
Oneota Formation is missing at this exposure. Starke accounts for the
missing strata with the hypothesis of progressive overlap of a pre-Oneota
erosion surface by carbonates from west to east onto the Wisconsin Arch.
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STOP 19 _
3.5 MILES WEST OF MIDDLETON ON U.S. HIGHWAY 14
NE},SW%,SE%,Sec.7,T7N.,R.8E,

60 —
\ J
50
Buff, massive, wilh a few large chert nodulez at base (
‘ 40
. Buff, massive,

ONEOTA FM, ' -

Pitted, some chert at one or Wo horizons.
_ . _ 30 .

Massive, may contdin some algal structures.

Pitted and mottled wéa’.ﬂ;erad surtace Chitons,
Gray, with stringers or interbedded la.yers or 20 _|
orange chert,
Buf? to gray, woathers to a pebbly surfase, some J
chart,
Wavy bichern strustures forming mll savitlies, _
Buff to gray, undy, mey be bioherm. 10,
Thin green 16{
JORDAN FM, Whﬁteﬂtotbufr, slean, friable, some eolitic
. , cherd & :
Van Oser Mbr. it bedded. o );/‘y/jy// i
te, oross- ad, COATES, B /// )
White, clear, mediwm to coarse, well

rownded greins. Hi 14 !: Sl e 0]

Deseribed by George Starke, 1949
Modified by L. M. Cline, 1969, 1960
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By this process the lower portion of the carbonate would not be present over
topographically higher areas. Melby, on the other hand, accepts the theory
of overlap but follows the reasoning of Ostrom (1964a) that there is no un-
conformity between the Jordan and Oneota formations but rather that the over—
lap is the product of transgression in which time lines cross lithic lines
such that portions of the lower Oneota Dolomite formation are egquivalent,

in time, to portions of the Jordan Sandstone developed in the nearshore

area. Preliminary data on contacts obtained from Melby's samples and iden—
tified by D. L. Clark and J. Miller (Department of Geology and Geophysics,
University of Wisconsin, Madison) tend to support the latter hypothesis.

322.0 1.6 Flat plain of former Glacial Lake Middleton can be

' seen on left. Lake formed between glacial ice on
the east and topographically high broken ridge of
"Prairie du Chien Dolomite on the west. Drainage was
to the west via the Black Earth creek valley.

324.0 B . 2.0 Tuxn left on US highways 12-14 east before underpass
“ and at west c¢ity limits of Middleton. Follow US
Highway 12 to Interstate Highway 90 north and then
Interstate Highway 94 east to Milwaukee.
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APPENDIX

Mileage 0.7, STOP 1 (M.E. Ostrom), Stream cut in east bank of Duncan Creek
just north of firxst bridge south of Glen Lock dam in Irvine Park near the noxth
city limits of .Chippewa Falls and in the NW%, SW%, Sec.31, T.20N., R.8W.,
Chippewa_County (Chippewa Falls 15" topographic quadrangle, 1936).

Exposuxe can be reached by follow1ng foot path from northeast side of bxldge
northward for about 100 yards.

Cambrian System
Elk Mound Group
Mt, Simon Formation-

14, 50.87-59,8¢ 9! Sandstone, light yellow brown, grein size ranges from very somyse to fine,

PRy

massive, Congiomeratic in basal 3 inches with pebbles scattered 'througnow
“ but chiefly along sross-bedding planes,

13, 47.8!'-80,8! 3! Sandstone, gray, coarse te fine, massive-bedded, cross-bedded. Bottom not seen.

12, 44,87-47,81 3! Shale, green grey, with some lenses and beds of sandstone. Upper part coversd,

11, 41.8%-44,.8t 3! Sandstone, light brown, grain size ranges from fine te very coarse, lower 2% —
conglomeratic, medium-bedded, some cross-bedding. Appears thin-bedded where
weathered, -

0. 41.37-41,3" 0.5* Sandstone, light brown stresked pale green grey, very fine to coarse, silty,
thin-bedded. Bedding surfaces snow evidence of reworking by snimals and are

. marked by numercus trails.

8, 32.537-41.3" 9! Sandstons, yellow gray, conglomeratic, grain size of sand ranges from very
coarse to medium with little fine; massive-bedded and cross—bedded, some ¢ross

) beds conglomeratic.

8, 22,8r-32,3" 9,5' Conglomerate, yellow gray, mostly subrounded to rounded quartz pabbles in & quartz }
sand meirix; massive-bedded and cross-bedded. Piner grained deward top. %

7. 16.8'-22,8? 8! Sandstone, very light yellow gray, coarse to fine-gralned with litile very coarse,
locally conglomeratic, messive-bedded to thick-bedded, cross-bedded. Lower &°
loeslly shaly with rolling or rildly contorted bedding. ;

6. 13.8%.15,8! 3' Conglomerate, yellow gray, mostly subrounded to rounded quariz pebvles in a

metrix of chiefly quartz sand; masgive-bedded and cross-bedded. Beds are not —
) laterally continuous and some scontain only scattered pebbles.
5. 7.3%'-13,8t 8.5' GSandstone, yellow gray, medium and fine-grained, some comrss near top, moderatsly
well-sorted, subangular, with rare conglomeratic beds one pebble m 'hmckness, ‘
me.ssive-badded with some oross-bedding. Weathers to thin beds of % b 4 y
: thickness, o
4, £,0%-7,31 1,3' Conglomeratic, yellow gray, mostly subrounded to subangular qua.r‘tz pebbles in a
matpix of sand and silt with a trace of clay; some cross-bedding., Basal coniact i
is sharp and even. :
Procambrian
3. 3.07-8.0¢ 3! Gneiss, highly weathered, blue green to light yellow browm, with much blue green
clay. _ —
2. l.0t-3.00 21 Cneiss, highly weathered, pink. Uneven upper surface with &% to 1' relief.
1. G.0t-1.0f 1' Gneissic granite, highly weathered, green grey with some pink, appears gneissic.

BASE OF EXPOSURE at stream level,

Mileage 17.1, STOP 2 (M.E. Ostrom and V. Asthana, modified from Ostrom, (1966).
Type section of the Mt., Simon Sandstone Formation. Exposure in bluff of Chippewa
River and in hill called Mt. Simon in the City of Eau Claire in the SW%, sSwi,
"Sec. 8, T.27N., R.9W., Eau Claire County (Elk Mound 15' topographic¢ quadrangle,
1934). Section 1nc1udes all rock exposed from top of Mt Simon northwazd to base
of yivexr bluff,

Cambrian Systenm

Elk Mound Group
Mb. Simon Formation

4. 215,5'-224.5' 9,01 Sandstone, light yellow gray, predominantly coarse-grained, ma.ssiw-“e-beddad
and cross-bedded, Contains abundent brachiopods (Obolus namouna). Trace
of glauconiie. Some beds are burrowed. These are the only rocks at this :
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39,
88‘

57

38,
5.
4.
53,
32,

51,
30.-

29,
28,
27,
28.
25,
23

21,

20,

19,

3

i7.

18,

‘ 15,

2311.8'-215.5¢

210.81-211.5"

210,5'-210,87

208.51-210,5*

207,11208,51
206,17-207,11
205,61-208,11
190,61-205,61
197.,81-199,61

196,91-197.6"
180,91-196.91

189,91:190,9!
185.91-189.9"

1’?799' "185.9’

187,51-377.9

105.3%-187.31
95,31-105.3"1
92,31.-95,31

92.07-92,37
91.51-52,01
'ag.svmel.sr

88,27.-89,8'

87.51-88.21

87,01-.87,5¢

85.51-87,01

84,01-35,51
83,01-84.,01

4.01
0,71
0,3t

2.0’

1.47
1.0°
0,31.0,7?
8,0t
2,01

C.71
§,0f

1,07
4,01

8,0

16,6

62,01
10,0t
3,01

0.8!
0,7?
1.8?

1,8t

0,7?

0,51

1.0%-4,07

0.51.3,5¢
Q.57-1,07
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exposure assigned by Twenhofel, Reasch, and Thwaites, (1935, p. 453),

to the EZau Claire Formation.

Sandstone, very light yellow gray, predominantly medium and fine-

grained with some ccarse grains, Becomes coarser-grained toward iop.
Sandstone, very light yellowish gray, fine and very fine-grained, in single
bed with green shale layer at top. N
Sandstone, yellow gray to white, fine and medium-grained, massive-bedded
and cross-bedded, with 2 green shale layer at top.

Sandstone, light yellow brown to light yellow gray, fine and very fine-
grained, thick and massive-bedded. Bed of sandstone with thin green shale
layer in. upper &%,

Sandstone, light yellow brown, very fine-grained, thin-bedded, with green
gray shale layer up to 2 thick at base. Contains brachipoed fre.@'uents.
Sandstone, light yellow gray, predominantly coarse-grained with little
very coarse and medium,

Sandstone, lighit yellow gray, very fine-grained, silty, with green shale
partingse

Sandstone, pink orange, predeminantly coarse-grained with little very coarse,
massive-bedded, crogs-bedded,

Sendstone, light yellow gray, grains range from coarse down to very fine
sand; silty and burrowed.

Sandstone, predominantly ccarse-grained with little very coarse, massive-
bedded. Upper limit marked by concentration of iron oxide, Upper surface
ripple marked and when viewed from above has a moitled gray coloration.
Sandstone, light yellow gray, grain size ranges from coarse down 1o very
fine sand, silty, burrowed; in beds 8 to &% thick separated by thin zreen
shale layers,

Sandstone, light yellow gray, fine-grained, silty, very argillaceous with
green gray shale turning to reddish brown toward top.

Sandstone, light yellow gray, grain size ranges from coarse to very {ine
sand, slightly silty, massive-bedded with low angle cross-bedding.
Sandstone, light yellow gray, predominantly coarse-grained with little
medium and fine, appears massive-bedded but weathers thin-bedded and even-
bedded with laterally persistent thin layers of green gray shele along
bedding planes, cross-badded. Some trail markings. Weethers in stair-

step pattern,
Sendstone, light yellow brown, coarse-grained, massive~bedded, weathers

to irregular beds.

COVERED INTERVAL. Base of covered interval at parking lot level north of
Mt. Simon marks approximate base of Fau Claire Formation according to
Templeton (1951).

Sandstone, light yellow brown, predominantly coarse-grained with granules;
coarsest grains concentrated along bedding planes and oress beds. Weathers
t0 regular beds Z° to PF in thickness,

Sandstone, forms marked reentrant; light yellow brown, sand grain size
ranges from fine t6 very coarse with scattered granules, cross-bedded,
Persistent green shale in upper 186 inches. )
Sandstone, light yellow brown, fine-grained with thin horizontal shale

.partings.

Sandstone, light yellow brown, predominantly coarse-grained with scattered
graniles, massive-bedded and oross-bedded at top of prominent ledge.
Sandstone, light yellow brown, medium and coarse-grained with some very
coarse grains and greanules in base, massive-bedded and cross-bedded,
Sandstone, yellow green, predominantly medium-grained with abundant

comrse grains and granules in lower 2% and geatfered throughout upper

part, massive-bedded and cross-bedded,

Sendstone, light yellow brown, fine and medium-grained with small pits on
weathered surface.

Sandstone, light yellow gray, sand grain size ranges from very coarse

down to very fine, granules concentrated along cross beds and may be locally
abundant in beds up to 5° thick, becomes finer-grained toward top, massive-
bedded and cross-bedded. Cross-bedding is very low angle.

Sandstone, same &S no, 138, noticeably cross-bedded, occurs as single bed
ranging from 110" 4o 4,0 in thickness; cross beds sharply truncated a% top.
Sandstone, same as no. 18, Thins berneath wnit #17.

Sandstone, light yellow brown, fine-grained with little medium, scattered

granules, massive-bedded.
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4.  80.01-83.0' z.0t
1
77.01-80,01 3.0t
13,  74,01-77.0t 3,01
71,01.-74,0 3,01
12, 76,01.71,01 4,01
59,01-67,01 8,01
11, 57.01-59,0 2,0t
10, 55,01-57.0! 2,01
9. 51,0%-55,0' 4,0t
8, B50.51.51.0° 0.5¢
48,5!-50,5! 2.0t
7, 45,01.48,5' 3,5
6. 43.5""45.0' 1051
S, 57,5%-43,5' 8.0*
4, 31,01.37,5' 6.5!

Follo%ing section
and Thwaites, 1935, p.

3. 8.,071-31,01 28,01
Z. 0,0t-3.01 3.01
Precambrian

ll

Mileage 25,0, STOP 3 (M.E, Ostrom).

Bandstone, light yellow brown, grain size renges from very fine te

very coarse with some granules which are concentrated along cress

beds, massive~bedded; umeven top.

COVERED INTERVAL

Sandsione, light yellow gray, grain size ranges from cosrse o fine,
horizontally streaked yeollow brown, massive-bedded and cross-bedded.
COVERED INTERVAL

Sendstone, light yellow gray, grain size ranges from coarse to fine with
1ittle very coarse and few granrules concontrated along cross beds.

COVERED INTERVAL

Sandstone, light yellow brown, grain size ranges from ooarse to fine with
iittle very coarse, massive-bedded and cross-bedded; forms a prominent ledge.
Sandstone, light yellow gray with thin horizontal green gray shale layers,
medium 4o very fine-grained; forms prominent reentrant.

Sandstone, very light yellow brown, fine to very coarse-grained with
scattered granules, massive-bedded and cross-bedded; ocours as a prominent
ledge between two equally brominent reentranis.

Sandstone, yellow gray, medium to very {ine-grained, massive; occcurs
beneath prominent overhang. '

COVERED INTERVAL
Sandstone, yellow gray, coarse o fine-grained with 1ittle very ccarse
and some grenules in lower &', Cross-bedded in beds 2'* to 6" thiok,

massive~bedded,
Sendstone, yellow brown, streaked with pale green gray clay, cross-bedded.

Forms reentrant on weathered surface.
Sandstone, light yellow brown, medium o very coarse-grained with little
fine, massive-bedded with horizemtal color banding and distined cross-

bedding.
Sendstone, light yellow brown, grain size ranges from medium to coarse with
1i%tle fine, massive-bedded with horizental coler bending and some low

angle cross-bedding.
BASE OF EXPOSURE near water level at location of concrete water intake
structure.
is reported from a well in the area (Twenhofel, Raasch,
453),

Sendstone, light gray and light yellow gray, coarse to fine-grained,
Sandstone with granules to 2% diameter,

Gneiss

Exposures of Mt. Simon and Eau Claire

formations in roadcuts on east-west asphalt road 0.8 miles due west of junctiom
of State Highway 53 with County Highway "II" located south of Eau Claire on the
N line of the NW%, SE%, Sec. 2, T.26N., R.9W., Eau Claire County (Chippewa
Falls 15' topographic guadrangle, 1936).

9.  78,91-79,9 ' 1t

Cambrign System
Elk Mound Group
Eau Claire Formation

'8,  72,9Y-78.9' gt
7o  71.91-72,9! 1Y

6. 67.3%Y-71,01 46!

Soil Cover

Inaccessible, Appears thin-bedded and shaly. Probably same as underlying.
Sandstone, light yellowish grey, fine and very fine-grained, abundant

liriguloid brachioped and trilebite fragments parallel to bedding. Abundant

shale partings up 4o 2% end 15% of total rock. Little very fine glauconite.

' Sandstone, light greenish gray, fine and very fine-grained, dolomitic,

thin to medium-bedding {6 maximum) which weathers uneven, Little very fine
glauconite, Greenish gray shalse occurs as thin parting layers and
dissontinuous thin partings. Swrface texture and mottling suggest
bioturbartion. Fossil fragments locally abundant and ineclude linguleid
brachiopods, hyolithes and less. commonly trilobites (Cedaria sp.).
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© 8. 37.97-87.30

4, B7.41-57.91

3.  34.47-37,41

M, Simon Formation

2. 50,41e34,4

1. 013041

29.47

0.2 l....o.?‘l

5.0

4,0

30,4t

110

Shale, very sandy, and sandstone, very shaly., Bluish green to gray
with thin to medium discontinuous beds of sandstone that are light
¥ollowish gray, very fine and fine-grained and slightly glaueonitic.
Mioa i3 sbundant on parting surfaces, - Some sand beds contain abundant
foasil bachiopeds and trilobites. Shale. of this unit appears to grade
iaterally to west into litholgy similar %o overlying sandstons. Iron
oxide enviohment in lower #%; fossils abundant in lower &Y,

Sandatone, reddish brown, fine o coarse-grained, iron oxide sement,
ahundant fossil brachlopods.

Sandstone, light yellowish brown, fine-grained, in thin to medium beds
sypareted by thin greenish gray shale layers. Very fossiliferous. Thin
underlying ircn oxide layer at base assoclated with grey olay.

Sandastone, yellowish brown, medivm and scarse-grained, oross-badded and
medivem to masaive-bedded with geveral I to &' clayey sandstone layers

in upper 3 feet at west end of sultorop but ne siay at east snd of oudsrcp.
A% east end sandstone is wassive and oross-hedded end sontains fossil
brachiopeds in uvpper few feet.

Sandstona, light yellowish gray to brown, very ccarse to fine-greined,
magaive and thiock-bedded and oross-bedded; many beds show evidencs of
bloturtation. Pals green shale along some bedding planes,

BASE OF EXPOSURE at east end.

Miléage 50.4, STOP 4 (M, E, Ostrom), Bruce Valley quaxrry (abandoned) located

at ‘east side of CTH "D" 1.2 miles north of Bruce Valley School in the NE}, NW%,
NW%, of Sec. 9, T.23N,, R.8¥,, Trempealeau County (Whitehall 15' topographic

quadrangle, 19 _29)

81,1%-83,11

Cambrian System

Elk Moumd Group

Wonewos Formation
Galesville Member

13, 41,1%-61,1

Fan Claire Formation
12, 39,77-41.17

11, 38.9%-38.7¢
10, 37,1'-38,97

9, 33.41-37,11
8.  26,8.33,4'
7, 20,81.28.8"

8. 18,9%.20,8%

5. 15.5‘ ‘1809'

2,00

20,0t

0.8?

1.3

3,7
8,81

8,01

1.6¢

Seil cw,er-‘

Sandstons, yellowlish brown, Dredeminantly medium-grained with some fine
and coarss, woll-sorted, thick-bedded and cross-bedded. Cr¢ss beds
inclined northward, some iren oxide enrishment especlally in lower 6
inchies to 4 feot. Contact with underlying is vmoonformable and shows
up to 2,5 feet of relief near north end of exposurs,

Sandatone, yollowish brown, fine and vory fine-grained, glauconitis, amch
brown iron oxide stain and cement. Medium to thin-bedded and horizontal

and aven-bedded,

Sandatone {reworied bed), color and texiure same as bed #12, pitted weathered
gurface, Some zmall scale out and £ill in base.

Sandstons, yellowish bprown, very fine and fine-grained, glauconitio, thick-
bedded and sross- beddod. Base of Galasville extends to G.3' below top

this unit,
Sandstone, sage as bod #10, horizentally-bedded and ocours as massive ledge.

Fow brachiopods parallel to bedding,

Sapdstone, same as bed #10, medimm and thin-bedded, abundant orenge
brachiopod shells parallel to bedding, "Thicker-bsdded in lower part,
Sandstone, brownish grey, very fine and fine-greinsd, glausonitio, abundant
white phosphatio brachiopod shells parallel 4o bedding. Bedding thin and
gently vadulating with pale greenish gray olay on parting surfaces,
Abundant trial and ocurrent workings2 on bedding planes. Some trilobite
fragments on bedding planes. Baze at top of lower quarry level, Grades

down to.

Sandatone, grayish green, very fine and fine-grained, very glauuonitie, thin-
bedded and flai-bedded, Abundant white brachiopod shells parallel to bedding.

" Grade down to.

Sapndatene, yellowich brown, fine and very fine-grained; very glawsonitls, thin-
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Se

2,

1.
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- 13. 8_’:“15. 5'

8,81-13,.58?
8.0%-8,8¢

5407.8,0°

.0,0-5,0?

1.7t

5.2
1.01-0,4¢

3.0t

5,91

bedded, bedding uneven and discentinusus. DPale greenish gray shals

on aburdeny parting surfaces. Grades down to.

Sandstone, grayish grsen, very fine and fing-gralned, vory glaucenitic
with whits brachieped shella parallel to bedding. Severzl thin pels greenish
gray shale stringers perallsl to bedding especially in upper 0.5:

Base 5lightly wneven.

Sanda%one, zames as bed F4 hut haz less glauconite with ssveral pals
greenich gray clay partings ¥ to 2 ithiok and abundant whioh fbeleid
brachiopod ghells parallel %o bedding. Some oross-bedding.
Sandatons, same a3 bed #4, very glauconliiic, derk greenish grey, very
fossiliferous, oross-bedded, Pale greenish gray shale parting 1™ %o
2* thick in base, Becomes less glaveenitic where thin,

Sandstone, greenish gray, very fine smd fine-grained, very glaucenitis,
thick te massive-bedded,

Covered interval to »oad lwal.

BASE OF EXPOSURE

Mileage 59.9, STOP 5 (M. E. Ostrom)., Exposure of geologic section beginning

with Eau. Claire Formation at base and extending upward into the Lone Rock Formation
at top in roadcuts located north of Whitehall on County Trunk Highway "D" and
1.7 miles north of its juncture with State Highway 53 in the SW%, SW%, Sec, 12,

T.22N.,

Canbrisn System

Lone Rook Formetion

Reno Hamber

14.

1@.9'-172.3’

Tomah Meaber

13,

12,

135,11-142,8¢%

128.5'-15301'

Birkmoss Member

11,

119.91-128,57

Wonewoo Fermation
Ironton Member

ic.
2.
8,
7.
8.

b

118.91-119,9

117.61-118,.5Y

116.4'-11‘7.6' )

115,11-116.4°
114.01-116.11
113,07~114.01

$8,07+115,01
85.,01-98,01

30,012

8.9t

487

8,87

1.0?
1,57
.21
1.3
1.1t
1,0

15,0¢
15.0%

R.8W., Trempealeau County (Whitehall 15' topographic quadrangle, 1929).

Sendstone, light yellowlsh trown, Iine-grained, dolemitie, glawsonitic,
thick to thin-besdded, Glsueenitie beds oross-btedded. Seoveral beds very
glavconitie at 37, 107 and 20t bYelow ftop., These beds appear to be a i
mixture of mdstons :lntmlas'tz in & glauconitis sand mairix and of

bioturbate.

Same as overlying but with abundant shale, Beds ere thin and rarely mediwm.
Mioa atundant on bedding planes, Top about 10t above quarry fleor.

IETEL OF FARH ROAD

Sandstone, very shaly, fine-grained, Glausoniile, thin-bedded, abwndant shals
in parting layers, Some brachicped fossils.

Sandstons, gremish gray, fine-grained, dolomitio and very glawcenitis. Com-
f8ists of beds of sandstons intraclasts in glawconitic sandstone mairix and
of bloturbate both interbedded with beds of coross-beddsd and even-bedded

glavoonitie sendstens.

Sandstons, light yellowlsh gray, medium and coarse-greined, thick-bedded and
crosg-bedded, slightly glauweonitie, _
Same za overlying but with no glauconits.

Sams as bed #10, Upper & pay ba bicturbsceous.

Sandstone, light yellowish gray, poorly-sorted, very fine to soarss-grained.
Burrewsd or bioturbate bed.

Sandstone, light yollovish gray, mottled reddish brown, nedivm and soarse-

grained, -

Same a3 bed #70

BASE OF UPPER EXPCSURRE

COVERED INTERVAL

Sandstone, poorly-sortad, very fins 4o vory coarse-grained, bioturbaceous.
S011d ledgs 7! from top with concave outorop suwface bensath. Base of cone-
savity 13 £01id irom oxide cementad sandstone ledge about &% thick,

P
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3, 79.0'-83,00 4,0' Sandstone, light yellowish gray, medium snd coarse-grained, well-sorted,
with bioturbaceous poorly-sorted layers about 1 foot thieck at top and

bottom.

Galoévﬂla Member
2. 15t.79.0¢ 84,0 Sendstone, light yellowish gray, medium and fine-grained, well-sorted,

massive-bedded and cross-bedded, Bagal & iron oxide cemented and hard,
Piscontinuous conglomerate up to I thick in base,

Eau 01&1}0 Formation
1, 0t-15¢ ' 15,01+ Sandstone, light yellowliah zray, fine and very fine-grained, litile
glauconite, thin and medium-bedded, oross-bedded.
BASE OF EXPOSURE

Mileage 70.0 (M. E. Ostrom). Quarxry at east (left) side of County Highway
"N about 2.2 miles northeast of Qakdale School in the SW%, NEE, SE}, Sec. 21,
T.2IN., R. 8W,, Trempealeau County (Whitehall 15' topographic quadrangle, 1929},

1,01+ Overburden.
Jardan Formation
Horwalk Membor

11, 42.ir48,1 4.0% Sandstome, 1ight yellowlsh gray and 1ight yellowish brown, very fine and fine—
grainsd, thick-bedded to thin-bedded whers weathered, horizontally and even-
bedded, lower &' cemented with irom oxide, hard and daric brown.

St, laurence Formation

lodi Member
10, 34,1'-42.17 8.0t Siltatone, light yellowlsh brown with Ma0 dendritea, little pale green gray
¢lay on some bodding planes. Somo beds and lenses due to light grey oolor
appear to be bleached, Bads thin fo medium, even and horizontal.
9. B35,1%-34,17 1,0' Siltstone, light gray, very dolomitie with obolold brachiopoed fregments,
. ) Has uneven wavy surface and irregular bodding planes with bla.ek ooated
' . surfaces,
8 29,11-33.1! 4,0" Sandstone, very light yellowish brown mottled and streaied pale green, very
dolemitic., loocslly consists of sandy dolomite. Appears to be bioturbaceous,
7. 28,1'.29,17 3,01 Siltslone, yellowish brown, delomitis, thick ledge with fow thin pale grayish
. green goaly partings. :
8. - 25,5'-28,17 0.,0-1,2% Dissontinuous bioturbasecus bed of intraciasts,
Se  19.51-25.5* 8.0 Siltstene, light yellowish brown, dolomitic, scme dendrites, Bedding thin and
digoontinuous, Lower foot conalats of grey, dolomitic, siltatone.
4. 18,5'-19,.51 5.0' ‘Siltatone, very dolomitic, light gray, thin-bedded but appears as mmssive

ledge with alternating layers of gray and browm color. Unit imdulates gently
along outerop. Lowsr 1 foot looks reworked; loocally has olasts and abundant

glauconite.
Lene Rock Formation
Reno Member
3. 13.,5%-18,57 3,0* Dolomits, very silty, reddish brown, thick-bedded, herizental to slighily crcss-

bedded, moatly reworked. Abundant intraclaste,
2. 1.51-13,5' 12,0t Sandstone, Yrown, very fine-grained, glausonitle, thin-bedded, mmeven-bedded,

: with pale greenish gray shale in partings, Two bads of greensand 1.5' thick at
1.3! and 5! Balow top.
Sandstons intraclasts in glauconitie sandstone matrix tightly cememted with
dolomite.
BASE OF EXPOSURE
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Mileage 79.3, STOP

& (M. E, Ostrom, modified from Twenhofel et. al., 1935,

Nelson, 1956,

and Melby, 1967), Composite section from outcrops and quarries

located along State Highway 93 and extending from about 1,5 miles to about
3.2 miles south of Arcadia, Section begins with gquarry exposure of Lone Rock
and St. Lawrence and ends at top of hill with quarries in the Oneota Formation

in SE}, Swi, Nw}, Sec.
topeographic quadrangle,

Ordovician System

Prairie du Chien Group

Cneots Foruation .

Stockton Hill Member

55, 163,01-184,0!
34, 162,01-183,0!

38, 157.01-162,0

32,  155,0'-157,01

31; 1&-6"'155.09
30, 150,71-152,.5¢

29. 148-7'-150.7'

38. 1“62"148.7' .

27, JAAD'-145,2¢
28, 143,91-144,97
25- 143.4’-14’5.9'
24, 140,9%-143,.4"
23, 139.9Y-140.9¢
23, 139.47-139,8'
21, 137,4'-139.4!
20, 133,4!-137.49
19, 131.4'-133.4%

18, 130,8'-131,4
17, 127.11.130,67

16, 1319.10-127,37
15, 117,21-110,1¢
14, 114,61-117.1°

Jordan Formation
Van Osor Meaber

13, £9,81-114,61

Rorwalk Mombar
12, 88,8%.89,.8?

.00
10t

5,01
2.0

2.57
1,87

2,0

8,51

0.2-0,58"
1.0*

0.5?

2.5Y
1,00
0.5!
2,07

4,01

2.07

0.8
3.5?

8.0?

2.0t

2.57

25t

a1

9, T,20N,, R.9W., Trempealeau County (Galesville 15"
1929). TUpper part of Oneota Formation not desciibed.

Dolomite. gresnish brown., medimm-orysislline. abmndan® glauveonits.
Dolomite, mediust- to ccarse-orystalline, gray to brown, abundant

oolites and secondary sparry caloite. Iuster mettling.

Dolemite, sandy to dolomitie sandstons, mediwm-grained. Soatiered
intraclasts and oolitos, Appears brecciated in places.

Sandstone, yellow, medlun-grained, friable, goattered oolites ana Zeesn
shale seoms near the top.

Sandgtone, doiomitis, yallow, mediwm-gralned.

Sandstone, vory dolomitis, fins- o mediwm-grained, mttlod tan, Seattered
greon ahale noar the top. Vugzgy.

Sandstene, doilomitie, coarss- and fine-grained, yollew and tan., Scattored
whits bandz, green shale partings and oolitoes, B
Sandatone, dolemitis, soarse- and fine-grained, tan, Scatiered imtraclasts
and green shals ssams, Abundant colites. ' '
Shals, brown, mumbo, soeitered sand pawiings, Finch snd swell.

Sandstone, fine-grained, yellow, seattered brown shale partings.
Sendstone, fine~ and mediwm-grained, Wuff end tan, Irregular brown iren
sement, . '
Sandatone, fino~ and coarse-grained, yellow and browm, friabls,

Sandstone, dolomitic, coarss. and fine-grained, yollow.

Sandatone, frisble, yellow, moditm-greined, :
Sandotone, dolemitie at bass, fing-grained. Carbonate and 3iliea ocnoretions
at top. ' o

Sandatone, mediwm-grained, light yollow to white, Upper and lower fooi is
conglomeratic, Soatiered carbonate coneretions.

Sandstone, medium- and fine~grainad, white to buff, Abundant green shale at
+op and pea aize carbonate eoncretliona at baae,

Sandstens, dolomitis, medlum-grained, yellow,

Sendatons, friable to hard, white and buff, medlum- and fine-grained. Groen
shale and intrsclastsz at base, Seatiered dolomitic sandstone,

Sandstone, medium- and fine-grained, yellow, abundant carbonate lenses smd
bands, Iinterbedded with I'* to & Iriable shale rich sandstone bands.

 Seattersd oross-budding and 3ilica conoretions. Conoretions are pinch and

swell %o nodular.
Sandstone, mdiw-—grainod, yollmt, soattorad green shale and abundan® ¢ar-

bonate sonoretions,
Sandgtons, friabls, alternating white and brown, medium-grained, Scattered

gresn shale partings and iniraciasts.

Sandstone, light yellowish gray, medium to ccarse-grained, with little [ine,
well-gorted, msassive-beddsd and oross-badded. Basal surface slightly wmeven.

Seattered pea sized conoretions at- top grading downuard to large nodular masses

about 10 delow top.

Sandstone, light ysilowlsh gray, fine and very fine-grained, massive-badded and

oross-bedded. Basal eoniact wmeven and sharp. Expesed in first roadout at
west side of higzhway and south of guamvy,

,,,,,
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S#, Iewrence Formation

11, e68.8t-63.87 2t Bolomita, very silty, 1ight yellow brown mottied gray, some sand grains.
10, . 43.687-86,8' 23"  COVERED INTERVAL
~ {Top of exposure, north end of quarry, 1.5 miles south of Arcadia)
8. 25.8%-43.6' 1s? Siltatone, yollowlish gray, little very fine sand, dolomitic, Thin-bedded
) . with massive 3 foot bed 4 feol below top.
8, 18.81-25.67 7Y Dolomite, very silty and sandy, yellowish gray and unevenly mottled pelie
green with olay, trece of glauconiite. Medium to thin-bedded and even-bedded.
Appears to he bloturbaceocus. .
7. 16,6'.18.87 ar Sandstone, very dolemitic, fine and vary fine-gra.ined, glaugonitic, weathers
’ reddish brown, Contains sbumdant trall markings and intreclasts of fine-
grained sandstone, Undulating bedding,

8. 11.8%-18,.6¢ 5t Sandatone, yellowish brown, fine and very fine-greinsd, glauconitio, medium
R to thin-bedded, Few dark horizontal glaneonitiec sandstone beda.
s 10,8%.11.8f ir Sandsfone, fine snd very Cine-grained, glaueonitis, with abundent clests of
nonglausonitic sandstone,
e 5.61-10,.81 5? Sandstone, yellowish brown, very fine-grained, glausomitie, thin-bedded and

interbedded with pele green shale pariings. All beds uneven and undulating.

Lone Rock Fomfion

Remo Member .
Be . 2,11-5,8! S.5' Sandstone, yellowlsh brown, very fino-grained, glavcenitic with olasts of
sandotone, Massive-bedded,
2. 1.5%-2,1% 0,8" Sandstone, ysllowish gray, fine-grained, gleusonitic with vertical burrows.
Grades down +o '
e 0,0t-1.3¢ 1,3' Sandstone, yellowish gray, fine—grained, glanconitio, horizontally-bedded and
. oross-bedded, -

BASE OF QUARRIED EXPOSURE

‘VIlleage 97,0, 8TOP 7 (M. E. Ostrom and G. Emrich, 1960), Type section of the
Galesville Sandstone exposed in bluff in High Cliff Park above dam over Beaver
Creek in city of Galesville in the NE%, NW§, Sec. 33, T.19N,, R.8W., Trempealeau
County (Galesville 15' topographic gquadrangle, 1929).

Cazhrian System

Tunnel City Group

Ione Roek Formation
Birimose Member.

28, 125,5'-127,0% 1,57  Sandstons, light gresn greay, fine:grained, glausenitic; thin-bedded and sross-—
bedded; some brashiopod fragments.

Elk Mownd Group
Wonewoe Formaiion
Ironton Member

27, 125,5'-1285.5' 2,0' Sandstons, light yellow gray, fine to very fine-grained with trece of aedium and
coarsa; some brachiopod fragments,

26, 120,5'-123,5? 3.0 Sandstons, light yellow gray, mediws and coarse-grained with little fins; some
brachiopod fragments.

25. 119,01-120,5! 1.5 Sandstons, bhrown, medium and fine-grained with trece of coarss, massive-bedded,

24, 118.5'-~119,0¢ 0.,5' Ssndstone light yellow brown, fins and very fine-grained with irace of medium,
8ilty, thin-bedded and flaggy, oross—badded.

23. 117,01-118.5' 1.5' Sandstone, brown, f£ine and mediwm-grained with trece of coarss, massive-bsdded
and erosg-badded.

22, 116,01-117,0t 1.9% Sandztone, light yellow hrown, medium-grained with trecs of ococarse and fine,

2le 114.0'.118,0¢ 2.0' Sandstone, light yellow gray, mediuvm-grained with litile coarse and fine,
slightly silty to silty, beds I* to 4" thisk, Bloturbaceous.

20, 89,01-114.,01 25,0 Sandstone, yellow brown fo red browm, scarsa to medium-grained with trece of
fine, masaive-bedded with scame thin beds (2), cross-bedded,uneven weathersd
surfsce. Upper fow fset and a 2 footzone approximataly 10 below top of this
bed are bio'hu'bacocus.
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Galesville Member

18, 83,57-89,07 5.5' Sandetone, light yellew gray, fine to medium-grained with 1little coarse,
1ty, massive with fow thin beds.
18, 82.5%-83,5! 1,0' Sandsieme, light yellow gray, fine %o very Iina-grained with trace of medium,
.. #11ty thin-bedded with 1ittle oross-bedding. )
17, &2,0'.22,5¢ 0.5! Sandstene, light yellow gray, ccarse 1o mdim-gminod with 1ittle fine. Sone
grains appear to have been derived from Baraboo quartzite. Messive-bedded
o oo and croas-bedded.
18, 78.5'-82.0t 2,5' Sandstone, light yellow grey, f£ine to medium-grained with 2 littla soarse,
. : " medium to massive-bedded and oross-bedded,
18, 78.5'~79.5! 1.0' Sandstone, light ysllow gray, medium-graingd with litile finée and trace coarss,
. .

massive-bedded and oross-bedded,
14, €8,57-78,5° 12,0 Sandstone, very light yellow gray, fine io very fine-grained with trace of
' nedivm, massive-bedded and oross-bedded.

13, 84.5t-88,5' = 2,07 Sandstone, very light yellew gray, medium to fine-grained, massive-bdedded,
12. 85.5'=84.5! 10! Sandstons, very light yellow gray, medlmm-grained with 1itils fine and goarse,

: : massivo-bedded and cress-bedded, grades dowm to
11, 81.5%-83.5° 2,07 Sandatone, very light yellow gray, fine-grained with ‘1ittle fine and cUrBe,

' massive-bedded and eross-bedded, grades down %o
10. 60,5'-81.57 1.0 Sandsione, very light yellow gray, mediwm-greined with 1ittle fine and coarse, »
] magsive-bedded with a fow thin beds and asress-bedded,

9. 57.51-80,57 3.0' Sandsione, very light yellew grey, Iine-grained with 1ittle very fine and 311i, :

massive-badded and oross-bedded.
8, 55,0'=57,5? 1,5-3.8° Sandstone, vory 1light yellow gray, i’ine-—gra.s.nad with 1itile very fine and 811ty
. ) ' massive-bedded and oross-bedded, .
7o 47,01=55,0t 7,5-9,0' Sandstone, very light yellow gray, medium and fine-grained with little very ococarse
_ . ond fine, massive-bedded and eross-bedded, _
4400 =479 3.9' QOVERED INTERWAL )
Bs  40,0%-44,0t 4,0' Sandstono, light yellow gray, fiume-greined, massive., Base uneven, Woll devoloped
© basal conglomerets at north park entry and at ocast end of foot bridge acress
Beaver Creek. Galasville resis on different part of Eau Claire at thess twe aites.
Alse, contact has relief of up to 10'-15! aleng owtorep face.

4, 38.0%=40,07 4s0? Sandstone, very fine and fine-grmined, thin-dedded, shely, glawoonitic. Ocours -y
near suiyy gate to trail al bese of bluff, Tongest Enu Claire at this exposure. i
Removad by pre-Galesville srosion from rest of outoreb. L

3. 28.0'-36,07 10.0' Sandsione, massive, crosa-bedded, fine and very fine-grained, littls glausonits
and locally ahwndant oboleid brashiopods. Weathered surfage iz pock-marked scme
of which ave dus to animal burrows and others o weathering~out of elay pebbles. -
Thins dus to pre-Calesvilie erosion as one procesds along the path. |

2, 20,01-28,07 '8.0' Sapdstone, very fine and fine-grained, very shaly, thin-bedded. Calesville rests }
wnconforuably on this unit at the groito spring, Here rip-ups are preminent in the
basal 1 foot of the Calesville. FPurthor along the outerep to the southwest at sbout 1
the looatlon of the south end of the foot bridge seross Beaver Uresk the eresion i
surface riges to whers the Gelesville rests on Bod #3. 4

1. ©,01-20,0? 20,0'* Remainder of seotlon down o stream level is mdeacriheﬁ.

STREAM IEVEL ]
i

Log of Village Well #2, located in the NW}, Sec, 33, T.19N., R.8W., Galesville -
(description by F. T. Thwaites). ZElevation = approximately 720', Base of out- ’
crop 10' below top of well, :
Alluvrive

Qrpe 5.01 No sample, '
%207 15,07 Sand, bdroun yollow, grain size renges from medimm sand -down do silt,

Ean Clatre Formation

20125 5.0 Shale, green gray, silty.
251351 10,97 Silistone, yallow gray.
381-45t 10,01 Siltstone, grey.

45%.50¢ 5.0t silmﬂ’ yollow grey.
501-80* 10,0' Shale, ‘gray, silty..
807801 20,0t Siltstons, yellow grey.
8019567 15,0t Siltstone, grey.

$5-1001 5,97 Neo sample. - ’ a




M, Simon Formation

1007-1301
13011351
1351-145¢

145t 1501
1501-3607
1801-2101
2107-215"

| 2151-225¢

2251.2301
23012351
23572401
24012457
2451-2821

5.0!
10,01

10.01
50,01
5.0?
10,07
5,0°
5.0t
5,00
5.0'
7.0!

Shale, gray, 3iity.

Siltstone,
Sandstone,

Smd’tﬂn‘,
Sandstone,
Sandstone,
Sandatone,
Sandatone,
Sandatone,
Siltstons,
Sandstone,
Sandstone,

light gray.
light gray,

Light gray,
1ight gray,
light gray,
light gray,
light gray,
1ight gray,
light gray.
Ught gray,
light gray,
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grain size range from medium sand down to silt.

grain size ranges from coarse sand down to silt.
modiom ard coarso-grained.

coarse and medium-grained.
grain 8ize ranges from coarse sand down %o fine,

coarse and medivm-grained,
grain size ranges from mediwm sand down to silt.

gésin size renges from mediun sand down o silt,
grain size ranges from coarse sand down to silt,

Sandstone, light gray, grein size renges from fine sand down to silt.
. BOTYOM CP BOIE )

Mileage 146,3/161.0, STOPS 8-11 (R. A. Davis, Jr.). Upper Iowa River Section,
Exposure in nearly continuous roadcuts along Iowa State Highway 13, approx-
11-14, 23, T.99¥., R.6W.,

imately 10 miles north of Waukon, Iowa in Secs.

(Houston County, Minnesota),

?miﬁe da Chien Group

Shekopea Pormaiion
New Richmond Member

28,
25.
24,

25-
22,

244.5-252,51
242,9%-244.5"
258,51-242,91

237,71.238,3!
221,27-237,91

Oneota Formation
Hager City Dolomite Member

21.
20,

19,
is.

17,
8.

15.
14.
1%.
iz,

.11-

10.

N

194.4-221,27

177,5'-184.41 -

175.51=177.5!
185,01.175.5!

142,07-185,0°
122,01-142,01

111.0%-122,01
85,01-111,0
85.01-85,01
45,01-83,0¢
44,01-45,07

43,01-44,01
42,01.43,01

8,0t
1.8
4,6t

0.8t
16.5'

28,.8!
18,9

2,0
10,57

23,0t

20,07

1i.0t
26,07
2.0t
38.07
1.0V

1.0t
1.0

Stockton Hill Hember

8.

B9,5%-42,07

2-5'

Quartz sandstone, red-brown, mdim-gmined, sarted and rounded, bedded, friable.
Dolemite, tuff to brown, fine to medium orystals, flagzy, quartz, intraclasts,
Quartz sandstone, red-brown, medium-greined, sorted and roundsd, less well

bedded than #28.

Dolemite, tan, fine orysials, ﬂaggy, quariz,

Quartz sandstona, red-browm, medium-grained, sorted and rounded, bedded, friable,
intraclasts at top, shale seams near base, basal conglomerate with Oneola fregments,

‘Dolomite, gray with buff moittles, mediwm orystals, poorly-bedded, chert, calcite

spar, upper beds trumcated by overlying wit,

Dolomite, gray-buff, medium orysta.ls, poorly-bedded, chert, caleite spar, limonite
staining, vuggy

Dolomite, buff, ﬂno-medim crystals, bedded,

Dolomite, tan, fine to medium orysials, poorly-bedded, rough weatherad mrauo, mush
chert, algal stroms., oolites, calceile spar,

Dolomite, buff to tan, medium crystals, massive to poorly-bedded, few vugs.

Dolomite, gray, medium crystals, massive, many vugs, chert abundant, caleite spar,
rough weathering surface.

Dolcmite, grey to tan, medivm crystuls, wassive, vuggy, aca.tterod td.uym:lds of foasil

fragments (7), poorly preserved algal stromatolites,

Dolomite, buff to tan, fine fo medium orystals, massive to thick-bedded, snoother
weathering surface than above molds of fossil fregments, "buffy beds* of Raasch,
Dolomite, gray, medium crysials, measive, vuggy, poorly preserved algal siromato-
1ites,

Dolomite, buff, fine to medium orystals, thick-beddod homogenous, burrow struo-

tures in lower part,
Dolomite, buff, medium orystals, well preserved algal stromatolites.

Dolemite, buff to gray, medium crystals, some Bottling.
Dolomite, duff to gray, medimm orysials, poorly preserved algal strmtoli‘ban,

trace of glaveconite.

Quartz sandstone, tan, mediim-grained, moderate sorting, dolomite cement,
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7. B8.6%.39,57 0,9' Dolomits, tan to gray, medium crysials, quartz, colile, some algal

¢ strozatolites, trace of glausonite.

B, 38.01.38,8! 2,8' Quaris sandatone, %an, medivm-grained, moderate to well-sorted, thin-
bedded dolomits csmoent, large intreclasis.

5. 21,0'-38,0% 5.0 Dolemite, buff te tan, zmedium-greined, moderete to well-serted, poorly-
beddad, ooliies, quartz, trace of glaveconiis.

4o  28,01-31,01 . 3,07 Cuartz sendstone, buff, medimm- s modersts sorting, bedded, forms

lodge over underlying beds. :
Guartz sandatens, tan, medium-grained, interbedded with grey-green shale,

Be 22.0‘-»28.0' 8,07
T poorly-bedded.
2a 10.9'-22.9' 12,0% - Quartiz sandstons, buff; medium-grained, medem%a gorting, mazsive to poorly-
. Ybedded, dolomite cemsnt.

Jordan Formastion
Yan Om_'mpber

i, 10,00 p L LR s"w..a, buf?, modim 4o searme; friable; oress lamingiions, upper
surface has fow inches of velief,
ROAD 1EVEL

Mileage 197.5, STOP 12 (R. A. Davis, Jx.)., Waukon Junction Section. Exposure
in roadcut on the northwest side of Iowa nghway 364, 2 miles south of Waukon
Junction, in Secs., 9 and 14 T,96N., R.3W. Allamakee County, Iowa,

Prairie éu Chisen Group
Shakopeo Formalion
Willow River Member

30, = 201,8'-203,3" 1.5 Dolemite, baff, medivm-orystslline, glaveonitic, quartz partially covered.

29, 198.6%-201,81 3,21 Quariz sandstons, red-brown, medimm-grained, sorted, rounded, thin-bedded.

28, 195.5'-198.8' °  3,1' Dolomite, tan, mediwm orystalline, thin-beddsd, caleite zpar,

27, 192.91-185,5° 2,6' Dolemite, tan to pinkish drown, mediwmm-orysialline, masgive,

28, 1s8.8'-192,9' 4.3 Dolomite, tan te gray-browm, fine to mediwm-orystalline, massive, fhin BTBY -

_ gresn shals seams,

250 1%08"‘18846' 390', Covered,

24, 18l.8t-1g85.81 3.,8" DPolomite, tan 4o pinkish browm, mdim—erysmm, maseive, some quariz and
ocolites.

25, 178.5'-133.8¢7 2,37 Dolemite, tan to buff, algal sirommielites, gray-green shals at top,

22, 176.91-170.5" £2.8% Dolomlie, tan, fine crystals, disiinet beds, some planar siromaticlitas,

2l. 174,2%1-178,9! 2,7 Dolomite, tuff to tan, fine %o medium-erysialline, some alzal bisouits, gray-

S ' green ahale seam at top with local pookats of hrown olay.
20, 171.,68%~174,21 2.,3' Dolomite, tan %o brown, madimm-crystalline vertical mthsring suggzesta
T digitats stromatolites, few fossil fragments,

18. 17,3%-171.8° 1,487 Dolomite, ton,medium-orystalline, massive,

18, 170,2%-170.37 9,17 Chert, gray, oozitns, quartz, intraciaats,

17, 188,5'-170,2! 17" Dolomite, buff to tan, fine %o mediwm-orystalline few chert nodulss, algal
stromatolites near base, _

18, 187,3'-188.57 1,2¢ Doloemite, tan to gray, {ine-orystalline, some bedding near base, small algal

T _ stromatolites, i

15. 183,2'-187,37 4,1' Dolomite, tan to buff, fine-srystalline, mostly large algal stromatolites,
aome quariz, intraclastis,seatiered chert nodules. :

New Rlelmond Member

l4e 151.87-183,21 1,6' Shale, gray-gzresn, intsrbodded dolomite and quartz sandstone, well-lamimated.

13. 160.8%-lgl.e8? 1.1t Dolomite, buff, fine-crystalline, quariz oolites, quariz sandstone stringers.

1z,  1s8,5t-180,5? 2,0 Dolomite, buff to itan, medium-erystalline quartz, coliies, initraclasts, poorly
preserved algal siromatolites, trace glauconite.

11, 1s8,1%-138,5! 0.4' Shale, gray-green, laminated, quartz, '

0, 158,5%-158.17 1.8' Dolemite, buff, medium-orystalline, weil-bedded, is quartz sandstone near bass,
9. 154.9'-158,3! 1.4' Quartz ssndstone, tan, mediwm-grained, sertad, revnded dolomite cement, cla.sta,

gray gresn shale seam.
8. 151.4'-154,97 3,5 Quartz sandstons, tuff to tan, mediwum-grained, dolomite cement, oolites at top
: batween soatisred algal beads, intraclasts, shale seams, sowe dolomite teds.
e 147.81-151.47 2.8 Bolomites buff, medivm-erysialline, quariz, intraclasts, shaley at top, prertly

algﬂrl (70
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8, 148.,4'-147,8! 1.2' Quartz sandstone, light buff, medimm-grained, sorted, rounded, friable,
upper surfase irregular intraclasis, somée glay seams,
Se 144,7t-148.47 1,7' Dolomite, buff, fine o medium, masaive, quartz, large intraclasts, some
: algal strcomatolites.
4, 139,5'-144.71 5.2 Quartz sandstone, buff, medium-grained, sorted, rounded, bedded, friable,
shaly at top and bottom, lots of large lntraclasts near base,

Oneota Foremtion _
Hager City Delomite Member

8, = 87.8'-138.5' 5l.9' Dolomite, tuff to gray, medium-crystalline, poorly-bedded, some chert and shaly
seams, poorly prederved algal stromatoliles, upper few feet have abundant gquartz
which appears +o be vadose in origin from the New Rishmend. o

2. 5l.4t-87.67 48,27 Dolomite, btuff to gray, medimm-orysialline, sacorioidal, caleite spar, chert,
poorly-hedded, some horizons of algal stromatolites.

Je Q151,41 51.4' Dolomite, buff, fine to mediwm-erystalline, gensrally well-bedded, Phuffy? beds
of Bansch {1952} basal Onecta sovered.

Mileage 207.4, STOP 13 (L. M, Cline), Unconformity at base of St., Peter Sand-.
stone. Formations exposed are Shakopee, St. Peter and Platteville. Tocated in
the NW%, SW%, NE%, Sec. 29, T.7N., R.6W., Crawford County (Prairie du Chien

15" topographic guadrangle, 1932).

A well-developed U-shaped channel of St, Peter sandstone cuts out several
feet of Shakopee dolomite and sandstone in a cutbank on the north side of the

road,

Upslope from the St. Petexr channel and just out of sight around the bend in
the road, the Platteville Formation is nicely exposed in a cutbank on the north
side of the highway. Massive, blue-gray, buff-weathering dolomites of the '
Pecatonic Member of the Platteville constitute the lower few feet of the cut.
The overlying argillaceous, nodular calcitic limestones belong to the McGregor

Menmber .

Mileage 217.7, STOP 14 (M., E, Ostrom). Contact relationships of St. Peter,
Glenwood and Platteville formations. Located in the SE}, MW}, NE%, Sec. 22,
T.6N., R.6W., Grant County (Bagley 7.5' topographic quadrangle, 1962),

Ordovician System

Sinnipes Group

Platteville Formation
Mao Gregor Member

14. 50,91-70.91 20t+ Limestone, dolomitic, bluish gray, uneven thin bedding weathers to nodular
appearsnce, abundant fossils, Basal contact transitional through & of

brownish red limestone,

Peontonica Member
13, 47,9%-80.97 3.0' Limestone ledge, dolomitic, massive, bluish gray, very fossiliferous, fossils

gray. :

12,  47,21.27.9Y 0,7 Shaley limestone reentrant.

11,  44,7%-47,21 2,5' Limestons ledge, sinilar to bed #13,

10, 43.21-44.7 1.5' Limestone reentrant, shaly, bluish gray.

9. 41.5'-43.20 1,72' Limestone, single ledge.

8. 38,5%-41,5¢ 3.0' Llimestone ledge, bluish gray and light yellowish brown, uwndulatory bedding

] surfaces, weathered outsrop surface is horizontally ridged and furrowsd,

7.  ¥5,51-38.5¢ 3,0' limestons ledge, massive, similar to bed #8 but has no ridges or furrows on
weathered surface. .

8. 34,9%-35.5¢ 0.6 Dolomite, oalcareous, sandy, with phosphate pellets, bottom sven to slightly
-uneven and smooth.
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Ancell Group
Glemwood Formation
Sy B5Au7V-34,9" 0.2' Calcarsous shale and shaly and eilty dolomite, thinly laminated,
4. B3,4V=34,71 - 137 Shals; pals green, thinly laminated,
e 32,0%-33.,47 1.4' S$iliatone, ealoarsous, light yellowish brown. Grades down through
green and/or red shale to
2, 30.0'.32.0! 2,0' Sandatoms, poorly-sorted, white o light yellowlsh brown, shows evidence
of extensive rewsrking by burrowing animels. Basal oontast transitional down
to

St, Peter ?omt.ion"
1. 0.01~30,0! 50;0“_' Sandetone, ubi'be %o light yellowish browm, well-sorted, fine and mediver~ -
gm:lned, mssiv‘e and thiok-bedded, oross-bedded,

Mileage 222.4, STOP 15 (L. M, Cline after G. Starke, 1949) Stratigraphic
section exposed in quarry on north side of County H:Lghway "X" in the NW%, SW%,
Sec. 31, T.6N., R.6W., Grant County, Wisconsin (Claytom 7.5' topographic

quadrangle, 1962),

Ordovicisn System
Anecall Group
S5%. Peter Formation

21, Sandatone; white, strained brown, mediwt-grained, well-rounded, well-sorted -
graing.
20, 180,31.186,3* 5,01 Concenlod, approximately.

Prairie du Chien Group
Shalopee Formation
HWillow River Mamber

19, 170,3'-180,3' 10,0' Dolomite; gray massive dolomite with Some atringers of sandstone; gnarled
' appearence; in well developed 1' beds,

18, 169,47-170,3¢ 0.9' Dolomite; gray, massive, brecoiated throughout.

17. 168.4'-185.41 1,0 Dolomite; grey, very fine-grained, in thin beds separated by green shalo
partings,

18, 183.97.163.41 4,5! DPolomite; gray wiith buff mottling, in beds six inches thick and separatad
by gray shale,

15, 183.0%-163,9¢ 0.9' Dolomite; fine~grained, light gray with orange-stained areas,

14, 151,01-183.07 12,0% Dolomite; gray, fine-.greined, thinly -badded and with green shale partings;
floating greins of quartz sand,

i3. 150,5'-151,0t 0.5' Dolomite; green, glausonitis, coarse~grained,

12, 145,5'-150.51 7.0' Dolemite; gray to reddish, fine-grained; weathors to irregular surface,

New Righmond Sandstone

11l. 139.21-143.5' 4.3' Sandstone; whita, weathers brown, in beds &' to I}' thick and with interbedded
: fine=grained dolomite,

Oneota Formation
Heger City Dolomite Membor

10. 137,19=159.2¢1 " 2,11 Dolomite; light buff with dark specks throughout, in bada 3 %o 8 inches thick
geparated by green glay partings.
g, 135.1%-137.1¢ 2.0' Dolemite; gray, fine-grained, westhers o irregular surfsce; some alzal
' structures.

8, 105,8%-138,17 29,3! Dolomita; buff, relatively soft; alzal structures profusely developedj in
. beds 3 to 4 feet thick with stringers of chert threughout; basal foot 1
' weathersd ochert,
7, 85,8'-105,8 20,0 Dolomite; comglomeratic dark gray pebhles embedded in buff-oolored matrix; well
badded with soms green ahale partings and some sleen vhile quartzose bed:
i several inehes thiok.
6. B8&I1T-25.8' 1.,7' Sandstons; white, clean quartz grains of medium size; sSoms green spoo!u.
S. 30,17-84.11 54.0" Dolemlite; grey, non-cherty, relatively soft, very massive; encloses some
' areas up to 15 foot in diameter of fine-grained, gray-buff dolomite.

| R——

[
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3.4 Dolomite; very fine-grained, undulating beds; includes white, gray and

4 28,7'-30,1
blask chert; caveruous,

3. 25.2'-28.,7 1.5' Dolomite; gray to buff, coarse-grained; in 4-inch beds,

2, ovr-as5.2r 25,2' Dolomite; gray to buff o orange-colored, massive; includes some white
: ' ohert and near the top some olay pockets,

1. Congealed; below quarry level.

Mileage 251.3, STOP 16 (L, M. Cline and M. E, Ostrom). Nearly continuous
exposure commencing with the St, Lawrence Formation and extending upward into
the Oneota Formation. Located in a roadcut and quarry on County Trunk Highway
"E" in the SW}, NE%}, Sec., 21, T.8N., R.3W., Crawford County (Boscobel 15'

topographic quadrangle, 1933).

Grdovisian Systenm
Prairie du Chien Group
Oneota Formetion
Hager City Member
{Section in quarry near hilltop)

50,0+ Dolomite, inaccessible, thick-bedded with solution tavities along some bedding

planes,

Dolomite, inageessible, buff, medius and thick-bedded evon—bedded, thin bed of
white chert at top.

22, 110.4'-113.9! 8.5 Shaly dolomite, inascessible, rrominent reenirant in guarry face.

21. 102.4'-110.41 8.0Y Dolomite, oonpoud of thinly laminated algal beds with soattered nodules of ocolitie

white chert,
20, 101.4'-102.4! 1.0t Dolomite, vertically weathered digitate algal bed.

24, 130.9'-180.9’
23. 113.97-130,9' 17.0t

Stoskton Hill Member

19,  97.4'-101,4'  4.0' Dolomite, sandy, with small algal heads in upper foot.
18, $4.2'-87.4! 2.2! Dolomite,slightly sendy, medium and irregular-bodded.
* Base of quarry exposurs; overlaps with Bed #18 of roadout.

.. Top of section in roadeut downhill south of quarry entrance.

18, 98.4'-97,41 4,0' Dolomite, top coinoides approximately with top of bed #18 in quarry. Uneven

a.nd wedium-bedded, slightly sandy, scaitered pits on weathered surfaoo believed
to be glauconite pellet conities.
17, 91,41-93.47 2,0 Dolomite, mesgive, with few sand graina, Basal M 43 speokled grom with clay
. and has abundant sand grains. .

l8. 89,.8'-91.4' 1,8' Dolomite, conglomerate, very sandy with rip-ups of delomits in lower part and

abundant white weathered siliea which appears to ocour as enorustations on
' pebbles, as oolites and possibly as fossils,

15, 88.0t.89,8¢ 0.8' Dolomite, sandy, oclitic.

4, 87,71-89,01 13" Dolomite, speckled green with clay, some algae and rip-ups,

13. 88.9'-87.7¢ 0.8' Dolomite, sandy, glausonitis, surface Pitted where glauconite pelleis have
apparently weathered out.

12, 84.4'-83,9! 2,5' Dolomite, sandy, with rip-ups, medium and even-bedded, speckled with green olay,

1l. 86.4%-84.47 1,0' Dolomite, sandy, green speckled with clay.

10, 82,4t-83,4' - 1.0' Dolomite, sandy, with rip-ups and pebblea, glauconitic.

9, 80,9T.82,41 1.5" Dolomite, sandy, bed thielens varies dowm %o 0,8¢,

8, 80,7'-80,9' 0,2 Qplitis white chert, :

7. 7805"‘%.7‘ 3.2' Dolﬁmi‘t., m&y’ oolitic.

8, 76.5%.78,5¢ 3,0 Dolomite, sandy, gome algme.

Se 74.,21-75,5! 1,3' Sandstone, white with green shale in small pockets and along oross-bsda and
bedding planes, fine-grained, well-sorted,

4, 51,01-74,2t 23,2' Consists mainly of even-bedded and medium-badded sandy delomite with scme beds
of rip-ups, Pitted zons up to 1 foot thick ocours in base. Bottom contact sharp

and gently rolling.

Jordan Formation
Ven 9ser Member

3.  33.0'-51,0t 18,07 = Sandstone, light gray, medium and fine-grained, well-sorted, massive and cross—
bedded. Lower 6" to 1! iren stained. Note what appears to be fold or slump
feature about 8' above base. Basal contaet sharp.
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Normmlk Member
2,  10,6'-33,0! 23.0' Sandatone, 1light grey to light yellowish brown, very fine and fine-grained,
. thin-badded to massive whore hurrowing has disrupted hedding. Some beds
caloaracus,

S%t. lawrsncs Formatlon

1, 0,01-10,0? 10,01+ Dolomite, very sandy and sandatons very delemitic to slighily dolunit:l.u
light pinkish brown, trase glauconite pellets, Weathored surface rov

orose-bedding, Fxpesure oscurs opposite warning sign for stop.
BASE OF RCADCUT EXPOSURE )

¢

Mileage 252,1 (L, M, Cline after G, Starke, 1949). Jordan-Omeota stratigraphic
sequence exposed in Easter Rock at the north end of bridge over Wisconsin River
at Boscobel. Location in NW}, NW%, SE%, Sec.22, T.8N., R.3W., Boscobel Quadrangle,

Wisconsin,

Feat Top

Prairie du Chion Group
fanocta Formation

23, 59,2%'.87.2! . Dolomite; gray, thick-bedded; oontains some large chert nedulss,
(2%, 52.4'-58,2! Dolomite; light gray, exiremely fine-grained.
231, A3.40-52,40 Dolomite; buff, finec-grained, in thisk beds.
20, 37.71-43.4! Dolomite; gray, some buff stringers, in 8-1nch beds.
19, 3B5.3'.37.7¢ Dolomite; oontalns orypiozean structures; chertiy; persistent bed,
18, 27.8'-35.3' Dolemite; gray, fine-grained, thiock-bedded.
17, Not messurad Dolomite; gray, scme fossil fragments {Starke does not give 2hisiness).
i6. 19.81-27.80 Dolomite; gray to buff, fine-greined, ocolitio throughout, some small bioheras,
18, 17.871-18.8° - Dolomite; oolitic, arenaceous, with whiie cherty areas..
14, 18.01-17.4¢ " Polomite; fine-gveinsd, wndulating beds, biohermal,
13, 14.0'-.16.01 Dolomite; arenfceous, upper part green and glauconitie.
12, 11,7%-14.07 © Dolomite; duff, oolitic at bass, upper surfacse pillow-1like.
11, - 10,4t-11,7% Polomits; orenge; inoluden some lenses of white quariz sandstone,
10, 9,81-10.4% Dolomite; buff, arenazcecus, :
e 8,679,871 Sandstone; white.
8. 5.21-8,8* " Bolemite; fins-grainsd, very arenaceous, some oolite,
e 4,1%-5,27 Bolomite; grey to buff, fine-grained, some scallered orangs pebblos.
8. G.4t-4,1! Dolomite; buff, fino-grained, biohérmal,
B 2,483,410 Dolomite; gray, hard, fine-grained, becoming arenacecus and oolitic in upper
threo inches.
e 1.91-2.41 Ssndstone; whits, mediume-grain
2. 1,5%-1,61 Sandatone; uff, dolomitlo, gro.ins frosted; some orods-bedding.
2, 0,01-1.5? Sandstone; gray, with pockeis of green clay.
Trempealesu Groud
Jordan Foymation
1. Not measursd Sandatone; thicl-bedded, buff with lenses or white, oross-bedded, No thiokness

given but, as you can see, it makes a nice oliff.,

Mileage 290.8, STOP 17 (M. E, Ostrom)., Davis and Richardson Stone Quarry located
in the Wisconsin River bluff about 1 mile north of Spring Green in the SE%, swi,
Sec. 31, T,9N,, R.4E., Sauk County (Spring Green 15' topographic quadxangle

1960) .

Ordovician System
Prairis du Chien Group
Oneota Formetion

Hegor City Dolomite Member

PN———

NS

L ——




2l.
20,

i 19,

is.

17 Ld

15.

13.

45.51-52.51

45.0%-45,5?
B7.01-43,01

52,0t-37,9*

30,0%-32,01

20.61.30,01

17,01-20,01

.13.8"17.0’

12.8"'1608'

12,7%-12,.84

10,.2t-12,7¢

2,5!
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5.0t

21+11
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0,1120,11
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Stockton Hill Member
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B.57-10,2?

8.81-9.5
8.41-8,67

7-05"3.4’

6,4‘-7-5'
5.21-8,4!
4,17-5,21
3,80-4,1t
2.21-3,8¢

12,21

0r-1t
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0.9140,31
0.2140,11

0.9!

1,1
1,21+0,30
1.1
0.5t
1.87
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Dolomite, thick-bedded, light reddish brown, mediuwm-crystailine,
slightly vuggy, with locally abundant white chert.

Same as #22, but has no chert,

Dolomite, light yellowish grey, {inely-ory3atalline, domse with green olay
along bedding planes especially in upper 1'. Abwndant dendrites., Sandy
near base. locally fine- and mediwm-crystalline., Medium-bedded becoming
thin-bedded to top. Beds persigtent and gently undulating.

Dolomite, gray mottled and streaked light yellowish brown, medivm-

-erystalline, slightly vuggy, appears thick-bedded but is medium- and thin-

bedded, Upper contact sharp and even,

“Dolemite, brown, fine- and medium~orystalline, modemtoly WUgZys irregular

thickness, with large subspherical bodiss (12°) of white chert with gray centers.
Ne colites detected in chert, Upper contact irregular, Some reddish brown
c¢lay bodies, Base of upper quarry ledge.

Dolomi'be, graylsh brown mottled pa.le omnga, thick-bedded with abwmdani chert.
Top of lower quarry ladge. .
Dolomite, gray mottled light yellowish brown, vuggy atromtolitic.
Sandstone, light yellowish gray, very dolomitic, fine- and medivm-grained,
dense, blocky fracturs.

Dolomite, brownish gray mottled light yellowish brown, fine- and medium-
erystalline, dense to slightly vuggy, persistent lateral beds, scmewhat
irregular beds. Upper 18 vory ocolitic,

Dolomite, gray mottled browmish gray and moss green, sandy a.nd gla.tmoni‘kic,
8lightly conglemeratic, in top of hed #il.

DPolomite, gray mottled light yellowish brown, mediwm- and finoly-crysta.llino,
vary porous, aprear to be digitets, vertically weathered, alzal

gstrustures with laterally persistent thin (1) beds of sandy and glausonitis

-dolomite and of siltatons, Appears to have altered in some arsas to reddish

brown waxy clay except for thin glauconitic and sandy Iayers vhich persist
through the olay.

Delomite, gray motitled snd sireaksd pale reddish brown, dense to slightly
porous, single bed, appears dark on weathered surface with mosa-green elmy,
vory sandy..

Sandatone with silicecus cement, moderately woll-cemenied, coarse-~ to nedlum-
grained, massive, with abundant white specks and stringers., Few relist oolites,
Sandstone with giliseons cement, coarse- to medim—grained, white, scaitered

‘ o0lites, varies from hard fo soft.

Sandstone, light yellowish grey, medium- and fine-grained with little coarse and
very fine, ailiy, poorly-sorisd, dolomitis, irece glausonite, Irregular
blooky frecturs, Thin green shale stringers in top.

Dolomite, messivs, fine- and medivm.crystalline, porous, siromatelitic with

thin laminse, Ogours a8 single bed.

Dolomite, light gray medium- and finely-orystalline, dense, very sandy, inter-
bedded with sendastone, white, fine- and medium-grained with somewhai dizcontinuous
beds,

Dolomite, gray mottled brownish gray, finely-crystalline, dense, slightly porous
in top.

Chert, white, oolitic. '

Dolomite, broewnish gray, weathers light yellowish grey on surface, irregular
fracture, slightly porous, Upper part very colitic. Oolites are light yelloew-
ish brown. Conglomeratic,

Dolomite, light brownish gray,.very ﬁmly-cmtsllino, danse, oryptozoa with
eonvoluted thin laminas. Surface weathers very light yellowish grey. Upper

F* very conglomeratic, '

Dolomite, brownish gray, fine- and mediim-orystalline, dense, mediwm- and thin-
bedded, regularly-bedded, very oolitic. Oolites 1light yellowish brown,

BASE OF mosam: AT QUARRY PLOGR.

Mileage 308,3, STOP 18 (L. M, Cline after Thwaites, 1985, and Starke, 1949).

School Section Bluff, Mazomanie, Wisconsin, Location - SW&, NW%, Sec., 16, T.8N.,
R.6E,, Sauk County (Mazomanie 7.5' topographic quadrangle, 1962).
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Prairis du Chien Group
Oneotn Formation

$l. 204.0'- S
80, 201,01-204,01 3.0
49, 198,0%-201.0Y 3,0°
48. 197’.2"'198-0" 008'
47. 188,27-197,27 1.0¢
46’6 ' 195‘17_1%'23 1.1‘4
45, 193,7'-185.11 Jeat
%‘ 192.9'-195.7' 008'
43, 191,9t-192.9Y 1.0t
42, 191,19-191,9' 0.8¢!
4}2. 188.1}"‘191012" 3.0'
L 42, 187.11-188.17 1,07 .
59, 184,31-187.1% 2.8
38, 183,5%-184.3'. - ¢,
37. 183,01.183,57 0,57
38, 179,91-183.01 3.1
35, 177.11-179,9! 2,87
34, 172,9'%-177.17 4.2%

Dolomite, grey to buff, thinly-bedded, thickmess not given,

Dolcmite; zrey, massive, badly weathered,

Dolonlte; gray, algal structwres throughout.

Dolomite; gray, {ins-grained, fregmentary chitons,
Dolomits; tuff, coniains Some chert,

Dolomite; bwff, fine- , Wevy-badded, lower 4% very oherty.
Dolemite; gray to buff, fine-grained, motiled, biostromal,
Dolomite; buff to gray, fine-grined, wavy-bedded,
Dolomite; gray, fine-grained.

Dolomite; buff, fine-grained, mttled, bicgtromal.
Concesaled,

Dolomite; bufl, ﬁno-grained, wavy-bedded.

Bolomite: buff snd gray, srenacsous,

Dolomite; grey, fine-grained, massive, wavy-bedded.

- Dolomite; buff, fine-grained, cherty,

Dolemite; gray, fine-ghained, some mnacoous areas,
Dolomite; gray, fine-grained; brecsiated, masaive,
Congoaleds - : ]

(Starka®s zons 1 is the Jordan sandstone) -

Cambrian System

Jordan Sandstone Forsmtlion
Van Ossr Menber

33, 1688.4'-172,8¢ 4,51

32, 155.4%'-168.41 13,0t

3le  154.47-155.41 1.0¢

54, lamence Formmtion
Lodi Siltatone Momber

30, 145,9V-158.41 1p,57

29, 141.47-145,9¢ 2,5
28, 138.9-141,4% . 2,5
27, 137,27-138.9" 1,7t
28, 125,21-187.27 12,01
25, 121,21-125.2¢ 4,01
24, 119,5'-121,2¢ 1.7
23, 113,5'-110.5¢ 8.0
22, 108,1'-113.5' 5.4t

Black Eaerth Member
21, 104,17-198,1°7 4,0t
20, 91,1'-104.1? 13,00

Ione Rock Formation

Ramo Member
19. 810 1' '9101 ¢ 1030‘
18, 79.,11-81,1! 2.0t
17, 48,11.79.1% 38,07
18. 41.1'-43,1" 2.0t

Sandstone; fine-grained, light grey, thin firm layers (Thwaites used
the term “Hadisen member™ for thiz zons).
Sandstones medium-grained, while, soff, eontains calsite gonoretions;

in even, heavy beds,
Sandstone; ccarse-grained, brownish.yellow, hard, dolemitis.

Dolomite; arenticecus, yullowigh gray, some red streaks.

Dolomita; arsnsceous to shaly, red and yellow layers.

Dolemite: arenmcsous, apoited pink and yellow; massive.

Dolomitic siltstone; pink spots and bands, partings of red and green shale
at top and bottom, ‘

SiItstone; dolemiile, in thin lmrs.

Siltstone; dolomitic, massive mthor:f.ng but finely lsminated, Piner
grained at top and botiom.

S{ltstons; yellowish to buff, very dolomitic, reddishk stains, Fossilifer-

cusihas yieldad Yestonia awrors, Bikeloceptialus winons, Tellerins oras-
pimareing ©115 winona and L. mosis.

Siltstone; delomitic, finely laminated bed weathering massive, streaksd
with yellow and light brown, sems sandy ln.yors, red clay parting &t top.
Siltstone; yellow-gzray, dolomitic, in laysrs 4 to 2* thick,

Polomite; mottied gray and yellow, glauconiilc, sandy, itwo layers exposed

in old quarry.
Concealsad; mandstone fragments.

Sandatons; mediwm-grained, white toc yellow, glauconitic, conglomsratis

at top, soft, some oresa-bedding.

Sandstones medium-grained, white, glauconitic, one bed.

Sandstone; medium-grained, light gray, seft, cross-bedded, glawconitis,
pebbles of sundstone, irilobits fregments and dorings; Prosazkia has been
found in the zone.

Sandstone; medium-greined, yellow, dolomitis, oross-bedding dipping north-
sast, glauconitie, forms shoulder of bluff,
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Mazomanle Fomber

15, 40.61-4l,17 0.5" Sandstone; medimm-grained, sof't, yellow-gray.

¥4,  38.87-40,6t 0,87 . Sandstone;. medium-grained, yollow, dolemitic.

13, 37.8%.38,8% 2,0' Sandatone; medium-grained, whi%te and yellow gray. Smail aca.le oiross-badding
affecting layers less than & foot thick, dips to east of north and south of

. west sommon. )

2, B7,11-37,8! 0,7t Sandatone; medium-grained, yallw, dolomitie.

11,  54,81-37,1t 2,5' Sandstone; medium-grained, white to yellow seft, thin lenzes of dolomits, oross—
bedded, fossils and burrows.

10, 32.81.34,87 2,0' Sandstone; medium-grained, soft, white to yellow, bedding irregular, cross—bedding

_ with random dips, lemses of more dolomitic rock 1 to 2 thick; glaveonitic; upper
portion honeysombsd with burrows.

9, 31.27-32,8! 1.4! Sandstone; much like zone 10 but is pink and contains much glu.ucuni‘te.

8, 20,21-31,2! 11.01 Sandstone; like zone 10.

7. 17.77-20,2F 2,57 Dolomite; yellow, aoit, arsnnssons; rasgembles the Lodi.

8, 18,2%-17.71 1.5' Sandstone; fine-grained, gray and ysllow motileds

5., 13.71-16,29 2,5 Concsaled.
Reno Member _

4e  11l.2t-13,71 2,5' Sandstone; medium-grained, gray, very glauconitic, in 3 to 6 inch layers.
Mazomanie Member '

3. 8,77-11,21 1.5' ZSandstone; fine-grained, soft, yellow to pink, massive.

2. 1,97-9,71 7.8' Sandstone; fine-grained, very hard, light yellow-gray, some eress-bedding,

lenses of yellow dolomite,
1. 0,01.1.91 1.9% Sandstene; white, fine-grained.

Mileage 320.4, STOP 19 (Melby, 1967)., Four miles west of Middleton, Wiscomsin
in SW%, SEZ, Sec. 7, T.7N., R.8E., Dane County (Cross Plains 15' quadrangle,

1962),

Ordovieian System
Prairie 4du Chien Group
Oneota Formation :

8. 11.82t-12.2? 8.0' Dolemite, brown to gray, conglomeratic %o bracociated. Some algal structures
near the base. Scattered chert, *2! of relisf at base.

8. 10,5'-11.2' 0.3/1.0' Sandstone, gresnish white, fine-grained, abundant thin green shale pertings

. and Ordoviclan sonodonts. .

Y. 9.31-10,5' 1.0/1.3! Sandstons, mediuvm- and fine-grainsd. Alundant siliceous oolites and scatiered
limonite after marcasite.

8.  8.71-8,3' 0.5/0.7! Sandstone, medium-grained, white,

Se  8.3'-8,7' 0,0/0,7' Sandstone, medium- and cosrge-grained, Scattered green shale partings and

' i s1ligified colite bands.

4, 7.81-8,5'  0.8/0.8' Sandstone, medium- and fine-grained, whits. Scattered pea and marble size
sarbonate concretions.

3. 7elt-7,.81 30,5 Sandstone, coarse- and fine-grained, abundant silleified oolites, white.
her’ty'

2. 6.0-7,1t  1.0/1.2t Sandstone, medium- and fine-grained, white, triable. Scattered coarse gzrains
and clay partings, Cherty near base,

Jordan Formation
Van Osor Member

L 0,01..8,01 6.0t Sandstone, coarse~ and mediuwm-grained, white. Seattered pes size carbonate
concrotions at the top and larger silice cemented poda near the center., Cross

‘bedded.
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