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Abstract 
Il of what is now Calumet and Manitowoc Counties was cov- 

ered by ice during the last great glaciation, known as the 

late Wisconsin Glaciation, between about 25,000 and 10,000 

radiocarbon years (30,000 and 11,000 calendar years) ago* 

The glaciers left behind landforms and sediments that profoundly 

influence life in these counties today. The shapes of hills and valleys, 

how much clay is in the soil, and where sand and gravel resources are 

located are just a few examples of how glaciation has influenced the 

landscape. The two-county area was probably covered by several ear- 

lier glaciations, but the record of these was mostly erased by the most 

recent glaciation. 

Deposits left by this glaciation are classified into three geologic forma- 

tions. The oldest is the Hayton Formation, which is only present in the 

subsurface. The next youngest, the generally sandy Holy Hill Formation, 

is at the surface in the southern part of the counties. Deposits of the 

Kewaunee Formation are the youngest, and are at the surface through- 

out the rest of the area. Kewaunee Formation sediments are generally 

reddish-brown and fairly clayey. The distribution of these deposits is 

shown in plate 1 at a scale of 1:100,000. 

Several sites preserve a record of past environments. About 13,000 

radiocarbon years (16,000 calendar years) ago, the glacier had 

retreated to the north and tundra vegetation covered the landscape. 

By about 12,000 radiocarbon years (14,000 calendar years) ago, the 

climate had warmed and spruce trees covered the landscape. The 

ice sheet then readvanced, burying the trees and forest litter that 

now make up the Two Creeks Forest Bed, an important geologic 

feature preserved as an Ice Age National Scientific Reserve site. 

*Radiocarbon ages are given both as radiocarbon years and calendar years 
because both timescales are commonly used for glacial and postglacial events. 

|



Quaternary Geology of Calumet and Manitowoc Counties, Wisconsin 

he landscape of Manitowoc and The purpose of this report is to pro- be skipped over without any loss of a 

Calumet Counties, like much vide an interpretation of the distribu- —_ basic understanding of the geology of 

of Wisconsin, was sculpted by tion and history of these deposits and —_ the two counties. 

millions of years of erosion by rivers amap showing their distribution. The 

and at times by glaciers, then tens to distribution of sediments and land- Map and cross- 

hundreds of feet of sediment was laid — forms, and cross sections schemati- : : “7: 

down by glaciers and the rivers that cally portraying deposits below the section reliability 

flowed from them. The most recent of — surface are shown on plates 1 and 2. The reliability of information shown 

these vast ice sheets covered this area The remainder of this report describes 0" plates 1 and 2 is variable, depend- 
between about 25,000 and 10,000 the sediments and landforms shown ing greatly on where exposures exist. 

radiocarbon years (30,000 and 11,000 onthe map and outlines the glacial All road cuts, gravel pits, shoreline 

calendar years) ago. Since that time, history of the area. bluffs, and other exposures were 
rivers have slowly downcut into this Thi eeKaUTAb: fultobl described and sampled. Well con- 

sediment, waves have eroded the 8 ead ° as € userul fo plan- struction reports, USDA Soil Survey 
: ning and development agencies in 

Lake Michiganand Lake Winnebago Tat tuné-usededdons and to the RIBESIOHED (Bn) Bn Eee 

shorelines, and younger. organic sede saree minin ines to aidin resources were also used to compile 
ment has filled, or at least partly filled, locating potential Sarees an re- what is known of surficial deposits 

lake basins, producing wetlands. a poten Sek a in the area. These were compiled 
gate. The stratigraphic framewor on 1:24,000 maps and reduced to 

In Calumet and Manitowoc Counties, presented provides a basis for future 1:100,000 for publication. 

most of the bedrock is covered by 10 _—_ detailed groundwater studies in the 

to 300 ft (3 to 100 m) of diamicton, area. Finally, we hope that naturalists Limited resources prevented collect- 

gravel, sand, silt, and clay deposited and others interested in the geologic __ ing site-specific information from the 
during the Wisconsin Glaciation history of the land on which they subsurface except at a few places, 

(the last glacial episode). The nature live will enjoy reading this report. soa great deal of interpretation 

of these surface sediments greatly We describe landform distribution has gone into the cross sections. In 
affects how we use the land: sand and the nature of the glacial sedi- addition, geologic information for 

and gravel, clay, and peat are impor- ments. These sections provide the the Manitowoc County portion of 

tant resources. Buildings and roads data necessary to understand the plate 2 is projected into the line of 
require huge amounts of aggregate glacial history of the Green Bay and the cross section from up to 1.6 mi 

(sand and gravel) during construc- Lake Michigan Lobes, and the history _ (2.5 km) north and south, so eleva- 

tion, most of it mined locally. How of associated glacial lakes, which are _ tions of contacts in the cross sec- 
much precipitation infiltrates into discussed in the third major section of _ tions are schematic. For the Calumet 

the ground depends on the slope the report. County portion of plate 2, geologic 
of the ground surface and on the ; ; contact elevations are the same as on 

nature of near-surface sediments. The eae occa its own the well logs used to construct the 
Groundwater flow paths are also etal nee an ee hee in a cross-sections, because the sections 

etailed report like this without usin . 
influenced by surface slopes and the ae ND are not projected. 

| some of it. We define many geologic 
nature of near-surface sediments. : 

. . - terms as they are used in the text 
Farming practices are greatly influ- . . . 

: and also provide a glossary with brief 
enced by what was left behind by . . 

: ; 5 definitions. Terms that appear in the 
the glacier. Clayey soil derived from ‘ 

. glossary are shown in bold type the 
the most recent glacial advances . A 
. . first time they are used in the text. 
is common in all but southwestern . . 

x Some detailed explanations, mostly 
Manitowoc and southern Calumet . ss 

. | . of interest to geologists or others 
Counties. In that area, soils are sandier . . : . 

with a deep interest in the topic, are 
and more stony and formed on : 

5 3 presented in focus boxes. These can 
somewhat older glacial deposits.
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Summary of geologic history 
/-y he sediments and land- i D top. Ocean currents carried finer silt 

forms that are the focus of The Paleozoic Era: and clay particles into deeper water 

'_ this report all formed dur- An overview in what is now Michigan and Illinois. 

ing the Quaternary Period, which What is now Wisconsin was at the The silt and clay produced shale when 

began about 2.6 million years edge of the continent 500 million buried and consolidated into rock. 

ago (fig. 1). However, the oldest years ago when seas were advanc- Deep basins continued to develop 
rocks in the Great Lakes region ing into this area. Allof the rocks that in Michigan and Illinois throughout 
are Precambrian-age igneous and are present at the surface and that much of the Paleozoic, but what is 

metamorphic rocks that formed extend several hundred meters below _ eastern Wisconsin today remained a 

during mountain-building episodes = Calumet and Manitowoc Counties are shallow-water continental shelf when 
more than a billion years ago. These sedimentary rocks that were depos- submerged by the sea. Only occa- 
rocks form the southern part of the ited in this extensive sea that repeat- sionally were the seas deep enough 

Canadian Shield, a broad area of edly expanded (transgressed) and here for silt and clay to be deposited. 

very old rocks that forms the nucleus contracted (regressed) over a period Thus, little shale formed beneath 
of the North American continent. of more than 100 million years. At these counties, but its presence in the 

LaBerge (1994) provides a more times, when rivers carried sandy sedi- Lake Winnebago-Green Bay lowland 
detailed history of this early part of ment into the sea in this area, sand played an important role in determin- 
Wisconsin's geologic history, as do was deposited. The sand was buried ing the shape of the landscape much 

Dott and Attig (2004). Although none and later cemented into sandstone, later, when glaciers covered the area. 
of these Precambrian metamorphic as more sediment accumulated on 

and igneous rocks are at the surface 

in Calumet and Manitowoc Counties, 

they form the basement on which Figure 1. Geologic time scale. Surface bedrock and overlying 

younger rocks have been deposited. sediments in Calumet and Manitowoc Counties are shaded gray. 
For purposes of groundwater stud- 

ies, these Canadian Shield rocks are Ce Tae) 
generally considered to have very Era | Period | Epoch Years ago 

low permeability, and thus generally Cenozoic Quaternary Helscene: 

do not yield significant amounts of —_.._.___ 10,000 
Pleistocene 

groundwater. ee 2,600,000 
Neogene Pliocene 

For over a billion years, north-central ——__— 5,300,000 
. 5 ‘ Miocene 

Wisconsin has been at a higher eleva- —__________———— 23,000,000 

tion (called an arch) than areas to Paleogene Oligocene 
the east, west, and south. This arch Eocene 

has determined the distribution of “Balzocene: 
sedimentary rocks deposited dur- —— 66,000,000 
‘i f Mesozoic Cretaceous 
ing the Paleozoic Era (fig. 1) as well oo 

as the path of rivers and glaciers in Jurassic 
much more recent geologic time. All Triassic 

of the rocks at or near the surface in Paleozoic Permian 252,000,000 

Calumet and Manitowoc Counties Porhanifaenue  Dannauilvenian 
. Paces Carboniferous — Pennsylvanian 

are Paleozoic age (Silurian and —— 
Ordovician), as shown in figure 2. Mississippian 

Devonian 

Silurian 

Ordovician 

Cambrian 
i _§_——._ 541,000,000 

Precambrian 

3



= N ) V7  Gke. =n | Dent MOF 2 ff ew | J 

\ { Se @e.. &)|\ Le SL ZX (a) ‘ = 
N kee P \ wea i “Df i oe \Y & ( 

@ 

Quaternary Geology of Calumet and Manitowoc Counties, Wisconsin 

At times during the Paleozoic, when When the sea level dropped, the land _ oxide (the mineral hematite), an end 

sediment from rivers was diverted to was exposed to erosion. Streams product of tropical weathering, is up 

other areas, bits of shell, single-celled | eroded the surface, forming river val- to a meter thick. 

organisms, and the skeletons of leys across the area, removing some . . a 
9 Y . 9 With few exceptions, individual 

calcareous algae and coral accumu- of the previously deposited sandstone 5: 
. . . . formation and member names of 

lated on the sea floor and were slowly —_ and dolomite. This erosion surface is . 
. . . the Paleozoic rocks beneath Calumet 

cemented into limestone (CaCO,, called an unconformity. When the a . 
. 5 . and Manitowoc Counties are not 

calcium carbonate) and dolomite sea rose again, sediment covered the . , “ 
i . . discussed in the following text, but 

(CaMg(CO,),, calcium-magnesium uneven land surface, producing an A ; . 
ap eae i we provide an overview of rock unit 

carbonate). By Silurian time, massive uneven contact between the rock a gs 3 
F 3 characteristics. Figure 3 shows a 

coral reefs had formed (Kluessendorf types at the unconformity. A major . . ; 
ae ' diagrammatic cross section across 

and Mikulic, 1989). unconformity occurs below the base . . . 
oe . . east-central Wisconsin showing these 

of the Silurian dolomite, where iron 

Explanation 

PALEOZOIC ROCKS 

Silurian System 

Dolomite, undivided; includes Cayugan, Niagaran 
/ : ee and Alexandrian series. 

iG Ordovician System 

a om Maquoketa Formation. Shale, dolomitic shale and 
= ‘ dolomite; includes overlying Neda Formation (age 

Ve uncertain) consisting of aolitic iron oxides and shale. 

s pp Sinnipee Group. Dolomite with some limestone and shale; 
includes Galena, Decorah and Platteville Formation. 

oO 10 mi 
a a) 
TOT) 

oO 50 km 

Figure 2. Bedrock geology of Calumet and Manitowoc 

Counties. (From Mudrey and others, 1982.) 

WEST EAST 
Niagara — i Lake Escarpment \. <= Se ee Michigan 

Lake Winnebago ——— Quaternary —_ 
Le —~___ deposits ae An . der 
os Silurian dolomite 

leposits i a 
Gacsntonnty Maquoketa shale _ 

and dolomite 
Galena and 
Platteville dolomite 

' (Sinnipee Group) 

older sedimentary rock 

Figure 3. Sketch of geologic units beneath Calumet 

and Manitowoc Counties. Dip of the rocks is greatly 

exaggerated and diagram is not to scale. Actual dip is 

30 to 40 ft/mi. (Drafted by Mary Diman.)
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rock units. Note that the rock layers the 1960s. Most of the shalehas been —_ dolomite (figs. 2 and 3). The 410- to 

dip to the east, and that the dip is eroded away by preglacial streams 440-million-year-old dolomite is 

greatly exaggerated. The actual dip of — and glacier ice. In other areas it is dense, but cracks in the rock produce 

the rocks is 30 to 40 ft/mi (5 to 7 m/ covered by glacial deposits, so its a modest permeability (Krohelski, 

km) (Brown, 1986). Bedrock elevation — outcrop area is very limited. A thin 1986) and many domestic wells draw 

is shown in figure 4. iron deposit lies at the unconformity water from this dolomite. Krohelski 

West of Calumet County the sur- ontop of the Maquoketa Formation: considers this rock unit and the glacial 

5 This iron deposit probably is an old deposits above to be the surface 
face rocks are those of the Sinnipee . . , ae 

: . - soil formed under tropical weather- aquifer. By Silurian time corals began 
Group, which consists of Platteville : _ . | i 

. ¥ ing conditions during the interval to form major reefs. Brachiopods, 
dolomite, overlain by generally i . 

; sds 4 of erosion and weathering at the other corals, and mollusks are abun- 
thin Decorah shale, which in turn oo . . | 
. A end of Ordovician time. The iron dant in these rocks, and can be found 
is overlain by the Galena dolomite. . . . 

a ‘ consists of oolites (tiny spheres) throughout this area. Reefs are made 
The Sinnipee Group is overlain by mie F 4 

; adhoa probably produced as the Silurian up of rock that is more resistant than 
the Maquoketa Formation, which is a . | 

~ . sea advanced over the landscape, adjacent rocks, and many of the hills 
unit that contains mostly soft shale, . . . | . . . 

° reworking the iron-rich tropical soils. in Calumet and Manitowoc Counties 
although there are some dolomite A a 

. . . . stand higher than the surrounding 
layers. The unit was mined for bricks The next youngest Paleozoic rock, and 
. . . ‘ terrain because they are composed of 
in several places in the Fox River-Lake _ nearest the surface in Calumet and ; 

. 5 et Si acl reef dolomite. Many rock quarries, for 
Winnebago lowland as recently as Manitowoc Counties, is Silurian-age 
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Figure 4. Bedrock elevation map of Calumet and Manitowoc Counties. 

(From Wisconsin Geological and Natural History Survey, unpub. data.)
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instance the huge quarries at Valders years ago, Wisconsin was alandmass — Winnebago, Lower Fox River, and 

and Brillion (locations shown in fig. 5), slowly eroding away much like it is Green Bay are located in the deepest 

are in coral reef deposits. The Silurian _ today. River valleys were cut, and part of this lowland. 

rocks of northeastern Wisconsin have —_ many of these valleys remain buried 4 ‘ F 
. 3 ‘ 3 ee Tet ae This differential erosion has produced 

been studied and further classified by — below thick glacial deposits. Little is . 
nen , . the Niagara Escarpment, a steep, 

Kluessendorf and Mikulic (1989), but known of the early drainage history . f 
. . , . i | , west-facing slope in western Calumet 

are not discussed in detail here. Their of eastern Wisconsin, but Martin , 
a) County, which bounds an upland area 

major impact on the landscape is (1916) speculated that streams flowed 
. . . an . that slopes gently eastward to Lake 

discussed in the next section. southeast, draining into a river valley ae . 
(fig. 6). Although most of the evidence Michigan. The escarpment rises to 

Following retreat of the sea in which 2 9: 9). F 9 s about 300 ft (100 m) high and bounds 
siisos . . is gone, it seems clear that what is . . 

the Silurian dolomite was deposited, a. . the east side of Lake Winnebago and 
on . now Lake Michigan was a river valley A 

the sea rose again in the Devonian in prealacial time. Green Bay (fig. 7). The escarpment is 

Period. Except along a small sliver of preg . the surface-water divide between the 

eastern Wisconsin and beneath Lake It is likely that the Fox River-Lake Fox River and Lake Michigan drain- 

Michigan, the rocks deposited dur- Winnebago lowland was also a age basins in Calumet County, and 

ing the Devonian Period have been river valley in preglacial time. The forms the backbone of Door County, 

eroded away. There may have been Maquoketa is mostly shale, which, extending to the northeast across 

other, more-recent incursions of the compared to Silurian dolomite, was the north side of Lakes Michigan and 

sea into Wisconsin, but all evidence of __ relatively easily eroded by pregla- Huron to Niagara Falls. The Niagara 

these younger events has also been cial streams and by glaciers flowing Escarpment had a major control on 

erased from the geologic record. southwestward, parallel to the axis glacier ice coming into Wisconsin, as 

From Devonian time until glaciers first of the lowland. The present Lake discussed in a later section. 

covered the surface, perhaps a million 
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Figure 5. Place names in Calumet and Manitowoc Counties.
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Quaternary Geology of Calumet and Manitowoc Counties, Wisconsin 

Overview of 
Quaternary history ong? P| ust ye 
During the Quaternary Period, about A 1 oe kay AK : eS 

the last 2.6 million years, ice sheets { ( \ | eg | 

likely covered this part of Wisconsin Superior ae % 

numerous times. However, only lobe} Chi , Wisconsin “SP il 
‘ 4 / Chippewa’ Valley 

glacial deposits from the most recent Nf “tobe! ighe’ | Langlade 
wage / H t lobe , 

glaciation are present at the surface wa / VEN \ 4 J 9 

in the two-county area. Localized \ 4 ad ee 3 # 

deposits associated with older glacia- a ~ 

tions are likely present in the subsur- 2a gla prior to the last par <_ n 

face, buried under deposits of the last A eueceas J zy 

glaciation (table 1). In particular, there Galurnet ( 

is gray, very compact, silty diamicton County, We ; 

(a poorly sorted mixture of boulders, _ (J oo 

cobbles, sand, silt, and clay) that is Green Bay \ / 

present in the subsurface beneath lobe j 

part of Calumet and Manitowoc \ ake 

Counties. This diamicton, belonging 9 Soe ea J / Michigan 

to the Hayton Formation, was depos- 9 50 100km “wy lobe 

ited either during one or more glacial __ 

advances prior to the last glaciation, 

aiding iheothence eee Figure 8. Map showing glacial lobes at maximum extent of the Wisconsin 

glaciation. Glaciation. Calumet and Manitowoc Counties are highlighted. Hachures 

indicate the edge of the ice sheet; arrows indicate direction of ice flow. 

During the last major phase of ice 

sheet expansion, called the late 

Wisconsin Glaciation, the southern 

margin of the Laurentide Ice Sheet 

had a distinctly lobate shape as it was Table 1. Quaternary lithostratigraphic units of Calumet and Manitowoc 

channeled down the Green Bay and Counties. Units are arranged by age (youngest at the top) and by their 

Lake Michigan lowlands (fig. 8). The association with the Green Bay and Lake Michigan Lobes. 
maximum extent of the Green Bay 

bly reached about 23,000 radiocarbon 

years (30,000 calendar years) ago and 

covered all of what is now Calumet A atte vite 
and Manitowoc Counties with several Glenmore Member Two Rivers Member 

hundred meters of ice (Socha and 
others, 1999). Two Creeks Forest Bed 

Chilton Member Valders Member 

Branch River Member Ozaukee Member 

HOLY HILL FORMATION 

Horicon Member New Berlin Member 

HAYTON FORMATION 

Cato Falls Member 

High Cliff Member 

8
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The ice sheet eroded the landscape, Formation was deposited, until the several types of information in the 

removing most older deposits and glacier finally retreated from this map units used on plate 1. In order to 

the soils that existed on them. It also area for the last time about 11,000 describe the vertical and horizontal 

eroded the bedrock by plucking radiocarbon years (13,000 calendar distribution of different layers they 

large blocks, as well as abrading the years) ago. are classified as lithostratigraphic 

rock, producing striations, scratches The Water level IA Lake Mieblaanflue- units called formations and members, 

that can be seen on many bedrock tuated by over 300 ft (100 vat durih much like the layers of Paleozoic rock 

outcrops (fig. 9). thie nailed oF icecratreat in amet. discussed earlier. Formations are fairly 

The retreating ice sheet left behind the lake was higher during periods of Uniform Units OF sediment thatextend 
. ‘ ms 5 . over many square miles and that are 

sediments, including diamicton, sand, glacial advance and dropped during ad ah z 
5 not distinguishable from each other in 

gravel, silt, and clay. The retreat wasn’t _ ice retreat. In the Green Bay lowland, . . 
, A . . the field without laboratory testing 

continuous, but was interrupted by a shallower glacial lake, called glacial . 
. ‘ (Mickelson and others, 1984; Syverson 

readvances of the glacier (fig. 10). Lake Oshkosh, developed in front of 
. and others, 2011). Members are sub- 

In many cases these readvances the retreating Green Bay Lobe. . . . 
reworked older deposits and depos- sets of formations and consist of units 

5 ee i s of diamicton, sand and gravel, and 
ited di ‘ton of different - t " teddamicton of dfeentcompos- Understanding stand clay that ae dstibuted over 
dencdted by ana saatice Ganibe plates ] and 2 more limited areas than formations 

distinguished from that deposited Glaciers are directly or indirectly — that may not be clstinguishable 
by another advance. Generally sandy _‘"esponsible for modifying much of without laboratory:testing. Generally, 
and stony diamicton of the Holy Hill the landscape and depositing most the filstletterofthe map Union: 

Formation was deposited by the main _ of the sediments in Calumet and plate (except fora, 0, n rand we 
late Wisconsin advance. During later | Manitowoc Counties. Landforms and which are not formally named units) 
readvances, clayey, reddish-brown sediments:are:classified ii various designates the formation or member. 

diamicton of the Kewaunee ways by geologists, and we combine 
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Figure 9. Photo of striations on horizontal bedrock surface at Valders Quarry. 

Glacier moved parallel to long axis of compass. Compass is about 3 inches wide.
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Figure 10. Extent of glaciers and large lakes at six times in the past (dates shown are calendar years and are approximate). 
(From Mickelson and Attig, 2017.) 
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24,000 s3* — Ice at maximum extent 16,000 ss — First major retreat 15,2503 — Ice readvance 

Glacial Lake Wisconsin was dammed ‘The glacier retreated north of the Ice reached its early Port Huron ice- 

along the western edge of the Green Lake Michigan basin during a period margin position with the Lake Michigan 

Bay Lobe. The Lake Michigan basin was _ known as the Mackinaw Interstadial. Lobe terminating near Milwaukee and 

buried below thick glacier ice. Lake Michigan drained to the east the Green Bay Lobe terminating near the 

and was likely about 300 ft (100 m) north end of Lake Winnebago. Ozaukee 

lower than today. and Branch River tills were deposited at 

this time. Glacial Lake Oshkosh drained 

into the Wisconsin River valley and Lake 

Michigan, which was at the Glenwood 

level, drained at Chicago. 
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14,600 "33 - Minor retreat, readvance 14,300 s3* — Second major retreat 13,000 3° - Final advance 

After a minor retreat, both lobes ‘The glacier again retreated north of The final glacial advance into eastern 

readvanced to the late Port Huron the Lake Michigan basin during a Wisconsin was the Two Rivers advance, 

ice-margin position. Valders and period known as the Two Creeks which reached its maximum extent 

Chilton tills were deposited at this warm time. Glacial Lake Oshkosh had __ shortly before 13,000 years ago. Glenmore 

time. Glacial Lake Oshkosh drained shrunk to the size of present-day Lake —_ and Two Rivers tills were deposited at this 

into the Wisconsin River valley and Winnebago, Green Bay was dry, and time. Glacial Lake Oshkosh was present 

Lake Michigan remained at the Lake Michigan drained to the east. in front of the Green Bay Lobe and Lake 

Glenwood level and drained through Lake level was likely about 300 ft Michigan was at the Calumet level and 

the Chicago outlet. (100 m) lower than today. drained through the Chicago outlet.
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The two formations mapped at the the ice that deposited that unit (for glacier. Because all of the diamicton 

surface in Calumet and Manitowoc example, the Valders advance and of the Kewaunee Formation exposed 

Counties are the Holy Hill and Valders ice) in addition to formally or described from drill holes is inter- 

Kewaunee Formations (Syverson, named events or moraines. preted to be till, we often use that 

1997; Syverson and others, 2011). The . A Sept term in the text as a short version 
an The smallest lithostratigraphic unit _ : . 

Hayton Formation is not exposed at : of “diamicton interpreted to be till.” 
. formally recognized is the bed. a 

the surface, but is shown on cross Sand (s) and gravel (g) are descriptive 
: oe < The Two Creeks Forest Bed, pres- “ 

sections. Each formation is subdi- ’ 5 terms that are commonly interpreted 
zl , ent in several places in Calumet . 

vided into members. In Calumet . - as outwash deposited by streams 
, . and Manitowoc Counties, is the . . 

and Manitowoc Counties, members flowing away from the glacier, or 
5 only bed of Quaternary age for- 5 : 

of the Holy Hill Formation (H) are ae - esker sediment deposited by streams 
. mally defined in Wisconsin. ; . . 

not distinguished. However, Branch flowing through tunnels in the glacier. 

River (B), Chilton (C), Valders (V), The type of sediment included in a Sediment composed of finer particles, 

Glenmore (G), and Two Rivers (T) map unit is indicated by the sec- silt or clay (i), is commonly interpreted 

are identified as members of the ond letter. We use descriptive and as lake sediment. Landforms, such as 

Kewaunee Formation. The Ozaukee genetic terms to describe deposits. beach (b) or hummocky end moraine 

Member is shown in cross sections, Diamicton (d) describes sediment (he), are indicated by the third and 

but is not exposed at the surface. containing a wide range in grain size fourth letters in the unit names on 

Throughout this report, we informally (clay to boulders) that is commonly plate 1. 

use member names to refer to the interpreted as till, a genetic term for 

event that deposited a member and sediment deposited directly by the 

= ——— -| 

5 -— Pa ——— 

can 

Dave Mickelson
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ecause landforms are not ; Oshkosh) formed in the lowland 

B randomly distributed in the Fox River lowland because drainage out of Green Bay to 

landscape, it makes sense to The Fox River lowland (fig. 11, Lake Michigan was blocked by ice. 
identify areas in the two counties that "a 1) extends from south of Lake . . . 
share similar geologic characteris- Winnebago through western Calumet The lowland is underlain by silty, 
tics and history (physiography), and County and southeastern Outagamie _—_ sandy, and clayey lake sediment and 

discuss landforms in that context. County, northeastward to Green Bay _till.In many places bedrock (mostly 
In this section we briefly define in Brown County. The lowland slopes Ordovician-age dolomite) is at or 
landform terms where they ate first to the northeast from an elevation of near the surface. The major rivers and 

used, discuss how they formed (their @out 800 ft (244m) at the north end streams in tisstewslanieitteivelles 
genesis), provide reference to loca- of Lake Winnebago to about 580 ft Duck Creek, Ashwaubenon Creek, and 

tions'¢f landforms on’piate ipand (177 m) at the mouth of the Fox River __ the East River all parallel the Silurian 

illustrate examples on topographic at Green Bay. The area was scoured dolomite and other geologic contacts 

maps. Figure 11 shows the regions by glaciers as the ice advanced from (figs. 2 and 4), indicating the drainage 

covered by each of the landforms. the north. As the ice margin retreated, _ Pattern is influenced by the bedrock. 
a glacial lake (called glacial Lake 
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Figure 11. Shaded-relief map of Calumet and Manitowoc Counties showing physiographic regions: 

1. Fox River lowland 

2. Niagara Escarpment 

3. Streamlined landscape (Holy Hill Formation) 

4. Kettle Moraine 

5. Palimpsest landscape (beneath Chilton and Valders Members) 

6. Lake Michigan Lobe moraines 

7. Manitowoc River-Twin Rivers lowland and Point Beach 

8. Two Rivers moraine
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Locally, the lowland is dissected end of Lake Winnebago. The ridge is the escarpment northward there 

by streams that cut down deeply an end moraine formed by the post- are Silurian dolomite cliffs. Several 

through the lake sediment and till Two Creeks Glenmore advance, andis caves are present along the cliff face 

as lower outlets into Lake Michigan an extension of the Denmark moraine — and many springs that flow along 

were uncovered by the retreat- on the upland to the east. As the ice lower parts of this slope indicate a 

ing ice margin. As the ice retreated margin retreated to the north from substantial discharge of groundwater 

north of Lake Winnebago, several this end moraine, lake sediment was from the Silurian dolomite. There is 

of these outlets into Lake Michigan deposited in front of the ice margin. a break in the cliff near Stockbridge, 

were exposed. These were the However, lake sediment is present then a steep cliff continues north to 

Manitowoc, the Neshota, the West only locally in the lowland in Calumet — Sherwood, where it again gives way 

Twin, the Kewaunee, and the County and it is generally thin. to a more-gentle rise in elevation. 

Ahnapee Rivers (Hooyer, 2007). . : 

(See focus box 1 foramore detailed © NiagaraEscarpment Streamlined landscape 
history of glacial Lake Oshkosh). In southwestern Calumet County (Holy Hill Formation) 

The lowland to the northwest of the the rise from Lake Winnebago to The landscape ‘of southern Calumet 
Niagara Escarpment in northwestern the top of the Niagara Escarpment County (fig. 11, area 3) is dominated 

Calumet County (fig. 11, area 1)s 8 smipethislope, Unbiake6 by by south- and southeast-trending, 

mostly underlain by clayey till that cliffs (fig. 11, area 2). From about the elongate, streamlined hills called 
forms a broad low ridge at the north — point where Highway 151 climbs drumlins. On plate 1, arrows show 

l Fox River lowland and glacial Lake Oshkosh 
The preglacial Fox River flowed _ with water in the Wisconsin The record of all but the final series 

in a deep bedrock river valley, the River and flowed to the south- of lakes was mostly destroyed by 

Marquette bedrock valley, which west to another narrow spillway the latest advances. 

trends generally northeast to at an elevation of about 790 ft Another complication is that 

southwest through Green Lake (241 m) near Dekorra in Columbia the earth’s crust was depressed 

and Marquette Counties (Stewart, County (sec. 12, T11N, R8E). due to the load of the ice. This 

1976). Advances of the Green Bay As the ice retreated north of tilted northeastern Wisconsin 

Lobe blocked the river with ice the Lake Winnebago basin and into —_ toward the northeast where ice was 

and glacial deposits. During the the Fox River lowland, successively thickest. The ice advanced several 

late Wisconsin glacial advances lower outlets into Lake Michigan times during the Pleistocene, and 

and retreats, glacial lakes, col- were uncovered. The first was into crustal rebound may not have 

lectively known as glacial Lake the Manitowoc River in Calumet been complete before the ice 

Oshkosh, formed in the Fox River County, just north and east of readvanced (Clark and others, 1990, 

lowland. This produced a low, Sherwood. The next to be occupied 1994, 2008). Although the pattern 

fairly flat lake plain between Lake was the Neshota outlet into the of crustal depression and rebound 

Winnebago and Green Bay. West Twin River (elevation 765 ft is very complicated and highly 

Progression of drainage outlets (233 m)), followed by the Kewaunee __ speculative, it is known that each 

. . River (elevation 685 ft (209 m)) and time the ice advanced out of the 
At glacial maximum, all of . . . 

fnenreneralecniiakecenkert the Ahnapee River (elevation 635 ft | Green Bay lowland, it advanced up 

. - . (194 m)) (Hooyer and Mode, 2008). the regional slope and water was 
was buried under ice. As the ice 

margin retreated, the first outlet Challenges tracing history ponded between the ice front and 
For lake Oshkosh wae the Dekorra of glacial Lake Oshkosh the uplands. As the ice retreated, 

So eenornersconeer sce The history of glacial Lake he lakes drained via several succes- 

Columbnlcountycea Tenia Oshkosh and the sequence of sively lower outlets. These control: 

ROE) at an elevation of about 790 events are complicated because Coo eee eG 
ft (241 m) (Hooyer, 2007). Water maw estioaned nitincedh pyiwelies and Bertrand (1957), 

from glacial Lake Oshkosh merged advance and retreat of the glacier. Wielert (1980), Hooyer (2007), and 
Hooyer and Mode (2008). 
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the crests of the drumlins and map phy is a good representation of the its on top. Between the drumlins are 

unit Hds is used to delineate the land- shape of the bottom of the glacier as lowlands, some of which are still peat 

scape. Drumlins rarely occur alone, it moved across this area (fig. 12). covered, but many of them have been 

anda group offdrumlins is called a The surface sediment in the hills is pri- drained for agriculture. 

drumlin field. This drumlin field, called Bie Hil can ss 5 s 
. marily diamicton interpreted to be till, | The South Branch of the Manitowoc 

the St. Charles drumlin field, formed . a . - 
but the internal composition of the River flows northward in a broad val- 

at the base of the Green Bay Lobe ‘ 5 
« drumlins varies greatly. Some have ley through the drumlins. The valley 
ice, by a complex set of processes 
. | . . a bedrock core, some a gravel core, has a nearly flat bottom and was a 
involving erosion and deposition. oo ‘ 

" some are all diamicton. There are rela- — shallow lake when ice was retreat- 
Thousands of these elongate hills ‘5 5 5 . 5 

7 tively few exposures and drill holes, ing from its maximum extent, and 
are present southward from here, in : ae . . i . 

but it appears that the drumlins in again when it stood at the Chilton ice 
Fond du Lac, Dodge, and Jefferson , . . 

, Manitowoc and Calumet Counties are — margin. Sediments deposited near the 
Counties. It seems likely that they 3 aS ‘| 5 
formed when the Green Bay Lobe was either rock cored or primarily diamic- ice margin occur near the southern 

. , y . ton. Many of the St. Charles drumlins boundary of Calumet County in the 
advancing to, or was at, its maximum . ‘ 

aus ‘ are bedrock cored or have a core of form of an end moraine of low-relief 
position (Colgan and Mickelson, ai Ve “3 
1997 ,and thatthe molded topogra- very compact Hayton diamicton, with = hummocky topography (Hdh on 

’ eg only a thin veneer of Holy Hill depos- plate 1) with numerous poorly 
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Figure 12. Topographic map of streamlined topography in southern Calumet quadrangle ~ ~ quadrangle 

County, from the U.S. Geological Survey, 7.5-minute, Chilton, Kiel, Marytown, and ' jureloeciion 

Potter quadrangles. Note that ice flow was from the northwest. The dolomite hills 

(left) have very thin till cover; drumlins, shown by arrows, may also have dolomite eee Kiel quadrangle 
close to the surface.
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drained depressions. Hummocky of the St. Anna moraine. It is too small (200 km) extent, and in southern 

topography is a term used to to be mapped except as a symbol on Manitowoc County it consists mostly 

describe a land surface with irregu- plate 1, and it appears to join the St. of high-relief hummocky gravel 

larly shaped hills and depressions.An — Anna moraine about a mile west of (Hgh). It extends from the Sheboygan 

end moraine, commonly just calleda _ Kiel (plate 1). County line about 2 mi (3.2 km) east 

moraine, is a ridge composed mostly . of Kiel northward to just north of 

of diamicton that forms when the gla- The Kettle Moraine St. Nazianz. North of St. Nazianz the 

cier edge remains in one place long The Kettle Moraine (fig. 11, area 4) Kettle Moraine is present, but it is 

enough for sediment being brought was deposited between the Green subdued because it was overridden 

to the ice margin to accumulate as Bay and Lake Michigan Lobes of the by a later ice advance. Where it is not 

a ridge, much as a pile accumulates Laurentide Ice Sheet during retreat covered by younger deposits, numer- 

at the end ofa conveyer belt. The from their maximum positions. This ous small depressions are present in 

narrow ridge, which extends from zone of interlobate deposits extends the hummocky topography (fig. 14). 

the southwest corner of the county, from Walworth County in southeast- Each of these formed when a mass of 

through St. Anna, and northeastward orn Wisconsin to northern Manitowoc __ glacial ice that was buried by gravel 

to just north of Kiel (fig. 13), was County, where it is still recogniz- later melted out to forma depres- 

named the St. Anna moraine by Alden able, but covered by younger glacial sion called a kettle. Surrounding the 

(1918). A less well-developed moraine deposits. It is characterized by a hum- high-relief hummocky topography 

is present about 2 mi (3.2 km) north mocky ridge for much of its 125-mi are lower-elevation pitted outwash 
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Figure 13. Topographic map showing St. Anna moraine in southern Calumet 

County, from the U.S. Geological Survey, 7.5-minute Kiel and Marytown “| - ] 

quadrangles. Dashed line indicates outermost moraine position. l 
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Quaternary Geology of Calumet and Manitowoc Counties, Wisconsin 

surfaces (Hgpp on plate 1). The “pits” popular usage, thus we continue to P lim ] n 

are kettles, and the areas between are _use it here as a proper name. Alden a. psest a dscape 

the smooth, gently sloping surfaces of (1918) assigned more specific names (beneath the Chilton 
the original outwash stream bed. to landforms in the Kettle Moraine, 

f but maintained the mainly progla- and Valders Members) 
Chamberlin (1877) named the ial model of Chamberlin (18 Much of central and northern 
Kettle Moraine and attributed its Cal modélof Chamberlin (1878), Cal d Mani Counti 
formation to stream deposition in whichisubsequent research has i ohne i one es 
a trough between the te lobes supported (Thwaites, 1946; Thwaites |S characterized by relatively thin, 

durin vice retreat. The name moraine and Bertrahd,.1957; Black, 1969). EES Steere AIDED Eee 

isa ralenomer because the Kettle Attig (1986) and:Garlsan andiothers ee ° have been ‘saa _ 

Moraine is made up almost entirel (2005, 201.1) suggested adivferent Pe eieaan cits oa 

of sand and SRT Wae Sara genesis for the double-tldged part modifying " ay much (Ag. 11, area 
asirict crn are composed masth of the northern Kettle Moraine in 5). In this palimpsest landscape, the 

of till (mickelson and orks eae, Sheboygan County, but the Kettle glacial landforms that can be seen . 
however the rane is thoroa hI 5 Moraine in Manitowoc County is now were formed by an earlier glacial 

HOWENET a gnly mostly a single hummocky ridge. event, then overridden. The implica- 
ingrained in the literature and tion is that the ice of the later advance 

eroded and transported relatively 

little sediment, either because it was 

very short-lived or because conditions 
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Figure 14. Topographic map showing northern Kettle 
Moraine and many kettle lakes formed when buried ) 

ice blocks melted out. From the U.S. Geological “| 
Survey, 7.5-minute School Hill quadrangle. ‘School Hill quadrangle 

Figure location
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» ea [ it is clear that glacier ice was buried 

doo in sand and gravel during the Holy 
ground surface | 

me Hill advance or retreat and remained 

Es 2 interbedded Valders till Li there when the glacier retreated. The 

7 Pa Bes Rp oes te Lt Ta se ge, glacier then readvanced to deposit 

es Paes Sy Seats Pee the younger Kewaunee Formation 
Me a ee Se ‘ a jos he Pn sediments before the buried ice 

pe Bene es Neer Tet Lisa blocks melted out. The gravel pit 

pee eS Ren | hs ret ae es 4 shown in figlire 1511s ivan afea of 
Gok eee ig i Le ig high-relief hummocky topography in 

Oe. A, Fe ae A esc 3 yon gy 9 moc topography 
£4 vin a ee : b Jett eA Newton Township, about 4 mi (6 km) 

re of SS os 4 rs = ha th southwest of the city of Manitowoc. 
pe pes cii coy, path Bi) | ee 2 fea aril ip Exposures in these gravel pits clearly 
Dag Spa i Fe and. Bee gravel show that the sand and gravel 
Re Te ae eS : ; 
Rh pe cae kee / belongs to the Horicon Member of 

sey ees Le Se 2 the Holy Hill Formation, and that ice 

ee be 2 Pe 2 td has blocks buried in this gravel melted 

Sik Gun apa Reed = out after deposition of the Valders 

diamicton. Evidence of this is the 
Figure 15. Photo from Fricke gravel pit in eastern Manitowoc County showing collapse of clayey red-brown diamic- 

a kettle hole in collapsed Holy Hill Formation gravel filled with Valders till ton of the Kewaunee Formation into 

and some laminated silty lake sediment. The Valders sediment collapsed into kettles as buried ice blocks melted 

the kettle as the buried ice block melted. The collapsed layering indicates that out (fig. 15). 

buried ice remained until after the Valders till was deposited. 
The hummocky ridge (fig. 11, area 5) 

extending from St. Nazianz north 

at the base of the ice allowed ice to However, the dominantly north- through Whitelaw contalns thick’sand 
i ‘i . : : fi and gravel that is discontinuously 

slide over a soft bed without incor- south orientation of the drumlins d with thin (typically less th 

porating or depositing much sedi- north of Valders (plate 1) is not consis- capped wi in (typically a tan 
Shade . . : . 3 to 10 ft (1 to 3 m)) Valders diamic- 

ment. Much of the diamicton-capped __ tent with the orientation and location oo 
. . . ton. If this is the overridden Kettle 

landscape has a gently rolling surface of the Kettle Moraine, extending from . 
5 z oe ‘ sp Moraine, one would expect a more 

without any particular arrangement the vicinity of St. Nazianz, where it is : 
. . a southeasterly trend to the drumlins 

or alignment of features. The map buried by Valders diamicton, north- th of Vald tinathatth 

units Vdr and Cdr are used to portray ward near Whitelaw and farthernorth " a alders, sugges ing arene 
. as drumlins formed earlier, during the 

this landscape on plate 1. to ahummocky gravel deposit in the . . 
. late-glacial maximum advance. What 

mile (1.5 km) south of Denmark. . 
Streamlined landscape we, as did Thwaites and Bertrand 

As Thwaites and Bertrand (1957) Hummocky topography (1957), interpret to be the buried 
pointed out, drumlins of the earlier Within the area covered by the Kettle Moraine formed during retreat 

advances that are formed of sandy Valders and Chilton Members of the of that ice, but before the Chilton and 

and silty brown and gray tills were Kewaunee Formation, there are areas Valders advances. 

hardly modified by the glacier that of fairly high-relief hummocky topog- Another possibility is that a zone of 

deposited the Chilton and Valders raphy that seem inconsistent with a hummocky sand and gravel over- 

Members. These palimpsest drum- glacial advance that did little geologic ridden by red-brown diamicton 

lins are present north of Chilton work and carried little sediment, espe- that extends northwestward from 

(Cds on plate 1) and in the vicinity of cially because most of these areas are —_ St, Nazianz (fig. 16) represents a 

Valders (Vds and Vdsb on plate 1).The —_ not related to former ice-margin posi- —_ branch of the interlobate zone that 

south-southeast orientation of the tions of the Valders or Chilton ice. It is was active when the drumlins near 

drumlins north of Chilton is consis- clear that except for the Menchalville Valders formed. This was the interpre- 

tent with the late glacial maximum moraine (discussed below), these tation of Alden (1932), but Thwaites 

ice flow toward the interlobate zone hummocky areas are also palimpsest and Bertrand (1957) interpreted 

now marked by the Kettle Moraine. features. In fact, in several exposures this hummocky zone as a younger
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ice-marginal deposit. Our interpreta- | Menchalville appears to be mostly (south) of the Menchalville moraine 

tion is that this hummocky zone is Valders diamicton (fig. 17). We inter- compared to the very sinuous stream 

the interlobate junction betweenthe _ pret this ridge south of Maple Grove as it flows across the low-sloping 

Valders and Chilton ice masses and as an interlobate moraine where former lake bed. 

not primarily a palimpsest feature at the Lake Michigan Lobe deposited . 

all. It contains sand and gravel capped __—- Valders diamicton in contact with Outwash plains 

with about 6 ft (2 m) of red-brown the Green Bay Lobe, which deposited | Sand and gravel deposits are also 

diamicton just north of Highway 151, Chilton diamicton. This was calledthe _ included in the Valders and Chilton 

and thicker reddish-brown diamicton — Menchalville moraine by Black (1980). | Members, and several map units of 

just north of there. Northeast of Maple Grove the Valders gravel and sand in outwash plains 
. ice margin was partially in a shallow are designated on plate 1. The 

ne low itege that exrencs from the lake (fig. 17; plate 1). In the figure, sediments in all the units are mod- 

faureié Tee he lercltkeraccthe note that the Branch River becomes _erately well-sorted, well-stratified, 
9 much less winding downstream gravel and sand deposited by glacial 

eastward through Maple Grove and 
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Figure 16. Topographic map of hummocky sand and gravel in the interlobate deer _ quadrangle 
Menchalville moraine in southwestern Manitowoc County. The ice advanced Figure lo f n 

from the north (blue arrows on left) to the east-west dashed line, depositing - : 

Chilton diamicton. At the same time, ice advanced from the northeast to deposit 

the Valders diamicton (blue arrows on right). Black arrows are drumlins formed 

during the advance that deposited the older Holy Hill Formation. From the U.S. 

Geological Survey, 7.5-minute, Potter and Valders quadrangles.
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Figure 17. Topographic map of bed of a glacial lake that was dammed when ice ee Tiaure|locanon 
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moraine. From the U.S. Geological Survey, 7.5-minute, Denmark, Morrison, i ———— 

Reedsville, and Whitelaw quadrangles. 
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streams. Unit Vgp has less than 20 per- _ three eskers in the two-county area Ya mi (1 km) west of Tisch Mills (sec. 

cent of original floodplain interrupted _ related to the Kewaunee Formation 1 and 12,T21N, R23E) and in very 

y depressions formed by melting advances. They interpreted them a northern Manitowoc County (sec. 1, byd ions f db Iti id They i d th ll hern Mani C ( 
ice blocks, Vgpp has between 20 and as palimpsest features. A small (less T21N, R24E). This appears to bea 

80 percent of original floodplain than 10 ft (3 m) high), discontinu- alders advance esker as well. Severa f | floodpl. h ft (3 m) high), di Valders ad k lI I 
surface interrupted by kettles, and ous esker is present in the valley of short gravel ridges that appear to 

Vgh has more than 80 percent of the Francis Creek, north and west of the @ palimpsest eskers occur near the hh h p f th k. hand f th be pal k h 
original floodplain surface interrupted Village of Francis Creek (sec. 15, 16, outer edge of the Valders advance. 

by depressions formed by melting 20, 21 and 26, T20N, R23E). Much These are almost certainly Holy Hill 

ice blocks. Vgt is former floodplain of the gravel has been mined away. Formation eskers, in part overridden 

surface preserved above the modern While there is no outcrop evidence, by Valders ice (sec. 2, 3, 10, and 13, 

floodplain. All units were deposited it appears that this esker may not be T18N, R22E). 

by braided streams flowing away palimpsest. Based on its position in One of the largest and best-defined 

from an ice margin or in valleys run- the modern creek valley, it may in ackeren cori came Wisconsin i 

ning parallel to a glacier margin. fact have formed under Valders ice. a i 
Another short esker (about ¥% mi(1 the Brillion esker, north of the city of 

Eskers = Brillion in Calumet County. It extends 
km) long) occurs north of Mishicot bout 8 mi (12 km) i \ 

Eskers are ridges of sand or sand and in sec. 23, T21N, R23E. This may also eee nn ores 

gravel deposited by streams flow- have been formed during the Valders) ce gs (20 m) high ( fe 1) 
ing through tunnels at or very near advance. A few other small eskers Although most oF eater thats 

Bie Sacer ee acl Tevet Weie:not mentioned by Thwaites and easil seeesdlble to roads has been 
and Bertrand (1957) recognized Bertrand (1957). One occurs about “ined away, relatively undisturbed 
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Figure 18, Topographic map of the Brillion esker. Parts of the esker have been Cae De 
mined and are now present as trenches. From the U.S. Geological Survey, 7.5- ea 

minute, Brillion and Reedsville quadrangles. 
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Figure 19. Photo of reddish-brown Chilton diamicton sandwiched between layers 

of gravel at edge of Brillion esker. If the esker is older than the Chilton readvance, 

then material above the diamicton must have slumped off the side of the esker, 

perhaps just after retreat of the Chilton ice. 

sections still remain (fig. 18). The esker of the Chilton ice, where typically 

is underlain by bedrock or sandy the red diamicton is a thin drape 

diamicton. Outcrops show that it over existing sandy till landforms. 

sarel ede nine of sancane d Suttner (1963) studied the Brillion 

ker whi f it till 
dolomite). Because the sedimentol- recent Me theeribed thend eae 

ogy of the esker closely resembles. P oa ae g 5 

Holy Hill Formation fluvial deposits consisting of steeply dipping, discon- 
and interbedded red clayey sedi- tinuous beds of coarse cobbles and 

boulders, di ited b ity, and ment foudonyintheuppernnt_ pou eos rv 
parts of the esker (fig. 19), it is likely . . . . 
that the eckerisipalimpsest. Ifthe sediment deposited by fluvial action 

ker is older than the V: Ide and reflecting a fluctuating supply of 

“s vars ch an wal wt f water. Suttner noted that a portion of 

re “ch, rows dhenicton sruct have the esker formed within the glacier 

slumped off the side of the esker, because the base of the esker which 

i jusvatterretveatot th " is on bedrock rises from an elevation 

Petia Pa Jet aELIS eStore of 835 ft (255 m) to 860 ft (262 m) ata 
Valders ice. Our present interpreta- location about 2 mi (3.2 km) down- 

tion is that the esker formed during . 
late Wi inicead that stream. He also concluded that part of 

Sats . eeonein ies 2 vane a the esker formed on the land surface 
deposited Holy Hill Formation till. in the open air. 

The pre-Two Creeks Chilton advance P , (continues on page 24) 

extended into this area and deposited 

red clayey diamicton over the esker. 

The esker is located near the margin



Quaternary Geology of Calumet and Manitowoc Counties, Wisconsin 

2 Manitowoc River and glacial Lake Oshkosh 
Note: This discussion uses present-day elevations, not elevations at the time the glacier edge was in this area. 

The large broad flat valley in Manitowoc River now heads in to the city of Chilton where it is 

which the South Branch Manitowoc northern Fond du Lac County and dammed at an elevation of about 

River in southwestern Calumet flows northward through western 880 ft (268 m). 

County now flows may be therem- — Calumet County, and then north- The South Branch Manitowoc 

nant of a preglacial river channel. At eastward to its confluence withthe _ River received meltwater during the 

half a mile (1 km) wide, the valley is | North Branch Manitowoc Rivernear Chilton ice advance and a lake was 

much larger than would have been __ the Calumet-Manitowoc County likely present in its river valley and 

cut by the present stream (fig. 20). border. Most of the north-south adjacent areas until retreat of the 

The channel may have been a trending reach of the river is now ice in the Fox River lowland allowed 

north-south trending tributary to at an elevation of about 900 ft (275 — drainage of water through the 

the preglacial Sheboygan River, m) with a broad wetland present end moraine to the west and into 

which flowed off the Niagara adjacent to the river. The river flows glacial Lake Oshkosh in the Lake 

Escarpment eastward to Lake with a low gradient to the northeast | Winnebago basin. The morainal 

Michigan (fig. 6). The South Branch deposits on the escarpment are 
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Figure 20. The broad bottom of the Manitowoc River valley, cae AunrTowec 
an underfit stream (parts of Brothertown and Marytown U.S. 

Geological Survey 7.5-minute quadrangles). The area southeast P= Figure location 

of the river valley has dolomite bedrock very close to the surface. | 

Arrows mark only some of the Green Bay Lobe drumlins formed Brothertown_7 = \_ Marytown quadrangle quadrangle 
during the Holy Hill advance and show ice flow direction. 
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FF. Manitowoc River and glacial Lake Oshkosh, continued 

dissected, possibly by meltwater the escarpment, and meltwaterand DePere south to Greenleaf. There 

and the lake water draining from ice-dammed lake water drained the top of the sand and gravel in the 

the proglacial lake. Flow was off into glacial Lake Oshkosh in the terrace is at an elevation of about 

the escarpment and into glacial Lake Winnebago basin. Supporting 826 ft (252 m). Cross-bedding 

Lake Oshkosh. Pipe Creek, nearthe this hypothesis, steep gravel beds dips to the south and southwest. 

village of Pipe in northern Fond dip to the west and were formed Reddish clayey till overlies the 

du Lac County, now occupies this as debris tumbled down the front fluvial sediment. Thwaites and 

channel. Drainage off the escarp- slope of a delta. Beds that formed Bertrand (1957) suggest that the 

ment as the ice retreated likely on top of a delta, where sediment sand and gravel was deposited 

occurred during earlier glacial was laid down in horizontal layers, between the rock cliff and the 

events also. For example, the ter- are found at an elevation of about retreating Holy Hill ice front. The 

race composed of predominantly 830 ft (253 m) and are overlain by outlet was to early Lake Oshkosh, 

Holy Hill Formation sand and gravel reddish-brown diamicton. Thwaites which at that time drained to the 

at Stockbridge probably formed and Bertrand (1957) describe similar Wisconsin River. The North Branch 

when the Holy Hill ice margin terrace deposits along the Niagara Manitowoc River in northeastern 

retreated to the north and west, off | Escarpment in Brown County from Calumet County (fig. 21) is near an 
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N , Sherwood —Figure location 
Figure 21. Topographic map (parts of Hilbert and Sherwood 7.5-minute quadrangle BE Fovre toca 

quadrangles) showing the three shallow channels (arrows) through which Gu MTONGE 

water from glacial Lake Oshkosh flowed into the Manitowoc River outlet. County 
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2 Manitowoc River and glacial Lake Oshkosh, continued 

area where the bedrock surface is However, if the Chilton ice margin then to the southwest via the Fox 

only at an elevation of about 500ft —_ retreated north of the escarp- River to the Wisconsin River near 

(152 m). This low area in the bed- ment at Sherwood to open the Portage (elevation 790 ft (241 m)). 

rock surface may be where a pregla- Manitowoc River basin before the Evidence for these pre-Glenmore 

cial river (a tributary to the ancestral _- Valders ice margin retreated to events have mostly been erased 

Fox River) cut back into the escarp- the east of Cato Falls, lower in the by the Glenmore advance. 

ment and flowed northwest to the Manitowoc River valley, drainage As Glenmore ice began to 

Fox River. This channel with flow for a short time would have been retreat from its maximum position, 

to the northwest could have been to the west, into Lake Oshkosh. the area of what is now Calumet 

active prior to and during the red North of Sherwood the Niagara County was likely isostatically 

till glaciations as more than 200 ft Escarpment is eroded back to the depressed (because of the weight 

(60 m) of clayey red sediment fills east and the uppermost bedrock is of the ice) about 160 ft (50 m) rela- 

in the channel (plate 2, D-D’). More — Maquoketa shale (fig. 2). Well logs tive to the Portage area (Hooyer 

details of the deglaciation history of indicate that north of Sherwood and Mode, 2008) so it seems likely 

this area are presented inthe glacial the bedrock is at an elevation of that water drained from glacial 

history section. about only 750 ft (229 m) (plate Lake Oshkosh eastward down the 

Glacial Lake Oshkosh formed 2, D-D’). Water from east of the Manitowoc River as soon as that 

again during the Chilton advance escarpment could have drained to path was ice free. These outlets are 

and the Manitowoc River was the west through this low area,and — shown in figure 21. 

once again an outlet for the lake. into the Lake Oshkosh basin and 

Lake Michigan Lobe moraines south 
and west of the Twin Rivers lowland 
Near the western extent of the Valders What appears to be a broad 

ice in southern Manitowoc County, moraine extending north from 

the glacier moved over deposits the south county line between 

of the Holy Hill Formation, and the Highway 42 and Interstate 43 is 

red-brown diamicton is only a few mapped as Vdh, because we inter- 

meters thick except in a small end pret this to be a buried moraine 

moraine at its outer limit (plate 1). of the Ozaukee advance and not a 

Closer to Lake Michigan, how- moraine of the Valders advance. 

aa ice advanced over clayey The Ozaukee and Valders diamicton 
diamicton and lake sediment of the : : Bat a A 2 

units are difficult to distinguish in 
Ozaukee Member (fig. 11, area 6). . 

. many drill holes. However, based 
The moraine of the Ozaukee advance 

on the presence of sand and gravel 
was completely covered by the , ; a. 

beneath relatively thin Valders diamic- 
Valders advance. Thus, from about . 

. , ton in exposures north of Cleveland 
the location of Highway 42 eastward 9 

2 die : and along the Lake Michigan shore- 
toward Lake Michigan there is a : . - 

. . line, we interpret most of the thick, 
thick sequence of alternating clayey an a au 

_ . clayey diamicton in drill holes in this 
diamicton and lake sediment, and Bs 

2 area to be Ozaukee diamicton. Thus, 
the bedrock surface is generally more A 

all of this landscape west and south of 
than 100 ft (30 m) below the surface ope . 

the Twin Rivers lowland we interpret 
(plate 2). The Valders advance appears 5 

. . Z to be palimpsest. 
to have done little to modify this 

landscape. 
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Mani iver- rr 
prapeoiaanani 3 Former levels of Lake Michigan 

Twin Rivers lowland 
and Point Beach It has been known since the was substantially lower in eleva- 

late 1800s that water levels in the tion—by perhaps more than 350 ft 

At present, water from Lake Michigan Great Lakes have been higher in (107 m)—than it is today. 
passes through Lake Huron and the past than they are now, leav- As the ice thins and retreats, 
into the St. Mary’s River at Port ing behind a series of beaches the crust lifts back up in a process 

Huron, Michigan. Whenever glacier farther inland. Goldthwait (1906, known as isostatic rebound. 
ice blocked the north end of Lake 1907) mapped the extent of these The crust continues to rise at an 
Michigan, water level rose within the beaches along the Lake Michigan _ever-slower rate for thousands of 
basin and flowed to the Mississippi shoreline. years after the ice is gone, until the 
through an outlet at the south end Numerous papershave been _earth’s surface returns to about the 
of the lake (see focus box 3, “Former published that attempt to define elevation it had before glaciation. 

Levels of Lake Michigan”). Beaches the age and significance of these Rebound explains why beaches 
recording these higher lake levels are beaches, and there is still disagree- _ that formed when the ice sheet 

present in Manitowoc County inland ment about the details of the was just retreating have higher ele- 
from the present shoreline. Map unit history of lake level fluctuations vations now than they were when 

Vsip (plate 1) and area 7 in figure 11 (Clark and others, 1990). A major they first formed. In Door County, 

show the area covered by the lake review was done by Hough (1958), _ shorelines have been uplifted as 

at its maximum extent in eastern but there are now many more muchas 75 ft (25 m) relative to 

Manitowoc County. The Glenwood radiocarbon dates that document _ beaches of the same age in south- 
shoreline had little beach develop- the story. More recent overviews ern Manitowoc County (Thwaites 
ment, but much of the ground surface of Lake Michigan history since and Bertrand, 1957). The land at 
throughout the area has a thin cap of deglaciation have been covered by _ the north end of what is now Lake 
wave-washed sand and fine gravel. In Hansel and others (1985), Hansel Michigan was depressed even 
some places, sand may be thick where and Mickelson (1988), Colman and —_— more because the ice was thicker 

streams entered the lake or where others (1994, 1995), Larsen (1994), there. Clark and others (2008) pro- 
currents allowed the buildup of sand. and Larson and Schaetzl (2001). vide recent analysis of postglacial 
There was relatively little deposition We see beaches well above uplift in eastern Wisconsin. 
at the mouth of the Manitowoc River modern lake level for several rea- Changing outlets 

when water was at the Glenwood sons: isostatic depression and sub- The outlet at the south end 
level during retreat of the Valders sequent rebound, higher outlets, . . 
. i | . of Lake Huron is considered to be 

ice. A wave-washed diamicton Se eee eed the “controlling outlet” for Lake 
surface extends through the city of tothe lake from precipitation and yp a = eee 
Manitowoc, beneath the airport, and glacial meltwater than today. Sauk leat Lan ears Inthe 

northward just east of Rockwood Glacio-isostatic last 150 years, seins i Lake 
(plate 1). Most of this fairly flat surface depression and rebound MHI A ee eared rere 

at about 650 ft (198 m) appears to be The sheer weight orload of 9 

diamicton and not a delta fanning A e oes o it G D Deus Gremgls: 
out into the lake. the ice sheet compresses the in precipitation and evaporation. 

earth's crust ina process known as — Over the last 4,000 years, fluctua- 

Glenwood-level features are only glacio-isostatic depression. Given _ tion has been 6 to 13 ft (2 to 4 m) 

present as far north as the Manitowoc sufficient time, the ice sheet can (Thompson and others, 1991). 

and Twin Rivers lowland, indicat- depress the land surface a distance Whenever the northern end of 

ing that they formed before the equal to about 30 percent of the Lake Michigan was covered by gla- 

Two Rivers advance (Evenson, 1973; ice thickness. Thus, during and cier ice, the Lake Huron outlet was 

Mickelson and Evenson, 1975). Ina shortly after the last glaciation, blocked and the lake rose to drain 

gravel pit on the north side of Two the earth’s surface in what is now down the Illinois River at Chicago 

Rivers, at the front of the Two Rivers Manitowoc and Calumet Counties — (Hansel and Mickelson, 1988; 

moraine, diamicton of the Two Rivers Schneider and Hansel, 1990). Three 

advance overlies nearshore sand at 

an elevation of 620 ft (189 m) (NW, 
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= sec. 31, T20N, R25E). The sand there 

4 Former levels of Lake Michigan, continued contains Two Creeks-age wood 

7 : — | | (Schneider, 1990). Many of the sand 
higher levels of Lake Michigan are _ level (Larsen, 1987) in Menlowea deposits in the Two Rivers lowland 

recognized: Glenwood at 640 ft County or they may coincide with were deposited into the Calumet level 

(195 m), Calumet at 620 ft(189m) the Toleston level and cannot be of Lake Michigan, and Two Creeks- 

and Toleston at 605 ft (185 m). identified for that reason. Because age wood has been found in several 

These elevations are measured the land under these northern excavations including one near the 

at the Chicago outlet, and minor outlets was muctidepressed; the Roncalli High School in the city of 

differential rebound causes the level of Lake Michigan fell to levels Manitowoc (SW, sec. 9, T19N, R24E) 

shorelines in Manitowoc County to more than 300 ft (100 m) below and in lake sediment along the low 

be about 10 ft 3 m) higher. Present _ its present level (Colman‘and eroding bluff on the Lake Michigan 

mean lake level is about 580 ft others, 1995). This event is ele shore (NE, sec. 16, TIN, R24E). Note 

(176 m). The same Chicago outlet the Chippewa lowstand. A period that neither of these sites has till 

was used when the lake was at lasting several thousand years above Two Creeks wood. As they are 

the successively lower Glenwood, followed where the water level was outside the Two Rivers moraine, it 

Calumet, and Toleston levels. The very low, and streams in this area would not be expected. After retreat 

reason for this is disputed. The must have downcut substantially of ice from the Two Rivers moraine, 

traditional explanation is that below present lake level in their the level of Lake Michigan remained 

downcutting of the outlet took lower reaches. This would have atthe Caluret level until thenorth 

place either at the end of the Dd ae lakes in ce Dea end of Lake Michigan was deglaci- 

Valders advance (Bretz, 1951) or Lake Michigan basin with a river ated, allowing the level to drop 

at the beginning of the Two Rivers connecting them. substantially. 

advance (Kehew, 1993) and again Lake level rises again a a 

after the Two Rivers advance. An Rivers flowing into Lake Michigan 
: As northern outlets rose due 

ellectnetNiS hip ineteS Fe] yees to isostatic rebound, the level of ae ed eee 
by Hansel and Mickelson (1988) is ven ' level dropped, then slowly filled 

i Lake Michigan rose as well. By : 
that the same outlet was occupied abolit'S. 000 year-ago thelake nad their valleys whenever the level rose 

each time with little downcutting, 5 ta eee enieaas again. Often the downcutting events 
but large differences inthe volume (134. i ra eae left terraces, which are abandoned 
of water coming into the Lake Se one eet ee tale floodplains, or wave-cut bluffs in 

1. . , through the Chicago outlet. This : = 

eau eed oo highstand of the lake is called the the larger river valleys: The highest 
ences in lake level. mn . terrace mapped in figure 22, unit T7, 

Nipissing phase of Lake Michigan, i 
After deglaciation te eee eee ne appears to have been the floodplain 

_ . occupied by the stream when Lake 
Whenever glacier ice retreated abound along the Manitowoc Michigan was at the Glenwood level. 

north of the northern end of Lake County shoreline. Because the Unit 72 formed when the lake was at 

Michigan, water level dropped. aed phase lasted longer and the Calumet level,and unit 73 formed 

Low, isostatically ciepiessed is more recent, beach features are whan the lake wasatthe Tolaston 

cust that De ae opened better developed than landforms level. Unit T3 is a mid-Holocene 

as ice retreated carried water at the Glenwood or Calumet levels. (Nipissing) shoreline and associated 

ere lea aaae or stream terrace at an elevation of 

SE ae ene about 620 ft (189 m). Unit Vst indi- 
St: Tawrence River (Hough, 1958; cates terraces above modern streams 
Hansel and others, 1985). At this. en 

| . where individual terraces cannot be 

tine Pak oaldonce Se eee, associated with a particular lake level 

Ree ee ee tenga n. or where they are too small to map. 
Huron, and Superior were at the 

same level (Hough, 1958). There is The sediment in map unit Vspp 

no evidence for this lake level in (Valders sand and some gravel in out- 
Manitowoc County and beaches of wash and lacustrine plains) is moder- 

this age may be below present lake ately well-sorted, well-stratified sand 

and sandy gravel deposited by glacial 
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SN 
Var R iS A. West Twin River Figure 22. Detailed interpretation of 

river and lake terraces in (a) the West 

Sha Twin River and (b) the Manitowoc 

oar \ \ River valleys. Unit contacts are the 

i \ \}\\ | same as on plate 1, except that three 

) é ie terrace levels (corresponding to the 

st Glenwood, Calumet, and Toleston 

Ay y levels of Lake Michigan) are identified 
Ps rN 241 Bs ; in this figure. 
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Quaternary Geology of Calumet and Manitowoc Counties, Wisconsin 

streams or by waves and currents in R23E and adjacent sections) isadelta _ of the belief that there was only one 

glacial lakes. This unit has between 20 _—_ deposited at the mouth of the West “red till” advance and that, therefore, 

and 80 percent of original floodplain Twin River when Lake Michigan was at __ till on both sides of the lowland were 

interrupted by depressions formed by the Glenwood level (fig. 23). The low- _ of the same age. We now believe that 

melting ice blocks. land of the East and West Twin Rivers — the lowland was connected to Lake 

Unit Vsf (plate 1) was deposited in a was an embayment of Lake Michigan = Michigan as Valders ice retreated and 

, when the lake was at the Glenwood probably as Valders ice and Two Rivers 
fan or delta surface sloping gently . : 
away from’the former ice margin. The level and again several times later. ice advanced as well (Evenson, 1973; 

te ae : Thwaites and Bertrand (1957) thought Mickelson and Evenson, 1975). Beach 
area west of Mishicot in northeast- that the lowland Rok d its at the Gl devel 
ern Manitowoc County (sec. 1, T20N, at the lowland was part of a sepa- deposits at the Glenwood level occur 

rate lake, called Lake Shoto, because in several places in the basin. For 
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example, a gravel deposit about 2 mi Ki . “0 L\0 33. GAZE (SFR 
k h of a i 2 iO" iF) Sy 

(1 km) south of Shoto (SW, sec. 29, —S, ie LOM iF a Sy 
T20N, R23E) on the West Twin River » MAF. ee, = BS Sa 

: rcs a ne | y contains very well-sorted, openwork ‘ | ‘ Q Ys ae 

gravel typical of beach deposits at a j y 2 & A J ay 
® SE Dios wy alan Oo) an elevation of 640 to 650 ft (196 to a <i = ip : 

198 m) above sea level. ip | NS iy ; 

Fischer Creek Conservation Area on xy PHD | ‘Y \ Y SO 
. we I) \- my % Inve oo eB 

the shoreline between Cleveland and 16. fie, Lal oy 
i pe SSD Northeim (sec. 14,T17N, R23E) has 7 Ak £ \w TSS ae 

good examples of dunes derived from Lf I) ’eaig = aD Joa 

deposits of higher lake levels (fig. 24). Hi Weer ; 

The surface was covered with shallow hr gt BP AS 
water at the Glenwood and Calumet ent a 8 Srp a : } 

levels, and some dune formation may Ge pa eo i-# cel i] ; : N 

have begun as water subsided from 3 J. ms L me) | i | 

that surface. When lake level dropped, e MY tae Yn pA pal “ih a 
wind reworked the sand into dunes, sak! 2] SAC 1 
and there was probably continuing Py & ; eI oe DoS 
movement of the sand whenever We oc oy y coy 
the vegetation on the surface was — —"? : 

disturbed. The dunes have a north- Li ig Figure location 

west-southeast orientation, presum- 0 5 T km Cloveland Weer” Cleveland East 

ably from winds blowing from the quadrangle quadrangle 
southeast because there appears 
to be no large source of sand to the Figure 24. Topographic map of dunes at Fischer Creek 

northwest. Several weakly developed Conservation Area (parts of the U.S. Geological Survey, 

soils are buried in the dune sand 7.5-minute Clevelend East and Cleveland West quadrangles). 

indicating several periods of stability 

alternating with dune reactivation. No 

samples have been found for radio- 

carbon dating, but it seems likely that 

dune formation was active as water of lake level rise to the Nipissing “Former Levels of Lake Michigan”). At 

rose to the Toleston level during the highstand and the formation of that time a spit, a point of land made 

Nipissing phase. The shoreline at beach ridges during subsequent up of wave-deposited sand, built out 

Fischer Creek Conservation Area has lake level drop. Parallel ridges and into the lake and organic sediment 

an eroding bluff. This shore has likely intervening swales can be found in began to collect in the lagoon behind 

been eroding since lake level rose to Point Beach State Forest (fig. 25). it (now Molash Swamp). Sand dunes 

its present level about 5,500 radio- The road into the park crosses these later formed on the spit, further rais- 

carbon years (6,200 calendar years) ridges and swales. Figure 26 shows a ing its elevation and protecting the 

ago. Thus, there is no way of know- cross section from the location of the lagoon behind. By 4,750+90 radiocar- 

ing for sure what deposits have been _ shoreline at the Nipissing highstand bon years ago (5,350 calendar years) 

removed by erosion. The shoreline eastward to the present beach at peat was accumulating in the swamp 

during the Nipissing phase may have __ the Rawley Point Lighthouse. (fig. 26). By this time the active shore- 

been about a mile (1.6 kilometers) far- Radiocarbon dates of 5,970-80 and line was on the east side ofthe spit. 

ther east at that time, but all evidence As lake level fell from the Nipissing 
5,740+120 years ago (6,680 and 6,536 : ; 

has been eroded. . highstand, a series of beaches formed 
calendar years, respectively) on wood . 

3 A = - as the shoreline advanced lakeward. 
In and near the Two Rivers lowland, in lake sediment above Two Rivers. . 

wae . 5 alt z During low lake levels, sand was 
deposition has been more continu- diamicton record the rise of the lake blo cite the older high 

ous. Dott and Mickelson (1995) have from the Chippewa lowstand to the weadhecthet sven fatther seat 

studied in detail the preserved record _ Nipissing highstand (see focus box 3, :
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Figure 26. East-west cross section from Molash Swamp to Lake Michigan 

shore at Point Beach State Park. Location of cross section shown in figure 25. 

Radiocarbon dates are in calendar years. (From Dott and Mickelson, 1995.)
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creating dunes that covered up the . : The hummocks are aligned, probably 

beach ridges. Subsequent water level Iwo Rivers moraine because the glacier was ‘alg up 

rise eroded away some of these beach The advance of the Lake Michigan on slow-moving ice near the margin 

ridges, but some are preserved. Lobe following growth of the Two as it slowed down where it came up 

Radiocarbon dates ronvwarvow Ee vhd biel hwenss 5 out of the lake basin. As the glacier 
lagoons between the beach ridges ended at swell daveie a and 9g advanced, sediment sheared slightly 

(figs. 26 and 27) illustrate the east- monihetfig. Ci ane ahs ond upward into the front edge of the ice 

ward migration of the shoreline. The moraine is eclat beneath the along preterred paths (sheakiplanes), 

radiocarbon ages and the elevation water tower in the city of Two Rivers. This in turn, resulted in debris accu- of the base of the beach ridges (Dott The moraine attends northward . mulating in bands on the ice surface. 

and Mickelson, 1995) also illustrate into Kewaunee County (Clayton, The bands had varying thicknesses 

the fluctuation in lake levels due 2013) where it meets 7 Tee je and were roughly paralle| to the ice to precipitation and evaporation Wenmatk moraine ofthe Green = margin. The slight differences in thick- 
changes superimposed ona progres- Lobe. The ridge, mapped as Tah as ness were retained when the overly- 

sive drop due to downcutting of the Treen inten 4 a to contain ing ice melted, depositing the debris 

controlling outlet at Port Huron. E in re and creating a hummocky (hilly) 
9 true end moraine segments that landscape. The irregular ridges are 

A similar set of beach ridges is present ark ice-margin positions. Diamicton around 3 ft (1 m) high and are sepa- 
west of Two Rivers at the Woodland is substantially thicker here than in rated by shallow depressions (fig. 30). 

Dunes Nature Preserve (fig. 28). The areas to the west. Low-relief hum- The topography here has much lower 
oldest dates on the Nipissing rise mocky topography, shown in fig- relief than the high-relief hummocky 
there are 6,100+90 radiocarbon ure 30, is fairly common in clayey till topography of the Kettle Moraine 

years (7,500 calendar years) ago on in low broad-crested moraines around — giccussed earlier. 
driftwood and 5,640+90 radiocarbon _ the central and southern part of Lake 
years (6,405 calendar years) ago on Michigan. It was produced by the 
peat (fig. 29). slow meltout of glacier ice that had a 

thin cover of clay-rich sediment on it. 

This supraglacial sediment accumu- 

lated as debris-rich ice melted out. 
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Figure 27. Photo of swale (center) and beach ridges (left and right) taken from 

entrance road to Point Beach State Park. 
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Figure 28. Topographic map of Nipissing stage dunes and beach ridges west of Two Rivers. 

Southern end of Two Rivers moraine is shown within dashed line in upper right. Area east 

of till upland is a mix of beach ridges and dunes with wetlands between. Dotted line (A—A’) 

shows location of cross section in figure 29. From the U.S. Geological Survey, 7.5-minute 

Two Rivers quadrangle. 
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Figure 29. Cross section of Nipissing stage deposits at Woodland Dunes Nature 

Preserve. Location of cross section shown in figure 28. Radiocarbon dates are in 

calendar years. (From Dott and Mickelson, 1995.)
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«\ ediment deposited by the in the Quaternary sample database, in thickness from a few inches to 

Green Bay and Lake Michigan TillPro, available from the Wisconsin about 60 ft (20 m) at the type section 

Lobes covers all of Calumet and Geological and Natural History near Valders in Manitowoc County. 

Manitowoc Counties (plate 1). The Survey, but are not included in the The till is light brownish-gray (10YR 

deposits are classified into lithostrati- mean values in table 2. 6/2) or pale brown (10YR 6/3) in color, 

graphic units called formations, which , using Munsell color notation. Till 

are further subdivided into mem- One important reason tor under. samples have an average magnetic 

bers. The members are composed of Standing the nature.and distribution susceptibility of 2.46 x 10° MKS units 

diamicton (a sediment conten of'glacial depositsts thatttill units,at abi 2 The are enerally gravell 

a wide range of grain sizes, from ° least, have relatively constant proper- silt sand foam and the tesa ls 

clay to beatldertand common! tgs over areas the size ofa county. snl zed hams a mean csodaltiels 

tries reted as till (sediment de nos Thus, engineering properties can aio oA :46:13 percent The sit oe 
. pl | P be estimated (although this cannot . ee P . 
ited directly by the glacier), sand . oe - fraction of the matrix contains about 

and gravel (commonly interpreted sUbstitlite foronsite Investigation), 64 percent carbonate. Dolomite is the 

as outwash deposited b: ars a En Eel ese es most common rock t ' ie of pebbles 

flowing awa’ tho th if cier), and On: past testing. These properties are and cobbles, but i ae IS "4 eta 

ely ‘interp rchedacltte sed described Infocus box 4, “Engineering mor hic rocks oeabsE setous isis 
yey . P = esol Properties of Till Units.” P 4 5 : P ‘ . 9 

ment). The lithostratigraphic units the Unified Soil Classification System 

identified in the field area include $ (USCS), the till is generally classified as 

members of the Hayton, Holy Hill, and Hayton Formation silty sand (SM). . 

Kewaunee Formations (Mickelson and There als no radiocarbon dates that . . 
Syverson, 1997; Syverson and others, determine the time of the glacial Holy Hill Formation 

i ici i advance that deposited the Hayton 2011). Stratigraphic interpretations Sonaatans vercon and wither The Holy Hill Formation was depos- 

are based on “chan ey inthe Duffs 2011), but it aie have been Betsie ited during. the late Wisconsin 
along Lake Michigan, exposures.in about 30,000 radiocarbon (24,000 Glaciation, beginning perhaps more 

quarries and aggregate pits, from caleaidai) eae aGe Diamicton ofthe than 26,000 radiocarbon (30,000 

boreholes drilled between 1996 UES 898 , calendar) years ago and continuing 
and 1998, and from well construc- Hayton Formation is present inthe to around 13,000 radiocarbon (16,000 

i ; i subsurface in much of Calumet and . . 
tion reports kept at the Wisconsin : ; a calendar) years ago (Mickelson and 
Geological and Natural History Survey. Manitowoc Counties. The diamicton Syverson, 1997). The New Berlin 

generally directly overlies bedrock, is , ” | 
i i i Member of the Holy Hill Formation The following section provides a typically extremely dense, and ranges ' "y 

description of the sediments in the was deposited by ice of the Lake 

stratigraphic units from oldest to Aa 

youngest. Members or formations in Re 

the area covered by the Green Bay is 

Lobe are described first, followed by a ot 

a description of the time-equivalent j 

member in the area covered by the 

Lake Michigan Lobe. The stratigra- 

phy is outlined in table 1. The results | ci ac eee : 

of laboratory analysis of diamicton 

samples from each stratigraphic s 

unit in Calumet and Manitowoc z — = : 

Counties are summarized in table 2 2 ——_ 

and the grain-size distribution for = — = 

each unit is shown in figure 31. All of = 

the reported sample results are for 

diamicton samples interpreted to be 

till. Other sample results are reported 

34 Dave Mickelson
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Table 2. Summary of magnetic susceptibility, grain size, and carbonate content of till in each stratigraphic unit. 

Magn. Cal- Dolo- Car- Magn. Cal- Dolo-  Car- 

susc. Sand Silt Clay cite mite bonate susc. Sand Silt Clay cite mite bonate 

(x 103) (%) (79) (%) (%) (%) (%) (x103) (%) (%) (%) (%) (%) (%) 

Calumet Manitowoc 

Mean 1.18 10 4l 49 3 27 30 Mean 1.18 26 42 33 4 42 46 

Max 1.70 21 51 59 4 60 62 Max 1.30 40 56 42 8 76 84 

Min 0.48 4 34 33 2 22 21 Min 0.80 7 38 21 3 27 31 

Count 15 19 19 19 15 15 15 Count 9 10 10 10 9 9 9 

Manitowoc (VALDERSMEMBER 
Mean 0.98 1S) 49 36 4 24 28 Manitowoc 

Max 120 280 53 38900 5S 87 30 Mean 171 23 48 29° 3 39 «42 
Min °” (ie 47 Bee > eee 26 Max 1222 46 75 60 35 60 64 
Gouna 8 2 5 2 5 2 7 Min 070 6 2 5 0 1 2 
Calumet, Manitowoc Count 125 152 149 149 88 88 88 

Max 1.70 23 53 59 5 60 62 

Mn 048 4 34 2 2 21 21 _nkewee 
Count 20 24 24 24 2 20 ~~ 20 oe | ie °2 ee flee 

Max 1.77 17 81 57 7 112 118 

[enmronmembeR min = t0 2 et 
Calumet Count 37 40 40 40 6 6 6 
Mean 1.60 18 46 36 4 46 50 

Max 4.98 36 63 61 6 15 80 

Min 050 «3«(«35=«d1S sa 
Count Sl 52 52 52 34 34 34 Manitowoc 

Manitowoc Mean 2.19 38 45 17 3 54 57 

Mean 1.84 18 54 29 _ _ _ Max 3.30 57 63 31 4 78 83 

Max 2.23 44 73 39 _ _ _ Min 0.60 25 28 6 2 39 42 

Min 7.19 5 7 21 _ _ _ Count 37 44 44 44 26 26 26 

Count 29 34 30 30 — = — Calumet 

Calumet, Manitowoc Mean 1.94 48 40 12 3 76 80 

Mean 169 18 49 33 4 46 50 Max 4820 580470 24 4 8386 
Max 4.98 44 3 61 6 75 80 Min 0.78 40 18 3 3 64 68 

Min 0.50 3 7 15 2 » 24 Count 14 14 14 14 10 10 10 

Count 80 86 82 82 34 34 34 Calumet, Manitowoc 
Mean 2.12 40 44 16 2 46 48 

[BRANCHRIVER MEMBER Max) 82 583m A 
Calumet Min 060 25 18 3 0 0 1 
Mean 2.31 39 44 17 2 49 51 Count 51 58 58 58 48 48 48 

Max 3.26 46 63 31 2 52 54 

Min 1.62 22 24 6 1 43 45 

cont 9 9 9 9 3 3 3 
Manitowoc Calumet 

Mean 2.03 33 49 18 2 30 31 Mean 246 41 46 | 130 4 60 64 
Max 2.90 5D 66 26 4 62 65 Max 3.38 66 53 20 13 85 89 

Min 1.50 18 36 5 0 1 1 Min 1.20 32 34 0 3 48 53 

Count 14 7 17 7 14 14 14 Count 16 16 16 16 13 13 13 

Calumet, Manitowoc 

Mean 2.14 35 47 18 2 33 35 

Max 3.26 by 66 31 4 62 65 

Min 1.50 18 24 5 0 1 1 

Count 23 26 26 26 17 i174 17 
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4 Engineering properties of till units 
Although no measurements of —_ other properties depend, to a great There is a relatively small 

engineering properties except for extent, on the velocity of water range in friction angle among the 

grain-size distribution were made in which they were deposited. Kewaunee units. They fall between 

for this study, we here summarize Not all stratigraphic units 29 and 31 degrees. Friction angle of 

what has been published in several have been tested, so those are not the New Berlin Member of the Holy 

compilations (Rodenbeck and shown in the tables. In general, Hill Formation in eastern Wisconsin 

others, 1987; Rodenbeck, 1988; Kewaunee Formation till has a is about 35 degrees (table 3). 

Simpkins and others, 1990; Ediland — hydraulic conductivity that is two Overconsolidation appears higher 

Mickelson, 1995). A summary of to three orders of magnitude lower —_ in some samples of the Ozaukee 

grain-size distribution is presented than the conductivity of Holy Hill and Valders tills north of Sheboygan 

in the main text along with a discus- _ Formation till. The exception is than in the Ozaukee till south of 

sion of stratigraphic units. when field-measured conductivity Sheboygan (table 4). One sample of 

One reason for mapping tests are used. These often include Two Rivers till has undergone even 

glacial deposits is to allow engi- the effect of fractures, increasing more overconsolidation. There are 

neers, planners, and others a way the hydraulic conductivity substan- several possible explanations to 

of predicting properties before tially (Valders Member in table 3). account for the difference. One rea- 

actually taking samples at a site. This effect also produces lower son may be that, based on indepen- 

However, the properties givenhere —_ hydraulic conductivities in labora- dent evidence discussed elsewhere 

should not be used as a substitute tory tests than field tests. Mostly in this report, there was permafrost 

for site-specific measurements of because of the larger amount of (tundra vegetation) during deposi- 

engineering properties. Only till sand in the Holy Hill Formation, dry _ tion of the Ozaukee and Valders tills, 

units are discussed because they unit weight, hydraulic conductiv- but not during deposition of the 

tend to be reasonably similar over ity, and friction angle are higher Two Rivers till. If ice remained in the 

broad areas or change properties than in the Kewaunee Formation. pore spaces (interstitial ice) until 

in a predictable manner from place —_ Generally, Holy Hill Formation till the weight of the ice was removed, 

to place. Water-deposited sedi- has zero cohesion, whereas all of as it would in the former case, then 

ment is much more variable and the Kewaunee Formation tills that overconsolidation due to weight of 

difficult to predict over broad areas _—shhave been tested have cohesion. the ice would be minimal (Acomb 

because grain-size distribution and and others, 1979) compared to 

Table 3. Engineering properties of till units in Manitowoc County. (From Edil and Mickelson, 1995.) 

lela hU Lag Daag Water Friction 

(# samples) weight COG angle Cohesion 

Bic EL Tella Field (kN/m?) (%) (degrees) (kPa) 

Two Rivers 40x109 (11) _ 19.0 16 30 11 

Valders 400 x 10° (19) 3.25x 10-5 (12) V77 17 29 28 

Ozaukee N@ 50x10° (27) 5.0x107 (9) 18.6 17 31 24 

Ozaukee S _ 1.6x 107° (1) 17.9 18 30 7 

New Berlin _ 2x10° (20) 19.9 8 35 0 

4 “Ozaukee N" refers to data from what was formerly called Haven till. (See focus box 5, “Unresolved Stratigraphic Questions.’)
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Michigan Lobe, and the Horicon present data from Holy Hill Formation from Manitowoc County have a 

Member of the Holy Hill Formation sediments interpreted to be till from mean sand:silt:clay ratio of 38:45:17. 

was deposited by ice of the Green Bay —_ each county (table 2). All of the Holy The silt-size fraction of the matrix 

Lobe. These are not distinguished on Hill till in map units Hdr, Hds, and contains about 80 percent carbonate 

plate 1 because there appears to be Hdh (rolling, streamlined, and hum- in Calumet County and about 60 per- 

no New Berlin Member diamicton at mocky topography, respectively) cent in Manitowoc County. The reason 

the surface in the two-county area. is pale brown (10YR 6/3) to light for this difference isn’t clear, because 

There may be sand and gravel of the reddish-brown (2.5YR 7/4) in color both lobes flowed across carbonate 

New Berlin Member at the surface. and belongs to the Horicon Member. rock for much of their flowlines. The 

There is New Berlin Member till in Till samples in both counties have a till is composed mainly of dolomite in 

the subsurface, but this is shown as combined average magnetic sus- all size fractions, indicating a pre- 

undifferentiated Holy Hill diamicton ceptibility of 2.12 x 10? MKS units. dominantly local origin. Igneous and 

on plate 2 and in table 2. The till is generally crudely stratified metamorphic rocks are present, but 

The Horicon Member is present at or unstratified, gravelly, clayey, silty are not as abundant as in the diamic- 

, sand. Classified using the USCS, the ton of the Hayton Formation. 

thesuttece in southern Galumet diamicton is generally silty sand (SM), 
County and southwestern Manitowoc 5 9 yey "We've identified five stream-deposited 

The 14 till samples from Calumet 5 z = 
County (plate 1). Because the Holy _ : sediments associated with the Holy 

. ; . re County analyzed for grain-size dis- : . . . 
Hill Formation units are indistin- og A Hill Formation. The sediment in 

fi 5 , tribution have a mean sand:silt:clay i : 
guishable in these two counties, we these units was deposited by melt- 

ratio of 48:40:12, and the 44 samples 

4 Engineering properties of till units, continued 

samples in which interstitial ice the high numbers result from ing deglaciation. These possibilities 

had melted and water could drain. dewatering that occurred when are discussed more completely 

A more-likely explanation is that the water table was lower follow- in Edil and Mickelson (1995). 

Table 4. Compressibility and preconsolidation values for Kewaunee tills in eastern Wisconsin 

(not just Calumet and Manitowoc Counties). (From Edil and Mickelson, 1995.) 

Effective co CONT) 
Prey ne dl TCA Ml ML ce (rl Mm lel Cel) 

Sic sample (m) ratio index stress (kPa) stress (kPa) ratio 

Two Rivers 15 0.50 0.20 30 931 31 

48 0.49 0.15 109 518 5 

Valders 24 0.38 0.10 58 518 9 

6.9 0.54 0.20 156 614 4 

Ozaukee N? 6.5 0.48 0.17 87 835 10 

6.6 0.44 0.12 132 518 4 

8.4 0.49 0.14 182 672 4 

92 0.48 0.11 118 413 4 

Ozaukee S 6.0 0.54 0.20 130 422 4 

42°3. 0.54 0.13 156 413 3 

153 0.51 0.20 330 634 2 

15:3 0.48 0.17 330 672 2 

# “Ozaukee N" refers to data from what was formerly called Haven till. (See focus box 5,“Unresolved Stratigraphic Questions.’)
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water from the Green Bay Lobe and the Chilton and Glenmore Members Branch River Member 

perhaps from the Lake Michigan at the surface. All of these members (Green Bay Lobe) 

Lobe. without independent souice contain reddish-brown to light-brown The diamicton included in map units 

information they cannot be distin- clay-rich diamicton, most of which is Bdh (Branch River diamicton iin areas 

guished. The glaciofluvial units Hgh interpreted to be till. of hummocky topography) and Bdr 

(hummocky 'gtaveland sand), and Hsh There are still some unanswered (Branch River diamicton in rolling 
Neoushertonand beneath atadisriee questions about the distribu- topography) is primarily clayey silt. 

: tion of stratigraphic units. This is In the two counties, 26 samples 
OE naheaeilivedt iecodiiegee! particularly true of the Kewaunee interpreted to be Branch a till 

as underlying ice mehed sp produce Formation units because of the have a mean sand:silt:clay ratio of 

RO RIROARy RONRGRISIY! THESEdI- similarity of the members. These 35:47:1 8 and 23 samples havea | 

: issues are discussed in focus box 5, magnetic susceptibility of 2.14 x 10- 
comet ees _ caaiearieas i “Unresolved Stratigraphic Questions.” MKS (table 2). Till samples are most 
SOrted; ane’ POOry to. MOcerately We commonly reddish-brown (5YR 5/4). 

stratified. The glaciofluvial unit Hsp Ozaukee Member The Genito in Bdh is rest wen 

(sand and gravel in outwash plains) (Lake Michigan Lobe) till. The diamicton in Bdh and Badr is 
Was deposited by braided stfeains Acomb and others (1982) and many crudely stratified or unstratified, and 

n front of the glacier margin. The compilations (Mickelson and oth- is generally compact and uniform. The 

sediments are moderately well sorted, ers, 1984; Attig and others, 2011) upper few feet of diamicton in map 

and Wel stratined: Map Unit Happ since have recognized the Haven unit Bdh may have sand lenses and 

(gravel and sand in pitted plains) Member as the unit below the Valders _ other discontinuities. The upper 10 ft 

has more than 20 percent collapsed Member in northern Sheboygan (3 m) of both Bdh and Bdr contain 

(pitted) surface, yet exhibits some and Manitowoc Counties. This has fractures. Unit Bdhe is mapped in 

of the uncollapsed former stream recently been called into ques- hummocky end moraine. The sedi- 

bed. Map unit Hst (sand and gravel tion (see focus box 5, “Unresolved ment in map unit Bgf (Branch River 

in outwash terraces) is similar to Hsp Stratigraphic Questions”). Therefore, gravel and sand in alluvial fans) is 

except that the stream surface was we use the term Ozaukee for moderately well-sorted, well-stratified 

eat as bailed downcut the stratigraphic unit below the gravel and sand deposited by 

its bed, forming a ferface thatils now Valders Member in this report even braided streams in front of the end 

above the floodplain ofa modern though literature for the past 20 moraine. The sediment in map unit 

sEnaiemodeetsiis a i a years has used the term Haven. Bslp (Branch River silt and sand in 

od fe found in low nlaces in the In Manitowoc County, 40 till samples tests plains) is moderately 

landscape, where lakes were once of the Ozaukee Member have a mean Welksorted silt, sand, and cay) that 

i i sand:silt:clay ratio of 9:52:40 (table 2). Was:dleposited.in standing waterin 
dammed by retreating glaciers. y low areas dammed by the ice margin. 

The samples have a Munsell color of 

Kewaunee Formation light brown (7.5YR 6/3). Till samples Chilton Member (Green Bay Lobe) 

The members of the Kewaunee have an average magnetic suseer= The diamicton included in Chilton 

Formation present at the surface tibility of 1.35 x 19° MKS units. The map units Cdr (diamicton in areas of 

in Manitowoc County include the Ozalikee: Members well exposed rolling topography), Cdh (diamicton 

Branch River, Chilton, and Glenmore in bluffs along Lake Michigan in in hummocky areas), Cdhe (diamicton 

Members in the area covered by southern Manitowoc County (plate in end moraines), and Cds (diamicton 

the Green Bay Lobe, and the Valders 2). It is present in the substirface in streamlined areas) is silty clay or 

and Two Rivers Members in the beneath Valders Member deposits clayey silt. In some places the diamic- 

Lake Michigan Lobe. The Ozaukee generally East of Highway 42.Itisalso ton contains bedded or dispersed 

Member is present in the subsur- easily Identined in ie bluff ene organic material including twigs and 
face only, and its westward extent sures based on stratigraphic position Wosées. The diamicton (¢ wost coni- 

is not well defined. The Valders relative to the thin Valders Member monly reddish-brown (5YR 5/4) and 

Member covers most of the surface deposits that lie above it (Acomb, is similar in color to the Glenmore 

of Manitowoc County. More than half 1978; Acomb and others, 1982). diamicton. Samples of the Chilton 

of Calumet County has diamicton of diamicton from the two counties have 

a mean magnetic susceptibility of 
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J Unresolved stratigraphic questions in the Kewaunee Formation 
The overlap in properties of units are actually the same, and Correlation with western 

the diamicton of different mem- that there is a progressive change Green Bay Lobe 
bers of the Kewaunee Formation in till properties from north to A compositional change also 

creates problems for developing south. Based on that argument, occurs from the east to west sides 

stratigraphic correlations and what was called Haven Member of the Green Bay Lobe, although 

explanations of glacial history. All in earlier reports and publications these facies differences are more 
of the stratigraphic units above the _is here called Ozaukee Member. likely due to local differences in 

Holy Hill Formation in east-central This interpretation is consis- substrate. The Kirby Lake till on the 

and northeastern Wisconsin were tent with the interpretation of only _ west side of the lobe is correlative 

formally defined as members of the two pre-Two Creeks Kewaunee with the Chilton till on the east side 
Kewaunee Formation in Mickelson Formation units definedinthe area _ of the lobe, but is more sandy (36 
and others (1984). These were glaciated by the Green Bay Lobe percent versus 17 percent sand in 

based on sampling done inthelate (McCartney and Mickelson, 1982) the matrix), and the Middle Inlet 

1970s and early 1980s andsumma- _and the interpretation of Lake till on the west side of the lobe is 
rized in Acomb (1978), Acomb and Michigan Lobe stratigraphy under correlative with the Glenmore till 

others (1982), and McCartney and Lake Michigan. The two mem- on the east side of the lobe, but is 

Mickelson (1982). bers found under Lake Michigan, significantly sandier (61 percent ver- 
HavenMembernow Shorewood and Manitowoc, sus 15 percent sand in the matrix) 

called Ozaukee Member defined by Lineback and others (McCartney and Mickelson, 1982). 
aTHTee Memberscntne (1972, 1974) presumably correlate The Branch River-Chilton 

Kewaunee rormationiwererecs with Ozaukee and Valders units grain-size differences may be also 

ognized in the area covered by found on land. be due to local substrate differences 

the Lake Michigan Lobe from Differing interpretations of Chilton With littie‘or no change in location 
Milwaukee to Kewaunee County. and Branch River Members through fp In iin cael of the 

These distinctions were based on Another question surrounds OPS ie tee a5 Beg HP als 

grain-size distribution of samples the interpretation of the Chilton eu eee leis cae 

interpreted to be till collected and Branch River Members in ment whileatthe margins alls 

along the Lake Michigan bluff very northwestern Manitowoc Sea Sa SE ee 

shoreline. Unfortunately, the bluff County and southern Brown eo eo a Ded 28 
exposures are not continuous, County. McCartney and Mickelson to whether the giamsize differ- 

and there is a gap of about 20 mi (1982) and Need (1985) interpret ences are due to Peers oa 

(32 km) between northern Ozaukee __ that Branch River till is present at Ll paeiglaeeucly Sage 

County and the city of Sheboygan the surface in sec. 5, 6, 7,and 18 oe Sas ae ume; or ee 

with no bluff exposures. North of of T21N, R22E south of Pelishek ed River aaa es 
Sheboygan there are two Kewaunee Corners and that it continues into sent distinctly different advances. 

Formation till units exposed in Brown County to the west; Socha 

the bluff (Principato, 1999), south and others (1999) interpret that area 

of the gap there is only one. as Chilton till. The till there is sandier 

For the 1984 definitions it was than typical Chilton till, but Socha 

decided that rather than apply the and others (1999) argue that this is 

name Ozaukee to units north and because the ice had crossed more 

south of the gap, the lower till north upland and therefore incorporated 

of the city of Sheboygan should more sand-size particles. Whether 

be called the Haven till. Since there are two different stratigraphic 

that time, mapping in Sheboygan units or a gradational change ina 

County (Carlson, 2002; Carlsonand _ single unit has not been resolved. 

others, 2011) appears to demon- 

strate that the Haven and Ozaukee 
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1.69 x 103 MKS units. The diamicton ton units. Samples of the Valders till mary of these discussions is given in 

is generally compact and uniform, have a mean magnetic susceptibility focus box 6, “History of Stratigraphic 

except in the upper few meters where _ of 1.7x10°3 MKS units. Interpretations of Reddish Clayey Till 

sanel lenses and other discantinul- The diamicton in Vdh is mostly basal in Northeastern Wisconsin: 

Hes may occur Classified using the till with commonly a less-than-3 ft (1 
USCS, the diamicton is generally lean . y | Two Creeks Forest Bed 

m) thick layer of mudflow deposits. 

clay (CL), but some samples are fat The diamicton is crudely stratified or The Tine Creeks Forest. Bed was 
clay (CH). The 30 samples of this till , = y described and named by Goldthwait 

. unstratified, and is generally compact og 5 
from Manitowoc County have a mean . . (1907). It is widespread in east-central 

. . and uniform, except in the upper few . : 
sand:silt:clay ratio of 18:54:29, and feet, where sand lenses and other Wisconsin, and numerous ages aver- 

from Calumet County, 52 samples di oo found f age about 11,850 radiocarbon (13,660 

have a mean sand:silt:clay ratio of he dence ot vine fi mee S calendar) years. It lies above Ozaukee 
e diamicton contains fractures. - . 

18:46:36. The diamicton in map units . till and lake sediment, and below 
4 The landscape where map unit Vdhe ; 5 : 

Cdr and Cds are generally interpreted esos 4 . lake sediment and the Two Rivers till 
. i . (hummocky end moraine) is found is , r , 

as basal till; map unit Cdh is mostly ja art true end moraine aad possibl at the type section. It is described 

till, but commonly has a less-than-1 m to arily valimpsest: The rn : in more detail in focus box 7,"More 
thick layer of mudflow deposits in the partly p | Pp ° P about the Two Creeks Forest Bed.” 
upper portion of the sediment. The of Vds and Vdr is inherited from the 

. underlying topography. Units Vdsb 

hummocks in Cah and the stream- and va indice cieliow bedrock Semnanmeeates iesesn Bar Lobel 
lined forms in Cds are inherited from located mostly within 10 ft (im) The Glenmore Member is the young- 

thesurface format older glacial of the “Ries Wes are also sand et member of the Kewaunee 

deposits. Cdp (diamicton in plains) and gravel ey josits included in the Formation inithe’Sreen Bay Labeiand is mostly a wave-washed till surface. ae ‘ : overlies the Two Creeks Forest Bed. 

Map unit Csip (clay, silt, and sand in Valders Mem evOn Plate 1. Vgp is : The diamicton included in Glenmore 

lake plains) occupies low places in Pea eendited ta map units Gdr (diamicton in areas 

the landscape that were dammed by oe h PP k P land , d of rolling topography) and Gdm 
retreating glacier ice. Vgh is hummocky gravel and Vgt an (diamicton in terminal or reces- 

Vst, and Vsfare outwash sand and sional moraines) is silty clay. Some 

Valders Member gravel in terraces and deltas. of the diamicton includes dispersed 
(Lake Michigan Lobe) The sediment in map unit Vs/p spruce wood and mosses of the Two 

The diamicton included in Valders (Valders postglacial wave-cut ter- Creeks Forest Bed. Spruce wood and 
map units Vdh (diamicton in areas of —_ races and associated river terraces mosses are also found at the base of 

hummocky topography), Vds (diamic- along the shore of Lake Michigan) the unit. Till samples are most com- 

ton in areas of palimpsest streamlined __is sand and gravel that ranges in monly reddish-brown (5YR 5/4) and 
topography), and Var (diamicton in thickness from less than 1 ft (0.3 are similar in color to the Chilton till. 

rolling topography) is primarily silt m) to about 10 ft (3 m) and over- Samples of the Glenmore till from 

loam to silty clay loam. The 149 till lies older diamicton. The sand and Calumet County have a mean mag- 
samples, all collected in Manitowoc gravel is generally well sorted, and netic susceptibility of 1.2 x103 MKS 

County, have a mean sand:silt:clay in many places contains imbricated units, and from Manitowoc County, 
ratio of 23:48:29 percent.The samples —_ pebbles. The sand is interpreted as 1.0 x10 MKS units. The diamicton 

are similar in color to the Ozaukee water-deposited beach and offshore is generally compact and uniform, 

diamicton, most commonly light sediment, and represents higher except in the upper few feet where 
brown (7.5YR 6/4), but the Valders (Glenwood and Calumet) phases of sand lenses and other discontinuities 

till is commonly redder in outcrop Lake Michigan. Former ice-marginal occur. Classified using the USCS, the 

than the Ozaukee. This redder color is lake basins have a layer of sand and diamicton is generally lean clay (CL) 
probably due to increased oxidation silt that is 6.5- to 65-ft (2 to 20 m) but some samples are fat clay (CH). 

of the normally light-brown diamic- thick and often covered by peat. The 19 samples from Calumet County 

ton. The contrast in color is most analyzed for grain-size distribution 

evident where both the Ozaukee and eae valders Member nes have a mean sand:silt:clay ratio of 

Valders diamictons are present in stance avardealoacualrrelated te 10:41:49, and the 5 samples from 
bluff exposures, and outwash or lake the Two ooo a oet Bed ‘Astin: Manitowoc County average 15:49:36. 

sediment separates the two diamic- . (continues on page 46)
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6 History of stratigraphic interpretations 
of reddish clayey till in northeastern Wisconsin 

Until the early 1970s, the Area interpretation Regional evidence 

reddish-brown diamicton that In 1973 Evenson proposed that Acomb and others (1982) and 

covers most of eastern Wisconsin the red till in eastern Wisconsin McCartney and Mickelson (1982) 

was thought to be younger than and western Michigan was actu- studied the stratigraphy of the 

the Two Creeks Forest Bed and ally deposited by several glacial red till units in the Lake Michigan 

represent one major late Wisconsin —_ advances, some of which predate and Green Bay Lobes. They argued 

glacial event in the Great Lakes the Two Creeks Forest Bed and that stratigraphic interpretation 

area. The diamicton, most of which _ others that postdate the forest supported Evenson’s ideas about 

is interpreted to be till, was called bed. Evenson’s original arguments the relative age of the Valders till 

the Valders till and, at least locally, were based mainly on geomorphol- —_ and the Two Creeks Forest Bed in 

the time of presumed readvance ogy. In particular, he noted that spite of the fact that the authors 

had substage significance (Valderan _ the Glenwood shoreline of Lake were unable to find any site where 

Substage) (Willman and Frye, 1970). | Michigan was cut into the Valders the Valders till was directly under- 

The Valders till was named for till surface south of Two Rivers lying the Two Creeks Forest Bed. 

the reddish-brown clayey till at the (including the till at Valders Quarry), | Although the presumed equivalent 

Valders Quarry, a site long visited by _ but not into red tills north of Two in the Green Bay Lobe (Chilton 

geologists (Thwaites and Bertrand, Rivers. Based on radiocarbon age Member) is found beneath the for- 

1957). Here Valders tilllieson older determinations, the Glenwood est bed, the Valders Member is miss- 

sandy till of the Holy Hill Formation _ shoreline is older than the Two ing at the Two Creeks type locality, 

or on striated bedrock. Creeks Forest Bed (Eschman where the forest bed overlies lake 

Although it was assumed and Farrand, 1970; Hansel and sediment and the older Haven 

that all of the reddish clayey till Mickelson, 1988). Thus, the Valders (now Ozaukee) Member. To our 

was younger than the Two Creeks till, whose type section is at the knowledge there is still no docu- 

Forest Bed, there is no known site Valders Quarry (fig. 4), must alsobe — mented site where till of the Valders 

outside the Denmark and Two older than the Two Creeks Forest Member can actually be shown to 

Rivers moraines in Manitowoc Bed (Evenson, 1973; Mickelson and underlie the forest bed. 

and Calumet Counties where Two Evenson, 1975). Black (1980, 1983), Thus, we now believe that 

Creeks wood is found overlain by in a series of papers and rebuttals, the limits of the Two Rivers and 

till, nor are pieces of Two Creeks disagreed with this interpretation, Glenmore Members (the Denmark 

wood found in reddish-brown preferring instead the views of ear- and Two Rivers moraines) mark 

clayey till. Behind the Denmark lier researchers who had assumed the maximum readvance of 

and Two Rivers moraines, wood that the till at Valders Quarry was post-Two Creeks ice as described 

is fairly abundant in and beneath equivalent in age to that above the by Evenson (1973) near Two 

red clayey diamicton. A post-Two Two Creeks Forest Bed at the Two Rivers and later by Evenson and 

Creeks cooling is recognized Creeks type locality. Mickelson (1974), Mickelson and 

in pollen diagrams outside the Evenson (1975), McCartney and 

area of the Kewaunee Formation Mickelson (1982), and Acomb 

deposits (Schweger, 1966). and others (1982). The advance 

is significantly less extensive and 

less important than was thought 

in the 1960s, and we no longer 

use the term Valderan Substage. 
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/ More about the Two Creeks Forest Bed 

The Two Creeks Forest Bed in in the past 30 years, but it is well At the type section, the base 

northeastern Manitowoc County exposed along the lake shore bluff of the bluff is made up of what we 

is among the most famous and in sec. 2,T21N, R24E, just south now call Ozaukee diamicton that 

most studied geological locali- of the county line (intersection extends about 6 ft (2 m) above 

ties in the Great Lakes area. Wood of Highways BB and 42, between beach level near the north end of 

found between layers of glacial till Highway 42 and Lake Michigan). the section (fig. 33). This diamic- 

provided the first geologic sample This site is considered the type ton drops below lake level to the 

to be dated with the radiocarbon section and is now part of the Ice south. This is overlain by clayey silt 

method by Libby in 1949. Until Age National Scientific Reserve. and fine sand lake sediment that 

that time, people had little idea Wood of the same age, known coarsens upward to sand and gravel 

of when glaciers retreated from as Two Creeks wood, is also pres- that we interpret to be shallow 

North America. Many samples from ent at and just behind the Two water and beach sediment. Snails 

the site have since been dated Rivers and Denmark moraines from just below the forest bed have 

(Broecker and Farrand, 1963; Black near Denmark, Wisconsin, and recently been dated at between 

and Rubin, 1967-68; Kaiser, 1994) in the Fox River valley between about 12,400 and 12,100 radiocar- 

and most of the uncalibrated radio- | Green Bay and Appleton (fig. 32). A bon (14,500 and 13,900 calendar) 

carbon dates on wood are around forest bed in the northern part of years old (Rech and others, 2011). 

12,050 to 11,850 radiocarbon the Lower Peninsula of Michigan They indicate a mixed tundra-taiga 

(about 14,100 to 13,800 calendar) near Cheboygan, once thought to transitional environment. The 

years old. More recently, dating of be older than Two Creeks, is now forest bed lies on this sand and 

snails found below the wood layer thought to be of the same age gravel, and consists of about an 

extends the age of the forest bed (Larson and others, 1994). inch (a few centimeters) of organic 

back to about 14,500 calendar years material that is mostly black spruce 

(Rech and others, 2011). 

Located about 2 mi south of the ; — 

Village of Two Creeks (sec. 24, T21N, aa < SH a nivers Mor 

R24E), the Two Creeks Forest Bed } aa x rm é a 

was first described by Goldthwait N is i eo OF vi 1 
(1907). As far as we know, there | 7 Ny oy o 

has been no exposure of it there nnn 0 aauraWoe \ 

\ Figure 32. Map showing known 

CALUMET! } Two Creeks Forest Bed localities 

FOND OU AC 1 ee in eastern Wisconsin and the 

; outer limit of the post-Two Creeks 

West | ice advance. 

Hwy 42 —_ | SHEBOYGAN / 9 15 mi 
eee = 

a 

_ z Figure 33. Sketch of exposure at Two 

beach Eos Creeks Buried Forest Ice Age Reserve 

till A __ pee site just south of the Manitowoc- 

a Kewaunee County line at the shore of 

Lake Michigan. 
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7 More about Two Creeks Forest Bed, continued 

(Picea mariana) needles, twigs, and ent level, a spruce forest began to and cold winds from the ice sheet. 

branches (figs. 34, 35). Very limited grow. Based on studies of revegeta- | Where not completely isolated from 

amounts of white spruce, balsam tion in southeast Alaska (Lawrence, __ the force of the ice by lake sedi- 

fir, tamarack, and aspen have been 1958), it may have been 50 yearsor = ment, tree trunks are commonly 

found (Mode, 1989). This is overlain so before spruce trees became the oriented toward the southwest, 

by silty lake sediment that is 6 to dominant species. The waterlogged, _ indicating the ice flow direction 

10 ft (2 to 3 m) thick, which in turn gray soil that developed during (Black, 1970). 

is overlain by Two Rivers diamicton. this time was described byLee and — Eyjmate conditions suggested 

A thin sand and gravel unit of less Horn (1972) as a thin organic hori- by fossilized snails and beetles 

than 3 ft (1 m) overlies the diamic- zon over a gleyed B-horizon. Although the forest bed has 

ton. Throughout the bluff, the layers From tree ring studies at the relatively poor preservation and 

have been deformed by overriding type section, Kaiser (1994) estimates jittjo diversity of fossil pollen 

ice. The diamicton contains numer- _ that the forest grew for at least (Wiese, 1979), the base of the for- 

ous pieces of wood picked up asthe 252 years, and that the oldest tree est bed contains both aquatic and 

glacier moved across the forest bed. _ reported has 234 annual growth air-breathing snails. The presence of 

Glacial history told by tree rings. At the type section, and at both types of snails indicates a tran- 

rings and trunk orientation many sites in the Fox River lowland, ition from frozen tundra to spruce. 
When Valders ice retreated from _ the trees were killed by rising lake Similarly, fossilized beetle 

northeastern Manitowoc County, level (Wilson, 1932, 1936). At least remains from the site have been 

Lake Michigan was at the Glenwood _ Wo sites between Green Bay and interpreted by Morgan and Morgan 
level, about 60ft (18m) above the Denmark exposed during construc: (1979) and by Garry and others 
present level of Lake Michigan. silt tion of Interstate Highway 43 had (1990) as indicating a more boreal 
and clay were deposited inthedeep "° lake sediment above the forest 

water until the glacier retreated far bed and the trees must have been SRP iE 
enough north to allow lake level pushed over directly by the advanc- Oe. 

to drop (see focus box 3, "Former ing ice. In many of the logs, tree eS <4 a set 
Levels of Lake Michigan”). When rings thin to the outer bark, indicat; =, % os Se 
water level dropped to below pres- "9 thatthe trees werestressed by sae J Mes rte some combination of rising water | sata Pere 

ie a: iS Ws a5 

hie 5 ene | ieee Tn ee 
pee Silt Oe ie, IES 

+ eee Bae Bie Lap ¢ ope SS Oe el Se Sea iy eg ee 

ie aoe \ i 
tb Salli OM a ee ic Wt eee Peg ON Oe 
eee forest Bet Fg - - Pa a ss a Ue ae a ag 

ee iMate eee eee a FO sprucelog §=6ye Ae By ee, Ae 

Be ig A, ei 
eaehia wane gh. Ec ea y ailt ee oe ag eS: y 

Me 3 ek SB ee igure 35. Photo of rooted stump in 
ro “ae er aes Pig O8 eg: MES op Pi aa vine Two Creeks Forest Bed exposed in 

Ree om sy i; i rie Sate eg ee Rie bluff along Lake Michigan (NE, NE, 
BRS! \ ce erate aie: th Re ee SEE TSS NE section 2, T21N, R24E). 

Figure 34. Photo of Two Creeks Forest Bed along Lake Michigan (NE, NE, NE 

section 2, T21N, R24E). Lens cap is about 2 inches across. 

44



Wisconsin Geological and Natural History Survey 

7 More about Two Creeks Forest Bed, continued 

climate (long winters and short ton at a depth of about 9 to 13 ft incorporated into red clayey diamic- 

summers) than today, much like (3 to 4 m) in an augered borehole. ton (interpreted to be Glenmore till) 

that of the modern boreal forest The horizon containing the woodis at a depth of about 13 to 25.5 ft (4 

north of Lake Superior. overlain by red clayey (Glenmore) to 7.8 m) in the borehole. The hori- 

Note the contrast in the fossil till. The wood is dated at 11,690+70 zon containing the traces of organic 

record (and therefore climate) radiocarbon (about 13,680 calen- material is overlain by red clayey 

between this site and the some- dar) years old (Beta - 10481).Spruce — diamicton that is similar in appear- 

what older site at Valders. Leavitt wood, inter-layered with red clayey —_ ance but lacks any organic material. 

and others (2006) measured carbon _diamicton with dispersed organics, Ata depth of 25.5 to 27 ft (7.7 to 8.2 

and oxygen isotopes at severalTwo anda gleyed (greenish-gray 5GY m), an olive-gray to black paleosol, 

Creeks-age sites and found them all 5/1) soil horizon, was also encoun- containing small fragments (0.2 

to represent cool and dry condi- tered in an adjacent borehole from to 0.7 in (0.5 to 2 cm) long) of dark 

tions, but did find minor isotopic a depth of 30 to 34 ft (9 to 10 m). brown wood was encountered. 

differences from site to site that The wood in this horizon appears The wood is radiocarbon dated at 

they attributed to elevation. to be tree trunks or large branches. 11,210+100 B.P. (13,160 calendar) 

Wakelevelsanddrttwocd The wood appears fresh, yellow (Beta - 177408). Underlying the 

.. in color and has distinct small paleosol horizon containing wood, 
Glacier ice eventually advanced ; : . 2 

- nes growth rings. The wood is dated is an organic mat, about 2.5 in (6 
into the north end of Lake Michigan 7 . 

. . at 12,110+70 radiocarbon (about cm) thick, consisting predominantly 
basin, damming the northern outlet . . 

. 14,102 calendar) years old (Beta - of mosses. The moss horizon is 
of the lake and forcing lake level to : . 

= : 11558). Underlying the Two Creeks dated at 11,820£100 radiocarbon 
rise. At the type section, the forest . i . 

: . a horizon is red clayey (Chilton) till to (about 13,830 calendar) years 
bed is covered with lake sediment . : 
d ‘ a depth of about 86 ft (26 m).The till old (Beta - 177409). Underlying 
leposited as lake level rose to the . . / . 

contains small twigs and dispersed the mossy mat is a layer about 10 
Calumet level, about 40 ft above . | : 

. . pieces of mosses, grass, and stems. inches (25 cm) thick of dark gray 
present lake level. Driftwood is 2 | 

‘ , Although not radiocarbon dated, and black sand with small wood 
abundant in the lake sediment as | . . | . 

‘ = Aa the organic matter in the Chilton till pieces, and dark gray and black, 
well as in the Two Rivers diamicton ae . . ; _ 

oo. . at this site appears similar to that mixed silty-sand, and clay diamic- 
above. Lake Michigan Lobe ice then . ee . 

s : found at Sherwood, which were ton, with distorted black organic 
overrode the site, advancing as far . L . 

A dated at 13,370+90 radiocarbon laminae and a few red clay laminae. 
as present-day Two Rivers, and the 

(about 15,460 calendar) years old A layered bed of variable textural 
Green Bay Lobe advanced south- ei os i ; 

i (Beta - 119360). Below the Chilton composition (silt, clay, silty clay, 
ward to the Denmark Moraine and : 
. 5 3 till at a depth of 86 to 88 ft(26to 27 sand) extends from about 28 to 32 
in the Fox River basin, to the present . i . . . . 

. . m) is a soil horizon developed inthe _ ft (8.5 to 9.7 m), and is underlain by 
location of Appleton (Schneider and : . _ ; _ | 
Hansel, 1990) grayish-brown, silty-sand diamicton _ uniform red clay diamicton (inter- 

: . ; , that is till of the Cato Falls Member _ preted to be Chilton till) to a depth 

New sites found during project of the Hayton Formation. of 47 ft (14.3 m), the maximum 
Two new Two Creeks Forest A second Two Creeks site depth of the borehole. 

Bed sites were found during this was found north of Brillion, in 
project in Calumet County. One site southern Brown County, in SE1/4, 
is located north of Hilbert (SW1/4 SE1/4 sec. 16, T21N, R20E. A bore- 

NE1/4 sec. 19, T20N, R19E). Two hole was drilled in the discrete, 

adjacent boreholes were drilled in sharp-crested, narrow Denmark 

the broad, low end moraine that moraine, which marks the farthest 
marks the farthest advance of the advance of the Glenmore ice onto 

Glenmore ice into the Brillion basin. the Niagara Escarpment. Small 

Small pieces of spruce wood were traces of dispersed organics (stem, 
encountered in red clayey diamic- leaves, grass) were encountered 
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The diamicton in map units Gdhe and —_ Two Rivers Member sand lenses and other discontinuities 

Gdr is generally interpreted as basal (Lake Michigan Lobe) may occur. Classified using the USCS, 

till. Unit Ggt (Glenmore gravel and The Two Rivers Member is the the diamicton is generally lean clay 

sand ini outwash terraces) is mapped youngest member of the Kewaunee (CL) but some samples are fat clay 

in Manitowoc County. This sediment is Formation in the Lake Michigan Lobe (CH). The 10 samples analyzed for 

moderately well-sorted, well-stratified and overlies:the Two Greeks Forest grain size distribution have a mean 

gravel and sand that was deposited Bed. The diamicton in map units Tah sand:silt:clay ratio of 26:42:33. There 

by glacial streams, and that is now in and Tdhe (Two Rivers diamicton in are also sand and gravel deposits 

a terrace above a modern floodplain. areas of hummocky topography and included in the Two Rivers Member, 

The gravel and sand was deposited hummocky end moraines, respec- in three map units on plate 1. The 

by braided streams in front of end tively) is clayey silt that is reddish sediments in all the units are mod- 

moraines or in valleys running parallel brown (most commonly 5YR 5/4) and erately well-sorted, well-stratified 

to the glacier margin. The sediment crudely stratified or unstratified. The gravel and sand deposited by glacial 

in map unit Gs/p (Glenmore silt and diamicton is mostly till under a 3- to streams. Unit Tgpp (Two Rivers gravel 

sand in lacustrine plains) is moder- 6-ft (1- to 2-m) thick layer of mud- and sand in pitted plain) has more 

ately well-sorted silt, sand, and clay, flow deposits, especially in moraines than 20 percent of original floodplain 

that was deposited in standing water Some of the diamicton includes interrupted by depressions formed 

in low places in the landscape where spruce wood and mosses of the Two by melting ice blocks, and unit Tgh 

lakes were dammed by the retreating Creeks Forest Bed that are dispersed (Two Rivers gravel and sand) has less 

ice margin. or found at the base of the unit. Ten that 20 percent of the original stream 

samples of the Two Rivers diamicton bed surface remaining uncollapsed. 

have a mean magnetic susceptibility Unit Tgtisa terrace above modern 

of 1.2x102 MKS units. The diamicton stream: The sediment in all Tg units 
is generally compact and uniform, was deposited by braided streams 

except in the upper few feet where in front of end moraines or in valleys 

running parallel to the glacier margin. 
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Glacial history 
deposited between 34,610+390 Madison, Wisconsin. There it formed 

Summary of (39,800 calendar) and 26,400+920 the Johnstown moraine (fig. 10A), 

glacial events radiocarbon (31,000 calendar) years between 25,000 and 18,000 radio- 

Much of the record of early glaciations 290 (Chapel, 2000; Carlson and carbon (30,000 and 21,500 calendar) 

in Calumet and Manitowoc Counties others, 2011). Ice reached Illinois by years ago, and deposited sandy, 

has been erased by more recent gla- about 25,600 radiocarbon (30,000 brown till of the Holy Hill Formation 
ciations. Glacial deposits older than calendar) years ago (Hansel and (Colgan and Mickelson, 1997; Colgan, 

130,000 years are present in Illinois Johnson, 1992). Model results sug- 1999; Syverson and others, 2011). The 
and southern Wisconsin (Illinoian gest that during the late Wisconsin, Green Bay Lobe likely began its retreat 

Glaciation), so glaciers must have the Lake Michigan Lobe advanced as early as 18,000 calendar years ago 

covered this area also. At its maximum _ into Wisconsin before the Green Bay (Attig and others, 2011; Colgan, 1999; 

extent during the last glaciation (late Lobe (Cutler and others, 2001). Colgan and others, 2002). 

Wisconsin Glaciation) the Green Bay There is a gray, very compact, silty Between retreat from the glacial 
Lobe was about 80 mi (125 km) wide diamicton that has been found ina maximum terminal moraine and sub- 

and 125 mi (200 km) long, and the few places in southeastern Wisconsin sequent deposition of reddish-brown 

125-mi (200-km) wide Lake Michigan beneath the Kewaunee and Holy clay till, the ice margin apparently 
Lobe advanced over a hundred miles Hill Formations (Alden, 1918; Bleuer, retreated more than 220 mi (350 km) 
(several hundred kilometers) farther 1971; Fricke, 1976; Nemchak, 1977) (fig. 10B). This retreat phase, which 

south into Illinois. Flowlines for ice in addition to the Hayton diamicton ended about 16,000 calendar 
in both lobes began atthe probable described in the previous section, years ago, is called the Mackinaw 
ice divide near James Bay, Canada, and what is presumably the same Interstadial, and in older literature the 
about 870 mi (1400 km) north of the unit near Horicon (Battista, 1990). It Cary-Port Huron Interstadial. There 

terminus of the lobe (Dyke and Prest, is not clear if the deposition of this is evidence that ice retreated far 

1987). Green Bay Lobe ice flowed diamicton predates, postdates or is enough north in the Lake Michigan 
southward across the east end of contemporaneous with the deposi- basin for lake level to drop well below 

Lake Superior and then was chan- tion of the Plymouth diamicton present during this time (Monaghan 

neled southwestward through the units, or for that matter whether and Hansel, 1990). During the next 
Green Bay lowland. The Green Bay all of the compact, gray units are readvance, reddish-brown clayey sedi- 

Lobe advanced into the lowland in all from a single glacial advance. ment was transported from the Lake 
northeastern Wisconsin several times ‘ " + Superior basin into the Lake Michigan 

during the late Wisconsin. Farther When ce of the late Wisconsin or and Green Bay basins (Murray, 1953). 

Gast Lake Michigan Lobe-ice flowed possibical er alicasonsacvances All tills deposited after this are clayey 
along a roughly parallel path. south, the ancestral South cee and reddish-brown, presumably 

Manitowoc River, which now flows . : . 

Mapping done for this report canbe northward, likely flowed southward to pecause this seaiment was picked up 
used to interpret not just the chronol- the Sheboygan River and carried large and redistributed by the ice. Although 
ogy of ice advances and retreats, but amounts of proglacial meltwater. the sediment could have come from 

to better understand how the glacier proglacial meltwater cut or enlarged the Lake Superior basin Into the 

itself was behaving (focus box 8). the bedrock river channel. As the GreeniBay.and Lake Michigan basins 
5 through subglacial tunnels, based on 

No:tadiocarbon dates recordiearly glacier oe over the chan- how well sorted these fine sediments 
advances of the Green Bay Lobe, nel, it streamlined the walls of the ate; Ikseemsilikelythat they were 

but eatly.advances of the:ake: ver channel or formed rock-cored first deposited into a lake before they 

Michigan Lobe are radiocarbon drumlins, as seen for example, where were redistributed by the glacier. 
dated in Sheboygan County. Three Highway H now crosses the South 
reddish-gray diamicton units are Branch Manitowoc River, about Timing of the Mackinaw Interstadial 

present at depth near Plymouth.Two 4 mi (6.5 km) east of the village of events is not entirely clear because 
units appear to have been depos- Brothertown (fig. 20). the events were closely spaced in 

ited before 34,610+390 radiocarbon The ice continued to advance until time, and radiocarbon dates in this 
years ago, and another was evidently it reached its maximum extent near time period are difficult to interpret. 
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O Paleoglaciology: Reconstructing ice surfaces 
Reconstruction of ice surface ice thickness and to evaluate the within 22 mi (35 km) of the termi- 

profiles, basal shear stress, and role of low driving stress in the nus in the Lake Winnebago lowland, 

other characteristics of former gla- dynamic behavior of the ice margin. _ the average slope of the ice was 

ciers is called “paleoglaciology.’We These readvances took place during —_10 ft/mi (2 m/km), the thickness 

learn about former glaciers by relat- a period of rapid deglaciation when _ was less than 650 ft (200 m), and 

ing knowledge from the study of the margin was fronted by a large the driving stress was about 2 kPa. 

present-day glaciers to the distribu- __ proglacial lake. The reconstruction Ice protruding southeast into the 

tion of glacial sediments and land- indicates that the ice was very thin, _Brillion basin about 12 mi (20 km) 

forms, and to glacial chronology. the surface slope was low, andthat _was slightly steeper. The surface 

Radiocarbon dates on overridden the driving stress was very low. slope in the Brillion basin was on 

organic matter and stratigraphic Chilton advance average about 15 ft/mi (3 m/km), 

information allow estimation of the The reconstructed ice surface the thickness was less than 490 ft 

rate of ice movement, and thus the forthe Chiltonadvanee rises froma (150 m), and the driving stress was 

dynamics of former glaciers: about 920 ft (280 m) at the south Soon 3 kPa. Ice that came up on 

The average radiocarbon age of encoiiekew nnebanorocnec: the Niagara Escarpment had an 

the Two Creeks Forest Bed is about 1,180 ft (360 m) where it over- average surface slope of about 57 

12,000 radiocarbon years, which is forpec hentca a Eserenicns ft/mi (11 m/km), was less than 490 

calibrated to about 13,900 calendar ethoenatnenctenclenlake ft (150 m) thick, and had a driving 

years ago (Maher and Mickelson, Winnebeeonneeleneeine stress of about 12 kPa within a few 

1996). The radiocarbon age of . . . miles of the terminus. 
Ah 2 moraine against the escarpment is 

leaves and gs in pond sediments About aeqt/mi(smn/kn)withiniG Glenmoreadvance 

Deeeus oe aon ane Welblas mi (3.4 km) of the terminus (Colgan, The Glenmore ice margin has 

Sale euedg ai focus 1996). Near the north end of the been mapped in the field on the 

13,000) nea Year>: Brice lake, the Brillion Sublobe protruded _ east side of the lobe, but notin 

ee Nee through a breach in the Niagara the lowland or on the west side 

pices ats eer Escarpment. North of the Brillion where it is difficult to trace because 

about 0.3 mi (0.5 km) pe) yess basin, the ice came up onto the of younger lake sediment. The 

indicated|by the margin ee of escarpment, but did not com- moraine is also difficult to trace 

SOS eee op ecd pletely override it. Although the along the west side of the lobe 

Ey ine romeo relief is low, a maximum of about because of bedrock relief. The 

. 300 ft (100 m), the ice margin was Glenmore margin did not go as far 

aad aa letioveeatitan) may ev deflected by the topography both south into the Lake Winnebago 
contributed to these rapid margin here and along Lake Winnebago. lowland or the Brillion basin, nor 
Se ee ies This indicates the ice was very thin. as far south on the upland as the 

may have been unstable surge | The correlative Valders advance of Chilton ice. Based on the segment 

oe Keo Tea) ia ace the Lake Michigan Lobe also had a of Denmark Moraine that has been 

ud cea a different margin configuration com- mapped, it appears that the ice 

coincides with the rapid climate pared to earlier and later advances. — during the Glenmore advance had 

Sie Ce od A lobe of ice extended toward the similar characteristics to the ice 

eee ee aaa southwest from Lake Michigan during the Chilton advance. Within 

Ne eee ee eed ae depositing thin clayey till morethan 9 mi(15 km) of the terminus, in the 

eocia and one (22?) 6 mi (10 km) beyond the previous main lobe in the Lake Winnebago 

A eels western limit of Lake Michigan Lobe __ lowland and in the Brillion Sublobe, 

Se me ice, yet its extent in the main part the estimated average surface slope 

pos talWolciects Glen mate and the of the Lake Michigan basin was less _—_ was 10 to 15 ft/mi (2 to 3 m/km), 

Dive aes ee aie than earlier advances. the thickness was less than 490 ft 
during this period of rapid : The reconstruction for the (150 m), and the driving stress was 
eee ton ee Chilton advance indicates that about 2 kPa. The driving stresses 
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Organic matter from the northern 

8 Paleoglaciology: Reconstructing ice surfaces, continued part of Michigan's Lower Peninsula 
was thought to have been deposited 

calculated for both advances are It is also possible that margin during this time (Farrand and others, 

extremely low. Qualitatively, the configurations for the Chilton and 1969), but this site has since been 

fact that the ice was deflected Glenmore advances represent redated and it appears that it is Two 

by the low bedrock escarpment, a post-surge terminus, such as Creeks age, about a thousand years 

supports the low profile, thin ice suggested by Wright (1971) and younger (Larson and others, 1994). 

reconstruction. Inferred from the Mickelson and others (1981) for Maher and Mickelson (1996) and 

reconstructions is that the bed readvances of the Lake Michigan Maher and others (1998) describe 

was smooth and well lubricated, and the Green Bay Lobes that a deposit at the Valders Lime and 
consistent with a margin advanc- occurred after 16,000 calendar Stone Quarry where they interpret an 

ing over lake sediment. On the years ago. The ice on the upland ice-free period ending about 13,000 

upland where the bed consist- may have been in a relatively sta- radiocarbon (16,000 calendar) years 

ing of sandy till and bedrock was ble position, while ice in the center ago (fig. 10B) (also see focus box 9, 

more permeable and likely better of the lobe surged out into the “Tundra Environments”). 

drained, ice surface slopes were lowland. The mechanisms of surg- . a 
< 5 . After the Mackinaw Interstadial, ice 

steeper and the driving stress was ing for soft bed glaciers are poorly ” 
A . readvanced over 150 mi (250 km) and 

slightly higher. understood (Paterson, 1994), but the Silver Cliffand Kirby Lake till 

Modern equivalents it is possible that changing bed d e creel she tt ie were 

fiesubalsealconeiionst conditions associated with the Grocn Ba ob ‘theB = hei © d 

ahenmrein omtnelGeen Fey laine saturated clay till in the lowland cite ait one, es ated on an 

during the Chilton and Glenmore Soe a eee t “i flee sen: y L ts d 
ee It may be that the strange Sash SiGe OF NE. SIESD ay epee an 

advances were probably similar . the Ozaukee and Valders tills were 
to the basal conditions near the ee ele ade deposited by the Lake Michigan Lobe 
grounding line of ice Stream advance out of the Lake Michigan f Pr 10c ie id tina ig k 9 

5 ae basin was also a surge, perhaps (fig: 10C), Thisicold time is known as 
West Antarctica. The low driving . . the Port Huron Phase (Hansel and 

a triggered by the same change in - : 
stresses calculated indicate basal i . Johnson, 1992), and it consists of 

fa ae basal conditions as the Chilton 
conditions similar to Ice Stream = two glacier advances separated by 

B's ice plain, which is the transi- odvatice Wiliont a better Under: a short retreat interval. Moraines 
; - standing of the mechanisms of . 

tion zone between grounded ice surging in soft bed glaciers, anda from these advances can be traced 

in the ice stream and floating ice eae a oe from Minnesota to Michigan and 

in the ice shelf (Paterson, 1994). ehieelegy inten mere delalied Ontario (Mickelson and others, 1983) 
. , than radiocarbon methods si ' . 

The Green Bay Lobe terminated in : The Lake Michigan Lobe advanced 

shallow water that was probably ab ee at ee southward to just south of Milwaukee 
never deep enough to float the Maer eee dd ited reddish-b! I 
. Laurentide Ice Sheet were com- and’ deposited re 's! "| rown, clayey 
ice, so slopes were low, but not . : Ozaukee Member. This is well exposed 

< plex and dynamic environments. ae 
zero. The ice was grounded but the : along the lakeshore bluffs, but it is not 

F Models such as surge glaciers . - 
effective pressure was probably . . exposed at the surface in Manitowoc 

. . and ice plains are supported by | 
very low. High subglacial pore- snc : County because deposits of the 

fi geomorphic evidence. While many . | 
water pressure would likely have . Valders Member cover it. The time 

developed as the ice advanced Hopes ob tte Taurens lee Shee equivalent of the Ozaukee advance 
into the proglacial lake and over- may ave acted’much like large inthe area covered by the Green 

rode lake sediment and shale. Ice ee Bay Lob be the Branch Ri 

deformation would have Bech an ee ee! ri nce mah 4d n pedi + h 
insignificant component of flow. styles of advance and retreat were fi alae she a pute a ie 

¥ - . operating during the rapid degla- WER MISMDE! ON: Plste SPure De 
The motion of the glacier was likely ~*~ . somewhat younger. 
aeia banal laidting seaimeant ciation that followed the major 

seformation, ofa Combinatlonor shift in climate that began 16,000 Whenever the northern outlet of 

the two mechanisms. calendar years ago. Lake Michigan was blocked by glacier 

ice, the level of Lake Michigan rose 

again to the Glenwood level (fig. 10C). 
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9 Tundra environments 
Organic matter has beenfound __ profile. Dispersed in the Chilton till, _ abundant Dryas integrifolia leaves, 

in Manitowoc and Calumet Counties and also associated with gray silt and common seeds of Silene acau- 

that accumulated some time after stringers, are small pieces of plant lis, much moss, and no evidence of 

the glacial maximum and before the — remains. The Chilton tillis underlain trees (Richard Baker, personal com- 

Two Creeks Forest Bed. The organic —_ by 1 to 3 ft (less than 1 m) of gray munication, 1998). Barrens and cliffs 

horizons, found below the Valders fine sand and silt of the High Cliff are the general habitat for both 

and Chilton tills, provide insight Member of the Hayton Formation. Dryas integrifolia and Silene acaulis 

into the environmental conditions Locally (on the stoss-side of a bed- (Maher and others, 1998). Mosses 

and the deglaciation history of the rock bump), concentrations or mats and Dryas integrifolia are abundant 

area (Maher and Mickelson, 1996). of plant remains are present. They at the site in Sherwood and are 

Pollen, plant remains, mollusks, are also dispersed in the gray silt. common in the Cheybogan bryo- 

and ostracodes (small bivalved The plant remains, which include phyte bed, but are rare at the site in 

crustaceans) were found below leaves, stems, mosses, and twigs, Valders (Maher and others, 1998). 

Valders till in a glaciolacustrine are radiocarbon dated at 13,370+90 Thus, a cold, treeless, per- 

unit at Valders Lime and Stone B.P. (16,302+428 calendar years) mafrost environment is indi- 

Quarry, in central Manitowoc (Beta - 119360). Underlying the cated by both the Valders and 

County. Radiocarbon dates on gray fine sand and silt is about 1.5 ft | Sherwood organic horizons 

the organic matter indicate that (0.5 m) of grayish brown silty-sand until at least 13,000 radiocar- 

it was deposited about 14,500 diamicton of the Cato Falls Member —_ bon (16,000 calendar) years ago. 

radiocarbon (15,800 to 17,700 of the Hayton Formation. The Cato By 12,000 radiocarbon (14,000 

calendar) years ago (Maher and Falls till overlies dolomite bed- calendar) years ago, permafrost 

others, 1998). Ostracodes found rock that varies from striated and was gone and spruce trees cov- 

at the site indicate an open-lake polished to rough and broken. ered the landscape as evidenced 

environment with changing water Striations on the bedrock trend by the Two Creeks buried forest. 

depth and proximity to the ice from 125 to 230 degrees. 

front. Plant macrofossils of more The gray silt and fine sand is 

than 20 species that today are interpreted to be primarily aolian in 

found in tundra and open-forest origin, and was likely deposited by 

tundra in northern Canada, were winds near the retreating margin of 

also found in the glaciolacustrine the ice that deposited Cato Falls till. 

unit, and indicate a cold, open Locally the windblown gray silt and 

environment (Maher and Mickelson, _ fine sand may have been deposited 

1996; Maher and others, 1998). in water or slumped into shallow 

Plant remains found ata quarry _ ponds. The plants growing on the 

in Sherwood in Calumet County gray fine sand and silt were subse- 

(SW 1/4, SE1/4 sec. 30, T20N, R19E) quently overridden by the Chilton 

provide an indication of the envi- ice advance. The radiocarbon date 

ronment before the ice of the Green —_ on the plants is an indication of 

Bay Lobe advanced over the area when the ice reached its farthest 

and deposited red clayey Chilton extent onto the escarpment. Small 

till (Socha, 2007). Quarry opera- pieces of plant remains have been 

tions expose sediment in the end observed dispersed in the gray 

moraine that marks the farthest silt and fine sand at several other 

advance of the Chilton ice onto the _ locations in Calumet and adjacent 

Niagara Escarpment. The upper- counties. The plant remains found 

most sediment is Chilton till, the at Sherwood indicate a cold, arctic 

upper portion of which is fractured environment. The plant remains 

and contains the modern soil are composed of arctic taxa, with 
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Shorelines at this elevation south of vations about 3 mi (5 km) southwest migrated into this area. Remains 

Manitowoc developed after the onset — of Denmark (plate 1). Note that the of this forest are preserved as the 

of the retreat of the Port Huron Phase — Chilton and Valders advance (fig. 10D) | Two Creeks Forest Bed, one of the 

glacier because the wave-eroded extended farther inland than did the best studied geological sites in the 

surface is younger than the Valders early Port Huron advance (fig. 10C). Great Lakes area, and a site that is 

diamicton (Evenson, 1973; Acomb i 
( , The Chilton ice advanced to the same known to gealagists around the 

and others, 1982). Water was dammed es 5 = world (McCartney and Mickelson, 
5 : 3 position as the sandy till recessional : 
in the Lake Winnebago basin as well . : , 1982; Maher and Mickelson, 1996) 

. moraine, and deposited red clay till on 7 
(Thwaites, 1943) (see focus box 3, . . (see focus box 7,“More about the 
; ey top of the sandy till moraine. Well logs : 
Former Levels of Lake Michigan”). ys : 4 ; Two Creeks Forest Bed”). Spruce 

indicate that the moraine at Chilton is 
: . : trees from the Two Creeks Forest Bed 

Mickelson and Evenson (1975) a composite moraine, formed of red . 
. . . . A have been radiocarbon dated many 

mapped relative ages of till surfaces in clay till at the surface, and underlain ti dh fairly | 

Manitowoc and Sheboygan Counties by brown sandy till of the Holy Hill imes ane’ have a ralrly arge range, 
. . . . . but 12,050 to 11,750 radiocarbon 

using depth of carbonate leaching. Formation, and gray silty till of the 
. . . (14,100 to 13,800 calendar) years 

There is a clear difference between Hayton Formation. . 
ago seems to be the best estimate 

surfaces that are younger or older 5 F 
From its maximum upland extent of when the forest grew here. 

than the Two Creeks Forest Bed (less F j . 
. i near Chilton (plate 1), the Chilton ice . 

than 9 in (24 cm) or more than 28 in : Ice readvanced, covering the forest 
= — : margin retreated to the northwest. Le 

(70 cm), respectively). Building on this a ; bed and depositing a layer of till. In 
s . The South Branch Manitowoc River 

difference, McCartney and Mickelson O<éibly Gut thiouah'the moraine the area covered by the Green Bay 

(1982) and Need (1985) recognized POSSI’ 9 Lobe, the tills are from the Middle 
. = and flowed to the northeast to the . 

an area where Branch River till is at f Inlet and Glenmore Members; in the 
. confluence with the North Branch wei ssc. 

the surface (plate 1) and they inter- . : . Lake Michigan basin, till of the Two 
. Manitowoc River. Water could drain . 

pret this as a deposit older than the 5 ; : Rivers Member covers the bed. When 
. to the east via the Manitowoc River . ; 

Valders-Chilton advance. Another , = ice advanced to the Denmark moraine 
. oo when the Valders ice margin had . 
interpretation is that the segment of (Green Bay Lobe) and the Two Rivers 

. retreated to the east of Cato Falls | a 
end moraine composed of Branch i . Moraine (Lake Michigan Lobe), water 

. . . . (now with bedrock at an elevation - 2 . 
River till could be continuous with the was again dammed in front of the ice 

. F . of about 790 ft). However, as retreat nan . 
end moraine composed of Chilton till f margin in the Green Bay-Fox River 

began, a large lake developed in the | a 
(Socha and others, 1999) (see focus . . _ lowland, but water in Lake Michigan 

‘ : 3 Manitowoc River basin in the pres- 
box 5,“Unresolved Stratigraphic ie : rose only to the Calumet level 

. ent positions of Hayton and Collins ce . 
Questions”). (fig. 10F). The Lake Michigan Lobe ice 

Marshes that was dammed by retreat- . . . 
. . : . . . terminated in water, flooding the area 

The Chilton ice margin appears ing Valders ice. This was probably 5: 
: ‘ 5 from the Two Rivers lowland to the 

to have been contemporaneous short lived, and it would have drained . ich 
. . . . eastern side of Lake Michigan. The 

with the Valders ice margin of the as soon as Valders ice retreated from . . . 
se Po Green Bay Lobe ice, which deposited 

Lake Michigan Lobe (McCartney the present position of the lower the cl till. ad dast 

and Mickelson, 1982) and to repre- Manitowoc River. With further retreat fe SNEDMOr’ it padvaliced as tat 
. . south as what is now the north end of 

sent the late Port Huron advance of the Valders ice margin, water could Lake Winneb: dasf th 

(fig. 10D). Black (1980) called the drain to the east into Lake Michigan ake inne ago an as arsou 
3 5 . east as the Villages of Hilbert and 

moraine between the two units the when the area near what is now ai: aye i 
F : . . Brillion in the Brillion basin (plate 1). 

Menchalville moraine, and argued Manitowoc became ice-free. a - fs 
‘ : The position of the ice margin in 

that it was an end moraine built by 3 7 — a 
: . 4 Ice retreated dramatically during the the Brillion basin is not marked by a 

Valders ice. We interpret this as an . oe . . 
. . Two Creeks warm time. The northern distinct ridge, possibly because the 
interlobate moraine between the a . . 5 

outlet of Lake Michigan was ice-free ice advanced into the broad lowland 
two lobes between Hayton Marsh, . . 

. and lake level likely dropped at least area and filled in the river valley. Ice 
near Highway 151 (fig. 16), and Maple . | 

300 ft (90 m), exposing the floor of that reached the escarpment built a 
Grove (fig. 17). North of Maple Grove . . a. | . 
(fig. 17) it appears that the Valders ice Green Bay and likely a substantial distinct fairly sharp-crested moraine 

g : ee 1 amount of the bed of Lake Michigan such as the moraine north of Brillion 
margin was in a lake along much of its ue . 

. . (fig. 10E). By this time, climate had (plate 1). 
extent to where it rises to higher ele- 

warmed and spruce forest had 

5]



Quaternary Geology of Calumet and Manitowoc Counties, Wisconsin 

North of the village of Hilbert, in the were exposed and glacial Lake ago, vegetation grew back onto the 

NW1/4 sec. 19, T20N, R19E, the Two Oshkosh could drain into the North landscape very rapidly, because by 

Creeks Forest Bed was encountered at = Branch Manitowoc River channel in this time climate had warmed, there 

an elevation of about 810 ftinabore- several places (fig. 21). The largest of was no permafrost, and there was a 

hole drilled north of the North Branch these isin the W% sec. 15,T20N,R19E —_ seed bank readily available. It seems 

Manitowoc River (see focus box 7, (Woodville Township). The elongate likely that mastodons and mammoths 

“More about the Two Creeks Forest features in sec. 23 and 25,T20N,R19E —_ along with many small mammals 

Bed"). Chilton till directly underlies and in sec. 31, T20N, R20E may be were occupying the landscape 

the forest bed, indicating a lake was erosional remnants of a flood channel. from the time of ice retreat. Ice did 

not present in front of the Glenmore Large lag boulders are present in not enter eastern Wisconsin again, 

margin as ice advanced into the sec. 30, T20N, R20E. A smallerchannel although the glacier did fill the east 

Brillion basin. When the Glenmore ice in sec. 28 and 29, T20N, R19E, likely end of the Lake Superior basin and 

was advancing and when it reached formed when the ice margin was produced a moraine in the upper 

its maximum extent, meltwater against the upland (plate 1). peninsula of Michigan about 9,900 

could drain into the North Branch . : . radiocarbon (11,500 calendar) years 
, | . The Glenmore ice margin continued 

Manitowoc River, and be carried to . ago (Lowell and others, 1999). 
‘ : ; to retreat to the northeast in the Fox 

the Manitowoc River, which flowed i : . 
a River lowland and opened up the The post-glacial (Holocene) history 

eastward to Lake Michigan. The outlet . . 
of the Manitowoc River was not Neshota outlet at an elevation of 765 of Manitowoc County has not been 

: wk ft (233 m), the Kewaunee River at an studied in detail. The bluffs along the 
blocked by ice, because at this time . wclice . . 
. an . elevation of 685 ft (209 m), and the Lake Michigan shoreline are continu- 
in the Lake Michigan basin, the Two A . re 4 ; 
Rivers ice margin was north of the Ahnapee River at an elevation 635 ally experiencing instability, slumping, 

Manitawoe Rive, mutlee ie late 1) ft (194 m) (Hooyer and Mode, 2008). and retreat (Hadley, 1976; Chapman 

P . Shorelines and stratigraphy in the and others, 1997). In the Point Beach 

The Glenmore ice did not advance Green Bay-Fox River lowland are fur- area deposition took place, form- 

far beyond the north end of present ther described by Hooyer (2007) and ing the beach ridges and dunes we 

day Lake Winnebago (plate 1), so the Hooyer and Mode (2008). see today. Farther inland, rivers have 

main part of the Lake Oshkosh basin Lake Michigan remained at the established well:developed courses 

was ice-free and was draining to the _— with floodplains (mapping unit a, 
. Calumet level until its northern outlet . 

west, with only meltwater from the . alluvium, on plate 1). Beaches and 
a . opened and the lake level fell again. | . . . 

Brillion sublobe draining to the east. the alluvial deposits associated with 
7 ‘ Following retreat of the Glenmore . 

Once the Glenmore ice margin started 5 4 present streams and rivers are the 
and Two Rivers ice by about 11,000 . oe 

to retreat north, off the Denmark . youngest surficial deposits in the 
. radiocarbon (13,000 calendar) years 

moraine, low areas near Sherwood study area. 

he landscape of Calumet and As population grows and land use preserved in Manitowoc and Calumet 

Manitowoc Counties is almost becomes more intensive, we must Counties may help us understand 

entirely derived from glaciers try to use the land wisely.One way to _ future rapid climate change. 

that covered the land beneath encourage this is to understand the . . . 
. . oe This report also provides an overview 

thick glacier ice from about 25,000 limitations placed on land use by dif- 
“ . of how the landscape evolved and 

radiocarbon (30,000 calendar) years ferent surface materials. . 2 rr 
a how glacial sediments are distributed 

ago until it finally retreated out of A . fs 
. - Calumet and Manitowoc Counties are —_ today. Hopefully after reading it and 

the counties for the last time about ¢ 5 
. important because the best record of using the map to better understand 

11,000 radiocarbon (13,000 calendar) . i | cqahhcacete P 
ears aGo. The glacier left behind environmental conditions between the distribution of soils and land- 

ae nee of he sand, and gravel that about 13,500 and 11,500 radiocarbon _ forms, you will be able to contribute 

Pr . y, & g (16,400 and 13,400 calendar) years to wise land use decisions. 
have a great influence on our use of . 
tha'land toda ago anywhere in the Great Lakes area 

y is preserved here. The climate record 
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alluvium - Sorted or semi-sorted esker — A narrow, generally winding igneous rock — Rock formed 

clay, silt, sand, or gravel deposited ridge of stratified gravel and sand from the cooling of molten 

by a stream, river, or other body deposited by a stream flowing materials (magma). Examples 

of moving water, in a stream bed, in a tunnel beneath a glacier. are granite and basalt. 

ar floodplain; especially silt or foreset beds — Inclined sediment interlobate — Between lobes of 
clay deposited during a flood. beds accumulated as sediment glacial ice. The Kettle Moraine 

B-horizon — A layer of soil formed grains tumble and slide down the formed in the interlobate zone 

by accumulation of weathering steep frontal slope of a delta. between the Lake Michigan 

products of minerals (typically friction angle — The shear resis- and Green Bay Lobes. 

clay and iron) from above. tance caused by friction isostatic depression - Depression 
braided stream - Stream with between grains ina soil. of the earth’s crust due to the 

multiple short-lived, migrating glaciofluvial deposits - Alluvium weight of overlying glacier ice. 

channels that flow! together and deposited by streams flowing isostatic rebound - Uplift of the 
then apart creating a braided beneath or away from a glacier. earth’s crust due to removal of 

pattern on the floodplain. The deposits are stratified and weight of overlying glacier ice. 
Typical of outwash streams. i yP' occur as moulin kames, eskers, kettle — Depression in the land 

clay - Mineral soil particles less and outwash plains, hum- surface due to the melt- 

than 0.002 mm in diameter. mocky sand and gravel, etc. out of buried glacier ice. 

cohesion - The component of glaciolacustrine — Sediment lag boulders — Boulders left behind 

the shear strength of a sedi- deposited in a glacial lake. after the removal of smaller 
ment that is independent of The sediments are silt, clay, or particles by flowing water. 

friction between grains. fine sand and are laminated, : z % 
. _ loam - Soil material that contains 7 

cross-bedding - Thin layers thin:bedded, ormassives it to 27 percent clay particles, 28 to 

within a unit that are at an deposited in deep water, or 50 percent silt particles, and less 

angle to the main bedding. sand or gravel if deposited in than 52 percent sand particles. 
del . | esnshaped beach or delta environments. 
elta — A triangular or fan-shape . . . metamorphic rock - Originally 

deposit of sediment formed gleyedsoll=A.soll having one or sedimentary or igneous rock 
where a river or stream enters more neutral gray horizons a9 that has been subjected to heat 
a standing body of water result of waterlogging and lack and high pressure and changed 

such as a lake or ocean. otoxygen..the-termigleyed" in composition and arrange- 
a i also designates gray horizons . . 

diamicton - Mix of unsorted . . ment of mineral grains. 

clay- to boulder-size particles aiid hotizons having yellow i i i i : sal eposited - ud. and gray mottles as a result of moraine - Ridge of glacial sediment, 

i e ; fd ; ’ intermittent waterlogging. typically diamicton, formed along 

ows, landslides, or glaciers. the edge of a glacier. Usually 
a gravel — Rounded or angular . 

drumlin - A low, elongated or the same as end moraine. 

| hill formed at the base of a fragments of rock rang- i i aes venga me el ing from sand size to 3 in Munsell color notation — A designa- 

DIAcle rs LE JONG AXIS 15: Pate | (2 mm to 7.5 cm) across. tion of color by degrees of the 

to the flow path of the glacier three simple variables — hue, value, 
and commonly has a blunt nose hummocky topography — Landscape and chroma. For example, a nota- 

pointing in the direction from with manyesmnall nis ian tion of 10YR 6/4 is a color of 10YR 
which the ice approached. mocks) separated by depressions hue, value of 6, and chroma of 4. 

: | | (kettles). Produced by collapse e 
end moraine - Ridge of glacial : fi 

: : cee of a thick layer of sediment 
sediment, typically diamicton, ae Buyled alaclarlée-rielts 

that is formed along the gla- 9 . 
cier margin. See moraine. hydraulic conductivity - The 

ability of a soil or rock to 

transmit groundwater.
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outwash - Stratified sediment, silt — Individual mineral particles 

usually mostly sand and gravel, that range in diameter from the 

carried away from a glacier upper limit of clay (0.002 mil- 

by meltwater streams. Coarse limeter) to the lower limit of very 

particles are usually depos- fine sand (0.05 millimeter). 

ited nearer the glacier than spit — Elongate body of sand depos- 

the finer-grained sediments. ited by waves and currents, 

overconsolidation — A property of typically with a lagoon behind. 

sediment that indicates it has stratified — Arranged in strata, or 

been under greater load at some layers. The term refers to geo- 

time in the past than it is when logic material. Layers in soils 

sampling takes place. This is that result from the processes 
often interpreted as being due of soil formation are called 

to the weight of former glaciers. horizons; those inherited from 

paleosol - A soil with distinct sedimentary processes are called 

morphologic features that strata, laminations, or beds. 

formed under conditions that striations — Scratches on a bed- 

are no longer present at the site. rock: surface or oncobbles.and 

Usually the soil-forming process boulders that are produced by 

was interrupted by burial. differential movement of particles 
palimpsest — A landscape that at the bottom of the glacier. 

retains landforms from supraglacial sediment - Sediment 
an older land surface. that accumulates on a glacier sur- 

peat - A deposit of plant remains that face and eventually is deposited as 

accumulated in a wet environ- underlying glacier ice melts. Often 

ment such as a bog or swamp. forms hummocky topography. 

pitted outwash - Deposit of out- terrace — A former floodplain 

wash sand and gravel that has surface that was abandoned as 

kettles developed in it, but that the stream cut its channel lower. 

retains parts of its pre-collapse Typical of outwash rivers. 

stream bed surface. Formed till - A predominantly unsorted 

when outwash is deposited and unstratified, homogeneous 
over melting glacier ice, and mixture of sand, silt, clay, and 

buried ice later melts out. gravel, that was deposited by or 

Quaternary Period - The most from glacier ice without being 

recent (and present) period sorted by meltwater or sedi- 

of geologic time. It began ment gravity flow processes. 

about 2 million years ago. unconformity — A period of time 

sand — Individual rock or min- missing in the rock record. 

eral fragments from 0.05 May be caused by or non- 

to 2.0 mm in diameter. deposition or erosion. 

sediment - Particles that are Wisconsin Glaciation - The last 

transported by water, wind, major glacial event in central 

glacier ice, or gravity, and and eastern North America. The 

are eventually deposited. late Wisconsin Glaciation began 

sedimentary rock - Rock that is about 30,000 calendar years ago 
made up of cemented sedi- and ended about 13,000 calendar 

ment particles, organic mat- years ago in Wisconsin, but ice 
ter, or chemical precipitate. cover lasted longer in Canada. 
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. coe | Clay, silt, and sand in lacustrine plains. Moderately well-sorted silt, sand, and except in upper few meters, where sand lenses and other discontinuities Sand and some gravel in outwash and lacustrine plains. Moderately well- relief. Unit Hds: Streamlined forms produced by sliding at the glacier bed; under StateMap awards 1434HQ96AG01527, 1434HQ97AG1815 (Manitowoc County) 
Kewaunee Formation clay underlying generally flat plains. Occupies low places in the landscape are found; upper 3 m contains fractures; surface has low relief (less than 5 m), sorted, well-stratified sand and sandy gravel deposited by glacial streams surface has high relief (generally greater than 15 m). eu on uses EdMap awards eo ane “espa ey 4 
‘Two: Rivers Member where lakes were dammed by retreating ice margin. hummocky topography. Hummocks may be in part inherited from surface or waves and currents. Unit Vspp: Between 20 and 80 percent of original Diamicton in areas of hummocky topography. Brown to light yellowish- " see nessa representing the othe solies either expreseed sled of the: s, crema * 

Diamicton i fh it sc unie Tae Mostiv: basal ti Chilton Member form of older glacial deposits. Unit Vdhe: Hummocky end moraine. floodplain interrupted by depressions formed by melting ice blocks. Unit Vsf: brown, crudely stratified or unstratified gravelly, clayey, silty sand; generally 
eet with» ° sonth yh sae "A m d . We deh. , ‘ es 5 , 5 7 Diamicton in areas of palimpsest streamlined topography. Unit Vds: Fan or delta surface sloping gently away from former ice margin. Unit Vst: compact, uniform basal till, except in upper 5 m, where sand lenses and Cartography by D.L. Patterson. 

erudehee y vs i Tito ae z feo a tien el EPOSItS: 5 4 " orm | om | Diamicton n areas of rolling weet eee ave ari? eee | Generally compact, uniform basal till; reddish-brown, crudely stratified or Terrace above modern stream. All units deposited by braided streams in front other discontinuities may be found in mudflow sediments; surface has 
cru ely strati ed or unstratified, clayey silt; general y compact and uniform, indistinctly stratified or unstratified, clayey silt; generally compact an VEEN unstratified, clayey silt: upper 3 m contains fractures; streamlined forms of end moraines‘orin valleys'running'parallel-to'glacier margin: moderate relief (less than 15 m), hummocky topography. 

fi " 5 ‘ + , Clayey sit; upp 7 except in upper few meters, where sand lenses and other discontinuities are uniform, with few discontinuous silt and sand lenses or layers; upper few Si! : oe 7 * a ‘ . 
found; upper 3 m contains fractures; surface has low relief (less than 5 m), meters contains fractures; surface has low relief (generally less than 5 m). eo fromarieailietiiceadvance: Unit Vdsbi Shallow bedrock: mostly Branch River Member [wm | Gravel and sand in areas of hummocky topography. Poorly to moderately Wisconsin Geological and Natural Histor y Sur vey 

5 . ; less than 3 m. i ; te to high relief te : . , . . 
hummocky topography. Unit Tdhe: Hummocky end moraine. Diamicton in areas of hummocky topography. Unit Cdh: Mostly basal till, ; Diamicton in areas of hummocky topography. Unit Bdh: Mostly basal till, Welbon rel cana are aurtaee a al ete Nae tore cr 3817 Mineral Point Road + Madison, Wisconsin 53705-5100 + 608/263.7389 

; 5 Tans ‘ ; Fe eespc dell ; Diamicton in palimpsest rolling topography. Unit Vdr: Generally compact, | am | ith ad=to3mthi ¥e- red dich: than 10 m), hummocky topography; deposited on and beneath glacial ice Renneth R. Bradbury Directorand State Geoloaist 
Gravel and sand in outwash plains. Unit Tgh: Moderately well-sorted, well- commonly with a 1- to 3-m thick layer of mudflow deposits; reddish-brown, Var | ‘foren badal tillevedchicti al sees ‘fed cl -——— commonly with a 1- to 3-m thick layer of mudflow deposits; reddish-brown, by meltwater stream near ice margin; sediment later collapsed to produce . Ys 8! 
stratified gravel and sand deposited by glacial streams. Unit Tgpp: More crudely stratified or unstratified, clayey silt; generally compact and uniform, i orm oe tlle . a ~ a ee neh ‘ a S ae yeahs crudely stratified or unstratified, clayey silt; generally compact and uniform, hummocky topography'as un deriving icornelied WisconsinGeologicalSurvey.org 

than 20 percent of original floodplain interrupted by depressions formed except in upper few meters, where sand lenses and other discontinuities are - i Mppers:m-contalns fractures: Unitvdrh: Shallow:hedrock;.mostly less except in upper few meters, where sand lenses and other discontinuities are ee : . . , UW, 
by melting ice blocks. Unit Tgt: Terrace above modern stream. All units found; upper 3 m contains fractures; surface has low relief (less than 5 m), than 3m: found; upper 3 m contains fractures; surface has low relief (less than 5 m), Gravel and sand in outwash plains. Moderately well-sorted, welkstratified @€xtension 

deposited by braided streams in front of end moraines or in valleys running hummocky topography. Hummocks may be in part inherited from surface hummocky topography. Unit Bdhe: Hummocky end moraine. | _ gravel and sand. More than 20 percent collapsed surface, yet exhibits some University of Wisconsin Extension 
parallel to glacier margin. form of older glacial deposits. Unit Cdhe: Hummocky end moraine. or ine uncollapsed former stream bed. Deposited by braided streams in front UW-Extension provides equal opportunities in employment and programming, including Title VI, Title IX, and ADA. 

of glacier margin.
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