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ABSTRACT

The Wisconsin Valley and Langlade Lobes of the Laurentide Ice Sheet covered the northern
and central parts of Lincoln County, Wisconsin, during the last part of the Wisconsin
Glaciation. Most of this area was covered by the Wisconsin Valley Lobe, which advanced
toward the south and southeast. The Langlade Lobe advanced toward the southwest and
covered only the far northeastern part of the county. The Laurentide Ice Sheet began to
waste back from its maximum extent in north-central Wisconsin between about 18,000
and 15,000 years ago. Till and other Pleistocene sediment deposited by the Wisconsin
Valley and Langlade Lobes are included in the Copper Falls Formation.

The maximum extent of the Wisconsin Valley Lobe is marked by a broad band of hilly
glacial topography that includes many ice-walled-lake plains. Two areas of high-relief (up
to 70 m) hills and ice-walled-lake plains, known as the Harrison Hills and the Underdown,
mark the former southeastern ice margin. These ice-disintegration landforms indicate that
a broad zone of stagnant, debris-covered, debris-rich ice separated from the margin of the
Wisconsin Valley Lobe as it wasted back from its maximum extent. The presence of ice-
walled-lake plains in an area of high-relief hills indicates two phases in landscape
evolution. During an early stable phase, buried ice was insulated and supraglacial lakes
developed. Some of the supraglacial lakes melted their way to solid ground, forming ice-
walled lakes. During a later unstable phase, the buried ice began to melt, slopes became
unstable, supraglacial and ice-walled lakes drained, and hills formed. Permafrost
conditions during the last part of the Wisconsin Glaciation likely delayed the melting of
the debris-covered ice until after about 13,000 years ago.

In the southern part of Lincoln County, till sheets deposited before the last part of the
Wisconsin Glaciation are at the surface and in the subsurface. Till of the Merrill Member
of the Lincoln Formation is the surface sediment throughout much of the area. Glacial
landforms are generally poorly preserved on this till surface. The orientations of subdued
moraines and pebbles in the till indicate that ice flowed toward the southeast in the
southern and southeastern parts of Lincoln County and toward the south and southwest in
the southwestern part. Merrill till was deposited prior to the last part of the Wisconsin
Glaciation.



INTRODUCTION walled-lake plains, crosses the central part
of Lincoln County and marks the maximum

SETTING extent of the Wisconsin Valley Lobe. Drum-
lins, outwash fans and terraces, eskers, and
recessional moraines lie north of this broad
area of ice-disintegration landforms. The
origin and distribution of these landforms
provide evidence of the glacier-bed conditions
and dynamics of this part of the Laurentide
Ice Sheet as well as the nature of ice wastage
and landscape evolution during deglaciation.
Glacial sediment deposited by the Wisconsin
Valley and Langlade Lobes is included in the
Wildcat Lake and Nashville Members of the
Copper Falls Formation, respectively (Mickel-
son and others, 1984; Attig and others, 1988).

In the southern part of Lincoln County,
south of the area covered by the Laurentide
Ice Sheet, till sheets deposited before the last
part of the Wisconsin Glaciation are at the
surface or in the subsurface (fig. 1) (Stewart,
1973; Stewart and Mickelson, 1974, 1976;
Mickelson and others, 1984; Attig and Mul-
doon, 1989). Till of the Merrill Member of the

The landscape of Lincoln County, Wisconsin,
is the direct result of Pleistocene glaciation.
During the last part of the Wisconsin Glacia-
tion, the northern and central parts of the
county were covered by the Wisconsin Valley
and Langlade Lobes of the Laurentide Ice
Sheet (fig. 1). The Wisconsin Valley Lobe ad-
vanced toward the south and southeast and
covered most of this area. The far northeast-
ern part of the county was covered by the
Langlade Lobe, which advanced toward the
southwest (Nelson, 1973). The Laurentide Ice
Sheet began to waste back from its maximum
extent in northern Wisconsin between about
18,000 and 15,000 years ago (Clayton and
Moran, 1982; Mickelson and others, 1983;
Attig and others, 1985).

A prominent east-west trending zone of
hilly glacial topography, with many ice-

< gég,,f’ Lincoln Formation is the surface sediment in
& this area. Glacial landforms are generally

poorly preserved on this till surface, although
a few areas of subdued hilly topography can

Area glaciated during ; R
be identified in places.

the last part of the
Wisconsin Glaciation Wisconsin

Valley
Superior Chippewa  Lobe Langlade STUDY METHODS, MAP COMPILATION, AND

Lobe N\ S Lobe ' / O\ /;obe TERMINOLOGY

\ / \ \ E'B‘S(N)#Q}%f — This report is based on field and laboratory
= e 4 research completed from 1992 to 1994. In the
= field, we described and interpreted landforms
_— and surface exposures as well as sediment
samples obtained by exploratory drilling with
a truck-mounted, solid-stem auger or hollow-
Green Bay stem auger with split-spoon sampler. Labora-
Lobe tory studies included interpretation of
\ aerial-photograph stereopairs (black and
Unglaciated / white, scale 1:20,000, and color-infrared, scale
area 1:58,000) and topographic maps (U.S. Geologi-
cal Survey, scales 1:24,000 and 1:100,000).
Physical properties of selected sediment
samples collected in the field were analyzed
in the Quaternary Laboratory of the Depart-
ment of Geology and Geophysics, University
of Wisconsin-Madison. A detailed report of the
sediment properties is given by Ham (1994).
Figure 1. Location of Lincoln County, Wisconsin, and the maximum extent of the All sand:silt:clay ratios discussed in this

Laurentide Ice Sheet (hachured line) during the last part of the Wisconsin Glaciation. ~ report are for the less-than-2-mm fraction of
Arrows show the direction of ice flow. the samples. A particle diameter of 0.0625 mm

q

0 30 60 mi
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was used as the break between sand and silt;
0.002 mm, between silt and clay. We used the
Munsell scale to describe sediment colors.

Unpublished maps from the Natural
Resources Conservation Service were used
to aid in interpretations of parent material in
some areas. We used geologic information
from well constructor’s reports and geologic
logs on file at the Wisconsin Geological and
Natural History Survey (WGNHS) to inter-
pret subsurface relationships and to construct
a generalized map showing the thickness of
Pleistocene material in Lincoln County:.

Mapping was compiled on U.S. Geologi-
cal Survey topographic quadrangles (scale
1:24,000). Contacts from these maps were
digitized and compiled to create the final map
at the scale of 1:100,000 (plate 1).

For clarity in discussion, throughout this
report we use the term Laurentide Ice Sheet to
refer only to the ice sheet as it existed during
the last part of the Wisconsin Glaciation. Also,
place names, such as rivers and lakes, that are
referred to in the text are shown on plate 1.

MAP RELIABILITY

The reliability of the information shown in
plate 1 varies from place to place. Many areas
of Lincoln County are densely forested and
have few roads. Surface exposures are rare.
Subsurface information is generally limited to
populated areas in the southern, eastern, and
north-central parts of the county. Information
shown on the map (plate 1) is probably least
reliable for areas west of the Wisconsin River
in the west-central and northwestern parts of
Lincoln County. We judge the map to be most
accurate for the southern and eastern parts of
the county. The estimated reliability of contacts
between map units is indicated in the expla-
nation for plate 1.
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PRE-PLEISTOCENE GEOLOGY

PRECAMBRIAN ROCK

Lincoln County is underlain primarily by
Early Proterozoic metavolcanic rock; how-
ever, the central part of the county is under-
lain by gneiss (Greenberg and Brown, 1984).
This rock is considered part of a volcanic belt
that formed during the Penokean Orogeny
(Greenberg and Brown, 1984; Sims and others,
1989). The structural trend of the rock and as-
sociated faults is generally northeast to south-
west (Greenberg and Brown, 1984).

Areas of rock outcrop in Lincoln County are
shown on plate 1. The largest exposures of
Precambrian rock are along the Wisconsin
River near Grandfather Falls and Grandfather
Dam (secs. 30 and 31, T33N, R6E; see plate 1)
and along the Prairie River at the site of the
former Prairie Dell Dam (sec. 13, T32N, R7E).

PALEOZOIC ROCK

One outlier of Paleozoic rock is on Irma Hill,
about 0.7 km east of Irma, in central Lincoln
County (fig. 2) (Mudrey and others, 1982;
Greenberg and Brown, 1984). The upper part
of Irma Hill is underlain by nearly flat-lying,
well cemented, quartz sandstone that crops
out near the hilltop on the north side of
County Highway ] (SE1/4 SW1/4 SE1/4 sec. 7,
T33N, R7E). Primary sedimentary structures,
including graded bedding and cross-bedding,
are evident in the sandstone. The age of the

BULLETIN 93 ¢ 3



sandstone is likely Cambrian (Greenberg and
Brown, 1984; Mudrey and others, 1982). How-
ever, the exact stratigraphic relationship be-
tween the sandstone on Irma Hill and lower
Paleozoic rock elsewhere in Wisconsin is not
clear.

Several prominent hills similar to Irma
Hill are in the central part of Lincoln County.
Some of these hills may also be capped by
sandstone; however, this cannot be confirmed
because of the lack of surface exposures and
subsurface information.

SUB-PLEISTOCENE SURFACE

Very little is known about the surface of the
rock beneath Pleistocene sediment in Lincoln
County. Information from well constructor’s
reports and geologic logs on file at WGNHS
suggests that the sub-Pleistocene surface gen-
erally slopes toward the south. The relief of

7
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© * s plate 1). This area was glaciated

this surface in the central and northern parts
of the county is poorly known. Considerable
relief (more than 50 m) exists in places in the
southern part of the county.

PLEISTOCENE GEOLOGY

In the following sections, we describe the ori-
gin, distribution, and history of the Pleistocene
deposits and landforms in Lincoln County.
The discussion progresses from the oldest to
youngest glacial deposits and landforms in the
county, generally from the south to the north.

THICKNESS OF PLEISTOCENE SEDIMENT

Most of the sediment that overlies Precam-
brian and Paleozoic rock in Lincoln County is
the direct result of glaciation. The thickness of
Pleistocene sediment is known only in a gen-
eral way. Subsurface information is
scarce because large areas of the
county are forested and sparsely
populated; most of the available in-
formation is from the areas near
Merrill and Tomahawk. In addition,
few wells penetrate the entire thick-
ness of unlithified sediment and
reach bedrock. Figure 3 shows the
general thickness of Pleistocene sedi-
ment in Lincoln County as indicated
by well constructor’s reports and test
holes. In the areas where well infor-
mation is sparse or absent, the map
is based on interpretations of sedi-
ment thickness from the topography.
Alarge contour interval is used be-
cause of the limited amount of sub-
surface information.

The Precambrian and Paleozoic
rock in Lincoln County is covered
nearly everywhere by Pleistocene
sediment. Rock is close to the surface
(within 5 to 10 m) on uplands in the
southern part of the county (areas
shown as map units gm and gmh,

-

(0\ prior to the last part of the Wisconsin
=~ Glaciation. The thickest Pleistocene
sediment is in a broad area of hilly

Figure 2. Part of the Irma Quadrangle, Wisconsin (U.S. Geological Survey, 7.5-minute series,
topographic, 1982), showing Irma Hill, the upper part of which is underlain by resistant,
probably Cambrian, quartz sandstone. The location of the outcrop of the sandstone along County
Highway ] is indicated by arrows. The contour interval is 10 feet.

4 ¢ PLEISTOCENE GEOLOGY OF LINcOLN COUNTY

topography and other ice-disintegra-
tion landforms that cross the central
part of Lincoln County from east to



west and mark the maximum extent of the
Wisconsin Valley Lobe (mainly map unit gwh,
plate 1). This hilly zone includes the Harrison
Hills and the Underdown area in the eastern
part of the county and the New Wood area in
the western part. Few well constructor’s
reports or geologic logs are available for these
places; however, the relief of individual hills
can be used as an estimate of the minimum
thickness of Pleistocene sediment. The relief
of many hills in the Harrison Hills ranges from
30 to 45 m, indicating that Pleistocene sediment
is at least that thick. Some well constructor’s
reports near the center of the Harrison Hills
show that the sediment is locally thicker than
about 70 m. The thickness of Pleistocene
sediment in the Underdown area probably
exceeds 30 m in most places. In the hilly area
west of the Wisconsin River, the typical relief
of individual hills ranges from about 5 to 10 m.
However, in general the Pleistocene sediment
probably exceeds about 30 m in thickness in
this region, on the basis of information from
the few available well constructor’s reports.

Little subsurface information is available
for the northwestern part of Lincoln County.
Pleistocene sediment is judged to be generally
less than 30 m thick in this area, especially
close to the larger rivers and flowages.

Derosits oF THE LincoLN FORMATION

Till and other sediment of the Merrill Member
of the Lincoln Formation constitute the surface
material throughout much of the southern
part of Lincoln County (primarily map units
gm and gmbh, plate 1). Sediment of the Merrill
Member extends southward into northern
Marathon County (LaBerge and Myers, 1983;
Attig and Muldoon, 1989), to the east into
southwestern Langlade County (Mickelson,
1986), to the west into southern Taylor County
(Attig, 1993), and possibly southwest into
northern Clark County (Clayton and others,
1992).

In general, the Merrill till surface consists
of broad, rolling uplands that are stream
dissected (fig. 4). Poorly drained areas are
common in places, but less so than in the areas
of Lincoln County that were covered by the
Wisconsin Valley Lobe. The Merrill till is
typically less than about 5 m thick on uplands,
and the topography is largely bedrock con-
trolled. Primary glacial landforms, such as

insufficient data <25

/
25,

25
AN
AN

S 2 ~

insufficient <25
data

Figure 3. General thickness of Pleistocene sediment
covering Precambrian and Paleozoic rock in Lincoln
County. Contour interval is 25 m; contour is dashed
where uncertain.

moraines and drumlins, are generally absent
from the surface of the Merrill till, but several
subdued, slightly hilly areas (map unit gmh,
plate 1) that trend approximately northeast to
southwest are in the south-central part of the
county near Merrill (Stewart, 1973; this study).

Till of the Merrill Member. Till of the Merrill
Member of the Lincoln Formation in southern
Lincoln County is unsorted, noncalcareous,
slightly clayey, silty, gravelly sand (diamicton).
Analysis of 20 samples of the till indicated
that it is composed of about 60 percent sand,
30 percent silt, and 10 percent clay; however,
the grain-size distribution is highly variable
(Stewart, 1973). The moist field color is gener-
ally dark reddish brown (2.5YR 3/3 to 4/3 on
the Munsell scale) but ranges from brown
(7.5YR 4/6) to reddish brown (5YR 4/3), simi-
lar to that of till and supraglacial debris-flow
sediment of the Copper Falls Formation
(Stewart, 1973; this study).

Pleistocene sediment of the Merrill
Member is primarily a subglacial till sheet
throughout north-central Wisconsin; however,
supraglacial debris-flow, lake, and meltwater-
stream sediment is found in places. The topog-
raphy of the Merrill till surface does not
suggest that large areas of high-relief, hilly
glacial topography, similar to those that
formed along the margin of the Laurentide Ice
Sheet across northern Wisconsin, developed

BULLETIN 93 o 5
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Figure 4. Part of the Pine Dells Quadrangle, Wisconsin (LS. Geological Survey, 7.5-minute series,
1982), showing broad, rolling topography on uplands of the Merrill till surface in the southeastern part of
Lincoln County. The contour interval is 10 feet.

during ice advance or wastage. Instead, observations suggest that the bed conditions
moraines on the till surface appear to have of the ice that deposited the Merrill till were
been relatively small and narrow. These considerably different from those of the

6 ¢ PLEISTOCENE GEOLOGY OF LiNncoLN CounTY



Laurentide Ice Sheet in this area. Mickelson
and others (1983) and Attig and others (1989)
suggested that, at their maximum extent, the
lobes of the Laurentide Ice Sheet in northern
Wisconsin had subpolar thermal regimes and
were frozen to the bed in a zone possibly up
to 20 km wide near the ice margin. In con-
trast, we suggest that the glacier that depos-
ited the Merrill till may have had a thawed,
sliding bed all the way to the ice margin.

Glacial history. Two radiocarbon-age esti-
mates from organic material found on top of
the Merrill till in eastern Lincoln County are
40,800 BP + 2,000 (IGS-256) and older than
36,500 BP (IGS-262) (Stewart and Mickelson,
1974, 1976; Dirlam, 1979). In addition, the
Merrill till shows a greater degree of weather-
ing of its clay fraction than does sediment of
the Copper Falls Formation, which was de-
posited during the last part of the Wisconsin
Glaciation (Stewart, 1973; Stewart and Mickel-
son, 1976). These observations indicate that
the Merrill till was deposited before the last
part of the Wisconsin Glaciation and has un-
dergone an extensive period of subaerial
weathering. We suggest the Merrill till was
probably deposited during the early part of
the Wisconsin Glaciation.

The glacier that deposited the till of the
Merrill Member of the Lincoln Formation
generally advanced southward out of the
Lake Superior basin. When the glacier stood
at its maximum extent in north-central Wis-
consin, ice must have covered all Lincoln
County. Fabric measurements made in the
Merrill till by Stewart (1973) and the orienta-
tions of moraines (Stewart, 1973; Attig, 1993;
this study) indicate that ice flowed to the
southeast in the southern and southeastern
parts of Lincoln County and to the south and
southwest in the southwestern part of the
county. This pattern of ice flow is similar to
that of the Wisconsin Valley Lobe in Lincoln
County during the last part of the Wisconsin
Glaciation. Similarly, Attig (1993) noted that
the map pattern of the outermost extent of the
Merrill till in southeastern Taylor County is
similar to that of the margins of the Chippewa
and Wisconsin Valley Lobes in northeastern
Taylor County. These observations indicate
the ice that deposited the Merrill till flowed in
directions about the same as those of the Laur-
entide Ice Sheet in north-central Wisconsin.

The pattern of ice wastage during
deposition of the Merrill till is shown by the
orientations of recessional moraines in the
south-central part of Lincoln County near
Merrill and in adjacent Taylor County (Attig,
1993) and Langlade County (Mickelson, 1986).
The regional pattern of the moraines indicates
that the glacier that deposited the Merrill till
wasted generally northward and into the Lake
Superior basin during deglaciation.

Meltwater-stream sediment. The nature of
meltwater drainage from the glacier that de-
posited the Merrill till was dependent upon
the orientation and position of the ice margin
relative to the proglacial topography; as a re-
sult, it alternated between two configurations.
In northern Marathon County and southern
Lincoln County, the topography consists of
broad, rolling ridges that trend approximately
east to west or northeast to southwest. As dis-
cussed previously, subsurface records indicate
this topography is largely bedrock controlled
and covered by thin Pleistocene sediment. As
the glacier wasted northward in this area, the
landscape immediately adjacent to the ice
sloped either toward or away from the glacier,
depending on the position of the ice margin.
Where the topography sloped toward the
ice margin, meltwater was ponded in ice-
marginal lakes in some places. These lakes
drained through spillways that crossed
drainage divides and eventually joined the
Wisconsin River. One example of such a
spillway is the valley of Big Cain Creek in
southeastern Lincoln County. Big Cain Creek
is an underfit stream that occupies a deep,
narrow, steep-sided valley (fig. 5). This channel
drained meltwater from a lake that formed
when the ice margin was at a position just
south of the Pine River valley (see plate 1). No
significant deposits of lake sediment exist in
the southern part of Lincoln County, probably
because individual lakes only existed for
short periods and there was a paucity of
sediment. One exception is an area of sand
and gravel in the NE1/4 of sec. 11, T31N, R8E
(Doering Quadrangle, U.S. Geological Survey
7.5-minute series, topographic, 1973) that
composes a fan-shaped landform that we
interpreted to have been a delta. Deposits of
sand and gravel also are found in places high
in the landscape along the south (north-
facing) valley wall of Devil Creek (plate 1).
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Figure 5. Parts of the Doering and Pine Dells Quadrangles, Wisconsin (LS. Geological Survey, 7.5-minute
series, topographic, 1973 and 1982, respectively), showing part of the stream valley of Big Cain Creek in
southeastern Lincoln County. During the wastage of the glacier that deposited the Merrill till, this valley was
a spillway that drained meltwater from a small ice-marginal lake. The contour interval is 10 feet.

In places where the topography sloped
away from the ice margin, lakes were absent
and meltwater drained primarily in streams.
In southern Lincoln County, the retreating ice
margin was oriented approximately parallel
to major stream valleys such as those of the
Pine River and Devil Creek. Thus, meltwater
flowed parallel to the ice margin and directly
into the Wisconsin River valley after these
valleys were uncovered by the glacier. The
valleys were abandoned shortly after the
glacier wasted over the next drainage divide
to the north. Deposits of meltwater-stream
sediment of the Lincoln Formation are
especially prominent in the Pine River valley
(map units sl and slc, plate 1), and numerous
sand and gravel pits are found here.

Meltwater-stream sediment also is found

8 & PLEISTOCENE GEOLOGY OF LiINcoLN COUNTY

in terraces along the Wisconsin River and in
an outwash plain north of Merrill. Extensive
deposits likely formed elsewhere in the county
during ice wastage, but they are now buried
by glacial and meltwater-stream sediment of
the Copper Falls Formation (discussed later in
this report).

LANDFORMS OF THE WISCONSIN
VALLEY LOBE

Glacial landforms of the southern part of the
Wisconsin Valley Lobe are in distinct zones
in Lincoln County. The marginal zone of the
lobe is marked by a broad band, up to about
10 km wide, of primarily hilly glacial topog-
raphy that includes many ice-walled-lake
plains (map units gwh and Ic, plate 1; fig. 6).
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Figure 6. Topographic mosaic of the hilly topography of the Harrison Hills in northeastern Lincoln County and
adjacent Langlade County. This area of ice-disintegration topography formed along the southeastern margin of the
Wisconsin Valley Lobe. Ice flow was from the northwest and west. The contour interval is 10 feet, except for the
upper right side of the map where it is 20 feet; the area shown is about 15 km wide. Compiled from the Bloomuille,
Gleason, Harrison, and Parrish Quadrangles, Wisconsin (U.S. Geological Survey, 7.5-minute series, topographic,

1982, 1973, 1982, 1973, respectively). Scale 1:100,000.

In places, ice-marginal ridges and outwash
fans are on the northern and southern sides of
this zone of hills and lake plains, especially in
the Harrison Hills and Underdown areas.
Drumlins, eskers, recessional moraines, and
fans composed of meltwater-stream sediment

lie to the north and west of the zone of ice-
disintegration landforms that developed
along the ice margin. The orientations of drum-
lins, eskers, and moraines show that the last
direction of ice advance was mainly to the
southeast, and the direction of ice wastage
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Figure 7. Part of the Parrish Quadrangle, Wisconsin (U.S. Geological Survey, 7.5-minute series,
topographic, 1973), showing segments of an ice-marginal ridge that formed along the outermost extent of
the Wisconsin Valley Lobe. The direction of ice flow was from northwest to southeast. The crests of the
ridge segments are indicated with symbols; barbs point toward the ice margin, down the former ice-
surface slope. A large outwash fan heads at the ridge. The contour interval is 20 feet.

during deglaciation was to the northwest.

Ice-marginal ridges and outwash fans. The
maximum extent of the Wisconsin Valley Lobe
in Lincoln County is marked by a prominent,
sharp-crested, discontinuous ridge (fig. 7). The
ridge segments are typically less than 500 m
long and between about 15 and 30 m high.
Fans composed of meltwater-stream sedi-
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ment head at the ridges in most places, indi-
cating that the segments represent a former
position of the ice margin.

Other ice-marginal ridges and outwash
fans surround and radiate away from the
areas of high-relief hills and ice-walled-lake
plains in the central parts of the Harrison
Hills and Underdown areas (fig. 8). The fans
on the northern side of the hilly areas slope
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Figure 8. Part of the Harrison Quadrangle, Wisconsin (U.S. Geological Survey, 7.5-minute series, topographic,
1982) showing segments of an ice-marginal ridge that formed along the up-ice side of the Harrison Hills after
the margin of the Wisconsin Valley Lobe wasted to the northwest. The original direction of ice flow was from
northwest to southeast in this area. The maximum extent of the Wisconsin Valley Lobe is east of the area
shown (see fig. 7). The crests of the ridge segments are indicated with symbols; barbs point down the slope of
the stagnant-ice surface. The contour interval is 10 feet.
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Figure 9. View of an exposure in an ice-marginal ridge (left part of photo) and adjacent outwash fan
along the southern margin of the Underdown area. The location of this photo is given in the text.

toward the northwest, in the direction of the
retreating margin of the Wisconsin Valley
Lobe during deglaciation.

The composition of the ice-marginal
ridges is not well known because exposures
are rare. We observed a 10- to 20-m high
exposure through an ice-marginal ridge and
an adjacent outwash fan (fig. 9) in a pit along
the southwestern margin of the Underdown
area along County Highway R, about 800 m
east of Highway 51 (NW1/4 NW1/4 SW1/4
sec. 8, T32N, R7E). Most of the sediment
exposed in the ridge consists of unsorted,
noncalcareous, reddish-brown (5YR 4/4),
slightly clayey; silty, gravelly sand (diamicton),
considered to be part of the Copper Falls
Formation. The average grain-size distribution
of ten samples of this sediment was 70 percent
sand, 22 percent silt, and 8 percent clay (all
values + 1%). The origin of the diamicton is
not well known. It could be subglacial till that
was deposited by the stacking of debris-rich
ice near the base of the glacier, or it could be
very poorly sorted supraglacial sediment that
was deposited by debris flows at the ice
margin. The sediment exposed in the outwash
fans consists primarily of ice-proximal, poorly
sorted to moderately well sorted, stratified
gravelly sand and sandy gravel. This sedi-
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ment grades into sorted sand and gravelly
sand farther from the maximum extent of the
ice margin.

Attig (1993) suggested that the steep,
symmetrical slopes of ice-marginal ridges that
formed along the margin of the Chippewa
Lobe in Taylor County indicate that they were
formed primarily by the accumulation of
sediment that flowed off the ice surface
(supraglacial sediment). Ridges that are more
ramp-like would be expected from the
stacking of basal sediment by active ice (for
example, Kriiger, 1993). Many of the ice-
marginal ridges that formed in the marginal
zone of the Wisconsin Valley Lobe are similar
to those described by Attig (1993), and we
suggest they formed in a similar way.

Hills. A broad zone of hills, ice-walled-lake
plains, and disintegration ridges is just north
of the maximum extent of the Wisconsin Val-
ley Lobe in Lincoln County (map units gwh
and I, plate 1). The hills consist of round to
elongate, smooth hills that formed in areas of
stagnant glacial ice. Many closed depressions
are between the hills. Although hills are the
dominant landforms in this terrain, circular
and linear disintegration ridges are more
common in places. The ridges do not appear
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Figure 10. Part of the Harrison Quadrangle, Wisconsin (U.S. Geological Survey, 7.5-minute series,
topographic, 1982), showing an area of high-relief hilly glacial topography and three ice-walled-lake

plains (L) in the west-central part of the Harrison Hills. The contour interval is 10 feet.

to have a preferred orientation. We recognize
two distinct populations of hills in this area:
high-relief and low- to moderate-relief hills.
High-relief hills are found primarily in the
Harrison Hills and Underdown areas (fig. 10).
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The relief between the summits of individual
hills and adjacent low areas ranges from about
10 to 60 m over horizontal distances of about
500 m, and the maximum relief is about 70 m.
The high local relief results in generally steep
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types, but primarily noncalcar-
eous, reddish-brown (5YR 4/4
to 4/6), unsorted to crudely
stratified, slightly clayey, silty,
gravelly sand (diamicton). In
places, some parts of hills are
underlain by sorted sand,
gravelly sand, and sandy gravel.
Some hills are also capped by
laminated silt and clay, indicat-
ing that the sediment originally
accumulated in supraglacial
lakes that subsequently col-
lapsed when the underlying ice
melted.

Material from several test
holes drilled up to 20 m deep in
hilly topography in the Har—
rison Hills showed little down-
hole variability in grain-size dis-
tribution (commonly less than
5%) except in the upper few
meters. This uniform sedi-ment
is typically unsorted or very
poorly sorted, noncal-careous,
reddish-brown (5YR 4/4 to 4/
6), slightly clayey, silty, gravelly
sand (diamicton), which is simi-
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lar to that observed in the sur-
face exposures. The average
grain-size distribution for 46

Figure 11. Part of the Alexander Lake Quadrangle, Wisconsin (U.S. Geological Survey, 7.5-minute
series, topographic, 1978), showing an area of low-relief hilly topography and several prominent
ice-walled-lake plains (L) along the former southern margin of the Wisconsin Valley Lobe. The
contour interval is 10 feet.

samples of the diamicton from
drillholes and surface exposures
is 80 percent sand, 13 percent
silt, and 7 percent clay (fig. 12).

slopes. Low areas between the hills typically
contain poorly drained areas (wetlands)
that are from about 50 m to more than 500 m
wide. Many wetlands that are too small to
show at the scale of plate 1 are present
throughout the hilly areas.

Low- to moderate-relief hilly topography
is seen primarily along the former southern
and southwestern margins of the Wisconsin
Valley Lobe (fig. 11). Here, the relief of indi-
vidual hills is about 5 to 10 m, and slopes are
relatively gentle.

Few exposures exist in the hills because
there are few roads. In the Harrison Hills,
examination of a number of shallow (typically
1 to 3 m high) exposures in areas of high-relief
hills indicates that, at least near the surface,
they are underlain by a variety of sediment

14 ¢ PLEISTOCENE GEOLOGY OF LINCOLN COUNTY

The distribution is nearly identi-
cal to that measured by Nelson (1973) for
samples from the same sediment in the
Harrison Hills (80% sand, 17% silt, and 3%
clay for 12 samples). Nelson (1973) referred to
this sediment informally as the Bass Lake till.

The origin of the uniform diamicton from
hills in the Harrison Hills is not clear. The
sediment must have originated at the glacier
bed because there were no valley walls along
the ice sheet or nunataks from which sedi-
ment could fall onto the ice surface. However,
the presence of ice-walled-lake plains, the
morphology and distribution of the hills, and
the character of the hill sediment indicate that
most of the sediment melted out on the ice
surface and accumulated into hill forms by
the process of topographic inversion. This
mechanism was suggested by Gravenor



(1955) and Gravenor and Kupsch (1959) for
the formation of “prairie mounds” and “cir-
cular disintegration ridges” in east-central
Alberta, and also suggested by Clayton and
Moran (1974) for the formation of hills in
North Dakota. For this process to have oc-
curred in the marginal zone of the Wisconsin
Valley Lobe, a large volume of sediment must
have been eroded at the bed and then trans-
ported upward in the ice column near the
margin, where it subsequently melted out on
the ice surface, became unstable, and flowed
downslope. Attig and others (1989) have sug-
gested that the Wisconsin Valley Lobe had a
subpolar thermal regime, which would have
enhanced shearing and thrusting of basal
sediment toward the ice surface in the mar-
ginal zone of the glacier, thus providing the
source for supraglacial sediment.

The presence of ice-walled-lake plains
high in the landscape indicates that consider-
able debris was on the ice surface during their
formation; otherwise, there would be no
source of lake sediment and the surrounding
landscape underlain by stagnant, buried ice
would not have been stable long enough to
allow ice-walled lakes to develop. The shapes
and distribution of the hills do not reflect
structures that are known to develop at the
base of ice sheets, such as crevasses or thrust
planes, nor do they have any preferred
orientation that might be expected due to
glacial flow, such as streamlining. Instead, the
patterns and sizes of many of the hills are
similar to those of sinkhole depressions that
have been observed on the surfaces of many
modern, stagnant glaciers (Clayton, 1964,
1967; Clayton and Moran, 1974).

Although much of the sediment in the
hills is uniform in texture and color, pebble
fabrics measured for this study (fig. 13) and
by Nelson (1973) (fig. 14) showed consider-
able variability in strength and orientation.
Surface exposures of the diamicton commonly
show dark, reddish-brown layers of sediment
that are up to a few centimeters thick and are
typically folded or faulted; in places, sorted
sediment is adjacent to or above the diamicton.
All of these observations suggest that the
uniform sediment was deposited by relatively
viscous (low water content) debris flows or by
slumping on the ice surface, followed by
collapse due to melting of buried ice. The
flows were probably similar to type 1 flows

percent clay

\ H oy . \ \ V2 \ . .

percent sand percent silt

Figure 12. Grain-size distribution of the finer-than-2 mm fraction of 46
samples (15 overlap in this fiqure) of uniform sediment (average
sand:silt:clay ratio, 80:13:7) collected from surface exposures and drillholes
in the Harrison Hills.

described by Lawson (1979, 1982) at the Mata-
nuska Glacier, Alaska, which typically have
little water (8% to 14% by weight), little or no
sorting, and weak or variable pebble fabrics.
Some of the uniform diamicton recovered
from test holes drilled to the base of the hills
may be sediment that melted out at the bed of
the glacier (subglacial till).

Ice-walled-lake plains. Ice-walled-lake plains
(Clayton, 1967; Clayton and Cherry, 1967) are
the preserved, nearly flat, offshore bottoms of
lakes that were surrounded by stagnant ice.
These landforms are a conspicuous part of
the landscape in the areas of hilly topography
that mark the outer part of the Wisconsin Val-
ley Lobe in Lincoln County (map unit lc, plate
1). Especially in areas of high-relief hilly to-
pography, ice-walled-lake plains are typically
the highest areas of the landscape. The lake
plains consist primarily of a flat, bowl-haped,
or convex-upward plain (figs. 10 and 11).
Raised rims are preserved in some places
along their margins. In most parts of Lincoln
County, ice-walled-lake plains are in densely
forested areas. As a result, most of the lake
plains shown on plate 1 (map unit 1c) were
identified on the basis of interpretations made
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direction
of ice flow

=290
LN20 LN21
$1=.5506 $1=.6590
$3=.1027 $3=.0999
V1=9,36 V1=348, 18

LN100 LNT01
51=.5807 $1=.5753
53=.1193 $2=.1343
V1=285, 37 V1=312, 23

Figure 13. Lower-hemisphere, equal-area net projections of the orientations
of the long axes of prolate pebbles in diamicton in the Harrison Hills. Twenty-
five pebbles were measured for each fabric, and only pebbles with long-to-
short axis ratios greater than about 3:2 were measured. Fabrics LN20 and
LN21 were measured in one hill; LN100 and LN101, in another. Arrows
indicate the approximate direction of ice flow of the Wisconsin Valley Lobe.
S1 is the principal eigenvalue, which is a measure of the strength of the clast
orientations.

from aerial photographs, topographic maps,
and soil maps. A particularly good example
of an ice-walled-lake plain is located in the
northeastern part of the Harrison Hills (fig. 15).

The lake plains are commonly the only
extensive, flat surfaces in areas of hilly topog-
raphy, and the former offshore plains are typi-
cally underlain by fine sediment and lack sur-
face boulders. As a result, the surfaces of
many lake plains in north-central Wisconsin
have been cleared for agriculture, and some
lake plains are used as sources of clay.

Five test holes and many hand-auger
borings were drilled into three accessible ice-
walled-lake plains to provide samples for a
study of the composition of the lake sediment.

16 ¢ PLEISTOCENE GEOLOGY OF LINCOLN COUNTY

Ground-penetrating radar profiles were run
across two of the lake plains to aid in interpreta-
tions of subsurface relationships. Information
from the test holes and radar profiles indicates
that the offshore plains are underlain primarily
by clayey silt (typically less than 10% sand, 60%
to 70% silt, and 20% to 30% clay). Several
samples of offshore sediment recovered from a
drillhole in one ice-walled-lake plain were
rhythmically laminated. It is not known whether
the laminations formed annually (varves). The
edges of the lake plains are underlain primarily
by sorted sand, gravelly sand, or sandy gravel
that was deposited near the lake shore. In some
cases the rim ridges may include poorly sorted,
debris-flow deposits.

On the basis of their work in hilly areas
of the Missouri Coteau in North Dakota,
Clayton and Cherry (1967) recognized two
end members of uncoalesced ice-walled-lake
basins: 1) those that formed in an unstable
environment with thin supraglacial sedi-
ment on the surface, and 2) those that
formed in a stable environment with thick
supraglacial sediment on the adjacent ice
surface (fig. 16). They observed that the un-
stable-environment lake plains are charac-
terized by concave-upward profiles, rela-
tively thin lake sediment, and prominent rim
ridges. In addition, these lake plains typi-
cally are low in the landscape. In contrast,
the stable-environment lake plains typically
have convex-upward profiles, lack well de-
fined rim ridges, typically are high in the
landscape, and are underlain by relatively
thick lake sediment (Clayton and Cherry,
1967).

The stable-environment lakes presum-
ably formed where the buried ice was thick
and well insulated and melted very slowly,
thus allowing a deep lake basin to form. The
unstable-environment lakes formed where
the ice was thinner, not well insulated, and
melted rapidly (Clayton and Cherry, 1967).

The morphology, composition, and set-
ting of ice-walled-lake plains in Lincoln
County are similar to those of the two end
members described by Clayton and Cherry
(1967). In areas of high-relief hilly topogra-
phy, such as the Harrison Hills and the
Underdown, ice-walled-lake plains are typi-
cally the highest parts of the landscape, have
convex-upward profiles, and appear to be un-
derlain by thick lake sediment (stable envi-



ronment; fig. 10). Rim ridges are generally
absent or poorly preserved at the margins
of the lake plains. In contrast, ice-walled-
lake plains in areas of lower-relief hilly
topography (fig. 11) along the former
southern and southwestern margins of |~ onebacomrv ¢ 3
the Wisconsin Valley Lobe generally oc- R \

cupy low areas in the landscape, have
concave-upward profiles, and have well
defined rim ridges (unstable environ-
ment). The rim ridges of these lake plains
likely contain a significant quantity of
debris-flow deposits.

limit of

glacial advance

/]
‘Q Rhinelander
5km

g S

ONEIDA COUNTY

Small moraines near Irma. A series of
more than 35 small (less than 4 m high)
parallel ridges is present in the central
part of Lincoln County near Irma. The \
crests of these landforms are shown in \
figure 17 and on plate 1, and they are
clearly visible on black and white aerial
photographs (fig. 18; scale, 1:20,000). The
ridges are best preserved on uplands,
such as Irma and Chase Hills, in the E1/2
of T33N, R6E and the W1/2 of T33N, R7E
(see the Irma Quadrangle, U.S. Geological
Survey 7.5-minute series, topographic,
1982). The ridges are found between 6
and 15 km behind the maximum extent of

Figure 14. Northeastern Lincoln County, and adjacent Langlade and Oneida Counties;
map shows the positions of the Parrish, Summit Lake, and Harrison moraines, and rose
diagrams of pebble fabrics measured in till by Nelson (1973). The dashed line outlines the
Harrison Hills. Note the variability in fabric strengths and orientations in the area of
hilly glacial topography (from Nelson, 1973).

the Wisconsin Valley Lobe in eastern Lin-
coln County, and they lie between a region of
low-relief drumlins to the northwest and the
broad zone of hilly glacial topography to the
southeast. The best preserved and most acces-
sible set of ridges is found on Irma Hill (fig.
18), approximately 1 km east of Irma. Prior to
this study, these landforms had not been
studied in detail, although Nelson (1973)
noted their presence on aerial photographs.
The form, composition, and origin of the
ridges have been discussed by Ham (1994)
and Ham and Attig (1994). In summary, the
ridges trend generally northeast to southwest;
however, in places their orientation varies as
a result of the influence of the underlying
topography. The general orientation of the
ridges is parallel to that of the margin of the
Wisconsin Valley Lobe during deglaciation.
One of the ridges can be traced discontinu-
ously for about 10 km, beginning at the proxi-
mal side of an ice-marginal fan, over several
bedrock hills, and through intervening valleys.
In places where the ridge crosses a valley, it
extends into the valley beyond the average

position of the ridge on adjacent uplands.

The ridges are between 1 and 4 m high,
up to 1 km long, and spaced between 40 and
80 m apart. The width of each ridge is diffi-
cult to measure precisely because they are not
discrete, narrow ridges separated by low, flat
areas. Instead, they have a wave form. The
ridges are distinctly asymmetrical, having a
steeper proximal (up-ice) slope and a more
gentle distal (down-ice) slope. On Irma Hill,
twelve ridges on the south side of the hill
have an average proximal slope of 13° + 2°
and an average distal slope of 9° + 2°.

In 1993 road construction resulted in a
1-km exposure through about 20 of the ridges.
On the basis of study of this exposure, Ham
(1994) and Ham and Attig (1994) interpreted
the ridges to be composed primarily of sub-
glacial till on their proximal sides and debris-
flow sediment on their distal sides. The cores
of the ridges, below the till and debris-flow
sediment, consist of deformed, sorted sand,
sandy gravel, and silt that were deposited in
meltwater streams and ponds. We observed
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Figure 15. Part of the Parrish Quadrangle, Wisconsin (U.S. Geological Survey, 7.5-minute series, topographic,
1973), showing an ice-walled-lake plain. Contour interval is 20 feet.

up to 1 m of postglacial hillslope sediment in
the uppermost part of the exposure.

The composition, morphology, and
orientation of the ridges suggest they formed
individually at the margin of the Wisconsin
Valley Lobe during deglaciation (Ham, 1994).
The ridges probably formed by a sequence of
processes that consisted of the pushing of
sorted, ice-marginal sediment by the glacier,
partial overriding by the glacier and deposi-
tion of subglacial till on the proximal sides
of the ridges, and deposition of supraglacial
debris-flow sediment on the distal sides of
the ridges (fig. 19; Ham, 1994; Ham and
Attig, 1994). The ridges are similar to several
types of annual moraines from some modern
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glaciers (for example, Andersen and Sollid,
1971; Boulton, 1986); this similarity suggests
a new ridge may have formed each year as a
result of minor winter advances of the ice
margin during deglaciation (fig. 20). If this
assumption is valid, then the net annual rate
of ice-surface lowering of the Wisconsin
Valley Lobe can be calculated on the basis of
an estimate of the ice-surface gradient from
the slope of a lateral moraine on Irma Hill
and the spacing of the ridges. Ham (1994)
calculated that the net annual rate of ice-
surface lowering when the ridges formed
during deglaciation was between about 1.9
and 5.7 m/yr.
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Figure 16. Schematic diagram illustrating the formation and morphology of ice-walled-lake plains in
unstable and stable depositional environments (from Clayton and Cherry, 1967).

Other ice-marginal features. We recognized composed primarily of collapsed meltwater-
several other ice-marginal features that mark  stream sediment (map unit scc, plate 1) and
recessional positions of the Wisconsin Valley = moraines (indicated by symbols on plate 1).
Lobe. These landforms are prominent ridges The orientation of these landforms is gener-
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Figure 17. Map of the central part
of Lincoln County, Wisconsin, near
Irma, showing orientations of the

direction of
meltwater flow

N
Ny

A larger
crests of the small, parallel ridges A iceimarginal
in the study area. The letter F shows ridge
the location of an ice-marginal fan == smallridges | ;1,0
composed of meltwater-stream 77N
sediment. F

To Tomahawk

Figure 18. Aerial photograph of small, parallel ridges on Irma Hill. North is at the top of the photograph,
and the width of view is about 2.2 km. Ice flow was toward the south, approximately perpendicular to
the ridge crests. Irma, Wisconsin, is just to the left (west) of the area shown.

ally northeast to southwest, which indicates
that the active ice of the Wisconsin Valley
Lobe wasted toward the northwest during
deglaciation.

Drumlins. Drumlins formed beneath the Wis-
consin Valley Lobe are present throughout
northwestern Lincoln County. These stream-
lined hills are typically less than 10 m high
(fig. 21). The orientations of the drumlin crests
are shown with arrows in map unit gw on
plate 1. Most of the drumlins are nearly par-
allel to one another, and their orientations
indicate that the latest direction of ice flow
of the Wisconsin Valley Lobe was toward
the southeast. The complex shapes of sev-
eral drumlins in the far northwestern part of
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the county suggest that the Wisconsin Valley
Lobe flowed toward the south or southwest
during a slightly earlier phase of glaciation.
The composition of the drumlins is
known only from examination of shallow
(generally less than 1.5 m) surface exposures
and information from a few test holes. Few
well constructor’s reports are available for
these streamlined areas. Shallow roadcuts and
material from test holes drilled into the crests
of four drumlins indicate that they are
underlain primarily by diamicton, probably
of the Copper Falls Formation. The sediment
is typically unsorted, slightly clayey, silty,
gravelly sand that is brown to reddish
brown (typical field colors 7.5YR 5/3, and
5YR 4/3 to 5YR 4/4) and noncalcareous.
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Figure 19. Schematic diagram illustrating a conceptual sedimentologic model for the formation of the
small, parallel ridges of the south-central part of the Wisconsin Valley Lobe near Irma. The sequence of

formation is discussed in the text.

The average grain-size distribution for 29
samples is 65 percent sand, 25 percent silt,
and 10 percent clay (fig. 22).

The average grain-size distribution of
the drumlin sediment is similar to that of the
Merrill till in the southern part of Lincoln
County (about 60% sand, 30% silt, and 10%
clay for 20 samples; Stewart, 1973). This
observation raises the possibility that the
drumlins may be erosional bedforms com—
posed mainly of till of the Merrill Member of
the Lincoln Formation. However, Stewart
(1973) reported that the field color of the
Merrill till is typically dark reddish brown
(2.5YR 3/3 to 4/3), which is somewhat
darker than the sediment samples from the

drumlins (typically reddish brown, 5YR 4/
4). This color difference suggests that the
drumlins are composed of till of the Copper
Falls Formation instead of till of the Merrill
Member. These till units are difficult to
distinguish in the field on the basis of color,
texture, and composition. However, Stewart
(1973) and Stewart and Mickelson (1976)
were able to differentiate between these two
units primarily on the basis of the degree of
weathering of the clay fraction in their
weathering profiles. Analysis of clay min—
eralogy may help to distinguish between the
Merrill till and till of the Copper Falls For—
mation in the streamlined areas of northwest-
ern Lincoln County, but this seems unlikely. If
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the drumlins are erosional bedforms, the
thin weathering profile in the upper part of
the till has probably been removed.

On aerial photographs, low-relief (less
than 5 m) hilly topography is visible on the
surfaces of some drumlins in northwestern
Lincoln County. The presence of the hilly
topography shows that in some places the
drumlins are draped by thin supraglacial sedi-
ment, probably less than 5 m thick, depos-

summer

winter

summer

Figure 20. Schematic diagram showing the sequence of events in
the formation of a moraine over the course of one year during
deglaciation of the Wisconsin Valley Lobe. A. The ice margin
retreated to a position at the end of summer (ablation season). B.
During the following winter (accumulation season) the margin
advanced to form an ice-marginal ridge. Because the ice sheet was
wasting back during deglaciation, the ice margin generally did not
advance the same distance that it retreated during the ablation
season. C. During the following summer, the margin retreated again
and isolated a new moraine, and a new depositional sequence began.
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ited as the Wisconsin Valley Lobe wasted
back from its maximum extent. Those local
areas characterized by low-relief hilly
topography are not shown on plate 1.

Eskers and tunnel channels. Several eskers
are prominent features of the northwestern
and north-central parts of Lincoln County.
Two long but discontinuous eskers are along
the Spirit River, Spirit River Flowage, and
along the Somo River, Little Somo River, and
Somo Lake (fig. 23). The esker segments are
typically less than 15 m high; more com-
monly, they are less than 10 m high. Another
large, prominent esker segment begins at a
point south of Tomahawk in north-central
Lincoln County (fig. 24; NE1/4 sec. 3, T34N,
R6E) and trends toward the east and south-
east. The esker appears to end in an area of
collapsed meltwater-stream sediment (NE1/4
sec. 17, T34N, R7E; map unit scc, plate 1) that
marks a position of the ice margin of the Wis-
consin Valley Lobe as it wasted back from its
maximum extent. This esker ridge is generally
15 to 20 m high and is composed of well
sorted sand, sandy gravel, and gravelly sand.
Sand and gravel pits can be found in this and
other eskers in Lincoln County. The patterns
of all the esker segments in the northwestern
part of the county indicate that an integrated,
dendritic, englacial and subglacial meltwater
drainage system developed in the Wisconsin
Valley Lobe during deglaciation, and meltwa-
ter flowed mainly to the southeast. Assuming
the direction of water flow in the esker tunnels
was controlled by the glaciostatic pressure of
the overlying ice, the ice surface must have
sloped toward the southeast during deglacia-
tion, which is consistent with the general orien-
tations of drumlins and moraines in the area.
On the basis of surface topography only,
no obvious tunnel channels are found in the
southern part of the Wisconsin Valley Lobe
area. Somo Lake and the Spirit River Flowage
are in steep-sided channels that may have
been part of a tunnel-channel system beneath
the Wisconsin Valley Lobe. However, a tunnel
channel cannot be traced with any confidence
to the former ice margin. A conspicuous gap,
now occupied by the North Branch River
between the Harrison Hills and Underdown
areas, may have been the location of the
mouth of a tunnel channel beneath the Wis-
consin Valley Lobe. Alternatively, the river



Figure 21. Part of the Spirit Falls Quadrangle, Wisconsin (LS. Geological Survey, 7.5-minute series, topographic,
1978), showing drumlins in northwestern Lincoln County. The contour interval is 10 feet.

may simply occupy an abandoned subaerial
meltwater drainageway.

Glacier-bed conditions and pattern of ice
wastage. The origin and distribution of gla-
cial landforms that developed in the southern
part of the Wisconsin Valley Lobe can be used
to interpret the glacier-bed conditions during
ice advance and the regional pattern of ice
wastage during deglaciation. The presence
of many drumlins in northwestern Lincoln
County shows that the glacier bed was at least
partly thawed and sliding in this area.

In contrast, there are no indications of basal
sliding within about 10 to 20 km of the ice
margin, which suggests the marginal part of
the glacier was probably frozen to the bed
(Mickelson and others, 1983, 1986; Attig and

others, 1989; Ham and others, 1993; Ham,
1994). These thermal conditions would have
enhanced the transport of basal sediment up-
ward in the ice column near the margin and
initially led to the formation of broad zones of
stagnant, debris-covered, debris-rich ice along
the ice margin.

The regional pattern of ice wastage in the
marginal part of the Wisconsin Valley Lobe is
indicated by the pattern of ice-disintegration
landforms. As discussed previously, the
general pattern of landforms in areas such as
the Harrison Hills and the Underdown
consists of a wide zone of hills, ice-walled-
lake plains, and kettles bounded on the
proximal and distal sides by outwash fans
and ice-marginal ridges. The outwash fans on
the proximal sides of this hilly terrain slope
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The presence of ice-walled-lake plains
and high-relief hills, which indicate thick
supraglacial sediment and a stable environ-
ment (Clayton and Moran, 1974), suggests
a progression in the development of ice-
disintegration landforms along the ice margin
that probably occurred in two distinct phases
(Ham and others, 1993; Ham, 1994). During
an early stable phase, little melting of buried
ice occurred, and ice-walled lakes developed.
This was followed by a later unstable phase
when buried ice melted rapidly, the debris-
covered ice surface collapsed, and ice-walled
lakes drained. The second phase is reflected
in the present landscape in areas where ice-
walled-lake plains are high in the landscape
and are surrounded by hilly topography.
Figure 25 summarizes our landform model
schematically.

The two phases in landform development
probably correlate with two stages in the de-
velopment of the outwash fans. The fans that
head at ice-marginal ridges developed during
the early stable phase when stream sediment

percent clay

N . . N . V2 . . N

percent sand percent silt

Figure 22. Grain-size distribution of the finer-than-2 mm fraction of 29
samples of till or till-like sediment (average sand:silt:clay ratio, 65:25:10)
from test holes drilled into four drumlins in northwestern Lincoln County.

toward the direction of the actively retreat-
ing margin of the lobe during deglaciation.
In addition, in many areas the fans and ice-
marginal ridges clearly surround and
radiate away from a central zone of hilly
topography. These relationships suggest
that broad areas of stagnating, debris-
covered ice completely separated from the
marginal zone of the Wisconsin Valley Lobe
as it began wasting northward at the end of
the Wisconsin Glaciation (Ham, 1994).

The stagnation and separation of the
marginal part of the Wisconsin Valley Lobe
probably resulted from two processes. First,
the lower part of the Wisconsin Valley Lobe
was thin and probably surged to its maxi-
mum extent, thus resulting in thin, slow-
moving, or stagnant ice. Second, separation
of the marginal part of the Wisconsin Valley
Lobe during deglaciation was caused by the
presence of debris on the ice surface. During
the summer melt seasons, cleaner ice farther
upglacier melted rapidly; stagnant ice along
the margin was insulated by the sediment on
the ice surface. The timing of the separation
of stagnant ice along the ice margin is poorly
known but likely took place between 18,000
and 15,000 years ago (Attig and others, 1985).
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was deposited in front of the ridges at the ice
margin. The second stage of fan development
occurred when buried ice began to rapidly
melt during final ice disintegration. As ice
wasted back from the ice-marginal ridges, the
fans extended headward through ridge gaps
to the interior zone of stagnant ice where hills
actively formed and ice-walled lakes drained
(Ham, 1994).

The nature and rate of development of
this landscape were probably controlled by a
number of factors, including the temperature
of the stagnant ice, meltwater production, the
thickness of debris cover, the nature of melt-
water drainage, and regional climate. Attig
(1993), Ham and others (1993), and Ham
(1994) have suggested that late-glacial cli-
matic conditions controlled the wastage of
buried ice. Attig and Clayton (1986, 1992)
proposed that permafrost existed in Wiscon-
sin from about 28,000 to 13,000 years ago dur-
ing the last part of the Wisconsin Glaciation.
We suggest that permafrost conditions in
northern Wisconsin delayed the wastage of
stagnant, buried ice in the marginal zone of
the Wisconsin Valley Lobe until shortly after
13,000 years ago, when climatic conditions
began to moderate. Florin and Wright (1969),
Sollid and Serbel (1988), and French and
Harry (1988) have proposed similar concep-
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Figure 23. Part of the Bradley Quadrangle, Wisconsin (U.S. Geological Survey, 7.5-minute
series, topographic, 1971), showing part of an esker in Somo Lake and along the Little Somo
River. The esker is indicated by arrows, and the contour interval is 10 feet.

tual models that relate permafrost conditions
and the persistence of stagnant, debris-cov-
ered glacial ice.

LANGLADE LOBE

The Langlade Lobe of the Laurentide Ice
Sheet advanced southward out of the eastern
end of the Lake Superior basin and probably
covered part of northeastern Lincoln County
twice during the last part of the Wisconsin
Glaciation (Nelson, 1973; Mickelson, 1986).

However, there is clear evidence for only one
ice-margin position of the lobe in Lincoln
County, which Nelson (1973) referred to as the
Summit Lake moraine. The Summit Lake mo-
raine is a prominent ridge, up to about 30 m
high, in the northeastern part of the county
(tig. 26). Examination of shallow (less than 2 m)
surface exposures showed that the upper
parts of the moraine consist primarily of col-
lapsed meltwater-stream sediment (map unit
scc, plate 1). The sediment is more poorly
sorted on the northern side of the moraine.
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Figure 24. Part of the Tomahawk Quadrangle, Wisconsin (U.S. Geological Survey, 7.5-minute series, topographic, 1982), showing a
large esker trending toward the east. The esker is indicated by arrows, and the contour interval is 10 feet.

u Till deposited by the Langlade Lobe is now occupied by the Prairie and Copper
included in the Nashville Member of the Cop-  Rivers, and eventually into the Wisconsin
per Falls Formation (Mickelson and others, River valley. Extensive deposits of meltwa-
1984). Exposures of subglacial till or poorly ter-stream sediment of the Copper Falls For-
sorted supraglacial sediment of the Nashville =~ mation are found in terraces in all these
Member were not observed in Lincoln valleys, especially along the Prairie River
County. Nelson (1973) mapped sediment of (map unit sc, plate 1). It is interesting to note
the Summit Lake moraine in Lincoln County that most of the meltwater in the Prairie and
as “ice-contact stratified drift” because of the Copper River valleys flowed parallel to the
general absence of till of the Nashville Mem-  ice margin because uplands existed a few
ber in the upper part of the moraine. kilometers beyond the maximum extent of

the Wisconsin Valley Lobe.
Meltwater-stream sediment (mainly sand
and gravelly sand) was deposited in broad,
low terraces throughout much of the north-
Adjacent to and beyond the maximum extent  central part of Lincoln County (map unit sc,
of the Wisconsin Valley Lobe, meltwater plate 1). These deposits formed when the
drained mainly through the broad valleys Wisconsin Valley and Langlade Lobes

LATE WISCONSIN MELTWATER-STREAM
SEDIMENT
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Figure 25. Schematic diagram showing the interpreted pattern of ice wastage in the southern part of the Wisconsin
Valley Lobe. A. The Wisconsin Valley Lobe advances to its maximum extent during the last part of the Wisconsin
Glaciation. A cover of debris forms on the marginal part of the glacier. B. Between about 18,000 and 15,000 years
ago, active ice begins to waste back. A mass of stagnant, debris-covered ice separates from the active ice. During
an early stable phase, little of the buried ice melts, the surface is relatively stable, and supraglacial lakes form.
Some of these lakes melt to solid ground, forming ice-walled lakes. C. During a later unstable phase, the buried ice
melts, hills form, and the lakes drain, resulting in ice-walled-lake plains preserved high in the landscape and
surrounded by hilly topography. Note that the vertical scale and thickness of supraglacial sediment are greatly

exaggerated.

wasted generally northward during de-
glaciation. Isolated, closed depressions (ket—
tles) and other extensive areas of collapse
topography (map unit scc, plate 1) indicate
places where meltwater-stream sediment was
deposited on top of blocks of stagnant glacier
ice that subsequently melted.

LATE-GLACIAL EVENTS IN LIncoLN CoOuNTY

The Wisconsin Valley and Langlade Lobes
advanced south out of the Lake Superior ba-
sin and covered most of Lincoln County dur-
ing the last part of the Wisconsin Glaciation.
No radiocarbon-age estimates are available to
precisely define the chronology of the ad-
vance and wastage of the Laurentide Ice Sheet
in northern Wisconsin (Clayton and Moran,
1982; Mickelson and others, 1983; Attig and

others, 1985). However, regional correlation of
ice-margin positions between Wisconsin and
Minnesota indicates that the ice reached its
maximum extent by about 20,000 years ago
and began to waste back between about 18,000
and 15,000 years ago (Attig and others, 1985).

The chronology of late-glacial events in
Lincoln County is based on mapping of ice-
margin positions (Nelson, 1973; this study)
and correlation with those positions in
adjacent Langlade and Taylor Counties
(Nelson, 1973; Mickelson, 1986; Attig, 1993).
Ice-margin positions are indicated by the
presence of moraines, or in some cases out-
wash heads. The term “phase” has been used
in Wisconsin to define glacial events associ-
ated with distinct ice-margin positions
(Attig and others, 1985; Clayton and others,
1992; Clayton and Attig, 1993).
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Figure 26. Part of the Lake Julia Quadrangle, Wisconsin (U.S. Geological Survey, 7.5-minute series, topographic,
1982), showing the Summit Lake moraine of the Langlade Lobe in northeastern Lincoln County. Ice flow was
from the northeast. Contour interval is 10 feet.

Ice-margin positions of the Wisconsin called the Harrison moraine (Nelson, 1973);
Valley and Langlade Lobes in Lincoln County the advance of the Wisconsin Valley Lobe that
and parts of adjacent counties are shown in deposited the Harrison moraine is included

figure 27. The ice-marginal ridge that defines  in the Harrison Phase. The advances of the
the outermost extent of the Wisconsin Valley Langlade Lobe that deposited the Parrish

Lobe in southwestern Lincoln County and moraine and later, the Summit Lake moraines
adjacent Taylor County has been named the are included in the Parrish and Summit Lake
Wood Lake moraine (Attig, 1993); the advance Phases, respectively.

of the Wisconsin Valley Lobe that deposited There is no clear field evidence for the
the Wood Lake moraine is included in the Parrish moraine in northeastern Lincoln
Wood Lake Phase (Attig, 1993). This ridge is County. Nelson (1973) suggested that the

at the margin of a broad zone of primarily Parrish moraine was continuous across

hilly topography and ice-walled-lake plains. ~ northeastern Lincoln County, but it was over-
The ice-marginal ridge that defines the run and destroyed during the advance of the
outermost extent of the Wisconsin Valley Lobe ~ Wisconsin Valley Lobe that deposited the

in eastern Lincoln County and marks the Harrison moraine. Alternatively, the Parrish
edge of the high-relief hilly topography in the =~ moraine may not have been deposited in
Harrison Hills and Underdown areas is northeastern Lincoln County; instead, the
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Figure 27. Ice-margin positions of the Wisconsin Valley, Chippewa, and Langlade Lobes of the Laurentide
Ice Sheet in Lincoln County and adjacent parts of Langlade and Taylor Counties. Arrows indicate general

directions of ice flow.

Wood Lake moraine may be the age-equiva-
lent of the Parrish moraine in Langlade
County; thus, there may have been a promi-
nent offset along the ice margin.

The Harrison moraine cuts across the
Parrish moraine; however, the Summit Lake
moraine cuts across the Harrison moraine
(fig. 27; Nelson, 1973; Mickelson, 1986). This
relationship indicates that the Harrison
Phase occurred after the Parrish Phase, but
before the Summit Lake Phase.

The Wood Lake moraine is believed to
correlate with the Perkinstown moraine de-
posited by the Chippewa Lobe in central and
western Taylor County (Attig, 1993). Drumlin
orientations indicate that ice flow during
deposition of the Harrison moraine was to-
ward the southeast, at nearly right angles to
the southwestward flow during deposition of
the Wood Lake moraine. The prominent offset
where the Harrison moraine joins the Wood
Lake moraine indicates that the Harrison and
Wood Lake moraines were deposited by sepa-
rate ice-flow events. Apparently, southwest-
ward-flowing ice first deposited the Wood
Lake moraine, then ice flow shifted to the
southeast during deposition of the Harrison
moraine. The interval between these two ad-
vances was probably brief, and the rapid
change in ice flow direction may have been
the result of surge-like or ice-stream behavior
of the Wisconsin Valley Lobe near the end of
the Wisconsin Glaciation (Ham, 1994).
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