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INTRODUCTION

This Appendix provides detailed information on shoreline conditions
for the Lake Superior shoreline between Wisconsin Point and the mouth of
Bark Rivér. The order of informational materials in the Appendix is
from west to east. The shoreline has been broken down inﬁo reaches and
by geographic sections within these reaches. (figure 1). Each feach
has a general description followed by the detailed information for the

geographic sections within that reach.

For each geographic section, a more detailed narrative is presented
along with a map and two types of bluff profiles. Shown on the map are

the locations of measured profiles, and subsection divisions that are

described separately. Engineering data such as safety factor,vthe’confi—

. /
dence level of this safety factor, and the distance the slope must retreat

before a. stable slope angle is obtained (assuming no further wave ,
erosion at the toe) are also given. The subsection descriptions.
include the materials, condition, failure mechanisms, and .degree of
vegeta;ive cover of the beach, toe, and bluff within the section. The
measured profiles, from bluff fop to water's edge, are presented. These

{
profiles show stratigraphy, slope angles, circles of failure, and calculated

safety factors for these sites. Finally, a longitudinal profile of the

shoreline of the section, showing the locations and stratigraphy of
the measured profiles is given. Section data were collected in the summer

of 1979.

Location of geotechnical borings is indicated on Figure 1 at the
beginning of the Appendix. Detailed information pertaining to these

boreholes’ are included in the Appendix where they occur within the reaches.
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A text describing the borehole site, a location map, and several measured
profiles are included. Where data were available, the engineering
properties and the borehcle log are also given. Geotechnical data were

obtained during the summer of 1978. .

The measured profiles, the safety factors, and the stability lines
will all change through time so some caution is appropriate when utilizing
this information.

The meaning of abbreviations used in the Appendi# is given below.

For more detailed description of the methods used in compiling the

data, regional interpretations, and conclusions about the engineering
characteristics and types of slope failure taking place refer to the main
report (Shoreline Erosion and Bluff Stability Along Lake Michigan and Lake
Superior Shorelines of Wisconsiﬁ)bavailable from the State Planning Office

and the Wisconsin Geological Natural History Survey.

)

bl

e



A»

Symbols Used

(used as nouns and adjectives)
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SL

brown br
boulders - dbr
clay or clayey rst
coarse

fine

gravel

medium

pebbles

red

sand

" silt

till
cobbles

Factor of Safety

A - unsatisfactory (1.00)

B - questionable (1.00-1.25)
C - satisfactory (1.25)

Confidence Level

A - high confidence - at borehole

bedrock
disturbed bedrock
red sandy till

B - medium confidence - near borehole

stratigraphy visible

C - low confidence - away from borehole,

stratigraphy questionable

Stability line - the distance slope
must retreat to attain a stable
slope angle. This assumes no erosion
at toe and unchanged conditions of
nature of material and water table,
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GEOLOGY

Detailed stratigraphic investigations of the bluffs along the
Wiscohéiﬁvéhoreline of Lake Superior reveal the presence of three éill
units. The oldest till unit is composed of tﬂe Jardine Creek fill, which
can be distinguished by its séndy loam texture (average: 61% sand, 247%
silt, 15% clay). This till unit is underlain by Precambrian sandstone’
througout the study area. The till is exposed in the bluffs between
the Iron River'and Port Wing and on Bark Point. It is present just below .
lake level in the western part of the study area.‘ This till was derived

from bedrock.

The‘neit youngest till units is composed of the Hanson Creek till.
This till can be‘distinguished by its clay texture (average: 10% sand,
32% silt,. 58% clay), its relatively browner color (5YR 3/4), and the
complex intermingling patterné of ?ed and gray color bands within i;}
This till also has a lower plasticity index (38) and higher standard
penetration.resistance (21) than the clay facies of the Douglas till
unit (45 and 14, respeétively). This'till unit is exposed in the bluffs
from Wisconsin Point to the Iron River and is absent east of the river.
This till was derived from lake sediments deposited during the retreat

of ice that deposited the Jardine Creek till.

The youngest till unit is composed of the Douglas till. Two tex-
tural facies are present within this‘unit ~- the clay facies (average:
10% sand? 26% silt, 647 clay) and the clay~loam facies (average: 40%
sand, 277 ;?lt, 33% clay). In addition, this till can be distinguishgd
by its characteristic red color (2.5 YR 4/4) and its occurrence as the

surficial unit of the Lake Superior plain. The clay facies is exposed



in the bluff from Wisconsin Point to Port Wiﬁg while the clay-loam.
facies extends from Port Wing to Bark Bay. This till was derived from
lake sediments deposited during the retreat of ice that deposited the

Hanson Creek till.

In addition to these tills a deposit of sand and gravel that comprises
nearly all of the bluffs between Port Wing and Herbster and a deposit of
fine-sandy silt between Bardon and Haukkala Creeks are significant bluff

constituents.

Thus there is evidence in northwestern Wisconsin suggesting at
least thfée;episodes of glacial activity during Late Wisconsinan time.
Th?se epiéodes are indiéat;d,by the presence of the three till units
exposed -in the bluffs along the Lake Superior shoreline. Although lakes
filled the western end of the basin after each of the till units were
deposited, no lake sediments were observéd overlying the youngest unit,

the Douglas. till unit. -

The till units are tentatively correlated.with till units described
in Minnesota by Wright (and others, 1970) based on lithologic similarities,
stratigraphic relationships, and geographic occurrence. The Jardine
Creek till unit is correlated to sandy till units deposited during the
St. Croix and Automba phases in Minnesota; the.Hansoﬁ Creek till unit
to the clayey till units deposited during the Split Rock phase; and the
4Doug1as‘till unit to the clayey till units deposited during the Nickerson
phase.

Because they are based on dates from organic materials that qould

be con;aminated, the ages of the phases described by Wright (and others,

1973) may be too old. Based on more conservative reasoning, the glacial

]
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glacial episodes recorded in the study area probably occurred between

14,000 and 12,000 yrs BP., They may be as young as 10,200 yrs BP.

The Lake Superior basin is presently undergoing glacial rebound
or uplift in response to the unloading of the ice mass. This uplift,
however, is not occurring uniformly across the basin. The northeast
is rising at a faster rate than the southeast. As a result, the basin
is being tilted and the water in the lake is rising against the Wisconsiﬁ
shofeline. This differential uplift has, in part, contributed to erbsion
processes along>the Wisconsin éhoreline since waves can more directly.

act against coastal bluffs and beaches.
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Reach 1

Reach 1 extends from the Minnesota-Wisconsin state line, 3.4 miles
to the eastétn end of Wisconsin Point. This reach includes Sections 28,
27, 34, and 35 of Township 48 North, Range 13 West in Douglas County.
Geologically, this reach is a portion of the bay mount bar which‘separates
Lake Superior from Alllouez Bay. Together with Minnesota Point, this bar
is the longest fresh water spit in thé world and provides natural harbor
protection for the ports of Superiof and Duluth.

Wisconsin Point is éomposed of sandy material which has been trans-
ported to the western end of the Superior Basin by.the littoral currents
which trend east to west. The sand is derived from the erosion of shorelines
to éhe east. Beaches are sandy and range from as much as 300 feet wide
near the Suéerior Entry to near zero at the eastern end of this feach.

| ‘ Eroéipn in this reach varies greatly.. The western-half of Wisconsin
Point has ;'stable shoreliné, and in some places is experiencing accretion.
The area of maximum accretion occurs at the western end where the je;ties
of the Super;or Entry block the littoral movement of material. The eastern
half of the reach is eroding at a rate of approx1mate1y 1 foot per year.

The land is entirely owned by the City of Superior and Douglas County

{w

with recreation being the major land use. A sanitary landfill is located
in the western section of the reach in an area of active erosion. Alterna-
tives for the protection of the landfill are being investigated at the
present time. The only shorelihe protectiqn structures in this reach

are the jetties at the Superior Entry.
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Borehole Site 1

Borehole Site l.is located between Reaches 1 and 2, within the corporate
boundaries of the City of Superior. Sections 35 and 36 of Township 49 North,
Range 13 West comprise this 2.1 mile site. This study area includes Wisconsin
Point {the bay mouth bar which separates Lake Superior from Allouez Bay) and
the western portion of the red clay bluffs which dominate much of the Douglas
County shoreline.

Wisconsin Point océupies nearly all of Section 35. Sand dunes 10 to
15 feet in height are.present in the western portion and a wetland is located
between Wisconsin Point and the mainland‘(see Profile I and 2). Beach widths"
in Section 35 decrease from 75 feet in the west to zero in the east.

~.The bluffs located in the eastern portion of Section 35 and in Section

36 gverageﬁSO to 60 feet in height. Two stratigraphic units are identifiable
within the bluff face: an upper, redder clay unit and a ldwer,ibrowner‘clay
unit. Ihis'iower layer is expcsed at the bluff toe east of Dutcﬁman's Creek
to fhe end of the reach. This browner unit has a higher silt contént and
a gfeatef pefcentage of cobble to boulder size clasts. The clay units
1o¢ate& in ghis study area extend eastward through Douglas County and into
weétern.Bayfield County.

fhe féie of-vegetation in bluff étabilization is well jllustrated in
this stgdy_é?ea. In section 35 and the wester 1/4 of Section 36, flows and
shallow sli@és are prevalent where vegetation is absent. _Rotétional slumping,
howevgr} éﬁpéats to unaffected by the presence of vegetation (see Profiles 6
and'8). N | |

| Beaéh widths along the bluffs vary from in excess.éf 150 féet at the

western end to less than 20 feet in the east. The beach environmment is highly
dynami¢»aiong this coast.‘ To illustraté, within a period of one yéar beach
width; ip some locations inéreased from zéro_to 165 feet (see Profile 4).

This change:is due, in part, to decreasing lake levels combined with the



13

amount of sand in the littoral system.
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 SAFETY FACTOR {SF}
L-Tess than 1.00
B-1.02 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL .

“A-2t boreholes
{high confidence)

B8-near boreholes with

- -stratigraphy visible

¢-no stratigraghy
visidble {low

- corfidence)

$F=0.91

SF=2.42

e & BEACH
et 5 TOE

et 4 BLUFF

3 STABILITY LINE
2 CONFIDENCE LEVEL

et | SAFETY FACTOR

. APPROXIMATE SCALE
1 inch = 1500 feet



Bluff:

Toe:

Beach:

a)
b)

c)

a)
b)
c)

d)

a)
b)
c)

d)
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Borehole Site 1

None
0 to 20% vegetation with shallow slides, flows, and slumps

907% vegetation with occasional slumping

None
Flow terraces and slump debris
100% vegetation

Wave cut. Silty-clay exposed

40 to 90 feet, sand
No beach marsh
45 to 165 feet, sand with some gravel

15 to 30 feet, sand

&

13}
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Reach 2

Reach 2 extends from the eastern end of Wisconsin Poin; to the mouth
of the Bois Brule River. The reach includes approximately 18 miles of
shoreline in Sections 35 and 36 of Township 49 North, Range 13 wést,
Sections 31, 32,'33,434, 27, 35, 25, and 36 of Townshié 49 North, Range
12 West, Sections 30, 29, 28, 21, 22, 23, 14, and 13 of Township 49 North, -
Range 11 West, and Sections 18, 17, 8 and 9 of Township 49 North, Range
10 West»in Douglas County. The entire shoreline is made up of high bluffs
composed mainly of two clay units. Bluffs average 50 feet in height with
a maximum of 80 feet, Three miles west of the Bois Brule River the bluff
begins to decrease iq height from 50 feet to 30 feet near the mouth of

the river.

-Erosion rates of 1 to 7 .feet per year havevbeen measured élong this
reach of Shoreline; The only portions which appear to be stabilized are
near the mouths of rivers and streams. These streams are actively'dbwn-
cuttiﬁg in their headwater reaches, but the mouths are drowned. Some
carrying large quantities of sediment into Lake Superior. Beaches serve
as a protective barrier to wave action at these locations. Where no stream
is present, beaches are narrow‘or absent. Waves can easily cross these
beaches“and“directly attack the bluff toe. Toe erosion over-steepens the
bluffs and triggers slides and rotational élumping. Excessive rainfall
commonly sé;urates the upper layers'of‘the clay, decreasing soil streﬁgth.
As a result; flows and shallow slides are the dominant erosion meachanisms

during wet periods.

The land is entirely privately-owned with the exception of the eastern-

most 1.3 miles of shoreline which is part of the Brule River State Forest.
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The majority of the land is undeveloped with access to the shoreline
limited to a few section line roads and roads which lead to stream mouths.
A park and public boat landing at the mouth of the Bois Brule is maintained

by the State of Wisconsin.

Only three structures are located within this reach. A timber groin
and sunken barge are located at the east side of the Amnicon River., These
structures are completely deteriorated and non-functional. Just.westkof
Bardon Creek, a poured concrete groin has developed a beach aloﬁg its

western side.

¥
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Section 35, T 49 N, R 13 W
The section is located at the base of Wisconsin Point. Along the
western third of the shoreline, a moderately-widé, sand? beach is
présent. Behind most of this beach subsection is the city of Superior's
old landfill. The next third of the beach is characterized by the
addition of sand to the beach by the deposifion of material in long-
shore transport.l Inland from this beach subsection is a marsh.
The last subsection is marked by a forty foot bluff along the shoreline.
The bluff is naturally protected by a wide, sandy beach; howevet,'
the bluff itself has not stabilized. Failure is predominantly
by shallow sliding, but occasional deeper slides are preseﬂ;, The
_bluff material is red clay, most of which hag slumped{‘ The:toe'is
;lso composed of slumped, red clay. Vegetafive cover is quite poor
and ié restricted to clumps of sod and occasional small alderg moving’
downslope on slump blocks. Because of its easy access and'p;oxiﬁity

to Superior, this last subsection is heavily used.



SEC35 T49N R13W

SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near boreholes ‘
stratigraphy visible
C-no stratigraphy
visible (low
confidence)

N
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Sec. 35, T49 N, R 13 W

B]uff:
a) absent

b) 40 ft; broadly scalloped crest; shallow sliding with occasional
moderately deep slides; 10-20% grass, horsetails, some small
aldersy slumped red clay

Toe:
a) absent

b) s]Umbed red clay, protected, pértia]]y vegetated with grass -and
horsetails

Beach:
a) spit

b) spit backed by lagoon

b

c) 100-150 ft wide; coarse sand with scattered cobbles throughout
width and with a concentration of pebbles and granules near the
water's edge ' : :

I
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Section 36 T 49 N, R 13 W

The section is located a mile east of Wisconsin Point and
is bisected by Dutchman Creek. The'bluff is 50 ft. high, excépt
at the streams, and>extends throughout the section. At its western
end, the bluff is failing by shallow sliding. It is poorly vegetated -
grass and alder being restricted to slump blocks moving downslope -
and is composed of red clay. The rest of the bluff shéws only minor
evidence of recent instability. It is well-vegetated with birch,
alder, and grass that conceal the bluff materials. West of Dutchman
Creek, the sandy beach is wide enough to protect the toe. Eastward,
the beach'thiﬁs considerably and the toe, composed of slumped red
vclay, shows marked instability. Where the beach is absent, au10-12 ft.
toe scarp is preéent; renewed bluff instability is expected in

these areas. The beach west of Dutchman Creek is heavily used due

to its proximity to Superior and ease of access.
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 SEC36 T4ON R13W

SAFETY TACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-boreholes
- (high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low

confidence)
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120 Profile Zn-1
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Bluff:
a)

b)
Toe:

a)
b)
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Sec. 36, T43 N, R13 W

45-50 ft high; crest scalloped; numerous shallow slides; vegetation
(30-60%) confined to clumps of alder and grass on slump blocks;
clay

45-55 ft high dropping to 4-6 ft at streams; crest generally subdued;

well-vegetated (90-100%) with birch, alder and grass; fairly stable
of late, clay

red clay; slumped; protected by beach

clay, slumped, protected, vegetated with alder and grass or scarped
at large sltump blocks

clays, slumped, partially protected, failing for 10 ft vert1ca1]y

by shallow sliding with 2-3 ft scarps at base unvegetated

clays, slumped, unprotected from waves, failing by shallow s11d1ng

» and mudf]ows with 8-12 ft scarps at base, unvegetated

e)

Beach:

w

d)

e)

c]ays stumped, partially protected, failing for 10 ft vert1ca11y
by shallow sliding with 2-3 ft scarps at base unvegetated

very wide (145-150 ft) narrowing evenly eastward to wide (85-90 ft)
coarse to medium sand with cobbles scattered over whole width and
with a concentration of pebbles and cobbles 30 ft wide at water's
edge’

wide -(80-90 ft); uniform width; coarse to medium sand with few
scattered cobbles over whole width and with a conclusion of pebbles
and cobbles 15-20 ft wide at water's edge

very wide (150-180 ft) narrowing steadily to absent, coarse'to,
medium sand; concentration of pebbles and cobbles 15-20 ft wide at
water's edge; approximately 20-30 ft of back beach near ‘stream is

vegetated for 250 ft eastward.

mostly absent (0-5 ft) wholely within wash/swash zone sand with
occasional cobbles or boulders

narrow (20-30 ft) wider west of stream (40-50 ft); coarse-medium
sand; minor concentration of pebbles and cobbles 5-6 ft near
water's edge - concentration increases greatly eastward
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"Section 31, T 49 N, R 12 W

' The section lies just outside the city limits of Superior,
WI, 3 miles to the west of the mouth of the Amnicon River. Most of
the bluff of this section is comprised of slumped réd clay. A
brown clgy can be seen iﬁ'the banks of a small creek to the eastern
end.of the section, but its extent and influence on the bluff is
unknown. The bluff height rises steadily and evenly towards the
east from 40 to 55 ft. except where it drops to meet the three small
creeks that enter £he Lake. Changes alohg the bluff face are most
noticeable in the character of the vegetative cover. Where vegetation
is up ;p 90%, bircﬂ and alder with occasional firs are predominant
and siépe failﬁres appear subdued. These subsections alternatg with
areas where vegetation is less than 50% and smail slumps and shallow
slidgs characterize the bluff face. The vegetation that occurs hefe
is in thg form of clumps‘of sod, with or‘without trees,.which
are sldwly sliding ddwn_slope. Along mucﬁ of the bluff a 20 foot
wide bgach protects the toe of the bluff from continuous wave erosion

except during intense storms. Where slumps and flows have extended

'~ across the beach, the waves are actively eroding at the toe.

This section contains two private homesites, but most of the

_shoreline is undeveloped and used only occasionally.
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SEC31 T49N R12W

SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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Sec. 31, T 49 N, R 12 W

Bluff:

a; c, and e) 50-90% vegetated with birch, alder, occasional fir, with

~ horsetails in wet or locally failed places; predominantly red clay
slumped; medium scale rotational slumps and shallow slides; bluff
.crest rises from 40 ft to 50 ft eastward; rounded but commonly
-showing a scarp and cut by 1-5 ft ravines.

b,-d, and f) 10-40% vegetated with alder; birch with grass in clumps
moving. downslope, horsetails in west areas; red clay, s]umped
bluff surface straight and fa111ng, bluff height 40' r1s1ng to 55'

to the east
Toe:

a, hand 1) Moderately well- to we1i~vegetated;'s1umped red clay.
rounded or, in places, a small:scarp, protected from wave attack

. except during large storms.

b, d; 'f,Ai k, and m) Little or no vegetation; slumped red clay; rounded
or producing mudflows; protected from wave attack except during
1arge storms o .

C, e, g; ‘and j) Litt]e or no vegetation: s lumped ked clay; mudflows and
'erpdgd clay surfaces; unprotected AR

Beach:

‘a, ¢, e,.g, and i) Medium §and with pebble concentration 3' from
shore with occasional boulders; 15- 20‘ wide; driftwood accumulation
at back of beach

b, d, f, and h) Covered, beach absent



-

— e ———

120

100

35

SF=1,26

AL |
F="

Profile 31-1

ft.to 5 ft.depth

__+>

rsetan oo

SRt S VAN

120

100+

FEET

120

100

\ T T T T ] T T T =1 1
20 40 60 80 100 120 140 160 180 200 220 240 260 280
Profile 31 -2
ft. to 5ft. depth
SF=1,00
_—
A=B  90% veagetation
LC TU% vegyotation
C-r 207 yenotatlon
| g (G U - |
YLy Llag
" - \
. D ¢
T T T T T T Y T T T T T T 1
20 40 60 80 100 120 140 160 180 200 220 240 260 280

Profile 31-3

ft.to 5 ft.depth

“rsdg
Lt
P \

20

40

FEET

T 1 1 1 | T .l
60 80 100 120 140 160 180 200

220 240 260 280

a,



36

1334

000$ 000y 00oe 000z 0001
1 l 1 1 1
2q
2q e —prm—
21 .. fo D §
£ z.

0z
oy

09

08

ool
ozl
on
091
o8t
00z

o

LT30S M ZIY NG ¥

ore

1334



37

Section 32 T 49 NR 12 W

The section is located two and a half miles west of the mouth
of the Amnicon River. The western half of the beach is discontinuous,
generally 20 ft. wide and sandy; but it is occasionally covered
by slumped red clay. The bluff behind this beach subsection is
50 ft. high and the crest is finely scalloped. Failure is by
shallow sliding and the moderate vegetation (30-60%) is restricted
to slump blocks moving downslope. The bluff matérials are élumped
clays, redder at the top of the bluff and browner at the toe. The
toe is protected except where failure has pushed it out over the beach.
The eastern half of the section has no beach; the toe, of slumped
“clay, is‘unprotected from wave action. The bluff here is 50 ft.
high and the crest is more subdued and rounded. It is-welljvegetated
(80—90%) with alder, birch, grass and horsetails. Most of the slope
appears fairly stable, but a fresh scarp at mid-slope was often noted.
This renéwed instability is no doubt due to the instability of the
toe, whi@h is failing by shallow sliding and flowing, producing
avlo—izﬁft..scarp in the slumped clay.‘ At the eastern end, the
bluff in;tability has extended back to the crest. The vegatative
cover hag nearly been destroyed (0-10%) and consists of clumps of
alder and grass moving downslope on slump blocks. Here the bluff
materials are clearly slumped clays. The shoreline of this section

appears to be lafgely unused.
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" SEC32 TA49N R12W

SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than.1.25

1]

CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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Sec. 32, T49 N, R12 W

Bluff:

a) 45-50 ft high; crest scalloped; shallow slides; vegetation {50-60%)
restricted to clump on actively moving slump blocks; clay

b) 45-50 ft high; crest subdued; well-vegetated (80-90%) with alder,
birch, some conifer, grass, moss, and horsetails toward the toe;
fairly stable of late but fresher a-mid-slope scarp was often noted,
clay

c) 45-50 ft high, crest newly scalloped; vegetation being destroyed
(0-10%); shallow slides, clay

Toe:

a) mixed-colored clay (red-brown-gray); slumped; generally protected
from wave action '

b) red and brown clay; slumped; under wave attack; failing for
- 12 ft vertically by shaliow slides and mudflows

Beach:

a) discontinuous (covered by slumped clay occasionally) 0-20 ft;
coarse to medium sand with occasional large boulders and pebbles
and cobbles at waterline; pebble and cobble concentration decreases
to absent eastward ' '

b) mostly-absent 0-5 ft; wholely within wash-swash zone; sand with
- occasional large boulders
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Section 33 T 49 N, R 12 W

The section is located one and a half miles west of the mouth
of the Aﬁnicoh River. The beach is present only rarely within'this
section. Where present it is at most 20 ft. wide and is composed
éf sand, often interfingered or perhaps underlain by clay like‘
that in the toe. The bluff is 50 ft. high and’only a very short
subsection is well—vegetate& aﬁd lacking fresh scarps. Failuré
is by shallow to moderately deep slidesvand by flows originéting
.on the upper half of the bluff. In one subsection the bluff is
acfually vertical! Here, failure is by block fall. There apéear
to be two materials in the bluff - én upper red clay, which is less
.stable, gnd a lower browner clay, which seems to be stroﬁger.‘ A
subtle Break‘in slope can often be noted at the contact. The toe
iﬁ thiébsection is almost entirely unprotected from wave action.
The tog m;terial is the brownish clay, probably in situ. The shoreline

of this section is rarely used.
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SEC33 T4 9N Ri2w

SAFETY pactoR
THE85 than ), gg
B-1_.00 to 1.25
C-greatep than 1, g
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A~boreholes
high confide
B-near boreholes
stratigraphy visible
-no stratigraphy
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confide:ce)
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- Bluff:

a)

b)

c)

44

Sec. 33, T49 N, R 12 U

50 ft high; scalloped crest; shallow slides and flows; vegetation
on slump blocks only 0-20%, red clay over brown clay with red clay
slumping over stronger brown clay

50 ft high; scalloped crest; shallow slides; vegetation 80-90% on
upper slope transitional between subsections a and c¢; probab]y
same materials as subsection a.

50 ft high; subdued crest; only a very few shallow slides; vegetation'
90-100%; materials the same as subsection a

50 ft high; linear crest with very steep scarp; block-fall and very
deep rotational slumping; no vegetation, two-fold strat1graphy,
red clay over brown clay

50 ft high; sca]]oped crest; shallow s11des and flows; vegetation
on slump blocks only 0-20%, red clay over brown c1ay with red c]ay
slumping over stronger brown clay

"Toe:

slumped or in situ clay (browner in color); mostly unprotected;
scarp 2-18 ft high. :

protected slumped clay covered by vegetation
unprotected slumped clay (“talus pile" from Biuff (d))

slumped or in situ clay (browner in color); mostly unpfotected;

scarp 2-18 ft high

discontinuous; mostly absent; if present up to 20 ft wide coarse
sand ‘with pebbles, cobbles and occasional boulders

absent’

discontinuous, mostly absent; if present up to 20 ft wide coarse’
sand with pebbles, cobbles and occasional boulders .
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Section 34/27 T 49 N,R 12 W

This section is bisected by the mouth of the Amnicon River.
There is very little bgach west of the Amnicon; but beginning with
the 100 ft. wide spit built westward across the river, a good sandy
beach is present eastward for approximately half:a mile. The bluff
west of the river is fairly uniform, being 33-60 ft. high. It is
poorly vegetated, and is actively failing by shallow sliding with
some flowing from the upperipart. The materials are a red clay,
which séems weaker and prone to flowing, over a browner clay, which
seems stronger. This difference in strength is frequently'revealed
by a marked break in slope at the contact, as well as the generally

«convex-upward profiles. This difference in strength is also shown

in the nature of the bluff east of the river. East of a small creek,

the bluff is only 15-25 ft. high and is composed wholely of the brown

clay; it holds.a 50° slope and the crest is near the shore. As the

bluff rises above 25 ft., the slope angle decreases to about 30° and

the crest recedes greatly from the shore. The mode of failure changes

frqm blgckfall to shallow sliding and flowing. The toe is composed
mostly ig.gigg brown clay with some slumped red clay. It is unpro-
tected wést of the Amnicon and generally protected east of it. The
western portion is used by hunters and perhaps by the Camp Amnicon
programs, while good access and a public landing insure frequent use

on the east side.

I
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SAFETY FACTOR
sgc34/27 T49N R12W A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-boreholes
high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low

confidence)
’ Tal ¢ ‘ h-] [ @ T - T - %’
>
(Y
: [
e jal 1) ‘ v | @ = Tol £ 1T = o o
©
v
‘ ® 1al 0 1ol ° T T = | = ,
T3 r : ™
2 v a
%,




Bluff:

Toe:

49

Sec. 27/34, T 49 N, R 12 W

55 ft crest scarped, shallow and moderately deep sliding, ‘some flow.
from upper part; slumped clay (red over brown); vegetated 0-20%
alder and grass

55 ft crest rounded, shallow slides; slumped clay; vegetation 70-80%
alder, birch, grass horsetails :

55-60 ft dropping at the very eastern end toward 15-20 ft;
crest scarped, shallow slides and flows; vegetated 0-10% tree-
clumps; break-in-slope evident at red clay-tc-brown clay contact

15-20 ft falling to O ft eastward, minor shallow sliding; 70-90%
vegetation, birch alder, grass.

absent - Amnicon River

rising to 60 ft and dropping back to 0 ft; scarped, shallow slides;
vegetation 60-70% alder-brick-grass

absentfstream

rising quickly to 12 ft then gently to 25 ft; blockfall (50°slope)
0% vegetation; brown clay

50-55 ft, rising from 25 ft; shallow slide, some flow; vegetation
20-30% clumps, alder, grass; two clay.units

unprotected in situ (brown) clay with some slumped (red) c1éy
prOtecfed and vegetated slumped clay | |
unprotected in situ clay

protected vegetated (0-20%) slumped clay

absent - Ahnicon River

moderate?y protected s]umped or in situ clay

absent stream

protected in situ clay

partially protected in situ clay




50

absent- toe water

maximum of 80 ft; O ft at both ends; coarse sand with cobbles
scattered—pebb]es concentraged near water

absent

~

0-5 ft widening eastward to 50-60 ft at river coarse sand with pebbles
and granules concluded near water

spit and beach 80-100 ft wide; coarse sand with some boulders and
cobbles at water

20-30 ft; coarse sand with scattered cobbles; occasional concentrat1on
of pebbles and granu]es at water

0-10 ft discontinuous; coarse sand, boulders frequent
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Section 35 T 49 N,R 12 W

This section is located between the valleys of Hanson Creek
and Middle River inclusive, a half a mile east of the Amnicon River.
A good sandy beach, usually about 60 ft. wide, is present thfoughout
most of the section. The Lluff is quite discontinuous because of
the streams which intersect the shoreline with wide valleys. Where
well-expressed, the bluff is 55 ft. high, moderately vegetated, and
failing by shallow sliding with some flqwing from the upper part.
The bluff materials are a brown clay overlain by a red clay but
the brown clay is rarely exposed. Near the streams, the bluff height
rises and falls quickly, to and from approximately 30 ft..‘:It
is very well vegetated with little evidence of instability. A
well graded slope is present at the west side of the Middle River.
The toe is protected by the wide beach andfis composed of slumped red
clay, wit£ infrequent exposures of in situ brown clay. There is
public ;géess at the west side of the Middle River, but no laﬁding

is present. Use is probably moderate to infrequent.

"
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SEC35 T49N R12W

SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL .
A-boreholes .
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low

confidence)
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Bluff:
a)

d)

e)

Toe:

a)

c)
d)
e)

Beach:

a)

c)
d)

55

Sec. 35, T49 N, R 12 W

50 ft dropping to 0 ft; shallow slide and block fall; 0% vegetation,

red and brown clay
absent

rising to 50 ft; eastward shallow slides; flows from top 0-5
to 40-50% alder and grass; two clay units

30 ft falling to O ft; no failure seen; vegetation 95-100%, birch,
alder, grass, horsetails

50-55 ft; shallow sliding and flows from top; vegetation usually
0-20% alder grass slumped clay

30 ft falling to O ft; no fa11ure seen; vegetation 95-100%, birch,
alder, grass, horsetails

absent gentle graded slope - well vegetated

0 ft rising to 30 ft; shailow slides and some block fall; 10-20%
tree-clumps and horsetails, slumped clay

unprotected, in situvbrown clay

absehtt

protected s]umped clay, vegetated

absent; gentle graded slope - we]1 vegetated

protected slumped clay

mostly absent; interfingered with clay flows

40 ft coarse sand with pebbles concentrated near water
60.ft; coarse sand, pebbles near water

absent-Middle River |

60-80 ft coarse sand; pebbles near water; includes spit
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Section 36/25, T 49 N R 12 W

This section is bounded on the west by the Middle River and
on the east by the Poplar River Road. Tﬁroughout the section, the
bluff isvﬁomposed of red and brown clay. The brown clay is.beneath
the red clay stratigraphicaliy, and occasionally‘exposed at the toe.
At two locations, coarse sand with gravel lenses is exposed in the
lowgr 15 ft. of the bluff; however, this éand is not laterally
extensive and makes up only a small percentage of the bluff. The
bluff face consists of alternating subsections of differing vegetative
cover. The well-vegetated parts include thickets of small aldet
with poplar and birch. 1In these subsections, thé slumps and shallow
“slides that have occurred are subdued and vegetated although a scarp
at the grest.is common. The less vegetated reaches consist of alder
and biréh rooted in sod clumps moving slowly downslope. Medium .
scales slumps’and shallow slides occur in the last vegetatedvsubséctions
more_freﬁﬁently. Occasional large slump blocks, now forming the toe,
have carried a large amount of vegetation and red clay down slope.

Ponding may be present at the backs of the blocks as shown in RP

. 36/25-2. Except at either end of the section, where it is between

20 and 50 feet wide, the sandy beach is narrow, of variable width,
and in many places consists only of a swash zone. . Thus the toe, of -
slumped clay, is unprotected from wave action. Access to this section

1is fair and it is used only occasionally.
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SEC36/25 T49N R12 W

SAFTETY FACTOR
A~less than 1.00
B-1.00 to 1.25
C~greater than 1,25

CONPIBENCE LEVEL
A-boreholes
{high confidence)
B~-near boreholes
stratigraphy visible
C~no stratigraphy
visible (law

confidence) fﬁfﬁ~“wﬁﬂ~,f7-*1f"¢*ﬂ




Bluff:
a)

b)

60

Sec. 36, T49 N, R 12 W

90-100% vegetation; with alder, grass with occasional birch and
conifer; slumped red ciay with brown clay occasionally exposed
in slumped toe; subdued slum blocks; crest scarp 60 ft high with
even crest

30% vegetation; with grass and small trees in clumps moving downslope;
slumped red clay, shallow slides, large rotation slump at base;
crest scarp; 55 ft high with even crest

90% vegetation with poplar, alder, birch and occasional conifer;
slumped red clay;. subdued medium scale slumps and slides; 60 ft
high even crest, similar to (a)

30-50% vegetation; in clumps of alder and birch moving downslope;
slumped red clay with brown streaked clay occasionally exposed

at base; medium scale rotational slumps and shallow slides; crest
scarp; 60-65' high with even crest

90% vegetation with poplar, alder, birch and occasional conifer;
slumped red clay; subdued medium scale slumps and slides; 60-65' high
with even crest

30-60% vegetation with birch and alder w1th grass in clumps moving
downslope, Horsetls on recent failures; red clay with brown and red

. clay towards base; shallow slides, bluff height 65-75 ft and

Toe;

constant except where it drops to meet a creek.

50% vegetat1on with horsetails and clumps of a]der, birch and grass;
slumped red clay; protected from waves

0-10% vegetat1on, flowing and/or s]umplng red clay with some brown
clay; -‘toe hit by storm waves, or in places, present]y at water
level ) .

narrows to the east from 50' to 15', sandy with concentration of
pebbles and granules 10' from shore -

3-15" wide; sandy with scattered pebbles; in places beach cons1sts
on]y of swash zone

20-50' wide; sandy with pebble concentration 10' from shore
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Section 30, T 49 N R 11 W

The section lies immediately east of Poplar River Road in Lakeside
Township and is bisected by the Poplar River. Throughout the section,
red clay is a major constituent in the bluff, with 20 ft. brown clay
present stratigraphically below the red clays. The brown clay is only
observed in the occasional mudflows and slumps at the toe or in ravines.
The western portion of the bluff, is actively failiﬁg with small scale
slumps and shallow slides. In this subsection, vegetative cover is
only 307%, consisting_of clumps of birch and alder moving downslope.

The bluff is modefately steep (24°) increasing nearly vertical just
east of the Poplar River. The remainder of the eastern part is better
'vgggtatgd, up to 70% cover with the slumps and slides more s&fdued.
The tog, comprised of slumped red and brown clay, is protected from
wave erasion by a wide sandy beach, except in one or two suﬁsections.
Access i; fair for thg western half but poor for the eastern gaif,

so public use is rather infrequent.
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SEC30 T49N R11W

SAFETY FACTOR
L-less than 1.00

B-1.00 to 1.25
C-greater than 1.25

* CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)




Bluff:
a)

b)

Toe:

65

Sec. 30, T49 N, RT1T W

30% vegetation with birch and alder in clumps moving downslope;

stumped red clay with some brown clay exposed at base; small scale
sTumps and shallow slides; bluff height 60-65 ft; vegetation increases
and bluff height drops at the Poplar River and small creeks; occasional
upper part of bluff is well vegetated

40-70% vegetation with alder and birch; slumped red clay with brown

clay at base; subdued slumps and shallow siides; bluff helght even
at 60-65'

Poorly vegetated; red clay or brown clay; flowing or slumping;
waves hit toe during storms

Moderately vegetated red or brown ciay; rounded crests occasionally
flowing, toe hit by waves during storms

30' W1de, sand with pebbles at shore

3- 15' wide; width variable; sandy with pebbles; beach occa51ona11y
consists on]y of swash zone

30-50' wide; sandy with pebb]es at shore extensive driftwood towards
Poplar vaer

10-20" w1de, width fairly even; sandy

0-15' wide; width variable; sandy with occasional cobbles and numerous
slumped trunks
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Borehole Site 2
Borehole Site 2 is located in Reach 2. .It begins 0.5 miles east of
the Poplar River and ends 0.5 miles east of Bardon Creek. The site includes
2.2'miles.of shoreline in Sections 29, 28, and 21 of Township 49 north,

Range 11 west in Douglas County. This study area is compriséd of high bluffs

with actively eroding slopes. The bluffs average 70 feet in height and are

dissected by.several gullies and streams.

Bluffs in Section 29 and the western half of Section 28 are éomposed
of the two clay units identified at Site 1. The 1ower; browner clay unit
is exposed only in the lower 20 feet of the bluff face. Cobbles and boulders
eroded from this unit help to identify its location. A third stratigraﬁhic
unit appéars in the eastern half of éection 28 and continues in;o éec;ion
21. It is a well-sorted, dark-brown sandy silt deposit that is exposed in
the”lower bluff profile. This unit is very compact, obtaining slope»angles
as high as 60 degrees (see Profiles 6 aﬁd 7).

Erosioﬁ in the western three-quarters of Section 29 occurs in the form
of gﬁailqwrgranslational slides and flows.  Surface water has played, and is
playing,vgn important role in eroding these Dbuglas County bluffs. Cirque-

shaped basins are created by drainage patterns which channel surface water

across the bluff. - As a result, the vegetation on these slopes has been

t

strippéd by’this active erosion. A distinct change in érosional mode
occurs in fhe eastern.quarter of Section 29. Massive rotational slump
blocks, sométimes encompassing the entire bluff, have been observed. The
western half of Section 28 appears to be relatively stable since the bluffs
remain fully vegetated and there is little evidence of slope failure. East

of‘these stable bluffs, bluff profiles change dramatically. In this area,
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the bluff toe is composed of the sandy silt overlain by the browner clay.
The differéntial strengfh of these two soil units has resulted in a distinct
break in slope (see Profiles 6 and 7). FErosion of the sandy silt unit occurs
in the form of shallow translational slides while the clay unit experience
rotational slumping, and flows., Redder clay from previous slumpé then
covers the loweér units.

Beaches along Study Area 2 are generally narrow, (averaging 10 to 20
feet), but wider beaches occur near streams_and fullies (see Profile 4y,

Beaches are often covered by debris from recent slope failures.
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a)
b)
c)

d)

a)

Beach:

b)
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Borehole Site 2

No vegetation, with shallow slides and flows
No vegetation, with massive slumping
Full vegetated, no erosion

No vegetation, steep slopes greater than 45°, with translational
slides, and slumping present

Flow and slump debris
Fully vegetated

Very steep wave cut toe, sandy silt exposed

0 to 20 feet, sand
30 to 70 feet, sand
10 to 20 feet, sand
2Q to 50 feet, sand

10 to 20 feet, sand
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Section 29, T 49 N R 11 W

The section lies a half a mile to the east of the Poplar River
and is bounded on the eaét side by Peterson Road. Throughout‘thé
section, the bluff is comprised of red clay, with approximately 20
ft. of brown clay at the base of the bluff. Tﬁe‘brown clay is usually
.covered and exposed only in ravines. The bluffrheighf is constant
at 70-75 feet. Large slump blocks are responsibie for moving large
masses of material from the bluff. These blocks are now at the
toe, actively being erqded by wave action. The exposed bluff face
above the slump block exﬁibits shallow slides and clumps of sod-with
indivi§uél trees moving down slope. No indigenous vegetation has
“been able ﬁo establish itself on these slopes. Where large slumps
have not occurred, the toe is.usuaily a low rounded step of a former
mud flowf In these localities, a wide sandy beach is presenf. In
slumped areas, beaéh width is highly variable and occasionally conéists
iny}of_the swash zone. As access is not very good, the seétion gets

little public use.
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SEC29 T49N Riiw

SAFETY FACTOR .
A-less than 1.00
B-1.00 to 1.25
C-greater than 1,25

CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near horeholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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Toe:

d)
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Sec. 29, T 49 N, R11 W

upper 2/3 40% vegetation with birch and grass clumps in shallow
slides, Tower 1/3, 90-100% vegetation with birch and alder; large
slump block; red clay

60~100% vegetation with birch, alder, and horsetails; red clay;
hummocky surface with occasional scarp

largely unvegetated except for slump bJocks and three clumps;
red clay; shallow slides and slumps

Low 3-15'; wave eroded, slumped red clay
low 3; rounded, protected, slumped red clay

Low 3-15' scarp of slumped red clay; may be unprotected when

‘beach is absent

O;]O“ wide; wﬁdth variable; sandy few pebbleé, patches of cobbles

_TS-ZO‘lwidé; Sandy‘with'pebbTes-near shore

0-15' wide, width variable; sandy with pebbles near shore

15-20'“wide; sandy with pebbles near shore
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Section 28/21, T49 N R 11 W

The section lies to the east of Peterson Road and is bisected
by Bardon Creek. De Vries Road runs parallel to the shoreline along
the bluff top west of Bardon Creek. Red clay is a méjor constituent
of the b;uff. Beneath this material lies 20 feet of brown clay.
Toward the western end, a brown silty material appears in a ravine
10 ft. above the lake level. Its upper contact with the brown clay
rises to the east until it is 20 ftf above the lake surface. Though
covered many places east of Bardon Creek, this silty unit forms a
prominent bench in the slope profile as seen in RP 28/21-3. Throughout
the segtion, shallow slides are the dominant form of failure. This
_material accumulates at the toe to be eroded by waves. Where the silty
unit férﬁs_a bench, thé sliding material forms chutes, flowing ovef
the bencﬁ and fanning out at the base into a lobe. The beacﬁ is
sandy and of variable width. It widens at the mouth of Bardon Creek
and is abseﬁt where flows and slides have covered it. Vegetation is
very sparse throughout the section and consists only ofAtrees and sod
slumped from the crest. A few summer cottages abut DeVries road
but none have develcoped access to the shore. At the end of DeVries,
a cottage with several smaller buildingsis.present right on fhe lake.
A ceﬁehi pier and some boulder rip-rap have been constructed here.

Public use is limited by poor access.
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SEC2B/21 T49N RI1 W

SATETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL %,
A-boreholes 14
(high confidence) %
B-near boreholes v
stratigraphy visible v
C-no stratigraphy £
>

visible (low
confidence)




Bluff:
a)

b)

c)

d)
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Sec. 28/21, T49 N, R 11 w

90-100% vegetation with birch, alder, and occasional conifef;-
red clay over 20' of brown clay; slumps subdued and vegetated
with occasional new scarps and flows; 65-70' high, even crest

30% vegetation with birch and sod in clumps in upper portion and
horsetails covering lower slope; red clay over brown clay; small
slumps, shallow slides and mudflows; 65-70' with even crest

10% vegetation- with occasional birch and sod clumps; red clay over
20" of brown clay over 10' of brown silt; slope very steep with
shallow slides and mudflows; 70-75' with even crest

bluff absent- Bardow Creek

10% vegetation with sod clumps; red clay 35', over 20' of brown

. clay over 20' of brown silt; shallow slides and mudflows; silt

Toe:

b)

c)
d)

Beach:

b)
c)
d)

forms -proninent steep slope; 70-75' high with even crest

3-5 ft; slumped red clay; horsetails and sod clumps; wave protected