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Figure 1, Ah~1/L/1. Blufif 55~00 feet high of till, over lacustrine sanu
gravel, over till., TFresh steep slode indicates rcecent wave erosion, Narrow
beach of sand and coarse gravel, Physiograshic Unit Vo Sliw

Vigure 2, Dh/Ah-li/1~Cb, 01d bluff on left 175-200 feet high including
caporing of high dunes. Belt of foredunes 10-15 feet high, with nip 6«8 feet
high., Sandy beach. Physiographic Unit No. 51h.

. ~ 7 A ] - .
Figwe 3. Ah~2/5/l=d1-l. 0Old blulfi at left 130 fect high; lower plain ot
And 143 2 JAEIFRN B RS -\""f" 4«

right and in middle disbtance has bluff ¢5~Lu feet high. digher blulfl is
of glacial sand and gravel, over lacustrine clny and silt, over lacustrine
sand and gravel; low bluff is of lacustrine sand and gravel, Narrow beach

of sand, gravel, and cobbles. DPhysiographic Unit Yo. L63.

Wigure lle Al=l, Bluff of till 13~1lL feet high., Beach of sand, gravel, and
boulders. Fresh slope and fallen tree indicate ranid wave orosion.
Physiographic Unit No. L2,

Figure 5. Al-5. Bluff 15 feet high of lacustrine silt and clay, 3each of
sand. TFresh bluff face and overhanging sod indicate rapid wave eroslon.
Physiographic Unit No. L2,

Figuwre 6, B-l, Low wooded plain of lacustrine sand and gravel., Broad
beach of sand and a few boulders, which may come from till below. Beaca
appears to be aggrading, Physiographic Unit Noe 209.

Figure 7. B=l., Low plain of bouldery lacustrine gravel, with poulder and
cobble beach. Undermined trees show that wave erosion is taking ,lace.
Physiographic Unit No. 195,

Tigure 8, B-h. Low plain of lacustrine sand and gravel with broac sandy”
beach., House stands on estate held by boulder sea wall, that now nrojects
135 feet into lake beyond woter linc on north and south, House was Buiit
in 1938, and seawall was built in 1950. Active wave erosion between 195C
and 1956 is indicated. Physiogrophic Unit Hoe 1.

Figure 9. B-h-r. Low plain of coarse lacustrine gravel (shows at right)
overlying slabby dolomite bedrock which forms bench in beach zone. Bench
strewn with blocks and slabs. Physiographic Unit No, 138.

Figure 10, B-li-r. Low plain of coarse lacustrine gravel and sand (exposed
at right). Narrow beach zone of gravel, cobbles, boulders, and dolomite
slabs, Dolomite bedrock is exposed near this area and is inferred here.
Physiographic Unit No. 69.
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— Figure 11, B=h=Cb-r. Lo wooded plain of lacustrine sand ond gravel, with
3 marginal belt 75-90 yards wide of foredunes 8-1F feet high. Wip 10 Teet
N high. DBeach of sand, coarse gravel, and angular shingle. 3Sedrock rcef
— inferred, Dlhysiographic Unit Mo. 305.
|
e Figure 12, Dh~Cb, Wooded duncs in right distance 50-55 feet high. Belt
— 100-200 feet wide of foredunes 10-30 feet high, with low nip above broad
{ sand beach. Small river on right lies back of foredunes.
add . » - . -
Physiographic Unit io. 33l
T
_”j Migure 13, Dhb, Duwes 120-140 feet highj; duwne sand rests on 15 feet of
Llacusurine sand and gravel at base of bluff, TFresh bluff indicates recent
e acvive wave crosion. Harrow sandy beach. Physiographic Unit No. 59,
1
- Figure 1, Dh~Cb, Wooded dunes at right 130 feet high. Foredunes (foroc-
— ground) 15-20 feet high, with 6-8 foot nip, Beach zone of sand and gravel.
y} Recent erosion is indicated. Physiographic Unit No,. 59k,
—my Figure 15, Dlb. Dunes about 35 feet high, with wave-croded L1uff 20-25
| feet nigh. Droad beach of sand and fine gravel. Physiographic Unit. Noe 607,
- Pigure 16, D1b/B-li. Dunes 15-25 feet high rest on plain of lacustrine
b sand and gravel 12-1l; feet above lake level. Tresh bluff on dunes shows
wave erosion in recent yvears., Broad beach of sand and pebbles.
— Physiographic Unit No. 8.
H . . . .
i . .
vk . . . N P
Figwe 17. Dl-r., Low wooded dunes (Jeft background) with very broad beach
oy mainly of sawdust and driftwood with about 20% sand, Rock reefs ncar water
_ j line defend beach at places, ~rPhysiographic Unit No., 329.
oy Figure 18, Dl-B-L. Gravel bar enclosing lagoon. At left beyond view is
! gravel foreland or plain in front of low dunes. Physiographic Unit No. L428.
" el
- Figure 19, Th, Vertical cliff of dolomite 35~45 feet high. Narrow beach
n zone of anguwlar slabs, blocks and shingle, ﬁhjsiographic Unit No. 11k,
oy Figure 20, IFh-B-l. GCliff of shaly dolomite and limestone, 30-~35 feet
N high. At left is low gravel foreland 6~8 feet above lake, Beach is of
angular shingle and slabs. Physiogranhic Unit No. 219,
J Figure 21, TFl, Plain of dolomite about 18 feet above water, with vertical
cliff 12-~15 feet high. No beach zone. Physiographic Unit Noa 149,
B Figure 22. TFl-r. Plain of dolomite about 18 feet above water. Vertical
cliff about 1L feet high. Narrow beach zone of cobbles and small boulders,
- Physiographic Unit No. 1L9,
Figure 23, B-l-r-il, Beach and offshore zone of low plain of lacustrine
~ saud and gravel, Beach zone of sand, coarsc pgravel, and slabs,., Reei’s of
5 5
B dolomite shovw through beach deposits at places, Offshore zone 50=300 yards
vride is filled with reeds. rhysiogsrashic Unit Nos 396,
L e 2lls  Ah-ll, Margin of a »lain of lacustrine sand and gravel 25«30
Cobc above leke, Road rests on Fill stabilized by grass and robected at basc
7 Tvon waves by riprav ridge. Physiographic Unit No. 235.
ad
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GLOMORPFOLOGY OF THE LAKE MICHIGAN SHORELINL
INMTRODUCTION

The Project

Propogal. In Octobor, 1955, William E, Powers vroposed, with the endorse-

ment of appropriate officers of Northwestern University, a nroject for

h
@

studyins the shoroline of Lake lichigan. This project, c¢ntitied "“Lakc Michigon
Shore Lrosion and Gaomorphology Project," was submitted to the Office of

Naval Rescarch, U,3, Department of the Navy, with a request for equirment and
funds to carry on field work for 2 summers, and office work, correspondonco,

rescarcrh, and drafting necessary to prepare anprovriate revnorts of prugress,

ummury roports, and a findl revort on tho findings of the study. Tho nro-

L

posui was approved by the Office of Maval Research as Project Moo NR 237-017,
ana in larch 1957, Contract No. Nonr-1223(07) was ncpotiatod betwecn tno
Department of the Navy and Northwestorn Univorsity to support the projeet for
a puriod of one year beginning Yarch 15, 1956, Proliminary studivs and
or-anizational work led to a successful program of field study during the
suzmor of 1956, ELarly in 1957 the nrojoct was aporoved for cxtunsion during

u socond year as originally requested, and in April 1957 the Department of the
Navy entercd into such cxtension of Contract Nonr~1228(07) to rarch 14,

1953. A socond summer of fiuld work and a sccond yoar of office work,
rcscarch, and proparation of r.ports wuas providaed for,

Objcctives, The nroposal for this study stommed from the ncced for more
compnlote undorstanding of th characteristics and dovilowmont of the shorclincs
larg. inland lakcs, 3uch shorclines prascnt a larg: vari ty of shore
features and conditions, which ar: of great influcnce on wii asp chs of man's
usc of tho shore, In pluices the cont;nuing proc.-sascs of shor lin. d-vilomment --

such a3 the rotreat or rotrogradation of a bluff under wav arcsion —- have
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made it difficult and expensive for man to maintain his usc of the shore
areas. Both the kinds and associations of shore features on Lake Hichigan, and
their developmental processes, have their counterparts in othor large inland
lake shores. Thus govermmental or military operations elsewhere can beneiit
r a clear understanding and description of Lake liichigon shore fcatures.
Inlividuals and municipalities who own shore properties are also in a »0s1T.0n
to tenefit by the results of this study project.

Specifically, four objectives were set up:

1. To identify the diverse shoreline features of Lake Michigan, and %o

1~ PR " - N . . [
they may be grouwncd. To accomplica
J o s

}.J .
o
ct
et
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sel up types and assoc
vhis, 1t was proposed to map, an foot or by automobile, the entire shoreline

of Lake liichigan except (1) the Illinois shoreline (Lake and Cook Countiesy,

and (2) the shoreline of Milwaukee County, VWisconsin. DBobh ol these areas are
comprchensively described in recent reports of the U,8s Ariy, Corps of Engincerc.

— - o 5 e

% T1iinois Shore of Lake Michigan, Beach Erosion Control Study, by U.S.
Army, Corps of Engineers: 83d Congress, lst session, House Documeat No. 28,

1955,

Seach Erosion Study, Lake Michigan Shoreline of Milwaukce County, ‘/isconsirn,
by ueSe Army, Corps of Engineers: T79th Congress, 2nd Session, Housc of Rep-

resentatives Document No, 526, 19L6.

City of Kenosha, 'fisconsin, Beach Erosion Control Study: 8Lth Contress,
2nd Session, House Document No. 273, 1955,

- — vt e sty o et o

Other control studies on Lake Michigan by the U.,S. Army, Corps of
Engineers, are:

Racine County, Tisconsin, Beach Erosion Control Study: 83d Congress,
1st Session, House Document No. 88, 1955.

2. To aporaise and measure shore developments now zoing on, including wic
total past changes due to such processes, lore specifically, to identify

v

shoreline areas of retropradation and progradation; to mcasure 1L possible

ar,
N
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A rrte ol such chon ea: ond Lo cetoraine vhoblier such chonces ovorood b
o J <2 L

-

L Por Lo LR Tanee .. o bian . A v a 9ie ] Tarl At ter . maT o e
MLLOTL TELE 0N Tosee s B0 bine, or occur in o nod-uniforn patitern reloutu

TGOV

yoles of inke levels, unusucl cborns, eto,
Ov To swimrrize and resent in noprooriote regorts information on shore
renvires and rocegses, so thot future chonges ean be anticl ~ted.

lte - To Gevelo  methods of - :lying the Tindings concerrn' the L.ke

5o shoreline to nn understonding of the saores of Lorge inlond Lokeo in
otaer oorts of the werld.

Pleld studics were carricd on by the direcior from June oo

Locbenver, 1995, and from June to ~uwiust, 1957. During 1996 he was obly
“soloted by e, orold L. Tdnters ond lir. John T, funstmonn, grodunte students
“novae Deprrtinent of Geogrophy, Northuestern University. In 1957, . Winoero

alone served ng fleld mssistont,

6o}

buring field work, the dircctor and his rosict nts inspected vhe entir

L !

suereline of Lioke fdichisrn ot intervels of one wile or legs, with fewr

W Hercoolber in thils revoru, the exoression "Loke wichismn sh
sstood Lo rofor to the watire shore of the 1-ke oxelusive
mty, " dsconsin, ond Lioke mnd ook Counticr, TLL1iuos

crecntions.  Tield monoing vms done on arunl shotogrnshs orocurcd from the

Ul.Se Uenmrtment of “ericultur:, ‘roduction ~nd i rkobine Divieion. Thesc
. i 3 <o

ohotos on o scnle of “ooroximntely 1:20,000 served os shotonnnsy ~nd in com—

Dleve sterao coveriae, they mede nossible the ~hobointer rot-tion o the
ER § x & &

saor.line between points visitod. ALL ~veil-ble tovogr-ohic nnd Jlondncitric

rnoos of tho shorcline wore rocured ~nd m~de use of, Lo oroximetoly WO

por cunt of the shor.line is coverad by toposr~ shic oo »s (Tble I). Tor oblir

~rens, county woos giving the poveormment Tornahi ne oLoage Systom cad the

o

ro G phtbern war. very usoful, porticulorly by furnishon s on inter rottion of
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the roads ond fence lincs en aerial nhotos with respect to Scetion and Town-

shi > voundaries,

(A PRN

favle I.

Wisoconsins:
Gardrangle
Lroyview
i sco
TLeveloand
Graen Boy

FrTrnee
sl towes
risarnukee
New Franklin
Port Vinshington
s#Sheboygen Falls
Sheboygan lorth
*Sheboygan South
Racine
Waulkegan

Illincis
Crlumet Lake
Chicago Loop
“vonston
Hizhland Park
Jackson Park

taukegon

Txrtent in Longitude

87°L5t ~ 88°001
879301 ~ 87°L5¢t
870371301 ~ 870L5Y
88°001 ~ 839157

87930% ~ B7O5?

87°301 - 87°L5!
870L5T ~ 83°001
87°L51 ~ 88°001
87°L5T

87045t ~ 88°001

!

88001

87937130" - 87°L5T
87037!3on - 870h5t
g7oL5t ~ 88°00!

87°L51 ~ 88°00t

879301 ~ 8793731
8703741 - 87°LS?
870375t - 870U5t
870L5T ~ 8705241
870301 - 873731
87°L51 ~ 88000!

Published Topographic Maps: of Loke iilchigan Shore.

Advoneed print subJect to correction.

Ttent in Latitude

20,51 — 13°%00¢
LL2301 ~ IS

130521 300 ~ 1,,°00!

Ly

U

L30T - LhoLET
LLo1sr — 1L°30¢
LLC00T - L)O15¢
Li3°00% - L3915°
LLP30t — LLOLSt
L3015t ~ 143°301
L3°301 ~ 1i3°L5¢
L30L5t - L3°52130"
139374300 — L430U5!
12030% ~ L2°L50

L2151 o [[20301

11°375 = 11045
10523« 129001
2200t - 1270751
4200741 ~ L20151
L1oLst — 110524t

Leoigt . [;2930¢!

i
by

-
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iichig~n shorc,

Ll "111( ‘N

mngor

senoon Herbor
Jontr-ol Loke
chnrlovolx
Sonnville
Holl~nd

ke Horbor

sont gue

Juskoegon

South Hoven

Threo O-ks

ITncinnn

Duncs bheros
Michignn City Vlest
Ozdon Duncs

Porter

Thrce O-ks

Tolleston

86°00" - 8615t
86°151 - 86930¢
5151 ~ 859301
A5O15t ~ 859301
36°001 - 8615t
86%00t ~ 86151t
86°151 ~ 86°301

86°1 6°301

\J"L
!

86901 ~ 869151t
860151 869301

869301 ~ B6°L5t

87°00! ~ 87°07! 30"
86952130 ~ B87°00!
87°07130" ~ 877151
87°001 ~ 87015t
869307 —~ 86°451

879151 . 87°30¢

129151 - L2920t
[;20001 - L2%15t
15°001 — L50L5T
L5151 ~ L5201
112030t — };2°Ly

[2°L5T ~ L3001
L3000t - 130151
L3921 v - 303010
13%0nt — 1139150
129150~ 129301

L1CL5 L2900t

L1°37830" - L1OLS!
L1°37130" ~ LiOLS?
[1°37% 30" ~ LioLst
11930% ~ LaoLst
L1oLst - L2°00t
41930t ~ L1ouge

The topogr~phic meps in tnble I, listud clockwise ~round the Lnke

Tisconsin:
Wukeg ' n
R~eine
Bryvicw
ilvweulec

strrting ~t the Illinois-"isconsin st ie bound-ry, arc:

Lo

Port V-shington
Sheboyg-n Flls
Shcboyg n South
Shcboyzn North
Clevel nd



“isconsin: (continucd) -

Hi~nltowoc

Hovrmaunae

Crsco

oy renklin

Green By
Miehipon:
hricvolx
Cvnur“l Lke
Lontropuc
L~ke Horbor
Luskoeoon
Hollond
Tonnvillo
agor
JSouth Howven
senton Herber
Thres Orks

tich
s
()

Incin~s
three Onks
silehigen City T'estb
Duncs Acres
Ozdon Duncs
Jorer
Tolleston
Clumet L-ko

Chicrgo Loop

v nston

ighl-nd P rk

V-ukegrn

The narrow width of most elements of the shoreline did not permit them,

in general, to be mapped as arecl wnits. ‘Instead, a code was developed to
permit an orderly dGSCTlDBlOn and summary of significant elements of the shore-
line. This code vill be described below., Detriled stratigrashic descriptions
were made of exposed bluff and shore materials, and more than 700 samples of
beach and bluff materials were collccted., These will form the basls for a
detailed cescription of the structure of many parts of the bilufi and backland
area, and a statistical study of the cdistribution of beach mnatori 1s around

the Lake Michigan basin,
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Acinowledrmentse The directer is decply appreciative of the supvort

given to all shasces of this prbject by the C{ficc of laval Research. In
particular, he is indebted to Dre Louis O. Quam, Head of the Geograprys Brancn
of the O,N.R., and to lir, James A, Villiams of the Chicazo office of thc OeNuita,
whe s been ever efficicent and courtcous in procuring neccssary matorials

and in giving helpful advice on administrative orobloms.  LiCSSrS,

Wintcrs and John ™, Kunstmann scrved olflciently both as ficle assistants and

W]

as regearch and cortogranhic aids in tiie offico.

seports.’ To date, the following nrogress rcvo:té have been issued in

mimcosraphed Lorm:
1. Report of Progress No. 1, November, 1996,
2. Report of Progress No. 2, Scptember, 1957.
3. Stotus Report, November, 1957.
Lo Summary Report, November, 1957.

The present Final Report will present in scientific form the major
findings on the goomorphology, deteiled description, and classification of
tho shoreline featurcs of Lalke lichigan, as well as an analysis of shorcline
changes at about 1LS points sclected for remeasurcment. The mass of material
collccted cannot all be prescnted vithin a singlo report, and thoreforc it
is anticipated that certain additional scientific studics will be made and,

il given approval by the Officc of Naval Rescarch, will be submitted for

publication to appropriate journals.
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THS TARE SICHIGLN BASIN

Generel Descerintion

Lake lichigan iz hydrologically a unit vwith Lake Huron, and constitutos
thc part of this great double woter body which lics west of the Strailt of

tackinac between ilackinaw City and Ste Ignacce, Michigan. The Lake fiichigan

&_!-

AR
asin

s slightly cwrved in outline but is guncrally clongated in a northe
south dircction, with a curve toward the northeast at the northern part of
the basin. The troend and curvaturs of the basin arc rathcr closcly adjusted
to roeclk structurc, the basin lying in a woal—rock belt of Dovonian shale (sco
bolow). From the southernmost point ot Gary, Indiana, to the northcrnmost
point near Nauwbinvay, ilichigan, tho longth is about 315 miles. The maximun
vidth is aboubt 76 miles, in the latitude of Grand Haven and lilwaukee.
Throuzhout most of 1ts length the lake is 50 to A0 miles or more in width.
The tobtol area of water surface is nearly 22,50 square miles.

The greatest depth, 924 feet, occurs in the north-central part, opITo¥-
imotely in the lotitude of Kewaunee, A broad submerged ridge less than 2L0
feet deep crosses the basin in rougnly the latitude of Ililwaukee and liuskegor.,
The basin south of this ridge is 56l feet deep and constitutes the southern
third of the lake,

The southern twro-thirds of the Lolie llichigan basin is marked by shores
smoothly curved in plan, with no bays ond aliost no natural harbors sultable
for large craft., Those harbors which have been developed here are mainly of
two types: (1) small rivers dredged to float large vessels, as the Hilwaukee,
Cricaro and 2ike Rivers; and (2) elongoted coastal lakes such os iuskegon
ake., OSuch lakes were once stremm vnlleys eroded to o lower former level of
. i

iiichigan, then drowned and partly cubt off by sand brrs oo the Loke lidchigan

.

Lake

level rose, It has been shovn by Hough that Leake llichigrn®s hreodocessor,
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colled Leke Chinpewn, stood 350 feet lower thon the arcosent level o

Hough, J L ‘101Uuocehe Chronology of the Great Lokes Region: Final
deport, Q"LLCC of Newrl Research -- University of Illinois Jroject -0.8-122,
Urbrna, Illinown, *9)3.

R, Jul., Geologic listory of Greab Lokes Berches: rouonLHUu, Fourth
Corfurence on Constnl Ingineering, Couatil on “ave i@uo:rcu, Jniversity of
Q.].l:v)‘ﬂ]{"., Berk ley 195);, UDe 19-100.

Tharee lerge embayments are present in the northern Dort of the Lolke
sdcenigon basin.  Green Boy on the northwest is about 15 by 116 miles in sizo,
Lt Jics porallel to Loke MHichigan ond sepoerated frow the latber by dolonite
ponamedas enlled the Door and CGrrden ZCeninsulns, respectively (sce Jlnte 15,

Lt

north, Green Bry is divided by ~ second neidnsula —- tho Stoningion —-—
invo twro parts, 3ig Doy de NWoce on the ecast and Little Doy de Woc on the west.
sewreen Garden ond Door Yeninsulas the dolomite ridge or cuestn ig Hartly
submerged and cives access to Green Bay between several rocly islonds. On

the eost of Loke Jdchignn, Little Traverse Bay trends en st=vrest, with ~ length
ol nbout ten wiles. South of it, Grand Traverse Bry forms an indentotion
about 10 by 30 miles in size, trending south from its entronce at the north.
i norrow peninsula, OLd Lission Point, divides the bay for more thon nolf
ite deagths, The east ond west nrms of Grand Troverse Boy wore parnllel to
glocinl ndvance during at lenst part of the Tce Age e, and were deenly scoured,
L depth of 53 feet in the enstern orm, and 390 feet in the western crm, hove
been mensured,

Several islands occur in the northenstern qurrter of Loke iidichigan, but

nonc is present frriher soubthe
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Droinafe 1i0a

A surrouncing lond aren of more thon h?,OOO squore miles drndins to Loko

-

dcnigrn. The divide bounding this droinnge aren lics more tnoan 115 wiles

n

froa the Leke Michigoan shore cnst of South Hoven, Michigon; ond less than

v miles from the shore between Youkegnn, Illinois, ~nd the Tisconsin-Illinoils

Tam  mem e o D Y2 e Do Y TS, L N PR |

1Nl 25 Ore CIloChLlf ITOom UNe LNUlNNSe el DOWIONTY Lrouwia
o ommavinta magen Tt TS AN ramam e o] e He Ve pe + R0 D R S (e P NP D S et LN S 3
SOUTACTT Lo LICOLEN NI NOrTY mnrd to Port VAsningoon, LSCONGAN, Tt GuLVLLe

ig everywhore less than 20 miles from the lelke shore. Throughout much of
+ils distonee the divide Tollows the crest of the Velporoiso gloceial morainc.
Une divide lies about 100 miles northwest of Green Boy,
No mnrjor river [lows into Loke iilchigrn. The orincipol stirentms now or
Domerly entering the loke are og rfollows, cloclarise boginndng ot Uhe soubi:
In Indi~nn:
o - — < R . .« \
Troil Creck (ot iiichigen City)
Grond Columet River (ot Govy, formerly ..iller)
In I1linois
Chicrpo fiver

Vouleron River
In Wisconsin:

DSy PR o / b Ken achn )
£y J.&L\l dlde VAL ARV LIS WD L AL ‘l/

Root Niivor ( % Rocine

idlwnukee 2iver

Suckor Crock (nenr Port "achinglbon)

Sheboygon River

Pigeon River (~t Sheboygrn)

Honidtowoe River

Bost ond Test Twin Rivers (at Two Rivers)

Kovmuwee River

Ahnepee River (at Algomn)

Fox River (ot Green Boy)

Duck Creck (~t Green Boy)

Jensoukec River

Oconto River

Peshtigo Diver

Henominee River (isconsin<iichigrn boundary)
In northern riichigon:

Cedrr River

Tord iver

Lscenaba River

Repid River

Vhitefish River

Sturgeon River
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In northern llichigen (continuod)
Fishdom River
Menistique River
o southern Michigons
Betsic River
Manisteo River
Big S~ble River
Lincoln River

Eog
+

Perc Marquette River (at Ludington)

Pentwator Rivor

White River

Muskeron River

Grona River (ot Grand Haven)
Black River (incatawn Lale)
Kalamazoo River

Black River (at South Haven)
Pawpaw liver (nt Ste Joscph)
Ste Joscph River

Galien River

aYAl

0L these, the Chicago River was reverscd

ulsurict development and now taken water Lrom Loke dichigens while the Groand

Caluuct Riverts mouth at Gary has long

chirough Burns Ditch, an artificial cut
O 3

arrbor canal, in south Chicago. Only eight streams have an average discharpge

oast of Gary, and the Loke Calumet

into Lake Michignon of more than 1000 cubic feot per sccond. These arc

Fox River
Menominee River
Grand River
St. Joseph River
Manistique River
-Muskegon River
Kolamagoo River
Manistee River

Most stroams entering Lake Michigan have their maximun (low botwoen March

Ft.B./sec.
l‘]’j 31‘-7
3,202
3,080
2,791
1,747
1,726
1,236
1,088

and Juney due to melting of winter snow and to a general maximum of precip-

itatlon at that scason in this rcgion.

A considerable variation occurs in

stream flow, the maximun rccorded flows exceeding the average by fociors

ranging from .7 to 11 in the larger streoms and from 3.2 to 38 in the smaller

in 1900 by the Chicago Sanitary
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oncs., The maxdaum flow cxcceds the minimum by frctors of from 2k to 154 in
ﬂw]ﬂmprsmcmm,amiﬁmnSZtommb'mmmﬂmOintM>mmlmr.

The amount of scdiment now being carricd into Loako iiichigan by tributory
strecoms 1s smnll in comparison with scdiments croded from bluffs of wiconsol-
idaved materinls by wave nction. The prevalence of abrupt bluffs or c¢liffs

~long a large portion of the shoreline (sec Section liaps 1 to 26, and text

t

elvas, which indicate o substantiol contribution of sediment by the streams
wiew bulld them, arc generally absent except on the west side of Groen Bay.

dlenominec Rivers hove build small deltcs, each

P

dere the Oconto, Peshtigo and
incicated by @ projecting point of land at the mouth of the strcam,
Relief
hake Michigon is swrounded by plains of rolatively low relief, that

oviginatod mainly as glacial till plains or as lacustrine plains submerged by
former higher stages of the loke dwring retrcat of the continental glacier.
In places these plains rise gently with increasing distance from the present
snore, as on tho west side of CGreen Boy. In other places the adjoining land
was originally higher, and wave erosion has developed stecp bluffs ranging in
height from ten or twenty feet to as much as 510 feet (ot Slecping Bear point
in Leelanau County, iiichigan). Such bluffs commonly slope from 20 to 35
degrecs to the horizontal, At places sand duncs heve developed along the shore
and Jorm & belt of varying width, but commonly less than one milc widee These
duncs range in height from a few fcet to more thon 200. Their slopes rangc
fram a fow degrees to more than 35 degrees, Such dune belts arce most common

on the northy, sast and sounth shores of the lake, and arc generally associated

with areas of lake plain inland. Bedrock occurs at or Just above lake level
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at mony points on the north const, but bedrock arcas inland generally risc
only & few fect or tens of feet above the lake, A fow exceptions occur wherc
bedrock makes an upland from 50 to 200 feet or more above lake levcl, vith a

steen or vertical rock cliff formed by wave action. Notable exnmples arc

Darts of the west shore of Door Peninsula, Wisconsin, and Garden and Stoningtorn

Peninsulas, flichigan,
ronains small and all parts of the drainoge

area bributary to Lake Michigan may be classed as rolling to flat plain,

Coastal Landform Tyvocs

An inventory of londforms nlong the Lake Michigon cocst indicated that

o Tollowing major tywes arc present:
A, Upland with bBlulf facing lake, Categories of unland as to origin or
structure include:
1. Glacinl ti1ll plain
2. Glacinl sand and gravel oubwash plain
3. Dune sand plain
L. Lacustrine plain, or sand and gravel
5. Loacustrine plain of silt and clay

B, Low »lnin vithout bluff. Categorics as Lo origin and structure include:

1""59 Same as wder n:‘ﬂ 1and
6. Stream alluvial plain or delta
Te Swomp

8. Bedrock plain.

Ce Toredunc belty i.c., low duncs not morc than o few decades oldy
lacking large trces or forcste Some forcdunc arcas arc marked by
a low nip or LILuff marking rccent crosion by waves,

D. 01ld dunes, generally higher than foreduncs and partly or wholly
fixed by forest and other vegetation. Some old dune arcas arc marked
i by wave-croded bluffls facing beach.

=3
.

Sand bor or spite Scveral long lakes anptying into thic casteorn slde
of Liake riichigan were originally river vqllcyo erodcd to a Lower level
of the lrke, but are now drovmod by risc of lake level and arc partly
cut off by bars or spits built by wove action., On some of these bars
and spits, sand duncs have been built,

sl dohpys



L

B B

L

1k,

hnl

¥e Bedrock wpland with ¢lifl, The fact that such rocky c.
generally Tar steever than bluffs in unconsolidated matveri
that *hov belong in a different category from the blulls ai
of type A ubOVb-

o are
als indicacea
1d uplancu

A
2L
c1

M. Reed marsh const, This type, in conirast to tydes A to IF above,
generally has no beach associated with it. Type M always assoclatod
with one or the other basic types or shore,

Re Artificial £ill, placed by man to control shore crosion or to suppord
a highway or some other man-made structurce,.

For purposes of field mapping, a code was developed to indicate the above
lar<form types and their combinations, bogether with minor subdivisions of and
oG vions to thieme This code and its use will be explained below. 1t will be
ncted that types A, B, D and ' indicate the character of the backland area.
Louffe and cliffs generally display excellent cross sections of the geological

materials and structure of the backland,

Geological Setting of the Lake Michignn Basin

Underwater Conditions. The lake basin consists of two depressions

= m

narated by a broad submerged swell between Muskegon and ililwawkee. The
scuchern basin slopes gently inward from all sides bo its deepest p01nt of
5ol fect, The submerged ridge is less than 2L0 feet deep at several places.
It probably is the submerged terminal moraine of the Valders glacial lobe,
whose red drift marks the last major glacial advance down the Lake hichigan
basin into eastern "Asconsin. The larger northern depression is irregular
in form, with generally steeper submerged slopes on the east side than on
the west, The maximum depth of 92l feet lies almost due ecast of Kewaunec.
Underwater contowrs sugpest that its eastern margin may be a driftumanﬁled
wostword-Ffacing cuesta similar to that forming the west side of the Door

Peninsula. The northeastern part of the basin is very irregudar in form,

Most of the islands stand like tablelands with steeply sloping margins, rising
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2O Contihs of 250 to 300 fect. Soveral submerzed piatlorms vould Jowa isloals

3 om

Lo devel should drop 50 to 100 feet. Grand Traversa Ray is a double

117

cuinerzed valley almost fiord-like in form. The two ams have depths of 390

[—t

and 555 Teet in the south, although the norithern entrance o the bay is a

e Voo ey st T T e N~ o S, ™ 3. L B 31 [al) BN Fad
st , i . v . : RN -~ SRR
corconoad only 130 feet decp. IExtending eastword thwovsh the Strais of

WCLate e a narrow submerged gorge lmown to be more than 150 feet dooh,

Iois pwobably was the outlet valley for the former lake stoie (Lake Chippows
Wooh 9ag water stood 350 feet lower than at present. Green Bay is geonerally
saailow, largely loss than 100 feet deep, and appears to be -n elevateo piabform
overtanzing the doeper Lake Tichigan basin on the cast,

Toged Sedrock Geology. Although bedrock exposures are linmited long

fwoe o ol wne Lake ilichigan shoreline, the lake basin nevertheless is cloarly

- - -3 o ey gy DL -
L to the regiona u cbure, Tron an

cuocron on the beach near 79th strecet in Chicago no bedrock is CIINCSEU ATo U

vane sova end ol the lake and northward nast Grand Traverse Bay o nesy Norwood

Lnownarievolx County, 'Hchigan, where a low cliff of shale is present.  Frequent

rock ouberops occur betiween Norwood and Petosiey, and from viaclcinaw Civty

wesy to Waugoshance Point, Michigan, North of the lake, bedrock forms many
recdy, Ladges, and low points from St, Ignace westward to the Garden and

Stonington Peninsulas. Door Peninsula is a rocly cuesta, hish on the west.

=

i

South of it, the only bedrock exposurcs on the west side of Laoke Michiran

A

are near Algoma, at Sheboygan, north of Racine (Wind Point), and probably in
vhe water off Glencoe, Illinois,
fock formations underlying Lake lMichdgan or its shores range in aze from

Urdovician to ‘issiscippian, with the Silurian and Devonian systems als

reprocenteds Lo 1o difficult to draw up gencralized stratigranhic sections for

9]
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the states of Wisconsin, HMichican, Illinoils and Indiana, partly because local

nvnes and depree of differentiation vary, buv also beecause straticrashy varie
and corrclavions ore not agreed won for many wnits, The following decocrip-—
tlon, siven in order of age, sugeests stratigraphic relations that appear to

AL Uil e

» Trenton-Rlack River (mainly limestones) of iichigan

covrerate with the Galena-Plack Diver dolomites of Wisconsin and Illinoise

BN

These are resistant wmits and lie northwest of Green Day. The ilaguoketa shale

oi Jilinois corrclateg with the Ridclmond shale ofTJlsconuln, which underlics

resented in northers

:

socianon Greon 2ay. This time interval is re
youhe Queenston Shale, Big Hill limestone, Stonington lincstone and 5ills
Crosi shnle.  The resistant Stonington makes tho penincsula of that nome, widic

e NIV o Omar
s

g ~ ey i
e DBiA0s :NOC 101"'] an an oan arry oovsT A v

sono ¢
uocnsbown shale wnd

lics wostern Dig Bay de Nocs

Tho massive Niagaran dolomite of Wisconsin and Tllinois forms

the Voor Peninoula cucsta. Its correlatives in norbthern Michigon are the

o

{youngest), Bngadine and Manisvique dolomites, Burnt Bluff iiccstone,

[}

Gee?

Mayville dolomite, Gabot Head shale, and Manitoulin limestones The Garden
Peninsula cucsta anpears to be formed of the Manistique,while the Engadine
Corms reefs and low ledpes along much of the north shore of Lake iiichigan,

AY

The Salina scrics (salt, limestonc, shale, dolomite, and gynsum) of uppor

wian age forms a weak rock belt containing Brevort Lake, nortlmnrest of St

Ignace,

Dovonian., The Take Michigan basin is croded ]argo1y in Devonian rocks.

'

A% bthe south, in Indiana, the rock units arc the New Albany shale (yowngest

~

Devonica present,, Beechwood and $iiver Creek limestones, and Jeffersonville
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shalo. b the north, the Sirnits ol Inckinac nrea is waderlein by e Devonian

P TR - 3y e S oA PR TE S - o B T I N L N c e e .Y
Onandnsn series, including the Hackinace and Duadee Sinestones,  Soubin orf the

M

as far as Frankfort, the younger Devonion Uroverse

SUrnlon aves, evtendd
sorics waderiics the coast and the enctern dart of the Lake IMichipan vasin,
The Yenverse scorices includes, where diifferentinted, the Thunder Bay, Alpena
and Loag Lake Limestones, and the Dell chale.

ian.  The coast and eastern part of the Lake iichigan basin south

off wronizfort are wnderlain by roclks of the nississipplan systems, The forme—

avions wiich reach the coast or basin arc the Antrim shale (oldest), Coldwater

Younger, nif

e gtratigraphically

o7
[}

sian formations arc found inltand, toward the casts

Uhaconsolidntad mantloe The bedrock formations cnumerated above aro almoss

ooy covered, axennb on the northarn and nortlwostern shore areas ol Lake
Wicntioon, by glacial deposits of 111, gravel and sand; by glaclolacusurine
deoostion off sand, gravel, silt and clay; by colian deposits of dunc sand; o
oy oaason vegetabion and muclk,

Gooroglcal Stiucture, Lake Michizan lies on the west and northwest flanks

ICe

of o shallow basin structure in scdimentary rocks, ccntered in southern
Michiizon, In the central and southern narts of Lako Michigan, the associated
scedaimentary bedrock formations dip or slope dowm toward the cast at an angle
of 100 foot or Less per milcs The northorn Lake Michipan basin lies northwest
of the center of the structural basin, so that the dip is there to the south-
cast, at 50 to 100 feet per mile. The curved basin of Lake Ifichigan thus
follows closcly the curved outcrop of the weaker rock formations mainly of
Sovonlon age, and may be said to lie in a "strike valley.” The borm "strike"

xans e direction at right angles or normal to the direction of rock dip.
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aolation of Lol lheihican Bacin to Morcincs. Most L3 not all the
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cloctol drilt in snd adjacent to the Take Michipan basin apneors Lo have boon
royaed by glacial lobes that acvaucced down the basin Jowland from the nortli-

cast, and tien soread ouwbward Cron the center of the Lasin onto thce surrovnaing

LIJ
Inreinal moraines therefore trend rouchly pavallcel to the
: Ly T -
However, later placial advances did not reach cuite as fax

SouL as carliicr ones.

South of iilwaukec and Muskegon, tho glacinl moraincs at and near tho

O
=
-
C
=

suore belong vo the worainic system bullt durding the Cory glocicl

« - - Y
o of the Llast or Wisconsin glacial stage. Inland from {or oubside o)

whe several Lake Border moraincs are older moraincs called in [llinois the

raralso, also denosited during the Cary substage. Tinlcey o
3 L O O o

»d din bBludls

L Sl v

clonz vhe shore., North of Milwaulice and Muskegon, red drift called Valders

Lo Whsconsin and Manisteo Michigon forms the moraines along the shorc.

(25 5 P S e |
L5 arid

£

> 1o of the Mankato substage of the Wisconsin glacinl stage, the

gilacial Lobe of which reached only as far as the two c¢itics meontioned. ilowovor,

it is known bhat o Cory placial lobe e called the Port Huron = lotior
vue Toke Border, advanced into the northern DLake Michigan basin before Mankato

TIIC o Theratore, it is to be cxoected thot thic red Valders~linnisteo drift
) :

ot it s s —— — o s s —

% Dretz, Joll., The stages of Lake Lnl,azoo ihiedr causcs and corrciablons:
dmcrican Jowrnal of Science, vol. 2119, 1951, pne LOL-L29.

moy bo underinin by deposits of Port Huron, Leke Border, or cven older glacial
aze, Scctiono of glacial drift exposed in bluffs in the northern part of tlw
bogin generally show several drift sheets vhich attest the successive glacial

e | de
QOVATICCS 4 ICoTCavivls
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whic Snore Zono

o soove gone i commonly divided into the offsho. o,

and the backland., The offshore cictends scoword from

A aple T, 1 SOEG O Alras with =278 ot Mlyetus i oms
marls \u 1k LL]..LLLU, in the casc of lalos with L'J_:,J.‘L)lkb S UCTLUS L Ol

Vo 2 O T T T
Qe Shore 13 the zo WA A 6l N4.00C00

Liniu eeached by waves or ice shove,. zonc cxtending lancmard

~

g mnan e W avy e e o . - 3 ongey e ks 33 e N R - ~ N N - ~
Looos woper limit of shore, to limditv of direct influcnce of shore wrocesses

ras

e packland is o gone extending indefinitely londward from the inner limit

T . S DU (35 P SN T SR S RO K AU DAL, SRR SN S B I, e
o Looddace.  The shoraline is technically the boundary bolveen offshore and

et o oot

B . (. ot KO PR3 - 3 S J. R I Fa TSRS T PR PR mn e Tl
sencl, and dn o oractice this means the oubter Limdt of tho shore, oi whc low

ince  Whe congt is o zono of indeterminabo widbth exbending Lesidward

Lron e shores dv thoerefore includes the landface and backland, The coast-

Leothe bouneasy betveen shore and landface.  The term shore zone refors

UG Ao CombDine OLLon0TC, ShOl‘LE;

bacidlend.  The shore ab most places includes a beach, gonerally of sand butb

I sonc cases cowposced of gravel, cobbles, boulders or other loose moaterials,

[y

3

Ve bcach is commonly subdivided into the or lower beach, roachoed

by ordinary storm waves; and the baclishore or upper boach, reached by waves
only dwedng cxeepltional storms, and perhaps rcached by ice-shove during winter

e CC4Che

vhe landface may be a cliffy a bluff, a nin, or o genble slope mariking

vhe outer odge of haeckland, A cliff is a stech or veruical slope in rock.

Ciws overlooking and near to the Lake Michigan shore were developed by wave

crosion at their base, The tem bluff refers to a sharn slope in
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wnconsolidatod materiol such as glacial ti1l or dwne snnm. Such moteirials,

4

sl oroded bolow by wave action along the shore, tend Lo slice dovm unbil

(o]

Lhoy Atbain thoir ancle of reposc for the conditions present, OLd biulfc in

<

seial $111 comnonly are no steeper than 259 s bub where recently underminad

[N

Sy wnve action, bluffs in W1l may abtain slopes of L0® to 50° or morc. Toosc

. . o
duno sond malkes blufls ab ibs angle of repogc, generally about 327. A
cocontly formod Low bLuff only a fow foet high is often called o nipe Lowr

not subjoet to rccent wave erosion may have merely a gentle slope dovm

f

wo whe beach as o result of former wave work. Such a declivity is not a truc
£

wonts Presont. The eleoments composing the Lake kidchigan coast and

chore nave been in part enumerated wnder Coastal Landform Typos. In terms of
Lhe noacnclature of shore zmones, these elements include the follovwin s

Bnekland: a. Uplands of seoveral types of unconsolidatoed deposgits, or
of bedrock
b, Tow Jlains of the smme materials
c. Forcdune arcas
de Old dunec arcas
. Artificial fill
Shorc: a. rorcshore zone
Do Backshore zone
c. Rock recefs or ledges in shore
d. Sand bar or splt
c. Recd marsh coast, gencrally without a truc boach
Londface: a. Bluff or nip
be CLifL

A Code for Mapping Elements of the Shorc Zone

B

Test mapping procedures resulted in a workable code systom for setting
dovin all significant elements of the shore zone, cxcept descriptions of the
forsshore and backshore. DBeeausce a beach zonc, with forcshore and baclkshore,

soncrally occurrs . along with all types of landface, it was believed that whe

~ddsiion of coded information on beaches to the code for the backface would

.
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~ prove cumbersomc to the user of thie roport. Therefore, whe code deals only
WL the backland, Landiace, and such wnusunl featurcs of the shore os rocic
DCCIS or marsh,
) The amapnhing code is as follows:
A. Udlond with bBLuff,
An — high bluff, more than 20 fect high.
AL — low ulULf; less Lhan 20 feot high,
Meterials of blulf and backlands
Je CT cvaLi;?l
2. Glacinl sand and gravel
3. Duwo sand
h. ~custrine sand and gravel
5. Licustrine silt or clay
sxamples:  An-l, high upland of till, with bluff,
A1=1/l;, Tow usland of till over lacustrinc sand and
gravel, with bluff.
Ba  Low »inin, renor mllv vibhout nip.
I‘«[:mwlm s off plaine
4 to b. Same as above
6; Stream alluviun, mainly gravel, sand mud and silt
T Svenunn
8. Bedrock
; I rock ledge or reof occurs in beach zonec, r is ﬂdﬂod.
Brample:  Be2er, Llow plain oF glocial sand and proavel, with ro
on becach.
Co  Torccdunes, mostly less than 20 feet high,
Cb, if low blulf or nin is oresent. .
C, if no bluff or nip is »rescnt.
D. 01d duuCU, generally wooded and mostly more than 20 feet high.
, Dh - high dunes, morc than L0 feet high.

than L0 fect high,
added
with bluff,

DL -= Tlow duncs, less
L8 blulf 1s oresent b

Bzannle: Dlb, low duncs

is

Sand bar or anitb.
If dunes are on ton, d is added.

Bxample: Bd, spit or bar with duncs.
Bedrock unland wjth cljff

h = high cliff, more than 20 fect high.
Fl == low cliff, lcss thun 20 fecet high.



Me  Reod nmarsh i offshore or forcshorc. Geonorally no bench 1o oresentv.
Thisc uyne occeurs vith ovher basic tynes of coasuel fuavurcs.
Bxomnleos  Bel=ir Dow olain of lacustrine sand and gravel, with

reed marsh offshorc.
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Daciand areny (¢) the stability of shore and lendface, specifically vhethor
svovle, retrosrading under shore erosion, or prograding under processes of
donositions (d) evidence, if any, for dircetion of longshore current, any

blw’fs showed dotailed stratigraphy involving several wnits of glocial. till,

N N L - b - e e
clacinl or Zacustrine sand, gravel, silt or clay ~- and those scctions were
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of the placinl stratigraphy of the Lake idchigan area. Samples of beach
gands Tron the foreshorc and backshorc, and of the matericls composing the
adjacent bluffs or backlond, werc collected at 18l sclected stoations, to a

totol of T0L saumles,

Lssociations of Coastnl Featurcs of Loke Michigon

Along the thousond miles and more of Lake riichigan's shore zone, the
) O 2
codecd olements as listed above are found in a varicty of combinations. An
cauneration of some of these indicatoes how necessary it was to develon a

code or symbolism bto record the elements assoclated at cach station studied,
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Chrracturintic naoociabtions arc:

o nlone,

High DLuff with rock roed on shoro bolov,

1ol DIufL above low »lain,

Lo DLl writh foredunes ab base. If dines nave nin or
blulf, Ah-Cbh,

Ah-fle— High WiulT, back of low blull,

A=D1 ==Iiiph bluf vrith low dunes av brse,  These duncs maey hove
thelir ovm biufll, Ah=Dhb, or may have forcduncs ad jacen®s
to beach: Lh-Dh-~C or Ah-Dh~Ch,

Al=C e

Lo alutl. Charneteristic associations arc:
AL —— Lowv Dlul? alone.
Al=B  —— Lov Dluff above lov mlain. I7 rock reof on bcach, Al-D,
Or 18 reed marsh in of' Twhore, AlL-BA1,
sovr blull wdth foredimes at basc. IT nin in dunes, Al-Cb.
AL == Low bluff with reod morsh in oirfshorc,
AL=bl e Thro low blulfs, onc back of the obhor,
AJ=f == Low bluff above and back of hign bluflf,

Charncteristic associntions arc:

B ~ Low plain alone. I rock rcef on beach; DB-r.,

J3 ~= Low plain with rcod narsh in offshorc,

B~C  — Low plain with Torcdune belt, If nip in duncs, B-Cb,

Beli = Low nlain vi.th marginal sand bar or spite I foredunes on
plain, B-C-E,

roreodures.  These always arce associabod vtk other elements of Land-

or baciiand, and are therefore included with “he Latter,

“ish Old Dunes,  Characteristic asgoclations arc:

Dh ~—- High duncs alonc,

Ch~C  ~=~ High duncs with lower forcdunc bolt. If nin in foreduncs,
Dh~Chb,

Dh=DL —— High duncs back of low old duncs., I bluff in latter
Dh~Dib. If forcduncs also occur, Dh-D1l-C or Dh-D1-Cbh.

Dh-B  w~ High dues on low plein. If forcduncs nonr lake, Dh-B-C
or Dh-B-Chb,

Dh/Ah -— High dunes on wpland with high bluff. If foreduncs at
bnsc, Dh/Ah-C or Dh/ah/cb.

Dhb  —= ligh dunes with eroded bluff, If Torcdunc belt is srescnt,
Dhb-C or Dhb-Ch,

Dhb/Al-— ITigh dunos with old bluff on upland with Llow bluflf.

Dhb-B ~~ High dunes with old LIuff on Low nlain,
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Low Ol Dwnes,  Conroctoristic associciions nre:

i - L0V OLG duncs olonc, L0 rock reold on bench, Dl-r.,

Diwl e Lowr old duncs wich forcdunces., 1L nip, D1-Cb,

Cl-5 == Low duncs on low plaine 18 forcduncs aloo, Dl-i-C

U1/4L == Low dwics on wpland with lov bluff,

D./sh == Low dunes on wyland \"’.L th hipgh blull,

D1b == Low dwics with biuf These may occur on low plain,

Iﬂbﬁ;orousmj<m§mr,ﬂwﬂ“

Dlb=C —= Tow duncs with bluff, above forcdunc bolt.

Snit or Doar. The most common association is with foreduncs, £-C or
-0 or with old low duncs, L-Dl.or EDLb.

aracteristic associations arc: )
alonce If recefs on beach, Fh-r,

If rced marsh in offshore, Th-M,
0B = High rock cliff back of Lov plain,
Fh,-—;&l ~ High roclk ¢Liff above wsland with Llow bluff
Low Bodrock Cliff, Choractoristic associations arce similar to those of
s bedrocik ¢iiff,
Doaseorintion of Lale Michicrn Shore Zone in Torms
Deseription of Lale Michipgan Shore Zone in Torms
of Physiographic Unlus
O f 3 FCPE L Pienntly Trom Yoo o oLaoo
The shorc zono of Lake [dchigan varics sipgnificoantly from plose to LLiooc,

Seoailed monping of the sho
distinet vhyosiogranshic unib
ravhic

o ohysiog

Tho locavions of thesce scct

wo the physiogroshic units

code manplng syinbols fo

nunber of symbols indicating

(whether high bluff,

cnd cldffs comnosing the 1o
wnica ls on explanation of
Auponddx TX, nooc 103, 1s

low dune, cliif, ctc.)

re gone clements indicates thot morc than 60C

s ~re present, each distincet from vhosc adjaco: s
units arc shown on Section ilaps, Nuabers 1 to 26
ion mans are indicated on Plate I, In addition

of ‘the shorezone, tiesc scctlon maps give also

r ncarly 1700 shore stalions, and a smaller

o~y
Cx JJ.A_L

gr ically the general character ol che coast

N

and the height of blullsy dunes,

ndface of backland, OSce Appendix I, pozo 102

7
theso symbols uscd on the 26 Scetion linds,

a copy of tho code used in field mapnins, wil ol

w
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Physiosrasuic Units of the Lake Michigan Shore Zonac,
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Belyeil S, 90~100% S, 97-100k
B=l=2 m or m oo
From Traverse City nortlmcsts
shorce nrotected by fill and
scawalls or piling.,
o - M ~ . e
LD Al«h 12«20 J.U—‘)O L wde=l5
-+t a 4
3, 50-100% S, 10-99%
fn gr,cs gr n grycs gr
bldrs bldrs
S An=2 5075 35-L0 nonc 1.0 ‘
R /7 am TS - .
Lot [ Dl Dmly 20=100 S, cobg,bldrs

e Al 20-30 10~30 026 11-17
Al=li-b1-l  T0-I8 S, 0-99% 5, 50-95%

Al=lp=3-dy fn groymed gr  fn gr, cobs
bldrs bldrs, muck

One place: recd marsh

W59 Bl —— — 9 2

S S

L6 Al-1 20 Lo L 12-1L
fn g 5, 25%
cobs, bldrs

Bl — —— 22 30
S, 97% 5, 96%
in gr fn gr

1162 Ah~l 90-100 Lo )-8 2l
S, 95% S, 90%
fn gr fn gr, bldrs

163 Al-l
Lhe2/5 /l-i1=l, 15-130 15-43 05 9-33 Figure 3
Ah=li-Ah=li/1. 1225 S, 20-100% S, 0-95%
fn grymed gr fn gr,cs gr
cs gr cobs, bldrs

Lk Bl Blufz 30 0-11 312
Al=li-B=l;  8-15 fn gr 5, 50-100%
fmogr, fill
Reed marsh at onc placc.



65,
Sy nasic Hoipho(fb.) Slone in  Backshoro: Porachora: Photo
' const Rl degrees,  widbtn in fte; widih in fte; nunbor
HONG clilf bluflf materials matorials
clueacnts  or dune or cliffl - .
L63 Aehehlel 10-18 10-35  0-9 615
v ST y . AP
A=l 10-25 S, 15-90% S, 20=927
3=l In grmed gr in gr,cs gr
cs gr cobs, bldrs
L&é -l —_— _— none 16
S, 9%
in gr
L os /n - -
467 Al-li-Al-l; 15418 30 3 19
© 1518 cs gr S, 35%
cs v

HOTA Bely e e 1 2L

4 v
fn gr S, 254
n gr

168 Al 6-18 10~30 0-12 ' 0-h5 ,

S, 15=99% S5 10~99%

mm gromed gy fn gr,med gr
cs gr, cobs.

Riprap one »nlaco.

)

D=l — —— 10-12 20-38
S S, 50-96%
n grycs gr
bldrs

—
A
T

170 Ldelpmhlely 20 25-30 5 20
15-18 5 ogr CH Ty CObS
bldrs ~- zono
of seonnge

Ui Bl — ——— 0-18 20~30
Bl S, 99% S, 15=99%
In gr mucl, cobbles
Roeds offshore ono place.
e A=l Lovr 15-25 Sandy beach zonc.
LT3 Bk -— e 0~10 2151

S, 25-100% S, 65-99

In grymed gr fn grymed gr

mud cs gry cobs
bldrs, mud
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s
DAaSLC
CoOasL
Lonc

7 DA
CLCIOOUS

Tor
.LkLJ.,

or dune

A0l

PR
Ll

Al

Bely

O1-Ch

idd=-

Bealy
ALl

Al-—-}.l.-—B-l‘,

Dh=C
Dh-Ch
Dlb
D1-Ch
Bwl1=Ch

Jale=L

L GGl
A L:-—-l L /j_
An-1/5

vl

10-25

10

5110
where
bluff

Dunes

5=l

Hoed [
OCLTiTug.
1 -~

“te) Slope in

doprees,

biwll
or clirff

20-110

10-25

35

where
blufsf

Dunes
10-25

35-L5

Bacl:shore:
wiath in .3
materials

none

none

0-20
S, 657
1 ogr

12

S, T0%
med gr, bldrs

5-33

66,

~hoto
aumbor

) - »‘*« -
Jorcohores

HIPS T SO O AN
VAU LT LUe

LIVOCTLOLD

13-22

S, 10-L0%
cs gty cohs
bldrs

30
cS gry, cobs
bldrs

17

f pr, cobs

bldrs )
1522

S, 20-100%

n gr

33

S, 35

med gr,cs or
inucl

15

S

S, 96%
fn gr

18-100

(100 one point)S, 10~92%

S, 10-95%

fn gr,med gr
cs gr, cobs
mud

370,
S, 85-100%
fn groned gr

it
w

7-U5

S, 5-93%

¢S gr, cobs
bldrs

med gr,cs gr
cobs, bldrs

12-77

S, 70-~1.00%
fn grycs gr
cobs, bldrs

17-56

S, 10-99%

fn gr,med gr
cs gr, dobs
bldrs
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VoA
L e

"3 3
DAGIC

Teight(Lft.) Slope in

coast biuff, aenprees,
7.011C cliif bluff
gleacnts oy aune or cliiff
. 4
L0l 15 Lj0=115
71-C Dunos Nip
Dh-Cb 500 30
Min 5

A h—-h / L

D1-Ch

D10 .
Dhb /ALl

D1-Cb
D1b/? hel,

Ahpl/h

-3
A¥AY

-

g
=
[

D]

1D Hi U

1

= OV O
—
e

He O O
ol
W iy O

=

n
'
R
o
el

'.,J

RAREESA
310

Dunes
1.5-20
Bluff
3560
Dunes
15-10

30-200

Al /211

Al=l/1~Cb Bluff

20
Dunes 5

30

1030,
nip

Blulf
35

1,0=50

30

Backshoro:
width in ft.;
materinls

none

20-35
S, 97-~100%
fn gr

2l
S

a lew bldrs

1.5-63

S, u5~9J%
med gr,cs &
cobs

12-018
S, 10~-97%
fn grycs gr
cobs, bldrs
mud

8~38
S, 98-1.00%
fn g

).}..—18
fn gr,cs gr

0-18

S, 10%

cs gry cobs
bldrs

21
S, 95%
med gr

W oy el ~ -
roreasaore:

wiabh in

materials

25

S, 955

co pr, cobs
bidrs

S, 08-96%
m grymed
cobs

q?

10129

S, 10-85%

i ogrymed gy
¢ gr, bldrs

20156

S’ 1‘0—9//0
f gr,cs g
blur‘

13-27

S, 10~L0%
cs gr, cobs
bldrs

3B
S, 92
med gr

7
O

Phoio
N

ettt e e
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Height(£te) Slope in

. S coast bluff,
70110 cliff
. i clonents  or dwne
Lo Ah=l=Ch 25-30
Iy AhmDL-C RARVENN
est. 10
Dunes
=30
Lo D50 Dunes
DheC 3-50
01eB—-ij=C Nip
Bl 3-15
P A = ~ryrt
Sz s flee L U3 (D
R 0 I
“AL-)_!_ (Alg 10 ¥t )
ALl
Ll
L9 Ahe1~C Blufr
Ay - . [ )
Ah=1~D1-Cb }5~175
Dunes
1020
P N ,
Log RIS —
196 D1L~C Dunes

L97

Lo

&)

N

By

Dhbe=B-l;

Ay
Ah=l~Dh
D1/Ah-l

15-35

Dunes

L,0~50

Bluff
25-500

degroecs,
biulf
or clirf

Bacitzchore:
width in ft.;
materinls

10-30

Dunes
1020
no nip

no nip

3L=35

22
S, 96%

oy
or

1

[C2 0

8-75

S, 65-100%
fn grymed gr
cs gr

Owel2
S, 65-99%
m gr, cs gr

30-75
S, 97~99%
fn pr

19~3L

med pgrycs gr

96

S, 605
cs gr
0-20

5, 90%
n pr

.
b :
T A

wicun 1n Il

Cmaterials

[

5, 977

S, 974

in gr

1859

o7
Sy L0-1.00%
inogr,med gr

cs v

—_ -
AOm= 30
S P ?L‘:)—- 9(‘3‘/?)

m gr,cs gr
cObs, bldrs

20~36‘
S, 99%
n pr

3140
S, 082-99%

EADN Fanoy
in gr

22-36
Sy 93975

fn grymed gr

5357
Sy 95=98%
fn gr,es gr

o)
S, 60%
cs g

1627
S, 82=90%

66.

rhoto
otbirietery
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10

Ny s
HA0AC

oic coast

Z0Nc

olaoenes

Bl p=Clo

Ty
PO N

Dlb-k

D1~Co

Dh-Cb

Dib

Dh-C

Ahe]=Dh=-Ch

Ah~1/L~Cb

S P N
Heipnt(St,) Slove in

7 odane

Dunes
30-40
Bluff 25

Dunes
2070

Dluff
125-150
Dunes
15~60

Blulf
1.00-250
Dunecs
15560
Nip 10-15

degrees,
blufl

Baclkshore:
wicoh dn Lft.;
materials

—

30

20-35

BlLuff
30-140

none

Forconores
D P ke ™
Witk U1 1 AN LVe ¥

materials

ot
o) O,
Uy 9\,;,0

In or

2608
S, 90%

M egr

7t
S’ 90%

Sral
yohe

o]
—
o]

-

15=32
— o
5, 65-85%

fn ogr,cs gr
Lldrs

57
S

Narrow sand beach.

L5
S, 80-05%

med gr

21
S

72
5 3 95(/0

med gr

75
S

Bench zone of sand 50-60

feet wids.

sl
S, Lo%
med grycs gr

15-57

oy e
S s 70“0“)/0
fn gr,cs gr

27
s, 65%

med gr,in g

L

23-L0
S ] 13-0”90%
M grymed gr

690

Phoio
N .1



[(or
Bacic Heirnt(fte) Slope in Backshore: Forcshore: Photo
conot RN degrocs, width in fte; widih dn {te; numbor
zZone ciLild blufl materinls nnberials
clanents oy dune or cliif o e e

51 Jh-Ch pluff 35 20-2L 25
Ll-li-Dhb  10-50 S, T0=99% S, 50~95%
Dunes med gr fn gr,mea gr
15-90

IR Ah-3/l 200-350 30-35 0-32 18-21
An-l/1/L S, clay S, 92-100%
m or

Si3 0 AL-Ch Dunos 25-30 18 3
1020 5 5
Nip 3-8

5l Dh/Ah~l1/1~Cb Bluff 2535 2505 2572 Figure
50~200 S S

512 An-l /L 75330 30 0=50 15-51
Ah-1/1 /1 S S, 97-100%

M ar
by 1 1
) Dha-Ch Dunes 3032 16-~70 2210
Dhb 50-90 S S, 92-1.00%
Poredunes n gr

10-35
Nip l=-12

5TEA Ahealy 290-300 3l 10 18-21 20-20
S, 80-99% S, 65=92%
fn gr, ca gr M grymed ge

517 Bwli~Cb Duncs 30 L2-27 . 10-2L
D1-Cb 15-10 | S, 96~100% S, 65-100%

Nip 5-12 fn gr ned gr
518 E-Cb Dunes —— 30112
10-20 S, 75-100%
fn gr

-

520 Ahel 50~150 3k 0-36 2205
Ah=l/1 S S, 65-95%
Ah=1/L fn gr

s,
o0

52.  B-1-Cb  Dunos 30 - 12 4o
6-10 s S, 965

Vip 5 In gr

A
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CoNGo
700

Bl G

A .
) 1
PO/

ALY ~ N J S
£ l""_i./ LL=U0

Dhib
D1b

Bd~-ChH

oo
Ab-1,5,L
Ah~l /1
Ah~1-CU

" Dhb

Co
Dh~Cob

Ah-1

A h—-)),—-Cb

yiphe{fte) Slone in  Baclkshore:

bl WL J(.‘ )
ciiff
or dune

r/x ___3)0

Tunes
1.0-75
Biulf
610

wes
o 15

F’tﬂ

li5-125

Duncs
20110
Hio

10-L0

Dunes
10-15

50120

Dunes
LO plus

Dunes
1L0=50
Nin L=10

110-125

plulf
11060
Dunes
10-15

ACorees,
biuff
or cliflf

wiath in fte;

materials

35

3235

35

30

30-50

32

O~ 8

35-90

25-30

0-10
5, 9%
n ar
20-25
S

none

0-1;8

o - 1/
S, 96-100%
cobs,in gr

1040
S

77

A
Poroshorae: Photo
vidth in fo,; nusbor
materials

10-35

s ~ /
Oy 50-99%
cs grybldrs

3065
5

32
S

27—h$ ’
S, 95-98%

n g

2750

S, 93-100%
In gr

30
S, 95%

.Lrl L)‘L

8-18
Sy 0-~100%
M grycobs
bldrs

Sandy beach zone,

0-1,8
S

none

21-33
S, 95~100%
In gr

2170

S, 97-100%
fn gr
20~60

S) Qb(N

n gxr

18

S, 92-95%

fn gr



Dasic
Coast
ZONne

clements

Hoedig
biull,
clifly
or dwne

hio(ft.) Slope in

degrees,
blufl
or cliff

Backshore:
width in £4.;
materials

.’
ey

PN

AT,
P

559

540

sl

Ut
=
[ge]

D1-Co
Dhb-Ch

Ah=1/l

Al*).,t

Ah-l~Dn

D1-Cl
[

Dh=Cb

A 1*-}4—' C

D1 /Al—-l;

Ed~Cob

Al
Ahe1 / L
An-2 /1 /5
.A.h-—-B / h

Dh-Ch
Dhb-Cb

Bej=Ch

Dunes
10-60
Nip

6-10
75-95

15

Dunes
75~125

Duncs
20~150
Nip 15~18

Bluff
1520

Duncs
6-8

Dunes
20-25
Nip 5-12

30-300

Dunes
20-150
Nip 10-55

Dunos
25-35
Nip 10~20

35

30,
Nip

20-30

36-60

Nip

2531

30

1,0=-60

25-75
fn or

0-=75
S

0-L10
S, 98%
fn or

0--30 ’
S, 90~100%
fn gr,med gr

Forashore:
A T VA SN
WALLUIL 10Y LU M

natverinls

1,5=1,8
S, 99%

In gr

1035
o~ et
S, 90=56%

In gr
15

S, 95%
fa gr

U us
e N

B5m90%
M ogr

Lo-T72

S, 92100
fn gr,med gr
seawalls one
arca

3575

30
S, 96-100%
In gr

12-00

8, 50975
In graned gr
cob gr,ybldrs

25-15
S

]
7‘-»

Phots
nuaLc



conot
700G

clanents

Heipht(£fte.) Slone in

bluff,
cliff

or dune

O

Dh-Cb

Dihb=Ch

Ah-1-Cb

Dhb
Dh~Cb
Dlb

Alwl-D0=Chb

Dh--Ch
D=l

Ah~1~Ch
Ah-—-2
Ah~1/2-Cb

Dh~Ch
.Dhb

Ahely
ARl =C

Dh/Ah=l

Dh-Cb

Dhb

Janes
20-100
ip 10-15

Dunes
15-125
Hin 8-15

Bluflf
50-100

Dunes
1,0~125
Nip
l|=35

Bluff
185
Dunes
30-100

Dunes
1.5~150
Nip 10-20

60~200

Dunes
15125

55-95

Dunes
100-125
Bluff
2075

Dunes
15-50
Nip
5-15

Dunes 75
Bluff 60

Backshore:

degrees, width in ift.;
bluff materials
or cliff
30 Lo
S
30 35
S
30 none
35 0-h5
S
30 none
30 Qw20
S
35 none
30 0-30
S
36-L0 0-15
S
35 none
30 2535
S
37 none

Toreshore:

viath in f£t. 3

materials

55
S

L5

«
(vl

60-85

35-115

3035

20~75

35-90

50115
S

0-~75
0-108

25-95

0-30

Photo
nurber
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[aaess
A

s

L
220

U
(&Y
ASY

il
D1-Cob

Dho

Dhb

Diab-Ch

Dhb

-Dh~Ch

Dhb=Cb

Dhb

e - CORN I AN .
Heirho{Tte) Slope in

blull,
cliff
or dune

Dunes
75100
Biule

LO-75

Dunes
1L0-25
Nip
1o r?
JAC Ry

Duncs
50100
Bluflf
30-10

Dunes
2050
N '.'L“'Q 8-10

Duncs
110-1.00
IRRRVENA
5-10

Dunes
15-75
Nip

he I Niie 1

ERVL_ER

Dunes
1,070
Bluff
20-30

deproes,
bluff
or cliff

Baclshores TForoshore:
vidth in ft.; width in Lhe
materials moberials

33-37

30

30

30

30

30

30

30

Sandy beach zone.

10 35

S S

0=30 20-50

S S

none L,5-75
S

o
&
(o2
e,
g
c
C h
H
S
E
3

9] EArS T v
20 _Cu. OG¢

and seawall,
0-55 3060
fay

S 5
One area: scawall.

Beach zone L0=50 £+, wide
of sand, Local scaviolls
and jetties. Bench 60-~150
fte wide near broealorator.
70 60

5 5

0-110 20-65
0-410 33-li5
S

Sandy beach zone.

7);

itte

Phote
nunoore



YT . .
&f(tl.():l\;\ff).) S:‘LOQO in

biulf, degrees,
clils bluff

or dime or cliff

1
:;) ©
Ty T Ay @ R T
Brclkshore: Torecnorc: Photo
width in fte; viavn In Loe; maiocr

materials materials

57

§72

-2
w

UL

Dhb

D1 /Al /1
D1/Ah-li/2

Dhb

Dh~Ch

Dhb
Dhb-Co

Db
D1 /Ln-l

Dh~Cb

DL /AheL~Cb
DL /Ahel;

Ahel;

Dunes 30
20-60 where
Nip nip
10-12

Dunes 30

1,060

Bluff
ZJ,O.-J.LS

30-L0

Dunes 30

20-60

Dunes 30

Danes 30
At L~
25-60

Hin 10-15

75-1.00 31
Dunocs 20
25-60

Dluf? 35
2050

Bluff 32
55

Dunes 30
15-80

Nip 10-15
Bludfd 30
L4550

25 30

25 35
S S

Sandy beach zonc.

560
S

none

25 50

[

6]

Sandy beach zone

25 25
S S
none 35
S
none )2
5
11250



76,
Basic Heirhtb(fbe) Slope in Backshore: Forcshore: Photo
const blull, degrees, width in ft.; widoh in fte.; nuaber
ZOTE cliff blLulf materials materials
cleoments  or dunc or clifif e
579 Dh/Ah-l Dunes 30 none 50
ho=T75 S
plLutr 25
550 Dhb Dunes 30 Sandy beach zone,
1;0-60
531 Dhb~Cb Duncs 30 3010 6075
20200 S S
¥ip 10
582 Dhb 100-255 33 none 35-40
S 5
563 DheCb 15-100 30 20 33
S S
53l D1-Ch Dunes 30 Sandy beach zone
1030
Hip 5«10
533 Dh~Cb Dunos 30 nono 50
25-60 S
Nip
20-25
536 Ah~1 50-71 4590 none 8-80
med pr,cs gr
cohg, bldrs
Dunes
587 D1/Ah~1/L 20 11570 0-20 L5380
Dh/Ah~1~Cb Bluff S S, 98-100%
6-33 cobs, fn gr
588 An-) Bluff 35-90 0-35 ’ 25-168
Ah-1/1 Li0-125 S, 98~100/% Sy L0-100%
Ah-li~Ch silt, cobs fn gryaed gr
cobs
589 Blj=C Duncs 30 L5 S
B=l~Cb 12-15 S 5
e Ah-R Lo 35 No bench ~= stecel seawall.
Blulf in artificial fill.

5oL Ahel 50-55 p0-60 Mo beaches.



"'/V'
oo Basic Heirnt(t.) Slode in Backshore: Foreshorc: Photo
" cecast blufli, deprees, width in £t.; width in {t.; naumber
TONG cliff bluif materials materials
alemcnts  or aune or cliff
562 D1/An-L  Lo-8 L3 none 30~55
S; 96"99(/;
fn gr,cobs
595 Ah-li /5 30 L5~60 none Lo-L5
S
5oL Dh~Cb unes 30 0-30 20-90 Flgure 13
Dhb 10-200 S S, 60-100% Figure 1o
Nip fn gr
5-12 ,
s Ahel 901110 Lo-L9  none 1,095
R N IVA a
.L;L—'..L/ L,/ ~ i
500 3-4-Ch Dunes 25 30 35 72
Wip 6 S S, 95-97%
fn gr
597 Ah=D1-C Bluff Bluff ide sandy beach held by
2C-30 20 groins and long harbor
Dunes seawall.
5-10
590 Ah-R 10-30 30-L0  Artificial fill and seawall.
599 Ah~l 60-95 35-45  0-LO 15-66
An-1/5,L S, 99% S, 98%
In gr fn gryclay
scawall, in
part
600 Dhb Bluff 30 20 1,0
3050 S 5
60 D1b 20-L0 30 30 70
5 S
&0¢ Dhb Dunes 36 20-40 Li5-70
1,0~125 S S
Bluff
10~-30
603 Dhb-Cb Duncs 30 0-50 30-110
Dh~Cb 20-125 S S, 98-100%

D1-Cb Nip 510 n gr
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5 Dasic Hoiehit(ft.) Slope in  Backshore: Foresiore: Pho o
: bluif, desrees, width in fte; width in £t.; nuiocr
SRV ZONG clilfl blurf naverials materia
FEVRION elemencs  or dune or clif

G, An-l 20-60 35-50 0-30 110~100

py = s ’ Yol
Ah=1-Ch S, clay 5, 95-965
Ah~3 fn gr,clay

’

508 Dhb Dunes 30-35 30 LS
1:0=50 S S, 95~100%
Bluff med gr
20-25

&G Beb6=C0 Dunes 29 none 93108
20-30 S, 90-99%%
Nip 5~10 fn gr '
Lo Dhb Dunes 2110 0--91 h2-1h8
Dhb—~Cb 10~130 S, 92=l00% Sy 65-99%
Dib Bluf? fn gr fn gryclay
10~-11.0
508 D1-C Dunes — Narrow 120
10-25 S S, 95%
fn gr
809 Dlb-C Dunes 30 L,0-100 87~125

D1-C 15-40 5 S, 96-100%
Bluff fn gr
10-15



Bluff 55-50
ovar lacusirine
v over till. iresh
inaicates rocent wave

larrow beach of sand and
ravel. aysiogranhic Unit

b e b i e

An Z/S/lLuA_L~ZL.
feet highs Llower plain at
middle distance has viulf
Higher bluff is of
LaL sand and gravel, over lacus-

:» clay and silt, over lacuctrine
coand gravel; low bluff is of

trine sand and gravel. Marrow
S of sand, gravel, and cobbles.

. Liopraphic Unit No. L63.

01ld biull at

Figure 2. u“/'uu ~/ -0he Ul
on lert 175-200 fce
capping of hizh unCug
foredunes 10-15 I
6-0 feet high.
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»
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Sludd 1b foet 4
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FLEWNC Ue Delh,  Low plain of lacus-—

trine sand and gravel with broad
sandy beach. House stands on estae
held by boulder sca wall, that now
projects 135 feet into lake beyond
water line on nortn and south, Iioucsc
was built in 1938, and scawall was
built in 1950, Active wave erosion
between 1950 and 1956 g indicated,
Physiograpnic Unit No, 1,



f :
. i
. = ; o - P - i
o S LoTe  Low plain of Figure 10, B=lir. Low proin of
Locustiine gravel (shows ab coarse lacustrine gravel and sana
- -1 . / 3 i3 S A I - . vy o
ovaerlying slabby dolomite bed— {cxposed at right). Narrow beach
scok winen forms benen in beach zone. zone of gravel, cobbles, boulders,
Seneh sorown with blocks and slabs, and dolomite slabs. Dolomitve bedrock
Physlosradhiec Unit No. 1308, is eszposed near this arca and is
inferred herce.
- . - - [ ~r 7
Physiographic Unit No. 09,
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33.
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Beiy=Ch-r,  Low wooded plain Meuwre 12, Dh-Cb, Vooded dunes irn

locustrine sand and gravel; with right distance 50-55 fecet nigh. DBoli
21t 75~90 yvards wide of fore- 100200 fect wide of foredunes 10-30
{~15 fect high. Nin 10 feot feat high, with low nip above broad
Jeach of sand, coarse gravel, sand beach, Small river on right
~noular shingle. Bedrock reef lies back of forcdunes,

e, Physiograshic Unit No, 33l.
rsiorrenhic Unit No, 305,
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: sonc and gravel at base of {(Zorcrround) 15-20 foot nighy with
Trosh Slull indicatos recont 6= fool nin, BDeach zonce of sand
“rave crosion.  Norrow sandy and pravel, Recent erosion ls in-
SOOI dicateds
Viyssooroanhic Unit Noeo 594, vhysiographic Unit No, 59lL.
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' 1. ib. Duncs about 35 Fipure 16, Uib/o-L. Duncs 15-25
s high, with wave-~croded bluff 20~ Zoet hipgh rest on plain of lacust
v high. Broad beachr of sand sand and gravel 12-1L fect above inlc
’ W grovel. lcevels Frosh bluff on duncg shovs
aphic Unit No. 607. wave erosilon in recent yocoars. Broad
beach of sand and peubles,
Physiographic Unit No. L8,
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Plguwrce LY, Fh., Vertical ¢liff of

Colomite 3)~LS fect hiph. Narrow
toneh gone of angular slabs

Phyeiographic Unit No, 11k,
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Pigure 18, Dl-B-l, Gravcl bar

onclosing lagoon, At leit beyond

view 15 gravel foreland or plain in
Iront of lor duncs.

Physiographic Unit No. 128,
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, blocks and

Figure 20, Ih-D-l. CLif{ of shaly
dolemite and limestone, 30=35 feoth
highe. At left is low grxvol foreland
6-8 feet above lake. DBeach is of
angular shinglc and “laou.
Physiographic Unit No, 249.




: L. Plein of dolomite
~ L& feet above wator, with
verviend clint 12-15 feet high.
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B-li-r-}. DBeach ond offm
zone of low plain of lacustrine
sand and gravel,  Beach zone of sand,
gravel, and slabs. Recfs of
te show through beach deposits
OLfshore zone 50-300
filled with rceds,

Unit No. 396,
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Figurc 22,/ Plain of dolomite abons
18 fect above woter. Vertical cliff
abvout 1L feet nich.
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vone of cobLbles and small vouldero.
Physiographic Unit No. 149,
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Figure 2L, Ah-li. lorgin of a plain
of lacustrine sand and pravel 25-30
feet above lake, Road rests on fill
stabilized by grass and protected

at base from waves by riprap ridgc.

Physiographic Unit Now 235,
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A lorce anovnt of sediment is supilied to the shore by tribubtory

or shore crosion nearby, or whcere a lLorge amown® ol scdiment in 1o

shore transit is cought Dy some projecting

structiras out from the siore,

cronte benches ws to

'

ortoin points — notably b

in

o orate of such recession dencuds on such factors as the following:
i

haeldand above woenn Lake levels

Matorials

wmosing boeklond and londface, whether weall or stron.,

Lbundance ond conrsencsns of beach matoericls, thether moved in fros
elsorvhere or cerived from the retreating landface by erosion and
aagortod Ly viave actlone.

' . A

Lxoosure to lote storwes and waves, The inner shores of brys sulicr

. . . T 3 M < - - N E 1
Teebler wove abiack then hendlonds or giraight stretceiies of shore,

(.x.

Provective structures built by man.

Level of Loke -.dichipgmn. Durdng periods of high average 1nle level,
wave abbioclk is several bilmes more vigorous than during seriods
of low averope level,

o

Unusunl storms of groat severity.
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s o5t gurongly with respect to tdie ave ko wwo

T e N 3 3

Ly N N 5 N - PR o ’”
ey nrned, Uhe mean monthly level has shown extroncs, cince 1obin, ol STT.C
Sest o Yebruary, 1933, and 583.0 feet in July, 1859. Trom 1900 o 1Ly53 tho

o

oveds mysrazed 579.9 feet, with uwnusunlly high Levels occwrring in 1910,

1. -

to 1952, Unusually lowr levels occurred in 1926 and

Y2y, and the poeriod 1943

thout oxception, accelerated shore erosion has taken place auring
Uiowcn of nign water, while during low water, beaches have widencd and wave
“ounCin on the Landface has been much less cffective. ilecords kept since 1054
i onat lake dlevels have fluctuated in an irregular pattorn with timos of

Loonoaser recurring, on the average, cvery ten to twelve years. Coot wave
crouion has varied with these changes in lako levels.

Uho provlon of »resent wave erosion dnd shore retreat is a very sceriows
one W woth mundcipalities and individuals, Ag such, 1t has been persisteontly
Srwaied Dy engiacers and engincering organizations, including the Beach Erosion
—onrao ou the UlS, Army, Corps of Ingincers. The latiter organization has

~

Suodichod the results of detailed shore studies in Milwaukee and Hacince
Countics, Wisconsing the city of Kenoshaj and Lalke and Cook Countics, Illinvise
A similar rcport on Berrien County, Michigan, is now ready, To these reporus
tre woader is referred for information on engincering aspects of the shore
DIrO0LUIe

Tormer Studies of Shoreline Changes

The problom of Lake iichigan shore recession under wave atback was studicd
as carly as 100l by Charles Whittlesey in the Milwaukee area, and 1868 and
1870 by lHenry M. Bannister in Illinois. Although neithor gave quantitative

neasurements,; both authoritics concluded that past wear of Lluffs may have

cnwouroecd bo hundreds ol feet and that the annual rate was scveral foct atb

.
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NOLY LanctS.  dn 1oT0 Sdnund Androvsd compubted that, in a period of 15 to 39

vz, Baamnd, "he North dmerican Lakes Considered as Ciwonometers of

o weial Time," Trans, Chicago Acade Sci., Vol IT, 1870, pp. 1-2lL,
vonse Droceding 1870, anmual recession of the shore avernjped 5,28 foet at 23

soncosed noints between Evanston and Manitowoe., Te Co Chamberlin in 1877

suniioned results of computations by P. R. lioy, S. G, I

wooeling Te Coy "Goology of Wisconsin," Vol. II, 1877, ppe 219-233,

e - ) » ~ ] Y H
no Sovnd thav Racine cemetery suffered an average annual loss, between 1810

LGk, of 9,73 foet per year, Knight found that betwoen 1836 and 187l

SUCURRVIG 13N
cne avernge recossion at 18 scetion and quarter—section lines in Racine County

ok 3L

was 3.33 feet annually. Chamberlin computed that the average annual loss at 8

soevion lincs in Milwaukee County, bebween 1835 and 187h, was 2.79 fccte

Treanle Loverett in 189%es: published results of mecaswrements made by Surveyor

S s T e ale N a8} -~ 3§ - - - o o e .‘ r o
W Leveretb, franl, "The Illinois Glacial Lobe," UlS¢GeS,. Mon. XIXVIIL,

1899, n. LS8,

BN

Galvin ol Berrien County, ilichigan, which indicated an average annual Lloss, ot

8 woints in that county during the L1 to 57 years following 1828, of 3,30
Between 1905 and 1907, the low bluff in lacustrine clay and silt at Man-

itoivioc, "isconsin, suffered an annual recession of morc than L0 feet, according

Yo J. W, Goldthwaitewe W, E, 03Bricen found that 6 scction and quarter

et Goldtlwait, James W, , "Abandoned Shorelincs of Tastern Wisconsin®
Wic. deol. and Nat. Hist. Surve, Bull. 17, 1907, p. 58.

Vidao o
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iy Je Ru, and Povers, T, ., Shore Roecession in Southeastern Wisconsin:
1L, fead. Scicnece, Vol, 2L, 1930, e h30,
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shoved an averase annual recession for tho poriod LI18~1921,
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sovroca 1921 and 1929, a perlod of generally low water, averaged only 0e.73

SCOT DO years

viose recent studies have conflraed the Tact of substantial locscs to winc
shorc,  In four segments along the ifilwaukec Cownty line, the Deach frosion
ot computed the average annual losses botween 1836 and 1911 to be, from

noaol To south, 2,5 fecty Le6 feet, 2.8 fect, and 1.2 feot.®#% The Loach

ot et e s e ——

seasse YT [l T

W U e Al’*’;‘ﬂ:/‘, Corps of ing :
] ~ “J&n‘f‘“ Shore Linc of 1i1 raukece Lou by, Wisconsin: UlS. Housc of
ives, 79th Congress, 2nd Session, 1946, Document Noe 526, pe 170,

3
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Brosion Board determined that bluff recession averaged about 2 feet por yocur

norbh of the harbor in Kenosha, and about L feet south of the harbor, between

U.56 Army, Corps of Inginecrs, Deach irosion Board, City of Xenoshay
ol

woin, Beach Irosion Control Study: lHousce ol Represcntatives, Onth
Lorens, 2na Seossion, 1955, Document No. 273, pe 11

1 T1linois, the nast history of the shorcline from Wilmette and nortiwrard

oo one Wisconsin line shows contradictions becausc (L) art of this shorc is

. low lako plain of natural accrotion, and (2) much of the shorce here has



89,
cecnocweveloned sinee 1910 with protective struchbures which have RIAVAHOINVSIS

LOCIGULGH, even wioughy crosion had becen doninant oreviouslyved®  The Low Lolko
7 (&) & o

GO“O? of Engincers, Deach Brosion Board, Illinois qu" oi Lal
srocion Control Study: House of Represcntn Lives, 63d Conpress,
)3, Document No. 28, ppe 30u31

iy
Daain ncar Camp Logan and the Wisconsin line suffcred crosion losscs averaging

7ol Tocu per yeoar betveen 1072 and 1946.  In Taukegan, the same lake plain,

PR,

durnnr whe same period, showed an average annunl accrotion of 17.6 feet
Foocs of tals gain may have been £ill placed by man. DBehavior of the coastline

. P ey T e
ey o K (e Fantean] ! el
[ RN O-L eade WAk = wo

o Wonkeoan shovws similar cont
aecoly O Teot ner year occurred at cerbtain points between 1872 and 1910,
Lo soie ohaces, the orocess changed from recession to accretion atfter 1910,

e ne OoveTa
wuwbl ulo wo Voo

somcasurenonts bto the Lake Michisan Shore at Identifinble Points

a

Looant of the present study is an attempt to evaluate nast changes in tho
shorclin: ot places other than those studied by the Deach Brogion Board, Bariy

vanne woasrements were furnished by (a) the original U, S. government voime—

78y Gaving from the 1830's for most of the Lake iiichigan shory area,

DUt with some notes dated fron 1829 o 1855; and (b) surveycd plats of shore
sunbdiviclons dating wainly from 1900 to 1930, wutb with a fow carlicr and later,
Mo swrnorod plat was used of later dato bthan 1837,

YLl notes made durdng the original U, S. govermment township suivoys
recosc une distances Trom section and quarter poosts to the "mennder line!

ol who Lol The Mmeander line' was never preciscly defined, but clearly it
was solcaay 1L over, identificd with the water linc. In many cascs the

moaswrenonts were obviously made to some point at or near the edge of the
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acoual, waerever the original meander line wias inland from the blull cdge.

my
A

a2 pattern of roads and ficld bowndarics on aerial photos shows many scebion

A Cuapto " these thod 3 OIS Y A s R .
At Qreareer corners,  ALL off these that could be identifiod vithin /2 wile

bl

Lo L nile of the Jake were tabulated, and their original chaincd distonces

ficld nobtes filed in sbate offices in Hadison, Tisconsing Lansing, slichigan;

Do Lsahanapolis

, +ndiona, Vherc possible, these distances were romcasured -

N

B P RN T - 5 K - A . denT e
G LawiaG, CLTRCr with o steel tape or by stadia measurcmont with a telesco e

TS 5 m

Gulfadl,  Tests of the latter mothod indicated o proboble error of no more
than .05, a value on most lines for smaller than tho change in position of

Sy e, SR S - - . . ERI U SO
il SO0 O neAandor ].11’105 In noe case wags an Ol”.Lb.t.uﬁl CcCorncr oI GUArWCT Nosw

TetoverGe, but tho position of long establishod fonce lines and OthSY boundayy

checied closely with the chained distances given in the ori~inal
cuavey, it is belleved that most if not all points of origin used

Susanent wero corroct bo within 3 to 5 foelt of thoir true nosition,

4 considerable nunber of swveyed subdivision Dilnts were obtoined From
J

counvy cngincers and recorders of deods. The courtesy and assistance of

SCSITEL e By Btnlsceth and William Osner of the Highray Commission of Ottawa

Counvy, IMichigan is gratefully acknovledged, ilany of thesc plats gave dis—

tances Lo the waterline rather thon to bluffs or obthor featurcs above tho

beach zonc. Innsiauch as position of the waterline changes, without crosion

off or accretion to the shore, by ony change in walter level, such measuromentbs
o

A Less satisfactory than those to a bLuff crest vhich enn chanze urly by

suroor recession.  In some of the older subdivision plats; it proved impossibic



e Lo el Lo vecover tho original surccet natvern and othor roiurcace DPOLNILS ¢

Ll O TS DP0JCeus Dad been abandonedy in othiers, a second and dlifcrent

plon and been superimposcd on the first. fovever, aporoxinately

s

20 reoconwonents wore esbablished from these Hlats and are included ia
Loswamery ol the rosulis of romeasurcmenvs ab 13h sclected noinbs ~long

the Lol didchigan shoreline is given in Table IIT, For cach noint is listod

v Locnvion, dnte of original swrvey, gain or loss in fect up to the year

Lys7, and average change per year in feete OF the 134 points o stations;

> accretion, generally small bub amouciing in one casc oo

L300 feet ver year between 1902 and 1957, Fowr sbtabions showed no chinngoe

wietny ohe period of record. One hundred twenby-fowr stations shovod recession,

1 3 - ]

e imams e e T N - - Y o1~ ™ oL - y ot ey
feot per VGO, The greatest LOSEy 064U JeCT Hoer yearr sSince

4

1020-5G, was rocovded in Kenosha County. Thirty-four stations showed an

averse nnnual Loss of more than 2 fuet, and 36, a loss of botween L and 2

\ - ~ ) “ .
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perioa off record. Tor these and similar details, the recader is referred to

1w botal recession and its average annual rate as determincd for these

-
—

13l soovions aro both sualler than would be o wocted from most of the carlior
soudics reviewed wnder "Former Studics of Shoreline Changes" above, It is
apporens that such men as Chamberlin, Hoy and Goldthwait considered only shorc

of unusually severce erosion,
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Changes to Lake Levels

avparent that the rate of

s

ke \l
The factors

erosion arc protective structures

Tluctuations in mean lake lovel.

Protective structurcs hinve been

invs by

large organizations. The

5
ONISAVE

or scawalls

chicfly

individuals and by municipalities,

boulders placed at onc or two points,

Jlers and walls of driven steel piling, coment, and heavy ripran

shore change, particularly erosion, has
responsible for such variation in rate

built by man, storms of unusual scverity,

placed along the lake shore at many

highway departiments, roilroads

scale of such structures ranges from ine

<o

50

v
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L pouecuive structures have been properly designed, stuwrdily bullt, and

oo seale sufficlent to oHrotect the ontire area of critical orosion, they

Snve penerally roetnrded or checked rocession of the shore. TMierc tacy have

failure has commonly been duc bo faulty desi

and inadequate coverage of the shore segment WIGCEolng

cwonion. A single individual can seldom cope eTfectively with crosion of his

ovs, nartly bocause the cost of proper structurcs is generally beyond his
Genas, oub also because shore erosion will continue on both sides o his VIO,

W

- . T Y b Ve
Lo\ Lee Uipure 0. DeCause oo

Py

1 shore protection has been long and successfully dnvestigated by

ULl we S Ariay, Corps of Engincers, and by private ensinecerine organizations,
J 5 i (&} F) i1 D (&) -

iv not bo discussed furbher in this renort,

unusunily scverc stomms oceur atb irrepular intervals and have often causs 6
acculorated erosion of the shore, Among thom are the storms of Oclobor 27 ana
<, w0295 Septomber 28, 19455 May 28-29, 1947 January 1 and darch 2628,

1248, The unusual vigor of wave attack during such storms is duc sorily to
greavly dncrcased wind velocity and hence wave cnergy and height of waves:; and
partly bo the rise in water level associatod with strong onshorc winds. Such
oo wnter may exmeced mean level for the poriod by as much as two feeb., Daba
on actunl losses to the shorcline during such storms are meagers Recession
cif from one o soveral feot dwing & single storm have been reportcd. Because
cunrluntive data over a considerable period of time arc lacldng, wo evdluation
of ©wac total c¢ifects of unusunl storms can be made here.

Z0 nas long been lmovm that fluctuations occur in the iean monohly and

1~

annunld lovels of Lake lidchipan., Tluctuations of even shorter neriods, often
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Trans,, Fllinois State Acad. of Science, vol. 27, 192,
- Lorciuaorly an annunl cyele involwving high water in carly swmer ond 1oW wWhuor

The amual Ductuations a
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sven more to variatlons in rate of evaporat

Sneot and fall drregularly with peaks
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ol sdon wator,  UDated photographs of bluffs,
orassoda and stable slopes during low water
o sees of rapld erosion during high water.

NEHRo the same ro

nrove lationshine

.y PR B, Ay mnn
DECoTULCE L1tom

Lot S

snoe o lake Tevel do be pub on a guantitative

Lavolving knova
the Beach Erosion Board

Ui LLOTC,

COULTY averages for a macdinum

LwCU DO Yyeor

1o,
occwrring evory 10 to 12 yearc,

: Level curve have occurrcd in 1870,

year bo year which permit the relationshi
hl

DOsSisSe

fluctuntions in lake level and varying

arc related partly to rainfall variations

Mecan annual Lode levels

Since

o0
hﬂﬁj PO

1876, ° Toly

Levels were vory low in 192520,

generally high for the decade 19143-52,

caken in past years, comnonly

periods, bt fresh cuns and

Nowspaper accounts of wave

However, there are fow nctual measurc-

oif crocion

3

T N P | P P
ST CLOTLCOL anu..&.y{).x.o P!

By

rates ol crosion alon?

stimated that bluff rccession in Milvadkee

lake level of 579 feet; 2.1

™ v y

e Doneh brosgion Board, U, S¢ Arny
Lochipan Shore Line of Milwaukee County,
Laltd 79th Congress
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caooso boldoves thiat these Tigwes care consorvabive and thnt annunl crosion
N R R T PRI LT Y B . -~ I B L D S S
v U Bo3=-Coou Loveld would probubly be far more than 2.2 tines that oo thoe
Llenoos Level, he vork of J. e Bnll near Kenosha, quotead oreviously uncor

winl rocession

Ui Studics o Shoreline "Changos," shoved an averose
o LR UE3 Tect por year from 1910 to 1921, wihen lake level averagoed aboub
DOGLO feety ang 0.73 fect per year from 1921 to 1929, wiwen loke level avers e

S0 5T9.3 Teete It is apparent that yearly measwrements on crosion over o

s ol years axe neodoed, before a quantitative rolationsiip can be Cse

tounishoed botweon lake levels and erosion rates.
Lohuman factor also cnters into this problem. Long poriocs ol Zow 1ol
Levila, as that bobween 1929 and J9h3, are times of broad beachcs and TecolLo

wrove soeack on tho shoree,  Groins and other protective structures are alloviea

into dilerepair. Then when another hign water period arrives, the

Jeonyed shoro structures may be guickly destroyed by wave actlon, and the
R T P 3 A OO 3 eyl de oy A1 Ty N N . 100 Sy L‘ R
sLove 4o dele open to atback. Such was the situation in 1243, when Ghc urie
cioocoued retura to o hdgh waber Level prouptly caused scrious danage oo bhoe

coore and shore propertics, which ovmers often did not have the means ©o

e S e TR
COLLONG LneuLa uO].y.

LCABILITY OF SHORELIVE STUDILES ON LAKEL MICHIG/N

TO OTHER TLARGH INLAND LAKES

Comparable Large Lakes Ilsewhore

Lokes comdarable in size bo Lake Michigan include Superilor, Huron, Eric,

fod Onboario din the United Stabes; Winnipeg, Athabaska, Great Slave, and Greav
Canaday Caspian Sea, Aral Sca, Ladoga, Bnlkhash, and Baikal in Durasia;

FREE )

(ol Vicvoria, Rudolf, Albert, Nyasa, and Tanganyika in Africa. Although
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cemn 20T QTG O L Lokos DONBU3E A ANy sunadlarivics o Linko ML Cill. N du
X LT POy v s Tar S T » + iRt N elat T o~ el e e o e vy e
wAe b G RORILLY I one particuwlar:  ther 1ic deeon below SWrTrouricilg mouriains

SooCclovnted plateaus. Soccilicnlly, Lake Doikel lics amidst mountaiis,

Vi Siloof the Afriesn 1akes cueent Vietorin arc in valloys sunk Coonly

voewi &oolavenn swrface. On the contrary, thoe others are all in nlains or low

Lodcs and thodir shoralinges ossess many similarities to thwis: of Lalke Hicniy

i

Jrocesges similar to thosce on Lake Michigan are now modifying the consw

pas

“uniy o these other large lakes, and have donc so in the
Covse gone fonoures Aave been develoned, including bluffs, cliffs, du

oore, end nips.  TEth appropriabte modificabions whore necessary, thce Lotter

Fagin a

cowg wsad for acseribing the shore zone cloments of Lalka cilchigan can be

vo oll other large lakes. liost of the largoer

on Loko ilichigan can be recognized on good

SehaCy this statoment applies particularly to bluffs,
picding, ond other major features. Yidths of boaches can bo measwred from tho
Dhohon ) areas of active erosion can be identificd by narrow beach zones and
Lo ol vegetation on frosh bluffs; the natwee of beach moterials can usually
o Gedueed from the charactor of the landface and backland arcas and thc in-
ferred nature of shore processcs. Associations of shore zono foaturcs, obe
cived dn the Lake Michigan area, con be extended to other large loke basines.

Therefore the types of shore zone featurcs on Lake Michigan, the methods

develoncd for mapping thom in code, and their observed combinations and

¢

associavions, can be applied to the study of any other large lake. By such
study, shore zone arcas can be identificd which arc best suited for monds

operations, of whatever character thov ma bo,
3
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