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GEOMORMOLOGY OF THE LAKE MICHICAN SHORLLINL
INTRODUCTION
The Project

Proposal, In October, 195¢ William F, Powers nroposed, with the endorse-
pent of aprropriate officers of Northwestern University, a nroject for
studying the shoreline of Lake lichigan. This project, cntitled "Llake lichigan
Shore Lrosion and Goomorphology Project," was sﬁbmitted to the 0ffice of
Naval Research, U,3, Department of the Mavy, with a request for equirment and
funds to carry on field work for 2 surmers, and office work, corrcspondonce,
re¢search, and drafting necessary to prepare anp=o-. wate renorts of progress,
summary rcports, and a final renort on the findings of the study. The nro-
posal was appreved by tho Office of XNaval Research as Project Mo, NR 287-015,
and in March 1957, Contract No, Nonr-1223(07) was ncpotiatid betwecn the
Dopa;tmcnt of the Navy and Northwestern Univorsity to sunport the projcct for
& vcriod of one ycar beginning Yarch 15, 1956. Preliminary studics and
organizational work led to a successful propram of ficld study during the
summer of 1956, Early in 1957 the nrojoct was aporoved for cxtonsion during
a socond year as orieinally requ.sted, and in April 1957 the Dumartment of the
Navy cntorcd into such cxtunsion of Contract Nonr-1228(07) to ?arch L,

1958, A socond summur of ficld work and a sccond year of officc work,
regearch, and propurution of r ports wus nrovidid for.

Mlusblyeg, The wropoail for this atudy atemmed from the ne d for mepr
corplcet. understanding of th charact.ristics und dov lomm nt of th. shor. lincs
of lirg inlund lak.s. 3uch shor:lin.s prosint 2 larg. vari ty of shor.
features and conditions, which ur: of great influ'ne: on ull ssp ets of min's
usc of th~ shore, In pliccs th: continuing proc.gsrs of shor lin d v lopment =~

such 23 the rotreat or r trogradation of 4 bluff und. r wav' 2rosion -- hiv.



24
made 1t difficult and expensive for man to maintain his use of the chore
areas. Both the kinds and associations of shore features on Lake llichigan, and
their de?elopnental processes, have their counterparts in other large inland
lake shores, Thus‘governmental cr military operations elsewhere can beﬁefit
by a clear understanding aud description of Lake llichigan shore features,
Individuals and municipalities who own shore properties are also in a sosition
to benefit by the results of this study project.

Specifically, four objectives were sgt up:

1, To identify the diverse shoreline features of Lake Michigan, and %o
set up types and associations into which they may be grouped. To accomplish
this, it was proposed to map, on foot or by automobile, the ertire shoreline
of Lake liichigan except (1) the Tllinois shoreline (Lake and Cook Counties),
and (2) the shoreline of Milwaukee County, Visconsin, Beth of these areas are

‘comprehensively described in recent reports of the U.S. Army, Corps of Engineers.*

%* Illinois Shore of Lake Michigan, Beach Erosion Control Study, by U.S.
Ar?w, Corps of Engineers: 83d Congress, lst session, House Document No, 28,
1953,

Beach Erosion Study, Lake Michigan Shoreline of Milwauliee County, i/isconsin,
by U,S. Army, Corps of Engineers: 79th Congress, 2nd Session, House of Rep-
resentatives Document No., 526, 19L6.

City of Kenosha, ™isconsin, Beach Erosion Control Study: B8Lth Contress,
2nd Session, House Document No, 273, 1955,

- o P . o D o o ~—— > S B M el s ol D s it S ot e (P e G e et R S S S B YUY B P s ¢ e T e A e

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

Racine County, “isconsin, Beach Zrosion Control Study: 83d Congress,
1st Session, House Document Mo, 88, 1955.

2., To appraise and measure shore developments now going on, including the
total past changes duo to such processes., lMore specifically, to identify

»shoreline areas of retropgradation and progradation; to measure if possible

PO Y S L PRI o] -
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the r~te of such chonnes; ~nd to determine vhether such changes proceed -t o
unifeorm rate with respect to time, or occur in a non-uniform pattern related
to cycles of lake levels, unusucl storms, etc,

3+ Teo swmmarize and resent in appronriate reports infonnntion on shore
fentures and srocesses, so that future changes can be nnticipoted.

Lhe To develo: methods of anlying the findings concerning the Lioke
kMichigon shoreline to on understonding of the shores of l-rge inleond l-kec in
other 2nrts of the werld, i

Ficld Tork. Tield studies were carried on by the director from June to
September, 1956, ond from Junc to ;dgust, 1957. During 1956 he was obly
assisted by lir. lnrold ', "inters ond lir, John ", Xunstmrnn, grocdunte students
in the Depsrtinent of Geogr-phy, Northvestern University. In 1997, iir, Winters
algne served ns field nssist-nt,

During field work, the director and his n~csistonto inspecteéfthe entire
shoreline of L-ke iiichig~n* ot interv~ls of one milc or less, with few
#* Here-~Tter in this report, the expression "ﬂake liichig n shoreigge" wvill be

understood to refer to the entire shore of the loke oxelusive of iiilvrukee
County, " isconsin, ~nd Loke ~nd Cook Countics, Illincis,

a:iezotions,  Teld mapeing vrs doncvon srocl photogr-shs procurcd'from the
UeSe Deprtment of “pricultur:, ‘roduction-~né li~rkcting Division. Thesc
mhotos on & senle of ~jypro:dmntely 1:20,000 served os Liwotonnps; ~nd in com-
plete sterco cover-goe, they mede wossible the jaotointeryroet~iion of the
shorclinc between oints visitede ALl nveil-ble tonegr-~oshic ~nd sl nimctric
1738 of thu shoreline were [ rocurcd ~nd mrde use of, Jowoxdm-tely WG

per cont of tho shoriline 15 coverad by topogr-shlic mops (T-ble I). TFor other
~r.n8y cownty m' os glving thy sovernment Tonshi,, ~nd R-nge System ~nd the

ro~d p-tturn were very usoful, p orticularly by Surnishing -n intcrrot-tion of



the roads ~nd fence lines en

shi > bouniaries.

rerial photos with respect to Section and Tewn-

Taile I. >ublished Topograpidc Maps: of Leke ..ichifan Shore.

% = Advonced print subject to correction,

Wisconsin:
Qundrangle
Bayview
pnsco
Clevelond
green 3y

#Jcraunes

# anitowec
Yilwaukee
New Fronklin
Pert ashington

#Sheboygen Falls
Sheboygrn ilorth

#Sheboygan South
Racine
Waukegan

Illinois

Calumet Lake
Chicngo Loop
Evanston
Highland Dark
Jeckson Pnrk

Vinulkepnn

Extent in Longitude

87045t ~ 889001 :
87930t - 87°L5!
B87037t30" - 879LS!
BRO0O! - (B915!
87°30t -~ 87°L5?
87°30" - 87°LS!
870451 - 88°00*
87°L5t ~ 88°00!
87°L5Y - 389001
87045t - 88°00¢
879371307 - 87°LS!
87°37130" ~ 87°LS!
870451 - 88°00°
370451 ~ 88°00¢

87°301 - 879373
8703731 - B7°LS!
870374t - B7°LS!
87045 - 8705231
870301 - B7°373!
g7eLs! ~ A8"00t

Extent in Latitude
li2okst - L3°00t
LLO30Y — LLOLS?
130521 30" ~ LLC00!
LLO30t - LL7LS!
LLo1st -~ LL°30!
LLo0ot - LLO1S!
43000 ~ L3°15¢
L2201 = LLOLS!
43015¢ ~ L3930!
130301 ~ L3°%U5?
43cL5t - 139521 30"
L3°37130m ~ }30L5!
12030 = L2°L5!
42%15t = 29301

11°3731 - 11°LS!
4195241 - L2Coo!
L2%00t ~ L2°0T75t
42°0741 - L2013
L1ok5t — L1023t
2015t -~ L2230¢
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idchig-n

*

3Fngor

tonton H-rbor
Contr-1 Loke
Ch-rl.voix
Fonnville
Holl~nd

L-kc H-rbor
Hoﬂtiguc
tiuskegon
South H-ven

Threc Oks

Indi~n~

iidchig-n shore, st-rting "t the Illinois

Duncs fLercs
uMichig~n City ‘icst
Ogdon Duncs

Portcr

Thrcc O-ks

Tollcston

The topogr-~shic m*ps in $~ble I, listed clockwise

Yisconsin:
T-ukog n
R~cinc
B yvicw
1741w~ ukece

Port '"~shington
Sh.boyg-n Flls
Shcboyg n South
Shuboyg n North

Cluevel-nd

86°00¢ - 86°15!
86°15! - 86930
85015t - 85°3¢!

8515t - 85°3Q¢
86°00t - 86°L5!
869001 ~ 86°15"
86°15t - 86°30!

86°15! - 86°30!
R6°00t ~ 86°15!
86215t -~ 869301
86030t - 86°LS!

87°00! - B7°07! 30"

86952t 30" -~ 87°00!
87°07130" - 87°15"
87°00t - 87°15¢
86030t -~ 86°LS!
g7°15t - 87°30!

2”15t - L2°z0!
1120001 -~ L2715
L5C00!
L5o15t - L5°30!
L2030t - L2°L5!
Le°hst - L3°00!
130001 - L3°15°
L3Pt - L3030}
13°00¢t - 143°15!

- 1,5015¢

12915 — 12930!
%45t - L2°oot

11°37¢30" - L1°L5!
12°37t30" - L1CLS!
42037130" - 1AOLST
11°30% - laChs!
L1oLst - L2°oot
11930t - L1°L5?

~round thc Lk

iscongin stote bound ry, ~re?



“{seonsin: (continucd)
M-nitovoc
Kerrmunoo
G rco
Now renklin
Grcen By

iichig-n:
Ch-rl.voix
C.ntr-1 L ke
tiont~guc
L-~kc H-rbor
iluskegon
Holl~nd
Funnvillc
B~ngor
‘'South E~wvcn
B.nton H-rber
Three C-ks

Indi-n~:
Threo O-ks
tiichig n City Test
Duncs Acres
Ogdcn Duncs
orter
Tolluston ,
C-lumct L-ko -

Illinois:

C luwt Lk

J-ckson 2 rk

Chic~70 Loop

Ev-nston N

Highl-nd .’~rk

W-~uk.g-n

The narrow width of mcct cloments of the shoreline did not permit them,

in general, to be mapped as areccl units, Instead, a code was developed to
pemit an orderly description and summery of significant elements of the shore-
line, This code 37ill be described below, Detolled stratigranhic deseriptions
were made of exposed bluff and shore materials, and more than 700 sawles of
beach and bluff materials vere collocted, These will form the basis for a
detailed cdescription of the structure of many parts of the bluff and backland

area, and a statictleal study of the dintridbution of beach natorials around

tho lake liichigan bacin,
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Acknoilodgments, The director is decply appreciative ot the support
gilven to ali shases of this project by the Cffice of Naval Research, Iﬁ
particular, he is indebted to Dr.‘Louis C. Quam, Head of the Geography Branch
of the O,N.R., and to iir, James A, Viilliams of the Chicago office of the O.N.R.,
who has bcen ever efficient and courtecus in procuring aecesnary matorials
and in giving helpful advice on administrative problems, liessrs, Harold A,
Winters and Joiin ™, Kunstmann served cfficigntly both as field assistants and
as research and cortograshic aids in the offiéb.

ﬁcgorts. To date, the following nrogress rcports have been issued in
rincographoed form:

1. Report of Progress No., 1, November, 1956,
‘ 2. Report of Progress No. 2, Scotamber, 1957.

3. Status Report, November, 1957.

C . -
A /’-r [ [N v

L. Summary Report, iovember, 1957. K
The nrcscnt Final Report will present in scientific form the major
findings on thc geomorphology, dctailod\dcscription, and classification of
the shorcline featurcs of Lake lidchigan, as well as an analysis of shorcline
changou at about 145 points sclocted for rumcasurcmont, The mass of material
collceted cannot all be presented within a single roport, and thereforce it
is antici%atod that cortair additional scicntific studics will be made and,

if givoen approval by the Officc of Naval Rescarch, will be submitted for

publication to appronriatc journals,



THZ L.KS 'ICHIGLN BLASIN

General Description

Lake 'fichigan iz Myeirolopicnlly a unit with Lakce Huron, and constitutes
the part of this great doublc woter body which lics west of the Strait of
Hackinac botwreen llackinawr City and Sta Ignacc,sﬂichigan. The Lake iichigan
basin is slightly curved in outling but is guncrally clongated in a northe
south dir.ction, vith a curve toward the northeast at the northern part of
thc basin. The trend and curvaturc of the basin arc rather closcly acjusted
to rocﬁ structur., thc basin lying in a woealk-rock bclt of Devonian shalc (sue
b.low). From the southernmost point at Gary, Indiana, to the northcrnmost
point n.ar Naubinway, ilichigan, the longth is about 315 niles. The maximum
width is about 76 miles, in the latitude of Grand Haven and liilwaukee,
Thrbughout nost of its length the lake is 50 to 60 miles or more in width.
The total area of water surface is nearly 22,450 square miles.

The greatest depth, 924 feei, occurs in the ncrih-central part, approx-
imately in the latitude of Kewaunee, A& broad submerged ridge less than 2L0
feet deep crosses the basin in roughly the latitude of ililwaukee and liuskegon,
The basin south of this ridge is 56) feet deep and constitutes tﬁe southern
third of the lake,

The southern two~thirds of the Loke liichigan basin is marked by shores
smoothly curved in »lan, with no bays ond alieat no natural harbors suitable
for lorge craft, Those harbors which have been developed here are mainly of
v typrs: (1) small rivers dredged to float large vessels, as the 'Hlwoukee,
Chiczgo and Sike Rivers; and (2) elongated coastal lales such as iluskegon
Lake, OJuch lakes were once streom valleys eroded o a lover Ifomer levél of
Lako iichdgen, then drovmed ond partly cul off by snnd bars as the Leoke iiichigan

) _
level roses It h~s been chovn by Hough that Lake [Hichigon's nredecessor,
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orlled Leke Chippewa, stood 360 feet lower than the present levele*
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= Hough, JelL., ilelstocene Chronolngy of the Great Lakes Region: Final
Report, Cffice of Novnl Resenrch -- University of T1linois ’roject NR-018-122,

Urbana, Illinoia, 1§53.

Hough, JuL., Geolopic History of Great Lnkes Benches: ’rocecdings, Fourth
Conference on Constnl Engineerinsg, Countil on "Aave Resenrch, University of
Crlifornia, Berkeley, 1954, vppe 79-100.
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Threc l-orge emboyments are presentzin the northern nart of the Loke
iiichigan bnsin. Green Bay on the northwest is about 15 by 116 miles in size,
I+ lies porallel to Lole :iichigan and sepornted frem the latter by dolomive
peninsulas cnlled the Door and Gorden leninsulas, respectively (sce Slate I).
At the north, Green Bry is divided by ~ sacond neninsula —~— the Stonington —
into two parts, Big Day cde Noc on the east and Little Boy de Hoc on the wests
Between Garden and Door Peninsulas the dolomite ridge or cuestc is nartly
submergec and gives occess to Green Bay between severnl rocky islandse On
the eost of Leke (dchigen, Little Traverse Bay trends enst—vrest, with o length
of ~hout ten miles, South of it, Grand Traverse Bay forms an indentotion
about 10 by 30 miles in size, trending south from its eairance at the northe
A norrow poninsule, Old iidssion Point, divides the bay for more thon holf
its lengthe The eact ond west ~xrms of Grand Traverse Boy were parsllel to
glaci~l ndvance during at least part of the Ice Age, and were deeply scoured,
L depth of 534 feet in the enstern orm, and 390 feet in the western ~rm, hove
teen monsired,

Several islcnds occur in the northenstern qu~rter of Linke wlchignn, bub

none ic presont fortheor south,
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Droinage 10,

A surrounding l-nd arec of more then 47,000 squore miles droins. o L-ke
tilchigon, The divide bounding this droinnge arec lies more thon 115 miles
from the Loke Micidgpen shore onst of South Hoven, ichigon; cnd less than
5 miles from tho shore between 'Toukegnn, Illinois, nnd the "isconsin-Illinois
boundary, In ~n cre cxtonding from tho Indicno<iicinigen boundory around
southorn Lalke (dchig~n ~nd northvrnrd to Port Washington, 'isconcin, the diviae
is everywhere less than 20 miles from tne loke shorcs. Throughout much of
this distance the divide follows the crest of the Valporniso glacial mornine,
The divide lies about 100 miles northwest of Green Boy,

No major river flows into Loke iidchigrn. The orincipal strems now or
formerly entering the l~ke are os follows, clockwise beginning ~t the south:

In Indinnn:

Tr-1l Creek (ot iiichig~n City)

Gr-nd C-lumet River (~t Crry, fomerly :.iller)
In I1linois

Chicago River

T~ukegon Niver
In Wisconsin:

Dike River (~t Henosha)

Root River (~t Rrcine)

idlwnukee Diver

Sucker Creck (nenr ort " ashiagton)

Sheboygon River

Pigeon Rivor (~t Shebovgon)

iirnitowoe River

Begt cad est Tvdn Rivers (at Tvo Nivers)

novnunee River

Ahncpee River (at Algomn)

Tox River (~t Green 3ny)

Duck: Creck (~t Green Boy)

Jensaukee Piver

Oconto River

Peshtipo niver

lienomineo River ( “isconsin<iichig~n boundnry)
In northern iiichigen:

Codnxr Rivor

Ford Rivor

Ezconaha River

Rapid River

Thitoefish River

Sturgcon River



€ e pea b, it e
B i S e e e

M s s bt e i e e s e o s

In northern Michigan (continued)
Fi{shdam River
Manistique Rivor
In southorn Michigon:
Botgti2 Riwver
Manistee River
Big Sable River
Lincoln River
Pereo Marquette River (at Ludington)
Pentwater River
White Riveor

Muskegon River
Grond River (ot Grand Haven)

Black River (iincataws Lake)
Kelamazoo River

Black River (at South Haven)
Pawpaw River (ot Ste Joscph)
Ste Joseph River

Galien River

Of these, the Chicago River was reversed in 1900 by the Chicago Sanitary
District development and now taken water from Loke liichigoni while tihe Grand
Calumet River'!s mouth at Gary has long been closed, the river discharging
through Burns Ditch, an artificial cut oast of Gnry, and the Lake Calumet
horbor canal, in south Chicago. Only cight strecams have an average discharge

into Lakc Michigon of morc than 1000 cubic feet per second., These are

' Ft.B_/sec.
Fox River L, 317
Moenominec River 3,202
Grand River - 3,080
St. Joseph River 2,791
Manistique River 1,747
Huskegon River 1,726
Kalamazoo River 1,236
Mandstee River 1,088

Most streams entering Lake Michigzan have their moxdmum flow betimen Marsh
and June, due to melting of winter snow and to a gonoral maximum of precip-
itation ot that scason in this rogiones A considersble variation oecurs in
stroom flow, thoe maximum recordod {lows oxcoeding the averago by foctors

ronging from L.7 to 11 4in thu largor stremms and from 3.2 So 38 in the smallor
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ones. The maxcmum flow cxeeods the minimum by factors of from 2i %o 15k 4n
tho larger streams, and from 52 to more than 1000 in the smaller,

The amownt of sediment now being carried into Lake llichigen by tributary
strooms 1s smnll in comparison vith sodiments creded from bluffs of unconsol-
idated materials by wave action. The prevalence of abrupt bluffs or cliffs
along a large portion of the shoreline (sec Section liaps 1 to 26, and text
below) is indication that such shores are retreating undor vave attbnrclk,
Deltas, which indicate a substanticl contribution of sediment by the streams
that build them, ~re generally absent except on the west side of Green Bay.
Here the Oconto, Peshtigo and ilenaminec Rivers have built simall deltas, each
indicated by 2 projecting point of land at the mouth of the strcam,

Relief

Lake Michigon is surrounded by plains of rclatively low relief, that
p}iginatod mainly as glacial ti1l plains or as lacustrine plains sutmerged by
former higher stages of the lake during retreat of the continental glacier.
In places these plains risc gently with increasing distance from the present
shore, as on the west sidc of Green Bry. In other places the adjoining land
was originally higher, and wave erosion has devcloped steep bluffs ranging in
height from ten or twenty feet to as much as 540 feet (ot Sleeping Bear point

in Leoclanau County, :iichigan)., Such blulfs commonly slope from 20 to 35

degrees to the horizomial. At places sand duncs have developed along the shore

and form a belt of vorylng width, but comonly less than one milec wide. These
duncs rango in height from a fewr foet to more thon 200. Their ciopcc rango

fran a fovr dogrees to moro than 35 degrecs. Such dune belts ~re most common

on the north, east and sottth shores of the lako, and arc gencrally associated .

viith ureas of lake pinin inland., Bedrock occurs at or Just above lake level
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at many points on tha north coast, but bedrock areas inland generally rise
only & few feot or tens of foet above the lake. A fow exceptions occur where
bedrock makes an upland from 50 to 200 fect or morc above lake level, with a
steep or vortical rock cliff formed by wave action. Notable examples arc
parts of the west shore of Door Peninsula, Wisconsin, and Garden and Stonington
Peninsulas, iichigan,

Inland from the shore, rcliof ramains small and all parts of the drainage
area tributary to Lake Michigan may be classéd as rolling to flat plain.

Coastal Landform Tywes

An invontory of landforms along the Lake Michignn const indicated that
the following“major types are prescnt:

A, Upland with bluff fact.g lake. Categories of upland as to origin or
structure include:
1, Glacial ti1l »Hlain
2, Glacial sand and gravel outwash plain
3. Dune sand plain
4. Lacustrine plain, or sand and gravel
5. Lacustrine plai- of silt and clay

Bs Low nlain vithout bluff, Categorics as to origin and ciructure include:
1-5, Same as wnder upland
6. Stream alluvial plain or delta
Ts Swamp
8. Bedrock plain,

Ce TForedunc belt; iecs, low duncs not more than a few decndes old,
lackdng large trces or forcst, Some forcdune areas are marked by
a low nip or bluff marking rccent erosion by waves.

D. 0ld dunes, gonerally highor than foredwunes and partly oxr wholly
flxed by forest and other vegetation. Some old dune areas arc morked
by wnve-~croded bluffs facing beach,

E, Sand bar or spits Scveral long lakes emptying into the eastern side
of Lake Michigan wore originally river valloys eroded to a lower level
of tho lnke, but are now drovmed by rise of lake level and are nartly
cut off by bars or spits bullt by wave action. On somo of those bars
and spits, sand dunes hove boon built,
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F. Bedrock upland with cliff, The fact that such rocky c¢liffs are

generally far steeper than bluffs in unconsolidated materials indicated
that they belong in a different category from the bluffs and uplands

of type A above,
il. Reed marsh coast., This type; in contrast to types A to T above,
generally has no beach associated with it. Type M always associated
with one or the other basic types of shore,

Re Artificial fill, placed by man to control shore ercsion or to support
a highvay or some other man-made structure,

For pwrposes of field mapping, a code was developed to indicate the above
landform tyoes and their combinations, together vwith minor subdivisions of and
additions to them, This code and its use will be explained below, It will be
noted that types A, B, D and F indicate the character of the backland area,
Bluffs and cliffs generally display excellent cross sections of the geological
materials and structure of the backland.

Geological Setting of the Lake Michigan Basin

Underwater Conditions. The lake basin consists of two depressions

separated by a broad sulmerged swell between Muskegon and ililwaukee, The
southern basin slopes gently imvard from all sides to its deepest point of
56l feet, The sutmerged ridge is less than 20 feet deep at several vlacess
It probably is the sutmerged terminal moraine of the Valders glacial lobe,
whose red drift marks the last major glaclal advence down the Lake Liichigan
basin into eastern “isconsin, The larger northern depression is irregular
in form, with gonecrally steeper submerged slopes on the east side than on
the west, The maximum depth of $2L feet lies almost due east of Kewaunee.
Underwator contours suggest that its eastern margin may be a drift-mantled
vestvord-facing cuesta similar to that forming the west side of the Door
Peninsuvla, The northeastern part of the basin is very irregulsr in fouin,

Mogt of the islands stand like tablelands with steeply sloping margins, rising
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from depths of 250 to 300 feet, Several submerged platforms would form islands
if water level should drop 50 to 100 feet. Grand Traverse Bay is a double
submergec. valley almost fiord-like in form., The two arms have depths of 390
and 534 feet in the south, although the northern entrance to the bay is a
threshold only 138 feet deep. Ixtending eastward through the Strait of
Mackinoac is 2 narrow sulmerged gorge known to be more than 150 feet deep.

This probably was the outlet valley for the former lake stage (Lake Chippewa)
when the yator stood 350 feet lower than at prescnt, Green Bay is generally
shallow, largely less than 100 feet deep, and appears tc be an elevated platform
overhanging the deepor Lake iichigan basin on the east,

Exposed Bedrock Geology. Although bedrock exposures are limited along

most of the Lake llichigan shoreline, the lake basin nevertheless is clearly
related in form and trend to the regional bedrock and stru cture, From an
outerop on the beach near 79th street in Chicago no bedrock is e:mosed around
the south and of the lake and northward past Grand 7Praverse Bay to near Norwood
in Charlevoix County, !iichigan, where a low cliff of shale is present, Frequent
rock outcrops occur betieen Norwood and Petoskey, and from iackinaw City
west to Waugoshance Point, Michigan. Norih of the lake, bedrock forms many
reefs, ledges, and low points from St, Ignace westwardﬂto the Garden and
Stonington Peninsulas. Door Peninswla is a rocly cuesta, high on the west.
South of it, the only bedrock exposures on the west side of Lake Michipan
are near Algoma, at Sheboygan, north of Racine (Wind Point}, and probadbly in
the water off Glencoe, Illinois,

Rock formations underlying Lake lichigan or iis shores range in age from
Ordoviclan to Mississipplan, vith the Silurian and Devonian systems also
represented, It is difficult to draw up gencralized cstratigraphic sections for
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the states of Wisconstin, Michigan, Tllinois and Indiana, partly because local
nnmes and degree of differentiation vary, but also because stratigraphy varies
and correlations are not agrecd upon for many wnits. The followlng descrip-
tion, given in order of age, suggests stratigraphic relations that appear to
hoil zenerally throughout the area,

Ordovician, The Trenton-Dlack River (mainly limestones) of ilichigan
correlate with the Galena~Black River dolomites of Wisconsin and Illinois,
These are recistant wnits and lie northwest of Green Bay. The ilaquoketa shale
of Illinois correlates with the Richmond shale of Wisconsin, which underlies
southern Green Bay. This time interval is represented in northern Michigan
by the Queenston Shale, Big Hiddl limestone, Stonington limestone and Bills
Creek Shale, The resistant Stoningtcn makes tha peninsula of that name, while
the Bills Creek shale forms Little Bay de Noc lowland. Queenstown shale under-
lies western Big Bay de Noc.

Silurian. The massive Niagaran dolomite of Wisconsin and Illinois forms
the Door Peninsula cuesta, Iits correlatives in northern Michigan are the
Guelph (youngest), Engadine and Mani.stique dolamites, Burnt Bluff limestone,
Mayville dolomite, Cabot Head shale, and Manitoulin limestone, The Garden
Peninsula cuesta appears to be formed of the Manistique,whiie the Engadine
forms roefs and low ledges along much of the north shore of Lake Michigan.

The Salina series (salt, limestone, shale, dolomite, and gywsum) of upper
Silwrian age forms a weak rock belt containing Brevort Lake, northwest of St,
Ignace,

Devonian. Tho Lake Micligan basin is eroded largely in Devonian rocks,
At the south, in Indiana, the rock units arc the New Albany shale (yowngest

Devonian present), Beechwood and Silver Creek limestones, and Jeffersonville
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shale. At the north, the Straits of Mackinac area is underlain by the Devonian
Onandaga serics, including the Mackinac and Dundee limestones, South of the
Straits area, extending as far as Trankfort, the younger Devonian Traverse
series underlies the coast and the eastern poart of the Lake Michigan basin.

The Traverse series includes, where differentiated, the Thunder Bay, Alpena

and Long Lake limestones, and the Bell shale,

Mississippians The coast and eastern part of the Lake Hichigan basin south

of Frankfort arc underlain by rocks of the iiississippian system. The form-
ations which reach the coast or basin are the fintrim shale (oldest), Coldwater
shale, and lower Marshall sandstonce. Younger, higher sﬁratigraphically
Mississippian formations are found inland, toward the east,

Unconsolidated mantle, The bedrock formations enumerated above arc almos?t

wholly covered, except on the northern and northwestern shore areas of Lake
Michigan, by glacial demosits of till, gravel and sand; by glaciolacustrine
deposits of sand, gravel, silt and clay; by eolian deposits of dune sand; or

by marsh vegzctation and muck,

Geological Structure, Lake llichigan lies on the west and northmrest flanks

of a shallow basin structure in s~dimentary rocks, centered in southern
Michigan, In the oentral and southern parts of Lake Michigan, the associated
sedimentary bedrock formations dip or slope down voward the east at an angle
of 100 feoct or less por miles The northern Lake Michipgan basin lies northwest
of the center of the structural basin, so that tho dip is there to the south-
east, at 50 to 100 feot per mile, The curved basin of Lake Michigan thus
follows closely tho curved outcrop of the weaker rock formations mainly of
Devonian ago, and may bo said to lie in a "strike valley," The torm "strike"

means the direction at right angles or nomal to the direction of rock dip.
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Relation of Lake Michigan Basin to Moraines, Most if not all the

glacial drift in and adjacent to the Lake Michigan tasin appears to have been
drooped by glacial lobes that advanced down the basin lowland from the northe
east, and thon spread outward from the center of the basin onto the surrounding
highor plains, HMarginal moraines thercfore trend rouglily parallel to the
presonv shoreline, However, later glacial advances did not reach quite as far
south as earlier ones,

South of Milwaukec and Muskegon, the glacial moraines at and near the
shore belong to the Lake Border morainic system built during the Cary glacial
substage of the last or Wisconsin glacial stage. Inland from (or outside of)
the sevoral Lako Border moraines are older moraines eallod in Illincis the
Tinley and Valparaiso, also deposited dwring the Cary substage. Tinley or
Valparaiso drift may occur beneath Lake Border drift, where exposed in bluffs
along the shore., North of Milwaukee and Muskegon, red drift called Valders
in Wisconsin and Manistee in Michigan forms the moraines along the shorc.

This drift is of the Mankato substage of the Wisconsin glacial stage, the
glaclal lobe of whick reached only as far as the twc cities mentioned, However,
it is known that a Cory glacial lobe ~ called the Port Huron — later than

the Lake Border, advanced into the northern Lake Michigan basin before Mankato

time.# Thercfore, it is to be expected that the red Valders-Hanistec drift

LT —

n

% Bretz, J,H.y The stages of Lake Chicapgo: Their causes and correlations:
American Journal of Science, vol, 219, 1951, ppe LOL-429.

may bo underlain by doposits of Port Huron, Lake Border, or even older glacial
ago. Sections of glacial drift cxposed in bluffs in the northorn part of the
basin generally show several drift shects vhich attest the succossive glaclal

advancos and rotrsate,
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PHYSIOGRAPHIC UNITS OF THE LAKE MICHIGAN SHORG

Physieal Elcments of the Shore Zone

Dofinitions. The shorc zone is commonly divided into the ofishorc,

the shore, the landface, and tho backland, The offshore extends scaword from

the low woter marlk (or waterline, in the casc of lakes with slight fluctuations

in water level), The shore is the zone betwoen low water mark and the highest

limit rcached by waves or icc shove, The landface is a gzone extending landward

‘from upper limit of shore, to limit of direct influence of shore processes.

The backland is a gone cxvending indefinitely landward from thé inner limit
of landface. The shoreline is tochnically the boundary betwmen offshore and
beach; and in practice this means the outer limit of the shore, or the low
vater lince The coast is a zone of indeterminate width extending landward
from thc shore; it therefore includes the landface and backlanc., The coast—
line is the bowmdary between shore and landfaces The term shore gone refers
to the combined offshore, shore, and landface.

The present study deals with the shore, landface, and outer margin of
backland. The shore at most places includes a beach, generally of sand but
in smme cases composed of gravel, cobbles, boulders or other loose materials,
The beach is comacnly subdivided into the foreshore or lower beach, reached
by ordinary storm vaves; and the backshore or upper beach, reached by waves
only during cxceptional storms, and perhaps reached by ice-shove dwuring vinter
froozes,

Tho landface may be a ¢liff, a bluff, a nip, or a gentlc slopc marking

the outer odgo of backlands A cliff is a stoep or vertical slope in rock,
Clifls overlooking and necar to the Lake Michigan shore wore developed Ly wave

orosion at their base, Tho torm bluff refors to a sharp slope in
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unconsolidated material ruch as glacial till or cdunc sand. Such materials,
when oroded bolow by wave sction along the shore, tend to slide dovm until
they attain their angle of reposc for the condivions present. Old bluffs in
glacial till eomrionly are no steeper than 25°, but where rccently undermined
by wave action, bluffs in till moy attain slopes of LO® to 50° or morc. Loosc
dune sand makes bluffs at its angle of rcpose, gencrally about 32°% 4
rocently formed low bluff only a few feet high is often called a nip. Low
plains not subject to recent vave erosion may have merely a gentle slopé dovm
to the beach as a result of former wave work. Such o declivity is not a true
nip or bluff,

Elements Present. The clements composing the Lake iilchigan coast and

shore have bean in part enumerated wnder Coastal Landiorm Types. In terms of
the namenclaturc of shorc zones, these elements include the following:

Backland: a. Uplands of several types of unconsolidatcd deposits, or
of badrock

b. Low :lains of the same materials

¢e Forcdune arcas

de. 014 dune areas

ce Artificial f£ill
Shore: a, Foreshore zone

be Backshore zone

¢. Rock recefs or ledges in shore

d. Sand bar or spiv

e, feed marsh coast, gencrally vithout a true beach
Landface: a, Bluff or nip

b, Clifs

A Codc for Mnpping Elcments of the Shore Zone

Test mapping procedures resulied in a workabls code system for setting
dovm all significant elements of the shore zone, excent descriptions of the
foroshore and backshorc. Bocouse a beach zone, wlth foreshore and backshore,
gonerally occurm . along vith all types of landface, it was believed that the

addition of coded information on beaches to the code for the backface would
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prove cumbersomo to the usor of the rcport, Thercfore, the code deals only

vith the backland, landfacc, and such wnusual features of the shore as rock

rcefs or marsh,
The mapning code is as foullows:

A, Urland with bluff,
Ah ~ high bluff, morec than 20 feect high.
Al — low bluff, less than 20 feet high.
Materials of bluff and backland:
1, Glacial ti11
2, Glacial sand and gravel
3. Dune sand
i, Lacustrine sand and gravel
5. Locustrine silt or clay
Examples: ANM-l, high upland of till,
Al-1/L, low upland of till
gravel, vith bluff,

B, Low plain, gwnerally without nip,
Mrterials of plaine
1 to 5, Same as above
6, Streom alluvium, mainly gravel,
Te Svramp
8. Bedrock
If rock ledge or reef occurs in beach
Examplc: Be2-r, low plain of glacial
on beach.

Ce Forcdunes, mostly less than 20 feet high,
Cb, if low bluff or nip is resent,
C, if no bluff or nip is »resent.

D, 01d dumes, gencrally iooded and mostly more
Dh — high dunes, morc than L0 feot high.
Dl — low dunes, less than L0 feot high,
I bluff is present b is added.
Example: Dlb, low dunes with bluff,

Es Sand bar or spit.
If dunes are on ton, d ig added.
Examplo: Ed, spit or bar with duncs.

F. Bedrock upland with cliff,
Fh = high cliff, more than 20 feet high.
FL o= Low cliff, lcss than 20 foct high,

vrith bluff,
over lacustrine sand and

sand mud and silt

zone, r is added,
sand and grovel, with reef

than 20 fcet high,
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M, Recd marsh in offshorc or foreshore. Generally no boach is presont,
This type occurs vith othor basic types of constrl featurcs,
Example:  B-lidi: Low plain of lacustrine sand and gravel, vith

recd marsh offshore,

Re Artificial £111, This generally occurs 1ith somc other basic typoes
of coastal featurcs,

Exomplo: Al-2-R, uwpland of glacial sand and gravel with bluff less
than 20 foet high, with artificial f£ill along "shore,"

A1l coastal features of Lake !iichignn, in their various combinations

and associations, yere mapped by uso of the code deseribed above, In ficld

and materials of the foreshore and backshorc; (b) the height, angle of slope,
naterials and structurc of the landfacc (i.c., bluff or cliff); nature of
backland areny (c) the stability of shore and lendface, specifically whether
stable, retrograding under shore erosion, or prograding under processes of
dejosition; (d) evidence, if any, for dircction of longshore current. Liany
bluffs showed dctailed stratigraphy involving several units of glacial till,
glacial or lacustrine sand, gravel, silt or clay ~— and these scctions were
recorded and described in detail. They will form the basis for an analysis
of the glacinl stratigraphy of the Lake ixichigan area., Samples of beach
sands fram the foreshorc and backshorc, and of the materizls comnosing the
adjacent bluffs or backlond, worw collected at 18l sclected stations, to a
total of 704 saumios.

Associations of Coastal Features of Lake Michigan

Along the thousand miles and more of Lake iiichigan's shore zone, the
coded olements as listed above arc found in a variecty of combinations, An
enumeration of some of thesc indientes how nceessary it was to develop a

¢ode or gymbolism to record the wlemonts associated at onch station studied,
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High Bluff. Characteristic associations arc:

AR we Hipgh Hlufl nlono,

Ahr - High bluff with rock reef on shore bclowv,

Ah=B «= High bluff above low plalii,

Ah~C «~ Hizh bluff with forcduncs at basc. If dunes have nin or
bluff, Ah-Cb,

Ah-Al— High bluff, baclk of low blufl,

Ah~D1l ~-High bluff vrith low duncs at berse, Thesc duncs may have
thoir ovm bluff, Ah«Dhb, or may have forcduncs adjacent
to beach: Ah-Dhe(C or Ah-Dh-Cb,

Low Bluff, Characteristic associations arc:
AL - Lov bluff alone,
Al-B =~ Lov bluff above low plain, If rock reef on beach, Al-B.
Or if reed marsh in off{shore, Al-B-ii,
Al-C == Low bluff vrith foredues at bacs, If nip in dunes, Al-Cb,
Al-M  — Low bluff vwith rceed marsh in offshore,
Al-A1 -- Tvo low bluffs, one back of the other,
AlwAih « Low bluff above and back of high blulf,

Low Plain, Characteristic associations are:
B ~ Lov plain alone. If rock reef on beach, B-r.
B-M == Low plain with rced marsh in offshore,
B-C — Low plain with forcdune belt. If nip in dunes, B-Cb.
B<E == Low nlain vith marginal sand bar or spites If foredunes on
plain, B-C-E,

Foreduncs., These alweys are associated vith other elements of land-
ce or backland, and are thercfore included vrith the latter,

High O1d Dunes. Characteristic assoclations are:

Dh ~— High dunes alone,

Ch~C -~ High duncs with lower foredune belt. If niv in foredunecs,
Dh-Cb,

Dh~Dl - High dunes back of low old dunes, If bluff in latter
Dh-Dlb, If foreduncs also occur, Dh-Dl-C or Dh-D1-Cb,

Dh~B - High dunes on low plein, If forcdunes neor lake, Dh-B-C
or Dh-B~(Cb,

Dh/Ah ~= High dunes on wpland vith high bluff, If foredunes at
basc, Dh/Ah~C or Dh/ah/cb,

Dhb  «~ High dunos with oroded bluff, If forodune belt is prosent,
Dhb=C or Dhb«Cb,

Dhb/Al-~ High dunes with old bluff on upland with low bluff,

Dhb=B -~ High dunes vith old bluff on low plain,
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Low 0ld Duncs. Chavacteristic associations are:
Dl —- Low old dunos alone, If rock recf on beach, Dl-r.
Dl<C —- Low old dunes with foredunes, IZ nip, D1-Cb,
Cl-B - Low duncs on low plain, If foredunes also, DL-B-C.
D1/Al - Low dunes on upland with low bluff,
D1/Ah «— Low duncs on upiand with high bluff,
Dlb = Low dwnes with bluff. These may occur on low plain,
Dlb-B; or on spit or bar, Dlb-E,
Dlb=C -= Low duncs with bluff, above forcdunc belt.

Spit or Bar. The most coumon association is with foredunes, E-C or
E-~Cb; or with old low dunes, E-Dl.or EDIb.

High Bedrock Cliff. Characteristic associations arec: 3
Fh — High cliff alonc, If rcefs on heach, Fh-r,
If rced marsh in offshore, u-M,
Fh-B - High rock cliff bnck of low plaine
Fh-ll =- High rock ¢liff above upland with low bluff,

Low Bedrock ClLiff, Characteristic associations arc similar to those of

high bedrock cliff,

Description of Lake Michigon Shore Zono in Terms

of Physiographic Units

The shore zone of Lake ilichigan varies significantly from place to placc,
Dotailed mapping of the shore zone elements indicates that more than 600
distinct phyniogrophic units are prosont, oach distinct from those adjacont
to it. Thesc phy iogranhic units arc shovm on Section iiaps, Numbers 1 to 26,
The locations ¢f "tneso section mops are indicated on Plate I, In addition
to the physiogroaphic units of the shorezono, thesc section maps give also
the code mapping symbols for ncorly 1700 shore stations, and a smallor
nunber of symbols indicating grashically the general character of the coast
(vhether high bluff, low dune, cliff, etc.) and the height of bluffs, dunes,
and cliffs comnosing the landlace of backland, Sec Appendix I, pago 102 ,
vhich is nn e:pdlanation of theso eymbols usced on the 26 Scction Maps,

Appendix II, page 103 , is n copy of tho code usod in flold mapning, which
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explains the letter and graphic symbols uscd on the Section !iaps,

Belowr 1s a tablo listing tho basic eclements by symbols, and basic in-

formation on the landfacc and shore, fer the more than 600 physiograjhic

unitse The following abbreviations are used for the beach sediments:

8 —
fn -
cs —
med ——
gy -
tobf -
bldrs =

sand
fine
coarse
nedium
graval
cobbles
boulders
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Tabls II. Physiographic Units of the Lake Michigan Shore Zone.

Physio-~ Basic Hoight(ft,) Slope in Backshoro: Forcshore! Photo
granhic coast bluff, dogrocs, width in fte; width in fte; number
unit Zone cliff bluff or materials moterinls
mmber elomonts or duncs cliff _ —
1 Bl —— — 0-sh 0-77 Figure 8
S, 9873 S, 75"‘98%
med gr med gr
2 A1-h 8 Lo 1 33
S, 50% S, 10%
cs gr cs gr
3 Ah-3/L 30 35-90 0-10 1
s, 30% gr
cs gr cobs
L Al 10-18 30-50 none 0-15
S
gr
blks
5 R — — —
6 Al-h-B-l 35 20 33 18
above S, 70% S
plain med gr med gr
7 Ah-h/1 38 30-70 0-10 16-3
S, 95% S, Lo
fn gr med gr
8 R 15-25 50=90 none none
9 AlL/A 12-1h 10-90 39=75 33
Al-l S, 98% S, 97%
fn gr fn gr
10 Ahel 30~50 3550 0-27 0-55
Ah=L/5 S, 35~9Th S, 25-95%
Ah-li/5/1 mod gr cs gr
cs gr cobs
1. Ah=5/1-B-R 35-ii5 30 none none
ahove
ploin
12 Ah-h/l 1855 38-70  0-25 0-h7
Ah=1 S, 99?4 S, 99'/!7
Ah-5/1 £a gr M g

clay

A A i ST e
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o b e et SO WEARC

TR MNP EE sl e

e et

Physio-
gravhic
unit
mmber

13 Ahe5/l-Al-S-r 15

15

16
17

18

19

20

21

22

23

yidth in o3 width in Tt}

Forcshore:

moterials

15

S, B80%
med gr
cobs

20-217
S, 50-85%
med gr

10-37
S) 110“98(/\’
med gr

Narrov shore zone

Basic Height(ft.) Slope in Backshoro:
const bluff, ' degreos,
zonc cliff bluff or materials
clemonts or dunes cliff
30-li5 10
10 s, 60%
cs gr
B-br — -— 30-38
S, 50-92%
cs gr
Ah-1 27-1.00 35-90 790
Lh=5/1 S, 92-99%
Ah-Li/5/1 fn gr
Ahel 75«100 35"
Ah-l-All 100 ﬁ_g 310
1020 S, 95%
fn gr
Ah~1 75=150 2690 0~25
Ah-1-li=5/1 S ,25-97%
Ah-1/5/1 med gr
cs gr
Ah-Al-l 1520 30 15
S, Log
cs gr
cobs
Ah=) 50-90 30-35 625
S, 25-50%
med gr
cs gr
Al-l li=15 30 020
Al=li-r S, 25%
cs gr
Beljer - — 10
S, 25%
o8 gr
Aleli=r 19 10-15 13
. s, 10%

cs gr

22
8, 95%
n gr

6112

5, 20~98%

fn gr, cs gr
cabs, bldrs

12

S, 20%

fn gr cobs
bldrs

2225
S, )»Lo—99%
cs gr
bldrs

025
S, 25%
cs gr
cobs

20

S, 70%

cn gr, cobs
bldrs

20-25
Sy 96%
bldrs

Photo
nunba

4 T— - t——
a
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Physio~ Basic Hoight(Lt,) Slope in Backshore: Foreshoro: Photo

grodhic Coast bluff, degroes, Width in ft.; width in ft.; number
unit zZone cliff bluff or motorials materinls
numbor  cloments or dwuies cliff R
2} B-b — — 11 25
S, 90% S, ¥
med gr fn gr
25 A1l 12 30 18 o
Sy 92% S, 97%
med gr fn gr
25A Bl — —— 25230 50-55
Beeljel® S, 99% S
“, ar
26 B — —— w2 T 17-37
B-lC S, 99% S5
. fn gr bldrs
27 B lielb —— — 3560 3755
S S
28 Bd)-C — -— 0-53 35-67
B -l S S
29 B-4Cb  —— —_— 0-27 0=35
S S
30 D1-Cb 3%5 35 20-30 27-40
1 S, 995g S, 96"9%
fn gr n gr
31 D1b 1 3035 17-25 3035
D1-C '%5 S, 93-99% Sy 96=99%
fn gr fn gr
cs gr cs gr
32 Ahely 10-50 3550 032 055
Ah~l 5 - S
Al-5
33 B-d; —-— — 35 100
S S
3k R —— —— none none,
Riprap
3L Ah-dy 15-18 35 Lo 35
plus S S

36 Ah=l -r 30 3510 nono nono
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Physio= Basic

H oight(ft.) Slope in

Backshore:

grophic  const bluff dogroos, width in fte;
wnit zgone cliff bluff or matorials
number olemonts or dunecs cliff
37 Ah=5/1 35-60 3560 0=15
A=l /1. S, 95-98%
An1/N/5/1 med gr
cs g
36 AheBSeBl}  15-25 30 12
above S [} 92%
plain med gr
39 Ahuli/1 18480 2060 0=20
Ahr-S/ll Sy 90=39%
Ah-1/L/5/1 fn gr, med gr
bldrs
Lo AlelmBediel 15 30 8-L7
Al-li-B-l;  abovo S
plain
I Ahe=l-f1-5 gg Lo none
1 30
L2 Al 9-18 1550 0=22
Al-5 Sy 95=99%
Al cs gr
L3 B — —_— T=32
S
: Bel}=Cb 5=10 —— 20
)
Ls D1-C 1o-h§ 35=40 1063
D1~Cb - S
L6 D1b 20 30 10
S, 97%
n gr
L7 D1/B-l 10 —_— 10
abovo Sy 97%
plain cs gr
L8 D1b 15-30 30-40 17-25
D1/B=l S, 99%
cs gr

29.

Photo
number

Foreshoros
width in ft.3
materials

527

Sy 5w98%

cs gry cobs
bldrs

22
Sy 95%
mecd gr

11~0
Sy 20=99%
fn gr, cs gr

Lo=li5

035
s

15-40

S, 0-98%
med grycs gr
bldrs

32-37
S

37

S
L7-75
S

27
S, 98¢
med gr

37
Sy 92%
fn grycs gr

35-L0
S, 96-98%
fn grycs gr

Figure L
Figure §

Figure 16



Physio-v Basic Helpht(fte)
groohie  coast bluff,
wmit zone eliff
number elements or duncs
L9 ALl 516
ALl /L
5o B-li —
51 Al 15
52 An=1/5/1  12-95
Ahmal,
Ah<l-dh=li/1
Al-l
53 Bl e
sl Ah=1/L4/1  55-70
Ah-1/5/1
Ahel
55 Ah-d-Al-l 45
9
56 Ah-l 5570
Ah-1/),
Ah=1/L/1
57 Al-l 9=18
58 AheloB.l 3035
Abd~B=l above
plain
59 Ahel 70

Slope in
degrees,
bluff or
cliff

Backshore:
width in fte;
naterials

1550

50

3590

35-90

-

%

35-90

3550

30-35

Lo

3-5
S, 95~=97%

mec gr, cs gr

15
S

6
8, 99%
cs gr

0=33

S, 85=100%
cs grymed gr
clay

30
S

0=15

Sy 559l
med &

cs gr

10
S, 88%

med gr

0=15
S, L0=93%

cs g
cobs

Li=b

Sy 30-50%
med grycs gr
bldrs

8-12
Sy 80-92%

med gr,cs gr

6
gry bldrs

30

Photo
nunher

Joreshore:
width in ft.}
naterinls

21
S, B0=99%

med gr,cs

16
S, 99%
fn gr

20
S, 90%
fn zr,med gr

0-32

S, 50~99%

fn grmed gr
cobs, bldrs

LS
S

8-35

8, -60-96%
med grycs gr
bldrs

35
S, 95%
cs gr

12-30

S, 65-95%
fn greymed gr
cs grybldrs

16-18
med gr

cs gr
bldrs

25
S, 10=25%
med grycs gr

Figure 1

23
S, 60%
gr, bldrs
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Physio- Basic Height(fte)

grashic coast blul'f,

unit zone clilf

nunber eloment or duncs

60 Al-l 1720

61 Ah=l 55=T0
Ah=1/L

62

63

65

66

67
68

69

70

Ah-1/L~41=l 50

11
B-li
Ah-1-B-l1/1 30
above
nlain
Al 10-15
Al-li=-r 10

Ah-1l-dAl=li 55

22
Ah-l 55
Bealt, 5-8
Al vhere

ALl
Belter -
Iy 15
Beli=D1b D1b

Slope in Backshore:
degrees, width in ft,;
bluff or materials
cliff .
25-L0 15-22

S
35-90 0~8

35

1,0

30

35
15-35

vhere
Al

30
wvhere
Dlb

S, 25=T0%
cs gr, bldrs

8
Sy 907
cs gr

510
S s 2 5"907;
cs gr

10-15
S, T70-99
cs Er

[e2AYe]

8 gr

6-8

cs gr

T'oreshore:
vidth in 1.3
miterials

PRSI 41

21-35%
5, B8=~99%
fn gr

12-18

5, 25mb5%
med gry,cs or
bldars

20

S, 80%

med grycs gr
blars

16-30
cs gr

22-35
S, 92-1005%
cs gr, bldrs

L5
S, 957

cs gr

2L
s, 60%

Cs pry LLATS

Narrow gravelly beach zone

0=39

5, 50-95%
nec. grycs gr
bldrs

1227

S, 0=90%
M gr, cobs
bldrs

33-51
S, 98.100%
fn gr

17-02

S, &7-100%
fn grymed gr
cobs, blcrs

10-33

S, 0~80

cs gr, cobo
Hldrs

2209
s, 99

in gr

31.

?hoto
nuaber

Figure 10




“hysio= Basie Height(ft.)
gradhic codst blufs,
wilt none cliff
punber cleonient or cunes
71 Belj=r -
72 Bl 310
B-L-C vihere
B-li=D1 AL,
Al B-li=C
73 B~li-C 3-12
B.Li=Ch vhere
C
7h Di=C 2-10
D1-Cb
75 Beler —
76 B! 54
D1/B-lier  virere
Al=l=D1 Al or
_ Dl
't 1 Gaf)
78 Beli=C 5-&
79 B-li=D1-Cb  30-35
25:15
8o Dhb 115=50
81 Dh~F1 Eg
=8
82 1 1.8-20
83 B-l:/8-r ——
B-l}
8l F1 L6

Slone in
deprecs
bluff or
cliff

30
where

Al

30=00

[ iaia

30
35110
i3

90

Backshore:
vidth in fte;
naterials

- e

50
S [} 935’
fner

10-39
S s 85""9973
med gr

2L=3l
S ’ 95“99%
in gr

3L=73
S y 9553
In gr

Toreshore:
width in fte}
moterials

60

S, 200

cs gr,cobs
slabs

16-L5

S F} 85"99%

fn gromed gr
cs gr

2940
Sy 995
fn gr
27-52
8, 950
nogr

narrow gravelly shore

045

g, 0-100%
fn grymed gr
none

61
S

56
S

3958

e

none

none

0-17
S

0--28
S, 0~1C0%
M ogr,cobs

none

119

38
28-31

none

none

0-16
S

Rock bench 30-70 {t. wide

Rock bench 30 L. wide
cobs, slabhs

32,

Pheto
nunber
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Physio~ Basic Height(ft.) Slope in Backshore: Forashore: Photo

A

degrees, width in fte; vidth in fte; number

graphic coact bluff,
unit Z0ne cliff rluff or
number element or dune cliff
85 Bl —— ———
86 D1 15=35 25
Db
21/B-k
BT L 810 90
88 B—8-—I‘ [FUISTEN —~ -
89 A-l-r 8 15-20
90 )} § 6~12 15~90
9oC B=l; - -
92 B=8-r — —
93 BeBuroil = ——
9l B-h 5, —
RBli=C dunes
95 BBer — ——n
¥l
96 AL 1 35
97 Bl — -
Beal1ed{
98 Al=l-A1=h 9 0. .
9 %§;h§
59 Bubely - —

matericls materials

e et et o it ™ USSR e e

20-lils 15-42
S 1) 95“99‘/3 S

M, oer

23-50 22-53
5, 96=99% S, 99

fn gryned gr In gr
Bock bench 15-20 {t, wide

Rock bench 30-L0 To. vide
slabs, blirs, cobs

0-15 none

on (v

Ra~Y bench 25 £b. wide
0-36 0=57

S S

Nock beneh 20 Lt vdde
3 3L=51
S 5

Roci bench 10-100 [te wide
none « reefl at wover line

1050 2550
S

Rock bench 30-110 ft. "rice,
slabs, cobs, nud, bldrs

Zone 58 ft. wide of
coarse gr, cobs, & 20

o-8 03

S, 90-100% S, muck

es o

6 18

S, 358 S, 25%
cobg, bldrs cobs, bldrs

Rock Leneh 30-60 ft. vide
slabs, cobs, Lldrs
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“hysio- Rosic Height(ft.) Slope in Backshore: Toreshnre: i"hoho
groohie  coast blulf, degrees, width in ft,.; width in fte3; nuwiber
unit %0ne clirf blulf or materials maherials
mmber  elements  or dune cliff _ .
100 Beller e - 0-26 12-55
B-l g, 0-85% no s
fn gr,cs gr fn gr,cs gr
cobs, slabs cobs, ulabs
Or, rock bench 20-100 ft. wide
101 B=li! — — none none
102 Bler — -— Rock bench 33 ft. wide
102 Fl 9 90 No berches.
Flat dolomite shelf, awosh
10l B-l: — —— 21 23
5, 995 5
in gr
105 I 10, 90, Sand beach, 0-L0 ft. wide
B-8-r vhere vhere Rock bench, mostly awash
B-k cliff cliff
106 B-li-C — — 19 22
S, 955 S, 98%
ted pf fn rr
107 F1 13 560 N6 benelies
Rock reel avash
108 Al-L-C 10 35 33 2l
s, 85% s, 90%
fn gr, cobs fn gr
109 B=li~r — S 36 none
cs gr
110 Fh 15-40 115=90 Rubtle zone and rock
Fl ledge, 15-25 ft. wide.
20--ft. cs gr beach,
one point
111 B~8-L — — Berch zone 30 It. wide,
cs gry cobs, bldrs
112 Fh liigh steep Harrow beach zone
113 By ——— - 10-17 19

cs gry nobs cs gr, cobs

i R
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Physio~ Bosiec Holrht (t,)

grzohic  coast blulf,

unit zone cliff

nuber  elements or dune

11h Fh 30-58

Fl mostly
115 B, —
B=h-P

16 A1l 12

117 IFh 125

118 F1 15

119 Bl —_—

120 Fh 95

121 PheBelimr 70100
avove
olain

122 Bl —

123 Fh 75=100

123A Fh-B=li Eigh,
above
»lain

124 Bl —

125 Fh 150-17%

126 B.ly —

127 Fh 35

35.

Slone in Backshore: Forechore: Phato -
degrees, width in ft.; width in fte; nuiber
Llulf or materials moterials
cliff
30~-90 Mo beeches Figure 19
Rubble zone 15=35 ft, wide
— 0-18 0-1l
med gr,in gr med gr
35 No becches, zone 30 ft.
vide of cs gr, cobs, bldrs
3090 No beaches, zone 30 ft,
wide of cobs, Dldrs
50-90 lio beaches, zone 15-30 ft.
viide of es m, coby, alabs
_— Beach one 16-32 ft,
wide of c¢s gr, cobs, slabs
25«90 Beach zono 10=30 {t,
wide of cs gr, bldrs, and slabs
24 ftool benoh A0-35 'L, yide
—_— Beach zone 2l £, wide
coarce gr, cobs
% J--90 Beach zone 15~-30 ft, vride
Bldrs, cs gr, slabs
steen Berch zone 30 It, wide
olc. cs gr, cobs, bldrs
cliff
—— 1h-3l; ) 19-3L
S, 50-98% S, 25-100%
ne¢ gr,cs gr cs gr, cobs, bldrs
60-90 Beach zone 27 ft. wide
cs gr, blocks, bldrs
—_— 16..33, ' 162l
S, 25—99‘;) ' S, 25—99?‘_)
fn gr, cs gr, fn gr,cs gr
bldrs bldrs
3550 Beach zone 20 ft, wide

cs gr, cobs, slabs, bldrs




~hysio- Brsic Height(£t.)
gravhic coast vluff,
unit zone cliff
nunber clenments qz_@ggg
128 Bl —
1287 Aleljer 9
129 - g-15,
B-L excent
plain
130 B-L —
131 Fh
Theal=l /8=l 75-150
Ah=li/8er
132 Bl —-
133 Tler 9
13L Beltmr _—
120 ™. 10
136 Bl ——
137 B=f-r —
B=lir
Bl
B-li /Bwr
138 Boljer 627
: Fl vthere
Bealy cliff
Bel/Ber
139 R 13

36.

Slone in Backshore: Toreshore: ~hoto

dezrees,
bluff or
eliflf

width in ft.; width in JU,; nuaber
naterials materiale

Lo

20

L5-50
wthere
clilf?

Lg°

Beach =one 25 ft, ~rfide
cs gr

Beach zone 20 ft. 3tide.
cobs, slabs, bldrs

Bench zonc 15-8li Tt. videe
cs r, cebe, slebs, Wldrs

Bexcn zone 20-T2 i, wide,
S, 99%3 In gr. Norrow part
arotected by walls ana groirs

Rocl: bench or beach zone 0=30
o, wide, Cobs, bldrs, blocks

Beach mone 2L-3l £t iide
cobs, blérs, slabs

Bench zone 29 ft, wide
cobs, slabs, bldrs, rock bench

Roclz bench U2 i, wide

cohay slobny bldrs

Boseh mone or roc!: bench 37 [t
wide, 8labs, bldars

Bescn zone 21 Tt. ride
S, 5053 cs gr

Mostlr: Roclt bench or beach
zone 20-35 fi. wide
¢cs gr, cobs, slabs, bldrs
Partly:

21 2k

™ gr cs gr

Mostly: Rock bench 20-55 Figure 9
fie wides ¢cs gr, coby,
slebs, bldrs
One »oint:
21 - 1
s gr c

[ e 4

gry cobs

T1ls riprap face
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hysio- DBasic Height(ft.,) Slope in Baclishore: TForesnore: Jhovo
graphic coast bluff, degrees, width in fti,sy width in ft.; Nunber
unit zone cliff bluff or materinls naterials
nunber elements or cune clif?f L —
L0 Fl 6-12 90 Beach zone 15-25 ft. wide.
B-L ¢s gr, slabs, bldrs
R0 Bl -— r—— 9-13 1726
S, 75-96% S, 50-98%
med gr, fn gr In gr,cs gr
cobs, bldrs
142 Al-R 8-15 1255 Beach zone 10-2C ft, 1ide.
¢s gr and blocks
13 Fh Lo 70-90 Beach zone 10-15 {t, wide.
cs gr, blocls, slobs
b Fh-B-4 50 steep Beach zone 8~18 I+, wide,
Belj=r above cs gr, slabs, bldrs, ledge
plain
145 Fl-r L=12 50=90 Beach zone 0-26 ft, wide,
cs gr, cobs, bldrs, ledge,
146 Al-l 8-25 3090 Beach zone 0-20 ft. wide.
cs gi', slabs, bldrs,
L7 Fher L5-125 70=50 Rocl: bench 10-25 ft, wide,
¢cs gr, slabs
ibL8 B~8-r -— — Beach zone 6=30 ft, wide
Beljwr Rock ledge, cobs, blars,
BaTwr Ripray, one wnlace,
Beljmr=M
19 Fl-r 10-15 90 Beach zone 0-35 ft, wvide, Figure 21
¢cs gr, bldrs, slabs. Pigure 22
Rock bench awash.
150 Bu8er — — Beach zone 2Li-35 ft, vide,
Bal}/Bur es gr, cubs, slahs, tldrs,
ledge roci.
151 Al=1-H 10 35 Beach zone 30-35 ft. wice,
S, bldrs, mu, Reeds
152 Bal — ‘ —— 16=31 17-28
S, 96=100% S, 95=100%
. fn gr M opr
153 Beli /Bt e - Beach zone 5=20 £t. wide,.

¢s gr, cobs, bldrs, ledge rock,
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Physio= Basic Height(ft.) Slope in Backshore: Foreshore: Photo

graphic coast bluff, degrees, width in fte; width in It.; nunber
mit zone cliff bluff or materials materials
nunber elements or dune cliff
154 B-l — — Beach zone 12-30 ft, ide.
S, cobs, muclk. Reeds in water.,
155 BeaBer — —— Beach zone 10-25 feet,
Bwli/8wr S, cs gr, bldrs, ledge roci.
156 Bl — — Beach zone 18-27 fi. wide,
Bl cs g, S, muc, bldrs,
Reeds in water,
157 B-l — — Beach zone 0-31 ft, wice,
Balyli Silt, S, cs gr, cobs, bldrs,

Reeds in vater,

158 ALl 7 115 No beach., Hoods in water
to Toot bLulL,
159 B-4-l ——- -— Low nlain of rravel, »robably
over bedrock, "o beach. Reed mirsh
160 F1 13 55 Beach zone 12-20 %, vide,
B=lj-r where ¢s gr, bldrs, ledge rock,
clif?e
161 Fh 80-90 90 Reach zone 25 ft, vides
cs g1, bldrs, slabs.
162 Fl 10-18 90 Beach zone 23-27 fi. tide.
cs gr, cobs, slabs,
163 Th 25-50 60-90 Bench zone 20-27 ft, vide,
cs gr, cobs, slabs.
164 Fh-B=l Lo steep Beach zone 20 ft, wide,
above med gr, CS Ere
plain
165 Fh 50-=55 6070 Reach zone 20~25 ft. sride.
cs gr, bldrs, slabs,
166 Fl-Al=l  15-30 L5 9-17 11-17
F1-B=~L =3 0 ¢t gr, cobs cs pr, cobs,
bldrs bldrs
167 Fl 15 90 13 12

¢s gr, slabs, cs gr, clbs
bldrs bldrs, slabs




Physio- Rasic Height(ft.)
grashic coast bluff,
unit " zone cliff
nunber  elements or dune
148 B~y 7
Fh-B=li=r above
nlain
169 Fh 100~125
170 1 18-20
171 By 6-3
Al-) above
plain
172 Al-1 8
173 Ah~l=B=li 20-30"
Ahel-B=] above
: plain
17h Ah-1 Lo
175 Bly ——
176 Al-L 15
17 Fh 100
178 FheD=8 25-120
Ah=l-B=l; above
Bely plain
179 Ah=1 55

Slope in Backshore:
dogrecs, width in ft.;
bluff or materials
eliff
38 1).-16
above med gZr, ¢S gr
plain bldrs
3BAC 18

cs gr, med gr
L5-60 10

cs gryned gr
25° 13-20
above S, 0-85%
plain In gr,med gr

cs gr, Lidrs
30 2l

5, 98

clbs, bldrs
25-35 6-10
above S, cs gr
vlain clbs, bldrs
35-25 6

S, 99%

fn gr
- 51l

Sy 99%

fn gr
50 10

S
LO-L5 5-10

cs gryslabhs
L5 0-15
above S, 10~65%
plain rmed grycs gr

cobs, bldrs
Lo=l5 5

S

39
Foreshore: Photo
width in fte; number
matericls
1h-21

m2d gr, cs or
bldrs, ledge rock

12
cs gr,med gr

18

cs grymec gr

17-23

S, 0~95%

fn grmed gr
cs gr, bldrs

16
S, 95%
clbs, bldrs

S, T5%
med gr, cs gr
cobs

5-25
S, 96%

fn gr,bldrs
rinrap and
seawalles at
vlaces

19
S; fow bldrs

30
cs grycobs, bLldrs

15~30

S, 10=70%
med prycs @
cnbs, bldrs

17

8, 70%
cs gryhldrs




1,0,

Physio~ Basic Height(£ft,) Slope in Backshore: Forcsliore: Photo

graphic coast bluff, degrees, width in fte; vidth in {t4; number
unit zone cliff bluff or materials materials
nunver elements or dune cliff o _
180 B-l1 — —— 15-18 20-30
S, 98;: S, 75"95%
In gr cs gr .
181 Al-lL-t 18 10-15 No beach. Reed marsh;
mucks
182 B-li-M — —— 6-12 13-20 ,
Bw7-E-} S, 99 S, 99
: fn gr fn gr
183 Deler e 012 bup?
Dialjmr 08 gy 0, 2hmfss

oy ee g
cobs, bldrs

18L B=l 15 25 0-5 11-L0
Al-L4-B-l; =bove sbove S S, 30-98%
plain plain cs gr,bldrs
185 B=li-M — — No beaches. Reed marsh
B-li~ii-R in water, Riprip one places
186 Artificial £ill, sea walls, and riprop.
187 Beli} — — No beaches, ileed marsh in water,

Huck bottoms Silt and
clay dredged up,

188 B8l —— ——— 0-~12 0=-75
Be8er-M S, 25-90% S, 65-90%
med gr, mud rnud, cs gr

Reed marsh in water.

189 Buli=M 11 ft. 35 at Sand beach 0-20 ft, wide,
B=li~iisE  bluff at only Reed marsh offshore. Sand
BTl one point bluff bar 10-20 ft. wide at places.
Al-liaii
190 Al-l-M 8=12 35 0-6 820
Ar=li=R g S
Riprap ot one
place,
191 Bl r——— — none, U=20
Beal 1ol S
Bl il Reed marsh offshore
sand bor

8"15 f 'tro Wi de




Height(ft.) Sloze in
degrees,
hluff or
cliff

Physio~ Basic
graphic coast bluff,
it Z0N6 cliff
nunber elements or dung
192 M-E ——
193 B~ —
B-lj-E
B-Jj-R
194
195 B} e
Bl
B}
B-li-R
196 A1~y 10
198 Beljr —
199 B-liB r—
2 OO B-h-r ——
201 Bely ——
20¢ Baljer P

Backshore: Foreshore:
width in {te; vidth in fte;

materials materials=
020 1830
S S

lHarinette snit.,
Reed marsa

offshore
5-60 18-L0
S, 99-100% S 99-1005
fn gr fn gr, sawdust,

One place: no
beach; ripran,

Artificial fill behind seawall and riprap.

-

30

0-25 20-11
S, 25-100% S, 10-99%
med grycs gr cs grymed gr
drifivood cobs, bldrs
driftwood
One place: no beach but
riprap and seawall.

Beach'zone 27 £t vide,
5, 255, grycobs, bldrs,

7 30
S 8

Three rocky points 75-100 ft,
longe Ledge rock, cs gr,
slahs,

Beach zone 20-40 ft, wide,
S
Bar 20-30 v, wide, -

Point is ledge rocl: with
cs gr anc slabs.
Beach zone 10-6Q £, vide.
cs gry bldrs, slabs, ledge,

1012 20-42
5 S

Beach zone 15-50 i't. ide.
¢s gy slabs, bldrs, ledge.

b1,

Yhotlo
mziber

——— e et 7 e

Figure 7




Foreshore:
width in ftes
noterials

QO—LO'
S s ')9;3
fn gr,bldrs

27
cs gr,mec gr
bldrs, slabs

20-L2
S, 70-99%

2.

Photo
nunber

fn gr,cobs,bldrs

Beach zone 5C=75 ft, wide,

16-40
S, 98-100%
bldrs

Bar 20-30 fte. wide

one place

17-10

S, 92-97%
fn gr,med gr
bldrs

Zone TL ft. wide of cs gr,

19-37
5, 70-99%
cs gr,fn g»
vldrs

cs gr, s,slabs,blars,ledge

8y 0995
es ir, mud

Fhysio- Basic Height(ft.) Slope in Backshore:
graphic coast bluflf, degrees, width in ft.;
wit zone cliff bluff or materials
nunber elements or dune clisf )
2C3 B=l —— — 0-16
S
20h Al-L 10 35 none
205 B~ — — 8-16
S, 98-100%
in gr
cs gr, slabs, cobs,
ledge rock.
207 B-l — —— 10-12
Belj=E S
804 Hli=F === === fang LB=78 Fty ¥ide,
gr,ildre, slebs
209 B=l - —— 10-35 )
S, 9L-99%
med gr,Mm gr
210 Al-l 10 Lo
cobs, slabsz, bldrs
211 B-l - -— 212
8, 70-99%
mec gr-
212 B-ller  =-- — Zone 100-200 ft. wide
213 Bl ——— — 17-21
Belt/1 Sy 92-99%
nmed gr
21l Al-k 13 30-L5

Beach zone 11 ft. ‘ride.
cs gr, cobs,bldrs, mud

Figure 6




L3.

Physio- Basic Height(fts) Slope in Baclishore: Foreshore: Photo
graphic coast bluflf, degrees, vidth in f{te; width in ft,; number
unit z0ne cliff bluff or materinls matericls
number  elements or dune cliff
215 B-l — — Beach zone 90-175 ft. wide,
B-1 ¢s grycobs,bldrs,till,ledge.
Balier-li
B-i/8
216 B-L/8~r - —— Bench zone 100-160 ft. widee
S, 25%. cs gr, slabs,
bldrs, ledge rock.
217 B-L —— — 25-L0 ) 26=50
S, T75-100% S, 50-~100%
fn grymed gr fn grycs gr
218 Bulj=B=Tedl = ——— Wet zone 50-300 ft. wride.
B-L-df Mud, sand, reeds in muclk:
no true beaches,
219 Bl — — 23=LL 17-21
Beali=C S S5
220" - B-)j/Ber -~ — Beach zone 66 fi, vide,
cs gr, ledge rock,
221 Bl /1, - . Beash uwone LY fte vide,
‘ es pry ledge rock,
222 E-C — — 11-23 1071
S )
223 . Bl -—— ——— No beaches, Reed marsh
offshore,
224 Bl —_— — Ne beaches. Teed in
: offshore,
225 AL~ 18 30 No beaches. Reeds in off-
shore, Bar 300 yd. offshore.
226 Bl _— —_— Low sand plain
227 E-R ——— — Bar and fill., Iuch oF shore
' held by riprap.
Long stone jetiies.
228 R —— - Low sondy plain and rill
held by walls and riopran,
229 Bl -— — 16 25
S, wood S

e )

e v —.— e s te s
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Physio- Basic Helght(ft,) Slope in Backshore: Foreshore: ?hoto
graphic coast bluff, degrees, width in ft.; wvidth in t,; nuaber
unit »ono clilft bluff or materials materialc
numbder elements or dune cliff e o —
230 Ah=b-M 30-35 L0 No beaches, ilet zone 10-~ii0
ft. wide, iiud, gr, receds,
231 B-l — -—— Beach zone 0-30 ft, wice.
S, S5%. Gr, wood Cebris
232 Al-h-B-L=i 8 30 No benches, Reeds in
above above water offshore.
plain plain
233 Al-h- 10-22 30-50 No beaches. Damp zone 5-L0
Ah~li- ft. wide, liud, gr. Reed
m~arsh in water, Road fill
90 ft. wide, one point,
25L Aielj=r=ti  90-100 Lo Damp beach zone 30-75 ft,
wide., Gr, slabs, ledge,
mud, Reeds offshore,
235 Ah-l 25 L5 Beach zone 0-18 ft, wide. Figure 2l
S, fn gr. Riprap along
part of shore
236 B-l: 10 25 0=39 0-18
Beljli above above S, 95=100% S, 99%
Al-L=B-l plain slain fn gryes gr fnogr
237 Bl 12 30 Beach zone 0-12 fi, wide.
B-1/8-1 above above ¢S gre Reed march in water,
Al=li-B=L-li plain plain ‘
238 B-L/8 —-— —— No besches., Drmp sandy zone
at yater a few ft, wide,
239 Hoal il 12mfl 30m30 Renolt pone of 0, Omi0 Ly
AleljaBaliall above abova vids, fleed mersh of fuliora,
ALl plain slain
21,0 An-2 25-30 35-L:0 Beach zone of S, 10-12 ft.
Ah=li=} wide. Reed marsh olfshore,
2l B=li-M —— - Beach zone of S, 10-25 ft.
wlde., Recd marsh offshiore,
214 Al-bL=Al-l-M 22 Lo 8 6
T Lo s 5
21,2 B-L-11 -— —— No becch, Reed marsh

offshore,

L
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®hysio~ Basic Height({t,) Slope in Backshore: Foreshore: Photo
grophic  coast bluff, degrees, width in ft.; vidth in fte; nunber
unit zone cliff bluff or materinls materials
nunber element or dune g}iff o e
2Lh3 B-L S —— Beach zone 55 fte vides

S, 98%. Fn gr
kb Al-L-A1-h 22 ﬁg 16 9
10 0 cs gr S, L0%. cs gr
2L5 B-li -— - 25 3L
s, 704 S, 25-90%
cs gr,bldrs ¢s gr,oldrs
2L6 F1 15 90 Zone 21 ft. wide of slabs
and ¢S gre
2L7 Fh 28«50 60-90 10«12 10=12
Fher ¢s grybldrs S, 30%
2h8 B-L/8 e — 20-35 75-150
B-l /B-r cs gr,slabs  cs gr, slabs
B=lj-r lecge rock
2L9 Fh-B-L  30-35 90 Zone 30-35 ft. wide of Figure 20
above above cs gr and slabe
»nlain rlain
250 Fher 30 90 Zone 10-15 ft, wide
of cs5 gr and slabs
251 Al-li-r L4-=10 10-90 Zone 60-300 ft. ride
Fler cs gr, slabs, ledge rocl,
252 Bl — — Zone 90-250 yd. wide,
B-ly/8~r cs gr, slabs, ledge rock,
253 B-L — — 28 L8
S S, 99
bldrs
250 Bl /8-r 8-10 30 23 65
B-Li-C~r above above S, fn gr S, muc, gr, siabs
plain plain One place: rock bench 250-
' LOO ft. wide,
255 B-l — o Beach zone 75-200 ft. ide.
’ tud, 3, gr, bldrs.
256 B=7-M e — Beach zone 75 ft. wide

Hud, S, gr.
Reed narsh offshore,




Lé.
Physio- Basic Height(fts) Slope in Backshore: Foreshore: Photo
groshie coost bluff, degrees, width in fte; vActh in ftey muoer
unit zone cliff bLuff or materials naterials
nunber elements or dune clitf R
257 B-li=r —— —— Neach zone 100-250 ft. -ride.
B-ly/B~r Hud, es gr,slabs, ledge.
258 B-LC Dunes L —— L0 22
ft. high S 5
259 B-h —— - 1,0 70-80
S, Mngr ledge rock,
angular gr
260 B-li=C dunes 10 — 30 17
fi. high S 5
261 Belier-i{ — ——— Zone 30-200 ft. vice.
Bel/Bar-il Roc: bench, strewm with
Baly/B-r=il mud, angular gr, slabs,
262 Beli=l! 15 30 Mostly: no benches, Wet zone
Bw7-1i above plain above of muci, S, gr up to 150 wd.
Al -li=Badi=Cii plein wide, ieed marsh offshore.
Bldrs.
263 Bk — — 53- 16
S, 155 s, 80%
fn gr med gr,cs gr
26l B-l-M Dunes Ul — Beach zone 100-275 yd, wide.
Boli~Ceil Sand, a feir pebbles, mud.
Reed marsh offshore.
265 B-6=C Dunes -— 18 60
8 s S, 90%
sarrdust, wood
266 R Tow seawalls hold artificial £ill, Low plain,
267 B-L Dunes —- 30-37 39-L5
BaliC L S S
268 Belier Dunes —— Dump zone 75-180 fte wides
Dol jmC ot f 3 S, gr. Slabs, rock lodge

at one point, Reeds

of'fshore,




Physio- Basic Height(ft.) Slope in Backshore: Foreshore:
graphic coast obluff, degrees, width in ft.; width in ft,;
unit zone clifl blulf or materials materials
nunber  elements or dune cliff . ~
269 Belimyr — — 39m5h 57-100
Bedi /Bor-M S, 90-=99% S, ¢s gr, slabs
B8 li med gr ledge rock
Elsevhere: zone 30-88 ft, wide
of gr, slabs, ledze.
Reed marsh offshore
270 B-L:-M -— -— No benches, liet zone $0-125
Bel-M {t. vicde of 3, mucl,
Reed mersh offshore.
27TL B-L-C Dunes L —— 36 LS
S S
272 Delpedi Dunes 20 Cliff 35 Wet beach zone 0-200 ft, wide,
D1-Buli=if 0ld bluff lek, S, gr, bldars, till.
TheBeT=}1 10 Reed marsh offshore.
Al-B-7-l1 Cliff 100
273 Ah-li-M 20=25 35 Zone 20 ft, wide of cs gr.
Reed marsh offshore.
274 FheB-l/8-r Cliff 50 Cliff 65-90 Beach zone LO-L7 ft, wide,
Bluff 15 Bluff 25 c¢s gr, slabs, rock bench.
75 Ah-C 35 17 33 23
S, 98% S, 25-99%
cs gr cs gr
276 B=8-r —— — Beach zone 36 ft. wide,
S, 10-~95%
¢s gr, slabs, rock ledge.
277 Fh 75-100 steep
278 F1-F1-B=8-r 80-100 10-15 Beach zone 32 ft, vide.
above above cs gr, slabs, bldrs
plain plain Little 5.
279 B-1/Bar — ~— Beaeh zone [0-U5 ft. wide,
cs gry, slabs,bldrs, ledge.
280 B-8-U —— ~—— No beach. Reed marsh
Dels /8t offshore.
201 Be=8umr —— ———— Beacl. zone 25 fi,. wide,
es gr, slabs, rocit ledge,
282 B=li=l —— — No beaches, Viet zone 25 ft.

wlde, Reed marsh.

Photo
nunrber




L8,

Backshore: Foreshore: Photo
width in fte; vidth in ft.; numver
materials matericls

——— i et et -

“hysio~ Basic Height(fte) Slope in
graphic coast bluff, degrees,
unit zZone cliff blulf or
nunher  elements or dune clit?
283 Fh-B-8-r 30 65-90
above above
»lain wlain
28l Fher 65 11590
285 B8 — —
B=3-r
B=8-r-M
286 Fher- 80 20~90
287 FheFler ZO-BO 15«20
10 L5
288 Ah=l-Beli=r 25 30
above above
plain plain
289 Fher 25-60 20-90
FheFher total
290 D1b-C Dunes 10 Bluff 30
Bluff 15 oL
291 Bl —— ——
292 Fhar- 200 3110
293 FheB=l; 205 90
above
plain
29l rh 200 11592
295 B=l
AMlel=C/B=l 15 modorate
above above
plain ledn

L

Zone 17 Lt, wide.
cs gr, rock bench,

Zone 1L ft, vide,
Rock bench below.

Cs gre

Zone 30-250 ft. vide,

S, 10=100%, Cs gr, slabs,
rock bench, Reed marsh at
one place,

Zone 10 ft. wide,
cobs, ¢s gr. Ledge inferred.

Zone 36 ft, vide. Rock
benchs cs gr, slabs,

Zone 25 ft, wide, Rock
bench with slabs, cs gr.

Zone 15-25 ft. wide,
Rubble, slabs, blocits,
Rock ledge.

W 10-25

S, 99% 'S, 50605

fn gr ¢cs gr, cobs

22 L,0-200

S, 99% S, 60~99%

fn gr fn gr,cs grycobs

Zone 28 ft. wide,
ct gr, cobs, rocl ledge.

Beach zone 25 ft, wide,
CS fir.

Zone of bldres, blocks ond
slebs, 15 £, wide,

20 2l
5 s, 959
¢s or



Physic- Basic Height(fte) Slope in

grathlc coast blure, degrees,

unit zone clit? vlurf

nuwiber elaaents o1 dune QE~§HE££H

297 B=Q-r

Belt=p —— —

258 D1-Ch 20 )

299 B-L-C 5-15 —
dunes

300 T TS e —— —

301 D1-C-r 10-25, ——

D1=C dunes

302 Bul/8-r = - e

303 B 721 — —

30L B=li-r — J—

305 B-Lj=Cb-r Duncs 35, nip
8-15
nin 10

306 B-8er — —

307 BeljeC~r-M Dunes 6 ——

308 BeBer-M — ——

309 Bl . —

E 6,'.'

Backshore: Toreshore:
viidth in fte; width in ft.;
materinls natericls

Beach zone 60 ft, wvide,
es gr, some mud,

Berch zone 95-195 ft, wide,
cs gr, slnbs, ledge rocl:,
Seme mud or silt.

3L U
S (] 9370 S, 997J
fn gv fn gr
18 31

S S

Zone 63 ft, wide,
cs gr on rock ledge,

315 50-192
S, 97"'99;-’ S, 75?/5 EXe
In g Rock bench

Low demp gravelly shore,
Lecdgze rock bclow,

Wet marshy shore,
Mo beach.

Zone 100-200 ft. itide.
cs gr, slabs, over rock bencia.

25 15-35
S S, 50%

)J'9.

Photo
nurUer

Figure 11

cs fr,lecge rock

Beach narrov; cs gr
and ledge rock,

Beach zone 100-125 ft. vide.

Vlet; cs gr, S, rock ledge

belovr,

Beach narrow; cs gr and
ledge rocl:,
Reed marsh offslhioro

Beach narrowv; cs gr,
blers, ledpe rock,
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“hysio~ Basic
grachic coast
univ Z010
number  clements
310 Be8er
311 B-li=r
B-L
312 Ah-l:
Ah-3/L/1
313 Ah-li-B-}y
B=lje=C~r
31 B-8-r
15 AhealjmBuljuy
Alzli=F
316 Ahdj-r
317 Beljer
B-li/1
B=l;=Cb
D1/B=li/Cor
318 Ahe=lj=B=li=C
319 Bljer
320 Bali=C

v e gy i

Hoight(ft.) Slope in Backshore: Furechoro:
blulf, degrees, width in fte; width in fte;
clirse bluff moterials nateriels
or dune or cli:y ‘
—— —— beach zone narrow; cs gr,
blérs, ledge rock,
Reed marsh offshore.
-— ——— Zone 67-1L0 ft, vride,
¢s gr, slabs, ledze rocis
One wnlace:
39 28
5 S
45-90 1500 19-27 27-30
S S
75-80 35-10 70ne L7-80 ft. vride.
bluff blulff cs gr, slabas, bldrs, lecCjie.
One place:
10 16
S S
—— —— Betch zone narrow;
cs gr, bidrs, ledge rock.
1525 370 Donah zone 20«50 fte Vidos
HE pr, bobhg alehgy letpss
One pit 66}
L6 35
S S
20 Lo Beach zone L8 ft. vride,
S, 50. cs Ar, cobss
Dunes, _— 22-135 21-75
520 S, $2-100% S, 90-100%
med gr med gr, ¢s gr
slabs, ledge
Bluff 25  Bluff 25 21 1
Dunes 6 ‘8. S
— ——— Beach zone narrow,

S, 50~90%. ¢S gr.
Rock reef in wvater.

2035 20-29
S, 99 S
fn gr

50,

Photo

nunber




AN

Physio- Basic Height(£ft.)
graphlc coast bluff,
wit zone cliff
nuber elaments or due
321 Beli=r ~———
322 B-L -
B--Lj=C
323 Beljer ——
325 D1~C Dunes
15-20
6 B=S-r ——
327 Bal; Dunos 8
Boli=C
D1L-B-l
328 B-B-!‘ - amemy
B-li/8-r
329 D1-C Dunes
Dl-r 5=20
330 Balj=Cer Dunes
B-li/8r L~20
B=Li=Cb
331 D1=Ch Dunes
6=10
nip 6
332 Fler 51

51.
Slome in Backshore: Foresnore: Photo
degreos, width in ft.; vwidth in ft.; number
bluff naterials materials
or cliff . R
— Beach zone 3L0 ft, wide.
5, 505 cs gr, ciabs.
Rock ledge,
—-— 20-50 36-L3
s S
— Zone 07 ft. wide, Inner 1/L
cs gre Outer 3/l rock bench.
— 33 35
S, 855 S
vood vood debris
— 26-LL L7-50
wood viood
— Rock bench 20«50 ft. vide,
¢s gr storm beach.
~— 3405 19-66
S, 85-95% N, 25-95%
Sawrdust sawdust
vood, {n gr
— Rock bench 90-200 ft. wide
cs gr, bldrs, slabs
—— 52~123 16=-39 Figure 17
S, 20-100% S, savdust vood
savdust Ledge in vrater.
—— Beach zone 20-375 ft. wide.
Sand, logs, slabs, ledge.
Also:
2290 26-8l;
S, 80~100% S, 85-100%
cs gry, logs cs gr, cobs
bldrs, sawdust
slabs, ledge rock
Nip 35 105 Ha)
s S
909 Narrow rocky beach zone,




52,

Physio- Basic Height(ft.) Slope in Backshore: Foreshore: Sho%o

grovhic coast bluff, degrees, widta in ft.; wicth in Zt.; nunber

wnit zone clif? blwsf materials naterials

number  elements or dune or cliff e _— _

333 B-li-Cb Dunes Nip 35 3575 20-5L
Bdi~Cer 8228 S, 99 S, 95=100%

nip 10-12 fn gr med gr

33k D1-Cb Dunes Blutf  39-55 L-7h Figure 12
Dh=Cb 6-55 30-40 Sy 99-100% S, 99-1000%
DL/B=li=Cb Bluff in gy in gr

5-10

335 B=8-r —— — Beach zone 0-200 ft, wide,
Beli /By Rock bench vith S, cs gr,
Fl-r slcbs, bldrs, Bench cwash

if no berch

336 BeliC Dunes — L8 31

1 S S

337 Be8-r Bluff Bluff No beach, Zone 0-60 fi, wide
Al-8 6-8 90 of slabs, bldrs, cs gr, ledge

rock,

338 B-li/8r  Dunos Nip Rock bench 30-195 ft. vide,
B-l;/8-Cb B8-25 35-10 with bldrs, cs gr, sand at
B-li~Cber  nip places., :

5=12

329 R —— —— Artificial £i)l behind seawalls

3ko B=li=C — — Partly: Fill of sumped sand
Beli=C-R 250 yQa. wide,

Zlsewhere:
Lo~L5 70
S S

3l B-li~r — — Zone L0~200 ft. wide of cs

gr, cobs, bldrs, over
ledge rocl.

342 B=li=E — ——— cs gr beach ridge outside

et marsh.

3L3 Balir —— — Narrovr beach zone of rock

and cs gr.

3Ll Beli=C Lowr dines  ew= Narrow becch of sand,

3Ls B-ly ———— — Harrew beach of sand,

3L6 By — — Narrow beach zone of

rock and co gr.

o L S e A TR
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53
Physiow Basic Height(ft.) Slope in Backshoro: Foreshorae: Photo
graphic coast bluff, degrees, width in ft,; width in ft.; number
unit gono cliff bluff materials materials
nunber elements or dune or cliff e R
37 Beljer Dunes — Beach zone LO=200 ft, wides
BaljwCur 512 bldrs, slabs, rock bench,
One place:
10 80
S, bldrs S, bldrs,
ledgo rock
348 Bl Dunes — 7=12 27=31
BuliC 5-25 S, 96=100% S, 96=100%
DL ’ bldrs cobs, bldre
One Place:t zona 30-125 f£t,
wide of cs gr, cobs, bldrs
3L8A D1-0 Dunes — 20 35
5=35 S S
349 Bl Dunes — Zone L0=60 ft, wide of
Blier L=25 cs gr, cobs, slabs, bldrs.
Dl-C Ledge inferred.
Elsevhere:
10-15 35-65
S, 30-100% S, 10-100%
fn gr, bldrs mud, clbs, bldrs.
350 Baly — —— 12 25-87
fngr fn gr
351 Beljr — — Narrow boach zone of
o8 gr and loedge rock,
352 Bl —e e Narrow sand bosch,
35k B=ljwE —— PR Narrow sand beach behind sand
bar,
355 Bly e — =25 2085
BediC S S, 92-100%
Beli~E bldrs
At some places: zone 50=60 ft.
wide: S, 25%; cs gr, cobs, bldrs.
356 By — — Narrow beach zone of gr and

lodge rock.
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Physio~ Basic Hoight(ft.) Slope in Backshore: Foreshore: Photo
grachic coast bluff, dogrees, width in ft,; width in ft.; number
unit zong cliff bluff materials materials
number elecments or dwne or cliff e R
357 B-l ——— —— Generally zone 25-90 ft, wide,
Bul}=C 8, 10-90%; cs gr, cobs, bldrs.
One place:
12 Lo
K S
358 Bel} /8oy e — Zone 30«60 ft. wide, Bldrs,
slabs, ledge rock.
359 Beli==C Dunes — 17«20 27
6=18 S S
360 Belj=Cer Dunes — 10 1240
BeBw=Cwr 815 S S, 95%
Bal} /0wr cs gr, cobs
One place: zone 20-30 ft,
wide of slabs, cobs, and
bldrs. Lodge inferred,
361 B-l Dunes — 0-32 1185
Bual1=G 9m15 8 8
262 By fBet e — Zona of aobs, slabs, bldrs -
over ledge rock, 20-30 ft, wide
363 B-li-C — —— 15-22 L0l
S S, bldrs
36l Beli/8er  ew — Zone 20-60 ft. wide of cobs,
slabs, bldrs, ledge rock.
365 Bl — — 15 76
S S, bldrs
366 Bal}/Ber® = — Zone 30=L0 ft. wide of cobs,
slabs, bldrs, ledge
367 Balj=C Dunes — 20 37
1525 S )
368 B} /Bt e — Zone L0=50 f£t. wide of cobs,

glabs, bldrs, ledgs rock.
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Physio~ Basic Hoight(ft.) Slope in Backshoro: Foreshore: Photo

S NI WS A T

graphic coast bluff, degrees, width in fte; width in ft.; number
unit zone cliff bluff materials materials
nuiber elaments or dune or AAiff o
369 BediC Dunes — 15 lio
15-25 S S
370 Buli/8ar — Zone 20-40 ft, wide of
cs gr over rock ledge.
n B-}-C — ——— 10 27
S S
372 Boli/8er e ——— Zone 30-50 ft., wide of cobs,
slabs, Dldrs, Ledge
inferred.
313 B-l-C — —— 10 30
) 8
37 BeBar — —— Zono L0-60 ft, wido of
cobs, salabs, bldrs,
Ledge rock inferred,
375 Bali-Bd! — 25-35 30
S
Reed marsh
behind bar
376 Belj=r Bluff Bluff Mostlys zone 15=100 ft, wide
Bl 150 30 of 8, muek, roeds, cobs,
Bl above bldrs, ledge roclk.
Baup plain At 2 plaesst wone ef wed 8
Ahwli=Bal; and muck 0=100 ft, vide,
Reeds,
At 2 placest
10-17 17-40
S, bldrs S, csgr,slabs
ledge rock
n Ahelj=Bal; Bluff Bluff Mostly:
60-165 35-45 533 27-36
S Sy few bldrs
One place: zone 15-L0 ft,
vlde of cobs and bldrs,
378 Ab=3/L  BO=LTS 3643 820 2560
Abely /1 S, 95=-100% S, 60=100%
Ah-r cs gr,bldrs cobs, bldrs
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Physio= Basic Height(ft.) Sloveo in

gradhic coast bluff, degrees,

unit zone clisf bluff

numbor  elemcnts or dune or cliff

379 D1/Al=leBeli D1luff Pluff 25
11

380 Dh-C Dunes 30=35
D1b 15-70
Dhb Rluff
Dh-Cb 35

381 Bljmr Dunes —
Dl-r 20-25

382 B"l !.-C [y P

383 By Cliff 60 CLiff 75
B=lier Bluff Bluff
Al=lj=B=lier 10-30 35-25
B

FhedleljmBali=r

38 By _— —

385 Bealjer Cliff or Cliff or
Be8=r bluff bluff
Fhedleli=B=l 18-25 3060
F1-B=l)

366 Berl s ze=
Bufluf
Bafer

337 Al=ly 10-15 30

368 Blj=C Dures —~

5«15
389 Bty -— ——

Backshore: Foreshorao:
vidth in ft,; width in ft.;
naterials materials

15 30

S S, fow bldrs
Buli& 2250

S, 70-100%
fn gr, cobs
In places, single zone of S,
10-35 ft. vide,

5-35
S, 10=100%
cs grymed gr

S, 98%,bldrs

1550
cs gr, slabs,
bldrs, ledge

20-25 70

S S

0=52 10-65

S, 0-100% S, 0-100%
cs gr fn gr,cs gr

bldrs, ledge
One place: [,0=70 ft, zone of
cs gryslabs, ledge rock,

Lo L5

S, 99% S, 99%

n gr in gr
0=22 075

S, 10=85% S, 10-L0%

med grycs gr  cs gr,slabs

bldrsa, lodge

0=50  1Rel)
§, 16-1605 &, 26-56%
cs gr med grycs gr,

cobs, ledge

Beach of S and gr

0-23 3L=38
s S

30 Lo

5, 20% 5 15%

cs gr, vldrs €5 grybldrs

ledge

56,

Photo
nuber
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Physio- Basic
graphic coast

wit

nuber elements

zone

3%

391

392

393

394

355

396

397

398

399

L0oo

A LA

B=7=

Be3=C=r

B-};=Cb

Boljer

‘Baly
B~l1=Ch

B-l=Cb
Bedjer
Ba3wmr

Beljr=M

Bali=C

D1-Cb
Dh~Cb
Db
Dhb

Ah-D1lb
DheAl=l=Cb

Beal
AheBaly

Height(fte) Slope in

bluff,
cliff
or dwne

degrees,
bluff
or clify

Dunes
6-10

8-15

Low
dunes

Dunes
8-100

Qunes
=90

Bluff
2060

Bluff

-

Dunes
1032

Bluff
30

Bluff
30

Basl:ichore: Foreshore:

width in ft,; width in ft.;
materials materinls
Narrow wet sandy beach
gonc, Reed marsh ofisihore
Beach zone of sand,
Rock ledge mainly avash.
0 38
S
0-30 L8-75
gr storm beach S, 10%
cs gr, cobs,
slabs, bldrs
ledge
0=38 22«38
S, 95-100% S, 20~100%
fn grycs gr
23135 30-L5
S, 80~100% S, 10-100%
med gr mod gr,cs gr

ledge rock

Rock bench, submerged.,
Bldrs, rced marsh,

Sandy beach zone.

0-342 17-100

S, 80-99% S, 85-98%

med gr, bldrs fn gr,med gr
cs gr, bldrs

8-33 25

Sy 50-98% S, 10=75%
fn gryes gr co grymod gy
21=100 2lls2

S, 65-9L% Sy 50-95%

cs gr n gr,cs gr

57,

rnoto
nunboer

Figure 23
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58,

Physio= Basic Height(. ,) Slowe in Backshorc: Foreshore: Photo
praohic  coast bluff, degrees, vidth in ft.; width in £i,; numbor
it zZono cliff bluff materials materials
number  olements or dune or cliffl L — e
401  Ah=l/1-Dhb Bluff Bluff 0-40 332
Ah=1/Li=D1b 35-150 35 S, 98=100% S, 98-100%
Dunes . bldrs bldrs
10=50
402  Ah-li/1
Ah=l/lj-A1-L=Dhb Bluff Bluff 12-15 15-L8
Al=l=Al=li=Cb 70=150 30=35 S, 97=100% Sy 93=100%
Ah=li/1-C Dunes fn gry, bldrs In gryned gr
10-75 bldrs
LO3  Aheli/L/li 200250  30-35  25-l2 25112
8, 97=1.00{ 8, 97-9%
cobs, bldrs fn gr, bldrs
holi Ah-Dh/Al-li Bluff Bluff 0-L0 2038
Ah=B=li«D1-Cb 75200 30 S, 97-100% S, 9L~98%
Ah=1=Bali=Cb Dunes Dunes cs gry bldrs In gr,cs gr
AJ.~Baly 10~75 10=-35 bldrs
405  Ah-L/1 125 30 18 48
S ]
Lo6 Ahel-Bel Bluff Bluff 27 33
125 30 S S
LosA  Dhb Dunes Bluff 8-li2 10-27
Dlb=Cb 1270 20=35 S, 88-100% S, 95%
Ah-D1-Cb med gr T ogr
407 Bl | Bluff Bluff 0=21 0-36
B=1 10 25 cs gr till, cs gr,
Aleli=B=l; med gr, bldrs
One place:
8, 100%
In part, riprap and seawall,
Lo8 Dh=Cb Dunes 10-32 12-15 L2-45
10-75 s S
Lo  B-k ——— — 0-15 16-18
cs gr cs gr
410  Al-L/1 20-25 Lo nono 10-12

med pr,cons




5%

Photo
number

Foreshore:
width in ft,;
materiols

- PUSRISIISE R PN S

0-15
cs gr, cobs
bldrs

0=23
¢s gr, cobs
bldrs

10-12
S, 0=25%
cs gr, bldrs

Shore held by scmvall and

12-18
cs gr

23=1i5
gj QﬂaO%
88 g1 ;56b8,;b1drs

18-50

S, 10-25%
cs gr, cobs
bldrs

Fill along low plain.

Physio= Basie Height(ft,) Slope in Backshore:
graphic coast bluff, degrees, idth in ft.;
unit zone cliff bluff materials
nunber  olements or dune or cliff
L1y FheAhed; 2055 25=90 019
Fl cs gr, cobs
) £ill in part
2 FheBaljwr  cliff CLift 0-39
C/Bali=r 35 30 cobs, cs gr
ik Al=l 7 0 0-18
Ahali-dhal; 12 g-m cs gr
Lk FheB~8R Cliff Bluff
5060 30 riprap.
415 FheB-l) Cliff Ciiff none
Lo 30
L6 Ag:h oML CuLf Qm3).
A éa-n R0=00 40=)0 ¢8 gy, cohe
fhed\} Bluff pluff bidrs
FhaF1 20-75 20-30
B3
L17 Bl Fill — 2136
R 8-~15 S, 20-95%
fn gr, cobs
118 R
k19 Buljer Bluff Bluff 935
Al 12 35-L0 S, 10-99%
D1b=C Dunes cs gr
5
L1594  DhCb Dunes 30-45 12-30
15=75 S
1198  Ah-k Bluff 1030 15-35
ALl 35«75 S, 10=97%
Ah=3/li=C med gr,cs gr

15-120

S, 10=95%
cs gr, bldrs
ledge rock

21129
S, 97'99%
fn gr

16-50
S, 20-95%

fn gr, med gr
¢s gr



60,
Physio= Basic Hoight(ft.) Slope in Backchore: foreshore: Photo
graphilo coost bluff, degrees, width in ft,; width in ft,; number
unit gone cliff bluff materials materials
number elements or dune or cliff e IR
l19c  B-b — —— o=l 17=25
S, 20-90% S, 20=95%
cs grymed gr med gr,cs gr
bldrs bldrs
La9D Baljmr® Bluff Bluff 1250 20~1.30
Al-B=3-r 15-20 20 fn gr,cs gr fn gr,cs gr
bldrs bldrs,ledge
1198 D1b Dunes 30 12 20
20-3C S; 93-95% Se 90-92%
cs gr fn gr
L19F Baljer Bluff Bluff 090 10-180
Aldj=B=li=r 20-25 20=25 S, 10-85% S, 10-60%
fn gr,cs gr cs grybldrs
slabs,ledge
b1  Dlb Dumes Dunes 12-27 25-36
D1-Cb =40 10-40 S S, 96=99%
fn gr
LisgH BeQ~r —— —— Beach zone oi gr and
ledge rock
19T D1 Dunes ——— Bar of S.(95%) and fn gr
L1-Cb 5=35 encloses lagoon.
Bar and lagoon 150 ft. wide,
1197  BaLC Dunes 20=96 0=30 12-60
B=lCb 3-35 where S, 30-100% 5, 5-98%
Beuli=Cer  Bluff present  fn gr,cs gr fn grycs g
Al-i/1-C  10=25 bldrs
Tvo points of cs gr and bldrs,
115 and 375 f£t. long,
120 Ahwis/lwhl=leB=l go 30 none 20
Ow2 ¢s gr,bldrs
L21 Ah-l
Ah=3//1/8 25 30 9 20 ’
S, 95% S, 90=92,
08 gr fa gr
L22 Fh 18=-30 30«90 021 0-30
m Sp 75% v S, 50“70%
ce gr ¢s gr, slabs




Pliysio= Basic Hoight(ft,) Slope in Backshore:
graphic ooast bluffl, degrecos, width in ft.;
wnit gono clirf bluff materials
number elements or dune or cliff __
b3 AL 10-25 15-35  10-50
Al-hi=Cb S, 0-100%
Al-l/8 M grycs gr
B-2/8
L2k Bal Dunes — 5=21
Bli=C 520 S, 10-98%
Beljer fn grycs gr
425 Ahb/L 2.5 380 15-38
Ah-L/S S, 70-50%
cs gr,bldrs
426 . Dl-C Dunes J— 720
Bl 5-15 3, 80-98%
fn grycs gr
L27 Ah-3/L/8 20-25 37 L5
S, 98%
fn gr
428 Dl-B~L~r Dunes Blufrf 23=32
D1b-C 5-30 35-45 S, L0-96%
D1l-Al-li/5 Bluff fn gr,cs gr
10-25 bldrs
L29 D1/Al-L/L Dunes LS none
10-15
Bluff 18
L30 ) § Dunes 1535 1563
mb 3-10 S, 65-100%
D1-C Nip 315 fn grycs gr
L31 Bels Bluff Bluff 0=75
Bli=C 6-8 30 S, 97%
Al-y fn gr,bldrs
132 Al=li~C 8 20 25
: S, 70%

med gr

Photo
nunbsr

Foresliore:
width in ftes
materials

- B

1U=50

S, 0-100%

fn gr, wed gr
cs gr,bldrs

9-35 )

S, 0-97%

fn gr,med gr
¢s gr,bldrs

U-27
Sp 65“9&%
fn gr,bldre

18-L7

S, 30~98%
fn grycs gr
clbs,bldrs

26
S, 954
fn gr

10-23
S, 25-98%
fn gr,bldrs

Figure 18

29
S, 99%
fn gr

1740

S, 85994
fn gr,cobs
bldrs

0-55
Sy 95-99%
fn gr,bldrs

50
S, 25%
M grymed gr
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Physio= Basic Height(ft,) Slope in Backshore: Foreshore: Photo
grophic coast bluff, dogrees, width in ft.; vwidth in ft.; numbor
unit zone cliff bluff materials materials
nhunber olemonts or dune or cliff S
433  B<h Dunes 30-38  0-hoO 10-35
D1=Bal; 520 S, 65=97% S, 65=97%
Bali=C Bluff M gr,es gr fn gr
Al<lj=B=l=C 12415 bldrs
L3l Ah-1-D1-C Bluff 60 Bluff 20 9
Dunes L3 S, 92% S, 97%
3-30 fn gr fn gr
L35 Al--C Bluff 30~35 12-18 125
Al-l 5-18 S, 65-99% 8, 9%
n gr in gr
136 Ahel-dl-h/L  10=70 3045 830 1215
Ahdi-C 18220 S, 93~98% - S, 90-9Tk
fn gr,bldrs fn gr,till
L37 Al-di-C 10-15 35=40 - 16-23 2132
S, 97"99% Ss 97“'99%
fn gr n gr
L38 B~ ——— — 13=30 19-27
S, 95"97% S, 97"98%
fn gr fn gr
439 Aheli/1/5efdeds  L0=100 30-38 No beaches, Shore is fill
. 10=20 held by riprap.
Llo Bl —— - 6-15 -~ 6-15
B-li-R 3 S
In part, seawall along beach.
Wa Al-L/) 10=20 + 10=90 0=15 0=15
By 8, 50~100% 8, 50=90%
Al ' ~ fnogrymed g {n gr,os gr
bldrs cobs,bldre
Ly2 Ah-l 200 37 Beach zono 10-15 ft, wide,
: ' S and fn gre Riarap holds
road,
Lik3 Alaly 1 10=40 0=15 25
Balj 2-20 8, 20-98% S, 20-99%
Aheljedilal; ~ med gr,cs gr ¢S gr,cobs

Aleli=Alal bldrs bldrs




63.

Physio= Basic Height(ft.) Slopo in Backshore: Foreshore: Photo

graphic oocast bluff, degrecs, width in ft.; widtr in ft.; number
unit zone cliff bluff materials materials
number elements or dune or cliff .
Ll B-di — - 30 25
‘ Bl S, 9% S, 97%
fn gr fn gr

In partt wet beach 1020 ft,
vide, 8 and muck; roed
march offshore,

LS  An-lorl Lo 35 820 10-16
Ah=hfheli 30-~100 s, 80-100% S, 10=90%
fn gr,bldrs ¢s grycobs,
bldrs
LL6 m Dunes 10=30 G2 10m23
AhwlaDl 5l 9, T0=100% 9, 75100
single fn gr, bldrs med gr,bldrs
bluff 30
L7 Al 0-60 30 7-12 7-1L
ahel-dlel 1820 S, 90-98% S, T5=9Th

med gr,bldrs cs gr,bldrs

Lke nw(b' s0  Dunes — 6=12 12422
n%-u oSall 525 %,‘ 92=100% 8, L0=100%

‘ med or
W9  A-b 5 5-30 12-15 27
Al=li-Ale)) %2'5 S, 88% S, 90%
| fn gr fn gr
o Bl e 7 9
| , ] - S S
b5 Al 0 35 9 6 ‘
Ahwlidl 1=l %6 S S
| Riprap
52 Bel) — — 5-12 10-1L
S S
L3 ALl 1 10=30 L=20 b5
Ab=died 1=l B‘ZTB - S, 65=100% S, 20=98%
Bl fngryes gr In gr,es gr
bldrs cobs,bldrs
Lsh Ahel 25 30 none 9
S, Low

cs gr




Physio~ Basie Height(ft.) Slope in Backshoret Foreshore: Photo
graphic coast bluff, degreecs, width in ft.; width in ft.; number
unit z20n6 cliff bluff materials materials
number elcments or dune cor cliff )
455  B-h — — 5-37 12-21
Bl S, $3.100% S, 97-100%
B-U-R fn gr fn gr
From Traverse City northwrests
shore protected by £ill and
seawalls or piling.
156 . AL 12.20 10-30 010 1115
S, 50=100% S, 10=99%
fn gryecs gr fn gryes gr
bldrs bldrs
L57 Ah=2 go-vg 35-410 none 10
Ahe2/Sehlal;  20=100 S, cobs,bldrs
1,58 Al-hM 2030 10-30 026 11-17
Al-i-Al-l  10- Sy 0=99% S, 50-95%
Ad<li=B-hi fn grymed gr fn gr, cobs
bldrs ‘ - bldrs, muck
One ‘place! recd marsh
L59 Bl — — 9 21
S s
b60 Al 20 Lo L 121,
fn gr 8, 25%
cobs, bldrs
461 Bl -_— — 22 30
S, 97% S, 96%
fn gr fn gr
k62 Ah=l 90-1.00 4o L8 2L
S, 95% S, 90%
in gr fn gr, bldrs
3 An.ﬁ};‘/‘h_,, - 15 b3 odg |
! 1=y 15=130 15=03 9=-33 Flgure 3
Ahedjdheli /1, %&%’ S, 20~1C0% 8, 0-95%
fn gr,med gr  fn gr,cs gr
cs gr '~ cobs, bldrs
164 Bl Bluff 30 O=11 3«12
Alli-B-li 815 fn gr S, 50-=100%
fa gr, fil1l

L.

Reod marsh at one place,
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Physiow Basic Height(ft.) Slope in Backshore: Foreshore: Photo

graphic ocoast bluff, degrees, width in ftey vidth in fte; number
unit zone oliff bluff materials materials
number olaments or dune or cliff - e e
465 Aldidlaly 101 10-35 0-9 6-15
Al S, 15-90% S, 20-92%
Bl fn grymed gr fn gr,cs gr
es gr cobs, bldrs
1166 B=l — — none 1€
S, 9T
fn gr
L67 Al-li-A1-) 15-18 30 3 19
15-18 cs gr S, 35%
cs gr
L67A Bl —— —— s} 21
fngr S, 25%
fn gr
L,68 Al 6-18 10-30 0=-12 O=li5

Sy 15-99% S, 10=9%

fn grymed gr fn gromed gr
cs gr, cobs.
Riprap one placo.

b9 Bl _— —_— 1012 20-38
S S, 50=96%
fn gr,cs gr
bldrs
L70 AlaljmALlal; 28 25-30 5 20
. es gy es gr, cobs
bldrs -~ zone
of seepage
k. B —_ — 0-18 20-30
Beli-ll S, 99% Sy T5=99%
fn gr muck, cobbles
Roeds offshore one place.
k72 A = Low 15«25 Sandy beach zone,
473 Bk — — 0=10 21-51

S, 25-100% Sy 65=99%

fn grymed g fn gramed gr

mud cs gr, cobs
bldrs, mud




¥ mpd

[ LR ]

[ )

O—

Foreshore:

width in fte;

materials

13-22

S, 10-L0%
cs gry cobs
bldrs

30
cs gr, cobs
bldrs

17
fn gr, cobs
bldrs

15-22
S, 20~100%
fn gr

33

S, 35%

med gr,cs gr
mud

15
)

16
S, 96%
fn g

18-100

(100 one point)S, 10-92%

Physio- Basic Height(ft,) Slope in Backshore:
graphic ooast bluff, degrees, width in ft.;
wit zone cliff bluff materials
nunber elements or dune or cliff
L7k Al 10-25 20-40 0-20
cs
L7s B — - none
L76 Al 10 15 none
h77 Bl —— —— 0-20
S, 65%
fn gr
478 AlL 10 10-15 12
S, 708
med gr, bldrs
L79 B-L —-— — 16
S
480 D1-Cb Dunes 10-25 18
D1-C 5-30 S, 96%
fn gr
481 B-l g0 35 5=33
Al-l vthere where
Al-li-B-ly Dluff bluff S, 10-95%
fn gr,med gr
cs gr, cobs
mud
482 DheC Dunes Dunes 370
Dh=Cb 5l 10=25 8, 85-100%
Dlb fn gr,med gr
D1-Cb
Beli=Cb
483  Ah=l 35-250 3545 1=l5
Ah-S-Cb S’ 5"'98%
Ah=li/1 o5 gr, cobs
Ah=l/5 bidrs

med gry,cs gr
coos, dldrs

12-77

S, 70-~100%
fn gr,cs g
cobs, bldrs

17-56

S, 10-99%

fn gr,med gr
cs gr, dobs
bldrs

66,

Photo
aumber
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Physio- Basic Height(ft.) Slope in -Backshore: Foreshore: Photo
graphic coast bluff, degrees, width in ft.; width in ft.; nunber
wmit zZone cliff bluff materials materials
number elements or dune or Jg_l_:gff _ . _
L8k Ally 15 Lo-45 none 25
S, 95%
cs gr, cobs -
! bldrs
L85 D1-C Dunes Nip 20-35 17-38
Dh-Cb 660 30 S, 97-100% S, 97-99%
Nip 5 fn gr fn gr, mud
bldrs
L185A A=/l 75 30 2L, 16
i S S’ 96%
f a faw bldrs in g=
1,86 D1-CH Dunes Bluff 15-63 3048
Db 20-85 1520 S, 8H=96% S, 88-964
Dhb/Al-ly Bluff med gryes gr fn grymed gr
2030 cobs cobs
Nip 5
1487 Ab=1 150-200 35=75 . 12-h8 , 1429
Ahel,li,S S, 10=97% S, 10-85%

fn gr,cs gr fn grymed gr
cobs, bldrs cs gr, bldrs

i mud
1488 . " Bli=lb Bluff 10-30, 8=38 27=50
Al-li-B-l; 8=10 nip S, 98-100% S, 96-99%
Dunes fn gr fn gr
15-20
489  Dl-Cb  Bluf? Blurf  Le18 256
D1b/thels  35-60 35 S, 30=95% S, L0=99%
Dunes fn gr,cs zr fn gr,cs gr
15-40 bldrs
1190 Ah=l/li 30200 1i0=50 0=10 13 27
Ah=)/2/1./0 8, 104 8, 1007
~ cs gr, cobs cs gr, cobs
bldrs . bldrs
L90A Al /1=Cb Dluf? 30 21 35
\ 20 S, 95% S, 9%

i Dunes 5 med gr med gr




Physio= Basic Height(ft.) Slope in Backshore:
graphic coast bluff, degrees, width in ft.;
unit fone clift bluff materials
nunber elamonts or dwe or cliff
L9 Ah-hCb 25230 30 22
S, 96%
i gr
L92 Ah-D1-C Bluff 10-30 21
est. LO S
Dunes
8«30
L93A D1-C Dunes 10-30 8=75
Dh-C 3=50 S, 65-100%
Dl-B-}i=C Nip fn gromed gr
Bedy 3-15 cs gr
493 Ah-1 50375 30-90 O=42
Ah=1-Dhb fn gr, cs gr
Al-l
Lol Ah=1=C Bluff 35 1241
Ahe1l-D1-Cb L5-175 S, 99%
Dunes fn gr
10-20
hos Belj — —— 3
S, 99%
cs gr
496 D1-C Dunes Dunes 30=T5
15-35 10-20 Sy 97-99%
no nip fn gr
k9?7 Bl omem — 19-3L
Sy 93=97T%
med gr,cs gr
1190 DBl  Dungn no nip 36
Li0=80 y 604
cs gr
ko9 Ah=dy Bluff 3lim35 020
Ah=lieDh  25=500 8, 98%
D1/Ab-l fn gr

Foreshore:
width in ft.;
materials

18~59
S, L0-100%
fn gromed gr

cs gr

16~36

S, 15-96%
fn gryes gr
cobs, bldrs

20-36
S, 99%
fnogr

31-40
S, 82-99%
in gr

22-36
Sy 93-97%
fn grymed gr

53-57

S, 95-90%
fn grycs g»

e

8, 604
cs gr
1627

68,
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Foreshore:
width in ftes
materials

30
S, 98%
fn gr

26-4,8
S, 90%
in gr

22
S, %%
fn gr

15«32

5, 65858
fn gr,cs gr
bldrs

57
S

72
S, 95%

med gr

75
S

Beach zone of sand 50-60

27
8, 65%
med g»,fn gr

2310
S, Lo-90%

Physio= Basic Height(ft,) Slopo in Backshore:
graphic coast bluff, deprees, width in ft,;
mit zone cliff bluff materials
nuber clements or dune or cliff
500 Bali=Cb-£ Dunes 35-440 35
15=25 S
Nip 6«10
501 Dhb Dunes 33=35 37=40
Dlb-E 15-90 S
Bluff
10-75
502 B — — 22
S
503 Dh/Al-l;  Bluff 32-35 none
Ah-1 275-375
sol D1-Cb Dunes — none
10-40
L Nip 8
505 Dh-Cb Dunes —— Narrow sand besach.
1045
Nip 10
506 D1~Cb Dunes — L5
Nip 10 med gr
soT D1b Dunes 30 21
30-440 S
Bluff 25
508 Dhe(C Dunes —
20=70 feat wide.
509 Ahel=Dh=Cb Bluff 20=35 5L
125-150 S, Lo#
Dunes mad gr,cs gr
| 15-60 ’
510  Ahel/L4<Cb Bluif Bluf? 15=57
100=250 30=40 S, 70-85%
Dunes : fn gr,ce gr

1550
Nip 10.15

fn grymed gr

69,
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Height(ft.) Slope in Backshore:

Physio= Basic
graphic coast bluff,
wmit zone cliff
mmber elemonts or dune
511 Dh-Cb Bluff
Al~li-Dhb  10-50
Dunes
15=90
512 Ah=3/Ls 200350
Ab-li/1/1
513 Al-Cb Dunes
10-20
Nip 3-8
51;  Dh/Ah-l/1-Cb Bluff
50=200
515 Ah-1/L 75=330
An1/L/1
516 Dh=Cb Dunes
Dhb 50=-90
Foredunes
10-35
Nip 4-12
516A  Ab=l 290-300
517 Bwli=Cb Dunes
D1~Cb 1540
Nip 5-12
518 E=Cb Dunes
10=20
520 Ah=l 50=150
Ah=li/)
Ah=l/l
521 B-~1~Cb Dumes
6-10

Vip 5

degrees, width in ft.;
bluff materials
or cliff
35 20-2L
S, T0-99%
med gr
30-35 0=32
. S, clay
25«30 18
S
25-35 25=45
S
30 w50
S
30-32 1670
S
3]0 18-21
fn gr, c8 gr
30 1227 .
S, 96-100%
fa gr
— 30-42
S, 75-=100%
L ogr
3k 036
5
30 12
S

Foreshoru:

width in ftes

materials

25=72
S

15-51
fn gr

22410
S, 92-100%
M gr

2830
S, 65-92%

fn grymed gr

18-2l
S, 65-100%
med gr

T04

Photo
nanber
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Figure 2
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Physio- Basic Height(ft.) Slope“in Backshore: Foreshore ! Photo
graphic coast bluff, degrees, width in fte; width in ft,; number
unit zone eliff bluff materials materials
nunber elements or dune or cliff _ . o
522 Ah-l) 2175=350 35 0=10 10-35
S, 95% S, 50-99%
fn gr cs grybldrs
523 Dlb Dunes 25-30 20-25 30-65
Dhh-Ch 10-75 S s
' Bluff
6-40
52 B-li=Cb Dunes — none 32
10-15 S
525 Ahl} 1i5-125 32-35 0-Ls8 27-45 '
Ah~1/L-Cb S, 96-100% S, 95-98%
cobs,fn gr n gr
526 Dhb Dunes 35 10-40 27=50
D1y 5?-;.;0 8 gﬁ §3»100%
2R it gf
16=4i6
527 Ed~Cb Dunes 30 21 30
10-15 S S, 95%
fn gr
528 AR-1,5,L 50120 30-50 0=l 88
Ab-LL/1 S S, 0-~100%
Ah~1-Cb fn gr,cobs
bldrs
529 DLb Dunes 32 Sandy beach zone.
LO plus L
530 Cb Dunes Oy 8 0-48 2l=70
Dh=Cb 10-50 S S S, 97=-100%
Nip h=10 fn gr
531 Ah=) 110-125 35-90 none 2060
S, 954
n gr
532 Ah=li=Cb Bluff 25-30 21=-33 18
1,050 S, 95-100% S, 92=95%
Dunes fnegr = . fa gr
10=15 .




Physio= Basic Hoight(ft.) Slope in Backshore:
graphic ocoast bluff, degrees, width in ft.;
unit zone cliff bluff materials
nunber elements or dune or cliff
533 D1-Cb Dunes 35 L1050
Dhb=Cb 10-60 8
Nip
6=10
53L Ah=lifl  T5=95 3hedi5 012
Ah=1/ly 8, 90=96%
fn gx
535 A1l 15 25 18
S, 95%
n gr
Dunes
536 Ah-lieDh  75-125 1532 33
Nip 10 S
537 D1-Cb Dunes 30, 2575
DheCb 20~150 Nip S,y 00%
Nip 15-18 i gr
538 Al<li-C  Bluff — - 0=75
D1/Ad-i 15-20 8
Dunes
68
539 Ed-Cb Dunes 20-30 0-40
2025 S, 98%
Nip 5-12 fn gr
B0 Ahel  J0w300 w0 =30
Ahel/Y 8, 0=400%
Ah-2/i /5 fn grymed gr
Ah-3/L
sii DheCb Dunes Nip O=-50
Dhb-Cb  20-150 25=34 8
Nip 10=55
sL2 Bedi=Cb  Dunes 30 30
25=35 8

Nip 10-20

Foreshore:
width in fi.;
materials

L5-18
S, 99%
fn gr

10~36
S, 90=96%
fn gr

’

15
S, 95%
fn gr

36
S, 88=50%
fn gr

L1O~72
S, 92100

fn gr,med gr

seawalls ons
area

35-75
S

30
S, 96=100%
fn gr

2=l
By 50=97h
fn gr,med gr
cob gr,bldrs

25=15
S

90
S

124

Photo
nunber




Physio= Basic Height(ft.) Slope in Backshore:
graphic coast bluff, degrees, width in ft.;
mit zone clifft hluft materials
number glenents or dune or cliff
543 DhCb Dunes 30 Lo
20-100 S
Nip 10«15
shl Dhb-Cb Dunes 30 35
15-125 S
Nip 8-15
545 Ahwl-Cb Bluff 30 none
| . 50-100
sh6 Dhb Dunes 35 Omli5
Dh~Cb Lo=125 5
Dlb Nip
Li=35
547  Al«leDh=Cb Bluff 30 none
185
Dunes
30-1.00
548 Dh-Cb  Dunes
Dhb=C 15=150 30 0=20
o Nip 10-20 S
£,9  Ahel<Cb  60<200 35 none
Ah-2
Ah~1/2-Cb
550 Dh=Cb Dunes 30 0=30
Dhb 15125 S
551  Ahali 5595 3610 Omd5
Ahedj=C S
552 Dh/Ah=li  Dunes 35 none
100=125
Bluff
20=75
553 DheCb Dunes 30 2535
15«50 s
Nip
515
554 Dhb Dunes 75 37 none

Bluff 60

3.

Foreshore! Photo
width in fte.3 number
materials
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Physio- Basic Height(fts) Slope in Backshore: Foreshore: Photo
oraphic const bluff, degreos, width in ft.; widin in {te; number
unit zone cliff bluff materials matarials
! number  elements or dune or ¢cliff _ . S
555 E-Cb Dunes — Sandy beach zone,
low
556 Dh/Ahel: Dunes 175 35 10 35
Dhb Bluff 35 S S
557 Ah-l 12-50 3337 0=30 20-50
S S
558 Dhb Dunes 30 none L5-75
75=100 S
Bluff
L0-75
559 Dhb-R 20 ft. beach bohind groins
and seawall.
560 D1-Cb Thmes 30 O=55 3050
Dhb 10=25 S S
Nip One areat: seawall.,
=15 N
561 Dhb Dunes 30 Beach zone L0=50 ft, wide
5Ge1.00 of sand, Local seawalls
Bluff and Jjetties. Beach 60150
30-410 £t wide near breakwater,
562 Dhb-Cb Dunes 30 70 60
20=50 S S
Nip 8-10
563 Dhb Dunes 30 040 20-65
10~100 S ]
Bluff '
5110
561 Dh~Cb Dunes 30 O30 33-U5
Dhb=Cb 1575 s S
Nip
10=-18
| 565 Dhb Dunos 30 Sardly beach zone,
L1070
Bluff
20-30
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Physio- DBasie

Height(ft.) Slope in

graphic coast bluff,
wit zZoneé cliff
number elements or dune
566 Bealj=Cb Dwnes
Dhb=Cb 20-60
Nip
10-12
567 Thb Dwnes
L10=60
568  Dl/Ah<l/1l  Bluff
D1/Ah-li/2  LO-L5
569 Dhb Dunos
Cb 20-60
Nip
8«10
570 Dhb Dunes
110=60
571 Dh-Cb Dunes
25-60
Nip 10-15
57 Dhb 75-100
573 Lab=Cb Dunes
25-60
STh Dhb Bluff
20~50
575 DL/Ah=l  Bluff
55
576 Dh~Ch Dunes
15-80
Mip 10-15
577  Dl/Ah<i=Cb Blulf
D1/Ah~li  UL5=50
578 Ab=li 25

Toreshere:
width in fto;
materials

e e St it et

35
s

5-=560
S

50
S

25
S

35
S

L2

S
L5~75
S

0-3

1550
S

1;5=-1.05
8

Backshore:
degrees, width in fte;
bluff materials
or cliff
30 25
where S
nip
30 Sandy beach zone.
30-40 none
3C 25

S
30 Sandy beach zone
30 25

S
3L none
30 none
35 Li2-50

S
32 10~15

S
30 25

S
30 25

S
30

20-25
S

30-35
S

5

Photo
numbor
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Physio= Basic Height(ft.) Slope in Backshore: Foreshore: Photo

b graphic coast bluff, degrees, width in ft,; width in ftej number
' wmit zone cliff bluff materials materials
nunber elements or dune or clifi
579 Dh/Ah<li  Dunes 30 none 50
LO-75 S
Bnff 25
580 Dhb Dunes 30 Sandy beach zone.
Lo-60
581 Dhb-Cb Dunes 30 30-L0 60=15
20-200 S S
Nip 10
582 Dhb 100-255 33 none 35-10
&
583 Dh-Cb 15-100 30 20 33
S 3
58L D1-Cb Dunes 30 Sandy beach zone
10-30
Vip 5=10
58% Dh~Cb Dunes 30 none 50
25-60 S
Nip -
2025
586 Ah-l 50-71 145-90 none 8-80
S, 25-95%
i med gry,cs gr
' cobs, bldrs
' Dunes
- g87 D1/Ab-1/h  20-h 15=70 0=2C 115-80
B Dh/Ah~1~Cb Bluff s S, 98.-1L00%
‘ 6-33 _ cobs, fn gr
.-
| 588  Ab-dl Bluff 35-90  0=35 25168
Ah=1/li L0-~125 S, 98-100% Sy L0-100%
= Ah-Li=Cb silt, cobs fn grymed gr
j i cobs
. 589 B=li=C Duncs 30 L5 8l
P Beli=Cb 12-15 S S
590 Ah-R L0 35 o beach = steel seawall.

P Bluff in artificial fill.

591 Ahel 50=55 50wb0 No beaches.




Physio~ Basle
graphic coast

wmit
number

592

593

59k

595

596

597

598
546

600

601

603

Zone

elements

D1/Ah-L

Ah-L/5

Dh~Cb
Dhb

Ahel
An-1/L/5

B-4-Cb

Ahw=D1=C

AhR

Ah-1/5,L

Dhb
D1b

Dhb
Dhb--Cb

Dh-Cb
D1-~Cb

Height(ft,) Slope in Backshore:
degrees, width in f£t,;
materials

bluff,
cliff
or dune

L1018

30

Dunes
10-200
Nip
512

90=11:0

Dunes 25
Nip 6

Bluff
2030
Dunus
5-10

10-30
60=55

Bluff
30-50

20-L0

Dunes
140-125
Bluff
10=30

Dunes
20-125
Nip 5~10

bluff

or cliff

L3

L5-60

30

L0o=L9

30

Bluff
20

3040
34=li8

30

30

none

none

0-30

Foreshore:
width in ft.;
materials

3055
S, 96=99%
fn gr,cobs

Lo-h5
s

20=90
S, 60=100%
fn gr

L0=95
8

T2
S, 95-97%
fn gr

T1ide sandy beach held by
groins and long harbor

seawall.

Artificial £i11 and seawall.

=i
g, 99%

fn gr

seawall, in

part

20
S

30
S

20-10
S

0-50
S

1486
S, 98%
tn gr,clay

1,0
S

70
S

L5-70
S

30-110
S, 98-100%
fn gr

7.

Photo
number

Flgure 13
Figure 1L




Physio~
granhic
unit
number

6oL

605

607

608

609

Basic
coast
gone

elenents

Ah-l
Ah-1-Cb
Ah-3

Dhb

B~6~Cb

Dhb
Dhb~Cb
Dlb

D1-C

D1b~C
D1-C

Height(ft.) Slope in Backshore:

bluff,
clifft
or dune

20-60

Dunes
L10-50
Bluff
20-25

Dunes
20-30
Nip 5-10

Dunes
10~130
Bluff
10-110

Dunes
10-25

Dunes
1540
Bluff
10-15

degrees,

bluff

or cliff

35~50

30-35

29

24=li0

30

width in ft.;

materials

0-30
S, clay

30
S

none

0~9L
fn gr

Narrow

L0100

Foreshore:

width in ft.;

materials

140100
S ’ 95"'98%
fn gr,clay

L5
med gr

93-108
S, 90-99%
fn gr

L2-1L8
Sy 65-99%
fn gryclay

o am ot pan R et ey Sh s~ e S eh L ok
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Figure 15



Figure 1, Ab=l/-L/1, Bluff 55-60
feet high of till, over lacustrine
sand and gravel, over till. Fresh
steep slope indicates recent wave

erosion, Narrow beach of sand and
coarse gravel. Physiographic Unit

Noe She

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

Figure 3o Ah~2/5/L-Al-l, 01d bluff at

left 130 feet high; lower plain at

right and in middle distance has bluff
15-20 feet high, Higher bluff is of
placial sand and gravel, ovor lacus-
trine clay and silt, over lacustrine

aand and pravel; low bluff 1s of

lacugtrine sand and gravel, lNarrow

beach of sand, gravel, and cobbles,
Physiorraphic Unit No, L63.

Figure L, Al-l, Bluff of till
13-1L feet high. Beach of sand,
gravel, and boulders. Fresh slope
and fallen tree indicate rapid wave
ernsion,
Physiographic Unit No. L2,




Figure S, Al-5. Bluff 15 feet high
of lacustrine silt and clay. Beach
of sand, Fresh bluff face and over-
haaging sod indicate rapid wave
erosion,

Thysiographic Unit No. L2,

R A b ek et e me mmeses e 4 L ia e e s e e . . P
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Figure 6, B-L. Low wooded plain ol
lacustrine sand and gravel.. Broad
beach of sand and a few boulders,
which may come from till below,
Beach appears to be aggradingz,
Physiographic Unit No. 209,

Figure 7. B-=l. Low plain of
bouldery lacustrine gravel, with
boulder and cohble beach. Under-
mined treces show that wave erosion
is taking plece,.

Physiogranhic Unit No. 195,

Fipure 8. 3=bL. Low plain of lacus-
trine sand and gravel with broad
gandy beach. House stands on estate
held by boulder sca wall, that now
projects 135 feet into lake beyond
water line on north and south, House
was huilt in 1938, and seawall was
built in 1950. Active wave erosion
betrmen 1950 and 1956 1s indicated.
Physiographic '‘mit No, 1.
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' Figure 9. B-L-r. Low plain of Figure 10, B-l~r. Low plain of

coarse lacustrine gravel (shows at coarse lacustrine gravel and sand
right) overlying slabby dolomite bed- (exposed at right), Narrow beach
rock which forms berch in beach zone, zone of gravel, cobbles, boulders,
Bench strewn with blocks and slabs, and dolomite slabs, Dolomite ledrock
Physiographic Unit No, 138. is exposed near this area and is

inferred here,
Physiographic Unit No, 69,

Figure 11, B-h-Cb-r. Low wooded plain Flgure 12, Dh-Cb.‘ wﬁéded dunes in‘

|
, of lacustrine sand and gravel, with . right distance 50«55 feet .
| marginal belt 75-90 yards wide of fore- 105-200 foot wige fxs‘ foreduh:g: 1013;?
| dunes 8-15 feet high. Nip 10 foot feat high, with low nip above broad
nigh. Beach of sand, cearse gravel, sand beachs Omall river on right
and angular shingle, Bocrock roef lies back of forcdunes,
inferred, Physlograshic Unit No, 33l

Physiograshiec Unit No, 305,
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Figire 13, Dhb. Dunes 120-140 feet
high; dune sand rests on 15 fect of
lacustrine sand and grawvel at base of
bluff, Fresh bluff indicatos recent
active wave erosion., Narrow sandy
beach,

Physiographic Unit No, 59k,

Figure 15, Dlb. buws atout 35
feet high, with wave~oroded bluff 20-
25 feet high. Broad beach of sand
and fine gravel.

Physiographic Unit No. 607.

Figure 1L, Dh=Cb.Focded dunes at
right 130 fect high. Foredunes
(foreground) 15-20 fect highy with
6-8 foot nip. Beach zonc of sand
and gravel, Recent erosion is in-
dicated,

Physiogrephic Unit Noo 59k

e M

Figuwro 16, Dlb/B-L. Duncs 15-25

feet high rest on plain of lacustrine
sand and gravel 12-1L feet above lake
levels Frosh bluff on dunes showvis
wave erosion in recent years. Broad
beach of sand and pobbles,
Physiographic Unit No, L8,
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Figure 17, Dl-r., Low wooded dunes Figure 18, Di-B, avel bar
(left background) with very broad enclosing lagoon, A% left beyond
teach mainly of sawdust and driftiood. view is gravel forecland or »lain in
with about 20% sand, Rock reefs ncar front of ilow dunes,

water 1line defend beach at places, Physiographic Unit No, 428,

i Phyciogranhic Unit No. 329,

Figure 20, Fh-B-L. Cli#f of shaly
dolemite and limostone, 30-35 feet

1 . highe At left is low gravel foreland
b e 6~8 foet above lake, Beach 1s of
angular shingle and slabs,
Physiographic Unit No, 20,9,

Figure 19, Fh., Vertical cliff of
dolomite 35-4S feot high. Narvorr
beach zone of angular slabs s blocks and
shingle,

Phyaiographic Unit No, 11l,
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Figure 21, Fl, Plaoin of dolomite Figure 22,/ Plain of dolomitc about
about 18 fect above water, with 18 fect above water. Vertical cliff
verticel cliff 12-15 feet high. No about 1l feot high., Nerrow beach
beach zonc, zonc of cobbles and small boulders., .
Physiographic Unit Wo, 119, Physiographic Unit o, 1119,

Figure 23, B=li=r-l{, Beach and off- Flgure 2Ly Ah=l, linrgin of a plain
ghoro zone of low plain of lacustrine of lacustrine sand and gravel 2530
sond and gravel, Beach zone of sand, foet above lake., Roac rests on £ill
coarso grovol, and slab3, Roofs of ptabilized by grass and protacted
dolomite show through beach doposits at base from waves by riprap ridgo.
at slaces, Offshoro zone 50-300 Physiographic Unit No. 235.

yords vriide 15 filled vA.th rceds,
Physiographic Unit No, 396,




SO I

PRESENT AND PAST CHANGES IN TilE SFORE ZOWE

Shore Processcs == Progradation and Retrogracation

Along most of the Lake llichizrn shors zone, wave and current cction has
either built out (prograded) or cut back (retrograded) the land. These
nrocessos have been slow or razid, depending on a mmber of factors, In gen-
erzl, crosion seams to have boen most cawnon, Deposition or progradation
occurs vhere o large amount of seciment is suprlied to the shore by tributary
streams or shore erosion nearby, or vhwere a large amownt of sediment in long-
shore transit is caught by some srojecting point or structure. Mo large
amounts of sediment are being brought into Lake iiichigrn by tributery streams,
Where man has built long plers, groins, or other structures out from the shore,
these have locally caught longshore drift so as to create beaches uy to
sever:l hundred feet wide., At 2 few ploces the configwration of the shorcline
has led to a concentration of longshore drift at certein points — notably at
Point Betsie in Beﬁzie Comty, and Big Scble Point in Mason County, tidchigan,
But at most places the shore is relatively stable or has sulfered rccession,
The rate of such rocession denends on such factors as the following:

Hed.ght of backland above mean lake level,

Materinls compoging bacldond end londface, whether weak or strong,

Abundance and coarseness of beach materials, whether moved in from
elsewhero or derived from the retreating landface by erosion and
assorted by imve action,

Exposure to lale storms and waves, The inner shores of beys sulfer
feeblor wave atbacl: thien hendlands or straight stretehes of. shore,

Protoctive structures built by man,

Level of Lake iidehigan. During perdods of high avorage 1lake level,
wave attack is several times more vigorous than during »eriods
of low averape level,

Unusunl storms of groat severity,
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The factors whish vary most strongly with respect to time are the two
last named. The mman monthly levol has shovm extremes, since 185, of 577.2
foot in February, 1933, and 583.8 feet in July, 1859, From 1900 to 1953 the
level aversged 579,9 feet, with unusually high levels occwrring in 1918,

1929, and the poriod 1943 to 1952, Unusually low levels occurred in 1926 and
193Li, Without oxoaption, acceleratod shore eromien has taken place dwuring
times of high water, while during low water, beaches have widcned and wave
attack on the landface has been much less cffective, Records kept since 1854
show that lake levels have fluctuated in an irregular pattern with times of
high vater recurring, on the average, avery ten to twelve years, Past wave
erosion has varied with these changes in lake levels,

The problem of present wave erosion and shore retreat is a very serious
one to both municipalities and indiviiuals, As such, it has been persistently
studied oy engineers and engineering organizations, including the Boach Erosion
Board of the U,S, Army, Corps of Engineers, The latter organization has
published the results of dotaiied shore studies in Milwaukee and Racine
Counties, Wisconsing the city of Kenosha; and Lake and Cook Counties, Illinois,
A similar report on Berrien County, Michigan, is now ready. To these reports
the reader is referred for information on ehginecring aspects of the shore
problem,

Former Studies of Shoreline Changeé

The problem of Lake ifichigan shore recession under wave attack was studied
as early as 186L by Charles Whittlesey in the Milwaukee aroa, and 1868 and
1870 by Honry M, Bannister in Illinois, Although neither gave quantitative
measurements, both authorities conclued that past wear of bluffs may have
amownted to hundreds of feot and that the annual rate %as sevoral feet at
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many places. In 1870 Edmund Andrews* computed that, in a period of 15 to 35

#* Androws, Edmund, "The North American Lakes Considered as Chronometers of
Post-Glacial Time," Trans, Chicago Acad, Sci., Val, II, 1870, ppe 1=2L.

years praeceding 1870, annual recession of the shore averaged 5¢28 feot at 23
selected points between Evanston and Manitowoc. T, C. Chamberlin in 1877

published results of computations by P, R. Hoy, S. G, Knight, and himself.#*

#¢ Chamberlin, T, C., "Geology of Wisconsin," Vol. II, 1877, pp. 219-233,

Hey found that Racino cemetery suffered an average annual loss, between 18)i0
ard 1088L, of 9,73 feet per yesar, Knight found that botween 1836 and 187k,

the averago recession at 18 section and quarter-section lines in Racine County
was 3633 feet annually, Chamberlin camputed that the average ammual loss at 8
section 1inocs in Milwaukee County, botween 1835 and 187k, was 2,79 feets

Frank Leverett in 189%#: published results of measurements made by Surveyor

% Leverett, Frank, "The Illinois Glacial Lobe," U,S,CGeS. Mon, XXXVIII,
1899, Pe h58.

Qalvin of Berrien Oounty; Michigan; which indicated an avorago annual loss, at
8 points in that county during the L1 to 57 yoars following 1628, of 3,30
feot.

Betiroen 1905 and 1907, the low bluff in lacustrine clay and silt at Man-
itooc, ™isoonsin, suffored an annual recession of morc than LO feet, according

to J. W, Goldthwaitestst W, E, O8Brien found that 6 soction and quarter

4 Goldthwalt, Jamos W,, "Abandonod Shorolines of Eastorn Wisconsine"
Wise, Geol, and Nat. Hist,. Surv., Bull, 17’ 1907, Pe 580
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saction lines in Kenosha County, ''isconsin, showod an averapgo annual loss of

6.8l foat betwoen 1835 and 1922.% J, R, Ball found that L measured lines

* Ball, J. R., and Povers, W, L,, Shorc Rocession in Southcastern Wisconsin:
Trans. Ill. Acad. Scionce, Vol, 22, 1930, pe L38.

north of Kenosha shoved an average annual recession for the period 1918-1921,

a time of high water, of 12,33 feet por year.#* At the same place the loss

#% Ball and Povers, Idems ve 139

botween 1921 and 1929, a poriod of generally low water, averaged only 0.73
feet per year,

lore recent studies have confirmed the fact of substantial losscs tp the
shore, In four segments along the ililwaukee County linc, the Beach Erosion
Board camputed the average annual losses between 1836 and 1541 to be, from
north to south, 2,5 feot, 1,6 fect, 2,8 feet, and 1,2 feet. ¢ The Beach

#% U, S Army, Corps of Engincers, Beach Erosion Board, Beach Erosion Study,
Lake Michigan Shore Line of lMilwaukee County, Wisconsin: U,S. House of
Representatives, 79th Congress, 2nd Session, 1946, Document Noe 526, pe 134

Erosion Doard determined that bluff recession averaged about 2 feet per year
north of tho harbor in Kenosha, and about l feet south of th~ harbor, batwecn

1872 and 19554:Het

Wi UgSe Army, Corps of Engineers, Bcach Erosion Board, City of Xenosha,
Wisconsin, Beach Erosion Control Study: House of Representatives, 8lth
Congress, 2nd Session, 1955, Document No. 273, ps 11

In I1llinois, the past history of the shoroline from Wilmotte and nortlmard
to the Wisconsin line shows contradictions because (1) part of this shore is

a low lake ploin of natural accrotion, and (2) much of the shore here has
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beon developed since 1910 with protectivé gtructures which have promoted

aceretion, oven though erosion had been dominant previously.# The low lake

- -

% U, S, Army, Corps of Engineers, Beach Erosion Board, Illinois Shore o! Lake
Michigan, Beach Erosion Control Studys House of Representatives, 83d Congress,
1st Session, 1953, Document Nc, 28, pp. 30-31,

plain near Camp Logan and the Wisconsin line suffered crosion losses averaging
7.5 feet per year between 1872 and 1946, In 'Jaukegan, the same lake plain,
during the samc period, showed an average amnual accretion of 17.6 feet!
Part of this gain may have been £ill placed by man, Behavior of the coastline
south of Waukegan shows similar contradictions, although losses of from 1 to
nearly 6 feot per year occurred at certain points between 1872 and 1910,
At some places, the process changed from rocession to accretion after 1910,
due to development of the shore,

Remeasurements to the Lake Michigan Shore at Identifiable Points

A »art of the present study is an attempt to evaluate past changes in the
shorelino at places other than those studied by the Beach Erosion Board, Early
basic measurements were furnished by (a) the original U, S, govermment toim-
ship swrveys, dating from the 1830's for most of the Lake iiichigan shore area,
but with some notes dated from 1829 to 1855; and (b) surveyed plats of shore
aubdivisiens dating mainly fram 1900 te 1930, but with & few earlier and later.
No swveyed plat was used of later date than 1837,

Field notes made during the original U, S. governmont tovmship surveys
record the distancoes from section and quarter posts to the "meander linao"
of the lake. The "meandor 1lino" was never precisely defined, but clearly it
was goldam, 1f over, idontifiod vith the water lino, In many ecmses the

measurements wera obviously made to some point at or near the edge of tho
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bluff, where present. Our resurveys were carried in every case to the edge
of the bluff, and thus our camputed rocession must be somevhat less than the
actual, wherever the original meander linc was inland from the bluif edge.
Tho pattern of roads and [ivld boundaries on uerial pholos shows many scctlon
and quarter corners. All of thesc that could be identificd within 1/2 mile
to 1 mile of the lake were tabulated, and their original chained distances
to tho meander line of the lake were procured fram copies of the original
ficld notes filed in state officos in Madison, Wisconsinj; Lansing, iichigan;
and Indianapolis, Indiana., Vhere possible, thcse distances were rameasured in
the field, eithor with a stoel tapc or by stadia measurcment with a telescopic
alidade, Tests of the latter method indicated a probable error of no more
than 0,53, a value on most lincs far smaller than the change in position of
the shore or meander linc., In no case was an original corner or quarter post
recovered, but tho position of long established fence lines and other boundary
indications chocked closcly with the chained distances given in the original
survey., It is believed that most if not all points of origin used for re-
measurement werc correct to within 3 to 5 feet of thoir true position.

A congiderable number of swrveyed subdivision plats vere obtained from
county engineers and recorders of deeds. The cowrtesy and assistance of
Messrs, H, E, Stafseth and William Osner of the Highvay Commission of Ottawa
County, Michigan is gratefully acknowledged, ilany of these plats gave dig-
tances to the waterline rathor than to bluffs or othor featurcs above the
beach gono, Inasmuch as position of the waterline changes, without erosion
of cr accrotion to tho shoro, by any change in water lovel, such moasuroments
are loss saiisfactory than those to a bluff orest which ecan change only by
furthor rocossion, In somoc of tho older subdivision plats, it proved impossible
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in the field to recover tho original strect pattern and other refercnce points,
Soma of the projocts had bocen abandoned; in othiors, a sccond and diiferent
subdivision plan had been superimposed or.‘:ohe first., However, approximately
20 remeasurements wore established from theee plats and arc includsd du
Table IO,

A sumary of the results of remeasurements ot 13l selected points along
the Lake Hichigan shoreline is givon in Table IIX, For cach »oint is listed
thc loeation, date of original swrvey, gain or loss iﬁ feet w to the year
1957, and average change per year in feet, Of the 13l points or stationms,
six showod net gain or accretion, generally small but amounting in one casc to
5e86 feet per year betwoen 1902 and 1957. Four stations showed no change
during the period of record. One hundred twenty-four stations showed recession,
averaging 1,47 feot per year. The greatest loss, 3,40 fect per year since
1835-36, was recorded in Kenosha County. Thirty-four stations showed an
avcrage annual loss of more than 2 feot, and 36, a loss of between 1 and 2
foet, Only 13 stations showed a total loss of more than 300 feet during the
period of record., For these and similar details, the reader is referred to
Table I1I,

The total recession and its avorage annual rate as determined for these
13} stations afe both smaller than would be expected from most of the esarlier
studies roeviewed under "Former Studics of Shoreline Changes" above, It is
apparent that such mon as Chamberlin, Hoy and Goldthwait considered only shore

sogments of wnusually severe erosion,
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Table IIT. Summary of Past Erosion or Accretion

County

Kenosha
Kenosha
Kenosha
Kenosha
Kenosha
Racine

Racine

Racine

Racine

Racine

Ozaukee
Ozaukee
Ozaukee
Ozavkee
Oxaukee
Osaukee
Ozaukae.
Ozaukee
Ozaukee
Ozaukeo
Ozaukee

.Points on the Lake Michigan Shore

at 134 Selected

924

v et Gt e am A s 4w femn vt

Tier Range Sec. Description Date Goin(<) Change
Orig. or loss Der
Suwrvey (=) in Year
feet to
1956517
1N 23E 32  NW Corner 1835-6 1016-  8.L0-
1N 23E 7 NE Cormer 18356 512 }e23-
2N 23E 31 MNE Corner 16356 234  0.194
2N 23E 5  SW Corner 1835-6 297~ 2,15~
2N 23E 5 NV Corner 18356  L60= 3,80~
3N 23E L N % Post 1850 136-  1,12-
LN 23E 3 NofW% 1926 40w  1.33-
Post

LN 23E 27  SW Corner 18356 186w  1oDb~
LN 23E 17 E § Post 18356 2=  1,17=-
LN 23E 7 N % Post 18356 U422 34L%-
ON 22E 33 SE 3 1500 35=  0.61=
9N 22E 28 MWW 3 1926 0 0

9N 22E 29 NE Corner 1833~ 279~  2427=
9N 22E 8 S % Post 18335  353= 2,89~
9N 22E 5 S % Post 1833=5 372~ 3,05~
10N 22E 32  NE Corner 1833-5 116~  3.l1~
10N 22E 16  NE Corner 1833«5 203~  1,66-
10N 22E 3  SW Cormer 1833~5 206~  1.69~
11N 22E 2 S % Post T 1833=5 156~ 1428~
12N 23E 30 N Corner 18335 1= 0,01
12N 22F 25 S % Posv 1833=5 =  0,11=
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County

19
20
21
22

23

25

25A
258
26

27

n
O

RWEeBWEEB %

Osaukee

Oszaukee

Sheboygan
Sheboygan
Sheboygan
Sheboygan
Sheboygan
Sheboygan
Sheboygan
Sheboygan
Sheboygan
Sheboygan
Sheboygan

Sheboygan

Mani towoc
Manitowoc
Manitowos
Mand towoo
Manitowoc
Manitowoc
Manitowoo

Hanitowoo

Tier

e Gu—

12N
12 N
13N
13N
13N
W N
N
15 N
15N
16 N
BN
1N
16N

16 N

17N
17N
17X

17 X

17N
17N
18 N

18BN

Range Sec, Desaription Date
Orig.
Survey
23K 7 O Oorner 1833-5
23E 6 NW Corner 1833-5
23E 19 NE Cormer 18345
23E 30 SW Corner 183ha5
23E 5 SE Corner 183L=5
23E 15 SE Corner 183L-5
23E .2 S 3 Post 183L-5
23E 35 XE % 1891
23E 11 SE 1926
23E 34 S % Post 18345
23 E 27 SW Corner 18345
23E 27 M Corner 18345
23E 22 W 1/8 Post, 183L-5
N Line
23E 15 W'1/8 Post, 183L-5
N Line
23E 3 N 1 Post 183k
23E 27 W% . 1856
23E 27 NTlime:- 1868
23E 22 NE Cornmer 1834
23E 11 S % Post 183k
23E 2 NE Corner 183k
23E 2L E 1/8 Post 1834
N Line
2bE 7 Center 1834

93

Gain(~-) Change

or loss
(==) in
feet to

L9

1=
2—

L9~

524

67-

5=
67-

203
117-

198~

115~

168-
The-
8k~
55-

2hli-
33~
2w

24,5

Por
Year

0,11~
0,02
OskO~
0.L24-
0455~
0.57-
1.19-
1.02

1.66-‘
096~

1.13-
1,62~

0.9)-1"

1.37-
Oo Thi~
0.27-
Ouli5~
1e98=
027~
0420~

1¢99=
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County

L S S S

37
38
39
Lo
L1
L2
L3
Ll
L5

L6
L7
L8
L,8A
L9
50

52
53
sk

55

56

Manitowac
Manitowoc
Manitcwoce
Mani towac
Mani towoc
Manitowoe
Mani towoc
Kewaunee

Kewaunee

Kewawnee
Kawaunee
Kewaunee
Kewaunee
Kewaunee
Kewaunee
Kewaunee
Kewaunee
Kewaunes

Kewaunee

Kewawunee

Door

e

Tier Range Sec, Description Date Gain(—) Change
Srvsy () in Tour
feet to
195657
18N 2LE 5 NV Corner 183 135 1.13-
19N 2L E 16 NE Corner 1834 23l 1,90
2L N 25E 30 SW Corner 183l 273~ 2,22
21N 2L E 2, NW Corner 1834 350~ 2,85~
2LN 24 E 24 8 % Post 183k 3Lk 2.79-
QLN 24 E 2 3 3 Post 1834 23} 1,50~
2LN 24 E 2 N 2 Post 1834 55 OeliSm
2N 2LE 36 W% Post 183L=5 272. 2423
22N 24, E 13 E 1/8 Post, 183L-5 205~ 1667w
S Side
22N 25 E 6 SW Corner 18345 52w 0u1i2w
22N 25E 6 NW Cornmer 183L-5  57- Ouli7-
23N 25E 31 N % Post 183k e 0.63-
23N 25E 20 MWW} 1883 1874 2,564
23N 25E 8 SW Corner 1834 140~ 1.1h~
23N 25E 8 N % Post 1834 Ty 0,60~
2L N 25E 28 NW'Corner 183l 33 0,27~
24N 25 E 16 SW Corner 183L 29w 0.2~
2L N 25E 16 N % Post 183l 80~ 0465~
2LN 25E 3 W 1/8 Post, 183h' 104 0,084
N Side
25N 25E 23 E 1/8 Post, 183L=5 61 0450
S Side
26 N 26E 21 SW Corner 1835 0 0
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ilo, County Tior Range Soc., Description Date Gain(w=) Change
Orig. or loss Per
Survey (—~) in Year
feet to

— 1956-57

57 Door 26N 26E 21 E 1/8 Post; 1835 22~ 0,18~
N Side

58 Door 26N 26E L S % Post 1835 2~ 0,20~

59  Door 26N 23E 21 S j Post 183k 28- 0e23~

60 Door 26 N 23E 16 NE Corner 183l 30 0,32—

61 Door . 26N 23E 28 S % Post 183L 38- Coe31~

62  Door 26 ¥ 23E 32 E1/8 Post, 183 11k 0493~
S Side

63 Grand Traverse 28 N 10W 31 SW Corner 1839 93 0479~

6li Grand Traverse 29 N 10 W 27 NE Corner 1839 19 0.16~

65 Grand Traverse 30 N 10W 33 NE Corner 1839 8- 0,07~

66 Grand Traverse 29N 10W ¢ SV Corner 1839 37 0431~

67 Leelanau 20N 11W 2 W 1/8 Post 1850 29 0,27
S Side

68 Leelanau 30N 11 W 27 NE Corner 18512 O 0

69 Leelanau 32N oW 17 SW Corner 1855 h24- Oul14

70 Leelanau 32N oW 7 NE Corner 1855 32- 0s31~

71 Leelanau 31N 11w 7 NE Corner 1851 35—- 0333-

72 Leelanau 30N WU W 36 SE Corner 1839 12 0936-_-

73 Leelanau 20N 14V 12 W 1/8 Post, 1835-50 398= 3,37~
N Side

7 Leclanau 28N 15W 2L E 1/8 Post, 1850 256w 2,10 —
S Side '

75 Benzie 25N 16W 3 NE Corner 1838 70 0459~

76 Benzie 25N 16w 3 SE Corner 1838 382~ 3421w

77 Manistee 2N 16w 21 SE Cornor 1838~9 96~ 081~
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No. County Tier Range Scc, Description Date Gain(—~) Change
Orige or loss Per

Swvey (=) in Year
feet to

— 195657
78  Manistee 23N 16W 29  SE Corner 1902 3224 5,864
79 Manistec 22N 17W 25  NE Corner 18L7 67~ 0,61~
80 Manistee 22N 17W 14  N¥ Cormer 1837-9 88~ 0,75~
81 Manistee 21N 17W 22 E 1/8 Post, 1837-9 68~ 0458
N Side
82 ianistee 21N 17W 22 1/8mi, Sof 1923 5L~ 1.59-
E 1/8 Post,
N Line
83 Mason 18N 18W 10  SW Corner 1838 176~ 1,50~
8L Mason 18N 18W 35  SW Corner 1838 3y 0429
85 Mason 17N 18w 1L NV Corner 1838 116w 0.97-
86 Oceana 1SN 18w 5 SE Corner 1838 21 1,80~
87 Muskegon "12 N 18W 23 SW Corner 1837 218- 1.82-
88  Muskegon 12N 18W 23 E 1/8 Post, 1837 128~ 1.07-
N Side
89 Muskegon 11N 17W 31  NE Corner 1837 169 1.1~
9% Muskegon 1ILN 17W 21 SE Corner 1837 Sh— 0,78~
91  Muskegon 10N 17W 8 NW Corner 1837 122- 1,02~
92  Muskegon 10N 17W 8 S % Post 1837 231 1.93-
93 Muskegon 9N 17W 2L  NW Corner 1837 10w 0,08=
9 Ottawa 7N 16W 28 N 3 Post 1832 95 0,76~
95  Ottawa 6N 16W L S 3Post 1927 26- 0,87~
96 Ottawa 5N 16W L NE Corner 1832 100~ 0480-
97 Ottawa 6N 16W 33 N % Post 1832 1l 0,91~
98 Ottawa SN 16V 9 Point on N-S 1932 80w 3420

% Line, 13L ft,
S of N 1/8 Line

H
>4
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100
101
102
103
104
105
106
107
108
109
110

n.2
13

us
116
n?
118
119
120
121

County

PR

Ottawn
Ottawa
Ottawa
Allegan
Allegan
Allegan
Allegan
Allegan
Allegan
Allegan
Van Buren
Van Buren
Berrien
Berrien
Berrien
Berrien
Berrien
Berrien
Berrien

Berrien

La Porte, Ind.

Porter
Porter

Tier Range Sece Description
5N  16W L  Center
5N 16W 9 S % Post
5N 16% 16 S %4 Post
LN 161 21 NE Corner
3N 16W 20 N % Post
3N 169 32 NE Corner
2N 16W 20 NW Corner
2N 16% 30 N 3 Post
1N 17W 36 NW Cormer
1N 17w 36 SW Corner
1S 17W 15 NW Corner
1S 17W 28 X 3§ Post
38 18 W 21 SE Corner
3 18W 31 SE Corner
Ls 1w 6 SE Corner
5S 19W 3  NE Corner
58 19W 3 SW Corner
55 19W 16 N j Post
78 20W 9 8 % Post
78 21W 25 S % Post
38 N 3W 12 SW Corner
BN S5W 35 NV LSE
3N S5W 35  Noar N-3 %

Line

97,

Date Gain(~-) Change
Orig. or loss Per Yew
Survoy (=) in
fool to
195657

1932 139~  5.56-
1832 b= 0.03-
1832 66~ 0453~
1831 258= 2,03
1831 12~ 1,13~
1831 194~ 1.5k~
1831 196~  1.55-
1831 130-  1,03-
1831 227- 1,80~
1831 166  1.32~
1830 U8~ 24The
1830 177-  L.lC-
1830 390= 3407~
1830 25-  0420-
1830 b= 2,75
1829 258~ 2,0l
1829 2=  1,11-
1829 256 2,00~
1829 185~  1.L5-
1829 372- 2,91~
1937 15 2425
1927 88~ 3,03~
1927 68—  243L-
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No, County Tier Range Sec., Descrintion Date Gain(~-) Change
orir. or loss Per Year
Survey (=) in

feet 40
—_— 1956~57 _
122 Porter BN SW 35 Near SW Corner 1927 117- 11,03~
123 Porter 37N 5W 3 N8 ;5 NE % 1927 86~ 2,97
12l Porter 378 85T 3 MW INE D 1927 62~ 201l
125 Porter 37N SW 3 swmiwwid 1927 60— 2.,07-
126 Porter 3TN SW L SE: NE % 1927 72~ 2.L8
127 Porter 37N 5W L N 1SEZ 1927 112 3.86—
Summery: Number of Stations: 13l

Nymber showirg net aceretion: 6.

Average gain per year at the 6: 1.59 feet,
Number showing no change: I

Number showing net erosion loss: 12U,

Averare loss per year &t the 12Li: 1,47 fect,

Relation of Shore Changes to Lake Levels

It is apparent that the rate of shore change, particularly erosion, has
varied greatly., The factors chicfly responsible for such variation in rate
of erosion are protective structures built by man, storms of unusual severity,
and fluctuations in mean lake lovel.

Protective structures have boen placed along the lake shore at many
points by individuals and by municipalities, highway departments, railroads
and othor large organizations. The scale of such structures rangos from ine
expensive groins or scawalls of bowlders placed at ono or two points, to

massive piers and walls of driven steel piling, cament, and heavy riprap so
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placed as to protect shorc sogments scveral hundred yards in length, Uhere
such protective structures have been properly designod, aturdily built, and
of a scalo sufficient to protect the entire area of critical erosion, they
have generally retarded or checked recession of the shore. Where they have
failed in their purpose, the failure has commonly been due to faulty design,
weak construction, and inadequate coverage of the shore segment undergoing
erosion. A single individual can seldam cope effectively with erosion of his
shore, partly because the cost of proper structures is generally boyond his
moans, but also because shoro erosion will continuc on both sides of his proporty,
which then becomes subject to attacl: on 3 sides (sece Figure 8). Because the
problem of such shore protection has been long and successfully investigated by
the U, S, Army, Corps of Engineers, and by private engine~ring organizations,
it will not be discussed further in this report,

Unusually severe storms occur at irregular intervals and have often caused
accelerated erosion of the shore, Among them are the storms of October 22 and
29, 1929; September 28, 15L45; May 2829, 19L47; January 1 and March 2628,

1948, The unusuzl vigor of wave atbtack during such storms is due partly to
greatly increased wind velocity and hence wave onergy and height of waves; and
pardly to the rise In water lovn) apnoodated with strong onshore windee  Huoh
high water may excced mean level for thc neried by as much as two feet, Data
onn actual losses to the shorcline during such storms are meager. Recession

of from one to several fect dwring a single storm havo been reported. Because
quantitative data over a considerable period of time aro lacldng, no eval uation
of the total effects of wunusual storms can bo made here,

It has long been lmovm that fluctuations occur in the moan monthly and

annual levols of Lake lilchigan, Fluctuations of even shorter periods, often
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less than one day, are also lmovn and arc attributed to changes in wind

direction and baromectric pressures¥ The monthly fluctuations follow somcwhat

# Powers, W, B,, Effects of Barometric Pressurc and Winds on the Level of
Lake Michigan: Trans., Illinois State Acad, of Secienco, vol. 27, 193L,
ppe 113110,

-

irregularly an annual cycle involving high vator in early summer and low water
in winter. The amual fluctuations arc related partly to rainfall variations
but even more to variations in rate of evaporation., Mean annual lake levels
rise and fall irregularly with peaks occurring every 10 to 12 years, Since
186k, peaks in the lake level curve bave occurred in 1870, 1876, 1886, possibly
1893, 1899, 19058, 1918, 1929, 19,3~1952, Levels worc vory low in 1925-26,
and 1932-37. They were generally high for the decade 19L3-52,

It is apparent that most shore erosion and recession occur during periods
of high water, Dated photographs of bluffs, taken in past years, commonly
show grassed and stable slopes during low water periods, but fresh cuts and
ovidences of rapid erosion during high water. Newspaper accounts of wave
damage prove the same relationship. However, there are few actual measure-
monts rocorded from yoar to yoar which pormit the rolationship of orosion
rato to lake lovel to be put on a quantitative basis, By statistical analysis,
involving known fluctuntions in loke level and varying rates of erosion along
the shore, the Bench Erosion Board estimated that bluff rccession in Milvaukee
County averages 1,0 fcobt per yoar for a maximum lake level of 579 feet; 2.1

foot per yoar for 561 feet; and 3,2 feet por year for 583 foct.®# Your

## Beach Erosion Board, U. S, Amy Corps of Engineers, Boach Erosion Study,
Lako Michigan Shore Line of ildlwaukeo County, ‘Hisconsin: U, S, House of
Reprosentatives, 79th Congress, 2nd Session, Document No, 526, 19L6.
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author bolioves that those figurcs are conservative and that annual crosion

at the 583-foot lovol would probably be far more than 3.2 times that at the
579-foot level. The work of J. Re Ball near Kenosha, quoted previously under
"Former Studios of Shorecline "Changos," showed an averagu annual reoossion

of 12,33 foct per year from 1918 to 1921, when lake levcel averaged 2bout:

580,6 feet; and 0.73 feet per year from 1921 to 1929, when lake level averaged
about 579.3 feet. It is apparent that yearly measurements on erosion over a
period of years are needed, before a quantitative relationship can be es-
tablished between lake levels and erosion rates.

A human factor also entors into this problem. Long periods of low lake
levels, as that betweon 1929 and 1943, zre times of brcad beaches and feeble
wave attack on the shore, Groins and other protective structures arc allowed
to lapse into disrepair. Then when another high water period arrives, the
decayed shorc structures may be quickiy destroyed by wave action, and the
shore is left open to attack., Such was the situation in 1943, when the une-
expected return to a high water level promptly caused scrious damage to the
shore and shorc properties, vhich ovmers often did not have the means to

canbat immediately.

APPLIC/ABILITY OF SHORELINZ STUDIES ON LAKE IMICHIG/N
TO OTHER LARGS INLAND LAKES -~ '~

Comparable Large Lakes Elsewhore

Lakes comparable in size ‘o Lake Michigan include Superior, Huron, Eric,
and Ontario in the United States; Winnipeg, Athabaska, Great Slave, and Great
Bear in Canadaj Casplan Sea, Aral Soa, Ladoga, Bnlv¥hnash, and Baikal in Eurasia;
and Victoria, Rudolf, Albert, Nyasa, and Tanganyika in Africa, Although
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differing greatly from Lake Hichigan in outline, geological structurc and
history, most of these lakes posscss many similaritics to Lake Michigan, A
fovr differ notably in ono particular: they lic deop below swrrounding mountains
or ovlevated plateaus, Specifically, Lake Baikal lics amidst mountains,
vihile ail ol uhz African lakes cxceot Vietoria are in valleys sunk <eeply
below a Hlateau surface. On the contrary, the others are all in »lains or low-
lands and their shorelines possess many similarities to thad: of Lol Michigan,

Processes similar to those on Lake Michigan are now modifying the zzast
zones of these other large lakes, and have donc so in the past, Similor basic
shore gonc featurcs have been doveioped, including bluffs, ciiffs; dunes,
bars, and nips. Tith appropriate modificotions where nccessary, the lotter
code used for describing the shorc zonc elements of Lake :dchigan can be
applicd to all other large lakes, :iiost of the larger shere zone features
identified on Lake ifichigan can be rccognized on good aerial photos of large
scalos this statement applies particularly to bluffs, cliffs, dwnes, low
plains, and other major features, Widths of beaches can be measured from the
photos; arcas of active erosion can be identificd by narrow beach zones and
lack of vegetation on frosh bluffs; the nature of beach materials can usually
be doduced {rom tho charactor of the landface and backland arcas and the in-
forrod nature of shoro processos, Associations of shore zone featurcs, ob-
gorved in the Lake Michigan aren, can be extended te other large loke basinse
Thercforc the types of shore gone featurcs on Lake Michigan, the mothods
dovolopod for mapping them in code, and their observed combinations and
associations, can bo applied to the study of any othor large lakes. By such

study, shore zonc arcas can bo identified which arc bost suited for monts

oporations, of whatevor charactcr thoy may be,
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A EIDIY I, Explanation of Gra.hic Symbols used on the 26 Section .:aps
of the Lake .ichigan Shore.

¢!
"\ Dune 71 foet high. Shore at left.

$0
6_6.", \ June 90 feot high, vith bluff 66 fret cigh.
30 61 .
_.___.'\/—\ June 30 fret high, in front of dune 61 feet high.

 ——————

65
.____/’// jp  PLu? 65 fect high.
I\

50 /
Dune 32 feet high, on w:land with bluff 50 feet high.

36,7
Dunc at base of bluff 36 fcet high.

3/
/

SO -

10 / Lower and higher bluffs, 10 and 30 fect high.
35
Rock o0liff 35 feet high.
2
12 ‘

Loer and higher rosk ¢liffs, 12 and 25 feet high.

r'y._
9 Rock cliff 9 feet high, below; Bluff 22 fect high, atove.

ot

g

2
33
Bluff 33 feet high, belov; cliff 27 feet high, above.

19
N

uV" -
* Dune on ujland; bluffs below and above,

g
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APPONDIX IT, Code (Lettor and Numeral) Used in Field lapping, in Tablie

II, in Descriptions of Figurcs, and on the 26 Section liaps
Showing Charactorictics of the Shore Zone,

A. Upland with bluff.
Ah ~ high bluff, more than 20 feet high.
Al ~ low bluff, less than 20 feet high.
Haterials of bluff and backland:
1, Glacial till
2. Glacial sand and gravel
3. Dunc sand
i, Lacustrine sand and gravel
5. Lacustrine silt or clay
Exammples: Ah-l, high upland of till, with bluff,
A1-1/l, low upland of till over lacustrine sand and
gravel, with bluff,

B, Low plain, generaliy without nip.

Materials of plains
1 to 5. Same as above
6, Stream alluviuwm, mainly gravel, sand mud and silt
70 Svmp
8. Bedrock

If rook leage or reef occurs in beach zone, r is added.

Example: B=2«r, low plain of glacial sand and gravel, with reef

on beache

C. Foredunes, mostly less than 20 feet high.
Cb, if low bluff or nip is present.
C, if no bluff or nip is present.

D, 0Old dwes, generally woodoed and mostly more than 20 feet high.
Dh — high dunes, more than 40 feet high.
Dl — low dunes, less than 4O feect high.
If bluff is present b is added.
Example: Dlb, low dunes with bluff,

Be Band bar or splt,
If dunes are on top, d is added,

Example: Ed, spit or bar with dunes,

Fo Bedrock upland with cliff,
Fh = high cliff, more than 20 feet high.
F1 — low cliff, less than 20 feet high,

M, Roed marsh in offshore or foreshore, Generally no beach is present,
This type occurs vrith other basic types of coastal featurcs,
Example: B=lM: Low plain of lacustrine sand and gravel,
with roed marsh offshore,

Re Artificial fill. This generally occurs with same other basic types
of aoastal foaturon,
Examples Al-2-R, upland of glacial sand and gravel writh bluff less
than 20 feot high, with artificial fill along "shoro,"
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