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INTRCDUCTICN

Much of Leke Erie's southern shoreline displays fairly uniform
properties with respect to shore processes. However, detailed studies
of selected strips of shore areas often reveal characteristics which are
80 distinctive that problems of control require special attention to loecal
characteristics.

The purpose of this paper is to vresent 8ome generalizetions end
some detailed commente on the motion of sediment ealong the south shore
of lLake Erie, to outline the resulis of some detailed studies of small
areas, and to evaluete the types of evidence used in such studies.

The term "motion of sediment", can be assigned several distinctive
nmeanings, each meaning being fixed by the type of evidence used in infer-
ring motion and, where possible, direction and rate. Certainly, "motion
of sediment" hes one meaning when inferred from long period accretion
patterns, another meaning when inferred from systemstic variations along
the shoreline in grein size or mineralogy, and still encther meaning when
inferred from observations of beach drifting for a few hours. The phrase,
"along the shore", a8 used in this context, is taken to meen any (inferred)
motion, which has a longshore component, whether that motion applies to an
individuel particle or to :sroups of perticles, to net displacement or to
total displacement, for any specified time interval, within any specified
area., Cbviously, understanding of moverment slong the shore requires also
consideration of normal components, therefore one considers also motion
into and out of offshore arees, and landward movement of barrier beaches.

The effectiveness of ice as a longshore transporting agent is not
here considered. On the basis of observetions of ice action in several
of the study areas, it is not believed that & serious error is committed
by allowing thie omission here.

Wind may be an effective transporting agent locally, but its total
importance as such is believed to be insignificant.

In fact, wind or ice mey obliterate or distort evidences of movement
by water.

Couparisons of inferences drawn from several sources point up the

possible differences in conclusions based upon evidence from the several
sources.
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COASTAL ENGINEERING
THE PHYSICAL SETTING
BEORCCK GECLCSY

From Sendusky eastward, the southern shore of Lake Erie is under-
lain by non-resistant rocks, mostly shales, of Devonien age; west of
Sandusky, the shoreline is underlein by resistant limestones snd dolomites
of Silurian age (Fiz. 1,2).

The lake is shsllower in the western end then it is in the central
end eastern portions, possibly because of differences in the resistance
of the bedruck to glaciel scour. The essternmost part of the basin is
also the deepest, possitly tecause here the non-resistant rocks dip more
steeply than the equivalent rocks uncerlying the central basin to the
west; this steeper dip would have presented & preater vertical thickness
of weak rock for excavstion by the southwestward moving ice tongue (Carman,

104e),

Cnly a small fraction of the shoreline 18 tedrock. Bedrock is ex~-
posed along 34 wiles of Chio's 184 miles of shoreline; resistant rocks
sccount for 11 of the 24 miles (White and Gould, 1945).

Bedrock is exposed on the lake bottom in meny pleces, especielly in
the western end, where the relstively resistent S8ilurian dolomites and
limestones appeser at the surfece st Catawbs, Marblehesd, snd on the 1slands.
So-celled "reefs", which provide excellent sport fishing, sre leke tottom
exposures of these rocks. 8heles @re frequently exposed farther east, but
the relief of these exposures is quite low.

The types of bedrock exnossd alonz the shore and underwater contain,
in general, very little materiel in the beach-building size range.

ULCCwSCLID~1ED SHCRE MATERIALS

While the lake Erie basin appears to have been the site of excavation
by 1ce, nany of the features of the southern shore, especially in the cen-
trgl and western portions, are glacisl or glacial leke depcsits.

Boulder Clays

luch of the bluff material is unstratified glacial drift, ususlly
a tough boulder clay, containing mixtures of locel end foreign debris. A
larce variety of rcck types is represented in the lerger fregments of these
t111 mixtures, asccounting, at leasst in part, for the heterogeneous assem-
blafFes of minerals commonly found in beach deposits.

The fresh boulder clsy, typically blue to gray, has been oxidized
to a yellcwish color from the top to depths exceeding ten feet, in some
ereas., Possitly ten percent of the boulcer clay is potenticl beach materiel,
therefore ccrsidercble erosion of the bluffe is required to produce appre-
cicple emcunts of beach-building sediments. The 40-65' high bluffs from
Cleveland to the Pennsylvenia border are cited here s an example of the
boulder clay ceposits in Ohio.
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THE MOTION OF SEDIMENT ALONG THE SOUTH SHORE OF LAKE ERIE

The till bluffs sre attackea by weves, sleking, frost action, rain
wash, ice push, end sspping.

Glacial Leke Deposits

Some of the lakes preceding lLeke Erie have left their mark in the
form of lake bottcm depcsits and encient beach ridges.

The laske bottom deposits are often found lying upon the boulder clay.
In other places, where the shore relief 1s low, only the old lake deposits
are under wave attack,

Such a stretch of low shoreline runs along the western part of the
lake, in Luces and Cttawa Counties, OChio. Here, some aress are so low
that murshes frort on the lake, with barrier beaches intermittently merking
their lskeward edges.

These deposits, typicaelly silty clays, and usually patchy blue-gray
end brown, contain so little send size materisl thet their contribution
to the supply of beach material can be disregarded.

0ld beach ridges merk the marpins of earlier higher lakes formed as
the water level rose and fell with changes 1n the lske's outlet during
ite complex nistory. Scme ¢f their sandy ccnstituents may be contributed
to the leke by sireams cutting through the ridges, ard, in tire, by wave
attack. The tctel contribution of such materiasls &t the present time is
believed to be very small (Kleinhsmpl, 1952).

EXAMPLES OF SHCRE MATERIALS

Some of the types of shore meterials observed are illustrated in
Figs. 4, 8, 9, 11, 15, 17, and 19.

TCPCGRAPHY

The southern shore of the lake, for the grest part of its length,
lies between flat surfaces: landward, glecial deposits and the beds of
the higher predecessors of the modern lake present a smooth topozraphy,
usually sloping gently to the north; lakeward, the bottum generally drops
very gradually toward the lake's center, rising sgain grsduelly toward the
Canadian side. The bottom relief is very gentle, repardless of the type
of bottom maeterial; bedrock bottoms are occesionally slightly irregular.

In almost any profile cutting the landwerd plains and the lske
bottom, the zone of maximum relief is the narrow shore area, i1n which the
bluffe join the landward and lakewerd surfaces. Changes in relief aloung
the shoreline are usually very gradual.

The shoreline displays some conspicuous signs of submergence, es
for example, the flooded embayment at Sandusky. Moore (1543) hes presented
quantitative evidence indicating submergence of Lake Erie's shores with
respect to the leke's outlet.

121



COASTAL ENGINEERING

Some ereas, particulerly those west of Port Clinton, where the
bottoms of older, higher lekes now make up the shore, show the effects of
recent submergence superimposed upon the earlier emergence.

Aspects of the topography well worth noting are the orientation and
regularity of the shoreline. The orientation is particularly importent
when considered in connection with wind deta end directions of large fetch.
At Ceylon Junction, epproximately 12 miles southeast along the shore from
the Cedar Point jetty, the general trend of the shore changes quite mark-
edly: to the west, the shore trends generally northwest, and to the east,
it trends generally northeast.

Irregulerities in the shore arise from such factors as the sub~-
mergence mentioned esarlier, exposure of relatively resistant rock, as at
Catawbe, and large-scale deposition, as at Presque Isle Peninsula, Erie,
Pennsylvania.

DRAINAGE

Most of the water in Leke Erie comes from the uvper lakes, through
the Detroit River; only 12% of the water comes from the lake's drainege
basin (Moore, 1946).

Apperently, tributary streams contribute little beach materiel.
Some of the streams transporting send size materiasls are used for commer-
cial navigation; harbor ereas are generelly enclosed in such a way that
upstream materials settle out in the harbor basin, not reaching the lake
proper. The dredging of channels may place some of these materials into
the general longshore circulation.

JINGCNSOLIDATED BOTTOM DEPCSITS

Most of the lske ereas studied to date ere floored with cleys and
8ilty clesys much like those found in the bottom deposits of the older,
higher lakes. Many of the deposits in deeper water have apperently settled
out of suspension very slowly, forming quite uniform layers.

Large areas of sand and gravel on the lake bottom are not common.
The large Lorain-Vermilion send and gravel area (7x10 miles) lying 6
miles and more northwest of Lorain, consists of relatively poorly sorted
materiel, probably of glecial origin. Probing operations by the Leke Erie
Geological Resecrch Program have reveasled thicknesses of 8 and 10 feet in
some places. This deposit does not appear to be directly connected in
any way with shoreline sand deposits in the Lorain and Vermilion areeas.
Exploration as far north as the International Boundary has revealed similar
coarse materials, but the detailed distribution on the lske bottom is not
yet hnown.

Other large sand deposits, like those in outer Sandusky Bay end off
the west Fairport breskwater (4x10 miles), are well sorted and apparently
continuous with nearshore end shore deposits. The outer Sandusky Bay
deposits have been probed to depths of over 20 feet by the Lake Erie
Geological Resesrch Program.
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THE MOTION OF SEDIMENT ALONG THE SOUTH SHORE OF LAKE ERIE

Peaty and mucky bottom deposits often lie offshore from marshy ereas.
Cff Magee Marsh, 18 miles east of Toledo, the barrier beach is migrating
landward, exposing old mersh deposits on its lakewsrd side. Such deposits
provide ,no beach building msterials, except, perhaps, for small accumulations -
ef sand blcwn or washed into the ancient marsh in which the meterials were
formed.

METECRCLOGICAL FACTCRS

Southwest winds prevail in the Lake Erie Basin. However, there are
sufficient west, northwest and northeast storms to utilize large fetches,
thereby producing wavee (Saville, 1953) capetle of causing much shore
damage and longshore, lakew:rd, and lendwesrd transportetion of sediment.

Transient changee i1n leke level produced by pressure gradients or
wind stress frequently bring vulnerable shore materials under the attack
of large waves, operating over an offshore profile which dissipates very
little cf the wave energy.

The seasonal variation in lake levels is usually between cne and two
feet, the highest and lowest levels occuring in June and February, respec-
tively. The average level for the period 1860-1952 is 572.%1 feet above
mean tide at New York City. The difference between the highest one-month
everage (574.60', April 1952) and the lowest one-mounth average (565.43¢,
February 1936) is 5.17' (Saville, 1953).

GENERAL CCHMMENTS CN SHCRE PRCCESSIS

The combination of wind directions, available fetches, and shoreline
trends apparently add up to net generalized littorel drifts which flow to
the west and to the east for given wind directicne frox meutral points
whose positions vary with the wind directicns. Neutral pcints have been
reported (House Doc. No. 32, 83d,, Congress, lst Session, 195%; Houee Doc.
No. 220, 79th Cong., lst Session, 1946) at, or in the general vicinity
of the previously mentioned bresk in the main Yrends of the shoreline,
viz., Ceylon Junction.

8hore materials, whether consolidated or unconsoclidated, are generally
very poor sources of potentiel beach meterials. The boulder clays are usually
the most prolific sources, but they are usually mede up of no more than 10%
of potentisl beach materials. C(ccasionally, as in the Cedar Point area
(Metter 1952), besch materials may be exposed on the lake bottom as an active
modern beach moves landward; cr, suitable materials from clder lake deposits
may be exposed in shore bluffs, providing locelized shoreline scurces of mate-
rial (Kleinhampl, 19%2).

large offshore deposits apparently must be ruled out ss sources of
beach materials because there is little evidence to indicate that they are
contributing appreciably to nearshore and shoreline deposits.
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COASTAL ENGINEERING

The generalized picture of littoral drift is based upon availability
of energy frou different sources (Saville, 1953), and upon patterns of
accretion (usually with respect to structures) and erosion, recorded over
periods large enoigh to minimize the effects of seasonal and apparently
random fluctuetions.

COMiENTS CN SELECTED STRIPS OF SHCRELINE
INTRODUCTION

Brief discussions fcllow of some of the signifigant features of
selected areas studied by the personnel of the Lake Erie Geological
Research Program. These discussions are set in the larger framework of
the very competent reports prepared by the U. S, Army Corps of Engineers
for publication as Congressional documents on the subject of beach erosion
control.

SELECTED AREAS

Macee Marsh, Eastern Lucas County, Ohio (Fig. 2)

A westward littoral drift along the barrier beach fronting Magee
Marsh (State property 18 miles east of Toledo) is reported by Savoy {1953,
p. 26). The evidence upon which thi# statement is based is the westward
migration of the mouths of two creeks flanking the study area, accretion
on the eastern side of structures, and e pattern of bay filling.

Some accretion patterns have indicated movement from the west, but
thewe have been only short period reversals of the dominant trend.

The source of beach materials is apparently the line of till bluffs
to the southeast. Littoral drift may actuelly be depleting the Magee
area, and depositing meterial to the northwest against structures on private
property.

The barrier beach is migrating slowly landward, exposeing peaty and
mucky deposits in various places offshore.

The sand stream moving northwest is very lean, possibly because of
demming by several structures to the southeast.

Savoy's determinations of drift are in general egreement with those
reported in House Document No. 177, 79th Conpress, lst Session (1945).
This document, which also presents additional details on drift between the
Chio-Michigan line and Marblehead, Chio, utilizes patterns of accretion
as the principel evidence for detecting littoral drift. Somewhat east
of Magee Marsh, slight eastward drifts are indicated, but the movement here
is poseibly better classified as "variable". Movement of dunes is reported
to be insignificant in this aree.

Lee's (1953, Fig., 1) map shows a southeastward drift in the area
just northwest of Magee Marsh; this apparently conflicts with the infor-
mation given in the preceding paragraphs.
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COASTAL ENGINEERING

Esst Harbor Beach, Ottawa County, Ohio (Fig. 2)

Mechanical, mineralogical, and carbonste analyses of samples
collected on a 1550 reconnaissance of the East Harbor Beach fail to show
significant systematic variations which might yield some inferences sbout
motion of sediment along this strip (Pincus, Roseboom and Humphris, 1951).

The Congressional document (1945) previously cited notes that just
northwest of the East Harbor Beach, motion toward the southeast is indi-
cated by the drifting of sand southeast across the mouth of West Harbor;
east of West Harbor, indications of movement are nil. This report's
historical work shows that progression of the shoreline in'this area has
been accompanied by a general deepening in offshore areas.

Although some of the dunes in this area are over 10' high, abundant
plent cover has apparently reduced dune drift to zero.

Thus, the availeble data on longshore drift in thie area, as derived
from two types of evidence, i.e., accretion patterns and sedimentary
analyses, yield equally inconclusive results. This is not equivalent to
saying that the two types of evidence support each other.

Marblehead to Sand Point to Bay Bridge, Northern Sandusky Bay, Ottaws
County, Ohio (Fig. 2,3)

Sand Point is & compound spit, growing southemstward (Humphris,
1952). Beach ridges along the eastern shore, near the southern tip of the
spit, attest to the persistence of this growth pattern for some time. From
Marblehead Lighthouse to the base of the spit, the shore is divided into
three parts: 1. the northern third consists of bedrock (Columbus limestone)
and limestone cobble beaches; 2. the central third has been covered with
protective structures; 3. the southern third coneists of till, with some
limestone cobble and pebble beaches. Most of the north shore of Sandusky
Bay, lying west of the spit, coneists of lake clay lying on top of boulder
cley. The tills in Cttawa County may contain as much @e 20% sand size
particles.

Humphris (1952) reports thaet longshore currents move south along the
easgt shore of Sand Point, north along the west shore, and east along the
north shore of Sandusky Bay, from Bay Bridge to the spit. These statements
are based upon observations of accretion patterns end of the development
of minor beach features, and upon consideration of wind~-fetch relationships.

Systematic variations in mechanicel and mineralogical characteristics
and in carbonate content with respect to location along the spit have not
been recognized (Pincus, Roseboom, and Humphris, 1951; Humphris, 19%2),
although carbonete content and certain mineral abundances appear to vary
systematically with grain size. The sediments on Sand Point are finer
grained and better sorted than those to the west, along the north shore
of the bay. Humphris (1952) attributes this contrast to derivation of
Sand Point materials from Sandusky Bay, and north shore materials from
. erosion of the local shore. He points out that the median size of material
found along Sand Point is that size most easily moved by wave and current
action, according to Inman (1949).
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Shale fragments, %-1" in dismeter, occur in grest quantities along
the southern erd western shores of the spit. 8Shale fragments have not
been observed in any nearby till exposures, and the bedrock is not shele
(Fig. 2). The nearest krown exposure of shele along the shore is about &
miles esst of Send Point (Metter, 1952)., Humphris (1952, p. 25) surgosts
thaet perhaps the shale fragments heve been swept westwerd past Cedar Point,
sround the pierhead light, then to the southwest pest the tip of the spit,
and up its western side. House Document No. 32, 83d Congress, lst Session
(1933), p. 23, par. 5 reports 8 strong reversing current in the channel
running northeast-southwest between the lake end the inner bey. The cur-
rents are attributed to changes in lake levels arising from wind ection;
velocities of over three miles per hour are attained, reducing chennel
meinienance considersbly. Dominent longshore drift from the supposed source
of the shale to Cedar Point is westwerd; the nunber of shsle pebbles on the
besch incremses toward the east (Metter, 19552).

Cuter Sandusky Bay, between Marblehead end Ceder Point (Fiz. 3)

Sedimentary processes in outer Sandusxy Bay appear to be directly
related to thcse involving the eastern side of 8Sand Pcint. Grein size
becomes smaeller in en spperently continuous series from the spit out into
deeper water (Pincus, Roseboom, and Humphris, 1951; Humphris, 1952).

Trends of median grain size run psrallel to the shore in the Marblehead ares.

The send on the bottom is more then 20' thick in some places, thin-
nirg toward the ncrthwest. Benesth the sand lies & gray clay, lyins, in
turn, upon bedrock.

Data derived from mineralogicel, mechanicel, and cerbonate analyses
do not seem to throw eny light upon the mechanisms of sediment transpoort.

An observation by the asuthor in the autumn of 1950 mey have sone
beering upon this problem. The Program's research vessel was anchored
west of the channel in the outer bay, near the pierhesd light, with fairly
aigh weves coming in from the northeast. Although the northeast winds
blew the vessel southwest of the anchor, the vessel moved into the wind,
drawn by the taut anchor lire. The author interpreted this as the result
cf northeastward creeping of the bottom sediments, possibly in conjunction
with a returning hydramulic current. However, coring operations during the
fcllowing summer revemled thet the bottom wes covered with e crust which
might inhibit or prevent such creeping; operstors of sand-suckers nave
sadly confirmed the existence of this crust.

Some send undoubtedly pesses westward through or over the Cedar Point
jetty; other materials probebly &re swept eround the jetty and into the
bay (Humphris, 1652). Metter (1952) reports en increase in grein size near
the end cf the jetty on the emst side, mpperently reflecting the effects
of strong, observed currents entering or leaving Sendusky Bay (House Doc.
No. 32, 1953). Contributions from the inner bay are probebly minor.
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Willow Point, South Shore of Sandusky Bay (Fig. 2,4)

Bowman (1952) has reported o net eastward drift along the shore
in the vicinity of Willow Point on the soith shore of Lake Erie. He cites
the conspicuous eeastward decreese in abundsnce of tufa pebbles washed
into the bay from Little Pickerel Creek. Tufa stems are present in the
west bank of the creek and in the shoreline property immediately to the
west of the creek (Fig. 5). The band of tufa widens past Willow Point,
possibly because the current ccentinues eastward while waves spresd the
deposit southward toward the shore, which swings to the southezst east
of the point (Fig. 4). Variations in grain size of the tufa materiasl on
either side of Li“‘tle Pickerel Creek are very strikingly illusirated in
Fig. 6. 1In thie srea it is possible to outline a psth of sediment drirt
with considerable confidence, becsuse of the apparently unique source of
easily recognizable materials. In psrticular, the tufa pebbles, which seem
to come from the cresk alone, are especially reliable tracers.

In a survey of the shoreline tc the east of the schocl lands,
Pincus (1953) observed that both the amount of tufa end the particle si-e
of beach materials diminished toward the east.

Beach meaterials in this area are continuelly being driven landward
into the marshy areas so persistent along this pa:t of the shoreline.
Bowmen (1951) hes shown thst veristicns in bay level, which depend upcn
wind direction, determine which layer of shore meterial is attacked by
waves (Fig. 5). A leyer of marl is particularly susceptible to such
attack. Thus, water level affects tne type of materizl introauced into
the longshore currents. (n the north shore of the bay, a glsss wocl olant
had been dumping waeste silicate beads and s»linters for at least five years
preceding Bowman's study. Bowman found these materials in every beach
sample he collected alcng the south shore of the bay. Particle si:es of
the artificial meterials raage from 4.0 tc .06k mn; hardness and specific
gravity are slightly less than thet of quertz. The grestest inferred
strsight-line distence of crcss-bay trensportation is 5.9 miles. The
actual pathe of these materials are not known. Most of the bey in this
area is less thsn 6' deep, and the boltom 1s largely compesed of very fine
materials.

Both the tufa and the artificiel grains provide excellent means for
tracing movement, in that distinctive materials sre supplied at a Tooint
source”, or an approximation theretc. These observstions have led to a
program of developmental work in usinz "tracer greins"; the principal un-
solved problem to date is that of obtaining sufficient quantities of innoc-
uous, inexpensive msterials, with adecuate physical and chemical preperties.

Cedar Point to Huron, Erie County, Chio (Fig. 7)

House Document No. %2, 83d Con-ress, lst Session (1$53), treats
the 20-mile strip of shoreline from Cedar Point to Vermilion Harbor; the
Cedar Point to Huron strip, discussed in thie section, and studied by
Metter (1952),is the western half f the 20-mile strip.
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BLOCK DIAGR AM VICINITY OF
WILLOWPOINT, SANDUSKY BAY
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Fig. 5. Shore materials just west of Little Pick-
erel Creek . Note how small variations in water
level bring different materials into zone of wave
attack,

SAMPLES COLLECTED EAST AND WEST OF
LITTLE PICKEREL CREEK
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Little Pickerel
Creek Sample

From Bowmaen (1952)

Fig. 6. Samples of tufa oollected east and west of
the mouth of Little Pickerel Creek. Note the de-
crease in size with increase in distance along the
shore from the mouthe.
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LAKE ERIE SHORE
CEDAR POINT TO HURON
LOCATION OF SHORE AND
BOTTOM SAMPLES

Erom Metier “gﬁz}
Fig. 7. Lake Erie shore from Cedar Point to Huron.
Small numbers designate study localities, not dis-
oussed in this paper.
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of the Cedar Point-Ruron study ares.
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According to Document No. 32, longshore drift along this strip
of coast is predominantly east to west. Accretion on the east side of
the Cedar Point jetty and the east breakwater at Huron are cited as
evidence for this statement. It is also pointed out that there is &
westward movement of points east of these structures where wide beaches
give way to beaches narrow enough to permit bluff erosion.

This document also carries information on littoral currents
predicted from refraction disgrems for L-gecond waves. While esst and
east-northeast storms generate east to west littoral currents throughout
the area, and northwest storms generate west to east currents, northeast
and north storms develop currents flowing away from each other at neutral
points. The neutral point for northeast storms is about 3 miles east of
the Cedar Point jetty; the neutral point for northern storms is Ceylon
Junction, discussed earlier in this paper.

An earlier report, House Document No. 220, 79th Congress, lst
Session (1G46), cives results of current observations with dyes and sub-
surface floats. These observations agree fairly well with the predictions
of the more recent (1953) documents. Ourrent velocitiee up to 60 ft/min.
were observed during comparatively calm weather.

The 1946 document points out that approximastely 5 miles ecast of
Vermilion, there is & division between dominant east and west littoral
drift, as evidenced by accretion patterns. West of this point, accretion
is on the east side of structures; east of the point, accretion is on the
west sicde of structures. Such a division point is not the same as the
previously mentioned neutral point, for the latter is determined with res-
pect to a specific wind direction. From the present compilation of data,
and according to Lee's (1953) generalizec mep, the division point lies
east of the pcoint cited in the 1946 report. Possibly, the division point,
or zone, lies at Lorain, or even eastward toward Avon Point.

According to the 1946 document, no littoral drift passes Huron
Harbor. Thus, there are no natural outside sources of material in this
aree, To the west of Huron, ercsion is indicated by changes in the shore-
line and 6,12, snd 18 foot depth contours, until 6000 feet east of the
jettys; the ‘shoreline and the 18 foct contours show accreticn from this
point to the jetty, while the 6 and 12 foot contours indicate erosion.

Metter's (1952) study shows a net westward drift at the western end
of the spit, based on the accretion east of the Cedar Point jetty, and
upon the fact that the Cedar Point spit wss formed long before the con~
struction of the jetty. His observations and inferences on sediment drift
agree fairly well with those of the 1955 document.

Metter reports that a series of short groins about 6 miles east
of the jetty heve not collected much sediment. At the western end of
this series, sand has accumulated on the western side; at the eastern
end, sand has accumuleted on the eastern side. Interestingly, this aree
lies between the neutral points for north and northeast storms, as described
in the 1953 document. This groin series lies very near the neutral point
for the northeast storms, which are far more severe than any other storme
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Cross Section, Bosr Portioncepan point
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Fig. 9. Shore and subsurface materials in central
part of Cedar Poinv~Huron study area. Subsurface
structure inferred from borings by Sandusky City
Engineer.
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Fige 10, Map of Lorain, Ohio, showing location of
Lakeview and Century Parks. Note the apparent ef-
feot of the harbor breakwaters on bottom topography.
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The previously mentioned eastwsrd increase in the number of black
shale pebbles is to be expected, if their source were the shale outcrops
9 miles east of the jetty.

Near the center of Metter's study area, the sediment near shore is
coarser than to the east or west; he attributes this to the erosion of
coarse material from the lake bottom in this ares. Sand and gravel
15-20 feet below the centrael part of the bar portion of the Cedar Point
peninsula could provide coarse materials on the lake bottom, as the bar
moves landward (Fig. 9).

Sorting of sediments along the weter's edge incrsases with decreasing
grain size. Dune materiale become finer westward from the approximste
center of the study area.

It is conceivable that the opposite offshore trends repvorted by
Metter are caused, et least in part, by currents on opposite sides of a
neutral point.

Abundance patterns of the heavy minerals simply and collectively
suggest a central source someplace toward the center of Metter's study sree;
although these patterns sre not too clear-cut in indiceting en overall
drift, there is the suggestion of more movement to the west than to the
east.

In the postulated source arez, the 1/8-1/4 mu.size grede contains
as much es or more heavy minerals then the 1/8-1/16 mm.size grade; elsewhere
the finer grade contains more heavy minerals. These relations are consistent
with the hypothesis of transport aewey from the designated source area.

From the mineral assembleges observed in the beach materials, it
appears likely ihat glecial till along ths shores is probably an important
source of sediments (Fig. 8). Although many of these minerals are con-
sidered to Le easily weathered, fresh angular grains are usually observed
in beach deposits. Metter proposes that continued abresion in transport
could account for this condition.

The possibility that some sources are on the lake bottom has been
presented earlier.

The types of evidence used here seem to indicate multiple sources
and fairly complex to-and-fro moticn along the shore. Inferences drawn
from the several types of evidence yield results which are fairly consistent
with each other.

Lakeview and Century Parks, Lorain, Chio (Fig. 10)

According to the U. 8. Army Corps of Engineers report on the
Vermilion to Sheffield Lake strip (1549), the predominant drift here is
from east to west as indicated by accretion at Beaver Creek jetty (west
of Lorain) and against small structures east of Lorain Harbor. B8ince the
eastern fetch is much lerger then the western fetch, this direction of
drift is to be expected. This report notes an apparent local reversal of
predominant drift immediately adjacent to and west of Lorain Harbor, inferred
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from accretion patterns. Also noted are these observations: 1. there
has been little accretion adjacent to the many shore structures in the
area; 2. the greatest loss has occurred immediately east of Lorain Harbor;
and 3. east of Lorain there has been a net accretion offshore, possibly
resulting from the eastward transportation of Black River silt.

Apparently beach material is derived through ercsion of local
materials, particularly the till bluffs (Fig. 11). 8ea walls in this
aree cut down on the effectiveness of this source.

In a survey of Lakeview and Century Parks (Fig. 10), Pincus (1952-3)
observed accretion on the eastern sides of Century Park structures (Fig.l3),
and, in 1952, accretion on the western sides of lakeview Park (Fig. 12)
structures. This agrees with patterns of bottom contours adjacent to the
Lorain breakwater (Fig. 10). 1In 1953, however, accretion adjacent to the
eastern structures at Lakeview had shifted to eastern sides. These eastern
structures are longer than the structure to the west, and are closer to the
Black River and its surrounding, large protective structures. The reason
for this local ghift in accretion is not clear, for during the same period
there was an accumulation of materisl inside the permeable base of the west
harbor breakwater.

Regarding mechanical, total heavy mineral, and carbonate analyses,
Pincus (1952-3) finds no meaningful patterns. Abundance date for individual
minerals are now being compiled. One interesting observation coming out of
the enalytical results is that in several of the areas bounded by two
groine and the shoreling, the sedimentsin the center are finer than the
materinls around the inside of the area's edges. This might indicate an
energy gradient toward the center of such systems, but what this means in
terms of motion of sediment is not clear. Observations of currents with
subsurface floats indicate complex water movements in the groin fields.

Thus, the only recognized patterns in the Pincus (1952-3) report i.e.,
accretion, agree generally with the observations of the Army report, but
soem to indicate complications. Possibly the Lorain harbor structures are
trapping sand moving alternately east and west, and are also reflecting
significant amounts of wave energy.

Apperently, the Lorain-Vermilion sand and gravel deposit, 6 miles
to the northwest, has no direct connecticn with the Lorain beach materials,

Avon Leke and Vieinity, Lorain and Ouyahoga Counties, Chio (Fig., 14)

In a detailed study of the 9% mile strip from Sheffield Lake (4 miles
east of Lorain) to Huntington Park (west of Cleveland), Kleinhampl (1952)
reports that most accretion,although not large, occurs on the west side of
structures. This seems to indicate a reversal of the dominant direction
of drift for Lorain as recorded by the 1943 report, and as recorded in
this paper for areas west of Lorain. As mentioned earlier, it is possible
that the division point, or zone, for littoral drift lies at Lorain or
slightly eastward. Occasionally, there are accretions on the east and
also equal accretions between two groins. Some of these apparently erratic
patterns may be caused by reflecting surfaces. Newberry (1873) noted a
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westward deflection of the turbid outflow of the Cuyahoga River;
Kleinhampl (1$52) reports that air photos show & westward deflection

of Rocky River's cutflow. However, such deflections could have been
short-period events, of less long~time consequence as evidence of drift
than the patterns of accretion cited above. Kleinhampl notes the
assoclation between the compoeition of the ¢liffs (Fig. 15) and the beach
materials. The mineral composition and pebble counts of beach materials
point particularly to a till source. The exposed shales and siltstones
contribute shingle and fines. The largest single source of sand along
the shore is believed to be the sandy bottom material of an older leke,
Just west of Huntington Park. Two creeks in the area cut through some
old beach ridges; during heavy flow, they could carry gravel and sand
into the lake.

Mineralogical and mechanical analyses reveal no systemetic variations
along the shore. Local supply eppears to balance movemsnt and thus to
obscure evidence of movement in thie area. Along the shore sorting is
good, and median diemsters approach that of Inman's"size most easily

moved" (1949).

Some of the snalytical values show conspicuous fluctuations slightly
west of Avon Point. Possibly these fluctuations result from the action
in thie area of the meny protsctivs structures, some of which are very
large, or from proximity to & point or zone of division of littoral drift.

House Document No. 502, 81st Congress, 2d Session (1950), reports
on sn 18-mile strip of shoreline from the west city line of Lakewood to
the east city line of Clevelend., This area is almost adjacent to the
eastern end of Kleinhampl's study erea. This document revorts a predom—
inance of littoral current from west to east. Wind~fetch relationeg predict
such currents, and patterns of accretion and changes in bottom contours
attest to this type of moverment.

Mouth of Chegrin River, Eestlake, lake County, Ohio (Fig, 16)

In a reconnaissance report on shore processes in the immediete
vicinity of the mouth of the Chagrin River, roughly midway beiween
Clevelsnd and Fairport, Pincus and Hartley (1953) report littoral drift
from the west. They cite as evidence the accretion on the west side of
a large water intake structure to the west, and on the west side of the
groin at the mouth of the river. Opposing weaker drift is indicated by
the westward rrowth of emall spits on the east side of the mouth of the
Chagrin River.

Besch meterials are apparently derived from the pebbly tills in
the high bluffs; the lower-lying pebble~free clays and eilty clays (which
could’'be the remaine of sediment leid down during an invesion of the river
valley by an older, higher lake) are not effective sources of beach mate-
rials. Some patches of sandy matericls on top of the high bluffs could
contribute only very small total quentities to the longshore drift (Fig.
16,17).

138



THE MOTION OF SEDIMENT ALONG THE SOUTH SHORE OF LAKE ERIE
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The Chagrin River is not believed to be a significant source of
beach materizls, principally because it reaches lake level some distence
south of the lake shore, depositing much of 1ts load upstream. Cbser-
vations of materials in the bed of the stream support this contention.

Sore beach meterials are migrating inlend, over marsh cdeposits in
old channels of the river, and into the base of the low bluffs of pevble-
free clay and silty clay.

House Document No. 596, 81lst Congress, 2d Session (1950), which
treats the Lake County shoreline, reports littoral drift from the west.
This drift is attributed to wind-fetch factors; accretion patterns confirm
the analysis.

This document reports the occurrence of offshore bars off the
mouth of the Chagrin River, and immediately west of the west breakwater
off Fairport Harbor.

The Fairport commercial sand deposit, northwest of the harbor, is
possibly connected with longshore sedimentation west of Fairport. These
sands are fairly fine and fairly well sorted.

Madison Township Sewage Disposal Plant, Eastern End of Leke County, Ohio
(Fig. 18)

Just offshore from the Madison Township Sewagze Disposal Plant (15
miles east of Fairpcrt) a thin veneer of send (Fig. 19) trends roughly
northeast from the small point of land protected by sheet steel piling
(Pincus and Blackburn, 1953). In recent months, erosion has occurred on
the west sice of the point, and accretion has occurred on the east side.
A small spit at the south of Acola Creek was observed growing westwerd
(Fiz. 18, 19).

According to House Document No. 351, 82d Congress, 2d Session (1952),
treating the shorsline between Fairport and Ashtabuls, littorsl currents
are dominantly from the west, with temporary reversals, depending on the
wind. The evidence for the statement is, once again, accretion patterus.
The observations of Pincus and Blackburn (1953) appear to be in agreement
with those reported by this document.

According to the same document, little material comes from outside
the area (i.e., Fairport to Ashtabula) due to camming effects of harbor
structures at each end. This implies that much of the beach meterials
have been confined to and reworked in this area, and therefore that pro-
cesses of selection might have operated with considersble effect. This
appears to be consistent with the observation (Pincus and Blackburn, 1953)
that unusually large accumulations of heavy minerals occur here; there is
no reason to suppose that the source areas are unusually rich in these
minerals, although this is certainly possible.

House Document 350, 82d Congress, 2d Session (1952), treating the
strip of shore from Ashtabula to the Pennsylvania state line, reports
predominant currents from the west, with temporary reversals, This state-
ment is based on consideration of wind and fetch, and upon observed

140



THE MOTION OF SEDIMENT ALONG THE SOUTH SHORE OF LAKE ERIE

CHAGRIN RIVER AREA
SHORE BLUFF AT CHAGRIN YACHT CLUB

Easr ave

LEGEND
AVGER HOLES
@ R Pct - gray witt Pebble-free brown clay
& 6At - gruy Gray till [

BAoat - pabible-froe brwors
T o ke Aon. brwsern .1.‘;' “BTwh till (leached gray t:11) [l

From Pincus and Hartley (1953)

Fige 17. View from offshore of shore and bluff ma-
terials just west of the mouth of the Chagrin River.

7/ ‘40 / %

<3

ARCOLA
Cheex

. B %
Lt ‘5 [gfl
= 21EPaAL P

v.\)' o NADISOM YWD /

W FAON PINCUG AND RLACKBUAN |98y

Fig. 18. Madison Township Sewage Disposal Plant
at eastern end of Lake County. Note "old shore-
line" and split at mouth of Arcols Creek,

Offshore Profiles
RANSE |

PROFILES AND BLUFF
st " MATERIALS MADISON TOWNSHIP
SEW AGE DISPW’:_L PLANT

SeALY

RaNaE 3

Bluff
Sections

From Pincus »nd Bl-ckbura {1953) = [ e

FMig. 19, Bluff materials and inferred offshore
profiles, Madison Township Sewage Disposal Plant.
Note that unconsolidated materials are apparently
veneers covering bedrock (shale).

141



COASTAL ENGINEERING

accretion at Oonneaut, nesr the state line. The Harbor structures at
Ashtabula and Conneaut appear to confine much of the shore material
between the two cities.

Lee's (1953) detailed study of Presque Isle reports a predominant
drift from the west; this direction ie evident from accretion on the
west side of structures and from the shape of Presque Isle. The source
material apparently comes from the bluffe between Conneaut and Presque
Isle. Wind-fetch factors favor an emstward drift.

SUMMARY AND CRITICISM OF THE EVIDENCE USED
FCR DETECTING SEDIMENT DRIFT

The types of evidence useful for detecting sediment drift are:
1. Topographic changest This category really deals with changes such as:

a) Bluff retreat

b) Shoreline changes, sdjusted for comparable water levels,
where possible.

¢) Accretion patterns, generally adjacent to structures of
known age. (Age of structure allowe estimation of rate
of accretion.) These are tied to erosion patterns, where
possible. Both erosion and accretion patterns can be
mepped out (a8 in the House documents cited) from chanses
in bottom centours.

Regarding all topographic changes, the specification of the time
during which the change has taken place is extremely important in
estimating rates. Topographic changes usually reflect long-range changes,
some of which are irreversible (viz., bluff retreat).

None of these chenges defines the path of sediment transport.
They indicste only effects which apparently show a predominance of drift
in one direction. Combinatione of sourcees of evidence will sometimes
point to a to-and~fro or reversing motion, such as that inferred for
Lorain Harbor.

c) may be tied to b) or a), or to some other possible source of
sediment, such ss streams, to work out an inferred path of transport. But
here, there is always the poesibility that there may be another "source",
or there may be groups of sources as yet unidentified as such, the know-
ledge of which could yield a totally indifferent interpretetion of sediment
drirt.

These chenges also tell only the "algebraic" sum of all changes
at a point~-~they do not indicate how much material has been moved in a
period of time. Again, this is another way of saying that the path of
transport has not been uniquely determined.

2. Changes in attributes of the sediments (mineralogical, chemical, and
carbonate analyses):
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a) Changes in mechanical properties, such as median
grein size, sorting, skewness, and kurtosis, apparently
indicate transportation only when some aspect of the
transportaticn process or processes serves to modify
the sediment with respect to one or more of these
properties along the path of transport, end only when
there ere no ccntributions to the material along this
path. Since much of the leke Erie shore is actively
eroding, there are relatively few longshore pathe which
would not be subject to such "pollution". A&nd, of course,
the use (in & problem) of a "variation series" for
indicating path implies that something is known asbout
the mechenism of transport.

Changes in mechanical properties which cen be attributed
to contributions from & distinctive source aree mey be
used for indicating an overall direction of trensport;
this method, however, is subject tc the limitations
stated in the previous sect.ion, viz,, the uniqueness of
the source is assumption, not fact.

Combinetions of mecheanical properties may allow deductions
which will yield clearer insight into possible modes of
transportation by limiting the number of possible mechanisms
of trensport.

b) Mineralogical or compositional variastions present similar
problems of interpretation. Of course, such factors as
mineral densities and shapes may provide insight into
transport mechanisms, and in turn, into directions of
movement. Into the problem of mineral assemblages come
such factors as weathering. Are easily weathered minerals
removed while in the till bluffs, in transport, or on the
beach? Are weathered coatings removed by abrasion in
transport? Also, there are sempling problems, such as
those involving heavy mineral leminae, variations within
single layers depending on distance from water's edge, etc.

3. Indirect Indicators: Wind direction, fetch, orientation of shoreline
and weve patterns deal with the way in which energies are to be applied

to systems of this kind. By themselves, they tell litile about the motion
itself: +they merely restrict the possible directions and intensitiee
vhich one cen apply to descriptions of sediment movement. Of course,
carefully thought through refrection and diffraction diagrams give consider-
able help in apportioning wave energy to verious stretches of shoreline,
end in combination with other types of evidence mey prove to be fairly
powerful toole for inquiry. The Leke Erie Geological Program has just
inetituted a project involving construction of refraction and diffraction
disgrams for some of the cruciel arees studied during recent years.

4, 8Scale modelss Models which might prove very helpful, have not yet
been used in the work of the Lake Erie Geological Research Program.
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5., Observetions of eingle grains, either in the field or in models:

This technique, if successful, would yield behaviors of individual greins,
which might be of about the same use here as the description of the
supposed behavior of single gas molecules is useful in understanding

bome aspects of the behavior of a gas.

Combinations of these and other types of evidence provide importent
checks on interpretations, and the discrepancies arising from such com-
parisons may lead to e more complete understanding of the nature of the
evidence.
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