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ABSTRACT

B1STORIC BLUFF RECESSION ALONG THE LAKE ONTARIO COAST, NEW YORK

by Thomas Drexhage and
Parker E. Calkin

Depar tment o f Ceo log ic al Sc iences
State University of New York at Buffalo

Coastal erosion along lakes and oceans significantly af feces coastal
activities, resources, and property values. Conservation of coastal resources
requires effecti~e methods for controlling erosion. At this time, however,
amounts or locations of coastal erosion cannot be precisely predicted.
Experience shows that attempts to control natural forces  such as erosion!
based on partial knowledge are sometimes disastrous. Therefore, scientists are
tx'ying to establish a workable model of the forces  for example, wind, waves,
sediment size, topography! involved in natural erosion before attempting large
experimental projects in erosion control. This paper measures and analyzes one
component of coastal process: bluff recession. We measured rates of bluff line
recession at 250 sites in six counties along the coast. Long-term recession
rates were determined for the 99-year period from 1875 to 1974 by comparing a
1875 Corps of Engineers Lake Survey with US Army Corps of Engineers aerial
photographs taken in 1938 and in the 1950s. Mean short-term rates were
generally 100 percent higher than mean long-term rates; at 15 sites, more than
90 percent of the recession occurred during the short term ~ Short-texm
recession rates ranged from 0.0 to 3.7 m �.0 to 12.1 ft! per year; the me-n
short-term recession rate was 0.8 m �. 6 ft! per year. Long � term recession
rates ranged from 0.0 to 1.3 m �.0 to 4.3 ft! per year; the mean long � term
rate was 0.4 m �.3 f t! per year. To help establish a model of bluff
recession, we compared long-term recession rates with f ield data on bluf f
height, bluf f compos i,t ion, bluf f orientation, beach width, beach material,
beach slope, and bluff face slope. This comparision yielded the following
conclusions:

~ Bluffs greater than 6.1 m �0 ft! high have the highest mean
recession. rate.

~ Blurfs composed of clayey/silty till have higher recession rates
than bluffs composed of other materials .

~ Areas of the coast that face northwest have the highest recession
rates ~

~ Wide beaches have a significant positive correlation with high
bluff recession.

~ Bluffs fro~ted by cobble beaches may have the highest recession.
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BACK  ROUND

Introduction

Lake Ontario was formed approximately 11,000 years ago  Prest 19?0!.
Since then the south coast of the lake has undergone constant erosion.
Cartographic and photographic records co~piled over the past 100 years
document the loss of land that has been taking place at varying rates and
intensities along the shore, causing major difficulties for coastal
landowners. however, there has been little or no analysis undertaken on the
areal dis tr ibution or intensities of erosion: when erosion is highest, why it
takes place, and what losses can be expected in the future.

Levels of Lakes Erie and Ontario reached record highs between 1973 and
1976 resulting in accelerated recession of their bluffs as wel.l as extensive
flooding and changes in sedimentation patterns at embayments. This, together
with the pauc.ity of scientific information on the Great Lakes in New York, was
a stimulus for a study of the over 400 km �50 mi! of coast begun in 1973 at
the State University of New York at Buffalo. Researchers at SUNY colleges at
Oswego, Brockport, Geneseo, and Fredonia, and from Syracuse University, have
also contributed to this project. The basic goal and direction of the pro ject
has been: �! to establish baseline geologic information on bluff composition,
mechanics, and rates of bluff failure and erosion along the coasts of Lakes
Erie and Ontario, and �! to measure the sediment contribut'ons from bluff
erosion and stream flow to the lakes and to analyze the beach and. nearshore
sediment movement. at selected embayments.

This study was undertaken to determine the historic rates of recession
along the New York coast of Lake Ontario; how they are distributed spatially
and temporally; and to at tempt to isolate some of the factors that influence
local dif ferences in recession rates. Mith this information coastal areas can
be accurately defined for the benefit of coastal planners as well as private
landowners .

Our analysis involved making erosion measurements along 279 km �73 mi!
of coast, stretching from the mouth or" the Niagara River to North Pond at the
eastern end of the lake  Figure 1!. Six counties are in the study area:
Niagara, Orleans, Honroe, '«ayne, Cayuga, and Oswego counties. Coastal problems
along Lake Ontario are usually dealt with in terms of county boundaries. Since
physiographic variations between counties are sometimes great, each county
will be considered in detail ~

Refer to the glossary on page 117 for definitions of terms.
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Geology of. the Study Area

Continuous blu fs 4 to 18 m �3 to 59 f t! high occur. along the coast from
the iliagara River to Hamlin  Figure 2! . This region consists of relatively
smooth lak plain with most relief due to postglacial stream dissection. From
Hamlin to Irondequoit Bay, drumlins of till up to 30 m  98 ft! high separate
low wetlands fronted by barrier beaches. Bluff s are generally less than 1.5 m
�.9 ft! high and ood exposures of bluff material are few. From. Irondequoit
Bay to Sodus Bay the coast consists mainly of bluffs 4 to 8 m �3 to 26 ft!
high, reaching maxi~urn heights of 18 m {59 f t! . Eastward from Sodus Bay to
Oswego, bluffs up to 38 m �25 f t! high are cut in drumlins with lower bluffs
and wetlands between  Figures 2 and 3!. Few drumlins reach the coast between
0swego and Selkirk where hummocky "ill and ice contact stratified drift,
modified by post-Iroquois lake stages {above present lake level!, form most of
th surface. The eastern coast consists primarily of sand beaches greater than
24 m �9 ft! wiDe and partially stabilized dun complexes fronting ponds and.
inlets.

Lake Ontario is the smallest of the Great Lakes in surface area
approximately 19,000 km �,336 mi !. It fills a glacially scoured basin of an
average depth of 85 m �79 ft! and a maximum- depth of 245 m  804 ft! below the
low water datu~ of 74.01 m �42.8 f t!, above mean sea level  International
Joint Commission 1972!. The long axis of the lake trends east-west, parallel
to the strike of the bedrock exposed along the coast ~

A sequence of Middle and 'pper Ordovician sand. stones, siltstones, and
shalas underlies the study area. This forms a ma]or homocline striking
east-west and. dipping southward approximately 7.5 m/km �0 f t/mi! . The rocks
include, from oldest to youngest, 61 to 183 m �00 to 600 ft! of red shale and
sandstone of the Queenston Shale formation overlaid by up to 290 m  951 ft! of
~nits of the Loraine Group including th Oswego and Pulaski sandston s, and
siltstone of the Vnetstone Bluff Formation  Fisher 1977!. The gueenston Shale
crops out discontinuously between the Niagar'a River ard Southwest Oswego, with
the longest continuous exposure near Thirtymile Point  Figure 2! . In this
region the gueenston consists of red to dark red, laminated, fine- to very
fine-grained sandstone, siltstone, and shale, becoming coarser in an easterly
'ire tion.  Kindle and Taylcr 1913; Fisher 196o! . Members of the Loraine Group,
principally the Oswego and Pulaski sandstones, underlie the regio~ from Oswego
eastward. hese are gray to dark. gray, medium- to fine-grained sandstones.
Exposures are intermittent, but occur principally near Ninemile Point  Figure

~8!

Small anticlinal folds with axes roughly parallel to the regional dip
appear to form many of the poin ts of land projecting into he lake. In
addit ion, re sea rche rs have documented tight anticlinal structures o f 1 ss than
10 m �3 f t! amplitude near Thirtymile Point  Figure 2! and west of Olcott
 Gilbert t 899; Kindle and Taylor 1913!. Kindle and Taylor also described small
faults in the same region �913! ~ The well known Clarendon-Linden Fault
crosses th study region n ar Hamlin Beach State Park  Figures L-24, 25! in
Monroe County  Chadwicx 1920; Hutchinson et al 1979! .

Ov rlying the bedrock in the study region are Pleistocene glacial
d posits of 1 te 'Wisconsin age  Muller 1977a,' Caikin., in preparation!. T'ne
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bluffs along the Lake Ontario coast provide one of the most interesting and
cont inual displays o f glacial dri f t in the northeast. A simplr fied
stratigraphic section would include, in stratigraphic order  Calkin, in
preparation !:

~ an upper unit consisting variably of glaciolacustrine sand, silt,
or clay;

~ an underlying silty gray till with an upper waterlaid facies; and

~ a lower, compact, red stony and/or sandy till.

The thickness and extent of these units is variable along the coast and
the Pleistocene glacial stratigraphy may be locally complex. Figure 2 shows
the vertical and linear extent of these units in bluff exposures. Exposures of
the individual units is often discontinuous and variability within them is
great. The following researchers have attempted to correlate these units:
Calkin, Brennan, and Adams �976!; Solomon �976!; Calkin, Drexhage, and
Brennan �978!; Brennan �980!; Calkin  in preparation!.

The region lies within the plain of glacial lake Iroquois, a much higher
lake than the present Lake Ontario, which was dammed by the receding Wisconsin
ice margin on the north. Formation of Lake Iroquois started approximately
12,400 years be fore present  BP!  Muller 1977b; Calkin and Brett 1978!. Lake
Iroquois drained to a lower stage between 11,000 and 12,000 BP before reaching
the present level  Prest 1970; Karrow et al 1975!. Evidence for several
post-glacial lake stages in the Ontario basin has been presented by various
researchers including recent studies discussed by Prest �970!; Sutton, Lewis,
and Woodrow �972!; Nuller �977b!; Gorman, Frape, and Johnston �978!.

Previous Work

Coastal recession of the Great Lakes lends itself to qualitative and
quantitative studies. Researchers in this area include: Davis, Siebel, and Fox
�973!; Gelinas and Quigley �973!; Berg and Collinson �976!; Carter �976!;
Siebel, Armstrong, and Alexander �977!. However, only a few researchers have
treated the New York coast of Lake Ontario. The US Army Corps of Engineers
�945, 1954, 1955, 1970, 1973! has undertaken most of the work here. The first
four of these references deal mainly with specific areas and problems of beach
erosion. However, the 1973 study is more comprehens ive, inc iud ing shoreland
use and classification along the entire New York coast. Palm �975! assessed
erosion rates and recent high water damage along the coast o f Oswego County.
Computing rates for the 1938-1974 period, he used a method of comparing bluff
positions on air photos different from that of this study. There have been no
published studies involving determination of rates for longer periods.





THE PRO JECT

Methods and Procedures

Recession. Measurements

Our study used two methods of measuring recession: one involved
determining short term changes over a 13- to 17-year period; another obtained
changes over a 99-year period. For measuring short � term changes, we referred
to two sets of photographs from the US Depar tment o f Agricul ture' .one set
taken in 1938 and another between 1951 and 1955. A Sausch and Lomb optical
micro-rule enabled us to directly measure distances between fixed points on
land and the bluf f line  Figure 4!. We indicated places where we took
measurements on the most recently available US Geological Survey  USGS! 7.5
minute topographic maps  Table 1!. We next computed distances along the east
side of a convenient road leading to the shore from a road intersection to the
bluf f line  Figure 4!. When there was no road available leading to the shore,
we substituted farm, field lines, or other recognizable lines as a baseline.
Since the micro-rule contains a built-in straight line, our baseline consisted
of any two landmarks aligned perpendicular to the bluff and identified on both
sets of photographs. We then measured the distance from a landmark to the
bluff line.

According to the scale of the photographs, we converted the distances
determined from coincident points on the two respective photographs to true
distances in meters. Our next step was to determine the difference between
distances and divide it by the number of years between photographs to give a
mean reces s ion rate at that point..

The average scale of the 1938 and 1950s photos was about 1:20,000. In the
scale or time period conversions, we accounted for small dif ferences in scale
on the photos due to flight height changes and varying dates of flight that
would a f feet the r ece s sion values .

We determined long-term changes through the use of 22 1874 � 18?5 US Army
Corps of Engineers Lake Survey sheets which used together covered the coast at
a scale of 1: 10,000  Chief of Engineers 1874 and 1875! . We used these with the
1974 US Army Corps of Engineers aerial photographs at a scale of 1:9,000. From
the 1875 maps we traced the bluff line onto a transparent overlay. We then
projected and traced the bluf f line from the air photos to scale on the
overlay using a Saltsman Overhead Proj ector, Suf f icient development o f the
Lake Ontario coastal area by 1875 made correlation with present landmarks for
scale matching relatively easy. We transferred sites with short-term
measurements from the topographic maps onto the overlay and then converted the
recession rate for the 1875-1974 period at these points.
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List of US Geological Survey topographic maps used in this study

S i t es inc 1 uded Year compiledName of quadrangle

11

Ft. Niagara, NY � Ontario
Sixmile Creek, NY
Wilson, NY
Newfane, NY
Barker, NY
Lyndonville, NY
Ashwood, NY
Kent, NY
Kenda 1 1, NY
Hami in, NY
Hilton, NY
Braddock Heights, NY
Rochester East, NY
Ninemile Point, NY
Furnaceville, NY
Pultneyv ille, NY
Salmon Creek, NY
Sodus Point, NY
North Wolcott, NY
Fair Haven, NY
West Ninemile Point, NY
Oswego West, NY
Oswego East, NY
West of Texas, NY
Texas, NY
Pulaski, NY

l-ll

12-31
32-53

54-59

60-72

73-85

86-95

96-1 03

104-108
109-119

120-129

130-137

138-143

144-159

160-173
174-182

183-197

198-203

204-209

210-214

215-218

219-226

227-23 0

231-238

239-245

246-250

1965

1973

1965

1965

1965

1951

1950

1951

1951

1971

1971

1971

1971

1971

1952
1952

1952
1953

1953
1954

1954

1954

1954

1955
1955

1954



5
0

gj
CQ

0 M
II!

'0

5e
0

0 Id
W

g w
0 4-I
~ +

0 4
4

8

g
� ~

0

g Mrt g
tr.e a

C

8

a e

0 A 4
W CO IU

W

0
aa c

0
8
W
0W Cl

III
gnaw

4

0'
c ~ e

Gi

U 0
V!



Erosion Volumes

We calculated the erosion volumes using the method illustrated in Figure
5. The following formula calculates the volume of eroded material  Siebel et
al 1977!:

Length of
x Shore of

County
 m!

Mean Recession

Rate of

Coun ty
 m/yr!

Annual

Erosion

Volume

 m 3/yr!

Mean

Bluff

He ight
 m!

This next formula determined the mean bluff height for each county:

Zl h Mean

Bluf f

Zl Height

where 1 reach length in meters and hi = mean bluff height of reach in
meters as taken from data presented by Siebel and associates �977!.

Field Study

During summer 1977 we undertook field work to correlate geologic and
geographic factors at the various sites with our laboratory-determined
recession. During five days of investigation we gathered data at 101 sites
along the coast. Our intention was to clarify whether some types of bluffs are
more susceptible to erosion than others and to determine which areas are of
critical importance in terms of land use and recession rate. We recorded the
following information in the f ield: degree of fracturing, height of bluff
above the water level, vegetation, composition, orientation, beach type, beach
width, beach slope, and bluff face slope.

Some of the critical dimensions that we could not evaluate in the time
available for this study included: lake level, offshore slope, wave fetch, and
sheer strength of the bluff material  Quigley and Tutt 1968; Davis et al 1973;
C'reat Lakes Basin Commission 1975!.

Other Determinations and Methods

Land Use.

frrsy Corps of
f igures were
included with

We obtained land use percentages within each county from the US
Engineers National Shoreline Study �973! ~ Where no actual
available, we interpreted land use from the shoreland use maps
the study. Next, we measured the length of shore for each land

We chose these parameters because of their probable influence on recession
rate and because they were easily obtained in the field. With the help of a
preprinted data sheet two workers were able to gather data in about five to
ten minutes after reaching each site. Workers also photographed each site for
documentation.



Nearshore Slopes. Depth contours indicated on the USCS topographic maps
prov ided the nearshore slopes  Table 1! . We measured the distance from the
shoreline out to the 9.1 m �0 ft! depth contour to the nearest 0.5 mm �.02
in! at each site. FoLlowing this, we calculated the slope in feet/mile and
converted the value to meters/kilometer. We determined slopes along the same
orientation  azimuth! as recession measurements at each of the sites.

Recession Gate aries

Tables 4, 7, 11, 15, 19 and 23 list the recession rates as follows:

<0.3 m/yr  <1 ft/yr!
0.3 to 0.6 m/yr � to 2 ft/yr!
0.6 to 0.9 m/yr � to 3 ft/yr!
0.9 to 1.2 m/yz {3 to 4 ft/yr!

>L.2 m!yr  >4 ft/yr!

very slow
slow

moderate

fast

very fast

This grouping method probably yields the most realistic picture of the data.
Limitations of the measuring technique may cause small dif ferences in
recession rate.

Limitation.s

Selection of Measurin Sites. The available air photo coverage limited.
the selection of sites for determining short term recession rates ~ Flight
lines for the 1938 and 1950s photographs ran north-south yielding an overI.ap
.'n phot.o coverage along the field. The location of the recession sites in the
center area of the photograph served to minimize scale distortions. Also
limited was the -election of measurement sites to the location where landmarks

had not changed during the interval between photos ~ For exampI.e, in
undeveloped wooded regions we encountered difficuI.ties in finding landmarks
that had not changed. Thus, we had to space the measurement sites farther
apart and the recession sites are unevenly distributed along the coast ~ The
amount of land included in each single photo print was also a factor in
measurement ~ If the photo included only a narrow coastal band, we found it
difficult to find roads parallel to the bI.uff that could be used as landmarks
for measurement.

Accuracy. We used a micro-rule divided into increments of 0.025 mm � ~ 001
in! . This enabled the repetition of photographic measurements to within 0.05
mm 10.002 in! . Checks showed that on the photos we could measure a mile on the
ground within+ 0.9 m � ft!. Most distances measured for determining recession
 Figure 4, X or Y! were much less than 1 ~ 6 km � mi!, allowing for greater
accuracy.

Bluff Line. Interpretation of the bluff line position is a possible
source of error. The abrupt change in slope of the land, ~arked by a dark
shadow on the photographs, is the bluff line identifier. When trees obscured

use type  commercial, agricultural, res'der.tial! in each county and divided
this value by the length of shore in that county ~ Then, we converted the
value s t,o pe r cen tages ~



the bluff line, in about 20 percent of the cases, we took the bluff line to be
33 percent of the tree's diameter inland.

Long term measurements were subject to similar sources of error in
placement of the bluff lines. The 1875 maps were quite detailed in that they
showed field lines, buildings, and roads that could be matched with about 90
percent of the 1974 photos. Mhere the 1875 maps indicated no bluff line, we
assumed that the bluf f generally paralleled the shore and was at the landward
edge of the beach. The maps clearly indicated the latter. Therefore, the 1875
bluff position is approximate; however, we assume that errors in its position
are slight and random.

Field Study. Time and the size of the area under study limited the field
study ~ Hence, we gathered data in subcategories representing ranges of
quantity for each parameter investigated- Since the primary purpose of this
study was investigation of historic, rates of erosion rather than present
parameters, this method proved adequate; it allowed for the maximum
acquisition of data in a short time span.

Changes over Time. Physical conditions of the present are not necessarily
those of the past . Natural and man � made changes may occur frequently at many
stations. This is particularly the case for structures or materials placed to
protect the shore from erosion. They may be absent or present for various
lengths of time during the interval of measurement spanned by the two sets of
photographs. The effects of these changes may be apparent and dramatic over
short periods, yet they tend to average out over long periods along a given
reach of coast. Taking this into consideration, we compared. the long term
recession rates with the present physiography ~

Lake Levels

The approximate elevation of the water surface of Lake Ontario plays an
important role in erosion of the bluffs. High water levels rapidly increase
the rate of recession  Davis et al 1973!. As lake level rises, beaches become
inundated. and narrower, allowing direct wave attack against the bluffs. 'The
removal of beach sediment from the shore further decreases bluff protections
ln areas along the south coast of Lake Ontario where bedrock is present, it is
usually exposed less than 2 m �.5 ft! above the wa er surface. Therefore,
rises in lake level allow waves to impact directly onto the more erodible
tills and lacustrine deposits above the rock.

The completion of the St ~ Lawrence Seaway in 1958  International 'oint
Commission 1972! made pos" ible the regulation of the level of Lake Ontario ~
However, such regulation is only paritally effective in controlling water
levels and their various changes. Variations in lake level occur on three time
scales  Laidley 1962!.

� ! Short-term changes in water level from day to day. These are usually the
result of weather conditions and prevailing winds. The magnitude and durat.ion
of such changes is dependent upon the velocity of the wind, the wind
direction, and the length of the storm. The effects on erosion of the bluf f s
by short � term changes may be considerable  Fox and Davis 1973; Haresca 1974!;
however, these effects are impossible to relace to recession rate in our study
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due to their relatively short duration.

�! hiedium � term changes over the course of a year. These result from the
continued cumulative effects of weather conditions within the Great Lakes
basin. These changes in level may be drastic, depending on the inflow thxough
the Niagara River, precipitation, local inflow, evaporation, and degree of
winter ice retention. Extended periods of abnormally high precipitation have
marked effects in higher lake levels.

�! iong-term changes over many years. Results of these changes would be those
most detectab'e in this study- Such changes are due to variations in runof f
and precipitation over sevexal years. Figure 6 and Table 2 show mean annual
lake levels for the time periods for which recession was measured in this
study.

Davis and associates �973! discussed the cyclic fluctuations of the
Great Lakes' water levels, indicating. a period o f between 8 and 14 years.
Using mathetical analysis, Cohn �975! determined cycles of 8, 11, 12, and 36
years .



TABLE

Mean lake levels of Lake Ontario for the various periods over which
recession was measured in this study

Time period 'Mean lake level

  feet above mean
sea level!

Mean lake level

 meters above mean
sea level!

National Oceanic and Atmospheric Administration 1979Source:

1875 � 1974

1938-1951

193 8-1 95 4

1938-1955

74. 58

14.64

74.72

14.72

244.69

244.88

245.15

245.26



BLUFF RECESSION BY COUNTY

Niagara County

L 0 cat 3.on

Niagara County extends eastward for 49.9 km �1 mi! along the coast of
Lake Ontario from th Niagara River to a point just east of Thirtymile Point
at Somerset  Figure 1!. We determined recession rates at 75 sites in Niagara
County as shown on Figures L-1 through L-11.

Land Use

The Niagara County coastline is primarily used for residential purposes
�1.9 percent!; agricultural and undeveloped lands account for 2 7.9 percent;
parks and recreational areas, 19. 6 percent; and industrial and commercial uses
account for less than 1 percent of the land  US Army Corps of Engineers 1973!.
Two small boat harbors with jetties are located along the coast at Wilson and
at Olcott. Four state parks are also within the region: Port Niagara, Fourmile
Creek, Wilson Tuscarora, and Golden Hill.

Bluf f s

The Niagara County coast is in the plain of what was Lake Iroquois during
the glacial period. Except in areas of post-glacial stream dissection, the
relief is less than 1 to 5 m � to 16 ft!. Bluffs 4 to 15 m �3 to 49 ft! are
continuous along the coast and are variably composed of red fine-grained
sandstone of the Qu ens ton formation sometimes covered with varying
thickness s of glaciolacustrine sand, silt, and clay from glacial Lake
Iroquois. The longest exposed reach of bedrock along the Lake Ontario coast in
New York lies in Niagara County beginning east of Olcott and reaching past
Thirtymile Point when it ris s to a maximum of 2.5 m or 8.2 ft  Leverett 1902;
Kindle and Taylor 1913; 'Huller 1977a; Calkin, in preparation! . The silt and
clay content of the bluff materials increases and lacustrine deposits over the
till become thicker west of Olcott- East of Olcott, glaciolacustrine deposits
over the till are less con.tinuous and sand and gravel contents of the bluff
material are higher  Figure 2!.
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Beaches

Beaches in Niagara County are discon in ous and 1 to 6 m � to 19 ft!
wide. East of Olcott  site 56!, beaches are usu-llv located between higher
exposures of bedrock. To the west of site. 56, beaches are more continuous and
wider. iifost are found west  prevailing dr» f t! of small creeks entering the
lake and are composed of coarse cobbles. Sand beaches, particularly those held
by groins, are common at Olcott and For Niagara; however, in general,
sand � sized material  particularly fine sand! does net remain on beaches.

Streams

The major tributary in the county i.s the Niagara River. Most of the
Niagara River' s sediment load is carried west {downdrift! off the coast or is
deposited at its mouth  Sutton, Lewis, and Woodrow 1970; Pluhowski 1975! . This
is suggested by the scarcity of well-developed sandy beaches along the shore.
Several other smaller streams enter the lake in Niagara County but most have
insufficient discharge to carry appreciable amounts of sediment to the lake.

The slopes lakeward from the shoreline were determined at sites 1 through
67. Slopes from sites 67 through 75 could not be measured because the maps
compiled in 1951 showed no depth con.tours. Slopes ranged from 1.8 to 17.0 m/km
or 9.5 to 90 ft/mi {Table 3!. The low slopes at the western end of the county
are probably attributable to deltaic sedimentaticn atthe mouth of the Niagara
River  Sutton et al 1970; Pluhowski 1975}. Ste per slopes occur from sites 52
through 67 where bedrock crops out near lake level.

Recession Rates

Recession His~tor

We determined long- and short-term re ession rates at the 75 sites
indicated in Figures L-1 through L � 11 and Table 4. The data show that 52
percent of the sites showed increased re" assi on from the long term to the
short term; 13.3 percent showed a decrease; 28 percent remained the same; and
6. 7 percent could not be determined. The distribution of rates in each
recesssion category is shown in Table 5. The mean recession rate for Niagara
County from 1938 to 1951 was 0. 79 m/yr �.6 ft/yr!. Long-term rates have a
mean of 0.46 m/yr {1.5 ft/yr! and range from 0.CO m/yr at site 58 to 1,28 m/yr
�.2 f t/yr! at sites 34 and 35  Figure L-4! . Short-term losses in Niagara
County amounted to nearly 0.5 km �.2 m' ! of ' and while long-term losses
amounted to approximately 2. 3 km {0.88 mi2! from 1875 to 1974 over the
county.

Erosion losses appear to be episodic; ' arge amounts of recession take
place during relatively short periods of time. major increases or decreases in
rates of recession may be related to episodic causes such as Take level and
climatic phenomena  Davis et al 1973; Naresca 1974!.



TP.BLE 3

Neazshore slop s: lviagara County

Slope  m/km!Slope  m/km! SiteSite nmber- number

*Sites located on Figures L-1 through L-11

1 2 3

5 6 7
8 9

10

ll
12

13

14

15
- 16

17
18

19

20

21

22

23

24

25

26

27

28

29
30

31

32

33

34

1.9

1.8

1,8

1.9

2.5

2.6

3.2

3.7

5.7

7.5

7.0

6.9

6.3

6.8
7.7

8.6

7.0

7.4

7.9
8.2

7.7

8.3
8.6

8.5

8.6

8.2

8.2

F 1

8.2
7.9

7.5

7.4

6.7

6.3

35
36

37

38

39

40

41

42

43

44

45

46

47

48
49

50

51

52

53
54

55

56

57

58

59
60

61

62

63
64

65

66

67

6.7
8.5

8.8

7..6

7.5

7.5

7.3

6.5

6,4

6.5

6.8

6.6

6.0

5.9
6.5

6.2

7.1

12.3

14.7
13.4

13.9

8.6

12,1

13.4

17.0

15.0

14.7

11.4
12,9 '

13.4

13.2

13.4

14.7



Recession rates: Niagara County

Sxte
number

Site

n~ber

Shor t- term

recession-

rate

�938-1951!

Short~term
recession

rate
�938-1951!

Long-term
recession

Long-term
recession

rate

�875-1974!
rate

�875-1974!

Slow
Mode

Slow

Slow

Mode

Fast

Fast

Mode

Slow

Slow

Slow
Mode

Slow
Slow

Slow
Slow

Slow
Slow

sloW
fast*

fast

slow

Very
Very
Very
Very
Past*

Very
Very
Very
Very
Very

SloM

Slow

Slow

Slow

Moderate+

Moderate

Moderate

Slow

Slow

rate

rate

fast

fast

fast

fast

fast

rate

rate

slow
slow

slow
slow

slow

slow

slow

Very
Ve.ry
Very
Very
Very
Vpv y

Very
Slow

slow

slow

slow

Very
V~

Very
S' ow

Slow

Very
Very
V:~ry
Ve"y
Very
Ve=y
Very

slow

slow

slow

slow

slow

slow

Slow

Very slow
Slow

Moderate

mode=-ate=0. 6-0. 9 m/yr;«Very slow=< 0. 3 m/yr; s l ow=0. 3 � 0. 6 m/yr;
fast=0.9-1.2 -/yr; very fast >1,2 m/yr,

22

1 2
3

4 5 6 7
8 9

10
11

12

13

14

15
16

17
18

19

20

21
22

23

24

25
26

27

28
29

30

31
32

33

34

35
36

37

Moderate

Very slow
Slow

Slow

Very slow
Slow

Very slow
Very slow
Very slow
Slow

Very slow
Very slow
Very slow
Slow

Slow

Slow

Slow
Slow

Slow

Slow
Moderate

Moderate

Very fast
V ry fast
Moderate

Moderate

Very fast
Very fa.st
Very slow
Very fast
Moderate

Fast
Moderate

Fast
Slow

Slow

Very slow
Very slow
Slow

Fast

Slow

Moderate

Past
Fast

Very fast
Very fast
V ry fast
Very fast
Very fast
Very slow
Very fast
Very slow

38
39

40

41

42

43

45

46

47

48

49

50
5L

53

54
55

56
57

58
59

50

61

62
63

64

65
5a

68
69

70

71

?2
Q 3

,4

75

Very slow
Very slow
SLow

Slow

Moderate

Very slow
Very fast
Moderate

Slow

Moderate
S' ow

Slow

Slow
Moderate

Slow
Fast

Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Fast

Very Fast
Very slow
Slow

Slow

Very fast
Very fast
Moderate



TABLE 5

Distribution of Niagara County recession rates among the recession
categories for the long and short term

26. 733. 7Very slow

18.742.7Slow

Noderate 12. 0

10. 72.7Fast

26.72.7

5.32.7

23

Reces sion

category

Very fast

Indeterminate

Long-term
X of

total sites

Short-term

X of

total sites
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Recession rates are not uniformly distributed in the county, but rath.z
decrease from w.st to east along the coa-t. Highest recession occurs in the
M=st Branch/Twelvemile Cr k area. Erosion in this area has been so severe
 Figure 7! that the Wast Branch of Twelvemile Creek, which once entered Lake
Ontario through Tuscarora Bay, has now been cut off  Fortune 1980!.

Erosion Volumes

Material eroded from the bluffs is a significant source of sediments
How ver, little material from th= bluffs, other than pebble to boulder sized
rocks, appear to remain on the beaches  Fortun 1980!. This helps xplain the
lack of well-formed beaches in Niagara County  US Army Corps of Enginee"s
1973! .

Detailed calculations of annual erosion volumes for Viiagaza County f or
the periods 1875 to 1974 and 1938 to 1951 are shown in Table 6.

During the 13-year period, 1938 to 1951 �3,1 percent of the time!, 22. 5
percent of the total erosion losses occurred. In many short reaches,
particularly in high recession areas such as near sites 3, 10, 15, and 29,
greater than SO perce~t of the total loss s occurred between 1938 and 1951.

Interpretation of Recession

Distribution of recession throughout the county may be related to a
number of factors. W st of site S2, bedrock is not expos d near the water
line- moreover, there. is a general lack of vegetation on the bluf f face as
most bluffs are steep and betwe n 75' and 90' in slope. We first find exposed
bedrock in 'Niagara County just east of Olcot t near site 57; and bedrock
exposures generally rise toward Thirtymile Point, site 75. Bluffs in the
eastern parts of the county have lower slopes, greater vegetation., and bedrock
toes, all of which help to explain the easterly decrease in recession rate.
Between sites 57 and 75 recession episodes relate to periods of storminess,
highwater levels, and high waves that increase erosion of the unconsolidated
till and glaciolacustrine deposits above the bedrock. In addition, there are
fewer protective structures in the western portion of the county, which must
contribute to higher rec ssion losses in these areas  US Army Corps of
Engineers 19~5, 1970!.
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Figure L-2



Figure L-3
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Orleans County

Geography

Location

Orleans county, with 40 km �4.9 mi! of coast on Lake Ontario, stretches
from Thirtymile Point on the west, to an eastern boundary near Troutburg
 Figure 1!. We measured recession at 34 sites along the coast as indicated on
Figures L-12 through L-23. Because Orleans County is less developed and has
fewer roads or other landmarks for measurement sites, w found fewer locations
here for measurement than we found in Niagara County.

Land Use

Residential uses occupy approximately 57 percent of the Orleans County
coast. Housing density is low; perhaps 20 to 30 percent of the homes are only
used seasonally ~ Agricultural lands occupy approximately 35 percent of the
coast; public and recreational lands about 8 percent ~ Two parks are in this
region: a portion of Golden Hill State Park at Thirtymile Point and Lakeside
Beach State Park near Knuckville  Figures L-12 and L-17!. Because population
density is low along the coast, erosion is a critical factor only in limited
areas  hobson and Henderson 1976!.

Bluffs

The coast of Orleans County trends uniformly east-west, with five sharp
protrusions of land into the lake near sites 86, 93, 99, 100, and 107  Figures
L-15, -16, -17, -19, -20, -23!- Bluffs 2 to 6 m {7 to 20 ft! high are composed
of Queenston bedrock overlain first by 1 to 3 m � to 10 ft! of purplish-gray
till and then by O.S to 3 m �.6 to 10 ft! of lacustrine deposits  Calkin, in
preparation! ~ The Queenston fine sandstone bedrock is exposed only near
Shadigee and east of Thirtymile Point; it is usually less than 1 m � ft!
above lake level. The bedrock above the lake rea hes a maximum height of 2
�.6 ft! at Golden Hill. Tn most locations, sand and gravel make up about half
the bluff material, but near Point Breeze  site 99! and the eastern border of
the county  Brennan 1980!, sand and gravel make up over half the bluff
material ~ Toward the eastern portion of the county  sites 98 to 109!, till
thickne s s d ecreases unt il bluf f s are composed almost ent irely o f
glaciolacustrine deposits  Figure 2!. Streams entering the lake flow
east-northeast, paralleling the direction of the last glacier movement.

Beaches

Beaches, consisting largely of cobbles, occur only intermittently along
tha coast, and are less than 6 m �0 ft! wide. There are few sources of
beach-sized sediment within the area. The greatest accumulation of beach



material occurs from sites 95 to 97 and from 99 to 109, east of Johnson Creek
and Oak Orchard Creek  Figures L-19 aad L-20!.

Streams

Tributaries are few and their discharges too s~all to contribute
significaat volumes of coarse sediment.

Recession Rates

Recession Histor

We determined recesssion rates at the 34 sites shown on Figures L-12
through L-23. These rates are shown in Table 7. We could not determine
long-term rates for sites 96 to 99 because not enough coastal landmarks
matched both the 1974 photos and the 1875 survey. Table 8 indicates the
percentage of sites in each recession category for both the long aad the short
term. An increase in recession rates from the long term to the short term
appeared in 41 percent of the sites measured; 35 percent remained the same; 12
percent decreased; and 12 percent was indeterminable due to missing data.
Short-term recession rates reached a maximum of 1.70 m/yr �.6 ft/yr! at site
93. Mean recession along the Orleans County coast was 0.44 m/yr �.4 ft/yr!
from 1938 to 1954. Loag-term rates were lower, raagiag from 0.00 m/yr at site
83 to 0.56 m/yr �.8 ft/yr! at sites 101 and 109. Mean recession between 1875
and 1974 was 0.29 m/yr �.95 ft/yr! along the Orleans County coast.

Between 1875 and 1974 approximately 1.2 km �.46 mi ! of lead were lost
as a result of recession; between 1938 and 1954 approximately 0.28 km2  O.l
mi2! were lost. Recession rates for the short term are nearly 200 percent
higher than those for the long term. Sites 76, 93, 101, and 109 show radical
rate increases from the long term to the short term. Between 1938 and 1954,
site 93 had the highest recession rate: 1.70 m/yr �.6 ft/yr!. This site also
had the second highest rate, 0.50 m/yr �.6 ft/yr! between 1875 and 1974.
Highest long-term rates are at sites 101 and 109, with rates of 0.60 m/yr
 l. 97 ft/yr! .

Erosion Volumes

In Orleans County, the average bluff height is low, approximately 2.12 m
�.96 ft! and. erosion of the bluffs is slow. As a result, little sediment
derives from bluff erosion. Annual erosioa volumes for the periods between
1875 and !974 and between 1938 and 1954 are shown in Table 9. Approximately 25
percent of the total erosion losses for 99 years occurred between 1938 and
1954, 16.2 percent of the time.

Inter retation of Recession

long-term recession is fairly uniform along the coast; all sites had less
than 0.60 m/yr �.97 ft/yr! recession. Two factors probably account for this:
the regularity of the coast liae, with few large protrusions of land into the
lake, and the relatively uniform height and continuity of the bluffs.
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Recession rates: Orleans County

Short-term

recess ion
rate

�938-1954!

Site
number

Site
number

Shor t- term

recession

rate
�938-1954!

Long-term
recession

rate
�875-1974!

Long-term
recession.

rate
�875-1974!

Slow
Slow

Slow

*Very slow=<0.3 m/yr; slow 0.3-G.6 m/yr; moderate 0.6-0.9 m/yr;
fast=0.9-1.2 m/yr; very fast >1.2 m/yr.

76
77

78

79

80

81

82

83
84

85
86
87

88

89

90
91

92

SloW
Slow

Very sloW
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Slow

Very slow
Very slow
Very slow
Very slow

Very fast*
Fast*

Slow
Moderate*

Slow
Slow

Very slow
Very slow
Slow

Very slow
Moderate
Very slow
Very slow
Very slow
Very slow
Very slow
Moderate

93
94

95
96

97
98

99

10G
101

102

103
104

105
106

107
108

109

Very slow
Slow
Slow

Slow
Slow

Very slow
Slow

Slow
Very slow
Slow

Very fast
Moderate

Very slow
Moderate

Very slow
Slow

Very slow
Very slow
Very fast
Very fast
Moderate
Slow

Very slow
Very slow
Slow
Very slow
Very fast



TABLE 8

Distribution of Orleans County recession rates among the recession
categories for the long and short term

Very slow 50. 0 44. 1

Slow 38. 2 20. 6

Moderate 0.0 17. 6

0.0 2.9Fast

14. 70.0

0.011. 8

Recession

category

Very fast

indeterminate

Long- term
% of

total sites

Short-term

% of

total sites
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Short-term rates are less uniform, indicating that erosion is episodic .
For example, at site 93, 55 percent of the total 99-year losses occurred in
only 16 years. As a result, areas with lower rates between 1938 and 1954 may,
either since 1954 or at some future time, undergo greater erosion to maintain
uniform long-term recession rates.

Greatest recession, 0.60 to 1.70 m/yr �.97 to 5.6 ft/yr! along the coast
of Grleans County is confined to a limited number of reaches. Highest
recession appears to be in the following four areas  Figures L-12 through
L-23!: �! western county line to Marshall Road, sites 76-82; �! Morrison
Road to Rock Ledge Beach, sites 91-96; �! Brighton Cliff to Peter Smith Road,
sites 100-104; and �! near the eastern county line, sites 108 and 109.

The areas between sites 76 and 79 and between 80 and 82 are of particular
concern because a number of residences are located in these areas.



F1GUBZS L-12 to L-23
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Indicates site and number where recession was
measured.



Figure L-12

Figure L-13

Figure L-14



Figure L-l5

Figure L-l6

Figure L-l7



Figure L-ls

Figure L-l9

Figure L-20



Figure L-22
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Monroe County

Location

From a western boundary near Troutburg, Monroe County stretches .eastward
60 km �7.3 mi! to the county line northeast of Webster. We measured recession
rates at 50 locations indicated on Figures L-24 through L-37.

Land Use

Monroe County is the most developed region of the Lake Ontario coast. in
New York State  Dobson and Henderson 1976!. Residential and commercial
purposes account for nearly 51 percent of coastal land use in this region;
agricultural uses account for 26 percent; and. recreational about 23 percent
 US Army Corps of Engineers 1973!. The City of Rochester and its associated
suburban development are responsible for the relatively high land use
intensity along the coast of Monroe County. The Monroe County coastline
includes five parks: parks at Hamlin Beach, Braddock Bay, and three other
parks-~tario Beach, Durand Eastman, and Webster Park.

Much of the coast was developed by 1875; since then the coast has been
protected to various degrees and by various methods. Stone revetments and
seawalls are common and are reflected in lower recession rates.

Bluffs

The coastal region west of the Genesee River  Figure 3! consists
primarily of low lake plains and wetlands fronted by cobble barrier beaches.
Bluff s in this region are generally less than 2 m �.6 ft! high but reach
maximum heights of 24 m �9 ft! at Devil's Nose  Figure L-24!. Bluff material
is rarely exposed; most is covered by protective structures. The bluffs are
composed of lacustrine silts and sands with a few isolated regions of glacial
till near Hamlin Beach and drumlins at Braddock Bay  Figures L-25, L-30,
L-31!. Pebble- and cobble-size material is scarce except at the high bluff of
Devil' s Nose composed of well-sorted sands with more resistant cemented
gravels at the base.

Wetlands comprise a large portion of the coast. The largest wetland area
is at Braddock Bay; it. consists of ponds separated by drumlins, the most
prominent is Rigney Bluff  Figure L-32!. Bedrock is exposed about 1 m � ft!
above lake level 3 km �.9 mi! east of Hamlin Beach, although the remainder of
the region lacks rock exposures.

East of the Genesee River the bluffs rise 12 to 18 m �9 to 59 ft! above
lake level. Depositional relief is moderate to low; most relief is due to
post-glacial stream dissection. The bluff material consists primarily o f



lacustrine sands and silts. Sand content of the bluff materials decreases as
we move east from Erondequoit Bay and sandy clay contents increase {Figure 2!.
In much of this area, red stony till is overlaid by a gray clayey till. A
large drowned valley forms Erondequoit Bay, fronted by a wide barrier beach
composed of sand to pebble-size materials.

Beaches

Beaches west of Rochester are poorly developed and narrow, usually less
than 10 m �3 ft! wide. Most have steep profiles  about 12 to 16 percent
gradient!, and are composed o f coarse cobbles 80 to 100 mm � to 4 in! in.
diameter. Wide sand beaches held in place by groins occur at Hamlin Beach and
Braddock Bay  Pigures L-25 and L-31!. Sand has also accumulated on the western
side of the jetty at the Genesee Rive», forming Ontario Beach  Figure L-33!
approximately 24 m �8 ft! wide. Hatural beaches are usually confined to
barrier beaches that cross inlets into swamps and marshes. i'beany beaches, such
as Shore Acres and Braddock Point  Figures L-27 and L-30!, are without beach
protection and rely entirely on man-made structures to resist erosion.

East of Rochester, beaches are wider and more fully developed. Sand
beaches greater than 24 m �8.7 ft! wide are found between the Genesee River
and Irondequoit. Bay. Beyond Irondequoit Bay, beaches tend to narrow in an
eastward direction. These beaches are composed mostly of pebbles; because of
this they are steeper than the wider beaches to the west  Coch 1961!.

Streams

Of some 15 major tributaries entering Lake Ontario in Monroe County
 Figures L-24 through L-37!, six enter Lake Ontario through ponds and marshes,
preventing the coarse sediment they carry from entering the littoral zone

The Genesee River is the most significant tributary; sediment yield
equals 76,000 tons/year  Upchurch 1973! . Jetties are at the mouth of the
river; however, enough sediment is in the shore zone to maintain sand beaches
east of the river  Woodrow, Sutton, and Rukavina 1967!.

Slopes of the nearshore zone ranged from 5.1 to 21.4 m/km or 27 to 113
ft/mi  Table 10! . The steepest. slopes are in the vicinity o f Benedict Beach
and Shore Acres {Figure L-27! and east of Irondequoit Bay  Figures L-35
through L-37!. No apparent trend of the slopes . xists within the county except
that beaches are poor in regions with steep slopes.

Recession Bates

Recession Histor

We measured recession rates at the 50 si es indicated on Figures L-24
through L-37. Results are shown in Table 11. The distribution of rates in each



recession category is shown in Table 12. The short-term rate is higher than
the long-term rate at 40 percent of the sites; rates are the same at 50
percent of the sites; and long-term rates are greater than short-term at 8
percent of the sites. Rates could not be determined at site 153 because of
man-made changes. Short-term rates ranged from 0.00 m/yr at sites 141 to 146
to 1.10 m/yr �.6 ft/yr! at site 116. Mean recession between 1938 and 1951 was
0.41 m/yr �.3 ft/yr! along the Monroe County coast. Mean recession for the
long term, 0.21 m/yr �.7 ft/yr!, is much lower and ranged from 0.72 m/yr �.4
ft/yr! at sites 133 and 114 to 0.00 m/yr at sites, 141 to 146.

Erosion Volumes

Lit tie sediment derives from erosion of the bluffs; highest recession
mean rate of 0.52 m/yr �.7 ft/yr! between 1938 and 1951 is found west of
Rochester from sites 110 to 139  Figures L-24 to L-33!. This area consists
mainly of wetlands that contribute little sediment from erosion. Along the
eastern portions of the county, from sites 143 to 159, erosion is confined to
points of land that protrude into the lake. Little sediment derives from such
erosion. Calculated erosion volumes are as shown in Table 13. The area between
the Genesee River and Irondequoit Bay was not considered since no detectable
recession vas found there for either the short or long term.

Inter retation of Recession

Recession rates are higher in the region vest of Rochester than in the
region to the east. This is documented by the average recession rates shown in
the erosion volumes calculated in Table 13. Some conditions that may be
responsible for the high erosion in the western region of the county are the
f o 1 lowing:

~ Most of the region consists of easily eroded low bluffs or wetlands.

~ The higher bluffs in this region are composed largely of easily eroded
sands.

~ Regions of higher sand bluffs protrude into the lake and are more
subject to wave attack.

~ Beaches are scarce and poorly developed west of Rochester.

Erosion in Monroe County is uniform over time as shown by the lov rates
for both the short and the long term  Table ll!. A possible explanation for
this is that regions where recession measurements were made were developed 100
years ago and the sites have been protected for long periods.
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TABLK 10

Nearshore slopes: Monroe County

Slope  m/km! Slope  m/lan!S it e number"Site number*

N/A = Nearshore slope unable to be determined at the site.

*Sites located on Figures L-24 through L-37

50

109

110

ill

112
113

114

115

116

117

118

119

120

121

122

123

124
125

126

127
128

129

130
131

132

133

9.4

10. 3

11. 1

8.8

8.8

9.5

10.1
8.9

8.4

9.5

9.4

10. 0

11.7

10.1

9.7

8.5
10. 0

5.1

8.7
8.3

8.3

7,1
7.9

6,1

5.2

134

135

136

137

138

140

141
142

143

144

145

146

147

148

149

150
15'

152

153
154

155

156
157

158

159

5.2

6.0
8.4

7.9
N/A
N/A
N/A
N/A

21. 4

10. 7

9.1

7.2

7.5

6.3

6.7

6.9
8.0

7.5

7.5
7.1

11. 9

14. 1
13. 6

9.8
10. 0



TABlE 11

Recession rates: Monroe. County

Site number Long-term Short-term
recession recession

rate rate

Site number Long-term
recess ion

rate

Sh'or t- term

recession

rate

Very slow
Very slow
Very slow
Very slaw
Very slow
Very slow

Slow

Very slow
Slow
Moderate

Very slow
Slow

Very slow <0.3 m/yr; slow 0, 3-0. 6 m/yr; moderate=0, 6-0. 9 m/yr; fast=0. 9-1. 2
m/yr; very fast=	.2 m/yr.

110

ill

112

113

114

115
116

117

118

119

120

121

122
1"3

124

125
126

127

128

129

130

131

132

133

134

Nod erat e+

Moderate

SloW

Slow
Moderate.

Very sloW
Slow

Very slow
Very slow
Very slow
Very slow
Very slov
Very slow
Very slow
Noderate

Noder ate
Moderate

Very slow
Very slow
Very slow
Slov

Slov

Very slow
Moderate

Slow

Moderate

Moderate
Moderate

Very slow
Very slow
Very slow
Fast*

Moderate
Moderate

Very slow
Very slow
Moderate

Slow

Slow
Moderate

Moderate

Slow

Moderate

Slow

Noderate

Slow

Slow

Slow
Moderate
Noderate

135

136

137

138
139

140
141

142
143

144

145

146

147

148
149

150

151

152

153

154

15S

156

157

158
159

Very slow
Very slow
Very slow
Very slow
Very slov
Very slow
Very slow
Very slow
Very slow
Very slow
Very slaw
Very slow
Very slow
Very slow
Very slow
Very slow
Slow

Very slow

Very slow
Slow
Moderate

Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Slow
Slow

Very slow
Very slow
Slow



TABLE 12

Distribution of Monroe County recession rates among the recession
categories for the long and short term

Recession

category

Short-term

X of
total sites

Long-term
X of

total sxtes

Very slow
Slow

Moderate

Fast

Very fast
Indeterminate

70. 0
14. 0

14. 0

0.0
0.0

2.0

40. 0
28. 0

28. 0

2.0
0.0
2.0
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FIGUBZS L-2y to L-37

LOCATION MAPS 7QB I"IOÃBO.

COUNTY

Scale on all maya: 1:2Q,CGC or 1 inch = 2000 f t.

Indicates site and number where recessionwas
measured

North is always at the top of the figure.



Figure L-24

Figure L-25

Figure L-26

5S



Figure L-27

Figure L-28

Figure L-29



Figure L-30
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Figure L-31
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Figure L-32
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Wayne County

Geography

Location

Wayne County contains approximately 60.5 km �7.6 mi! of Lake Ontario
coastline: from a western boundary near Webster rea"hing east to the county
line near Pair Haven  Figure 1!. We determined recession rates at the 50
locations ind.icated on Figures L-38 through L&8.

Land Use

Approximately 50.5 percent of the Wayne County coast is agricultural and
undeveloped land; 32 percent is used for commercial and resi.dential purposes;
and 17.5 percent is recreational land  US Army Corps of Engineers 1973!. An
undeveloped state park is located at Chimney Bluffs near Sodus Bay  Figure
L-46}; numerous other town and county parks are scattered along the coast.
High recession rates in Wayne County pose problems to residential and
commercial development.

Bluffs

The Wayne County coast is one of the most physically interesting and
variable along Lake Ontario. To simplify our discussion, we divided the
coastline into three areas  Figures L-38 to L-48!: �! the western county line
to Pultneyville; �! Pultneyville to Maxwell Say; and �! Maxwell Say to the
eastern county Line.

Western Count Line to Pultne ville. From the Monroe County line to
Pultneyville the coastline zs a fairly smooth lake plain with occasional
higher drumlins. The bluf fs average about 8 m �6 ft! high; the maximum height
is 17 m �5. 7 ft! . They are composed of glacial till from 0 to 9 m �9.5 ft!
thick overlaid in most reaches with 1 to 5 m � to 16.4 ft! of
glaciolacustr inc deposits. Two till sheets are distinguished here. The lower
consists of compact stony and sandy red till; the upper consists of a gray
clayey till with an upper waterlaid facies. We find red, fine-grained
Queenston sandstone exposed in a few short reaches just east o f the western
county line and near Pultneyville. The bedrock reaches a maximum height of 2 m
�. 6 f t! above the lake  Dames and Moo e 1974; Calkin et al 1976, 1978;
Brennan 1980!. Predominant particle size is silt and clay. Local areas of high
sand and gravel in regions of stony tiL~ and lacustrine deposits increase in
an eastward direction {Pigure 2}.

Pultne ille to Maxwell Ba . From Pultneyville to Maxwell Bay the coast
consists of wave-cut drumlxns projecting canto the lake with regions of lower
lake plain between them  Fairchild 1929; Slater 1929!  Figure 2!. The drumlins
are higher in this region than in the region to the west, reaching heights of



approximately 20 m �5.6 ft!. The lowlands between them have bluffs 6 to 10 m
�0 to 33 f t! high. The drumlins west of Maxwell Bay face north-northeast,
parallel to the direction of the glacial ice movement. The bluffs are composed
almost entirely of gLacial till. We found a low exposure of Queenston fine
sandstone of limited extent about 3.2 km � mi! west of Maxwell Bay. Sand and
gravel content of the bluff material is higher in this region than in the west
although the bluffs are predominantly clayey till that displays a pinkish-grey
sur face color. The coast is less uniform in this reach, trending
east-northeast from Pultneyville to Bootleggers Point and then east-southeast
to Maxwell Bay  Figure L-44! .

Maxwell Ba to Eastern Count Line. The reach from Maxwell Bay to the
eastern county line is composed of high drumlins interspersed with large bays
and wetland regions  Martin l901!. The drumlin bluffs average about 25 m  82
ft! high and reach a maximum height of about 30 m  98 ft!. Few Low bluffs lie
between the drumlins; most of the drumlin bluf fs are fronted by pebble and
cobble barrier beaches. They are composed entirely of pinkish-grey glacial
tilL  Solomon 1976!. Sand content of the bluffs in this region is much higher
than in regions to the west  Figure 2!.

Beaches

Most of the beaches east of Pultneyville are l to 9 m � to 29.5 ft! wide
and occur intermittently in small embayments along the coast. The beaches are
composed of coarse cobble to pebble sized material. They have gradients of l2
to 20 percent.

Beaches are wide from Putlneyville eastward; they range from 3 to 24 m
�0 to 79 ft! wide. The beaches are composed of smaller stones and have lower
slopes than those to the west; many cross marshes and embayments between
druml ins.

Streams

Twelve small tributaries enter the lake in Wayne County; they are shown
on Figures L-38 thxough L&8. Three enter the lake through bays preventing
much sediment from entering the littoral zone.

Slope o f the lake bo t tom in the near shore zone ra~ges between 4.0 and
23.4 m/km or 21 and 123 ft/mi  Table 14! . The slopes generally decrease from
west to east; an abrupt eastward decrease in slope begins east of Maxwell Bay
near site 194  Figure L&4!.



Recession Rates

Recession Histor

We determined recession at the 50 locations indicated in Figures L-38
through L-48; the rates are shown in. Table 15. Table 16 indic ates the
distribution o f rates in each category for both the long and the short term.
At 76 percent of the sites, the short-term rate was higher than the long-term
rate; at 14 percent of the sites it was the same; at only 2 percent of the
sites was the short-term rate lower than the long term rate. We could not
determine a difference at 8 percent of the sites because we were unable to
obtain reliable data. This inability resulted from either man-made changes
along the coast and/or other factors interfering with the proper determination
of bluf f position. Between 1875 and 1974 ppproximgely 2. 45 km �. 94 mi !
eroded and between 1938 and 1954, 1.60 km �. 61 mi ! eroded.

The highest short term rates computed for the entire study area were in
Wayne County. We found greater than 3.00 m/yr  9.8 ft/yr! at nine sites. At
site 190  Figure L&3! we measured recession at 3. 7 m/yr {21.5 ft/yr! . We
found higher rates at sites 199, 204, and 205  Figures 1.-46 and L-47! located
on barrier beaches across bays and marshes rather than bluffs. However, during
the plotting of the bluff lines we observed that retreat of such beaches
tended to parallel the recession of the bluff areas on either side of them and
beach width often remained constant.

Erosion Volumes

Most sediment in the shore zone of Wayne County derives from erosion of
the bluffs  Coch 1961!. Little beach-making sediment seems to be carried into
the county from the Genesee River suggested by the diminishing beach si.ze
toward the eastern boundary of Monroe County  US Army Corps of Engineers 1955;
Pluhowski 1975!. Annual erosion volumes for the periods 1875 to 1974 and 1938
to 1954 are shown in Table 17. Approximately 6» percent o f the total 99-year
losses occurred in 16 years. The large amount of sediment eroded is a resul.t
of the high average bluf f height and the rapid recession.

Inter retation of Recession

The shor t-term rates determined in this study are generally much higher
than the long-term rates; at many sites the total recession seems to have
occurred between 1938 and 1954. ln fact, because of a mapping error on the
1875 survey or because of dif ficulties in measuring the recession rate, the
long-term rates may actually be greater than they appear. Since the bluff was
often high and steep, the 1875 cartographer may have moved the bluf f line
landward to fit in the numerous contour lines on the bluff face. ln our
measurements we often had to match farm field lines because no other landmarks
could be found on the 1875 maps. The accurse v of these lines is questionable
since relief is considerable and much of the area is wooded.

The short term rates are extemely high nd are not based on the 1875
survey. These high rates may be the result ot geologic conditions along the
coast. We found the highest rates in the eastern portion of the county on



drumlin bluffs  sites 199 to 209! . Secause the bluf fs are unprotected and
often lack vegetation, subaerial erosion and wave attack easily remove great
amounts of material from these bluffs. From 1938 to 1954 the mean lake level
was 74.72 m �45.16 ft!, 0.14 m �.46 ft! higher than the 99-year mean  Table
2!. This may be one factor in the higher short-term rates.
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TABLE 14

Nearshore s lopes '. Wayne County

Slope  m/km! 'Slope  m/km!Site number* Sxte nmnber*

*Sites located on Figures L-38 through L-48

160
161

162
163

164

165

166
167

168
169

170

171

172

173

174

175
176

177

178
179

180
181
182

183
184

14.4

17.4
11.7
12,9

12.7

15.3

11.4

13.9
10.4

8.8

10,7
10.5

11,9

10.5

12.9

14,4
11.2
11.5
10.4
16.7

13.9
14.4

7.5
11,4
23.4

185

186
187
188

189

190

191

192

193

194

195

197

198

199

200
201

202
203
204

205

206
207

208
209

14.2'

9.9
15,0
13.4

12.5

14.2

9.9
12.9

16.3
7.9
6.6

5.7

5.6
7,8

4.8

6.0
10.0

7.4

6.3
5.9

5.2
4.6
4.0

4.7



TAaLE 15

Rec e s s io n r a t e s: Wayne Co unty

Site
number

Site
number

Long-term
recess ion

rate

Short- term
recession

rate

Long-terra
recession

rate

Short-term
recession

rate

Very sloW
Very slow Very fast*

Fast*

Fast
Slow

Fast
Fast

Fast
Slow

Moderate*

Slow
Slow

Fast
Slow

*Very slow=<0.3 m/yr; slow=0.3-0.6 m/yr; moderate 0.6-0,9 m/yr;
fast~0.9-1.2 m/yr; very fast=>1.2 m/yr.
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160
161
162

163
164

165
166

167
168

169
170

171
172

173

174
175
176

177
178

179
180

181
182

183
184

Very slow
Very slow
SloW
Slow

Slow

Slow

Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Moderate

Very slow
Slow
Slow
Slow

Slow
Slow

Past
S1.ow

Very slow
Very slow
Slow
Fast

Very fast
Moderate

Very slow
Mode rat e

Very fast
Moderate

Very fast
Very fast

185

186
187

188
189

190
191

192
193

194
195

j. 96
197
198

199
200
201

202
203
204
205

206
207

208
209

Slow

Slow
Slow

Slow
Slow

Slow
Slow

Slow

Fast

Fast
Slow

Slow
Very slow
Very slow
Fast

Very fast.
Fast

Slow
Slow
Slow

Very fast
Fast
Very fast'
Very fast
Very fast
Very East
Very East'
Ver'y fast
Very fast
Very fast
Very fast
Moderate
Slow
Moderate

Very fast
Very fast
Very fast
Very fast
Very fast
Very fast
Very fast
Very East
Very fast
Very slow
Moderate



Distribution of Wayne County recession rates among the recession categories
for the long and short term

8.032.0Very slow

10,050.0Slow

14.02.0Moderate

16.010.0Fast

48.0

4.04,0

Rece s s ion

category

Very fast

Indeterminate

Long-tern'
X of

total sites

Shor t- term

Z of
total sites



O

71

0
Cm4

OJ
QJ

'II-I
0

Cl

0
00 A

fQ
8

bQ

rJ

8

a a a a
a

a



LOCATION i4APS I'OR '"!AY~JE

COUN Y

Scale on all mays: 1::Q,OOO or 1 inch = ZGOO ft.

Indicates si~e and. nor>her,where recession .vas
measured.

North is al:.ays at the to:.- =f the figure.



Figure L-38

Figure L-

Figure L-40
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Cayuga County

Location

A short stretch of Lake Ontario coastline approximately 12.9 km  8.0 mi!
long lies within Cayuga County extending in a northeast direction from a point
near Sterling Valley to another point near Blind Sodus Bay  Figure L-49!. We
measured recession at 10 sites in the area as indicated on Figures L-49
through L-51. Because the coast is short and bluff areas are intermittent, few
sites were suitable for measurements.

Land Use

Agricultural uses account for approximately 63 percent of the coastal
region; commercial and residential uses account for 30 percent of the region;
and recreational purposes, 7 percent  US Army Corps of Engineers 1973!.
Population is sparse except near Fair Haven  Dobson and Henderson 1976!.

Bluf fs

Drumlins approximately 25 to 30 m {82 to 98 ft! high characterize the
coast of Cayuga County  Fairchild 1929!. The drumlins are composed of stony
till with 30 to 50 percent sand and coarser material  Brennan, 1980!. The
bluf fs have steep faces o f 75' to 90' slope that are poorl.y vegetated and
highly sub j ec t to subaerial . erosion. Or ientation of the drumlins is
north-south while the coast trends northeast, resulting in wave-cut faces
diagonally across the drumlins. Low wetlands and ponds fronted by cobble
barrier beaches occur between the drumlins. No bedrock is exposed along the
Cayuga County coast. A detailed description o f the surface and subsurface
geology in the Sterling area of Cayuga County is provided by Rochester Gas and
Electric Corp �973!.

Beaches

Steep cobble beaches with gradients of 12 to 20 percent occur along most
of the shore except in a region near Little Sodus Bay   Coch 1961 ! . Sand has
accumulated on the west side of the jetty here and at Pair Haven State Park
 Figure L-50!  US Army Corps of Engineers 1955!. Otherwise, small sandy areas
occur locally within the generally cobble-bearing beaches that front the
eroding drumlins. These beaches are less than 15 m �9 ft! in most places.
Many o f the beaches are narrower, approximately 5 to 7 m �6 to 23 ft! wide,
and are composed of cobbles and coarse sand.



Streams

Only three tributaries of significant size enter the lake in Cayuga
County.

Nearshore Slo es

Slopes in the nearshore zone varied from 4.! to 13.6 m/km �2 to 72
ft/mi!. Lowest slopes were near Little Sodus Bay; they increase uniformly in
slope in the direct ion toward the eastern county I ine. The slopes are given in
Table 18.

Recession Rates

Recession Histor

We measured recession rates at the 10 sites indicated in Figures L-49
through L-51; the rates are shown in Table 19. The distribution of rates in
each recession category is shown in Table 20 for both long and short terms. We
found higher short-term rates at 50 percent of the sites; at 30 percent of the
sites short- and long-term rates were the same; and at 20 percent short-term
rates were lower than long-term rates. Short-term rates ranged from 0.12 m/yr
�.4 ft/yr! to 1.37 m/yr �.5 ft/yr!; the mean rate was 0.65 m/yr �.1 ft/yr!.
We found the highest short-term recession at site 212. Long-term rates ranged
from a maximum of 1.10 m/yr �.6 ft/yr! at site 211 to 0.11 m/yr �.36 ft/yr!
at site 219. Mean recession from 1875 to 1974 was 0.49 m/yr �.6 ft/yr! .

E ro sion Volume s

The jetty at Little Sodus Bay  Figure L-49! traps much coarse sediment in
the littoral zone. This sediment must be derived from bluff erosion. Erosion
volumes for the long and the short term are shown in Table 21. These volumes
are large compared to the length of the coast and appear to be the result o f
erosion of the high drumlin bluffs.

Inter retation of Recession

The high rates found may in fact be related to the orientation of the
coast, which is westerly facing. Prevailing. westerly winds have a long fetch
distance and wave action may be intense. We measured recession on high
drumlins where erosion is concentrated. High percentages �0 to 50 percent! of
sand and gravel in the till of these drumlins make them less cohesive and
increases the erosion potential of the bluffs. The lack of vegetation on the
bluff face allows rill wash and other processes of mass wasting to continue at
a rapid rate.

Recession decreases in an eastward direction from the Wayne/Cayuga County
line. Bluffs in the eastern region are lower and more highly vegetated. These
lower bluf fs are less subject to subaerial erosion and most recession is the
result of wave attack. Periods of wave erosion are episodic, relating to high
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water and storms. Recession of the eastern bluf fs  sites 215 to 219!, which
are 1 to 3 m � to 10 ft! high, occurs during discrete episodes whereas the
higher bluffs in the western portion recede continually through the combined
action of subaerial erosion and wave attack. This may partly account for the
decrease in recession rate from east to west along the coast.

Host rapid recession is concentrated on high bluf f regions. Rapid
recession may be a problem near Fair Haven State Park and Noon Beach  Figures
L-50 and L-51! . Other areas o f the coast undergo considerable recession;
however, the land is either undeveloped or agricultural and recession poses
fewer or at least less costly problems than in other more developed areas
along the coast.



Nearshore slopes: Cayuga County

*Sites located on Figures L-49 through L-51.

Site number*

210

211

212

213

214

215

216

217

218

219

TABLE 18

Slope  m/1an!

7.8

4.6

4.1

5.2

6.0

7.1

7.8

8.2

13.6

13.4



TABLE 19

Site number Short -term

recession

rate

Long -t e rm
recession

rate

Very slow21G

211 Fast

Moderate

Moderate

212

214

Slow215

216

Slow217

218 Slow

219 Moderate
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Recession rates: Cayuga County

Very slow

Moderate

Very siow

Very slow

Very slow

Very fast

Very fast

Moderate

Very slow

Very slow



TABLE 20

Dis tr ibut ion o f Cayuga County recession rates among the recession
categories for the long and short term

33.3Very slow 44.4

22.2Slow

33.3 22.2Moderate

0.0Past,

0.0 22.2

0.0 0.0
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Recession

category

Very fast

Indeterminate

Long- term
X of

total sites

Shor t- term

X of
total sites



I
CO

lPI

c0
aA

O

8
C!
O4J

0

0 0

cd

cd

88

gl

0

C4

cd

0 QJ
g W g

M
0

t W 0
cd

X

C 0 ra ai
cd cB 4J
Cd Cl cd
g U

4J

0
4

4J 0
Cg ~
C cd
4

4J

8 00

cd 8
N



FIGURES L-gg to L-51

LOCATIQKi MAPS FQH CAYUGA

CQU~VTv

Indicates site and number rvhere recession
vras measured

i4orth is always at the top of the figure.
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Figure L-50
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Oswego County

Location.

Oswego County, at the eastern end of the study area, contains 55 km �4.2
mi! of Lake Ontario coastline, from Eighteenmile Creek  Figure L-52! to North
Pond  Figure L-62! . Me measured recession at 32 sites indicated on Figures
L-52 through L-62. Me measured only a few sites at the eastern end of the
county because the photos and maps included strips of coast too narrow to
measure, making selection of measurement sites difficult.

Land Uee

Commercial, residential, and industrial development occupy approximately
57 percent of the coastal area; agricultural purposes account for 33 percent;
and recreation 10 percent  US Army Corps of Engineers 1973!. A state park is
located at Selkirk Shores along the eastern portion of the coast. Since much
of the region is developed, recession in such areas poses significant
problems.

Bluffs

Most of the Oswego County coastline from the western county line to just
east of Oswego, is made up of bluffs 3 to 12 m �0 to 39 ft! high interspersed
with occasional drumlins up to 35 m �15 ft! high  sites 220 to 228, Figures
L-52 through L � 55!. These bluffs are composed of gray stony till; moving east,
the sand content of the till increases. Low continuous bluffs 6 to 10 m �0 to
33 ft! high extend from near Ninemile Point to Mexico Bay {sites 230 to 243!.
The bluffs are occasionally broken by wetland regions. These bluffs are
composed of sandy till and lacustrine sands that are less consolidated than
those in the western portions of the county  Kaiser 1962!. Gray Oswego
Sandstone is intermittently exposed above the waterline in an area west of the
town of Selkirk  Figure L-61!; it reaches a maximum height of 5.6 m �8.4 ft!
above lake level west of Ninemile Point  Calkin, in preparation!.

From Mexico Bay to North Pond  sites 244 to 250! the coast is composed of
partially stabilized dune complexes and higher drumlin bluf fs fronting ponds
and wetlands. The bluf f s are composed mostly of sand and are highly
susceptible to erosion  Calkin, in preparation.! . Higher drumlin areas are
composed of till with clay contents higher than surrounding areas.

Beaches

Beaches between the Cayuga/Oswego County line and Texas  Figures L-52
through L-59! are narrow or absent. Most are composed of coarse cobbles  above
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20 cm or 7.9 in! and lie between bedrock exposures. Widths are usually less
than 8 m �6. 2 ft! . Beach material becomes generally finer-grained northward
of the Mexico Bay region, resulting partially from the sandier composition of
the bluff material, but particularly from the littoral drift regime of the
region  Sutton et al 1970; Trask 1976; We'r 1977!.

Along the eastern section  sites 244 to 250! of the coast, beaches are
more fully developed and made of fine-grained sand. Sand beaches wider than' 24
m �8.7 ft! with inlets and overwash channels occur in this region  Sutton et
al 1970; Weir 1977!. Recession here involves somewhat different processes than
along the south coast of Lake Ontario. Beach erosion, dune migration, and
inlet formation and closure are processes that alter shoreline configurations
and bluff positions  US Army Corps of Engineers 1954; Cohn 1973!.

Streams

Sixteen streams flow into Lake Ontario in Oswego County, three enter
through North Pond. They contribute little sediment to the littoral zone
 Leetaru 1978!. The most significant tributary is the Oswego River  Pluhowski
1975!; its sediment load of 136,500 tons/yr contributes significantly to the
littoral environment  Upchurch 1973! .

Slopes of the nearshore zone ranged from 5.2 to 28.9 m/km or 28 to 153
ft/mi  Table 22!. The highest slopes in the county are from sites 231 to 240,
where bedrock is at or near lake leve1.. The lowest slopes are in the eastern
part of the county, from sites 241 to 250, and are probably caused by offshore
sand sheets  Sutton et al 1970, 1972!.

Recession Rates

Recession Histor

Table 23 shows the recession rates for the 32 sites indicated in Figures
L-52 through L+2. Table 24 gives the distribution of recession rates in each
recession category. Forty percent of the sites had higher rates for the short
term than for the long term; 16 percent had lower short-term rates; 16 percent
had the same rates; and 28 percen.t had indeterminable rates. We could not
compute long-term rates at many locations because too few landmarks were
available to allow superimposition of the '974 photos onto the 1874 survey.
Short-term rates reached up to 2.96 m/yr  9.7 ft/yr! at site 221 with a mean
rate of 0.55 m/yr �.8 ft/yr!. The long-term mean rate was 0.26 m/yr �.9
ft/yr! and rates reached to 0.56 m/yr �.8 ft/yr! at sites 234, 236, and 237.

Erosion Volumes

We calculated erosion volumes for the portion of the county along the
southern lake coast between sites 220 and 246. We decided to eliminate the
eas tern coastal sect ion from sites 247 to 250 from these calculations since



TABLE 22

Slope  m/km!Site number»

"Sites located on Figures L-52 through L � 62.
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219

220

221

222

223

224

225

226

227

228

229

230
231

232

233
234

235

236

237

238

239

240

241

242

243

244

245
246

247

248

249

250

Nearshore slopes: Oswego County

13.4

6.3

5.3

10.0

15.0

7.7

8.7

15.3

6.7

6.8

7.3

7,4

13.4

15.0

15,3

17.1

25.9

26,8

25,9

19,2

28,9

10,4

8.8

8.5

7.5

5,2

5.2

6.7

8.4

8.6

7.5

6.5



TABLE 23

Recession rates: Oswego County

Site number Long-term
recession

rate

Short-term

recession

rate

Very sloW
Very slow
Very slow
Very slow
Very slow

Very slow
Very slow
Very slow
Very slow
Slow

Slow

Slow

Slow
Slow

Very slow
Very slow
Very slow
Very slow
Slow
Very slow

Slow

Very slow
Very slow
Very slow

Very slow
Very slow
Moderate

Very slow
Slow

<Very slow=<0.3 m/yr; slow=0.3-0.6 m/yr: moderate=0.6-0.9 m/yr;
fast 0.9-1.2 m/yr; very fast=>L.2 m/yr.

219

220

221

222

223

224
225

226
227

228
229

230
231

232

233

234

235

236
237

238

239
240
241

242
243

244

245

246

247

248

249

250

Very fast*
Very fast
Very fast
S1. oW
Slow

Very fast
Moderate*

Moderate
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Very slow
Slow

Moderate

Very fast
Fast"

Slow
Slow

Very slow



TABLE 24

Distr ibut ion o f Oswego County recession rates among the recession
categories for the long and short term

Very slow 53.1 46.9

21.9Slow

Moderate 0.0 12. 5

0.0 3.1Past

0.0 15.6

25,0 3,1

97

Recess ion

category

Very fast

Indeterminate

Long-term
X of

total sites

Shor t- t e rm

X of

total sites



littoral processes here tend to compensate for erosion with accretion in
adjoining areas, resulting in no ne increase in sediment in the littoral zone
 Weir 1977!. The erosion volumes are shown in Table 25. Thirty-six percent of
the erosion occurred in the 17 years after 1938.

Inter retation of Recession

We found no apparent trend within the long-term rates; all are slow to
very slow. Because much of Oswego County was wooded and undeveloped at the
time of the 1874 Survey, the bluff positions we used in our study may not have
been accurate; hence, this long term rate may be questionable.

Short term rates often were higher and did illustrate some trends. We
found higher short term rates west of Oswego than east of it. The western
region is composed of intermittent' drumlin bluffs which are more susceptible
to erosion. Rates are very low in the reach between Oswego and Ninemile Point
 Figures L-55 to L-59! . This may in part be due to the frequent exposure of
bedrock along this area. We found high recession rates in the Mexico Bay
region  sites 239-248!. Beaches here are finer-grained and less steep and
provide less protection against wave attack. The bluff material is sandier and
less cohesive, and the bluffs are generally lower than those to the west.
Hence they may be subject to higher erosion. The long wave fetch and
unconsolidated sand in the eastern section subject the area to high recession.
Separate intensive studies by Weir �97?! and Cohn �973! document erosion in
the North Pond and Selkirk areas using different techniques than the ones we
used. Since few sites in this area were available for our recession

measurements, the high erosion rates are not apparent in our results presented
here.
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Figure L-56
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ANALYSIS OF RECESSION RATES

Introduction

In undertaking analysis of bluff recession xates along the south coast of
Lake Ontario, we linked geologic and physiographic conditions to recession.
rate. We took data in the field at 101 of the sites where recession was
measured  Table 26!. A preprinted data sheet contained the recession
information. At each site, nine parameters were recorded including bluff
height, bluff composition, bluff orientation, bluff face slope, beach width,
beach composition, degxee of bluff fracturing, vegetation type, and beach
slope. Each parameter was divided into several subcategories. We then analyzed
the information to determine the relationship of each parameter to the
long-term recession rate.

Determination of the frequency distribution for each parameter showed the
dominant subcategory, if any, of the parameter along the coast  Davis 1973!.
In addition, we calculated the mean recession rate for each subcategory. This
was intended to demonstrate which subcategory of the parameter was associated
with the highest recession rates along the coast, as well as which
subcategories were conducive to low recession. Table 27 shows the results o f
these calculations. We found no significant relationship of the degree of
fracturing, vegetation type, or beach slope to bluf f recession rate and
there fore they are not included in the table. The six parameters listed plus
beach slope may serve as variables in future predictive models o f recession
for the Great Lakes  Davis 1974; Hiipakka 1974!; therefore, some discussion of
these is presented below.

Discussion of Si nificant Recession Parameters

We took the vertical distance from the base of the cliff at the back of
the beach to the break in slope at the top as the bluff height. Bluffs in the
subcategory greater than 6.1 m �0 ft! high had the highest mean recession
rate, 0.53 m/yr �.7 ft/yr! . Sites where no bluff was present had the second
highest mean rate, 0.41 m/yr �.3 ft/yr!. Low to moderate bluffs displayed the
least recession  Table 27!.

Highest recession on bluffs greater than 6.1 m �0 ft! may correlate with
their tendency to be subject to greater mass wasting than lower bluf f s
 Quigley and Tutt 196S!. Coastal regions with no bluff  bluff height <0.3 m or
1 ft! usually display beaches ox' lowlands where the beach grades up directly
to the coastal land  US Army Corps of Engineers 1973!. Recession in these
areas has been recorded as the landward retreat of the line marking the break
in vegetation. The higher recession of this subcategory needs no explanation.
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TABLE 26

List o f sites where data were gathered in the field. Sites are
Figures L-I through L-62

located on

Site numberSite number Site number
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ll

12

13

23

34

35
37

38

60

61

62

66

67

68

70
71

74

75
76

82
83

84

91

92
93

95
98

99

100

104
105

107

]. 08
109

110
1].1

112

113

114

115

116

119

121

122

126

128

129

130

132

133
134
136

140
141

147
148

149
150

162
171

174

178

179
180

181

182
185

188
190

198
199

200

201

202

203

205

2G6

208

209

217

221

223

224
225

226

227
228

229
230

232

233

234

235
238

239
240
241

242
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Low and medium bluffs �.3 to 3.6 m or 0.9 to 11.8 ft! are not as subject to
mass failure; most recession is the result of direct wave erosion. Episodes of
high recession are discrete short-term events.

Bluff Cora osition

Many variations and combinations of bluff composition exist along the
Lake Ontario coast; however, only five major subcategories  Table 27! existed
at the sites visited. We took the composition of the unconsolidated bluff
material as the portion with a vertical extent greater than 50 percent of the
height.

Sites with bedrock toes had the lowest mean recession  Table 27!. In
comparison, such sites had less than half the recession of sites without
bedrock protection. Sites composed of sand and sandy till had a mean rate o f
0.34 m/yr �.1 ft/yr!, while sites composed of clayey/silty till receded still
faster with a mean rate of 0.39 m/yr �.3 f t/yr! . The' high mean recession
found at the sites composed o f clayey/silty till may relate to a number of
factors:

l. Only a small percent of the eroded material remains to build a
protective beach.

2. When mass failure occurs, the arc of failure is farther landward from
the bluff face and more recession is produced  Edil and Vellejo 1976!.

3. Growth of vegetation is difficult on very clayey material,

4. Highest recession is often on high drumlin bluf fs which, by their
origin, are most often composed of sandy or clayey/silty till.

Bluff Orientation

We determined the bluff face orientation as the azimuth of a line drawn
perpendicular to the bluf f line. Most bluf f s vere oriented in a northerly
direction, that is, between 325' and 45 . However, those with orientations
between 285' and 325' showed the highest mean recession  Table 27! . Bluffs
oriented between 45' and 85' had the second highest recession, while those
between 325' and 45' showed the slowest recession.

Highest recession on westerly facing bluffs relates to the prevailing
westerly winds  Figure 8!. Waves generated by such winds impact more directly
on portions of the coast facing west, resulting in higher energy
concentrations conducive to erosion  Coakley and Cho 1973!. Most of the bluffs
oriented between 45' and 85' are in Monroe County. Storm waves generated by
northeasterly storms may cause the higher mean recession of these bluffs.

Bluff Face Slo e

We determined the bluff face angle as the slope of the bluff face at the
midpoint of the bluff height. Bluffs steeper than 45' had higher mean
recession than those less than 45'  Table 27!. Some 52 percent of the sites
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FIGURE 8

N

WIND SPEED:

0-3 km/hr

4- I 0 km/hr

Il 2I km/hr

22 M km/hr

34-47+ km/hr

Z. ~t-

Source: Siebel et al 1977
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Annual wind rose diagram for Lake Ontario  Data obtained from summary of synoptic
meteorological observations from 1960 to 1972. The diagram indicates, for example,
that during 20% of the year, winds blow from the west. This 204 period is made up
of winds with the following speeds: 1.5% at less than 3 km/hr; 4 to 5% at 4 to
10 ~; 9.5% at ll to 21 km/hr; and 4.5% at 22 to 33 km/hr.!



visited had faces steeper than 75', while only 4 percent had slopes less than
20'. This indicates that recession was relatively active at most sites
visited. Of the bluffs steeper than 75', only 7 percent showed no recession,
while 44 percent o f those between 20' an.d 45' showed no detectable recession
in the 99-year period.

The steepness of the face is a measure of its susceptibility to mass
failure  quigley and Tutt 1968! and an indication of how active recession -is
occurring in a given area. Subaerial erosion will usually reduce the bluff to
a stable slope  Edil and Vallejo 1976!. However, loss of the protective talus
by wave erosion will maintain steep slopes and perpetuate recession.

Beach Width

The relationship between beach width and recession appears to be unusual;
the wider the beach, the higher the recession  Table 27!. At most of the study
sites, sediment derived from eroding bluf s nourishes the beaches. In general,
we conclude that wider beaches result from higher recession unless nourished
by other sediment sources. A few areas where we d.id not take data in the field
have wide beaches that receive nourishment from other sediment sources. In

these areas of wide beaches, recession was very slow.

Beach Com osition

Most beaches along the south coast are composed of cobble to coarse
cobble material  US Army Corps of Engineers 1973! . We found no uni form
relationship between beach composition and recession rate  Table 27!. Sites
with coarse cobble beaches had the highest mean recession, 0.48 m/yr  l. 6
ft/yr!. Sites with sand beaches had the second highest mean recession, 0.40
m/yr �.3 ft/yr!. This is in part related to the beach width relationship
considered abo~e. As sand beaches are generally wider than other types of
beaches, they have the highest recession.

We collected beach slope data because we believed it to be an indirect
measure of wave energy reaching the shore  Kemp 1961! . Beach slope directly
relates to grain size; therefore, steeper beaches are associated with coarser
grain size and absorb wave energy better  Bascom 1964; Komar 1976! . Nedium
gradient beaches had the highest mean recession of 0.59 m/yr �.9 ft/yr!.
Sites with steep beaches and without beacn protection had similar mean
recession, approximately 0.30 m/yr � ft/y=!, Areas without beaches were
usually below bluf fs protected by seawalls, revetments, riprap, or by a
bedrock toe. Such protection would tend to slow recession.

1'6



GLOSSARY

Anticlinal: the convex folding of beds.

Armor  of shore or coast!: any manmade device or scheme to reduce the loss of
coastal land by wave erosion, including revetments, seawalls, riprap, and
pilings.

Bedrock: any solid rock exposed at the earth's surface or overlaid by
uncemented and/or unpacked material.

Bluff: the steep cliff or abrupt break in slope at the landward edge of the
shore zone.

slope at the top.

Bluff line:  l! the line defined by the abrupt break in slope of the land,
marked by a dark shadow on the photographs; �! the landward edge of the beach
where no cliff exists; �! the line defined by the lakeward edge of the break
in vegetation, chosen according to the situation existing at the measuring
site. The bluff line was considered to extend 8 m �6 ft! in either direction
from the measuring site.

Breakwater. a structure protecting a shore area or harbor by breaking the
force of waves.

Coast: the strip of land extending from the shore landward to the first maJor
change in terrain features.

Drumlin: an inverted spoon-shaped hill of gravel and/or till deposited beneath
a glacier and elongated in. the direction of its flow.

Erosion: the wearing away and loss of land due to subaerial and littoral
processes.

Groin: a shore protection structure built  usually perpendicular to the
shoreline! to trap littoral drift of sand or gravel or retard erosion.

Homocline: a condition where beds dip uniformly in one direction.

Lacustrine: of or pertaining to lakes.

Littoral: of or pertaining to a shore.

and including sandstones and siltstones of the Oswego, Pulaski, and Whetstone
Bluf f format ion s.
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Middle and U er Ordovician Sandstones: sandstones deposited approximately 480
to mi ion years ago uring i e and Late Ordovician time.

Protection: any natural or manmade scheme or situation that tends to reduce
recession including beaches, groins, breakwaters, vegetation, and bedrock.

a rock formation of Late Ordovician age.

Recession: the landward movement of the position of the bluff line.

Recession rate: the average annual rate of retreat  in meters/year! o f the
bluf f line position determined by dividing the number of years in the period
of study into the recession during the same period.

Revetments: any manmade device or scheme composed of masonry or other
materials to protect a mass or bank of earth, including facings, sheathings,
and retaining walls.

~gi ra: any foundation or sustaining wall composed of stones thrown together
without order.

Shore: the common margin of dry land and Lake Ontario.

Subaerial: anything formed, existing, or taking place on the land surface.

Whetstone Bluff Formation: a formation. of siltstone and shale belonging to the
Loraine Group o roc s, of Middle Ordovician age.
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