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UNCLASSIFIED 

nour"1s}unent projects on Presque Isle Peninsula. A total of 416 kilometers of 
se15ruic profiles and 49 cores with an average l e ngth of 4.1 meters \o,.'er.e 
analyzed along with 23 grab samples . 

Analyses of the s eismic ~ro f iles. sedi ment cores, a nd gr a b s amples sho~ 

that four major geologic units a re presen t . Pa l eozoic s hal e. hedroc k with a 
lakeward Slope underlie s the entire r eg ion . Sha l e crops out a t the: lake floor 
shore ...... ard of the -lO- lDeter contour end ~ttlli ns dep t h s of - 87 me t Ers about 1 8 
kilometers o ffshore. Thick un it" of g l a cia l s edi ment overl.1e the bedrock sur
face and i nclude assorte d ti lls , stratified g l ac i o fluvial s and and gravel, and 
stiff lacustrine muds. Beach and dune s an ds a r e p r esen t on the top of the 
transver:;i C ridge be tween Long POint, Ont a rio, and Prt;;!sque Isle. These sands 
result :from the (e.workin g of t h e mo raina l s e diments compris ing the ridge by 
coastal proce s s .a.a of an e a rl t or La k e Erie. Modern soft mu ds a rt. accumulating 
in deepwater, low-energy a r eas adjac ent to th e ridge a nd Pres que Isle platform. 

Sand and grave l o f su i t a ble s i2e distribution q,nd co mp osition are present 
in large quantities in two locales. The rid ge and platform f e a tures contain 
about 39 million cubic me ters of proven r esources within 2.3 meters of the 
lake floor; the seismic prof j 1&...9. of the s ubb ottom show that t vw to three times 
t hat volume may b e present if t he entire r i dg e is consider e d . A second 
morainal ridEe off D~ns ne~ch, "",e.s t of Erie , i s j u dged .to contain several 
mi llion cubic met e rs, but it. !) clos enes s to shore and the d.istBnce of 2S kilo
meters from Erie limit th e f il l po tent i a l of the ridge . 
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PREFACE 

This report provides data and information on the geomorphology, geologic 
character, and sediment distribution on a part of Lake Erie with specific 
emphasis on locating, describing, and delineating offshore sand deposits having 
potential for use as fill material for beach nourishment projects on Presque 
Isle Peninsula. Seismic reflection data and sediment cores comprise the data 
base for this study which will contribute to the Beach Erosion Control Study 
of Presque Isle Peninsula, Erie, Pennsylvania, being conducted by the U.S. Army 
Engineer District, Buffalo. The work was carried out under the U.S. Army Coastal 
Engineering Research Center's (CERC) Barrier Island Sedimentation Studies work 
unit, Shore Protection and Restoration Program, Coastal Engineering Area of 
Civil Horks Research and Development. 

The report was prepared principally by S. Jeffress Williams, Geologist, with 
the assistance of Edward P. Heisburger. Geologist, in all phases of the study, 
under the general supervision of Dr. C.H. Everts, Chief, Engineering Geology 
Branch, and Mr. N. Parker, Chief, Engineer ing Development Division, CERC. 

The authors acknowledge the assistance of the following people: D.A. Prins 
for collecting and reducing the data, J. Pope and D. Clark (nuffalo District) 
for their support and interest in conducting the study, Professor P. Knuth 
(Edinboro State College) for providing unpublished data and sediment samples 
from his own s tudies and several of his s tudents for their help in collecting 
the survey data. 

Original copies of the se i smic profiles, as well as the cores, are stored at 
CERC. Requests for information r·elative to these data should be directed 
to S.J. Williams at CERC. 

Technical Direc tor of CERC was Dr. Robert ~,. Whalin, P.E., upon publication 
of this report. 

Comments on this publication are i nvited. 

Approved for publication in accordance with Public Law 166, 79th Congress, 
approved 31 July 1945, as supplemented by Public Law 172, 88th Congress, 
approved 7 November 1963. 

Colonel, Corps of Engineers 
Commander and Director 
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) UNITS OF flliASUREMENT 

u.s. customary units of measurement used in this report can be converted to 
metric (SI) units as follows: 

Mul tiply 
i uchea 

square inches 
cubic inches 

feet 

square feet 
cubic feet 

yards 
square yard6 
cubic yards 

miles 
square miles 

knots 

acres 

foot-pounds 

millibars 

ounces 

pound6 

ton, long 

ton J short 

degrees (angle) 

Fahrenheit degrees 

by 
25.4 

2.54 
6.452 

16.39 

30.48 
0.3048 
0.0929 
0.0283 

0.9144 
0.836 
0.7646 

1.6093 
259.0 

1.852 

0.4047 

1.3558 

1.0197 x 10-3 

28.35 

453.6 
0.4536 

1.0160 

0.9072 

0.01745 

5/9 

millimeters 
centime"ters 

To obtain 

square centimeters 
cubic centimeters 

centimeters 
meters 

square meters 
cubic meters 

meters 
square meters 
cubic meters 

kilometers 
hectares 

kilometers per hour 

hectares 

newton meters 

kilograms per square centimeter 

grams 

grams 
kilogram6 

metric tons 

metric tons 

radians 

Celsius degrees or Kelvinsl 

ITo obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 
use formula: C ~ (5/9) (F -32). 

To obtain Kelvin (K) readings, use formula: K ~ (5/9) (F -32) + 273.15. 
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GEOLOGICAL CHARACTER AND MINERAL RESOURCES 
OF SOUTH CENTRAL LAKE ERIE 

by 
S. J, ffr ess Williams and EdJ,)ar>d P. MS7:sbu:rger 

1. INTRODUCTION 

Presque I s le Peninsula is a classic example of a compound recurved sand
spit, which extends 4 kilometers into Lake Erie and about 10 kilometers along 
the Pennsylvania shoreline. Because of its pos ition and morphology, Presque 
Isle acts a s a natural offshore breakwater for Erie Harbor, blocking the pre
vailing winds and waves from southwest to northwest. However, Presque Isle 
has experienced severe erosion on the straight "neck" segment, because of its 
exposed position, while the eastern distal end has undergone continual growth 
in length and width. Pres que I s le is important not only to the service of Erie 
Harbor, but also a s a recreation re.SDurce to J to 4 million annual vis itors. 
Because of this value several e ngineering plans have been implemented during 
the past 40 years in an attempt to diminish erosion and maintain the integrity 
and position of Presque Isle. 

Presque Isle was first surveyed by Army engineers in 1819 because of ero
s ion problems, and it became a federally authorized beach erosion project in 
1824 . Historically, severe erosion has always plagued the narrow neck part of 
Presque Isle. On at least four occasions waves have breached the neck and cre
ated inlets that separated the peninsula from the mainland; each time, how
ever, the inlets have been closed either by natural processes or by Federal 
and State action. Serious interest in ~alntaining Presque Isle for recreation 
purposes and the protection of Erie Harbor began to grow in the late 1940's. 

The first comprehens i ve coastal engineering plan, which began in 1956, 
consisted of constructing a system of groins combined with sandfill for 
beach nourishment along the western side of the peninsula mainland out about 
two-thirds the length of the peninsula. The sandfill was derived from borrow 
pits within Erie Harbor and was considered suitable but the mean grain was 
smaller than the native beach material. Because of this the sand was very 
unstable in the normal littoral environment, causing subsequent erosion and 
the rapid removal of the nourished shore. There have been numerous emergency 
fill s and all but one, "hich was done in 1965. failed to ma intain the desired 
beach width and height because the fine sand placed wa s highly susceptible to 
erosion. The 1965 nourishment plan included an experimental phase that 
placed coarse sand with a mean size of about 0.4 phi (0.75 millimeter), in 
comparison to native grain size of 2.1 phi (0.23 millimeter), on a 350-meter
long stretch of shore between g roins No. 2 and J v.'here the greatest ero s ion 
occurred (Berg and Duane, 1968) . This fill was unique in that it was derived 
from a State-leased area about 13 kilometers offshore from the project . Sam
pling and profiling of the Croin compartment following the coars e sand fill 
operation indicated that the shore experienced little loss of sand and main
tained a stable profile. Berg and Duane's (1968) findings proved that the 
use of fill with a coarser size distribution than the native sand, but includ
ing all the native profile sizes, can be an effective mea ns of both stabilizing 
the s hore and providing a recreational resource. 
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The 1974 \Iater Resources Act pr ov ld"d fu nd ing ove r" 5-y .... r p i_Qd to 
p lan and conduct nE'W studies to s t a bili ze t Il e P r e s que 181" sho re . The p l a n 
bei ng studied! by the 11.S. Axmy lingine~r Di s t ric t, Buffal o , may include the 
construction of five se g1nented offsh<>re breakw"te rs and t he placement of 1.3 
million cubic meters of suitab le coa rse sand fil l , alon g ~ith a nnual nouri uh
me:nt requ i remen ts of a bout 137 000 cubic me t er s (U.S. Ar my Enginee.r Dist rict , 
Buffalo, 1979). Over a 50--yea r project l ife th e r e ql';.remen t for sandf l11 >:ould 
be about 8el cdl lion cubic met~!.t s. 

This report dIscusses a s u rvey that was conducted in 1977 and 1978, cover
in[, about 900 square kil om"t 1: 8 of t h e Pen ns ylvani a r egion o f Lake Er i e, by 
"," ans of high resolution s ", i S'ftli c reflec.tion profil e s Hn d vibr.1tory cor,,-. with 
t he objective of providing de taile d i n Eonna t.ioo on t ile character and quantities 
of s ubme rged sand and gra ve l deposi ts. Thls d a !:a ba8 ~ will provide a s ign ific<lnt 
contribution to the Beach Er osion Control Stu d ' of Presque Isle Peninsula cur
rently being conducted by the Buffalo District. 

1. Scope of Sur vey . 

The study area covered about 900 square ki l ome t ers of l.ak" E1'1 , from 
the Ohio-Pen_n 3ylvania bord.,r Bunt 45 kilome t e r s t o t he city of Ed" , Penn
sylvania, l,olith particular emph.uli s On t he oc r sito!'e . r eo. s of the Presque Isle 
Pe ninsula (Fig. 1) . The area of da t a c:oUE!c tion extended from the shore 
l ake"'a rd generoll y about 8 D omete rs , c Kc lu d.ln& the ~ rea north~'est of Presque 
I "le t.h at c onta ins an elo np;a t e s ub rne r g"d ri dge ., ,, tending to Long Point on the 
CGn ad ian side . Data cover"s" 0 '1 r Lhe Lidge BTea extends a IlI8xJ mum of 32 kUo
m tcrs from the sihore (.0 t he Can adian border~ later depths jn t he ar~a!? Sl,lr
" eyed r an !l~ d f r om a bo u t -5 [0 -23 meters. A to t a l of f,16 kilome ters of h i gh 
r esol u tion continuous s e ismic. reflection profileq and 4 9 cores were co l e cted 
( Fig . 2). Core lengths ra nged from 1.3 to 6.1 me ers an d Ilv eraged 4. 1 met~rs . 
Throughout both the s ejsmic a n d cor ing surveys A Hotoro l a : {ni-Ra nge r III 
e.le ctronic positioni ng s y stem wal~ used to ac(:u"t'3 t e ly recot d the positions 
o f the survey v e sseliS . The s t t e d accu"[scy o r t hi s system is ±3 meters . These 
ba sic data "ere s upplemen t e d by pe rtinen t scientific and tec hnic 1 literatu,"" 
and available National Oc eO fi Survey (NOS) itaI"ts . 

The. seismic: and c oring data \;.!er e coll e.c ted during S UIIII.H~r surveys in 1977 
and 1978, as pan of t i l COEl S L 1 Fie ld Dara Collection .P ro g ram conducted by 
t ile Coasta l Eni\ _ineer in8 Re s ca, cb Ce nter (CERC). Addj t OIl'll funding and Il dmin
t s trativc s uppon n eded Cor " de t n1. study of the o ffab o re ridge was pr o 
v i ded by t he U.S. Ar~ y Eng i nee r Dist r ict, Ruffa lo. - e pr e sen t study i s 
part o f tt larg e r inv s ti a t io n by CERe cov rinp, the " OUch shore of La ke Ed e 
f r om Erie t o Toledo, Ohio. Th e Ohio part o f the s t udy ~·iw d0ne in c oo pe rat i on 
'.\'i t h ti le- Oh io Department of Nat'lral Resources Div is .i,on of Ge ologic a l Survey 
l:1.nd r e sul ts f rom those surv t::ys a rc: 'p r€! se.nt ~d in t wo o ther r.eports J Wi l] iams , 
~ t Ii] . (l ~BO) and Car ter , e t 8.1. (in pcpacotion , ] 982). 

1. Ge o g r a p h ic S" e lia!> and l.ake Floo r Io pography. 

The study a rea is situated near the sQ uth~m boun d_ory of the eas t e rn 1ak" 
'coti oo tha r I s pd rt of the C"n tra l Low1 rmd P ~lys iogrophic " r ov i n e " . TIlls e n
t i r e re g lon h a s been subjected to mu ltJple epi sode, f contine n t ol g lac i<1 tion 
durin£; th e- pns t seVe r..9 mIllion ye a r n nd mu ch of the l a nd topogrfl phy and dr :Ln
age has been detenn:l n e d by the glacia l events of eros ion and depo sition. The 
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basin compris in g present-day Lake Erie was scoured by Pleistocene age glaciers, 
and numerous ance s tral lakes occupied the basin followin~ the latest glacial 
retreat about 12,000 years ago. These lakes fluctuated considerably in area 
and water level elevation depending upon climatic conditions and the degree of 
crustal isosta tic rebound of the outlet to the Erie basin at Niagara Falls, 
New York. The presence of deeply incised stream valleys, shoreline deposits, 
and wave-cut shore terraces below present lake levels suggests that several lake" 
stages below present have persisted, and these same features plus old lacus
trine deposits presently subaerially exposed prove that some lake stages have 
beem significantly higher than at present. The lacustrine deposits and sandy 
shoreline deposits are particularly evident in the study area. 

Figure 3 shows that the nearshore region in the study area is character
i zed by generally shore-parallel contours out to -21 meters with the excep
tion of the Presque Isle platform and s pit as defined by the -12-meter con
tour, and a linear topographic feature off Dans Beach that trends northwest. 
A prominent elongate trough that reaches a maximum depth of about 23 meters 
parallels the s hore about 11 kilometers off Erie . It attains a minimum width 
of 3.2 kilometers off the base of Presque Isle and widens eastward to a broad 
and gently sloping plain that reaches depths of 30 meters about 24 kilometers 
north of Erie. Westward the trough widens gradually to about 6.5 kilometers 
off the OhiO-Pennsylvania border. 

North of the trough is a north-northwest trending linear ridge that is re
curved as defined by the 20-meter contours in Figures 3 and 4. It has a crest 
e levation of about -15 meters and is asyuunetricalwith a steep slope eastward 
and a more gradual slope westward to -23-meter water depths. The main body 
of the ridge is 1.5 to 5.5 kilometers wide and extends northward across Lake 
Erie to the Canadian shore at the base of Long Point (Fig. 4). This ridge 
is the major boundary between the deep eastern section of Lake Erie basin and 
the more shallow central section, and as will be discussed later, has been 
very important to the origin and evolution of Presque Isle Peninsula. 

3. Data Analysis. 

The seismic profiles collected were Visually examined and marked to estab
lish the primary geologic features to depths of about 23 meters below the lake 
floor, the maximum penetration and resolution of the systems used. Regional 
geologic reflectors were mapped, identified, and where possible correlated 
with sedimentary materials recovered in the cores. 

The cores collected were sent to the CERC laboratory where they were split 
open leng thwise, described, and sampled in detail to include the sediment tex
tural characteristics, sand composition, color, relative strength of cohesive 
materials, and presence of organic materials that might be radiocarbon dated 
to give absolute geologic ages of the sediments. Complete logs of the cores 
(App. A) include water depth at each site, length of recove red sediment, and 
th i ckness of each sedimentary unit as measured from the top of the core. The 
gra in- s ize descriptions are based on the Wentworth classification as shown in 
Table 1. 

Appendix B contains results from grain-size analysis using the Rapid Sedi
ment Analyzer (RSA) for fine- to coarse-grained sands and s ieve analysis for 
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Table 1. Grain-size scales-soil classification (U.S. Army, Corps of 
E~o;npprs, Coastal Engineering Research Center, 1977) 

Unified Soils ASTM mm Phi 
Classification Mesh Size Value 

COBBLE 

COARSE 
GRAVEL 

FINE GRAVEL ~ 

fine 

SILT 

L'. ·. ) 256.o iJ -8 .0 ( 

, 230 : 0.062 '4.0 

Wentworth 
Classification 

BOULDER 

COBBLE 
.. 
/ 

PEBBLE 

medium i, .. 

very fine 

/ 
SILT 

r--------1~~~ .. ~~;~~~~··::]QL~QOJ[9. ~8G··,O~==~)~-------4 
, : CLAY 

CLAY ,0.0024 , 12.0 ." 
Y COLLOID 
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coarser core samples; 128 RSA analyses were performed and 20 samples were 
seived. An additional 23 sediment grab samples from an August 1976 survey of 
8 lake floor profiles nor~al to Presque Isle (Fig. 5), obtained from Professor 
P. Knuth (Zdinboro State. College), were analyzed. The RSA and sieve results 
for these are also in Appendix B. 
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Figure 5. Shore-normal profiles off Presque Isle. 

II. RESULTS 

1. Primary Geologic Units. 

Analyses of the seismic profiles and the cores show that four major geo
logic units are present in the study area: (a) Devonian age shale bedrock 
that comprises the eastern Erie basin and underlies the entire area; (b) 
Pleistocene age glacial sediments that include a complex assortment of till, 
stratified glaciofluvial debris, and lacustrine silt and clay from ancestral 
lakes; (c) beach and dune sand deposits that comprise the offshore ridge and 
the Presque Isle platform and peninsula; and (d) soft organic muds that cover 
much of lake floor in deeper areas and mantle the older deposits. 
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a. Shale Bedrock. Fi g ure 6 s hol<s the ~xt ent and gene r a l rel ief of the 
bedrock surface bas ed on lhe se i smi c data end logs from three dee p bario s . 
Beco.use of the limited pene tra t ion on some profil , .s, bedrock "'as not ma pped 
in uetail throughout t he s t udy area; hO ..... Teve.r, contour trends were drawn 
from the data points in Figure 6 . Shale crops out along t he shoreline in he' 
study area but is cove red in some areas by glacial and lacustrine d~posits a nd 
unconsolidated masses of ma t erial h om cli ff slumping . Figures 7, 8 (prof ile 
A), and 9 S:,0\< that t he s hale sudo"e slop es lak",,'a,,', and crops. out at the l ake 
floor t o "ate,- depths of 9 to 12 mete rs . The relief is some time s ilTegular ; 
figure 6 shows that bedrock reac ile s a maximum depth of -87 meters about 17.6 
k<1ometers northwes t of Presque T. sl". Clearly, its dep t h in all areaS , ex~ept 
within several hundred meters of t he shore , is great enough t o not interfere 
",ith dredging opera tions. 

o 
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o 

OANS DE ACH 
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/ 
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--- ..... . 

10'0 ' + 4>'ln' 

CULB £ R 'SOIl 
O£OROCK 'OPOGR l r~y 
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'<lIO""f f ll}'1 

= , I) I 1 , /I • ~ I 
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r.Qrp OIJ PS ttl ,l,tF IE.}~S 

---6NHlI l! ~lI'lr ---- -- "I ,,, .. , tI 
H?7/77T' t'l .'t ,ur t"n 

figure 6. Map of the sha l e bedrock s urfac e . 

b. Gla cial Depos its. The.~~ lJllr.ol1So1id ated s ~ d tments, which com
pri se th e larges t volum~~ of any :s t=.d i mEn t!:l ry unit in t he re g:Lon., overlie 
t he shale hedrock and are mos t importan t as sou r cc<s of sand a nd gravel. 
Several of the s e ismic proIJ l e s s how t ha t the off shore r i dge ori ginated 
as a gl aCia l moraine that crossed the Lake Rr l e basin a~d ~8 9 at one t ime 
con t inuous fr om shor e to shore bef or e development of modern Lake Erie . 
Its unof ficia l name Is the Long Point-Erie Horaine. l' rts of the mo r aine 
appear to be. uns tratified and may con tain very co.arse ma terials such as 
bou lde r s ; however, mos t of t he ridi(€ a pl'"" r s to be stratified and composed 
o f poorly sort ed , fi ne to very ~oarse sands and gr avel. The main body 
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of the moraine (Fig. 10) comprises the ridge and the flat elevated platform 
immediately west of Presq~e Isle, but there is some evidence that minor 
glacial deposits or ero s ional remnants are present several kilometers 
east of Presque Isle and also northwest of the shore of Dans Beach near 
the Ohio border. All these glacial deposits .ppear to be related to the 
same glacial event, which is likely the Port Huron advance that has been 
age-dated by several investigators at about 13,000 years before present (B .P.). 

Adjacent to the ridge is a gray-brown firm clay unit with scattered rounded 
pebbles at the lake floor; several cores and seismic profiles show that it 
has considerable thickness. The unit is most likely lacustrine in origin and 
was deposited in an earlier Lake Erie formed when the moraine damme d and backed 
up normal melt-water drainage. The clay unit's firm nature sugges ts that it is 
slightly overconsolidated, possibly the result of subaerial exposure when the 
ridge was breached and the lake level dropped. Erosion of the clay unit to the 
west of the ridge has left a lag deposit veneer o f coarse-grained sediment in 
places that form isolated ridges with relief of several meters. Some of these 
small ridges, which are semiparallel to the main ridge, are asymmetric suggest
ing that they may be active and maintained by bottom currents caused by wind 
shear or barometric seiche action. 

c. Beach and Dune Deposits. Following retreat of the glacier that depos
ited the Long Point-Erie Moraine, the outlet at Niagara Falls reDounded in 
elevation and present-day Lake Erie was formed. 

The radiocarbon-14 dates of wood fragments contained in cores 4, 18, 23, 
and 28 (Table 2, Fig. 11) show that as early as about 11,000 years ago lake 
levels were still at least 22 meters below the present levels and remained there 
until at least 6,870 ± 150 years B.P. As lake levels gradually rose during this 
time the ridge and Presque Isle platform were high-energy coastal areas sub
jected to active littoral processes. The glaCial tills were washed and sorted, 
and much of the fine-grained sediment was carried offshore and ultimately depos
ited in deeper parts of the basin. The beach and dune deposits that mantle the 
ridge and platform were derived directly from erosion of local glacial debris. 
The stabilization of lake levels over the past several thousand years has 
resulted in the sand being eroded from the ridge-platform and transported 
eastward to form Presque Isle Peninsula . 

d. Modern Sof t Mud. Several of the cores in deeper water adjacent to the 
Presque Isle platform and ridge contain gray, very soft mud with high water 
content and very low shear strength. Figure 5 shows that mud is especially 
common east of Presque Isle, and also present in troughs on the platform 
northwest of Presque Isle. Fine-grained material is being deposited at the 
present time throughout much of the Lake Erie basin ~xcept for relatively 
high-energy areas, s uch as along the coas t or on elevated areas. The pre
dominance of muddy sediment in the samples east of Presque Isle and the lack 
of sand suggest that sand from the eastern end of Presque Isle is not being 
transported eastward off the platform in any significant volume. 

2. Potential Sand and Gravel Deposits. 

Analyses of the seismic and core data sho~ that two separate areas, the 
ridge-platform moraine complex and the moraine ridge segment off Dans Beach, 
contain large quantities of clean (small percentages of silt and clay), 
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medium- to coarse-grained sand mixed with gravel (Fig. 12). The area with 
greatest potential is the ridge-platform moraine complex; the moraine ridge seg
ment off Dans Beach is considerably lower in potential. Figure 7 shows the loca
tions of representative profiles B to F and I to 0 for the first area and profile 
H for the second area. Interpretations are shown in Figures 8, 9, and 13 to 18. 

A total of 13 cores (2, 5 to 10, 15 to 18, 22, and 25) are fairly evenly 
distributed over the Long Point-Erie ridge to the Canadian border and all con
tain clean, generally medium to coarse sand ~ith varying percentages of pebbles 
and gravel. The minimum thickness of sand is 0.76 meter (core 22, Fig. 17), 
while the maximum rec'overy is 3.9 meters (core 17, Fig. 16). The average sand 
thickness for the 13 cores is 2.3 meters: however, the seismic profi l es shO\.;' 
that sand and gravel are about 5 to 6 meters thick in the main body of tee 
ridBe and thin to zero at t~le flanks yhere contact is made vlith the firm la
custrine clay. 

The area of the ridgE: ShOHD in Figure 12 has been computed to be 20.3 mil
lion square meters; using a conservative figure of 1.7 meters for thickness. 
the estimated volume of sand is 37.2 million cubic meters. 

The platform to the west and slightly lakeward of Presque Isle has a 
glacial origin in common ~ith the Long Point-Erie ridge, and the seismic 
profiles and cores 28, 40, and 41 show the platform is composed of generally 
medium to coarse sand and pebbles overlying silty fine sands or firm lacus
trine clay. Detailed bathymetric charts and the profiles (see Fig. 8, pro
file B) show that the platform surface is made up of several irregular shoals 
which semiparalled the Presque Isle shore and have maximum relief of about 
4.5 meters. The. origin of these shoals is likely to be related to glacial 
processes with subsequent reforming and winnowing of the topmost sediment 
by modern lake processes. However, the shoals could also be relict, drowned 
beach ridges from an earlier and more lakeward position of Presque Isle. 

Although there has been some speculation, based On historic migration rates, 
that Presque Isle has migrated considerable distances since its formation, this 
study has shm.·i'Tl that it is the product of erosion of glacial sediments on the 
adjacent platform and ridge. This suggests that Presque Isle has migrated no 
more than 8 kilometers in the past several thousand years. 

The area on the p13tform encompassing cores 28, 40, and 41 (Fig. 12) is 
about 1.7 million square meters, using a sand thickness of 0.9 meter, the esti
irnated volume of material is 1.6 million cubic meters. However, there are sev
eral important factors that should be considered before the shoals on the plat
form are viewed as borrow sources. The other CERe cores on the platform and 
the grab samples show that the sediments from the platform are more variable 
in grain size and composition than the sediments from the offshore ridge. 
Therefore, the chances are greater that this material may have high propor-
tions of silt, clay, and very fine sand, which would lessen its potential for 
being stable a~ fill. A second and possibly even more important consIderation is 
that these shoals may be dirE:ctly related to the nearshore sand transport ref}irne, 
Wllich would affect alongshore wave energy distributions along Presque Isle. 
Sand from Presque Isle beaches may move offshore and incorporate with the shoals 
under stonn condit ions, and then return to the shorefac.e-beach under fair-\o!eather 
conditions. If a borrow pit were dredged in water that is too shallow lit-
toral processes may remove sand from thE: shore zone in an attempt to refill the 
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pit and maintain an equilibrium shoreline profile. Also, the shoals on the 
platform may act to filter and dissipate wove energy, and removal of sand 
from the shoal crests could increase levels of wave energy impinging on 
Presque Isle. 

The morainal ridge segment off Dans Beach (Fig. 9, profile H) is shown 
by cores 47 and 48 to ,contain 0.5 and 1.6 meters, respectively, fine to 
coarse sand. The ridge feature is 4.8 kilometers long and several hundred 
meters wide and is judged to contain several million cubic meters of sand. 
However, its distance of 25 kilometers from Presque Isle and its closeness 
to shore detract significantly from the potential of the ridge as a source 
of borrow material. 
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Table . Sediment descriptions of L " Eri. ~ c o r~ 3 (0 -:;e on Wentwort~h c' La.s 

Cor ... !.later !»co i.Dt:~.t...l Ol":..;cr ll' tioa ~c.-. lIo'ox Co<e tCllt"rwd ~tl"t1<,.1a 
~. • r;': IJ II1D' ~ !l :1.:1 • d'C ~·t.b l.tmt tll. 

\-/ ( ; (,) ( ;, ) ( \::) {;:lJ 

23 . 2 l.' 0 <0 l.2 Dark. Ij,rIly, "n, t o =tdlUlll $lind, 6 15.0 2.7 0 " 2.7 Cle..11l , gray, lIe<iilC to coar!lC, ;,tell 
well i..&mln.ated . l~o::o-long "'ood 50rtt!'d 9-and; " LJyerlug. ,hells " frap~t at -1.0 .. pebbles. 

l.2 to 2.6 I::Ioterbeodded (ine to ~ lum t.and and 16.5 l.7 o to l.5 Cl,an, ~ray, fine to !II1td lum , ~der~tely 
clay . well .tOtted 9-1 Dd; '0 L¥yeriDg. ,hll!lh 

0' pebble.. 
2 .• to 2 .1 Cl~D, ....."'" to very coar,e ,.ad 

with pebbles. l.5 to 1.' Clean, gray, co.ar,e to very coarlie .and 
and gra",al (~1.2-cm. d1.aMter). 

2.7 to J.' rail-gray, cohesive dey con t.1.c11lg 
SleYeral rounded pebblu (~1 . 5~. l.' to l.7 . Cle.an gray, £tne to me-dl\llll Mnd . 
diaJleter) • 

8 15.8 J.J 0 t o 0.8 Cl~o. guy-brovo . :Iledlw. to coar'e 
19.6 J.2 '0 to l.7 Cl_o, IIIOdarately veIl ,orted ~diWl1 uod. 

!'land. 
0.8 to 1.1 Gray-brovo, coane to very coar,e Mod 

1.7 to 3.2 Fine to IIl1'diua sand with thin cuy vith rounded pebblu (! 4-<3 di .. eter). 
layers. 

1.1 to 3. J CleAn, sray, ....... 'and., gradios dovo 
J 20.1 2.7 0 to O. , Clean. aod~rately 1ortltd, .~dium gll.nd to fiDe .. ad. 

vith '!lcattered pebbles (52.S-clII 

0J d1.aaeter) . , 17 .1 4.8 0 to 1.' CleAn. gray-brovo , coarse 3Dd very 

0 COal'S. und with rounded pebbles 
0.5 to 0.8 Moder.tely veIl sorted. fioe 'and with (~I.._c_ diu.ter) ;0.2~1:JI UK d.pollit of 

thin cl.y layer at ~0.6 ;!!. pebble, on to, 

0.8 to 0.' rine sand. abundaDt ~llu,k ,hells. 1., to 2.1 Cluo, .!'ay. fin. to .Itd iUll! ~.nd. 

0.' to 2.7 Tine .. ud IIrith thiD ciay la.yen. 1.1 '0 J.O Intube-d.d.ed, fine nod and ciay 
(.qUAl .... ol .... es of .. od .ad cla.y) . 

4 20.1" 4.2 0 to 0.1 "ediuzo to coarse sand v ith rounded 
pebblu (~ 2.5~1II dia.eter) . J.O '0 J.' Sue tIS above iotervai but ciay pre-

doe1.tL&teg o .... er s and. 
0.2 to 0.7 Iaterbedded •. gray clay and fioe to 

;!!edil.Ca ,and, sh.Jrp conta.cts; clay J.5 '0 '.8 CTay-bl'O'om. f i"" cohesi .... e ciay. 
prtdacaiMtes. 

10 1] . ., 1., 0 '0 O.J Cie..ao, ~ra.y-b["Q'oi"tl, fine to lIedilJlll .. nd 
O. , to 2.4 Sue .n Ibo .... e inter;al but ~and. prc- <Jith coane grain!!.. 3helh. .nd rounded 

do1B.1n.atu; ~od (rag1ll1!!nt " -1.0 c. pebbles (~ 8-111i1 dioillllcter). 

2.4 to l.1 tan-1ny clay vith thin fine Nod O.J to 1., Clean. gra)'. !tn • to ... ,-- "And; no 
hyers. "halb or pebbl.a. 

J . I to J . ' Dark brovn. 3edlua • .. ad . 
1., to 1., Brovn. cohesive clay; 'M", c:ont:lctll 

vl.th sand 02bov. and belovo 

1.8 t o 3.9 t~_sray cl.ay. •• to 1.9 S"lIIe .u lff!:C:ODd laCotrval .bo ...... 

l. 9 t o !'. 2 Dark orovo. fio~ .s.and.. 
II 19.6 4 .S 0 to 2.0 t;t~, -brovu. 'oft. ""11",,, t*Xtured. , 19.6 3.0 0 to J .O Or-a~ , ~djua to co.r •• ..... b..oa....1D~ aud; 

_ _ a 
!1n.u v l tb ~p h; 

f i 04 vl ~b deptb; llhall fU"g::B.lI. t. . Ill'. l'ou.odad p. .. he ( ~ 3.5 ~ 100"1) on 
-2.1 •. top . 



c,,,. 
No. 

13 

15 

16 

17 

18 

19 

Table. Sediment descriptions of Lake Erie cores (based on Wentworth classification). --Continued 

\.later 
depth 

(,) 

19.2 

20.) 

19.6 

18.6 

20.(. 

17.7 

18.5 

20 . .1, 

eo" 
length 

(e) 

'.3 

3.0 

l.8 

3.6 

3.9 

3.6 

, .1 

2.0 to 3.6 

3.6 to ~.8 

o to 0.09 

0.09 to O.~ 

0, .. to 0.7 

0.7 to 0.8 

0.8 to 4.~ 

o to 0.06 

0.(:6 to 5.3 

D to 0.09 

0.09 to 3.0 

o to 1.8 

o to ).6 

o to 3.9 

o to 1.0 

LO to 1.6 

D to 0.7 

Description 

Same 88 .l.bove but c~1n sand layera 
"Lso present. 

lan, fin, cohtl~1ve clay ... 1th sC4tter~d 
roundfjd (drop ~ton(o') pebbles,S C::l 
long at -'.0 !I.. 

\'ery CO.1I"51t sand and uell-rounded 
pebble!!. :! ) C:J. 10nlt_ 

Clean, brol.'Tl, very coar~" ~<Ind, 

grnn'.de~. 3nd rounded pcbble~;. 

Sharp cont;;t.ct, .::.odcr.ltdy lim, t~n
~ray clay. 

8ro\Jtl. coarse to vcry co~rse nand olnd 
rounded pt!bbl(lll. 

!-\od .. rlltt::ly f1r.:::t. tan-p;r:1y cl.::ty. 

Soft gray clay. 

1:1n, ::lodcratcly fin: clay. 'Jcry cohe
~lve uith sClltt('rcd rouadcd p~bble:;, 

Brovn, 6ilty. very coarse 9and. 

Brovn. fi~ clay w1th 9c3tterl!d rouuded 
pebblas. 

Cleao. dar~ gray. ~oderlltAly ~tll 

sortlld, !lediU[U to coarll! s.a.nd finiult 
dounllard; 00 laYllr ing, pebb Ill!. or 
9hells. 

CI_I!.UI d,lrK. 8,ray, ucll-:'Iortl!d, ::le<iium 
to c:~r8111 14.nd. 

Moderat e ly U1,I11 ..ort.d, fine to :J.ediUJl 
.s.nd witn f_ tlt1n .Ut a:.d vcry fine 
:.Iaad lal' .. r. : uood frA~'" ;]t -2.~ ~. 

Clean, ,1'.)" Jdd1u. to very coersl! 
.sollod t-Mt coa <r-.oA u1th daptn; thin 
lIud lay&!' at 0. ' •. 

Sharp contact, iiIIOder .. taly Io'Cll sorted 
fina to aedlU111 Nnd, no layaring, ane11a 
or pebbl ~. i wood fr-~t ~~ -3.6 ~. 

C11;)1l0. gray. ::lOderately .'Iorted, ;nedium 
to coarge sand. 

Core ",at~r 

~o, de:pth 
(0) 

'0 18.6. 

21 18.4 

18.5 

19. 

21. 7 

15.6 

C"J r~ 
length 
(~) 

'.3 

0.1 

1.1 

1.1 

l.o 

!Qt~tvel 

(::I) 

o. to 2.1 

2.1 to 2,G. 

2 ... to ..... 

to. to [0 6.1 

o to 1.2 

1.2 [0 1. ... 

• G. to 5.3 

o [0 1.1 

1.1 [0 1.) 

1.) to 1.4 

1.4 to ~,l 

o t:l 0.8 

O. to .;, 

o to O. 

O. J [0 .2 

. 2 to 3.1 

a to 0.7 

(1.7 (0 L. 

o co 2, 

De!l<:r 1pt ion 

Gr3.Y, interbedded clay and silty !l.snd. 

Gray, silty , :! loft. to :::;~d1UID :;Qnd u1th a 
fC'lol' thin choy I f,),ora. 

oa,. brOVQ • .olWirstely stHI, very 
pL.-tic clolly. 

Chan, g r.y-brOVTl. ao<ls-r'.~J wlI.1l 
!/oor ted ....... di\/oll t·o COOI-t"U • ...ad ; becolOlt:1l 

p;rav-el' ly .lit -1.1 :). 

Gr:JY. Itnl:! ~nd. 

Grily-bro'-'1\, :.<oft cl"y. 

Clc.o.n. ~oderatl!ly uell aorted, llght 
gray, ~I!d il..!I:l to coar se &and. 

Clean, gray, coar s~ and vary coarge 
sand v-1th p.bb lea, 

Gray, .oderatllly fir. clay w1th granuills. 

Gr-ay-broloTi so!t clAy. 

C "'fI , .r .. y . .... t... to c o. r a;. to very 
..... ,"",oci . tlt..Ln =.Ii t..,.-n ilt -0.8 ::J. 

Cl " .. n , brovn . (Inc (0 mcd1u::: ~~nd, 
Irav.t ly (r .. 0.2 ~ (0 0.) ~. 

Cl ur .. UII;hc. gr ... ;.- to OroloT\, [im. to 

"'1-. "ad ui_th 2.5-ca. C13}' layer CIt 
~ . O . , wood [r..r.g'Zlt"nt at -2 •. 

[.ight broun, tl':cei u . .... nd with occa-
510n,J1 1 Cll cby Li Ylll rs, IJOOd f !:' .. -~ 
dt -2.5 ~ . 

CI".1Y, silty, l:lod.H:l[~ly ~ort~d [in~ 

:,>,'lnd. 

Sh.np conr:lcc; l1~ht bro\.lIl.-p;ray. 9tHI 
.::1:1;.t vith .<;c:Jt(.,Jrl'd roundee pc.-obl<!>,. 

a .en . . r,., crlltel, 1010:11 sorto:d, fine 
to .IIdS 1M! If. r,.j. 



Co r. 

"'. 

" 

Tahle 

\ 8. ,~ . 

i2 .:; 

1.1) 

(0) 

r.~ ." 

. ,) to j. 

l. .' '.iI.' ' 

-: . ; 

',' , : 

.:0. : 

;,) .. " 

. 1 to \ .3 

to ). I 

) . LO 6 , \ 

o to 1. 1) 

}.O to i .1 

5. 1 to ::;,6 

'j,6 to 6.1 

2.G co .1. 

].! ( <J :'.7 

~ D J . E' 

'~",II\III t ,.tt ~HlI: . ~-"" I" :: .on .• ..t 
,,~ .11 - 11 IIL4IU. I ~ l"olLl'llle6 ~«I"1 ... . 

fftt4r~.JJ.d ,llV •• d 1r._ ' 0 ~~ ~ ~* 
l . S- ..:::a ~.~h" ~ . 

' ; 

"t -/ , OJ " C v. ... t 

r.. ,d ....... ~d, ... rt~ 
'l ';tlt'S1! ( :: ') 1-= ... ,. .. 

"" •• r-'" _I t. ,J, .: l . I», ... ,.,. ,,,.,M n.' ... 
... t .. .. " th-, . ~ ... I'I ,j ':' 

,. 

(J If . ;t I.... ~. ,.d.ia::Ir .ru:li . 

C, , 'I , l ira , .. Lh ' H ' .. 

au:, . *t 

1'-'1 . ~ ~"' . 'lU cy 
ooIood .c, -~ S • • 

a,. TI-.r .ll.-, fi t;1l ::..1Jl:" 1, 1 :.III1Y '-cI. 
,.bb l ... 

nT. It . ... nJ ~9-' .Iilty .. un 
d.", ... 
c .. 11 pebbl~ . 

Ii,," -"OC t ta"..J. . 

, , .. 
f . nt ... • ., . 

Clr. IQt U 
~:o . lapth 

..) 

II ll. J 

, ~ . 1 

10.'" 

, . . ., 

6,1 

~. ;} 

, J 

60. 1 

,. l 

(oj 

o to 3 . 1 

),1 to 3 . 

) .2 to 3, ':1 

).~ to ... 6 

I, • 6 ~o " . I 

:, _ 7 co 6.1 

o to 0 1 

0.3 to o.t. 

c. co 2.1 

i) co j.J 

3, to). 6 

£. LO 6.1 

II to :2. 

2.7 co .11 

2.8 'to .9 

2-9 to 3.2 

].2 to LJ 

1." to f.i . 1 

lk:iC r J.pt 100 

Gr ... y, 1t0[[ to 'JUrI ~ott .::L'1:y. 

Gr~ . ~Uty. Bo., r;lIoo, . Il ,b t ly 
coheAJ .. . 

'/ . 

ClUJ!" ,n" 

'-'--n. , In" . ...t1ua ~ .:.AI/"_ '!.;llld. 
.to! 'O,.uc. t H: e&p . 

il..u'k IP'1 . ,Ulhel y t I.C'W 
\1\C7 .... lnt .0: "'ltl1 dOllpr.h. 

~ ..... _ .bov. bu t. t t,...r. rl1trl ro~ncl • 
,.\lhbtl ('! :.J~ 4L.a,.,.ur) .. '"' ~-o:a
b n, .LI) •• I:.~ ~t" r ...... 'CI~ . 

O .. n . &ra7 . Dl:dH U •• L:r ... ell • n:.d" 
In,,, ....u..J.. 

CrBY, alJc.h t.l)' tI1lty , tiM !';_nc. 

CAl . dlcY . Una &AM bf<<*U _roll 
-.441 to¥WTd ~l- :~ "",t-;h • ...::ndO'f :hlIJ 

'/ La,.wr • . 

Cl .... 1"*1. ~" .. td, vdJ .ot"YaJ. 
..dJ..u,a .. ad . 

Cl.&y. 

:Silty, •• ,., tLne .... d . 

'/"'1' i1T'\". iIoUt"J' ..-ad . 



tab tl. 

(..u." .... tel 
o. dWJIC ~' 

t.) 

Jf, 11.1 

10.2 

I..:. . : 

39 l3 .0 

15. i 

~ ). l1.1 

, .1 

6.1 

J. , 

.1 

, 0 

Sediment 

o to 0.5 

0.5 to loS 

.5 ~o Li 

J.:> to 6.1 

o to 1.5 

.) ~o 6.1 

J. J ,.) J. 

o ';0 O .. j 

0.6 to 0.9 

O. ') to 2 ... 

2. [oj.7 

].7 ~o C9 

.9 to J.t-

5.S~o6.l 

o to 0.5 

.).) to ').3 

0.13 to 0.1.9 

0.9 ~o 1.8 

.8 to ~.l 

o to .9 

escr i l'tlonti of L.:ik" d e eoreS ( ba se 

oa:t~p, LOa 

t;11I, . ·.rU"1 .otc; .o1UO i " n~rp ( ODUCl 

u . ba ll " , 

f'J'nt t Il,'." . • "nd~· <:l.'IY; lIb;\-r'p conc,\ct 
fi t b ... . . 

Cr"y. finT., .1 1It'lt . .Ly aan.ltl' ehr · 

en, . ",.. • • iJIMt.;''r "~f c1.:l)'; ..n...u.. 
fI", .r bote.. 

'ny. - La .. tx.o _.U,. ..-a ~ flu!r!ocJ.dc.d 
.... tch el.,. lay....-. 2. S ' .0 c:a... 

Clc.::m, I".'. J t:a. to- ... ,Hua UIUt. 

n l-l n (2 Ut 5 .0 .... ) ', .. r tl ~ ~ :l.aV. !f ar 
JU,1 . 'nd ( ,-"II t o t:"Yti r ••• an ,l , -xl 
! n~ll[ It - ).) .... 

Cr_,. . t:.AII t Qo alalStla , t.u,..)1 uDd, 
I nt « t!4dlle Vltb I .'} c.:a I: ., t..,.e.n . 

C:r .:;.y. Hra C-lA,.;. aDd,. 1G pI..,... , 

::1 u .. , brOlo'a . ":.0 r"U t .... 'l!ry C Q ars A 

"l th I'IWQ01'" ,.bb L • . 

ro: .... ,.. ~u. ~I) r .. W"".d: ,~ 
i~ 'lne .. ~ &~ -0.1 • . 

Gray, . t.,. . l iD ••• n..:l . 

I, r.y- b r~ • .cd.ratRL, Ilnz c ~~ . rc~~d 
r- bb1 •• t -2. ~ ~ _ 

Cl_c, .. ~,. , IUul co ~ &anI!. , · r.tti:.D~ 

.U.net, . ttw: wU h t .. ptM; .!. ~-c.a 1.,ar 

., - ].11 •. 

" u:: 
h'tl'. (. , 

15 • 7 

),7.0 

u .• 

D.O 

.:. .:) 

J . .: 

l.) 

1. l 

~ . l 

;.. e 

t tl c la s sifieR ion). --Con ! llue d 

a to 0.2 

o.~ to O.i 

0.7 to .2 

2.2 to ~2. 

2. to':'.j 

o :0 0.5 

o. cO 1.2 

l..? ~o 1.3 

1 •• J to J.~ 

}.J to J.6 

1.6 tel .:; • .:; 

o co Q. 9 

0.9 to L.) 

o to 0.09 

OO')toQ.? 

O. t.o j •. t 

o to 0.3 

0.::' t.o .~. J 

1.) to 3.0:> 

3.9 to ~.l 

o to o. 

o co '.l . .:i 

0.) to .!..S 

.:. .::< to ',. ~i 

'l'Ir)' finll, .a.tW)' !o\ ufc. !,I t'6y.rud . 

CnJ)·, ddy. c o.. t"I_ t o vury coan:ll" ,"md. 
IJYfluh •• .-A!.l P.bbl .. 

1i:Idu.r.. l y UnII , il:ttl. y d·JY it-b t oaMe-d 
;. .... !. t'J. 

Cr~'i' , til': "" ,', nd, .... ry •• f, .... 

.- r... ' •. , ~ F- ~ ... MnJ , J..-..n! 
not ';till- \ ... 

':t .,. , tta. c hy.,. \o.4.tId, .~b.c.l,- .,,
b_1" '" 

:reb'bl .. and IUDU1U CTI t ;) r ( ~, d..p.d1t) : 
ed.rard, ttUr. aU,", _ d. 

S1lly. tudu. ... . 

:Hlty, Y HV ~'". M:4 ~ 10- ,......d ...... u.: 
r ot). I,..-.p-mt 4l' -.:0,0 II _ 



Tabl e. Sediment descriptions of Lake Erie cores (based 
on Wentworth classif i cation). --Continued 

Con \l.lte~ eo " !nt~r"'.ll Do::.so:..c Lp c l oll. 
~o . d-ipth l engt l! 

(,J (,J ( , ) 

, ., <0 S •• Silt . nJ r l~ • .. nd . 

48 12.6 , .. a [0 1. . 6 f i ne.. .. 1lt-lUI Io.d C<Nn. u . .fI d ·.t it " t tl in 
.:hy h,Ii:1;I . 

1.' <0 1.7 Silt and cby. 

1.7 <0 2. 1 <"lne to .. diu. .... ... it~ tltln eLI)' l .l';er-!I . 

.2 .1 <0 2. S Silt &!ad c..l.AY • Iradl1:18 dovu to i hI'" <0 
.. :flu. .. nd. 

,. , <0 2.6 s.tndy till t;. 

2 . • <0 2.7 FlM to .. d 1'o ...... Il. 

2- 7 <0 to .6 liot. t led 'J He and o:..hy. 
OJ 
.b 4 . 6 lIel1 -!orte.d. fine .o;and. 

'. • <0 '.8 SUI' 4nd cwy . 

., H.2 :'.8 a <0 O. ; Huddy sand. 

a. '0 u.8 Silt "1t'."un.g dow <0 r ln~ to :u~.:11UID , 
a.8 <0 a. , Co. , •• I'&nd aDd pd,blc:>, 

a. , " ). . S ilt "ad.. cur . 

J .1 <0 ).2 Silty =-diu. .and. 

J . 2 <0 J.5 SUI' .lDd cl.y . 

3.> <0 J .• "-d lUD to c:oarge SI .... d. 

3.' <0 , .. SUI' and cllloY. 
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Core 
No. 

1 

2 

, 
J 

" 

5 

6 

7 

8 

9 

10 

15 

Table B- J. RSA Granu10metric Data , Lake Et: ie Co res. 

1 . . ~ 

Depth 
(m) 

Top 
1.5 
Top 
0.:; 
0.9 
2.3 
3.2 
Top 
0.3 
0.6 
to 1.9 
2.3 
0.8 
2.1 
3. 1 
4 . 
Top 
O. 
1.5 
2.4 
3 . 0 
Top 
0. 6 
1.2 
1.9 
1.9 
Top 
0.6 
1.2 
1.5 
Top 
0.6 
1.2 
1. 9 
2.4 
3.3 
1.9 
2. 4 
Top 
0.6 
1.2 
1. 9 
Top 
0.9 
1.9 

He"n 
(phi) (lIIlIl) 

2.5 0.18 
2.7 0. 15 
1.6 O. )3 

1.5 0 .3 6 
1.7 0.32 
2.1 0 .23 
2.4 0.19 
1.7 0.30 
loS 0 .4 0 
2 . 9 0. 15 
2 . S 0.20 
2 .7 0.16 
2.3 0.20 
2 . S 0.1 S 
2.4 0.19 
2.6 0.17 
2. t, 0.25 
2 .1, 0.19 
2.6 0.17 
2. :' 0 .1 7 
2.6 0.16 
1. 9 0.27 
1.8 0.30 
1.9 0.28 
1.9 0.28 
1.9 0.27 
2.1 0 .24 
2.0 0 . 25 
2.0 0.26 
2 .. 2 0 .23 
1.8 0.29 
1. 8 0.29 
2.0 0.25 
2 .3 0.21 
2.5 0.17 
2.4 0 .19 
2.5 0 .16 
2.2 0.21 
2.1 0 . 24 
2.5 0 .18 
2.3 0.21 
2 .0 0.25 
2 . 0 0.26 
1.9 0.27 
2.3 0.20 

36 

Hedian 
(phi) ( tn:n) 

2 . 4 0.19 
2 . 7 0 .15 
1.5 0 .37 
1.3 0 .40 
1.4 0.37 
2.2 0.22 
2 . 3 0.20 
1.3 0.40 
1. J o .~o 
2.9 0.13 
2.7 0.16 
2 . 7 0 . 16 
2.3 0.21 
2.6 0. 16 
2.3 0.20 
2.6 o . ~ . :~ 

1.8 0 . 29 
2.4 0.19 
2.5 0 . 18 
2.5 0 .17 
2.6 O. J.I 
1.8 0.28 
1.7 0.32 
1.8 0.30 
1.8 0.30 
1. 8 0 .28 
2.2 0 . 22 
2.1 O. :C3 
2.0 0. 26 
2.2 0 . 21 
1.9 0.27 
1.9 0.28 
1.9 0.27 
2.3 0.20 
2.5 0.18 
2.5 0.18 
2.6 0 . 17 
2.7 0 .15 
2 .1 0.24 
2.4 0.20 
2.3 0.20 
2.1 0.23 
. 9 0 .27 

1 .9 0.27 
2 .3 0.21 

Standal"d 
dev i a tion 

0.59 
0.68 
O. 1 
O. 5 
O. 9 
l. 3 
0. 68 
0. 8 7 
0. 62 
0. S7 
1. 03 
0.47 
0.66 
0. 94 
0. 6 
O. SS 
0. 7B 
0 . 52 
0. 44 
0. 45 
0 .4 1> 
0.47 
0.46 
0 . 49 
0. 57 
0 . 51 
0. 65 
(1 . 79 
0.47 
1. 0 
0.65 
O. /) 
0. 81 
O. &7 
0.43 
0.53 
0 . 56 
1. 32 
0.62 
0.54 
0.56 
1.04 
0.51 
O.Si, 
0.65 



Core 
,:0 . 

16 

17 

18 

19 

20 

11 

22 

23 

24 

25 

27 

28 

29 

Table B-1. RS' Granulomec.ic n~ta . Ln~e Erie Cores .--Contioued 

1.1 

3.1 

Depth 
(m) 

Top 
0.9 
1.9 
2 . 4 
To? 
0.6 
0.9 
to 1. 2 
2.5 
t o 3 .2 
3. 9 
Top 
0 .5 
0 .9 
1.9 
2 . 7 
3 . 6 
Top 
0 . 3 
0.6 
To? 
1. 2 
Top 
0.9 
Top 
0.6 
0 . 9 
1.4 
Top 
0 . 9 
1. 9 
3.1 
Top 
0 . 6 
0.6 
1. 2 
!..9 
2 .7 
Top 
0.3 
Top 
0.6 
1.2 
Top 

ean 
(phi) (!DID) 

2.0 v.26 
1.9 0.27 
2 . 0 0.26 
2 . 0 0.25 
1. 8 0 . 28 
2.0 0 . 26 
1.9 0 . 26 
2 . 0 0.25 
2 . 0 0 . 25 
2 .1 0 . :>' 3 
, . 0 0 . 13 
1.9 0 . 27 
1.0 0 .50 
1. 6 0 . 32 
2 . 2 0.21 
2 .2 0 . 22 
~,2 0.22 
1. 61 0. ~ 3 

1. 54 O. 4 
1.4 O. 8 
1. 9 0 .2 7 
1.7 0 . 31 
l .6 0.32 
2.4 0 . 1.9 
1. 2 0 . 45 
1.3 0 .4 0 
2 . 2 0.22 
2. 1 0 . 24 
2.0 0 .25 
2.U 0.25 
2 . 1 0.23 
3.2 0.11 
2 .. 4 0 .19 
2.4 0.19 
2.1 D.2} 
2.1 0.23 
2.2 0 . 22 
2.0 0 . 25 
2 .1 0.23 
1.8 0 .28 
1.3 0 .41 
1.5 0 . 35 
2.0 0 . 25 
2.3 0.20 

37 

He d 1110 
( phi) <CIIII ) 

1. 9 0.28 
1 l' . , 0 . 23 
1.9 0 . 28 
1.8 0.28 
1. 7 0 . 30 
1.8 0 . 29 
1.8 0.29 
1.9 0 . 28 
1. 9 0 . 26 
2. 0 0.26 
2 . 9 0 .13 
1. 8 0.29 
1.3 0 . 42 
1. 4 0.38 
2 . 2 0. 22 
2 .1 0. 23 
2.1 0 . 2 
1.2 0 . 4 2 
1. 3 0 . 40 
1.2 0.4 5 
1.8 0 . 28 
1. 2 0 . 44 
1. 4 0 . 38 
2.2 0. 21 
0 . 9 0. 54 
1 . 2 0.4 3 
2.2 0.22 
2 .1 0.24 
2 . 0 0. 25 
2.0 0 . 26 
2. 1 0.23 
3.2 0 .11 
2.6 0 . 17 
2.6 0.17 
2.0 0 . 24 
2 . 1 0.23 
2.2 0 .2 2 
2.3 0 . 21 
~.(J 0.26 
1. 8 0 . 29 
1. 1 0 . 47 
1.2 U. 4 2 
1. 9 0.28 
1.3 0.20 

Stancard 
d e\l ia tioo 

0 . 51, 
0.42 
0.57 
0.75 
0 .51 
0 . 61 
0 . 61 
0.64 
0.56 
0 .69 
0.20 
0.55 
0.56 
1. 08 
0 . 44 
0.61 
0 . 61 
0 . 86 
0 .5 7 
0 . 84 
0.64 
1. 27 
0 . 57 
0 . 70 
0. 90 
0 . 76 
O. sa 
0.64 
0 . 56 
0.50 
0.59 
0 . 56 
0 .86 
1. 02 
0.56 
0.51 
0 . 58 
1. 15 
0 . 72 
1. 04 
0.77 
0.91 
0 . 85 
0.80 
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Table B-1. RSA Granulometric Data, Lake Erie Cores.--Continued 

0 . 2 

Depth 
(m) 

Top 
0.2 
0.8 
Top 
0 . 6 
1.5 
3.0 
Top 
1.2 
Top 
0.3 
0.6 
1.2 
1.9 
3.0 
4 .6 
5.5 
Top 
1.5 
3 .7 
Top 
0.7 
2.1 
3.0 
4.7 
6.0 
0.8 
Top 
1.2 
2.4 
3 . 9 
2.6 
Top 
Top 
to 3.0 
0.5 
Top 
0.9 
1.9 

Hean 
(phi) (mIll ) 

1.5 0 . 36 
1.6 0.33 
1.8 0.28 
2.2 0.22 
2.3 0.20 
2.6 0.17 
2.6 0.16 
2.4 0.19 
2.3 0 . 20 
2 .4 0.20 
2.4 0.19 
2.3 0.20 
2.5 0.18 
2.6 0.16 
2.6 0.17 
2.0 0.26 
2.8 0.15 
2.6 0.16 
2.0 0.25 
1.4 0 . 39 
3.2 0.11 
1.3 0.39 
2.3 0.21 
2.7 0.15 
2.5 0.18 
1.8 0.28 
2 .4 0.19 
1.9 0.26 
2 . 0 0.25 
2.3 0.20 
2.5 0.18 
1.0 0.49 
2 . 0 0 . 25 
1.5 0.35 
1:7 0.32 
1.3 0 . 41 
2.0 0.27 
2.2 0.22 
2 . 2 0 . 21 
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Hedian 
(phi) (mIll) 

1.3 0 .4 0 
1.5 0.36 
1.7 0 .31 
2.1 0.24 
2.3 0.20 
2.5 0 .18 
2..6 0.17 
2.3 0 . 20 
2 . 3 0.21 
2.4 0.19 
2.4 0 .18 
2 .4 0.20 
2.5 0.18 
2.6 0 . 17 
2.7 0 .1 5 
2.8 0 .1 5 
3.2 0.11 
2.7 0 .15 
2 .5 0.18 
1.2 0.45 
3.1 0.11 
1.0 0.49 
2.3 0 .21 
2.7 0 .1 6 
2.7 0.15 
1. 6 0.33 
2.4 0.19 
1.8 0.28 
2.0 0.26 
2.3 0.21 
2.4 0.19 
1.0 0 . 59 
2.0 0.25 
1.5 0.36 
1.7 0.31 
1.1 0.47 
2 . 0 0 .24 
2.2 0 .22 
2 . 2 0.22 

Standard 
deviation 

0.59 
0.54 
0.58 
0.57 
0 . 67 
0 .55 
0 .59 
0.57 
0.39 
0.81 
0.49 
0.53 
0.59 
0.61 
1. 03 
1. 66 
1.18 
0.73 
1.37 
0.61 
0.09 
0.94 
0.74 
0.50 
1.09 
0.75 
0.75 
0.56 
0.53 
0.53 
0.53 
0.84 
0.52 
0.52 
0 . 51 
1.04 
0.85 
0.83 
0 . 73 



Table B-2. Preliminary size distribution data of selected top samples from 
Lake Erie ICONS c.ores. 

Size Distribution ( pet) 0.25 to 1.0 
Core > 0.850 0.425 to 0.850 0.250 to 0.425 0.250 pet medium 
No. (!DIn) (!DIn) {!DInl {mml and c.oarse 

1 0.2 0.5 46.0 53.3 46.7 
-2 0 25.2 44.5 30.3 69.7 

3 0 31. 3 54.7 14.0 86.0 
4 0.1 22.8 48.6 28.5 71.4 
5 9.3 3.9 27.7 59.1 40.9 
6 0.2 4.9 48.8 46.3 53.9 
7 3.6 2.8 7.6 86.0 14.0 
8 2.9 51. 3 14.5 31. 3 68.7 
9 Coarse sand and pebbles 

10 7.3 2.1 23.4 67.3 32.8 
15 2.2 16.8 44.7 36.3 63.7 
16 0.2 28.5 35.9 35.6 64.6 
17 7.0 10.0 47.8 35.4 64.8 
18 0.1 3.3 47.8 48.0 51.2 
19 0.4 46.7 45.6 7.7 92.7 
20 2.2 2.6 63.7 31. 3 68 _ 7 
21 0 2.3 82.9 14.8 85.2 
22 36.2 25.4 22.3 16.0 83.9 
23 0.1 0.5 24.2 74.7 24.8 
24 29.4 2.3 2.3 66.0 34.0 
25 71.1 16.4 7.8 4.6 95.3 
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Table B-3. RSA grain- size da t a , grab samp1es_._ .... 

Sample Dep t h Mean MedJ.an Sta nda r d 
:-:0 . (m) ( phi) (nun) ( phi) (rom) dev i a t ion 

1-2 S.O 2 .S 0.1 5 2 .7 0 .15 0 . 61 

1- 3 7.0 2 .3 0 . 21 2 . 4 0.20 O. SO 

1-4 8 . 5 2 .3 o . ?J. 2 .4 0.19 0.71 

2-1 4 . 0 2 . 9 O. J 3 3. 0 0.13 0 . 50 

2- 2 7.3 2 . 3 0 . 20 2 . 3 0 .20 0.41 

2-3 8.5 2 . 5 0. 18 2. 5 0 .18 0.50 

2- 4 9 . 1 2 . 4 0.20 2 . 4 0 .19 0 . 50 

3-1 2 .4 2 . 5 0 .17 2 .5 0 .17 0. 48 

3-2 8 .5 Too cCl ar e fo r RSA analysis ~ see sieve sheet 

3-3 9 . 1 2 .5 0. 18 2 . 4 0 .17 0 .72 

3-4 12. 8 2 . 7 0 .1 6 2 . 6 0.16 0 . 5 :! 

4-1 3.0 2 . 3 0 . 20 2 . 3 0 . 20 0.60 

4-2 9.1 2 . 0 0 . 26 2 . 0 0.25 0. 48 

4-3 9.1 1. 6 0 . 34 1.4 0 .3 9 0 . 69 
1-+ - 1-+ 13 .7 1. S 0 . 37 1. 2 0 .44 0. 92 

5- J. 0 . 9 Too coa rse for RS A analy s i s , see s ieve sheet 

5-2 3. 0 Pr edc1mi.nant ly mud, t oo fine fo r RSA analysis 
5- 3 7 .3 2.1 0. 23 2.0 0 . 25 0 . 88 
5- 1; 9.8 1. 9 0.2 8 1.7 0 .30 0.69 

5- .5 15.2 Predominant ly mud, t oo tine for RSA tlnalysi s 

6-1 1. 2 1.9 0.26 2.0 0 . 26 0. 63 

6- 2 12 .1 Pr edominan tl y mud , t oo fine f or RSA analys is 

6- 3 15.2 Predominantly mud, too f j.ne fC' r RSII anal ysts 

7- 1 7 . 9 Preda i nan tly mud , too fine f or "SA 8n8 1Y5is 

7- 2 2. 1 Pre dominan t 1 Y mud . t oo fin e for RSA .::Jna l ysi.c; 

7/\-1 4 . 0 2 . 0 0 .25 1. 9 0 .26 0.7 2 

7/\- 2 13. 4 Predomi nant ly mud, too fine for RS/\ ana l y i 
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