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PREFACE 

The construction of the St. Lawrence Seaway between 1954 and 1958 
provided the opportunity to study many new excawatims in the surfitid deposits; 
bctween l&rockvillc and Cornwall. Gcologital Survey studies of these dcpmitlc 
ccrmmeoced in 1956 at thc invitation nf the Ontario Hydro-Elettric Pawer Com- 
mission, and cdminatcd with the detailed mapping of the surfitial deposits in 
the Cornwall area in 1958 and 1979. During this four-year per id  the author 
had access to many ternpmary excavations that are now covered by Lakc St. 
Lawrence and was able to provide much geoloical information to engineers on 
~ h c  Seaway project. In rcpoi-t. thc author d e s c n i s  the variouk ~lacial and 
post-glacial featurn, and draws upon additional evidence fmm archaeological 
invegtigatims and his own paIamhotanica1 studies to discuss authoritatively he 
glacial and post-placial ~eolofical history of the region. 

The clwe cooperation of Survey geolo&st and Seaway engineer during the 
Seaway construction proved beneficial to both, and served to point out the 
extreme usefulness of pctcological studies to large-scnlc consti-uction projects. 

J. M. RARRIXIN 

Dir~cror, Geological S m e y  oj C m d a  

O m w a .  Novembet 16, 1962 
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Cbrrptrr I 

LNTRODUCITOW 

Thc area studied iDcFlrdes the no& shore of the St. Zawrcnce River from 
BmkvilIe to Cornwall (extending 5 to 10 d c s  north of the river) and the 
Cornwall rnnparea (lat. 4S000' to 45'15' and Iwg. 7 5 ' W  to 75'30') ( ~ c  
Fig. 1 ). T h i s  report is based on 1958-59 field work in the St. Lawrence Seaway 
projtct area and mapping of tbe Comwall map-area. Occasional studies of the 
Seaway area were made in 1956 and 1957. 

By 1863 (Logan, 1R63I1 thc surticial geology of eastern Ontario along the 
St, hmce River was known well enough to albw recopition of the main 
strativphic units comprising the surficinl deposits. Glaciat~on of the area had 
been recognized on the basis of glncial till covering the bedrock. Logan (1863, 
p. 915) wmte ". . . a considemble wrtion of the region between the St. Lawrence 
and the Ottawa, to the cast of the meridian of Kington, arc occupied by stratified 
clays; which . . . contain abundance of marine shells . . .. These clays ere. . . 
overlaid by sands . . .. which also contam in remains. The two arc regarded 
as Forming pans of one formation, . . ." Thus deposits of the marine episode 
following glaciation (the Champlain Sea) were w r d c d ,  as was the prwence of 
modern alluvium overlying the marine sediments. Further early studies of the 
suficirl deposits were made by Dawson (k893), Coleman (1901 j ,  nod othtrs. 
I t  is remarkable how much ioformation was compiled by the curly workers from 
thc rather scattered field observations. Their interpretation of the field data 
necessnrily dicfered from present interprrtatim because of numerous recent 
advances in theory aud practie of glacial geology, but this in no way decreases 
the value of the earlier studies. However, it was the construction of the St. 
Lawrence Sesway and the assmiated projects, such as the reloca!ion of towns, 
roads, and mlmys, and the opening of numemu gravel pits and gnarries that 
provided the opportunity to study surficial deposits in a large number of exposures. 
Continuous scctiom exeavaled dong the canal extended in places for mom than 
a mile through the surficid deposits (see Fig. 1). 

'Names and/or dares in parentheses refer to publicatioru listed in Relerences at the end - . .  





Chapter Il 

PHYSIOGRAPHY 

Physiographic Regions 

The Cemwalt md St. Lawrence Seaway project areas, extending from 
Lancaster to Prescott along the St. Lawrence River, are within the limits of the 
St. Lawrence LowIands. Several physiopaphic regions in this division have been 
~ ~ ~ ) g n i z e d  by Chapman and Fkhm (195 1 ). The wesrcrn part of the area near 
Prescott lies within the Edwardsburg sand plain, where the cxtemive sand oovu  
overlies glacial deposits and bed~ock. The ovcrall relief is small and the water- 
table stands near the surface. The area is charactcri7~I by numerous parabolic 
d u n s  (Terasmac and Mott, 1959) and stands 300 to 400 feet above sea-level. 

Most of the m a  lics in thc Glengarry till plain, with an unduleting to mtliag 
surface, consisting of long till ridges and m e  dmmlins with intervening clay 
flatr and.swamps. The easternmost part lies in the Lancaster Rots, a lowland 
whcre !he till plain is buried under marine clay and alluvial dcposib. Only the 
stony crests of some r i d ~ a  and hob$ outcrop above the level of this plain. 

Drainage and C h t e  
hil surveys have shown that 40 to 60 pet cent of the soils ham some 

drainsgc probiem (Matth~ws, et a!., 1954. 1957). The fiae-gmined soils, when 
drained, are fertile and provide g m d  farm land. Within a few miles of the St. 
Lawrence Rivcr, drainage is either parallel with the river (the Rairin River) or to 
the north (the South Nalion River). Only small creeks dmin into the St. Lawrence 
in lthc area studied. The St. Lawrence itself appcars t o  be a relatively young 
riwr with no marked terraces along its banks, but with a few abandoned channels 
north of and parallel with the preqent river (see PI. IV). 

The map-area lies within the eastern Ontario climatic redon (Matthew and 
Richards, 1954), its mean annual ternpcrature k i n g  about 4?'F. The extreme 
low recorded is -44OF and the extreme high is 104'F. The last frmt generally 
occurs between May 11 aad 24, and the length of the frost-free period mges 
f m m  130 to 140 days. The average lcngh of growing season is  about 195 days. 
Precipitation varies between 34 and 40 ~nches annuelry, of which 17 to 18 incha 
fall during June, July and August. Drought frequency i s  low (see also CIirna~c of 

A botanical survey of the Seaway area in Ontario, with p d e u l a r  attention 
given t o  areas m w  R d e d  by Lake St. Lawrence, showed that, previous to 
human m p a t i o n ,  the bettcr-drained terrain had b w  w e d  by a b a d 4  
fomt, in which bedock and white pine we= abundant (Dore and Gillett, 1955). 
The main h a r d w d  species werere sugar mapIe, beech, basswood, yellow birch. 
and red oak. Elm, mh, red maple, and white pine grew on poorly drained land. 
Elcmentr of the boreal forest were scarce. Cedars were abundant in second-growth 
wet woods, dry m k y  land, and steep bankg of rivers, 

The botanical rmrvcy also indicated !tiat the flora of the Seaway area was 
pcwrer in species than that of the Ottawa V d e y  to the north. This  rather 
peculiar clrcumstaace led to the suggestion thet in early port-giacizl time drainage 
fmm Lake Ontario flowed north into the Ottawa River, possibly through the 
Rideau, Moira-Missisrippi, Kemptvillc, and South Nation Rivers (Dore and 
Gilletr, 1955). Later dit'femtial uplift of h e  Iaod caused the drainagc to follow 
the present St. Lawrence River. 

Soils and Agridture 

The soiIs have been described in detail by Matthem. d at. (1954, 1957). 
Soil development has been strongly influenced by the parwt materials and time. 
Matthews / 1957, p. 31 ) rugpstcd that ". . . the soil materials of this area have 
bcen exposed for from 4,000 to 8,000 yew.." I n  Glengarry county about 42 per 
cent oI the  soils hsvc dwcloped on glacial tin, about 3 1  per cent on clays, silk, 
and sands, and about 8 per cent on organic deposits. The soils on glacial till are: 
medium textured and well suited for gcned  farming; those developed on day  
and silt. when drained, provide excellent pastures. Shallow soils an bedrock arc 
rather unsuited for my farming activ~tiea. 

The forests furnished a livelihmd for the early settlers. Bnl as the land was 
cleared it was used for agricultural purposes, at first each farm producing accord- 
ing to its nccds, Later on. as Ihc land was developed, dairy farming proved to be 
most suitable, and the production of maple syrup and maple sugar has provided 
an important source of supplementary income in recent year&. 

Large parts of the area are classified as good cropland, and simple installation 
of open ditches and bIe drains vastly Improve the more poorIy drained, hat 
fertile, he-grained soils. 



Chptm IU 

GENERAL GEOLOGY 

1 Palamzoic Racks 

The map-area lies within the Ottawa-St. Lawrence h w l a n d r g  an early 
Palaeozoic basin drnined by Ottawa and St. Lawrence Ilivcn. This  lowland is 
bounded on the nmh by the Precambrian Shield, on the south by the Adirondack 

E L E ~ A ~ O N  IN METRE 
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Mountains, on the southwest by the Fmntcnac Axil, which comecls h e  Shield 
with the wcstem Ahrondacks. and on the east by the Beauhamols anticline, a 
lesser axis partly concealed by the earliest Palaeozoic sediments and extending 
from St. Jerome, Quebec, to the eartern Adirondacks (Wilson, 19511. The 
Precambrian floor af this basin is  overlarn by about 2.300 feet of Lower, Middle, 
and Upper Ordovician wdirnenrs (W~lson. 1946). Later tcctuuic movements 
cawed faulting in the Palaeozolc rucks (Wilson, 1956) and diffcrcntisl tilting @€ 
the indivrdual blocks bordered by faults. but the dips of the strata are gcneral2y 
sl~ght. 

T h e  extent and fithologic characteristics of formations in the Cornwale ma 
have been mapped and described by Wilson (1946). 

Surfrcial Depwits 

SurRcial depsits of Pleistocene aqd Recwt ape r n d e  the Pal~eozoic rocks 
(Fig 21. No evtdenw has been round of elactatinns older b a n  thc last (Wiscon- 
sin). Erosion during borh inter~lacisl and @acid time$ removed pre-Wisconsin 
surfiEIa3 depo~its. 

Glacial Deposits and Fesitures 

ClocinE Striotr 

Glacial striae and grooves, which can be observed and studied on many fresh 
expmureq of thc bedrnck surface, are best dcvelapcd on b p r a i n e d  I~mestonc 
(PI. 1). Both p v e q  and striae were made by thc grinding and polishing action 
of granular rork d e h s  camed under and in the base of the glacier thnt moved 
across the bedrock. Two or more sets of striae occumng on some rock outcrops 
indicate that the gIacier moved first In one diractlon and then, for soma reason, 
moved in a different direction. Careful examrnation can often show that onc set . .  . -. - 
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Table I 

Ple i s tocene  F o r m a t i o n s  

I 

Em , RriodarErmh , Formation and Lithology 

Pusi~fatial Bog and lake deposits 

Alluvial gravel, sand, and silt with 
some plant detritus; locally fossil- 
iferous 

r Dune sand 

Wisconsin 
erosion and rcdcp~ilion of older 
marine sedinenls 

Champlain Sea gravel and sand; 
shallow-water marine sediments, 
fossiliferous beach deposits, sand 
bars and spits 

Chmplmin Sea clay rmd ailt: ckp 
wnrer marine wdimenta, Iowilil- 
croua; gmdn downward in10 
brdekiih-mtcr silty cloy corrtahlng 
fossil Yolrliu; dtpwi~cd d u ~ g  rhc 
mi l i n l  phase or  lhc  mhrinc mm- 
dation: commonly ahon.s ~ n d i s r ~ r x t  
varuin~ 

Varved sediments of local glacial 

Fan Covington ffll: gw ta buff 
Iwhcrt oxidized) dcnlwus gl~cinl 
till: gmem1Iy marc sandy and lm 
compct than the Mrtlnnc r i l l  

Malone tilt: dark. bluc-gmy glacial 
till; dayey and compact. Includes 
locally &Go-fluvinl onrl lacustrine 
aedimcnfs in upwr part 

Unconformity 

- -- 

Pdaeozoic I Ordovician 1 1 Limestone. dolomite. shale, sandstone 

General Geology 

I T , l < u 5 a  

P U T E  C t l o d o l  M o m  an lim-e n w r  Moltland [sad af ;BmhAll.l h w h g  two la!, of 
rupsrlmpmad IHU& The yamgor HI Innd. wvth Ito h4 r f ~ h d  Indrcoiltag h pal -  
For1 Covinatm I c e - m m m t .  The oldu r w  Efmm Tower left lo upper rbpht) Indlcolol 
Ice -hw dlndon durlnp Ihs hl Covlnph roaduo~m. 

I T h e e  different sets of striae are present in the maparea. The oldest indicates 
ice-flow from the northeast, a younger set vends $Tightly east of south, aod the 
youngest set indicates ice-flow from the north. Figure t shows locations of striae 
in the St. Lawrence Se-away project area. In the Power Dam arca groovcs were 
obrervd {E. 8. Owcn, pers. corn.) on dense glacial (Malone) tilt that had been 
eroded by a later ice movement. 

North of the St. Lawrence River and mst and northwest of Cornwall the 
mth-trending set of glacial striae is most prornioent. 

I 
1 Linear Troughs 

During soil inwstiga~ions for the Seaway project, certain linear features 
were noticed by G. W. Brownell of the Ontario Hydro-Electric Power Commis- 
sion on aerial photographs taken north of the St. Lawrence bctwcen Cornwall 
and Momisburg. These features were plotted on soil maps ptepaled by the Corn- 

I 
rnission"~ mils englneerr, hut no satisfactory explanation of their o r i h  was 
prexnted. Further studics wera made by the writer. The troughs, which showed 
clearly on aerial photographs (PI. I I ) ,  were difficult to observe on the ground, 
bot where ground obervation wes possible the troughs w m  shallow linear 
deprcssians with gently sloping sides. Thr~r depth was pcncrally 2 to 5 feet, but 



I Cornwall and st. ~mwmncc  my ~roieot ~ r e s m  

PIATF 11 Aerlot *low of Iinrer tmughr 1.5 mllar tor1 of 51 Andrcvr lobwl 5.5 mnler norlh sl Cornwall) In on 

o r t o  oE glotlal HI1 mnd ,Illy t l o y  ou*?hvrdm ns tmrrqhr, Ind[colad by I-.. %how c l  dork er llght 
Ilnan near h a  csnhm 06 ths photR ! @ O F  AlbOUO-31) 

are M I y  pamlleI, but northeast of Camwall some .W15 intersea. Near Morris- 
burg some are about half a mile Iong. Similar featurns ('linear trenches') have 
been reported from King William Island. Northwest Territories (Fmser and 
Henoch, 1959), where they are associated with a fauk pattern in limestone. These 
'trenches' are a few hundred yards ro more than a mile long. 

The line= troughs generally trend east and are no! pasallcl to any known 
ice-flow direction. Some, however, are p~rnllel to ladtr in the bedrock md near 
Morrishure thev are nearlv nnrallel to the trend of north-diauine beddinr! alancs 

Linear features not related to iccdow diredons have bctn observed by 
0. L, Hughes (pers, corn.) of the Geolo@cd Survey of Cannda, in the CEq Belt 
m?t af Cochrane, Ontario. Hughes su8gmted that they are associated with bed- 
rock relief. 

In each of rbw three ~ g i m  linear features acmrr in areas of shallow 
ovesburdcn. generally from 5 to 30 feet thick. In the C o m l l  area the ovcr- 
buden consists of clay till, marine clay, or both. 

The writer srrggests that thesc linear traughs fwmed over fa&, fractures, 
aad bedding plaoes in the bedrock owing to seepage of g m u ~ d ~ a t ~ r  into the 
r ~ k .  Laboratory and field experiments (B020~k.  1959; Bommk and Bum, 
1960) have shown that 'soil moisture depletion' causes, shrinkage of clay soil 
and that such soil d m  not mgain all the lost water apw rewetthg. Thus a 
cumdativc shrinkw can occur, evm when the clay is saturated at s m c  time 
tach year, and rhis cumulative soil-moistuce-depletian rrmlts in the formation of 
surface depressions. If this interpretation i s  correct the linear troughs indicate 
lines of groundwater loss from soil into bedrmk. Such featnrcs can occur where 
cohesivc soils ovcrlie bedrack and may show through some 30 feet of such 
ave~bunleo, but generally indicate shallow depthe to the bedrock. 

A dilferent mode of formation has k e n  suggested by Leightan and Bmphy 
(19hl. p. I ) ,  who stated that in the marginal mnc of a glacier some crcvasws. 
both luogitufmal and frontat, could cut through the ice, and eroding streams 
confined along them could cut straight shallow depmsions. 

Although this explanation ofin another possibic mode af formation of 
linear troughs, thc writer favours the soil-moistun-depletim hypothesis for these 
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Cornwall and St. Lawrence Seaway Project Areas 

NLER STANDARD SIEVE NUMBERS .. 

GRAIN SlZE IN MILLIMETRES 

R G M  I. h b w u o  dbldkntoo In Hlh ollh* kwmy ?mi& mco. Gmph 1, 2,mnd 3 em d !Ill ramph Imnr 
150 canal ImpMuasnl arcwalion mt Pelnt Throe Polnh w r t  dlmqwlr Gmph A Ir of tlll arpotsd 
In n IW& 01 Mailland (ar Highway A07 a d l  comttvnla. h m p l s  I mprormlr t h m F n  b v i n e *  
tIA: 2 and 3 om d lhe M a b a  Htl, a m  1 may r+prmrwnl h a  par1 Can bdnptm I- nodvent. .  

+ h e  Malone and Fort Covington tills differ &o in their grtlin-sk disulbution. 
Results of numerous mechanical analyses of tifl samples lrom the Stamy project 
have bcen compared with tho= obtained From till sampfes c o ! l 4  in the regions 
west and north of Cornwalf area (.we Table II and Figures 4, 5 ,  and 6 ) .  These 
msults support the field obsmalions that the Mdone till i s  marc clayey than the 
Fort Conngtw. Furthermore, the higher sand content in the Foa Covington till is 
consistent with the established ice-flow direction from the nonhwtst where sandy 
tills are predominant (sand contents 50 to 57 per cent). 

A mther interthg ctae is presented by a sample of t i l l  assumed to have been 
deposited by an icmeadrance near Johnstown. Both bedrock striae and tilI fabric 
indicate ice-flow from the north but grain-siz~ distribution i s  very similar to that 
of the Malone till. PossiMy some of the older till was eroded. redeposited, and 
moulded without tienificant chanm in cnmnncitinn. 

Genenl Geology 

NLER STANDARD SIEVE NUMBERS 

10 5 I 0.9 0.1 0.05 0.01 0.W5 0 W 1  0.0005 0,OmZ 
GRAIN SlZE IN MILLIMETRES 

R G W  5. GruMrm dhtr(bvfim pmph k r  R rho GaHnmw valkrl IbkFrnc. h b a c  (wmplm TII 58-51 
Iot. 4dn30'H, I ~ n g .  7Sn59'Wlr baml Hll (blurnmy, mmpod) from a mmd-M, 8 I m t  b a l m  grwml 
mtfmct. l m n  Hint, Qu.b*t l~mmpk TB 58-32. Id. 45*47'N, Imp. 7F5SFWJ,  tln mn-ldmd with 
nlmk-lluulal ~ d l m m h .  Mod tourl+r, Qv.bat Ilomple TB 58\51, l o t  Ad032'N, lono. 75'13'W). 
dork n r q ,  uppar lill of Ihe arm, sompl* mlloctmd 10 k t  btlaw gfimnd iurfmcm. 

Certain structural features observed in the Seaway excavations were very 
similar to those in aurficial deposits in Poland cxamincd during the INQUA (Inter- 
national Assmiation on Quaternary Research) Congress field trips in 1961 (Dylik, 
1961, pp. 1 1-1 4). These features. which have been named glaciwtectonic dishr-  
hancw, were caused by the weight and pushing action of glacier ice, and d i k r  
Fmm those caused by dumping and Irost action. 

In the canal diversion excavation thou@ b e  dyke, north of the power house 
at Cornwoll (ser Fig. 1 ), the disturbed structure df granular sediments and glacial 
[ill is betieved t o  have beEn caused by glacial tectonics (Fig. 7). Similarly structural 
disturbances in the canalimprovcrnent excavation at Iroquois Point (see Figs. 1 and 
7, and PE. IV) are interpreted as glaeio-tectonic structures. 

Dylik (1961) described two major typw of glaci*& fwms, folded 
structures and monoclinnl form. The folded structures include ice-pmsed features 
such ar those from AIbena d e s c W  bv A. MacS. Swlker ( 19601. The rnmoclinal 
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can be made between thoa of the invasion phase d the sea, the deeksea sedi- 
ments, and the shallow-wnter sedimenk deposited dunng the mession of the 
sea-level. L 

A thin mantle of sand and gravel overlies the t i l l  on m e  of tbc higher 
slaps along till ridges north ol Camwall. Because this granular demir is owr- 
lain In turn by strarified marine silty clay it has been assumed that the mantle 
of sand and gravel represents the rising phase of the sea-level. At somewlmt lower 
elevations the glacial lake s e d i a n N ,  if present, gradually change into brackish- 
watcr Yoldro silty clay upwards. From Lhese relationships it is concluded that the 
placid lake, existing in the area during rhe retreat of the ice, was drained to a 
lower level and it is possible that l~ke sediments at bigher elevations m y  have 
been exposed to slumping and oxidstion (MacOintock, 1958). Furthermore, lr 

is possible that the pre-Champlain Sea stratified sand and gravcl on Ranks of till 
ridges m ~ y  be B lacustrine beach deposit 

In, penerf, the mbmergence of thc msp-area by the Charnplh Sea is in- 
dicated by deposition of the Yoldia clby, which is a brackish-water sediment that 
normalty forms a transition from the varvcd glacio-lacustrine d a y  to the  marine 
clay. The Yoldia clay resembles varwd day, but close examination shorn that 
the vamng  is  poorly defined and the x d i e n t  commonly contams in xitii fossils of 
Yoldia urciica (Gray) (PI. VTI, fig. 1-41. In some places the YoIdia clay is 
composed of si lg clay layers separated by thin sandy partjngs. 

me Champlain Sea clay stratippfiically overlies the Yoldia clay. Tttis marine 
clay is ~ommonly fassilifmus and rangcs from massive to stratified. Its thichm 
is variabla depending on preexisting relief, and may be more than 50 fect in 
some parts of the maparea. The deep-water day generally c o n t h  black streaks, 
irregular blotches or a speckling of amorphous rnonosulphidc oi iron. Ericson 
(1961 ) dexrikd this sulphide as hydrotroilite (FcS.nHzO) and claimed that 
these black streaks were formed by the generation of hydrogen sulphide by 
anaerob~c bacteria. The black coIour disappears soon dter exposure to air. 
Crawford (1961, p. 201) has reported anaerobic bacteria Imm Champlain Sea 
clay. 

The name ' h d a  clay' (used for the Champlain Sea clay in several reports) 
i s  objectiunablc for two remns. First. the fossil Lch porilandicn has been 
pioperIy named Yoldia orcrica (Gray). Second, the main body of the Champlain 
Sea clay (=Leda clay) does not contain Yoldia (=Ledn) as its characteri~tic 
fossil, but rather Macoma balt/uca &inn€), (PI. Vm. 6gs. 5-10). For further 
comments on the nrme 'Leda clay' see Gadd (1955, 1960). 

The Champlain Sea clay becomes sandier upwardr], where it is mmmody 
cornposcd of alternating silty clay layers and sand partings. Such depwitional 
features were produced by the shallowing of the acn owing to q1iR of Yhe land. 
and gradually more sand was winnowed out from the taps of till ridges owing to 
wave-wash. Tn some expwum frrtber away from the till areas the nearly massive .,.,;,, *In., :., ,..,kn- -,.I.. -..-- *.:, L- - *L:- 9-.... -1 --- 1 -1 -.,. .. - - . ' 
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ahrodant m h e  fossils. The of thb sand is again ~ l a b d  to s tmg wave- 
a h  01 higher till ridge3 and knob,  near the end of the Champlain Sca cpisodc. 
This sand unit, which may be con ti nu^ Over I a q e  an=, has -cd the 
'$arfcaua sand* in older rtparts ( 1 ~  Gadd, 1955, 1960). me tern Champlain 
Sea sand for this unit is pmfemb1e to 'SG?X;CGV~ sand' hause fmril Smicava 
arcrica has been renamed Ffinfeh m f r c a  (LinnE) and, f r ~ ~ ~ ~ o r e ,  Hiatella 
(PI. VII, figs. 7-10] Occurs in abundance 0 d y  in the [me beach deposits. 

Another importat WuP of ~ x l i m e n b  belonging to the C h d -  Sea 
shallow-water phase is c o m ~ s t d  of beach deposits, which exhibit characteristic 
physiographic forms. Boulder beaches and beach ridgw occur in abundance at the 
prawnt elevation of 300 to 350 feet above sea-level. 0, the surtace, extreme wave 

action ir indicated by boulder concmtrfitions on t h  slopes of till ridges and 
bwldm and gravel ridges IFIS. IX and XI which are nomaIly a quarter to a half 
milc long hut a few extend over 2 miles. These f e a w  can be, ~ d f y  recognized 
on aerial photograpfis. Mad3intmk ( 195% p. 14)  esiimnted [ha! such hills have 
kcn lowered 40 to 50 fcer by wnvewash. A3guming that thk estimate Is of the 
right order d magnitude the tremendous effect of wwe.wash on fresh glacial till 
deposits becomes appaxfi, and i t  follows that the on@naiIy relief was much 
subdued. It is also reasonable 10 assume that a enain mount of evidenm on 
glacier flow, expressed s11ficia1 ~hysiographic feahiw, was thi 
pmcess. The cloy and silt fraction Of the material winnow4 from till ridges was 
deposited in deeper parts of the marhe basin; sand and Fmel were sprrad wer 
pre-existing sediments horn the sires of heavy ~ m ~ - ~ ~ h .  mug a %ra&tion~l 
sequence of sediments was formtd ( ~ e  Fig. 8). 

Othcr distinct physiographic forms nf mnrine depib aR fit vim and 
shore bars, which can be of cmsidcrable size. Swh fa- ate in the 
northwst corner of Cornwall m a p m a  neu  Warina (PI. XI). Similar but s m d ~ r  
featurns occur elsewhere within the map-area as weft as to the west (PIS. XH and 
XIII). These featurn mtlstly cKrmr at eFevatioas kwem 300 and 350 f-1 above 
&c piesent sea-level. They pmbabhr formed when hj&cr parts of the mmp- 
area came clwu to and emweed above the level of the Champ& Sea. ~t that time 
the wave-wash effect wes most significant. 

Estuarine and Alluvial &+parnits 

whm the level of the CbRmplain Sea had W d e d  to is the 2wf~t 
elevation tbc marine cnvimnmfnt changed to estuarine fondhim indieatcd 
by disappearance of merinc fossils in surface deposits at lo- elevatims, Elson 
(1960) named this estutrrjne-lacuslrin phase the hmpsi / i f  ] a h .  ~t ia 
reprcunted by thin deposits of stratEd,  non-fosr;ilifemus silty sand tancaster, 

the eastern part of Comwdl map-area. Gravelly ha& deposits of the I~mpsi l i s  
lakc are rare and poorly d w e k ~ e d -  In a deposit m e  2 milerr north d Sammers- 
town Station broken shells of fossil I.Ompsilis ~ i i f q u o i d ~  found t o d c r  with 
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J.1.84.6a 
P U T E  IX. A curving b w l d a q  baoch rldoa a b w t  a dk mrlhwasi of McMlllon t o m a n  Such 

faaturea h o w  dlsHndly on aarial photographs, and help In bcaHng swmr af grarwlar 
mohriolh 

I t i  I ~ e t r  

?UTE X. J.cHon *wough o growl b ~ c h  d d ~ a  d a v e b p d  on gladal Hll, 1.8 dla &w& of 
St. Andtawr Madna h l l  bedl (rno.rlrol H& orrliml up b o Imt Ihic* -cur ar th 
ban o l  m a y  mxh V a l  dmpmmlb 

I 

Sand dunts am rare in C o m d  mapama; where pmsent, as in the nonh- 
western mmez (PI. XI), tbey are small.  Thjs paucity of duncs is the result of two 
factors. First, suBdently lxge m u m  arc-as of sand were Imcking when dune 
development could take place at the clase of the Champlain Sea episode. Although 
sca-level appanently stood at presmt 325- to 350-foot drvatioa For some time, 
the map-area was then below sea-level. Later sea-lwei apparently receded rapidEy 
and the mvegetated Iand was colonized quicHy hy plants. 

SmdI dunes occur near Uppar Canada Village west of Cornwall on highway 2. 
Thwe were formed along the north shore of the St. Lawrence River as differentid 
uplift of land cnused the river channel to shift from north to south 

A large area of parabolic dunes OCEU~S west and north of P m t t  T!a= dunes 
are numerous and large, some more than 100 feet high. They were f o m d  by 
winds fmm Cne east-northcast and are Iargely limited to elevations of 325 to 350 
feet abave sea-level. A semnnaissam study ww made by Terasmae and Mott in 
1959. 

I 
Alluvial deposits, wmposcd of poorIy stratified silty saod with flikcs of mica Organic Deposits 

I The appreciable areal extent of organic deposits in the m a p a m  can be 
resay seen on Map 1175A. In general llhese deposits arc shallow and Iess than 
I T  fppt d e n  Pnmmnrrlv thrv n n  ? fn h fw? awn I ~ ~ P I P ~ T .  h i - n i i e ~  th- nrra~idinn 

I 
&re extensive in the east half of the map-am and along the St. Lawrence River. 
Generally they are underla~n by estuarine and marine beds and are 3 to 10 foct 

' I  thick. These deposits locally contain fossils of rndern species living in present 
r i m  ~ n d  r e t e  
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The following radiocarbon dates have been obtained for shallow-water 
marine fossils of the Champlain Sea episode: 

Approximate 
I elevation 

(feet) dd.1 

11,300 k 200 years B.P. (L-639B) Old Chelsea, Que. 500 
10.630 * 330 - (Y-215) Hull, Que. ..... .. . 392 
10,850 + 330 (Y-216) Ottawa. Ont. ...... . . . . 323 
11,370 rt 360 (Y-233) Montreal. Que. . . . .. - 545 

I 
10,550 * 200 - (Ld04A) Ottawa, Ont. ...... . . . 330 
10,700 * 200 - (L-604B) Ottawa, Ont. .. . . 330 
10,600 200 - (L604C) CornwaU. Ont. 200 
10,200 * 200 - ( M D )  Ottawa. Ont. .... . 356 
10,870 * 130 * (GSC-90) Pembroke, Out ..... . . . . . .. . 450 

Further daas may widtn h i s  a& range somewhat when m p I e s  from the highest 
and Fowt limits of the Champlain Sea. are dated. 

Minimum agcs for early post-Champlain Sea redimtnts have been obtained 
from two sites (Tmsmae, 1960) : 

9,SGQ 2 MO ycarr B.P. ( L 4 l C )  Drurnmwdvillr Quc. 
9,430 -c 140 yearn B.P. (GSC4) Cornwal3. Ont. 

A numbcr of radimrlmn dates ham h e n  published in rtports by Temmne 
and Hughes (1960), and K m w ,  Clark, and Terarmae (1961 ), ptrtaining to the 
Lake Humn and Lake Ontario regions. These datcs have m r t e d  the vicw that 
some $bases of Glacial Lakes Algonquin and Iroquois and the Champlain Sea 
were of the same age. Geoloficsl and palynologicnl evidence is nlsw in agreement 

I with these mrrelahona. However, much further fidd work is ~equired to establish 
the neoessary details d a satisXactmy correlation. 
; A cornlaboa of the Malone and the Fort Cmington ice-readvame to the 

I eastward i s  even more obscure and considerable work is required before attempting 
I 

a reliable cornlation. The St. Narcim mmne (Gadd, 1955; Kamw, 1957) k 
probably younger than the Fort Coviagton readvance. Whether the St. N d s s a  
readvance em be comlatcd with the Valders substage of the W~smnsin glaciation 
is stifl an nnsolvcd pmblem, although it is a dehnite possibility (Terasmae, 1959). 
Thc post-Fort Covington readvance in the Prescott area may possibly klonp: in the 
Valders substage, too, but no absolure age for this readmnce has yet been obtained. 

The Champlain Sea episode is. in part at least, n correlative of the Two 
Creeks interstadla! (Terasmae, 1959). Later ice-readvance% in northern Ontario 
and Quebec are outside the swpe of this report. 

I 

I PostGlacial History r 

I The sequmce d glacial events in the mapama ended during the Champlain 
Sca episade and gave way to the following past-gleeid evcnts. First, drainage from 
thr c-n* r m t r r  m t a v - r l  t h ~  TX=mnt-;n 6- rhrrrbrnh rhr T sGr k t k n  hsrin 

I 
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Second, later (Tcmmse and Hugbcs. 1960) when the ice b d  rrheatd north of 
the Ottawa Valley this drainage entered the Champlain Sea in the, area w ~ s t  of 
Pcmbroke. Ontario. Third, uplift of the. land caused ahiFting of drainage ways, 
and also cmtrolled the western extent of the Champlain Sea. 

Reoomaissancc studies in sn a m  limitEd by the towns of Broekvillc, Smith% 
F a ,  and Kingston rwcalcd no widence no show that the Champlain Sea extended 
into thc Lake Ontario basin mss the Precambrian Frontenac &is, as had k e n  
previously assumed (Coleman, 1901 ; Fairchild, 1906; Mather, 1917; Chapman 
and Putnam, 1951). Howewr, Baker md Johnston (1934, p. 80) noted that the 
Champlain Sca undaubtadly extended up the St. Lawrenu: valley as far as (what is 
now) Bmchille, but that thc depth of the Trcnt valley outlet of Lakc Ngonquh 
blow the present level of Lake Ontario discounted the possibility that the Chum- 
plain Sca extended west of the Frontenac Axis. Funher evidence for the  above 
reasoning has been presented by Kmw,  Clark, and Te-c (1961). 

Borrng made in lake sediments b e a c h  the present level of Lake Ontario at 
Picton, Prince Mwad county, yieIded imhwater fossils only, which cltnrfy 
dispmves the assumed marine origin of the "lower beaches" at Picton, as suggested 
by Coleman ( 1901 ). No marine fossils have ban found in beach deposits in t h a t  
area above the present level of Lake Ontario (Mirynech, pers. corn.). Thc, often 
quoted wxnrrwce of marine shelis at Brockvillc, Ontario, is actually based on 
hear4ay evidence. Although Coleman (1901, p. 134) claimed that Rohn Bell 
obtained marine fassiIs at B m k v i  in clays ptnetratd by a runnel under the 
town, other rqmrts indicate that Bell did wt himseIf collect m y  fossils there but 
had heard that mch rnnrine fossils had been observed in the tunnel excavation. 
R m t  s e a ~ h  by the writer in numcmur expomres of suficial deposits in the 
Brockville area has yielded no marine fossils. East of Bwkvirlc, bowcvtr, mahe 
fossiIs (pelccypads, pstropods, foraminifera, diatoms, ostrawds, and some whale 
bones) have been found in the Champlain Sea d~posits (Raker, 1920; Waper, 
1957). 

Continued uplift of land, particddy to the eastward, gradually limited thc 
inflow of salt water and a change from marine to freshwater environment took 
place; the fossil Inmpdlis siliq~toidea appearad. followed by other fneshwakr 
fossils in gravel and sand below the lowest marine beaches (Elson, 1960). Tli~ 
change may have occurred some 9,500 years ago. It was followed by extensive 
downcutting by rivers into the mame adediments, as indicated by urnemus river 
scarps and terraces, and deposition of croded deposits to the domstrtam. 

Many riva channels were abandoned in succcqsion towsrds l o w  elevatim, 
and lakes WCK. left in isoIated depmsions where deposition of lacustrine sedimentr 
btgan shortly afterwards. Some of thcsc Iakes were filled with sediment and 
developed into swamps and bogs. 

One sppsrtnt difference between tbe St Lewrcnce River Valley in the Prts- 
con-Cornwall area and the OFtswa River valley is that welldcvelqped terraces 
white present along tfic w a  fiver are virtualfy absent along the St. Lawrence. 
7- int. ,i,,:,t t;,, th. n~. , -~  nrln AD,....~~J r.~.,r:... m .L- P-...~I* 
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area, than at present, and it was also closer to the source area of sediments-the 
mcIlfng ice-sheet to the north. Thus, in general the sediment9 are thicker dong 
the Ottawa Rivcr m d  during the uplift of land the river cut deeply hrough these 
deposits and the river channel shiltcd bur little. The St. Lawreacc River. however, 
Aows through a GI! and bedrock area and downcutting has been diAicult.arrd slow. 
Uplift of the land caused the rivcr to shift southward, which may Lx a reason 
for rhc ymthful appearance of the St. Lawrence River valley ncor Cornwall. The 
dfierentixl uplift In the Dttnwa-Cornwall region that tilted rhe land southward 
cnlised the farrnerly northward-draining nvetr 10 cut dccper channels or change 
their courses, rssulthg in a rathcr dlsorganired dra inag  system. This metter is 
further illustrated by the Fact that as much as hO per cent of the soils in places 
is poorly drained. F m  botanical studics, Dore and GilIett (1955) suggested 
that "the waters of Lake Ontario may even have found othw outlets (rbrouph the 
Rideau, Moira-Miuissippi system, KemptviIle Creek, or rhe South Nation) and 
the migration path of plants may have been directed townrds the vnliey of Oaawa 
rather than down the SI. Lawrence". Furher studics may solve lthis problem of 
river divcrgnce. It is conceivable that durine a latc phase oE the Champlain Sea 
the drainage from Lake Ontario folIowed a northeasterly route From ~ h c  Kin-@on 
area towards SmiWs Falls and Kcrnptville and somc sands there may be related 
to this event. The large area of sand wcst stand north of Prescott probably has a 
complex history. Some of this sand may be glncio-fluvial. some of it may bc s rlvcr 
deposit to which w a s  odded the sand derived from till knobs and ridges by w ~ v e -  

wash. The h a 1  nccumulation of dune sand resulted from wind actton in a late 
phase of the Champlain Sea episode. 

The prcscnt, prel imina~ studics seem to indicate that the early St. Lawreurn 
River came into existtncc wt latcr than 9,500 years ago and prohabty bepn to 
flow along its present course at Cornwall some 7,000 to 8.000 ycars ago. 

PalseobotanicaF Evidenms and fmpIication~ , 

On the hmis of plmt distribution in the area along the present St. Lnwrence 
River, nore and Giliett (1955, p. 4) observed "it is rather ctrtain thdt the area 
along the St. Lawrencc was not uvailable for occupation by plants until relatively 
late in prehistoric time, perhaps nut until a few rhous~nd years ago, and long 
after the sunouodiug terram was vegetated.'* Geolo@cally, ~t is pmbablc that 
plants had no major migration barriers at h e  easwrn end of Lake Ontario in 
Iatc-elacid time and could migrate up to the Ottnwa area and eastrirnrd dong 
the higher land between the Ottawa and St. h w e n c e  valleys. Zn zhe'Cornwall- 
Prcscott area, however, a rather widc h d y  of water may have formed such a 
barrier. When the St. Lawrence Rivcr came into existence both botanical and 
climatic conditions mag have prevented further migration of somc plants. 

Some ieaturcs of the hitory of vegetation in the map-area can bc d e x r i k d  
from palynological studics made by Potzger and Courtemanche (1 9561, and by 
the writer. Results of these studics have hccn compiled in two polleri diagrams 
CT;:..~ n .,-A ~ n \  

Historical Geology 

RGME 9. torralonon of p H a n  aropha ImdWlsd horn HcwIwmn bap dlmgrmm by Pakgrr and C w e -  
mumhe, IP561, pollan rona,  probable pmt-glotinl climala, end %a rmdi-rhe dot- rhlk ha". 
barn adopled from lhn T r o l r A i v i i n r .  Ouak+r, raglwr. The rsdtorarbm dolor ylod hrr. were loter 
supported by one f m m  Iha map-orea. 

Palynologisal evidenm indicate that some 9,500 years ago. as show try 
radiocarbon dates, the Cornwall area was covered by a boreal forest (pollen zone3 
V I  and V )  whcre spruce, bdsam fir, jack pine, birch, and some oak werc 
prominent. Other forest uee specics were of lcsqer importance. A changc foIlowed 
(pollen zone I V I  when jack pine gained in importance, mwtly at the expcnx 
or spruce. This  was transltionnl to the ncxt zone, when white pine, and probably 
red pine, gained in dominwce (polIen zone 1111. Further change occurred when 
hemlock and revetal hardwood spcciec incsensed mnsidcrably in abundance 
(pollen zone n). 'The relalivcly slight changc townrds more recent time (pollen 
zone I) i~ indlwted by a certain increasc in spruce pollen and a decline of 
hemlock. 

T h e  most recent cbmge in the pnJlen assemblages, reumercd from the top 
few inches of sediment, S~cm3 to reflecl the disturbances brought about by human 
activities, ~ n d  ir accompanied by a marked increase in non-trce poIlcn species 
such as rsgweed (Baswtt and Tem~mae, 1962). 

The changes in forest composition as described correlate well with those in 
the St. Lawrence Lowlands (Tera<mae, 1960). The radiocarbon dates obtained 
tend support to such 8 comkation. The writer is convinced that these chartgm 

.- - - a  _ -  'I  1 1 . .. . , . . 



mgionallg. This assumption is of hndamemtal imp~rtance when a regional cornla- 
tion of post-glacial events is attempted w the basis- of palpologicat evidence. 

Iwrersen (1450) suggested that the cbmges in post-glacial forest c~mpogition 
can be explained by the normal succession and migration of forest tree s p ~ c f e s  
towards a climax fomt in a given meon. A normal forest succcssion depending 
on mvironrnental conditions ccrtabdy docs take place, as do local variations in 
the succcssion calmed by fire and disease, but such changes arz of relatively short 
duration and do not take thousands of years to reach a somewhat stable com- 
positir~n. Furthermore, many o&cr lines of evidence haw cltasly shown that 
cIimatic changes of snlficient magnitude hsve occurred in the part to account for 
thc obshved chmgts (Terasmae, 1961). The m k r  supports hersen3 opinion 
that the post-glacial changes in forest type must b considered on the basis of 
dynamic plant swioIogy and thmt migrarion of species is an important factor in 
the intcspretation of climatic changes as implied from fossl evidence. Therefore, 
a thornugh knowledge of plant ecology Is essential for such interpretations. 

Margarct Bryan Davis ( 1960) recently claim& that the p l l c n  percentages 
as shown in a pollen diagram do not reflect the true numerical composition of 
the forest in the sumounding area. difllclllty has been recognized and nccepted 
by palyodogists as one of thc limitation? of the method, but it is. nevenhcless, 
important to know more precigely the numerical relationships between the pollen 
assembEages and the vegetation types thnt produced them. 

Recent regiond studies of pollen assemblages in surtaee samples (the gedi- 
mmt that bas ncmmulatcd In the last 10 to 20 years) have proved beyond 
reasonable 'doubt that such pUen and spore assemblages definitely reflect the 
regional regetatian. 7 % ~  Iocal site conditions, hawever, muqt be careful5y consid- 
ered. A generalized climatic interpretation of the polttn diagram has h e n  
azterngted In Figure 9. A somewhat more detailed interpretation of the poqt- 
glacial :climatic changes in the St. Lawrence Lowlands and Ontario has been 
described in other publlcationg (Teraamae, 1960, 1961). 

Archaeological Evidences and Irnpliatioas 

Thc archaeologists have provided importnnt evidence on the pit-glacial 
history of the area. Evidence of Early Man ha* been discovered in asmiation 
with shorn of Lake Iroquois and the Champlain Sea, for example, and the St. 
Lawrence River (Mason. I4m). Mason was able to show that thc archaeoEogica1 
evidmce done indicated a greater a g  for Lnkc Iroquois and the Champlain Sea 
than had been accepted on other evidence some ywrs ago. Investigations made 
by C. C. Kennedy (1961, and pcrs. corn.) in the Pembmke area show the 
possibility of using archaeological evidence for correlating some post-gfacial 
tveats in the Great Lakes region with those in the St. Lawrence Lowlands. This is 
possible because the Onfiwa River-Notth Bay route must hsve been important 
to travellers in prehistoric times and, hence. facilitated exchange of archaeological . .  . . 

A5 mhaeologicat gmup led by Dr. Noman Emerson of the Univctsity of 
Toronto made a rather hurried study on S h ~ k  Island at thc Ault Park site just 
before it was flooded by Lakc 51. Lamnee, but because of limited time m e w h a t  
Ur~orlhdox digging methods had to be used. A bulldozer scraped successive 
3-inch layers ofl the sitc, and an archawlagist scanned for attifacts, which were 
exposed when sand piles were shifted by an air hose. Many finds wen made of 
shnpd arrowheads. pottery fragments. native copper awls, stone axes, and burned 
hones. Several burial pits lined with red ochre and containing anifacts were 
dismvcred. Dr. Emerson Felt that this site belonged to the Point Peninsula cultura 
which existed in castem Canada some 3,500 yran ago. 

The same site was probably used later by the Lodims just as it was rmnfly 
ffiv0ux-d hy Cornwall residents as a popular picnic ana, mostly because of its 
scenic setting. 

The area along the St. Lawrence River has alwaya bun closely relahd to 
early Canadian history. During development of the Seaway project many historical 
landmarks wcre saved, thanks to thc effons of the Ontario-St. Lawrence Dtvelop 
ment Commission. These have been gathemd in Upper Canada Viilnge, now a 
popular tounst attraction. 

Furthcr and more extmsive archaeological studies in castem Ontario art most 
desirable, as such sfadits frequently have: pala~limatological implications that 
can be of help in correlating post-glacial events and p l o w c a l  features. 



ECONOMIC GEOLOGY 

The ecunomic geology of the Ottawa-St. Lawrence Lowlands has been dis- 
cussed by Wilson (19461, and the limestone industry in particular by Hewitt 
(1960). Sand and gravel deposits in Lhc Cardmal-Comwall area were described 
by Owen (1951 1 .  

Rmk Products 
Limestone and Dolomite 

Much of the limestone and dolomite bedrack of dre m a  is suitable for 
mushed-stone producrion and was used extensively for the Seamy project. Larp 
 volume^ OF cruskd stone are used in highway, ra~lway, nnd building conm-uctioa 
T ~ c  coarse cobble grnvel frequently found in bcach deposits o[ the Charnplain 
Sea is also a sourcc of crushed stone. Such gravel sources can be seen an aerial 
photogmphs, as the bench ridps stand out rather distincny. 

T h e  local bedrock has hem \ssed also lor riptap--large nnplnr blocks of 
quarry stone f r m  200 pounds to 12 tons or mote in wcipht-where such rnatcrial 
was required far breakwaters, dykes. and piers. fn past years the local limestone 
WRF used extennvely for lime manufacture. as indicated by numerous old quarries 
and abandoned kilns. The local bedrock is, furthermore, suitable lor conmetc 
afqegnte and probably codd he used for partland cement manufacturn, which 
ucolhd form a bask lor n concrete block induqtry. 

Some of the dofomite and limestone of the area has been vsed 09 a smafl 
.wale for building stone. About T 4 miles west-nonhwest of CornwnlI C~ntre a very 
dark, pure, tine-grained limestone is cxposed in the wall of a qumy. According 
to Wilson (1946. p. 40) this limestanc forms a long, low ridge across a number 
of lots in Conc. XlT, Finch township, Storrnont county. It rakes a high polish. as 
pmlly shown by glacial erosion. and ir vsed as ommental  stone for inferior 
decnration. This timeqtone hss. been qunrricd by Silvenone Black MarbIe Quarries 
Limited of Cqsler. 

Field Stone 

Glacial cabblcs and boulders are locf lp fairly abundant and have been u d  
in building and foundation ctmstruction. Because of s rather wide variety of 
colour and texturn the field stone can be used effectively for ornamental purposes 

Sand, Gmwl, end Clap 

Some Iml day deposits wtre u d  for brick and rile maoufsctm in mnd 
plant5 that are now closed. 

Sand depwits are rather id and are dared to marine bcach ream=.. A 
more extensive, thi Sayer of sand commonly covers the marim depasits, but this 
sand has little economic value because of insufficient concentration. Nearly all thc 
matine kaches, particularly in the nortbwestem part of Cornwall maparea, have 
sand aprons downslope h m  the boulder ridges. Sand spits of comrnerciaI value 
are found near Warina in the northwestern cnrner of the maparca, where some 
dune sand occun in concentrations sufficient for exploitation. 

West of Cornwall maparea along thc north shore of Lake St. Lawreace 
and the St. Lawrence River smaller sand depsits am found in abandwal river 
channels. b a l l  deposits OF dunc sand occur locally, except north or Prescott 
where large dunes are sbundanr (Tcrasmac and Mott, 1959). 

Gravel depaits are plentiful and are almost excIusively related to beach 
feamres Formed during the Champlain Sca ep~sode, when heavy wave-wash win- 
nowed h e  clay and silt friction from glacial ti11 r idps  and knobs, leaving a manllt 
of residual gravel, boulden. and send, This mMle or formation P;ives a useful C ~ W  

lor finding gravel depmits. Such k a e h  features were formed as the dominating 
winds camc from the northwcs't, and now are gimerdly found on the northwest- 
and north-king slopes. Aerial photographs can be used successhlly for Bnding 
rmch gravel deposits. Coarse material (PIS. XII, XIII) is found near the crest of the 
rid$ and fincr fractions dawn the slope. In m e  placer exposed to waves, bars 
and spits were fom~ed extending away frm the parent till accumulation. 

Owen (1951 ) discussed in some &ti1 many gravel dcposits in the Cardinal- 
Cornwall area, gave estimates om the cubic yards of available material, and 
suggested uses for rhtst dcposib. 

Peat Dcpwi~  
The extensive organic deposits in the maparea (xee Map 1 f7514) mdd b 

utilized to advanup for ag~icultural purpwes, provided that pmph. methods are 
used for their cult~valion and management. The leasibility of such projects has 
been particularly well demonstrated by the Onawa Rivcr Farns on the ~ l f r e d  
bog, where many different kinds of vegetables have h e n  grow wirh g d  results. 
In the Cornwall area, a further advantage woujd be the pmximity of m s p o r t a -  
tion routes to potential markets. 

Groundwarm R~~ 
Two main sources of prormdwaler exist m the maparea. B d d h g  planes, 

traEtmea, joints and faults in the bedrock allow movement snd stotage of water, 
and the presence of rather large quanridcs in the bedmk has bcen clearly show 
by the rnp~d filling d the abandoned quarries. Wells drilled into the bedmk 
generally supply good water in sufficient quantity for farm use. Possible exceptions 
are those that yield &on& mineralized watcr, such as occur north of the m a p  
nrea (Wilson. 1946). The origin of mineralized watcr may be the probably 
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erratic occurrence of evaporites m the sedimentary d s .  Gypsam. for ~xamplt ,  
has been observed in drill-cores for site investipxdom in the Seaway project erca 
(Uhl, Hall and Rich, 1 95 7 1. 

Groundwater can also be F m d  in thc seathied granular diments that 
occur between Malone and Port Covinaon till sheets. In  same pIaces these 
sediments contain inmesses of glacial till--the "middle till complex" of Prest (1961 ) .  
Sudcial sands and pravels contain water in s m d  quantities. No decp. buried 
valleys in rhe map-area are hown to date. Such valleys, commonly filled with 
granular scdimcnts, have yielded large gumtities of wafer f a d e r  east near 
Montreal (Tremblay and Hobson, 19621. 

Marine clay a d  glacial till arc nearly impcrvious to the flow d groundwater. 
Shdow wells in marine sedimenb may yield slightly saline water. 

S a n e  Engineering Problem 
The magnitude and Ftrnstruetional variety of the Scaway project presented 

the eng.intcn with many problems, among which were those related to soils and 
foundations. Somc of thesc problems were outlined in the Engineering Journal 
/ 19511), and repork on different mpccts of cons!ructi~n were prpsented at the 
14th Canadian Soil Mechanics Conference in 1960 (Adarns. 19611. 

Some engneering geological problems of more gF2Ieral interest are discussed 
h-re. 

B h k  
Excavations lor the cannl and foundations showed that the Wmck was 

suficiently fracrured or permeable in many platles to allow Aow of groundwater 
in l a ~ ~ e  quantities. Such condifionr; required grouting d the bedrock. Some of h e  
p u t  penelrayed shear fractures in the overlying glacial till and later could be 
observed as thin cement dykes [W. M. Duncan, pers, corn.). 

Thc permeability of bedrock can bring about an interesriug gmundwatcr 
condition ot importance to cuastrnction ncrivities when the impcrvious bhoket 
of glacial lill and clay i s  moved  during excavation or dredging. This; allows the 
water from a river or lake to escape into the bedrock, sometimes with a head of 
several tens of feet. Thus the surmmdmp 071 or clay mantle may m e  undu 
artaian pressure and the removal or peactmtion of this mmtlc may introduce a 
serious groundwater pmbicn for further construction. Such groundwater condi- 
tion? existed during construnion af the Upper Reauharnois lock. A knowledge of 
sIruchiral and stratigraphic geology of both bcdrock and surficirl deposits can 
be of mt assistaocc under thew circumstances. 

Glacial Till 
A p a t  deal was learned about the properties, composition, and I x M c m r  

of the glacial till during construction of the Scaway. The dense till proved to bc 
much more difinrlt and cxpnsive to excavate than had bem anticipated. resulting 
;n a n  urlrlirinnal rner t- t h m  C~anmu Anrk-&.r;m n T  mnm + h m n  * l n  m;ll;nn 
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Glacial till war generally consided a useful mshuction material, It was 
included a3 the fill in the dykes, as a wa1 in dl rack cofferdams, and has saf&cient 
bearing capacity for foundatiml-~ls. as shown by construction of the Tmquois Jock, 
where some 2,500 feet of the upper approach wall is lgnp on glacial tiU. 

Occurrence of inclusions of granuEar groundwater-bearing m a t ~ r i d  in @mid 
till also complicated excavation. Most. of these inclusions were o I  Iocal extent. 
One such occurrence of sand, gravel, and silt in till has been illmated in Figure 
7 and Plate V. 

An interesting mil condition was dismwd by the soils enLjnecrs of the 
Hydro-Electric Power Cammission of Ontario in an area a b u t  20 mil- west of 
Cornwall whcm many bore-holes wcrc msde to investigate foundation conditions 
(Adams, 1961). In this area of low relief certain 'soft' deposits were encountamd 
laterally between ridges of compact till. The soft till had a stlfler surface crust 
5 to IS feet thick and a maximum thickness of 50 feet. A soft clay layer locally 
separated the soft till from   he underlying dense till. The mft dll differs from the 
dense till by its lower penetration rwistaoca--5 to 20 biows per fmt compared 
wirh mort than 50 blows per foot required For penetration in other till deposits of 
the area. The soh ti11 has a sfirhtly hipher moisture content. The soils engineers 
concluded that LIIE soft till or~gnated from ghci~l accurnufation but was not 
consolidated to the same extent ns normal rill on depition. 

One possible explanation for thrs soil condition IS that daring deposition, 
whcn the glacier margin advanccd into a lake to the south, water orignally present 
interstitiallv in the till w3s trapped and w m  unable to escape laterally, with the 
result h a t  the poie water pressure may have been suficicnt to prevent thc ovtr- 
consolidation that should have occurrcd because of the loading by  lacier ice. 

I r  can be implied from this example that consolidation tests on tills may ar 
may not indicate a previous loading by the glacier ice. This example also has 
implication in the field of gotuldwater geology pcrtaiaing to permeability and 
slorage capacity of such surficial deposits. 

Marine Clay 

The soft silty marine clay present4 some diffimltiwt during mcavation es it 
was subject to flow slides and liquifaction when disturbed. Embankments required 
special anention because of the low haring capaciv of this clay. The properties 
of thc Champlain Sea clay hnve been invesriga~ed ~xtensivcly by scienljqts of the 
National Research Council, Building Reses~arcl1 Division (Crewford. 1961; Legget, 
1961). 

Experience gained from tha St. Lamnce Seaway constnrctirrn clearly show4 
the nced for fuitber derailed study of the  engineering pmperties of surEc~al 
dcposits as we11 as their behaviour under specific conditims. A kuowl tdp  of the 
structure, stratigraplry, and extent of bdrock  formatione and surficial d e p i t s  
was found fa be a necessary prerequisite for many of the construction activities 
in the msparra. 
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w m  ifcat) 

Beach gravel: fossiliferous .......... .,,.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Till (Fof Covington (upper till)): oxidized to about 18 feet frum 

n d a m  .......................................................................................... 38 
Sand, silt, and gravel: stratilied, glacio-fluvial deposits ....................... 48 
Til: 'middle till' - upper part of Malone till ................................. ?O 68 
Silt, clay: sand, and gravel: about 3 to 5 feet of this silt and clay u 

................................................................................................. . qvamal 7 75 
TRI.Clowr tlU - lolvcr parr o l  Malone till ................ .. .................... 105 

m u  

Qey: va rval..... . .,, .......................... . .- . . .  

Depmiu Thiekn~ Owtil 
(Icct) (feet) - 

..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sand: stratified, alluvial 2 
Sand and clay: stratified, marine (Hiatella and Macoma) ................ 2 
Till (Fort Covington (?)): grey, sandy: contains numerous pebbles tmm 

the Precambrian Shield and fewer from the local bedrock ............... 1 5 
Clay: mrvd (1). conrand wl~h pcbbka 1 6 .......................................... 
Till (MaTom): blu+gm, clayey. compact: co~laim srattaod pebblm 

Imm 1-1 Mmck and a Tcw Imm the h m b r i a n  Shield ........ 5 It 
Slumped: presumably till (Malone). ... ...........................-. 5 16 
Crak 1wel ............................ .. ............... ............ 

Section 7. Cut 'C', west of Long Sault dam; west face of exposure Section 10. West bank of Aultsville Creek at Aultsville; 100 feet north 
of old highway 2 

mclmns Drpth 
Dcpmlts IfW (Ref) 

Appro%.  appro^ 

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sand: slIuvlel and mrhc ..,..... 10 10 
Silty clay with ~ n d  pnnings: marine. fossiliferous sediments ................. 15 25 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Silty &.!y: rnurine 10 35 
Clay: vaguely m d  to masskc. Bmcldsh-water Yoldia clay.. ..... 5 40 
Clay: varvcd, glacio-lacushine ............................................... 15 55 
Sand and gravel : glacio-fluvial ....................................................... 3 58 

.............................................. ..................... rill Wort Covinglon) , 10 68 
Slump. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Section 8. Cut 'F' through Long Sault Island. North face of excovation, 
where it cuts through the till ridge Section 11. North bank of St. Lawrence River, 1.8 miles southwest of 

Aultsville 
- 

Section 12. North bank of St. Lawrence River at Point Three Points, east 
of Iroquois. Canal improvement excavation 

Section 9. North bank of the St. Lawrence River at the mouth of small - 

creek at Fawan Point 

............................................... Sand: stratified, alluvial 
S i t  and clay: stratified, sandy; marine, a few fossils of Macoma ......... 
Silty clay: stratilied, with some sandy partings. Marine fossils (M-0) 
Silty clay: vaguely stratified with thin layers and lenses of sand; bmk'ih- 

.......................... w n t a  Yddlu clsy. ............... 15 
........................................................................................... R i m  level 

D w i b  

Ti  (Fort Covington): oxidized, sandy and stony; fabric from m-t 15 
Till, gravel, and sand (Malon*"middle till complex"): the uppcr 

member of Malone till, recessional phase .................................... 10 
Till (Malone): compact. blue-grey, clayey and silty with a fabric fmm 

20 
Bottom of exca 

L a m e  ................. ..... ..... ........ ................................................... 



Section 13. Iroguois Lock excavation 

Till Fur l  Covhgton): sandy, sUt fl with nummm p b b l a ;  

Section 14. Galop Island. Canal improvement excavation (western end 

Dcpmia 

Gravel and sand: stratified, w ~ t h  silt and numerous bouldcra Cie.mRcd 
drift a a o d i  to MacClintock 1958) .. . 

rin (Fort Ca~mflan): dcrw. brown, aandy till; oxidized . 
T111 (Fun Covmaton): blue-my, smdy s ~ l t  UU; unoxidized 
Sand and silt: strarifted 
Slump: probably obscures the M a b  till over bedrock 



* c.14 Date, 9.430? 140 yrs. 8. P. (GSC.8) 
PERCENTAGE OF . TREE POLLEN To accompany G.S.C. Bulletin 121. by J. Terasrnae 

-. ." 
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