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INTRODUCTION 

The Central St. Lawrence Lowland includes the area between the 
Ottawa and St . Lawrence Rivers, straddles the St. Lawrence as far as 
Quebec Ci ty, and extends a short distance beyond the north shore onl y 
(Bostock , 1970). Marine wat er from the Atlanti c Ocean inun~ated the 
Cent r al St. Lawrence Lowland and Champlain Valley during t he final 
retreat of t he Laurenti de Ice Sheet from eastern Nor t h America, forming 
the Champl ai n Sea (Fig. 1) . The purpose of this paper is to describe 
the lithologic and invertebrate fauna l successions at two s ites in the 
lowland and to discuss the significance of the successions. 

SPARROWHAWK POINT SITE 

A ten-metre section of glacial and marine sediments is exposed in 
the shore cliffs on the south side of the St. Lawrence River between 
Ogdensburg and Waddington (Fig. 1). The sediments are divided into the 
fo ll owin g uni t s, (1) massive stony till~ (2) rhythmical ly laminated silt 
and clay ("varves''), (3) massive mud, and (4) sand (Fi g. 2) . Unit 1 is 
equ ival ent to the Fort Covington Til l of MacClintock and Stewart (1 965) 
and is over lain disconformably by Unit 2. The contact between Un its 2 
and 3 i s gradational and the contact between Units 3 and 4 is abrupt. 
The success ion from till to massive mud was al so reported by MacClintock 
and Stewart (1 965 ) and Terasmae (1965) from secti ons exposed near 
Cornwall during the St . Lawrence Seaway Project. 

Uni t 1 is unfossiliferous. Ostracodes are present in Units 2, 3, 
~nd 4 . Foraminifers are absent in Unit 2 and are present in Units 3 
and 4 . Invertebrate macrofossils are common in Unit 3 and in the lower 
part of Unit 4. Portlandia arctica (Gray) is the most abundant 
m?crofossil in Unit 3 and is accompanied by Cylichna alba Brown, Macoma 
ca lcarea (Gmel in), and Hiatella arctica (Linne). Macoma-balthica 
(Linne) is present in the lower part of Unit 4. 

Radiocarbon dates , 11 900 1 100 years BP (GSC -3767) and 
11 300 ± 100 years BP (GSC -3788), were obtained for shells of 
Portlandia arctica from the lower part of Unit 3 and for shells of 
M~ (rJma balthica from the lower part of Unit 4 respecti vely (Rodrigues 
ctnd -R-fchard , 1985 ). At one spot along the shore the laminated sed iments 
are truncated and underlain by massive mud which in turn is underlain by 
lami nated sediments. Rodrigues (1987) proposed that t he presence of 
massive mu d below laminated sediments is related t o post depositional 
slumping. Radiocarbon date s of 11 900 ± 100 years BP (GSC - 37 67 ) for 
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Portlandia arctica from the l ower part of the massive mud overlying the 
lam1natt'd- sediment s and 11 900 ! 140 years BP (GSC-4044) for the same 
pel ocypod spec ie s f rom the massive mud be l ow the laminated sediments, 
ar e consi s tent with the s lumping hypothesi s. 

Three ecozones are recognized on the basis of foraminiferal and 
os tracod e assemblages from 30 samples which were collected f rom 6 m of 
sect ion (Fig. 2). Ecozone 1 is characterized by the ostracode Candona 
subtr~angulata Benson and MacDonald and is restricted to the 
rhythmically laminated si lt and clay (Un i t 2). Ecozone 2 contains low 
numbers of the foram in ifer Elphidium excavatum (Terquem) forma clavata 
Cus hman and Candona subtriangul ata; it is associated with the 
gradational interval between Unit 2 and the massive mud (Unit 3). 
Elphidium excavatum forma cl avata- dominant foraminiferal assemblages 
Characterize Ecoz onc 3. The for aminifer s Cassidulina reniforme 
N~rvang, Haynes ina orbic ularis (Brady) and Polymorphinids (species of 
th e Family Polymorphinidae) are also present in Ecozone 3. The 
ostracodes Cyt heromorpha macchesneyi (Brady and Crosskey) and 
Cytheropteron pseudomontrosiense Whatley and Masson are present 
throughout Ecozone 3, whereas Cyt heropteron paralatissimum Swain occurs 
in the lower part and Roundstonia globulifera (Brady) occurs in the 
middle and upper parts of Ecozone 3. Port l and i a arctica is the most 
common invertebrate macrofossil in Ecozone 3. 

The laminat ed sed iment s (Unit 2) characterized by Candona 
subtriangulat a (Ecozone 1) were deposited in a glacial lake wh i ch 
occupied the ar ea during early stages of i ce retreat (Fig. 3) . Th e 
interval between Unit 2 and the massive mud (Unit 3) conta ining the 
El ph idi um excavatum forma clavata - Cand ona subtriangulata assemblages 
(Ecozone 2) were deposited in low salinity bottom-water during the 
early part of the marine episode. The salinity of the bottom- water was 
highest (<250/oo) during deposition of Un it 3 which is character ized by 
Elphidium exc av atum f orma clavata - dominant foraminiferal assemblages 
and the pelecypod Port l and~arct i ca (Ecozone 3). 

r11<' inferred freshwater environment fo r t he rhythmically lamin at ed 
i I: and clay ( "varves") is based on the modern and fossil occurrences 

ot CJndona subtri an gul ata. Congeners of Candona 1 i ve in freshwater 
env1 r onments, i. e . lakes and r i ver s (Delorme, 1970). Ident i cal Candona 
subtr i angulata-assemb lages were reported from the Late Pleistocene 
Sreboygan Member of the Lake Michigan Formation (Burke, 1987) . The 
presence of Canadona subtri angul ata and Elph idi um excavatum forma 
cl avata in Ecozone B (Fig. 2) indicates that C. subtriangulata can 
survive in marine environments characterized by low salinity. Thi s 
does not imply that the varve - like rhythmites containing Candona 
subtr i angulata were deposited i n a marine environment. The distinction 
between freshwat er and marine environments is based on the total fossil 
as semblage, rather than the presence of a single species in the 
as semblage. Thus, assemblages containing only Candona subtriangulata 
ar·e related to fre5 hwater conditi ons, whereas assemblages containing 
C. s ub triangulata plus marine os tracodes and/or foraminifers are 
r· e lated to l ow salinity conditions during the early part of the 
Champlain Sea episode in the Central St. Lawrence Lowland. 
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Cro~in (19 77) described assemblages containing Candona subtriangulata, 
mar1ne ostracodes , and foraminifers f r om deposits near the maximum 
extent of the Champlain Sea in the Champlain Valley. He also concluded 
t hat the assemblages are related to low salinity conditions during the 
early part of the marine episode . 

CASSELMAN SITE 

About 17m of glacial and post-glacial sediments are exposed along 
the west bank of the South Nation River, northwest of the town of 
Cas selman (Fig. 1). The sediments rest unconformably on Ordovician 
carbonate rocks. The glacial and post-glacial sediments are divided 
into the following units, (1) till, (2) rhythmically laminated silt and 
clay ("varves"), (3 ) massive mud, and (4) red- and grey-banded mud 
(Fig. 4). The contacts between Units 2 and 3 and Units 3 and 4 are 
gradational. Th e succession from Unit 2 to Unit 4 was described by 
Fransham and Gadd (1977) and Gadd (1977, 1986) from boreholes in the 
deeper parts of the lower Ottawa Valley. 

Unit 1 i s unfossiliferous. Foraminifers are absent in Unit 2 and 
ar e present in Units 3 and 4. Ostracodes occur in Units 2, 3 and 4. 
The pelecypods Macoma calcarea, Mytilus edulis Linne, Portlandia 
arct ica and Yoldiella sp., and the sponge Tethya logani Dawson are 
p-r-e-sent in Unit 3. Invertebrate macrofossils were not observed in 
Units 2 and 4. 

Six ecozones are recognized on the basis of foraminiferal and 
os tracode assemblages from 22 samples which were collected from Unit 2 
and Unit 3 and the gradational interval between the units (Fig. 4). 
The varve-like rhythmites (Unit 2) and the lower part of the gradational 
interval between Unit 2 and the massive mud (Unit 3) are assigned to 
Ecozone A which is characterized by the ostracode Candona 
subtriangulata. Foraminifers and ostracodes are present in low numbers 
in Ecozone B which is restricted to the upper part of the gradational 
interval between Unit 2 and Unit 3. Ecozones C to F are assoc iated 
with Unit 3. Cassidulina reniforme and Islandiella helenae 
Fey ling-Hanssen and Buzas are the characteristic species of 
foraminiferal assemblages from Ecozone C. Cassidulina reniforme, 
Elphidium excavatum forma clavata and Haynesina orbicularis are the most 
arundant species in Ecozones D and E. The abundance of Cassidulina 
reniforme is lower and that of Elphidium excavatum forma clavata is 
~igher in Ecozone E by comparison with their abundances in Ecozone D. 
Cas sidulina reniforme is absent and Haynes ina orbicularis is the most 
abundant spec ies in Ecozone F. Portlandia arctica is the mos t common 
i nvert ebrate macrofossil and ostracodes are rare in Ecozones C to F. 
Foraminifers and ostracodes are present in low numbers in the upper 
part of Unit 3 and in the lower part of the colour-banded mud (Unit 4). 

The Candona subtriangulata assemblages of Ecozone A are related to 
fr eshwater conditions (Fig. 5). Marine conditions are inferred for 
Ecozones B to F which are characterized by foraminifers. Ecozone B 
represents a transition from freshwater to maximum salinity conditions. 
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Sal inity was <25°/oo in Ecozone Band from the upper part of Ecozone D 
to Eco1onP F. Maximum sa linity conditions (25-340/oo) existed fr om 
l.coLo nc C lo Lhe lower part of Ecozone D. 

The r hythmica lly laminated silt and clay (Un it 2) was deposited 
in a glacial lake which occupied the area during the early stages of 
deglaciation . The massive mud (Un it 3) and the upper part of the 
gradational interva l between Unit 2 and Unit 3 were deposited dur i ng 
t he Champlain Sea episode. Low sa linity water replaced freshwater 
during the deposition of the gradational interval betwee n Unit 2 and 
Unit 3. Maximum salinity conditions were followed by decreasing 
sal inity during deposition of Unit 3. The l ower part of colour- banded 
mud (Unit 4) was depos ited under relatively low salinity conditions 
during r egression of the Champ lain Sea. 

A radi ocarbon date of 11 460 ± 70 year s BP (T0 -702) was obtained 
for foraminife r s from the base of Unit 3, i. e . the base of the maximum 
salin ity Ecozone C (Fig. 5). The date indTcates that maximum salinity 
water arrived at the Casse lman s ite ca. 11 500 to 11 400 years BP. 
T0 - 702 i s younger than the date of 1--1 900 ± 100 years BP {GSC -3767) for 
Portland i a ar cti ca fr om t he lower part of the massive mud (Unit 3, 
(ig . 3) whi ch overlies varve-like rhythmites at the Sparrowhawk Point 
Site . 

COMPARISON OF FAUNAL ASS EMBLAGES 

The invertebrate fauna l assemb lages indi cate a succes sion from 
glacia l to glaci olacustrine to marine conditions at the Sparrowhawk 
Poi nt site in the upper St . Lawrence Valley and at the Casselman site 
i n the lower Ottawa Valley. The glacial deposits consist of 
un fossi li ferous, massive , stony till . The gl ac iolacustrine environment 
i s characterized by rhythmic ally laminated silt and cl ay (" varves") 
containing Candona subtriangulata. Foraminifers are absent in the 
varve - like rhythmites . Portlandia arcti ca is the mos t abundant 
pelecypod in t he mas s i ve, fine -grained, marine sed iments overlying the 
l aminated sediments. However, the foraminif eral assemblages from the 
marine sediments at the sites are significantly different {Figs. 2 
and 4) . The differences in the foraminiferal assemblages are related 
Lo t he sa l inity of the water which covered the sites during t he 
Champ la in Sea episode . Sa linity was <25°/oo at the Sparrowhawk Point 
s ite (Fig . 3) . Low salinity conditions ( <25°/oo) were foll owed by 
max imum sali nit6 cond it ions (25 -34°/oo) and then decreas ing salinity 
conditions ( <25 /oo) at the Casse lman site (Fig . 5) . · 

The h ighest salinity water {25-34°/oo) was present in the deep 
parts of t he Champlain Sea,~-~· Casselman s ite , and lower sal inity 
water occu pied the shallow parts of the sea, ~-~· Sparrowhawk Point 
site . The maximum salinity water reached its upper depth limit (UDL) 
during the early stages of the marine transgression and retreated from 
the Ce nt r al St. Lawrence Lowland during regression of the sea. Maximum 
sa linity foramin ifera l assemblages are not present at the Sparrowhawk 
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Point s i te because it was above the UDL of the maximum salinity layer. 
The absenc e of maximum salinity foraminiferal assemblages at the site 
m~y be related to outflow of freshwater from the Lake Ontario basi n into 
lllc upper St. Lawrence Valley. 

DEGLACIATION OF CENTRAL ST. LAWRENCE LOWLAND 

3ome workers,!·~· Antevs (1925), Prest (1970), Goldthwait (1971), 
LaSalle (1981), and Clark and Karrow (1984), concluded that a glacial 
lake occup i ed part of the Central St. Lawrence Lowl and before the 
Champlain Sea. Thomas (1977) proposed that the area was deglaciated by 
cal vi ng of the Laurentide Ice Sheet and that a calving bay extended up 
the St. Lawrence Valley from Quebec City to Lake Ontario (Fig. 1). 
Gadd (1980) agreed with the concept of a calving bay in the Central 
St. Lawrence Lowland, however he proposed that the calving bay extended 
into the deeper Ottawa Valley west of Montreal. The succession from 
rhythmically laminated si l t and clay t o marine sediments at the 
Sparrowhawk Point and Casselman sites and the Candona subtriangulata 
as semblages in the varve-like rhythmites, are evidence for a glacial 
lake in the Central St. Lawrence Lowland before the Champlain Sea. 
Anderson et al. (1985), Naldrett (1987), Parent (1987), and Rodrigues 
(in press~have al so reported Candona subtriangulata assemblages from 
varve -like rhythmites which are overlain conformably by marine 
sediments at other sites in the lowland. 

Glacial Lake Iroquois and glacial Lake Vermont occupied the Lake 
Ontario basin and Champlain Vall ey respectivel y, before deglaciation of 
the western part of the Central St. Lawrence Lowland. The glacial lake 
in the Lake Ontario basin expanded into the lowland as ice retreated 
from the upper St . Lawrence Valley into the lower Ottawa Valley and 
merged with the glacia l lake in the Champlain Valley. Candona 
subtriangulata migrated into the Central St . Lawrence Lowland from the 
Lake Ontario basin and reached the Champlai n Valley after the glacia l 
lakes in the lowland and Champlain Valley were confluent. Water l eve l s 
fel 1 in the Lake Ontario basin, Champ lain Valley, and along t he 
nort hwest s lope of the Adirondack Mountains as the body of freshwater in 
the Central St. Lawrence Lowland increased in size. Marine waters of 
the Champl ain Sea replaced the freshwat er in the lowland and Champlai n 
Valley after i ce retreat ed from the Quebec City area. 

The names Lake Frontenac (Antevs, 1925), Lake St. Lawrence 
(Gol dthwait, 1971), Lake Chambly (LaSal le, 1981), and Lake Candona 
(Parent and Occhietti, in press fide Parent, 1987) were used for the 
glacial lake which was present in-the Central St. Lawrence Lowland 
before the Champlain Sea . The name Lake St . Lawrence has priority over 
the other names. Glacial Lake St. Lawrence correlates with the 
Bellevi lle or Trenton phase of glacial Lake Iroquois and with the Fort 
Ann phase of glacial Lak e Vermont. 



AGE OF CHAMPLAIN SEA 

The oldest radiocarbon dates in the western part of the Central 
St. lawrence Lowland are on the pelecypod Macoma balthica from the 
Clayton, Whit e Lake and Cantley sites (Fi g. 1). Richard (1974) reported 
a radiocarbon date of 12 800 ± 220 years BP (GSC-1859) for shells from 
the Clayton site. Radiocarbon age determinat i ons on a second collection 
of shel ls from th e same unit at the Clayton site were done at the 
Radiocarbon Dating Laboratory of the Geological Survey of Canada (GSC) 
and at Isotrace Laboratory, University of Toronto (TO). The GSC dates 
for the second col l ect ion are 12 800 ± 100 years BP outer fraction and 
12 700 ± 100 years BP inner fr ac tion (GSC-2151; Richard, 1978). The 
TO date for the same collection is 12 180 ± 90 years BP (T0- 245; Fulton 
and Richard, 1987). The di screpancy between GSC-2151 ad T0- 245 is 
puzzling. Radiocarbon dates for she ll s from the White Lake site arc 
12 100 ± 100 years BP outer fraction, 12 200 ± 100 year s BP middl e 
fraction, and 12 100 ± 100 years BP i nner fraction (GSC-3110; Rodrigues 
and Richard, 1983) . Romanelli (1975) reported a dat e of 12 200 ± 160 
years BP (GSC-1646) for shells from th e Cantley site. 

The Clayton, White Lake and Cantl ey sites are at or near the 
ma ximum extent of the Champlain Sea . The radiocarbon dates for Macom~ 
balthica from the sites are significantly older than the date of 
11 460 ± 70 years BP (T0 -702) for foraminifers from the base of the 
maximum salinity Ecozone Cat the Casselman site (Fig. 5). If the 
radiocarbon dates are taken at face value then marine water arrived in 
the Ottawa region by at least 12 200 to 12 000 years BP and maximum 
salinity water migrated into the region at l eas t 600 radiocarbon years 
after the beginning of the Champ lain Sea in the western part of the 
Central St . Lawrence Lowland. However, the transit ion from freshwater 
to maximum salinity conditions (Ecozone B, Fig. 5) appears to have been 
rapid at the Casselman site. Thus, the rad i ocarbon dates for Macoma 
balthica may be "too old" (see Hillaire-Marcel, 1981 and Karrow, 1981). 

Anderson (1 987, in press) and Rodrigues (in press) concluded that 
marine water entered the l ower Ottawa and upper St. Lawrence Valleys 
ca. 11 500 to 11 000 years BP. The rad i ocarbon date (11 460 ± 70 
years BP) for foramin ifer s from the base of the maximum salin i ty 
Ecozone C at the Casselman site is compat i bl e with the younger age 
proposed for the Champlain Sea in the western part of the Central 
St. Lawrence Lowland. 

CONC LUSIONS 

There is con siderable controversy concerning the Late Quaternary 
deglaciation of the Central St . Lawrence Lowland and age of the 
Champlain Sea. Invertebrate faunal dat a f rom rhythmic ally laminated 
silt and clay ("varves ") whi ch are over lain conformably by marine 
sediments indicate that a glacial lake occupied part of th e l owland 
during early stages of ice retreat. Some workers accept the oldest 
radi ocarbon dates (mean values > 12 000 years BP) at face value and 
other workers consider the dates to be "too old''. 
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