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Late Quaternary deglaciation of the southwestern
St. Lawrence Lowland, New York and Ontario

DONALD L. PAIR Department of Geology, University of Dayton, Dayton, Ohio 45469-2364
CYRIL G. RODRIGUES Department of Geology, University of Windsor, Windsor, Ontario, Canada N9B 3P4

ABSTRACT

The style of deglaciation and maximum ex-
tent of earliest proglacial lakes have been re-
constructed for the southwestern St. Lawrence
Lowland of New York and Ontario using ice-
marginal sediments and landforms, strandline
features, and the areal distribution of Candona
subtriangulata-bearing rhythmites. An impor-
tant recessional position, the Carthage-Harris-
ville ice border, fronted proglacial Lake Iro-
quois in the eastern Lake Ontario Basin.
Subsequent ice retreat, probably earlier than
12,500 yr B.P., allowed Lake Iroquois to ex-
pand along the northwestern flank of the Ad-
irondack Mountains and into the St. Lawrence
Lowland. Contrasting styles of deglaciation,
controlled primarily by water depth, resulted
in a land-based ice margin which withdrew
gradually off the northern slope of the Adiron-
dack Mountains, while the ice margin in the
western St. Lawrence Lowland retreated rap-
idly in the deep waters of Lake Iroquois. .

The maximum extent of ice retreat during
the early phases of Lake Iroquois has been es-
timated on the basis of the distribution of the
ostracode Candona subtriangulata in Lake Iro-
quois and younger sediments in New York,
and by northward projections of Iroquois
shoreline elevations to the region bounded by
the Madawaska Highlands (Ontario). Results
indicate that the southwestern St. Lawrence
Lowland was rapidly deglaciated during the
highest phases of Lake Iroquois. The distribu-
tion and radiocarbon chronology of fossilifer-

- ous sediments relating to lower post-Iroquois

levels also confirm that these extensive progla-
cial lakes occupied the Lowland well before the
Champlain Sea incursion.

INTRODUCTION

A great deal of controversy remains re-
garding the timing and style of glacial re-

treat from the St. Lawrence Lowland and
surrounding regions (compare Karrow,
1981; Clark and Karrow, 1984; Pair and
others, 1988a; Gadd, 1980, 1981, 1987,
1988a, 1988b; Sharpe, 1988; Naldrett,
1990, 1991; Rodrigues, 1991, 1992). Mod-
els for the area (Prest, 1970; Gadd, 1980)
differ substantially in (1) the duration of ice
cover in the Lowland, (2) mechanisms of
ice retreat, and (3) the sequence of lacus-
trine and marine (Champlain Sea) levels.
These questions persist primarily because
of the absence of a detailed account of ice
retreat from the Adirondack Mountains
and adjacent Lowlands. In addition, stud-
ies of the late-glacial water bodies have
been hampered by discontinuous strand-
line data, and a lack of objective indicators
of lacustrine and marine conditions which
are independent of sedimentological inter-
pretations. The timing of deglaciation and
the succession of water levels in the Low-
land is of particular importance in view of
the recent emphasis on late Quaternary
events along the eastern margin of the
Laurentide Ice Sheet (Ruddiman and
Wright, 1987), and the proposed route and
timing of proglacial lake drainage to the
North Atlantic Ocean via the St. Lawrence
Lowland (Teller, 1988, 1990; Lewis and
Anderson, 1989; Broecker and others,
1989).

The purpose of this paper is to evaluate
the proposed models for the deglaciation
of the St. Lawrence Lowland. We present
new evidence from ice-marginal sedi-
ments, strandline features, and well-ex-

“posed fossiliferous lacustrine and marine

sediments in the southwestern St.
Lawrence Lowland. This information is
used to trace the retreat of the ice margin
and associated expansion of proglacial
lakes from the Lake Ontario Basin into the
St. Lawrence Lowland.

Data Repository item 9321 contains additional material related to this article.
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SETTING

The western St. Lawrence Lowland i
bounded to the south by the northwesten
Adirondack Mountains, the lower Black
River Valley, the promontory of the Tug Hil
Plateau, and the adjacent Lake Ontario Low
land (Fig. 1). Relief in the south rises from 7¢
m on the flat-lying Paleozoic sedimentary
rocks of the Lake Ontario plain to more thar
579 m on the upper Tug Hill Plateau anc
northwestern Adirondack slope.

The northern boundary of the western
Lowland is marked by the Madawaska High-
lands in Ontario. The Frontenac Axis bridges
the south and north sides of the western
St. Lawrence Lowland. It consists of low-
relief, northeast-southwest-trending, ridge-
and-valley topography resulting from differ-
ential erosion of the Precambrian bedrock.
The rest of the Lowland is underlain by flat-
lying sedimentary rocks.

PREVIOUS STUDIES

Fairchild (1907, 1919), Taylor (1924), and
Coleman (1937) first discussed the spatial and
temporal relationships between deglaciation,
proglacial water bodies, and the Champlain
Sea in the western St. Lawrence Lowland.
More recent work began with regional stud-
ies by Stewart (1958), Mirynech (1962), and
MacClintock and Stewart (1965) in the Lake
Ontario Basin and St. Lawrence Lowland.

Subsequent research has resulted in the
development of two contrasting models for
the deglaciation of the St. Lawrence Low-
land. The proglacial lake model of Prest
(1970) depicted an ice front that retreated
from south to north, a style described as
“windowblind”” deglaciation by Gadd (1981,
p. 1393). In this model, ice retreat was ac-
companied by a series of proglacial lakes that
flooded the St. Lawrence Lowland. Subse-
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Figure 1. Map of the southwestern St. Lawrence Lowland. Shaded area is below 200 m.

quent incursion by the Champlain Sea was
believed to have followed the last of these
lacustrine water bodies (Henderson, 1967,
1973; Denny, 1974; Kirkland and Coates,
1977).

Gadd (1980, 1987, 1988a) proposed an al-
ternate hypothesis based on the mathemati-
cally derived calving-bay model of Thomas
1977), which suggested that a calving-bay
migrated up the St. Lawrence Valley into the
apper St. Lawrence and Ottawa Valleys, al-
owing marine waters to encroach, while an
ce dam retained proglacial lakes in the Lake
Ontario Basin. Karrow (1981) pointed out the
>hysical difficulties in maintaining such an ice
lam. Based on reconstructed lake levels in
he region around Covey Hill, Clark and Kar-
'ow (1984) proposed that an active ice margin

at Covey Hill was responsible for the degla-
cial events, and concluded that *‘the ‘win-
dowblind’ style of ice-marginal retreat re-
mains the most attractive and realistic
interpretation of deglaciation for the St.
Lawrence Lowland” (Clark and Karrow,
1984, p. 813). Anderson and Lewis (1985) and
Muller and Prest (1985) supported the con-
cept of progressive ice retreat during glacial
lake stages followed by the marine incursion.

Several studies along the southern mar-
gin of the former lacustrine and marine ba-
sins outlined the sequence and nature of
the regional water levels and discussed ice-
marginal positions marking retreat from
the flank of the Adirondack Mountains and
St. Lawrence Lowland (Clark and Street,
1985; Clark and Davis, 1988; Street, 1988;

Pair and others, 1988b; Pair and Rod-
rigues, 1989; Gurrieri and Musiker, 1990).
These studies, however, did not address
the nature and timing of initial ice retreat
out of the Ontario Basin.

Investigation of the age, origin, and depo-
sitional environments of the water bodies
considered in this study have been ap-
proached through examination and radiocar-
bon dating of the biota present in the glacio-
lacustrine and marine sediments. Anderson
and others (1985), and Anderson (1987, 1988)
proposed ages for events based on pollen
zones. Rodrigues (1987, 1988, 1992) reported
ages on invertebrate marine fossil assem-
blages and reconstructed the paleoenviron-

ments of the glaciolacustrine and marine wa-
ter bodies.
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Sedimentological analyses of ice-mar-
ginal sediments associated with deglacia-
tion of portions of the St. Lawrence Low-
land and Ottawa Valley yield significantly
different interpretations of depositional en-
vironments and late glacial events (Rust
and Romanelli, 1975; Rust, 1977, 1988;
& Cheel and Rust, 1982; Naldrett, 1988; Bur-
bidge and Rust, 1988; Sharpe, 1988; Gadd,
1988b; Pair and others, 1988b). Gadd
(1988b) continued to attribute a glacioma-
rine origin to rhythmites in the Ottawa
Valley.

Figure 2. (A) Landforms and sediments associated with a land-based ice margin along the
northwest flank of the Adirondack Mountains near Harrisville, New York. (B) Landforms and
sediments associated with an ice margin terminating in Glacial Lake Iroquois near Rural Hill,

ICE-MARGINAL AND LAKE-BASIN
DEPOSITS

Recessional Deposits

Interpretations of ice-marginal deposi-
tional environments and water depths are
based on detailed surficial mapping (scale of
1:24,000) completed in association with the
New York State Geological Survey’s Sur-
ficial Geology Mapping Program—Adi-
rondack Sheet (Cadwell and Pair, 1991). This
regional mapping program permitted identifi-

Geological Society of America Bulletin, September 1993

QUATERNARY DEGLACIATION, ST. LAWRENCE LOWLAND

cation of ice-marginal landforms through
the western St. Lawrence Lowland. A«
tional sedimentologic study of recessional
posits and analyses of elevations of drain
thresholds, shoreline features, and rebot
history have been reported elsewhere (1
and others, 1988a, 1988b; Pair, 1991) and
not discussed in this paper.

Glacial features found in upland areas ¢
sist of moraine-esker complexes, associa
outwash plains, and a series of well-defir
ice-marginal channels (Denny, 1974; Cl
and Street, 1985; Clark and Davis, 1988; F
and others, 1988b; Street, 1988; Gurrieri &
Musiker, 1990; Cadwell and Pair, 1991). 1
distribution of landforms and sediments ir
cates that the margins of northward-retre
ing lobes constructed moraines with ice-cc
tact slopes and deposited extensive outw:
sediment on valley floors (Fig. 2A). 1
posures in ice-marginal landforms reveal p
dominantly stratified ice-contact and g
ciofluvial sediments. Landform-sedim
associations indicate a grounded, subaerial
locally ponded ice margin, similar to ice-m
ginal settings outlined by Gustavson a
Boothroyd (1987) for Malaspina Glaci
Alaska.

Unlike the uplands, where ice-marginal ¢
posits are restricted to bedrock valleys,
cessional sediments in the Lowland are d
tributed mainly along broad bands align
with bedrock highs and scarps (Cadwell a:
Pair, 1991). Borrow pits expose sedimer
exhibiting consistent proximal to distal faci
changes from cobble and boulder uni
through largely ripple-drift sand, to laminat-
silt-clay sequences (Pair, 1991). These ha
been mapped as subaqueous fans (Cadw
and Pair, 1991) and were built along the i
margin in proglacial lakes associated with i
retreat from the western St. Lawrence Lot
land (Fig. 2B). This ice-marginal setting
consistent with other subaqueous depositic
models described for the St. Lawrence Lo
land (see Rust, 1988). These fan systems m:
have been fed by subglacial meltwaters {
cused into bedrock valleys up-ice from be.
rock scarps (Pair and Muller, 1990). E. °
Henderson (1967) and P. J. Henderson (198
also suggested bedrock control of subglaci
discharge near Kingston, Ontario. The alig
ment of ice-marginal materials in the weste:
St. Lawrence Lowland with bedrock hig!
and scarps may indicate that they acted «
temporary pinning points along a retreatin;
floating or at least buoyant, ice margin. Sha
low water depths at bedrock highs woul
have decreased ice-calving rates and allowe
sediment to accumulate preferentially dowr
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from bedrock highs. Crossen (1991) noted

similar relationship between subaqueous
»osits and bedrock ridges studied in
dne.

ythmites and Massive Silt and Clay

Zxposures of rhythmically laminated silt
1 clay underlain by till or ice-marginal ma-
ials are common in the western St.
wrence Lowland (Pair, 1991; Rodrigues,
12). Deposition of these fine-grained sedi-
nts occurred either in the deeper areas of
- lake basin or as part of the distal portions
ice-marginal subaqueous fans. Sharp con-
ts between silt and clay laminae and the
:sence of trace fossils along some bedding
nes suggest an annual cycle (that is,
ves), but deposition by sporadic under-
~s cannot be ruled out as a formative
chanism for some of the rhythmites.

Sediments exposed along riverbanks near
Ogdensburg, New York, and northwest of
Canton, New York (Fig. 1) consist of diamic-
ton, thythmites, and overlying massive mud
typical of the stratigraphy found at other lo-
cations in the St. Lawrence Lowland (Rod-
rigues, 1992). Both sites are below the highest
marine shoreline in the region, and maximum
marine water depths exceeded 30 m.

The lowest unit exposed at both sites is a
massive, stony diamicton with striated clasts.
Disconformably overlying the diamicton are
silt and clay couplets consisting of alternat-
ing, finely laminated, green and gray silt/clay
couplets which are up to 2.5 cm thick at the
base of the unit. In the lowest meter of the
rhythmites, silt laminae are graded, and lack
distinct boundaries between couplets. Drop-
stones are common, and unlithified sediment
clasts that fell through the water column, per-
haps as frozen debris, are embedded in silt

laminae. Clay inclusions are present in the silt
laminae of some of the couplets.

Rhythmites overlying those of the lowest
meter display micro-laminated silt beds,
sharp contacts between silt and clay, and uni-
form clay-bed thicknesses. Dropstones and
sediment clasts are rare. In places the beds
are tilted, perhaps due to the slumping of the
sediment as competent blocks. The upper
rhythmites thin progressively to less than
1-cm-thick laminae at their upper contact
with the overlying unit.

The thin, uppermost couplets of the rhyth-
mites grade conformably into sediment re-
ferred to here as the ““transitional unit.”” It
consists of ~.5 m of thick, faintly laminated
clays with prominent, discontinuous silt
beds, rare massive clay beds, and several
well-defined silt/clay couplets. Several of the
contacts between the massive clays and silt/
clay couplets are distinctly erosional and in-
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Figure 4. Strandline diagram for Iroquois and younger water levels from Covey Hill, Quebec, to Rome, New York.

clude clay rip-up clasts in the silt laminae.
The upper contact at both sites is defined by
a shell bed lying directly above the last dis-
continuous silt stringer. The transitional unit
is conformably overlain by fossiliferous,
blocky, massive gray clay. The upper part of
this unit has thin red and gray laminae and is
capped by faintly laminated silt.

WATER LEVELS

Former water levels were reconstructed
from strandline evidence using the follow-
ing criteria (in order of decreasing reli-
ability): glaciolacustrine deltas; beaches,
shorebluffs, or terraces; drainage cols or
channels; and subaqueous sand plains.
Shoreline characteristics, isobase trends,
and analysis methods were described by
Pair (1986) and Pair and others (1988a).
Strandline data (Fig. 3 and Appendix A')
were projected onto curved profiles to ob-
tain equidistant diagrams (compare Pair
and others, 1988a). The orientation of

!GSA Data Repository item 9321, strandline-

1 data Appendix, is available on request from Doc-
- Uments Secretary, GSA, P.O. Box 9140, Boulder,

CO 80301.

these profiles permits direct evaluation of
shoreline data from both the southern and
northern margins of the former water bod-
ies and is the basis for recognition of six
distinct water levels (Fig. 4). The gradients
of the Iroquois and post-Iroquois Fronte-
nac water planes increase exponentially to
the northeast, but shorter segments used in
this study are essentially linear.

‘Watertown Phase of Lake Iroquois

The highest water plane identified on the
strandline diagram is related to an early level
of Lake Iroquois in the Ontario Basin re-
ferred to here as the “Watertown phase.” It
is identified from shoreline features that can
be traced from Watertown southward along
the eastern Lake Ontario shoreline toward
the Rome region (Figs. 3, 4). Correlative with
this phase are strandlines northeast of Wa-
tertown and in the lowermost portion of the
Black River Valley that are equivalent to the
lowest levels of Lake Glenfield (Strandlines
3.5 in Fig. 3). The Watertown phase repre-
sents an early stabilized level of Lake Iro-
quois. The gradient of this water plane is
~1.1 m/km. Coleman (1937), Mirynech
(1962), and Sly and Prior (1984) identified

Geological Society of America Bulletin, September 1993

high-level strandlines on the north shore of
Lake Ontario (Appendix A). These shore-
lines are found on the high ground on the
north shore of Lake Ontario and may corre-
late with the Watertown phase (A, B, C, and
D in Figs. 4, 5).

Main Lake Iroquois Phase

The shoreline of the Main Lake Iroquois
phase (gradient 0.9 m/km), the next lowest
water plane on the strandline diagram
(Fig. 4), is marked by a series of deltas and
beaches (Figs. 3, 4) extending from the
Covey Hill region to the Ontario Basin (Clark
and Karrow, 1984; Pair, 1986; this study).
The Main Lake Iroquois shoreline can be
traced south of the study area and is approx-
imately parallel to the present shoreline of
Lake Ontario. Muller and Prest (1985) re-
ported strandlines and projected lake-level
elevations extending as far north as Cloyne,
Ontario. The shore features they reported fall
generally on the Main Lake Iroquois water
plane reconstructed from strandlines on the
southern margin of the Lowland. Shore fea-
tures on the north shore of Lake Ontario may
also be correlative with the Main Lake Iro-
quois level.

1155
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Shorelines from the southern margin of  to correspond to the Frontenac level. the
the Lowland related to the post-Iroquois Pair (1986) and Pair and others (1988a) dis-  Ice-Marginal History and Lake Iroquois into
Frontenac level plot as a distinct lower wa-  cussed post-Iroquois (Belleville and Trenton) W
ter plane (gradient 0.9 m/km) below the levels. The next lower water level in the St. We have identified a number of former ice posit
Main Lake Iroquois level (Figs. 3, 4). The Lawrence Lowland, the highest marine borders in the Adirondack Mountains and Wate
northern margin of the Frontenac water shoreline, falls below the Belleville and Tren-  adjacent St. Lawrence Lowlands from ice- com,
body is represented by terraces and beach  ton levels in Figure 4. There are no interme-  marginal materials, landforms, and channels featy
gravels at elevations well below the Main  diate shoreline features between the Trenton  (Fig. 6). Recession of the ice margin to the Harr
Lake Iroquois strandlines (Figs. 3, 4). water plane and the highest marine shoreline  base of the Tug Hill Scarp opened spillways gin i
Henderson (1967) identified a delta belong-  (Fig. 4). for glacial Lake Glenfield in the Black River outw
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Valley. The location of these spillways pro-
vides a means of identifying the position of
the ice margin along the northwest Adiron-
dack flank and northem scarp of the Tug Hill.
Water carried by these spillways drained
west along or under the ice margin into north-
ward-encroaching Lake Iroquois (Fig. 6A).

Following retreat from the Tug Hill scarp,
the ice margin stabilized and deposited sedi-
ments that can be traced from the northwest-
ern flank of the Adirondack Mountains to the
Lake Ontario Lowland (Cadwell and Pair,
1991). This position, referred to as the
“Carthage-Harrisville ice border,” provides
an important link between the deglaciation of
the region and expansion of Lake Iroquois
into the St. Lawrence Lowland.

We relate differences in landforms and de-
posits along this ice margin to contrasts in
E Water depth. Water depths were estimated by
Comparing the elevation of nearby shoreline
 features to the ice-marginal landforms. At
 Harrisville, the Carthage-Harrisville ice mar-
gin is represented by moraines with subaerial
FOutwash plains that are graded to a late Lake

Fossil Sites Shorelines- North Shore Lake Ontario
1 - BREWERTON A- OAK LAKE
2 - CAUGHDENOY B- OAK LAKE

C - PANCAKE HILL
D - PANCAKE HILL

5 - GOUVERNEUR E- CLOYNE
6 - CLAYTON F - NORTH BROOK
7 - ALEXANDRIA BAY G- COOPER
8 - BLACK LAKE H - MADOC
9 - MORRISTOWN I- ROUND LAKE
10 - SPARROWHAWK POINT J- OAK LAKE
11 -BUCKS BRIDGE K- OAK LAKE
12 -LAMBS POND CORE L- BRIGHTON
13 -MERRICKVILLE M - OAK LAKE
14 -TWIN ELM N - OAK LAKE
15 - BRAZEAU PIT O - PRESQUILE
16 - FOSTER SAND PIT F1- FLINTON
17 -MER BLEUE BORE HOLE Ba,- MADOC

Ba,- HAZZARDS CORNERS

A Candona subtriangulata ]—h Above Highest Marine Shoreline

Below Highest Marine Shoreline

® Marine Fossils [only sites on Ogdensburg map sheet (1:250,000) are shown)

Glenfield level in the Black River Valley
(Cadwell and Pair, 1991). Along the Carthage
portion of the ice border, the glacial lake in
front of the ice margin was <60 m deep. The
ice margin was grounded, and hummocky to-
pography dominates the landscape. Ice-mar-
ginal sediments associated with the western-
most edge of the Carthage-Harrisville ice
border were deposited in the deeper waters of
northeastward-encroaching Lake Iroquois.
The western edge of the ice border was in
water about 90 to 120 m deep, and deposition
along the margin was in the form of subaqg-
ueous fans built into Lake Iroquois (Figs. 2B,
6A).

()Dorrelation of strandlines from the high
ground on the north shore of Lake Ontario
(Figs. 4, 5) with Watertown phase shore-
lines from the southern margin of the Low-
land suggests that the Watertown phase
may have been related to a stage in the
deglaciation of the Lake Ontario Basin
when the ice margin stood north of the
Lake Ontario shoreline. This indicates that
a significant portion of the Lake Ontario
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FIGURE 5 LEGEND

Basin was ice free (compare Fairchild
1919; Dyke and Prest, 1987).

The next prominent recessional posi
tions are represented by the Deferiet-Nortl
Wilna and Philadelphia-Antwerp moraine:
(Fig. 6B). The proximity of these moraines tc
bedrock highs (Cadwell and Pair, 1991) sug
gests that they were constructed when the
retreating ice margin was temporarily stabi:
lized. Northward retreat of the ice margjn tc
these positions allowed Lake Iroquois to ex:
pand into the St. Lawrence Lowland anc
along the northwest flank of the Adirondack
Mountains. Water depth in front of these ice
margins was at least 91 m.

Deglaciation of the western St. Lawrence
Lowland continued until the ice margin be-
came stabilized again by a bedrock scarp at
LaFargeville (Fig. 6C). Deposition at the ice
margin built subaqueous fans in about 90 m of
water. A beach associated with the Belleville
water plane is developed on the crest of these
features at 136 m (Fig. 6C), indicating that ice
had retreated from the southwestern St.
Lawrence Lowland before the post-Iroquois
Belleville and Trenton phases.

The Role of the Rome Outlet

The relationship of the outlet at Rome
(Figs. 1, 5) to the levels of Lake Iroquois is
poorly understood. The elevation of the sill,
commonly quoted as being at 140 m, has not
been re-examined since it was first proposed
by early workers. Fullerton (1980) ques-
tioned the role of the Rome Outlet in control-
ling Lake Iroquois water levels. He inferred
that the threshold may not have been at
Rome, but east down the Iromohawk River
(in the Mohawk River Valley) at the bedrock
sill near Little Falls (as first suggested by
Brigham, 1898). The sill at Little Falls may
have controlled initial water levels and down-
cutting of the Rome outlet. The present ele-
vation of the Little Falls sill is estimated here
to be about 155 m. The position of this sill on
the equidistant diagram (Fig. 4) and the con-
vergence of the water levels suggest that it
indeed may have influenced Iroquois water
levels.

Maximum Northward Expansion of Lakes
Iroquois and Frontenac

Determination of the maximum northward
expansion of Lake Iroquois during the retreat
of the ice from north of the Lake Ontario
shoreline is based on (1) shoreline data from
the Cloyne, Ontario, region (Muller and
Prest, 1985); (2) strandlines identified by P. J.
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Barnett (1986, oral commun.) north of Ma-
doc, Ontario; and (3) projection to the north-
west of strandline elevations from well-devel-
oped shoreline features from the Adirondack
flank described by Clark and Karrow (1984),
Pair (1986), Pair and others (1988a), and this
: Study. These data were plotted on the strand-
:line diagram to establish the maximum area
i Submerged by lacustrine water bodies on the
orthern edge of the St. Lawrence Lowland.
#§ These reconstructions indicate that the north-
€m margin of high-level water bodies could
llave reached the edge of the Madawaska
ighlands at elevations as high as 300 m.

Figure 6. (A) The Carthage-Harrisville ice border,

@ stony diamicton (Fort Covington Till)

Figure 7. Stratigraphy and invertebrate fossils at Sparrowhawk Point Site (no. 10 in Fig. 5).

Main Lake Iroquois persisted until drain-
age was initiated via a col across Covey Hill.
Shorelines of the post-Iroquois Frontenac
phase are well developed on the southern
margin of the former lake basin (Fig. 5). The
water plane of the Frontenac phase falls at
least 6 m below the elevation given for the
Rome Outlet (140 m) (Fig. 4).
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Belleville, Trenton Phases, and the
Champlain Sea

Post-Frontenac lakes continued to occupy
the western St. Lawrence Lowland at lower
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levels, representing significant drops in re-
gional water levels controlled by outlets in
the lower Champlain Valley of New York.
The 20-m difference in elevation, and parallel
trend of the Belleville and Trenton water
planes (both ~.9 m/km) (Fig. 4), indicate that
these levels were close in time. The absence
of intermediate shoreline features between
the Trenton water plane and the highest ma-
rine shoreline (Fig. 4) indicates that the drop
to sea level was rapid. Pair and others (1988a)
showed that the highest shoreline of the
Champlain Sea on the southern shore of the
basin exceeded the elevation of the Lake On-
tario threshold and was, therefore, confluent
with Early Lake Ontario.

Sediments at the Sparrowhawk Point and
Bucks Bridge sites (nos. 10 and 11; Figs. 5, 7,
and 8) illustrate the succession of water bod-
ies and depositional environments. Rhyth-
mites overlying the glacial diamicton were
deposited in a glacial lake preceding the ma-
rine transgression. Graded transitions from
silt to clay beds indicate surge-deposit origin
for some of the couplets. These graded beds
are particularty common at the base of the
unit and at the upper contact with the over-
lying marine sediments. The majority of the
rhythmites, however, display sharp contacts
between silt and clay beds and consistent clay
thicknesses. The number of couplets (~60)
present at both sections may provide an es-
timate of the duration of the last lake level in
this area preceding the Champlain Sea.

The alternating massive and laminated
fine-grained sediment which overlies the
rhythmites represents the transition from la-
custrine to marine conditions. The change
from thin couplets to clays with irregular
banding is probably related to mixing of ma-
rine and fresh water during the early stages of
the marine transgression. Sporadic under-
flows may account for the occasional silt/clay
couplets at the base of the transitional zone.
As marine conditions developed, suspension
and flocculation dominated sedimentation,
resulting in deposition of the overlying mas-
sive clays. Underflows in the marine envi-
ronment require significant fluctuations in
meltwater output and sediment load to main-
tain density stratification, conditions that are
usually associated with an ice-proximal set-
ting (Mackiewicz and others, 1984; Domack,
1984; Stevens, 1985, 1986). The absence of
glaciomarine deposits at these sites (Figs. 7,
8) indicates that the marine sediments were
deposited some distance from the retreating
ice margin. The few rhythmically laminated
beds intercalated with massive marine clay of
the transitional zone may be related to surge
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Figure 8. Stratigraphy and invertebrate fossils at Bucks Bridge Site (no. 11 in Fig. 5).

deposits triggered by episodic slumping or
debris flows. The drop to sea level was a min-
imum of 18 to 37 m and may well have initi-
ated such mass movements in the basin. Mas-
sive silt and clay in the upper parts of the two
sections (Figs. 7, 8) represent establishment
of marine conditions in the study area.

DISTRIBUTION AND SIGNIFICANCE OF
INVERTEBRATE FOSSILS

We sampled exposures of rhythmically
laminated and massive silt and clay for fo-
raminiferal and ostracode analyses to inter-
pret paleoenvironmental conditions during
deposition of the fine-grained sediments. The
results reported here are part of a regional
study (Rodrigues, 1992) based on a total of
166 samples from 10 sites within both the
western and central St. Lawrence Lowland.
Ice-marginal deposits or diamicton are over-
lain by rhythmically laminated silt and clay at
sites 1-9 (Fig. 5). Trace fossils were observed
along parting planes in the rhythmites at some
sites. Monospecific ostracode assemblages
consisting of <25 valves of Candona subtri-
angulata per 100 g of sediment are present in
the fine-grained sediments. Sites 1-5 are
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above the highest shoreline of the Champlain
Sea, whereas sites 6-9 are below.

The rhythmically laminated silt and clay to
massive clay successions at the Spar-
rowhawk Point and Bucks Bridge sites
(nos. 10 and 11; Fig. 5) are divided into three
ecozones on the basis of ostracode and fo-
raminiferal assemblages (Figs. 7 and 8).
Monospecific Candona subtriangulata as-
semblages are present in ecozone A. The
foraminifer Elphidium excavatum clavata
and Candona subtriangulata characterize
Ecozone B. Ecozone C is characterized by
Elphidium excavatum clavata—dominant
assemblages.

The Candona subtriangulata assemblages
of Ecozone A at Sparrowhawk Point and
Bucks Bridge are identical to those from
rhythmically laminated silt and clay at sites
1-9 (Fig. 5). The rhythmites at sites 1-5
(Fig. 5) were deposited in glacial lakes asso-
ciated with the Iroquois and Frontenac lev-
els, and those of Ecozone A at Sparrowhawk
Point and Bucks Bridge (sites 10 and 11) are
related to the Belleville and Trenton levels.
Ecozone B at sites 10 and 11 represents a
transition from glaciolacustrine to marine
conditions. Bottom-water salinity ranged

from <10%0 in Ecozone B to between 10%,
and 25% in Ecozone C.

Anderson and others (1985), Naldrett
(1988), and Rodrigues (1984, 1987, 1988,
1992) also reported the succession from
rhythmically laminated silt and clay to Cham-
plain Sea sediments in the Ottawa Valley
north of the St. Lawrence River (sites 14-19,
Fig. 5). They concluded that the Candona
subtriangulata assemblages in the rhythmites
are evidence for a proglacial lake extending
from Lake Ontario into the Ottawa Valley
preceding the Champlain Sea. Gadd (1987,
1988a, 1988b) and Sharpe (1988), however,
proposed that the rhythmites in the Ottawa
Valley were deposited in a glaciomarine
environment.

Candona subtriangulata lives in the Great
Lakes at depths ranging from 8 to 363 m and
in temperatures ranging from 2.6 to 19.2 °C,
and can tolerate high turbidity (Delorme,
1970, 1978, 1989; Westgate and others, 1987).
The species has been reported from Holo-
cene lacustrine deposits in Lake Michigan
(Colman and others, 1990), and from late
Pleistocene glaciolacustrine deposits in the
Metro-Toronto region of southern Ontario
{Westgate and others, 1987). The presence of
Candona subtriangulata in thythmites above
the Frontenac level, south of the eastern end
of the Lake Ontario Basin (sites 1 and 2;
Fig. 5), and between the Frontenac and
younger Belleville levels east of the Lake On-
tario Basin (sites 3-5) shows that the rhyth-
mites overlain by marine sediments and char-
acterized by Candona subtriangulata at sites
in the western St. Lawrence Lowland (sites
10, 11, 14-19) were deposited in a glaciola-
custrine environment. Rodrigues (1988) con-
cluded that Candona subtriangulata mi-
grated from the Lake Ontario Basin into the
Ottawa Valley before the marine transgres-

—>

Figure 9. Possible configuration of the ice
margin during deglaciation of the southwest-
ern St. Lawrence Lowland. Ice-margin posi-
tion, in part, after Dyke and Prest (1987). Ar-
rows indicate discharge routes of glacial lakes.
Occurrences of Candona subtriangulata assem-
blages indicated by solid circles, squares, and
triangles. (A) Carthage-Harrisville ice border
and Watertown Phase of Lake Iroquois. (B)
LaFargeville ice border and Main Phase of
Lake Iroquois. (C) Frontenac and Fort Ann
Lake phases. (D) Lake St. Lawrence. (E) High-
est level of the Champlain Sea and Early Lake
Ontario.
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sion. The presence of monospecific Candona
subtriangulata assemblages in rhythmites
above the highest Champlain Sea shoreline in
New York and the succession from C. sub-
triangulata-bearing rhythmites to marine
sediments in New York and Ontario confirm
the migration route proposed by Rodrigues
(1988).

DISCUSSION
Ice-Marginal Controls on Deglacial History

The results of our study suggest that water
depths along the retreating ice margin in the
St. Lawrence Lowland controlled the mode
of ice-marginal deposition. Previous ice-mar-
ginal correlations (for example, Taylor, 1924;
MacClintock and Stewart, 1965) were based
on morphologic evidence between ‘“mo-
raines” in the Lowlands and those on the
northwestern slope of the Adirondack Moun-
tains. These correlations imply time-equiva-
lency between moraine segments, without
recognition that the ice margin may have re-
sponded differently along various portions of
the ice border. Our model for the region is
based on the distribution and characteristics
of ice-marginal sediments, and estimated wa-
ter depths in front of the ice margin. Thus, the
causes of ice-marginal stabilization may have
differed between the uplands of the Adiron-
dack Mountains and the St. Lawrence
Lowland.

We propose that the land-based margin of
the ice sheet retreated slowly by backwasting
off the Adirondack slope with ice-marginal
sediments accumulating during climatically
and/or topographically controlled stillstands.
At the same time, the ice sheet retreated rap-
idly out of the Lake Ontario Basin by actively
calving in the deep water of Glacial Lake Iro-
quois. Consequently, the retreat of the ice
margin in the Lowland would have paused
only when calving rates slowed in the shallow
water near bedrock highs.

Discussions of regional ice-border geome-
try and deglacial history (for example, Clark
and Karrow, 1984; Gadd, 1988a) for this re-
gion should consider these different controls.
The concept of “windowblind ice retreat,”
with straight ice margins extending for great
distances, should be re-evaluated using the
details of ice retreat reconstructed from stud-
ies in the southwestern St. Lawrence Low-
land. We suggest that a topographically con-
trolled and slowly retreating land-based ice
margin pinned against the northern slope of
the Adirondack Mountains at Covey Hill re-
tained high water levels by blocking lower
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outlets, while the eastern Lake Ontario and
southwestern St. Lawrence Lowlands were
rapidly evacuated of ice by calving retreat in
the deep waters of Lake Iroquois.

Chronology of Deglaciation and Water
Bodies

Basal organic material from the bottom of
a kettle lake adjacent to the Carthage-Harris-
ville ice border (Fig. 6A) yielded a radiocar-
bon age of 12,500 + 140 yr B.P. (GSC-4370)
and provides a minimum age for deglaciation
of the northwestern Adirondack flank and
subsequent incursion by Lake Iroquois (Pair
and others, 1988b). We correlate the Car-
thage-Harrisville ice border with the Star
Lake moraine to the east, where a radiocar-
bon age of 12,640 + 430 yr B.P. (GX-13278)
was obtained from organic material in the
bottom of another kettle in the outwash plain
south of the Star Lake Moraine (Clark and
Davis, 1988).

The age of the lacustrine-marine transition
indicates that considerable time separated the
northeastward expansion of Lake Iroquois
into the western St. Lawrence Lowland and
incursion of the Champlain Sea. Pollen anal-
yses of a core at Mer Bleue near Ottawa, On-
tario, and of sediment at Sparrowhawk Point
(sites 17 and 10, Fig. 5) identified the rise in
Picea across the contact between the lacus-
trine and marine sediments (Anderson, 1987,
1988). This same rise in Picea was dated at
11,200 = 190 yr B.P. (GSC-3429) at Boyd
Pond, New York. Thus, Anderson (1987,
1988) concluded that marine waters arrived in
the western part of the basin between about
11,000 to 11,500 yr B.P. Rodrigues (1992)
used radiocarbon ages to determine the ar-
rival of the salt-water wedge in the central St.
Lawrence Lowland and placed the beginning
of the Champlain Sea between 11,400 and
11,600 yr B.P. Both of these estimates are
consistent with the sequence of water levels
and estimates on the age of the confluence
between the westernmost Champlain Sea in
the St. Lawrence Lowland and Early Lake
Ontario in the Ontario Basin by Anderson
and Lewis (1985).

Major Ice Borders and Paleogeography of
‘Water Bodies

Ice-marginal features and shorelines in
New York (Cadwell and Pair, 1991), and lo-
cations of Candona subtriangulata in the
western and central St. Lawrence Lowland
(Rodrigues, 1992) were used to reconstruct
former ice borders and the sequence and ex-

tent of water bodies in the region (Fig. 9).
Ice-margin positions in Ontario are based on
the distribution of pre~Champlain Sea glaci-
olacustrine deposits summarized by Rod-
rigues (1992). The configuration of the ice
lobe in the Lake Ontario Basin is adapted
from Dyke and Prest (1987). Pending detailed
glaciological reconstructions which are be-
yond the scope of this study, the actual ge-
ometry of this lobe must be considered
speculative.

The Watertown phase of Lake Iroquois
corresponded to the Carthage-Harrisville ice
border in New York and to a position north of
high-level strandlines on the Lake Ontario
shoreline in Ontario. Such a position may
correspond to the Dummer Moraine in On-
tario as indicated by Dyke and Prest (1987),
or if this feature is subglacial in origin as sug-
gested by Shulmeister (1989) and Shaw and
others (1991), this region of till and hum-
mocky topography (Barnett and others, 1991)
may be unrelated to the ice border. The pa-
leogeography of Watertown phase, however,
indicates that a significant portion of the Lake
Ontario Basin was ice free (Fig. 9A).

The ice margin then retreated to La-
Fargeville, where it stabilized at a bedrock
high (Fig. 9B). Ice-marginal sediments were
deposited in a series of subaqueous fans into
Main Lake Iroquois in about 90 m of water.
If calving rates at the ice margin were high,
the remaining ice in the Lake Ontario Basin
may have been removed very quickly. Cor-
relation of the best available shoreline data
from the area north of Lake Ontario with the
Main Lake Iroquois strandline along the
northwest Adirondack flank has established
the maximum extent of lacustrine water bod-
ies on the northern edge of the St. Lawrence
Lowland. Results of this reconstruction show
that the northern margin of Lake Iroquois
may have reached the edge of the Mada-
waska Highlands at elevations as high as 300
m while drainage continued through the Iro-
mohawk River system east of Rome, New
York.

Ice retreat uncovered a lower outlet on
Covey Hill, and Main Lake Iroquois drainage
was through the Covey Hill gap and into a
Fort Ann level in the Champlain Valley
(Fig. 9C). Deep water in front of the retreat-
ing ice margin may have resulted in rapid re-
treat and a relatively straight ice margin. Ex-
pansion of Lake Iroquois from the Lake
Ontario Basin allowed the migration of Can-
dona subtriangulata into the western St.
Lawrence Lowland (Figs. 5, 9A, 9B). The
presence of this ostracode in the lacustrine
sediments throughout the region (Rodrigues,
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1992) indicates that water bodies in the St.
Lawrence Lowland were extensions of gla-
cial lakes in the Lake Ontario Basin rather
than discontinuous, locally ponded, water
bodies as stated by Gadd (1988a). The max-
imum northern extent of the glacial lake pre-
ceding the Champlain Sea was determined
from the distribution of rhythmites contain-
ing Candona subtriangulata overlain by ma-
rine sediments (Figs. 5 and 9D). Rodrigues
(1992) pointed out that the name “Glacial
Lake St. Lawrence” (Upham, 1895) has pri-
ority over other names.

Glacial lakes were followed by the Cham-
plain Sea (Fig. 9E). The absence of marine
assemblages in the extreme western part of
the area (Figs. 5 and 9E) submerged by the
Champlain Sea is probably related to fresh-
water outflow from the Lake Ontario Basin
into the western Champlain Sea. Such a re-
lationship was described by Fairchild (1907)
(his Gilbert Gulf) and discussed by Clark and
Karrow (1984), Anderson and Lewis (1985),
Muller and Prest (1985), and Pair and others
(1988a). Drainage of fresh water from Early
Lake Ontario through a narrow strait at the
Thousand Islands (Fig. 9E) (Pair and others,
1988a) diluted marine water in the southwest-
ern Champlain Sea. The presence of fresh
water to the west of the Sparrowhawk Point
and Bucks Bridge sites prevented migration
of marine organisms beyond Ogdensburg,
New York.

SUMMARY

In this paper, we have used new data from
the southwestern St. Lawrence Lowland of
New York and Ontario to determine the style
of deglaciation, timing of the expansion of
Glacial Lake Iroquois into the St. Lawrence
Lowland, and the extent of the proglacial
lakes preceding the marine transgression.
The distribution of shoreline features and la-
custrine and marine faunal assemblages were
used to delimit these water bodies.

Extremes in bedrock relief appear to have
determined the character and orientation of
deglacial ice borders in the southwestern St.
Lawrence Lowland. Ice retreat off the north-
ern Tug Hill scarp, the northwestern Adiron-
dack slope, and out of the Black River Valley
allowed Glacial Lake Iroquois to expand
northeastward from the Lake Ontario Basin
into the St. Lawrence Lowland. With north-
ward encroachment of Glacial Lake Iro-
quois, ice-border morphology was also influ-
enced by deep water at the ice margin.

An important recessional position, the
Carthage-Harrisville ice border has been

identified. The western margin of this ice bor-
der terminated in Glacial Lake Iroquois, and
subsequent recession, perhaps as early as
12,500 yr B.P., allowed Lake Iroquois to ex-
pand along the northwestern flank of the
Adirondack Mountains and into the St.
Lawrence Lowland. Contrasting styles of
deglaciation, controlled primarily by water
depth at the ice margin, resulted in a land-
based ice margin pinned against the northern
slope of the Adirondack Mountains, which
maintained high-water levels of Lake Iro-
quois while Covey Hill was covered by ice.
Simultaneously, an actively calving ice front
in the deep waters of Lake Iroquois was rap-
idly evacuating the western St. Lawrence
Lowland of ice.

The early deglaciation of the southwestern
St. Lawrence Lowland has been supported
by field evidence, including shoreline fea-
tures and lacustrine sediments characterized
by the ostracode Candona subtriangulata,
which indicates the maximum extent of pre—
Champlain Sea lakes (Rodrigues, 1992). Doc-
umentation of the maximum extent of the
highest lakes in the Lowland and the distri-
bution of the fossiliferous sediments relating
to the lower post-Iroquois levels were used to
reconstruct the paleogeography of proglacial
lakes that occupied the St. Lawrence Low-
land prior to the Champlain Sea incursion.
Models requiring contemporaneous lacus-
trine and marine events in the western St.
Lawrence Lowland are considered improba-
ble in light of the overwhelming evidence for
extensive pre-Champlain Sea glacial lakes.
Low-salinity assemblages from the Spar-
rowhawk Point and Bucks Bridge sections
and the absence of marine fossils west of Og-
densburg establish that fresh-water outflow
from Early Lake Ontario resulted in very low
salinities in the southwestern Champlain Sea
basin.
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