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ABSTRACT 

Exposures of Quaternary-aged sediments along the Scarborough Bluffs, near 

Toronto, provide considerable information concerning environmental conditions 

which existed during the last interglacial-glacial cycle along the southern margin 

of the Laurentide Ice Sheet. The present exposures dissect a thick interglacial 

deltaic body (Scarborough Formation), overlain by a set of interfingered fine

grained diamicts (Sunnybrook, Seminary, Meadowcliffe, Halton) and interstadial 

sands (Thomcliffe Formation). The depositional origin of the diamicts have been 

vigorously debated in the literature, particularly that of the Sunnybrook. 

Two facies associations for the Sunnybrook are introduced in this study, 

Channel (CFA) and High Facies Association (HFA), based upon: facies and 

contact descriptions, and contact geometries. The CF A consists of a thick package 

(10-18m) of massive and stratified diamicts, conformably overlain by a succession 

(ll-25m thick) of finely and coarsely bedded turbidites, and infills topographic 

lows within the underlying strata. Silt clast breccia, flow noses, debris flow 

deposits, and turbidites, within the CF A, are proof of a subaqueous 

resedimentation origin. The HF A is located on the relative highs, away from 

channels, forming horizontally-planar contacts with the underlying Scarborough 

Formation. The HF A consists of an association of: massive and stratified 
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diamicts, and deformed laminated silts and clays. In addition, the HFA has several 

unique characteristics which include: basal clast horizons, an interbedded contact 

zone (ICZ), and reverse density loading along the upper contact of the Sunnybrook 

with the overlying Lower Thorncliffe Formation. 

The proposed depositional model for the Sunnybrook' s two facies 

associations suggests combined rain-out from suspended sediment plumes and from 

ablating ice masses, and resedimentation in a glaciolacustrine setting. As well, a 

model of formation for basal clast horizons in the HF A was developed in this 

study. A subaqueous interpretation of the Sunnybrook implies the existence of a 

high level lake, in the Metro Toronto Region, for the duration of the early and 

middle Wisconsin period. Previous interpretations, which suggest subglacial 

conditions during deposition of the Sunnybrook and related diamicts, are not 

substantiated by the sedimentological and glaciotectonic data of the present study. 
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CHAPTER 1: INTRODUCTION 

1.1 OVERVIEW 

Extensive outcrops of Late Quaternary sediments are exposed along the 

north shore of Lake Ontario at the Scarborough Bluffs (Fig. 1.1) and provide a 

key site for the interpretation of glacial environments associated with the southern 

margin of the Laurentide Ice Sheet during the last glacial cycle (Sangamon -

Wisconsin). The exposures at Scarborough are comprised of four major 

geological units: Scarborough Formation, Sunnybrook Drift, Thorncliffe 

Formation and Halton Till. The Scarborough Formation is a coarsening upwards 

deltaic succession deposited in early Wisconsin time (Clark, 1986), and is 

dissected, in places, by several large channels. The Sunnybrook Drift, of 

presumed mid-Wisconsin age, is a diamict unit of variable thickness and forms 

a drape over the irregular geometry of the Scarborough Formation. Overlying 

the Sunnybrook Drift are a succession of interbedded diamict and sand units; the 

sands are regionally exposed and collectively identified as the Thorncliffe 

Formation while the diamict units (Seminary and Meadowcliffe) are limited to 

exposures along the Bluffs. The Thorncliffe Formation is overlain either by the 

late Wisconsin Halton Till or by post-glacial Lake Iroquois sediments. Exposures 

at the Scarborough Bluffs provide one of the most complete records of the last 

interglacial-glacial transition in eastern North America and are significant for 

1 
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Figure 1.1: Study area showing approximate section locations at Scarborough 
Bluffs, Rouge River and Duffins Creek. More precise section locations are 
indicated in Figure 2.1. 
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the interpretation of environmental conditions particularly during the early 

Wisconsin period. Understanding the nature of glacial palaeoenvironments helps 

us better understand ice sheet margin behaviour and the dynamics of large ice 

masses (see section 1.1.1). The present study focuses on the paleoenvironment 

which existed in the Lake Ontario basin during deposition of the Sunnybrook 

Drift. 

The Sunnybrook Drift is a fine-grained diamicton of late Quaternary age 

which underlies much of the Metro Toronto region and is well exposed at the 

Scarborough Bluffs. The depositional origin of this extensive stratigraphic unit 

(covering approximately 3000 km2
) has been vigorously debated over the past 11 

years and it has been variably interpreted as either a subglacial deposit (Karrow, 

1967, 1969, 1984a; Dreimanis, 1977, 1984; Gravenor, 1984; Hicock and 

Dreimanis, 1989, 1992a, 1992b; Sharpe, 1984) or a glaciolacustrine deposit 

(Eyles and Eyles, 1983, 1984; Westgate et al., 1987; Rutka and Eyles, 1989; 

Schwarcz and Eyles, 1991). Each of these interpretations has major implications 

for our understanding of the dynamics of the Laurentide Ice Sheet during · the last 

major glaciation (Wisconsin) in North America. Karrow (1967) and Hicock and 

Dreimanis (1989; 1992a) support a subglacial origin for the unit, suggesting the 

Sunnybrook was deposited predominantly as a lodgement or deformation till, 

recording extensive ice advances in the Lake Ontario basin during the early-mid 

Wisconsin. A subglacial origin for the Sunnybrook implies full ice cover over 

the Ontario basin, a more southerly position for the actual ice margin and a 
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relatively severe 'glacial' climate. An alternate origin, proposed by Eyles and 

Eyles (1983), suggests a glaciolacustrine depositional setting for the Sunnybrook. 

A glaciolacustrine origin requires that the Ontario basin be ·water-filled with 

floating glacier ice somewhere in the basin, and introduces the possibility of a 

more distal ice margin during Sunnybrook time and less severe climatic 

conditions at Toronto. 

The Sunnybrook drift has been examined by many geologists, but has not 

been subjected to a detailed regional sedimentological study. This study aims to 

resolve some of the controversy surrounding the origin of the Sunny brook through 

detailed sedimentological analysis of the unit at exposures along the Scarborough 

Bluffs and along the eroded banks of several creeks that flow into Lake Ontario 

to the east of the Bluffs (Fig. 1.1). It is hoped that this detailed regional 

sedimentological analysis will provide information about the broad range of 

palaeoenvironments that existed during Sunnybrook time and not just local 

conditions. These data will be used to construct a depositional model for the 

Sunnybrook that may be used to distinguish glaciolacustrine environments from 

subglacial environments in both the sediment and rock records. 

1.1.1 SIGNIFICANCE OF THE PROPOSED RESEARCH 

The activities of glaciers during the Quaternary in Canada has created a 

variety of landscapes. Approximately 80% of Canada's terrain has been subjected 

to glacier ice at least once over the past 1 million years (Ford et al., 1984). 

Glacial landscapes include both barren areas (e.g. Canadian Shield), scraped clean 
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of sediments and vegetation, and areas with vast thicknesses of glacial drift (e.g . 

thick Pleistocene sequences in southern Ontario and thick valley fills of glacially

derived sediment in British Columbia). Pleistocene glacial-lake sediments cover 

large areas of Canada; for example, Glacial Lake Agassiz occupied an area of 

more than 1 million km2 during the retreat of the Laurentide Ice Sheet (Teller, 

1987). 

The importance of developing depositional models for glacigenic sediments 

is threefold: 1) for past climatic reconstruction, 2) for interpreting past glacier 

behaviour, and 3) for defining and predicting lateral and vertical variability in 

glacial deposits. The Earth has been subjected to cyclical warming and cooling 

trends during and before the Quaternary period. Understanding past climatic 

fluctuations and their forcing mechanisms may allow greater understanding of 

predicted climatic changes (Ellsaesser et al., 1986; COHMAP, 1988). Many 

theoretical models of glacier behaviour (e.g. Boulton and Hindmarsh, 1987) are 

making good progress in predicting ice sheet dynamics and bed conditions. 

However, these models need more ground trothing. The sedimentological 

analysis of the Sunnybrook Drift presented in this thesis may help to clarify 

climatic conditions which existed during the Wisconsin at the Scarborough Bluffs. 

The advantage of studying exposures of Pleistocene glacial deposits to better 

understand the nature of sedimentological processes and deposits in glacial 

environments is that glacial environments are often inaccessible (e.g . subglacial 

or subaqueous ice-proximal environments) or do not exist today (e.g . large ice-
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proximal lakes). 

Understanding the stratigraphic and spatial variability of glacial deposits 

is also important in 'applied' aspects of glacial geology. Spatial and vertical 

variations in texture, degree of fracturing, and geometry of the deposits have 

impacts for land use and pollution remediation schemes (Eyles, N. et al., 1992). 

Many aquifers in Pleistocene deposits, are composed of glaciofluvial outwash 

deposits or moraines (e.g. the Oak Ridges moraine, north of Toronto), but such 

aquifers are often threatened by urban and agricultural uses (Domenico and 

Schwartz, 1990). Near-surface aquitards (both glacial lake sediments and fine

grained diamictons and tills) provide the necessary "buffer protection layer" for 

underlying and presently unpolluted aquifers but also are thought to be suitable 

hosts for sanitary landfills (Hibbert, 1993). Unconsolidated fine-grained glacial 

sediments are also subject to mass movement processes, causing often unpredicted 

consequences to anthropogenic activities. Landslide, bluff erosion and slope 

failure are common in glacial landscapes underlain by glaciolacustrine sediments 

(Evans, 1982; Eyles, N. et al., 1985). The facies characteristics; facies 

associations and geometry of the Sunnybrook discussed in this thesis may be 

helpful in both of these applied aspects: 1) in predicting stability conditions, and 

2) in understanding the groundwater flow patterns associated with these glacial 

landscapes. 



1.2 QUATERNARY GEOLOGY 

1.2.1 OUTCROP AREAS 

7 

The Sunnybrook diamict underlies most of the Metro Toronto region and 

is well exposed along 12 km of lakeshore bluffs (the Scarborough Bluffs) which 

lie to the east of Toronto, between Warden Ave (in the west) and Beechgrove 

Drive (in the east; Figs. 1.1and1.2). Other important outcrops occur along the 

banks of creeks and rivers which flow into Lake Ontario in the Metro Toronto 

region (e.g. Highland Creek, Duffms Creek, and Rouge River; Fig. 1.1). The 

Sunnybrook is also exposed in the Don Valley Brickyard, where important 

interglacial deposits of the Sangamon Don Formation occur. The sections at this 

site are now protected from threatened development but only restricted access is 

available to geologists (Eyles and Clark, 1988a), and they have become covered 

by slumped material; the Don Valley sections are therefore not included in this 

study. The status of exposures at Scarborough Bluffs is also in jeopardy due to 

recent efforts to stabilize and limit erosion along the shoreline. Rates of cliff top 

retreat reached 1-2 metres per year in the late 1970's and early 1980's (Eyles, N. 

et al., 1985); as a result, large toe protection systems were built (e.g. Bluffers 

Park Marina, groynes and berm roads) during the 1980's which have locally 

reduced rates of erosion and are causing the slopes to become vegetated. The 

effects of these shoreline protection works has been to reduce the availability and 

continuity of sediment exposure along the Bluffs. 

There are few exposures of the Sunnybrook to the west and northwest of 



0 1 2 3 

km Catbedral aluffa 

Toronto Hunt Club t .•.:·~·· ~ •· 
..... . . •:,·.;::;1 

•• ··-·-···~--· •• ..:!_ .. , .... _ .... _._ ',_ '- ~·~ .-;....-- • 
~---~-~ 
I~····-~ 

SlWlp 

Figure 1.2: Summary cross-section of Quaternary deposits exposed at Scarborough Bluffs. The 
Sunnybrook Drift drapes over the Scarborough Formation, infilling several channels cut into the 
underlying Scarborough (e.g. at Dutch Church and Guild Inn sections). The Sunnybrook 
consists of two major facies types: massive diamict and laminated silt and clay. Overlying 
deltaic sands (Thorncliffe Formation) are interfingered with two other fme-grained diamicts 
(Seminary and Meadowcliffe). The entire sequence is capped by the Late Wisconsin Halton till. 
Selective erosion of the Bluffs occurred during the time of high-level post-glacial lakes (e.g. 
Lake Iroquois). Modified from Karrow (1967). 

LEGEND 

............. 

".£···· 
~ 
·.~ . · .. .. : .. 
~·-·--

'iii 
Q) 
s.. 
.µ 

! 
i:: 
0 

"" .µ 
IU 
> Q) 
..... 
r.:i 

clay 

laminated 
silt and clay 

diamict 

sand 

slump 

22~ 

200 

175 

150 

125 

100 



9 

the Bluffs due to erosion by subsequent advances of Late Wisconsin ice and by 

removal of sediments by post-glacial lakeshore processes. Sunnybrook sediments 

are described in a railway cut at Woodbridge, north of Toronto by Karrow (1969) 

and White (1971) and in outcrops along Humber River; however, these sections 

are now covered and were not included in this study. To the east of the 

Scarborough Bluffs, a correlative deposit to Sunnybrook diamict is believed to be 

the Port Hope Till (Brookfield et al., 1982). The Port Hope Till outcrops at _ 

modem lake level at the Bowmanville Bluffs between Courtice and Port Hope, 

approximately 50 km east of Scarborough. The Port Hope Till was not included 

in this study due to time constraints. 

1.2.2 THE INTERGLACIAL-GLACIAL STRATIGRAPHY 

The stratigraphic succession exposed at Scarborough Bluffs is the primary 

tool for interpretation of glacial-interglacial periods during the late Pleistocene in 

the Ontario basin. Figure 1.2 is a summary cross-section of the deposits exposed 

at the Bluffs. The Scarborough Formation forms the base of the succession and 

consists of a thick coarsening upwards sequence (from clays through -sands) 

interpreted as a deltaic deposit (Karrow, 1967; Clark, 1986). This delta was 

deposited by a large southwardly flowing river which occupied a large ancient 

bedrock channel linking Georgian Bay to Lake Ontario -- part of the Laurentian 

Channel (Spencer, 1890). Lake level during deposition of the delta was 

approximately 45m above present Lake Ontario levels. The top of the delta is 

irregular, dissected by several large channels (up to 50m deep) . 
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The Sunny brook diamict forms an extensive drape up to 8-1 Om thick over 

the Scarborough Formation. Topographic lows in the top of the diamict are 

correlated with channels in the underlying Scarborough Formation (e.g. Dutch 

Church section: Fig.1.2); laminated facies of the Sunnybrook infill these lows. 

Overlying the Sunnybrook are two other diamict units (Seminary and 

Meadowcliffe) - exposed only at the Bluffs (Karrow, 1967) - which are 

interfingered with the three members (Lower, Middle, and Upper) of the 

Thomcliffe Fonnation. The whole sequence is capped by the Halton Till, which 

was deposited by an expanded Laurentide ice sheet covering the whole of 

southern Ontario during the Late Wisconsin (Karrow, 1967, 1984b; Boyce and 

Eyles, 1991). A large post-glacial lake (Lake Iroquois) occupied the Lake 

Ontario basin as the Late Wisconsin ice margin withdrew and deposited extensive 

units of sand and gravel identified west of Bluffers Park and east of Sylvan Park. 

1.2.3 AGE OF THE SCARBOROUGH STRATIGRAPHY 

Dating individual units and events that make up the stratigraphic 

succession at the Scarborough Bluffs is problematic. Volcanic tephra ·layers, 

which would serve as time markers and are commonly used to correlate 

depositional events in western North America, are not present in any of the 

exposed sediments. Dating of the Scarborough succession has been commonly 

constrained using radiocarbon dating techniques; however, most of the C-14 dates 

available (Table 1.1) are unreliable due to "old carbon errors". C-14 dates 

available for the Scarborough succession are mostly obtained from analysis of 
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"aquatic plants" (Berti, 1975). This is a problem as lake waters are enriched in 

'old' carbonate provided by the predominantly carbonate bedrock in the Ontario 

basin; aquatic plants living in the lake absorb this 'old' carbon and when dated, 

provide dates much older than they should, usually with errors of unknown 

magnitude. Reported ages (C-14) for the Lower Thomcliffe Formation, which 

UNIT C-14 dates TL dates TL dates 
Lowden et al.(1971); Berger (1984) Berger and 
Karrow (1967) Eyles (1994) 

Halton Till > 140 ka 

Upper 28.3±0.6 ka1 36±4 ka 23±4 ka 
· Thomcliffe 32.0±0.7 ka2 

Seminary & 
Meadowcliffe 

Lower >53 ka3 

Thorncliffe 45 ka3 

38.9 ka4 

48.8 ka5 

Sunny brook 66±7 ka 41±8 ka 
46±9 ka 

upper 51±9 ka 

Scarborough >53 ka3 55±10 ka 
lower 60±9 ka 

54±8 ka 

Table 1.1: Available dates (Carbon-14 and TL) for Quaternary units exposed at 
the Scarborough Bluffs. Radiocarbon dates provided in Lowden et al. (1971, fide 
Berti, 1975) and Karrow (1984b); suprascripts identify the source of the C-14 
dates: 1=GSC1082, 2=GSC 1221, 3= Karrow (1984b), 4=GSC 271, 5=GSC 
534. 

lies above the Sunnybrook, range from 38.9 to >53 ka, and C-14 ages for the 

Scarborough Formation, which lies beneath the Sunnybrook, are in excess of 53ka 

(Lowden et al., 1971; Karrow, 1967; Table 1.1) . The Scarborough Formation 

is thought to be a late interglacial/early glacial deposit ( > 60ka), and is probably 
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too old for C-14 dating techniques; dates from the Lower Thomcliffe Formation 

are at the limit of reliability for C-14 dating ( < 30-35 ka) and may be inaccurate 

due to old carbon error. However, two dates obtained from the Upper 

Thorncliffe (28.3 and 32.0 ka; Lowden et al., 1971) are sufficient to constrain the 

Halton Till to Late-Wisconsin time. 

Other techniques that have been used to establish a chronology of events 

at the Scarborough Bluffs include interregional lithostratigraphic correlation 

(Dreimanis, 1977; Karrow, 1984b) and thermoluminescence (TL) dating (Berger, 

1984; Berger and Eyles, 1994). Each of these techniques will be discussed 

below. 

Lithostrati1rraphic correlation 

Figure 1.3 shows the till chronology for Upper St. Lawrence, Lake 

Ontario and Lake Erie basins established by Dreimanis (1977). Dreimanis (1977 

and references therein) identified a series of stadials and interstadials within the 

Scarborough sequence during the Wisconsin glaciation based on lithostratigraphic 

correlations and radiocarbon dates. In his interpretations, the Sunnybrook is 

deposited during the Guildwood Stadial and is correlated with the Gentilly Till 

(St. Lawrence Lowlands) and the Upper Bradtville Till (Lake Erie Basin). Work 

completed since this analysis suggests that simple lithological correlation does not 

allow for complex facies changes in glacial and ice marginal environments (Eyles, 

N. et al., 1983), particularly in large lake basins (Eyles and Eyles, 1983). Thus, 

correlations of outcrops on the basis of lithology alone are not justifiable. 
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Thermoluminescence (TL) datin2 

A recently developed dating technique - thermoluminescence (TL) dating -

has also been applied to the Bluffs' stratigraphy. TL methods have great 

potential for dating sediments deposited in the last million years, provided that a 

number of problems can be addressed (Wintle and Huntley, 1982). 

Thermoluminescence is the name given to the light emitted by a material when 

it is heated, after having been previously exposed to ionizing radiation (i.e. 

exposure to sunlight; Wintle and Huntley, 1982). Because of the sensitivity of 

some minerals to ionizing radiation, the amount of time since those minerals were 

last exposed to light can be determined, which is presumed to correspond to when 

the sediments were deposited. The age of the deposit can be determined using 

TL methods given that both the sensitivity of the material and the radioactivity 

of the post-depositional environment are known - postdepositional bombardment 

of sediments by ionizing radiation (e.g. exposure to light or heat) will affect the 

final TL signal and may produce under-estimates of age. 

This dating method relies on the assumption that the ionization energy 

'count' was 'set to zero' at the time of deposition. Heating of the 

materials/sediments at the time of deposition can 'zero' sediments (e.g. TL dating 

of pottery fragments has been very successful because of the kilning process; 

Wintle and Huntley, 1982); however, zeroing of unheated grains of quartz and 

feldspar, in some sedimentary environments, is incomplete and may produce 

dating errors (Berger and Easterbrook, 1993). Sediments in ice-proximal 
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lacustrine (Berger and Easterbrook, 1993) and subglacial environments (Berger 

and Eyles, 1994) have been shown to yield over-estimates many times the 

expected ages. Over-estimates are expected in these environments because of the 

absence of zeroing mechanisms (e.g. these sediments are deposited in dark, cool, 

and murky environments). 

TL-dates pertinent to the Scarborough Bluffs are summarized in Berger 

(1984) and Berger and Eyles (1994; Table 1.1). An initial date of 66±7 ka for 

the Sunnybrook (Berger, 1984) agrees with an early mid-Wisconsin interpretation 

(Karrow, 1967; Dreimanis, 1977), and coincides with a peak in the marine 0180 

signal (isotope stages 4-5: Fig. 1.4). Peaks in the marine 0180 signal indicate 

expanded ice sheets on the continents (Shackleton, 1987; Miller and de Vernal, 

1992). However, more recent TL dating of the Sunnybrook gives an age range 

of 41-46±9 ka (Berger and Eyles, 1994) which is younger than some of the 

existing radiocarbon dates for the overlying Lower Thomcliffe Formation (38-

53ka; Table 1.1) although these dates may be unreliable. Early estimates of a TL 

date for the Sunnybrook (66±7 ka: Berger, 1984) are likely over-estimates due 

to the use of high-energy optical bleaching (Clark et al., 1993). Recent research 

(Berger and Easterbrook, 1993, and references therein) continues to stress the 

uncertainty associated with the zeroing process. 

In summary, dating control for the Sunnybrook is still inadequate. C-14 

dates for the Lower Thomcliffe Formation contain old carbon errors and are too 

old ( > 40 ka) to be reliable for confident interpretations. If the non-infinite C-14 
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dates for Lower Thomcliffe are accepted (38.9 to 48.8 ka), it is possible that 

either the 41-46 ka or the 66 ka TL date for the underlying Sunnybrook is 

reasonable. 

1.3 DEPOSITIONAL HISTORY OF THE SCARBOROUGH SUCCESSION 

Early interpretations of the glacial succession exposed at the Scarborough 

Bluffs were concerned with identifying evidence for ice advances into the Lake 

Ontario basin during the Wisconsin (Hinde, 1877; Coleman, 1932; Dreimanis and 

Terasmae, 1958; Karrow, 1967; Fig. 1.5). Diamicts within the succession 

(Sunnybrook, Seminary, Meadowcliffe and Halton; Fig. 1.2) were interpreted as 

tills recording subglacial conditions; these are interfingered with sands interpreted 

as glaciolacustrine deposits (Thomcliffe Formation; Fig. 1.2) and suggested the 

formation of high-level proglacial lakes following each ice sheet recession. 

Recent interpretations of the stratigraphic succession propose glaciolacustrine 

conditions for the formation of the Sunnybrook, Seminary and Meadowcliffe 

diamicts, suggesting continuous lacustrine conditions throughout the early and 

mid- Wisconsin with restricted ice volumes in the basin (Eyles and Eyles, 1983; 

Fig. 1.6). 

The oldest sediment unit preserved in Toronto's Pleistocene stratigraphy 

is the YORK TILL, presumably deposited during the Illinoian glacial period 

(> 130ka; Karrow, 1967). It is poorly exposed but is known to rest 

uncomformably on the regional bedrock - the Georgian Bay Formation 
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Figure 1.5: Early Interpretations of the Scarborough Succession: 

These figures show a plan view of lake and ice sheet position (left box) and a 

cross-section of simultaneous changes to the Quaternary stratigraphy at the 

Scarborough Bluffs (right box). Modem lake level is =75m.a.s.l., just above 

the Don Formation. a) Glacial Lake Scarborough. A stationary ice front 

blocking St. Lawrence drainage and the Scarborough delta (coarsening upwards 

sequence) is deposited at the mouth of the Laurentian channel near Toronto (A) 

in a high level lake. Lake is drained via the Rome outlet (B) to the Hudson River 

system. b) The ice margin has retreated several 100 km north returning drainage 

to St. Lawrence system (A). Lowered base level and lake level due to isostatic 

depression of the outlet causes exaggerated dissection of channels into the 

Scarborough delta (B). Sporadic gravel deposits in the channels are the remnants 

of this subaerial fluvial interval (C). c) Ice advanced over the Scarborough area 

covering a proglacial outwash deposit in the Guild Inn channel (A) with the 

Sunnybrook Till. The Sunnybrook drape is thickest in the channels. d) Partial 

retreat of the ice sheet leaves the Rome outlet blocked; high level lake ( > > 122 

m.a.s.l.) drains southward to Ohio and Mississippi Rivers (A). Laminated 

sediments are deposited as channel fills requiring stationary ice margin for several 

hundreds of years (Antevs, 1928 counted 1200 varves). e) Drainage down the 

Laurentian channel is re-established and the Lower Thomcliffe delta progrades 

across the sequence into a high level lake ( = 130-140 m.a.s.l.). In subsequent 

Thomcliffe deposits (Middle and Upper), lake levels were higher(= 150-175 

m.a.s.1.). 
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Figure 1.6: Recent Interpretations of the Scarborough Succession: a) Glacial 

lake Scarborough formed when the St. Lawrence outlet was blocked by ice. A 

classic coarsening upwards delta is deposited at Toronto (A) (similar Fig. l.5a). 

b) Eyles argues for continuous presence of a lake at Scarborough during early and 

mid-Wisconsin. Large channels in the top of the Scarborough Formation formed 

subaqueously; drainage of high level lakes was south to Ohio and Mississippi 

basins (A). The Sunnybrook diamict was deposited by a combination of rain-out 

from icebergs and resedimentation of accumulating pebbly-muds to topographic 

lows. Input of sediments from streams north and east of Toronto would have 

continued. No comment was made by Eyles (1982) on the fluvial remnants in the 

base of channels (B). c) In late Sunnybrook time, the influence of ice lessened. 

Only fine-grained material was deposited (little ice rafted debris), with a sequence 

of fine-grained turbidites infilling the channels . The Sunnybrook's laminated 

facies grade into the Lower Thomcliffe sands as the delta progrades into the lake 

(A). 
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(Ordovician). Warm climatic conditions during the last interglacial (Sangamon 

:=:: 125 years B.P.) are recorded in the DON FORMATION, exposed in the Don 

Valley Brickyard, with climatic conditions interpreted to be 5°C warmer than 

present (Terasmae, 1960; Williams et al., 1981). The onset of cooling conditions 

at the beginning of the Wisconsin is recorded by the SCARBOROUGH 

FORMATION, when climatic conditions were 10°C cooler than present 

("boreal" climates: Terasmae, 1960; Morgan and Morgan, 1976). 

The Scarborough Formation is interpreted as an ancient delta formed 

where a large southwardly flowing river entered a large lake, Glacial Lake 

Scarborough (Karrow, 1967) which had a level approximately 46m above present 

lake level (Fig. 1.5a). The outlet for Glacial Lake Scarborough is assumed to be 

at Rome, New York, rather than through the St. Lawrence Valley, which was 

blocked by ice at this time (Karrow, 1967: Figs. 1.5a and 1.6a). The location 

of the large river was governed by the large bedrock channel it occupied (i.e. part 

of the Laurentian channel: Eyles, N. et al., 1985). Deltaic sediments of the 

Scarborough Formation form a classical coarsening upwards sequence, beginning 

with a clay member ( ::::::28m thick) composed of interbedded clays, silts, and fine 

sands and passing upwards into a sand member ( :=:: 15m thick) composed 

predominantly of cross-bedded and ripple cross-laminated sands indicating 

southward directed palaeocurrents (Karrow, 1967; Clark, 1986). 

Several large channels (up to 53m deep) dissect the upper surface of the 

Scarborough Formation along the Bluffs; the formation of these channels, 
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however, is poorly understood. Proposed origins include: subaerial downcutting 

through the delta by a drop in regional base level (i.e. lowered lake levels; 

Karrow, 1967; Fig. I.Sb), and subaqueous dissection by the delta's distributary 

channels (Eyles and Eyles, 1983; Fig. 1.6b). The latter interpretation is based 

on the lack of evidence supporting subaerial exposure (e.g. weathering, fluvial 

remnants) and sedimentological interpretations of persistent high lake levels in the 

Ontario basin during the Wisconsin. 

Three interpretations have been proposed to explain the depositional origin 

of the SUNNYBROOK, each with different implications for the interpretation of 

the magnitude and frequency of ice sheet fluctuations during the Wisconsin. 

Karrow (1967) and Dreimanis (1977) used clast and matrix provenance of the 

Sunnybrook and regional lithological correlations to infer ice coming onshore at 

the Bluffs and depositing the Sunnybrook as a subglacial till (Fig. I.Sc) . Ice 

withdrawal from the Ontario basin and subsequent development of an ice 

proximal lake led to the infilling of topographic lows with laminated sediments 

(Fig. 1.Sd), which were initially described as varves (Antevs, 1928; Coleman, 

1932; Karrow, 1967; Lajtai, 1967). The second interpretation for the 

Sunnybrook is based on sedimentological analysis of the Sunnybrook, Seminary 

and Meadowcliffe diamicts and proposes a glaciolacustrine origin for these units 

(Eyles and Eyles, 1983). The glaciolacustrine model emphasizes the role of rain

out sediment from suspension and ablating icebergs as a mechanism for the 

production of pebbly lake bottom muds or massive diamict units (Fig. 1.6b). 
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Reduction of glacial influence and initiation of subaqueous slumping and turbidity 

current activity produced the 'laminated' Sunnybrook unit (Fig. 1.6c). The most 

recent interpretation of the Sunnybrook suggests the operation of both subglacial 

lodgement and deformation till processes during deposition (Hicock and 

Dreimanis, 1989; 1992a). Ice sheet positions and lake levels, in this last model, 

are similar to those ofKarrow (1967). Each of these three interpretations of the 

Sunnybrook will be discussed in detail in section 1.4. 

The THORNCLIFFE FORMATION is dominantly sandy and is divided 

into Upper, Middle, and Lower Thorncliffe Members which are separated by two 

diamict units, the SEMINARY and MEADOWCLIFFE diamicts. The two 

diamicts have limited exposure in the central Bluffs (Fig. 1.2) and are not found 

in any of the creek exposures. Sands of the Thorncliffe Formation were 

deposited by an extensive delta entering a large high level lake (at least 40m 

above present lake level; Karrow, 1967; Clark, 1986; Fig. 1.Se). The two 

diamicts were formed in an environment similar to that of the Sunnybrook, either 

subglacial (Karrow, 1967) or subaqueous (Eyles and Eyles, 1983). 

The Laurentide ice sheet reached its maximum extent during the Late 

Wisconsin in eastern North America (Clark et al., 1993) and deposited extensive 

subglacial till sheets such as the Leaside Till (Karrow, 1967) and Halton Tills 

(Karrow, 1984b) in southern Ontario. Considerable geomorphological evidence, 

such as drumlin fields which lie to the north and east of Toronto (Boyce, 1990) 

support a subglacial origin for these surficial deposits. It is believed that the 
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