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NB The oral presentation made it clear that the Don Formation would be better subdivided into five allozones, instead of six. Tentative allozones D2 and D3 of the Abstract, related to the climatic optimum of the Sangamonian Interglacial, are to be merged into a single one which can be subdivided into several subzones. This change allows a more practical stratigraphic reading of the exposures and drilled logs, and a simpler reference to the climatic optimum. This change is not applied to the uploaded documents of the presentation, in order to maintain a link between the abstract and the uploaded documents.
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In the Toronto area, on the North shore of Lake Ontario, the succession of true interglacial to early stadial units is one of the most complete in North America.

 It comprises the Don and Scarborough Formations, an erosional unconformity and the Pottery Road Formation.

 This succession rests on the York Till, of the Illinoian Glacial Stage,

 and is overlain by several stadial and interstadial units of Wisconsin age.
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From a careful reading of the literature on the Toronto units, two main streams of interpretation are frequently opposed, the classicals and the challengers. In both cases the Terasme pollen logs are the stratigraphic reference. I would like to mention a third  group who adapted the sequence analysis to the lacustrine units of the region.
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Several questions on the Don beds  remain unresolved or disputed:

-the lithostratigraphy of the unit is not established, except a tentative one by Gray 65 years ago

- a pollen analysis from close samples in all the beds of the Formation has to be done,

- the age of the beds is debated.

The significance of the Don -Scarborough succession is also debated: 

- either one unit, the Toronto Formation, with a continuous lacustrine deposition in Lakes Coleman and Scarborough,

- or two distinct units, the Don Formation and Scarborough Formation, with a probable discontinuity between the two units. 
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Finally, the age of the first glacial advance in the Toronto basin, after the interglacial optimum, is debated, either as early as during Stage 5 or during stage 4.
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This study on the Don Beds takes into account different classical approaches of sedimentology, lithostratigraphy, biostratigraphy and geochronology developed in previous work on the St. Lawrence valley. From the sequence stratigraphy principles, attention is given to discontinuities and sedimentary system tracks. 
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The Toronto lower units were deposited at the periphery of the mouth of a major drainage system, named laurentian River by Spencer in eitghteen ninety. The interglacial river, at least 110 km long, connected the Georgian Bay of the Lake Huron basin to Lake Coleman.
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On the working front of the former Don Valley Brickyard, the formation presented eight distinct metric to submetric continuous bands, either pale or dark grey. Light bands are composed of dryer sandy beds. The darker bands are more clayey and/or moister. This visual approach provides only a schematic view of the tabular geometry of the Don Formation. A closer analysis is necessary to distinguish formal units. 
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Based on this general geometry, on the sampling logs and on the facies analysis by Eyles and Clark (1988), the shoreface formation is an appropriate matter for allostratigraphy. The Don Formation can be subdivided into several allozones, separated by erosional, contrasted or irregular limits.
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Allozone D4 is a marker unit and continuous on the working front of the brickyard, identified by Gray as a pebble conglomerate and observed on the logs of facies of Eyles and Clark. It's an irregular bed of coarse-sand, gravel and few cobbles, deposited at the end of a  phase of erosion. 

10

At the top of the formation, the allozone D6 is about one meter thick and very heterogeneous. During samplings, we observed a lower bed of silty brecchia with green shale fragments, a pavement of shale flat cobbles and wood fragments and beds of sand. The last sand bed is strongly weathered. 
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Tentatively 6 allozones can be a applied to the last working front exposure of the former brickyard. Nevertheless, at the scale of the Don Formation, major lateral variations of thickness and grain size of these allozones should be expected.

The lowermost allozone (D1) corresponds to the discontinuous “basal clay” described by Coleman (1932) and Gray (1950). 
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Lake level variations during the deposition of the Don and Scarborough Formations

A tentative reconstruction of the variations of the level of Lakes Coleman and Scarborough, in the Don Valley Brickyard and Scarborough Bluffs areas is summarized in this figure. The trends are established from different authors and the present study. We conclude to at least two episodes of low level. Local exposures of the bedrock are not excluded during the deposition of allozone D
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The exposed parts of the  Don Formation were resampled in 1994 and 1998. 42 pollen assemblages were obtained. This more detailed analysis allows distinguishing 5 pollen zones, with a close but not perfect relationship between allostatigraphy and biostratigraphy. On this new diagram, the pollen zone attributed to the climatic optimum , zones Don 2 and 3, are colored in pale red.  The transition expected  between these pollen zones and pollen zone Don 4 is missing. This confirms the erosional phase recorded in the sediments.
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A virtual Palynozone Don 1 is added to the 5 observed pollen zones. In this biozone, the type of cladoceran fauna found by Hann and Karrow 1984 is living today  in glacial lakes and in boreal to subarctic conditions. It corresponds to the late Illinoian transition.

As mentioned, the pollen zones Don 2 and Don 3 are related to the climatic optimum.

In pollen zone Don 4, the assemblage immediately above the sterile gravel corresponds to a harsher Southern Boreal Forest. It follows a gap and represents a drastic change between the preceding zonal Mixed Hardwood Forest and the following Southern Boreal Forest. 

Palynozone Don 5 is characterized by Southern Boreal Forest assemblages (Pinus cf. banksiana, Picea cf. mariana, Abies balsamea), a rapid decrease of deciduous trees (Quercus, Carya), and of fir Abies balsamea indicating the extent of a harsher Southern Boreal Forest (SBFb) at the top.
Palynozone Don 6 is characterized by Northern Boreal Forest (NBF) assemblages. In the upper part of it, Betula cf. glandulosa indicates the opening of the boreal forest to a Forest Tundra.
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 The Scarborough Formation was deposited as a delta at the mouth of a drainage system which was not far from the front of a glacier, when the relative former water level was about 45 m above the present level of Lake Ontario. 
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The detailed pollen analysis of the Scarborough Formation (Richard et al., 1999) indicates a forest tundra environment similar to modern hemiarctic conditions (- 10°C). No climatic change can be inferred from the data during the entire episode. 
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The inferred vegetation biomes reconstructed  from the pollen assemblages of the Don and Scarborough Formations are compared to present biomes of Canada mapped by Art Dyke ten years ago. The inferred analogs indicate that as soon as the deposition of the beds of allozone D6, the Toronto area was under subarctic conditions.
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In the St. Lawrence valley, the first glacial event which follows the Sangamonian interglacial is the Levrard till event. After this event, the valley was invaded by the Cartier Sea. The related La Perade marine Clay is dated ninety eight ka +- 9 by thermoluminescence. This age gives the minimum age to the Levrard Till and the Scarborough Formation.

From most of the authors, the lower fluvial fossiliferous beds of the Pottery Road formation are correlated to the interstadial St. Pierre Sediments which are  dated about 75 000 y BP by 14C and 71 ka by Feldspar luminescence. 
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A dating program is published by Berger and Eyles (1994) who used the thermoluminescence of fine grains. The ages obtained for the Don beds were surprisingly young, in the range of 80-60 ka, for sediments undoubtedly deposited when the climate was warmer than today. The TL dates for the Scarborough Formation (60 to 50 ka) were young as well, given a previous 14C age greater than 53,000 y. B.P. of organic matter found in an overlying interstadial unit, the Thorncliffe Formation.
Using the SAR (Single Aliquot Regenerative ) protocol and applying a fading correction, two new luminescence datations are close to ages expected for the last Interglacial and its transition. Nevertheless, an incomplete zeroing of the sediments before the deposition is inferred from the apparent overestimation of the calculated ages.
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With the large uncertainties related to both the TL ages and the duration of the erosional discontinuities revealed by the study, 4 hypotheses can be presently retained , provided the assumption that the Lake Scarborough Episode occurred during Stage 5. These hypotheses depend on the duration attributed to the erosional phase which precedes allozone D4, to the deposition of the heterogeneous allozone D6 and to the erosion phase at the origin of the valleys  filled in by the Pottery Road Formation.

21 to 26

This study brings three main new assessments

-The Don Formation is heterogeneous and completely different from the Scarborough Formation. These 2 units must have different names.

-The Don Formation comprises at least two allozones not related to the last interglacial climatic optimum and its following transition.

-The deposition of the beds of the Don Formation is not only related to storms and clearweather episodes in a continuous lacustrine environment. The lateral continuity of the allozones is in favour of distinct phases of sedimentation. The influence of fluvial dynamics and climate on the sedimentary system was underestimated.

- Furthermore, from the available ages, with large error margins, it seems too soon to give a final age to the upper allozones of the Don Formation and the Scarborough glacial lake episode. Nevertheless, at this stage of the datation art, the upper allozones of the Don as thought by several authors to be related to MIS 5.

Finally, in further developments, the revised Toronto sequence of units will be compared to other interglacial sequences of Canada and United States and to the continuous series of Europe and Greenland.
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