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The objective of this study is to document litho-stratigraphic and geochemical data
obtained from a 96.2 m deep borehole drilled near Queensville, Ontario (Figure 1).
The sediment log was produced from bed by bed description of lithofacies,
sedimentary structures, and from drill site inspection and drilling rate for
unrecovered core. Data presented here adds to the body of knowledge of the Young

Regional mapping, terrain analysis and subsurface studies in the Greater Toronto
Area indicate a sedimentary succession of up to 200 m. Figure 2 illustrates the
generalized stratigraphy consisting of six major packages: Paleozoic bedrock, lower
sediment (e.g. Scarborough, Thorncliffe formation), Newmarket Till, channel
sediment, Oak Ridge Moraine sediment, and overlying Halton Till. An element of the
stratigraphy is a number of regional unconformities, the most noteworthy of which is

Four stratigraphic units are observed in the Queensville borehole, from the base
these include: 1) limestone of the Georgian Bay Formation, 2) Thorncliffe
Formation, 3) Newmarket Till, and 4) modern soil weathering profile. This borehole
is dominated by the Thorncliffe Formation (~82 m thick), which consists of a fining
upward succession of sand- gravel capped by 59 metres of mud. The overlying
Newmarket Till is ~7 m thick and consists of a sandy-silt diamicton with cobbles,
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Facies 1: Limestone Bedrock
This facies occurs at the base of the borehole and is comprised entirely of
pale grey limestone/dolostone with dispersed fossilized skeletal

composed of granules to cobbles but dominated by pebbles (>80%).
Matric content of the gravel may be underrepresented due to poor
recovery. Grain shape varies from sub-angular to rounded with the grains
being predominantly composed of limestone/dolostone (~70%) and
Precambrian shield (~30%). The facies is commonly interbedded with
sand beds (facies 4) and occurs directly on bedrock up to 80 m depth and

size ranges from very coarse to medium sand at the base, fining upwards
to medium- to fine- sand. Sub-rounded to rounded granules and pebbles
are locally concentrated at the base of beds and gradually decrease in
abundance stratigraphically upwards. Sedimentary structures are
predominantly mm-scale planar laminations and ripple-scale
cross-stratification that are defined by the concentration of dark heavy
minerals. This sand facies is interbedded with gravel beds (facies 5) and

Facies 4: Massive Mud

This facies is composed of 1 to 4 cm thick dark brown/grey massive mud
horizons that gradationally or abruptly overlie planar laminated mud of
Facies 5.

Facies 5: Planar Laminated
The planar laminated mud facies has an abrupt basal contact with the
underlying fine sand and consists of 1 to 20 cm thick, light grey beds with

Lithofacies Descriptions

diameter, ~ 10% of the total bed volume)(Figure 4a). Clast lithology is
~15% Precambrian Shield rocks and 85% limestone/dolomite similar to
the bedrock in this borehole. This facies occurs as a single massive unit

Mud Facies Association

The planar-laminated-to-massive mud facies (Facies 4 and 5) form a
series of rhythmic couplets comprising a 59 m thick unit from 69 m to 10
m depth. Although all couplets are similar in that they are bipartite,
variations in couplet thickness, bed spacing, grading and sedimentary

2-4 cm thick massive mud cap; couplets range from 2-7cm thick (Figure
5a);

b) Light-grey, silty-mud interstratified with few millimeter to 2 cm thick
dark-brown mud. A succession of these rhythmites is commonly capped
with a 2-5 cm thick mud bed. Unit thickness ranges from 10-40 cm (Figure
Sb);

very thin (few mm thick) massive mud laminations. Mud content increases
upwards. These rhythmites are commonly capped with a 2-5cm thick mud
layer. Unit thickness ranges from 10-40 cm thick (Figure 5c¢);

d) Rhythmites with gradational contacts: Light grey, planar laminated,
silt-rich mud, 1- 10 cm thick that is gradationally overlain by a 2- 4 cm thick
clay-rich mud. In general, thicker silt-rich mud beds (5- 10 cm thick) are
locally ripple cross-laminated with sets up to 3 cm thick, and thinner

Figure 4: Representative core photos of Facies 1, 4, 5 and 6.
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On the basis of stratigraphic position, topographic position, bed thickness,
grain size and stratigraphic upward fining to muds, the Thorncliffe Formation
is interpreted to form two elements within a depositional continuum: i) an
ice-marginal grounding line in a subglacial conduit to proximal subaqueous

Figure 6: Depositional facies model of a subaqueous fan, depiciting downflow and lateral facies transitions.

Rhythmites are characterized by couplets of light grey planar laminated
silty-mud beds (facies 5) and massive dark grey mud beds (facies 4). The

such bimodal cyclic deposits are commonly interpreted to be varves
representing diurnal and seasonal meltwater production reflecting a melt
season and winter season. During the summer, underflows deposit multiple
laminae of silt, followed by the deposition of more clay-rich massive beds in
the winter months as melting ceases and water column turbulence is low due
to ice cover.

and release from ice via melting (regelation, etc) (Sharpe et al., 2002; Boyce
and Eyles, 2000). The fractured and angular nature of the clasts and large
grain size distribution within this unit is indicative of glacial abrasion and
crushing and supports the interpretation that sediment deposition was not
the result of sorting by fluvial or subaqueous processes.

glacial ice
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however, the remaining elements display little if any change in concentration from the underlying
unit 3 sediments. This suggests that the <0.063 mm size fraction of unit 4 (Newmarket Till) has the
same provenance as the underlying unit 3 (Thorncliffe Formation) sediments or that the matrix of
the Newmarket Till is overwhelmingly derived from the Thorncliffe Formation.
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thick) abruptly overlain by 0.5- 1 cm thick dark grey mud. Contact between
these two elements is characterized by loading structures such as ball
and pillow structures or flames accompanied by local scouring. In some
instances, loading and scouring cuts through to the underlying couplet
resulting in structures up to 15 mm deep (Figure 5e);

Small-scale fining upwards sequences are observed locally within individual
beds as well as superimposed over the 25 m sequence; this possibly indicates
discontinuous sedimentation or short-term episodic events relating to
changes in flow velocity, sediment supply and accommodation space. The
change to predominantly sand (at 80-70m depth) is interpreted to be the result
of lateral movement of the subaqueous fan efflux jet.
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Figure 7: Depositional setting of clay rhythmite facies.

f) Rhythmites with abundant soft sediment deformation may be present in
any of the above mentioned rhythmite variations. Deformation is likely
drilling induced:(Figure 5f).

Facies 6: Diamicton
The diamicton facies consists of abundant silt and minor very fine sand
matrix with dispersed angular granules and pebbles (up to 4 cm in

Figure 2: The regional stratigraphic framework of the study area. A) Lithostratigraphy and chro-
nostratigraphy (modified from Karrow, 1974; ages from Barnett, 1992). B) Conceptual strati-
graphic architecture (modified from Sharpe et al., 1997;2011).

Figure 5: Six variations of rhythmites described throughout the
Queensville borehole.
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