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Thorncliffe Formation:
conceptual model of a
buried channel-fan aquifer system
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Presenter Notes
Presentation Notes
 1.  Thorncliffe Formation—poorly studied sequence described at SB >60 years ago as GL deltaic; 
 2.  recent acquisition of HQ data below regional the regional till sheet (NT)
 3. Allows us to present a conceptual model of the TF buried channel-fan aquifer system
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Presenter Notes
Presentation Notes
 2. Anomalous, thick sediments, (>200 m thick), east of the NE, contain Thorncliffe Fm sequence
Inset map (top right) shows bedrock topography and Laurentian trough area below Niagara Escarpment towards Shield uplands; total sediment thickness (includes positive landforms - ORM)
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Presenter Notes
Presentation Notes
 - Basin sediment includes LS  & (TF) exposed at Scarborough Bluffs (+ BB)
-1) Thorncliffe Formation: little studied 50m sequence; sand, mud & diamicton, detrital organics
  2) occurs between Newmarket (drumlinized Till) and Sunnybrook Till (debris flows), 
- 3) sandy beds interpreted as delta (delta top <140m asl, or 70 m above Lake Ont.) 

-TF part of Lower Sediment

-access to a wealth of drill-core data inland from lake bluff exposures
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Presenter Notes
Presentation Notes
1. LS and TF occur below Ntill (ie. drumlinized uplands), 
-2.-lower sediment isopach map <150 m thick; (all sediment below NT)
-TF is  <100 m of this total sediment; it is a large volume (400 km3)
3-ice advance blocked drainage via St. L against NE; grounded ice margin controlled sediment cover on northern basin?
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Presenter Notes
Presentation Notes
Strat. Framework  [sequence items] shows:
1.  Thorncliffe Fm within Lower sediment below Newmarket Till 
	- channels in TF and ORM 
2. Link model to map : NT is drumlinized widespread surface;  overlain in study are by ORM\HT
      ORM channels incise NT & deeper; widespread/ inferred TF channels eroded thru older strata
3. -ORM channel system is well know; TF channels are newly identified-  see model	
	- time frame and dates on re-worked organics
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Presenter Notes
Presentation Notes
What is the observational record:
1. Lower sediment exposed at DVBY  [little idea of LS and TF extent from early studies SB /DVBY]
 2. LS below Newmarket Till and above Gbay shale-lm bedrock
3.TF comprises ~ 50% of sequence here >50% north where DF & SF are not significant strata
4. TF at DVBY shows prominent GF (channel sediment) cutting muddy sediment



LT —
Thorncliffe Formation

sediment thickness

Canadian Shield

"™

s 2

§
s" T o . e

© His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2024

Natural Resources Ressources naturelles C dl*l
I * I Canada Canada a,na, a


Presenter Notes
Presentation Notes
3. Closer view of TF GF channel sediment
	-called Pottery Road formation (fluvial) by Karrow 
	and inferred to be ‘low’ water stage with ice retreat, yet large glaciofluvial 5 m scale bedsets 	
	-
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Presenter Notes
Presentation Notes
Study sites: a) 1) Schomberg; 2) Queensville; 3) Aurora -YSA  4)16th ave-9th-Markham
	5) NP west of Lake Simcoe, Barrie [circle areas]; and pits to north
b) 3D perspective view (integrate HQ= sites & WW= records =regional 3D model)
c) East-west X-section across LT shows schematic seismic architecture (red line)
Modelling: area shown is 22,700 sq km.
East of NE, there are 147,414 water wells, 7821 Class 2 data (HQ, no strat code), 9569 Class 3 (HQ, coded) data (includes field mapping sites, bedrock o/c, seis picks, UGAIS, refr. seismic)
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Presenter Notes
Presentation Notes
Laurentian trough cross-section 
	-2 sets/ ages of channels -C1 and C2 with FU, G-S-M sequences 
	- C1 = TF channel system
	- C2 = ORM  channel system [missing record]
How did we derive this summary?
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Presenter Notes
Presentation Notes
Schomberg EW-seismic profile (9 km long south of Holland Marsh surface valley)
1. Strong undulating reflector (Ntill), & LS reflectors truncated by a channel, O = ORM
2. Thorncliffe channel below NT, intersected by borehole: 60 m FU sediment (35 sand; 25 clay)
3. channel sand overlain by 500 clay-silt rhythmites [continuous core record & no observable breaks]
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Presenter Notes
Presentation Notes
- 1. Two EW seismic profiles ~5 km apart reveal channel sections widening southward, near Queensville
- 2a. continuous core within channel to bedrock reveals Thorncliffe Fm sediment fill beneath NTill
- 2b core shows channel sediment fining up:  gravel-sand (20 m), mud (60m), with 400 clay-silt rhythmites
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Presenter Notes
Presentation Notes
1) 2km wide Thorncliffe channel, ~100 m deep channel eroded to bedrock 
2) 80 m of gravel-sand overlain by ~400 clay-silt rhythmites (at ~240 m asl)
3) note debris flow unit at top of coarse channel sediment; no NT—eroded by younger ORM channel
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Presenter Notes
Presentation Notes
Core logs  N. Queensville; S. Aurora
1. Queensville-Aurora both gravel-sand-mud FU sequence below NT (different proportions)
2. capping rhythmite sequence (~340-400 years) =subaqueous fan origin seems to be likely
3. YSA -continuous 20 km with strong hydraulic connection ~50 yrs of municipal pumping

-passive to inter-bedded contact with NT—no deform of rhythmites under [check geochemistry reports]
- Aurora- gravel-sand-mud sequence (80m g-s; debris flow; rhythmites 340 + check Aurora report= ~ 400



N-S Queensville/ Aurora X-section:
Yonge Street Aquifer (YSA)
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Municipal pumping (>60 years):

- 20 km of strong NS hydraulic connection (2-3 km wide) confirms inferred
channel-esker-fan system with ~N to S trend

- Markham channel aquifer (Sibul et al. 1977) & 16" ave issues (Sharpe et al. 2011)
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Presenter Notes
Presentation Notes
NS profile –Queensville to Aurora
-20 km long section, 2-3 km wide channel with continuity in TF gravel and sand; + rhythmite correlation
=aquifer continuity and transmissivity is high (gravelly)



Subaqueous Fan Depositional Model

Depositional Model :
subaqueous fan subglacial
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Presenter Notes
Presentation Notes
1. Subaqueous fan model explains common FU sediment sequence: gravel, sand, rhythmite mud
2. this sediment style is widespread across a large TF glaciolacustrine basin
	--fed by high-energy turbulent jets 
3. fan sediment architecture links sediment facies to hydrofacies
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Thorncliffe Formation thickness map
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Presenter Notes
Presentation Notes
-lots to digest in this new map—focus on area north of Barrie with HQ data support
(TF isopach map modelled from 308 HQ reference points, with ~10K water well records)

Attached map shows data used for TF model.  Avg TF interval thickness is 12.1m.  Water wells: 9.8m  Cored BHs: 48.6m
There are 1628 BHs of 9554 total BHs (17%) east of NE, with coded TF and with bedrock recorded.  The % is about the same if you look at all BHs east of NE with bedrock (including those without TF coded) (16.5%) 



- ~3 m psedndl

~25 m borehole sand/ gravel
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Presenter Notes
Presentation Notes
-Barrie site is 40 km north of Aurora-Queensville YSA site
-thick gravel sand sequence (~80 m) with S paleoflow occur in outcrop below NT
-modified fan model=mound
top of NP sequence is ~275 m asl
60 m (35 m +25) GF sediment beneath streamlined upland -Barrie (Nelson pit; Slattery & Sharpe 2024). 
~3-5 m thick of dune-scale sand and cross-bedded gravelly sand, with north to south flow indicators -Tabular bedding, facies geometry, flow orientation across an ~200 m width of exposed E–W outcrop and 35 m thickness.  +25 m in borehole data. These tabular cross-bedded 
-sediment geoetry unrelated to channels (no margin- a large mound. 
-sand and gravel observed at Nelson also occur in upland gravel pits north and west towards Midland - they expose similar sediment geometry & southerly paleo flow below NT (Slattery and Sharpe 2024). 
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Presenter Notes
Presentation Notes
- thick gravel-sand sequences (~30-70 m) occur below streamlined NT uplands north of Barrie---pit; Slattery & Sharpe 2024). 
-channel-fan model =more mound-like geometry; yet cores show mud below NT up ~325 m asl; NP top is 275 m asl
~ N-S, NE_SW flow indicators; sediment geometry mound-like; ~ 75-100 m high -fig.11 Oro area -no defined channel margins 
- sand and gravel observed at Nelson occur in upland gravel pits north and west towards Midland (Slattery and Sharpe 2024)
- they expose similar sediment geometry & southerly paleo flow below NT
-fig. 12: 25 km Midland transect had 60 m of SG in 12 cores)


Summary

21

Thorncliffe Formation: large, thick glacial basin sequence

TF: ~400 km3 of glacio-lacustrine basin sediment
Mud with a network of channel-fan feeders (fan mounds)

Channel-fan sediments show a diagnostic (gravel-sand-mud) fining upward}\;édﬁence -
Two prolific, tested aquifer systems (Markham, YSA) inform the geological model “ %
Combined geological and hydrogeological data support a channel-fan depositional model =

* Deltaic and fluctuating lake level models not supported by acquired high-quality data - e
High-quality data (e.g., seismic, core) help ensure discovery of new productive (TF) aquifers | | T=" "

 The channel-fan prospecting model predicts the sedimentary nature of TF aquifers:
architecture, facies character and trends, orientation, and geometry
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Presenter Notes
Presentation Notes
The inferred channel–esker–fan depositional model provides a well-constrained conceptual framework 
for aquifer identification within the Thorncliffe Formation glaciolacustrine basin. 
This research suggests that similar sedimentary architecture, orientation, geometry, 
and composition of channel-fan aquifers, such as the Yonge Street Aquifer (YSA), 
occur elsewhere across the Thorncliffe Formation basin 
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