GEOLOGICAL ANALYSIS

Why the Northern Route Is Geologically
Superior

Independent Assessment for Decision-Makers on the ALTO HSR Corridor Choice

Authors

Dr. A.J. Hyett — Geotechnical Expert, Former Adjunct Professor (Mining Engineering, Queen’s
University), Former CEO YieldPoint Inc., Kingston, Ontario

Dr. Ron Peterson — Professor Emeritus, Geological Sciences, Queen’s University

Prepared for municipal decision-makers, elected officials, and the public
February 2026



Geological Analysis: ALTO HSR Northern vs. Southern Route

February 2026

Executive Summary

CRITICAL FINDING

Geological evidence contradicts claims that the Southern Route reduces construction
challenges by avoiding Canadian Shield. The Northern Route offers superior geological
conditions and likely 20-50% lower construction costs.'

An independent geological analysis by Dr. A.J. Hyett and Dr. Ron Peterson — drawing on
decades of geotechnical engineering and geological sciences expertise — reveals that the core

premise behind the proposed ALTO southern corridor is based on a fundamental misconception
about Canadian Shield geology.

The misconception: The Canadian Shield is uniform, hard granite that must be avoided, and
routing south through agricultural lowlands would be simpler and cheaper.

The reality: The Shield contains diverse rock types. A 5 km-wide corridor of meta-sedimentary
rocks (former sandstones and limestones) — easily excavated — runs directly through the
Shield along the Highway 7 corridor between Carleton Place and Madoc, providing an ideal

transportation route.

Metric

Distance

Northern Route v

239 km

Southern Route X
269 km (+12.5%)

Hard igneous rock

<6 km crossing

Extensive Frontenac granite

Terrain type

Flat meta-sedimentary

Rugged granite, then glacial till

Glacial till volume

<2 million tonnes

4-5 million tonnes

Aggregate sourcing

Local (on-site felsic)

Imported (~1M truck trips)

Excavation method

Mostly without blasting

Extensive blasting/tunnelling

Foundation type

Standard embankment

Deep piling in till

Estimated cost

20-50% less

Baseline (higher)

1Hyett, A.J. & Peterson, R. (2026). Geological Analysis: Northern vs. Southern Route for ALTO High-Speed Rail.
Independent Assessment for Decision-Makers.
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The Misconception Behind the Southern Route

The case for the southern route has been advanced most prominently by Michael Schabas in
his January 2026 submission to the Senate Standing Committee on Transport and
Communications.? Schabas argues the southern route would “skirt” the southern edge of the
Canadian Shield, “running on the interface with sedimentary lowlands where construction
should be much simpler,” potentially saving “billions of dollars.”

Hyett and Peterson demonstrate this claim rests on a fundamental misunderstanding of Shield
geology. The Canadian Shield is not a monolith of uniform hard granite. The Grenville Shield,
formed approximately one billion years ago through the collision of multiple geological terranes,
created a complex mélange of diverse rock types and structures with vastly different
construction properties.

Two Categories of Shield Rock

Meta-Sedimentary Rocks

Former sandstones and limestones. Easily
excavated with modern equipment, potentially
without blasting. Flat, layered bedrock ideal for
HSR construction.

Hard Igneous Rocks

Granite and granite gneiss. Extremely hard (UCS
may exceed 250 MPa). Requires extensive
blasting or tunnelling. Creates “knobbly” rugged
terrain.®

A metasedimentary corridor through the
Canadian shield
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Figure 1: The 5km wide metasedimentary corridor
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2Schabas, M. (2026). Alto High-Speed Rail: Conceptual Design and Business Case. Submission to the Senate

Standing Committee on Transport and Communications, January 12, 2026.

3ucs (Unconfined Compressive Strength) of Frontenac Arch granite may exceed 250 MPa, requiring extensive

blasting or tunnelling.
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The Northern Route: A Geological Gift

By geological fortune, a 5 km-wide corridor of meta-sedimentary rocks 9Figure 1) transects the
Canadian Shield between Carleton Place and Madoc — directly along the Highway 7 corridor.*
This corridor provides:

* Flat, layered bedrock with sedimentary layers aligned with the northeast-to-southwest
corridor direction

* Minimal hard igneous rock: less than 6 km of igneous rock requires crossing
+ Adequate drainage with routing that avoids crossing any major lakes

+ Straight forward: modern equipment could potentially excavate meta-sediments with
minimal blasting.

Proof of Concept: Highway 7 and the Trans Canada Trail

Highway 7 itself proves the corridor’s suitability. Engineers in the 1930s — with far more limited
equipment — recognized this geological advantage and methodically built Highway 7 along the
meta-sedimentary corridor.® The results (Appendix 1): only 40 metres of elevation variation over
40 km, with the road flat and straight for 15 km stretches north and west of Kaladar. An HSR
corridor following this same geological structural trend could achieve flat, straight alignments
between Madoc and just west of Sharbot Lake (see Figures 2 and 3)

Mountain Grove -3km

Kaladar 2.5km

Figure 2: Highway 7 engineers methodically followed the geological structure along the met-sedimentary
corridor

4Ontario Geological Survey, Geological Map of Ontario (2011). Grenville Province geological terranes and meta-
sedimentary belts.

5Highway 7 corridor follows meta-sedimentary geology between Carleton Place and Madoc; 1930s engineers
recognized and exploited this geological advantage.
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The Trans Canada Trail (former CP Rail line, built in the 1880s) provides additional
confirmation: 18.82 km across the Shield with only 30.8 metres of progressive elevation change
— a gradient of just 3.0 m/km.®

Detailed elevation profiling by Hyett and Peterson shows: from Sharbot Lake to Kaladar, 34.1
km with only 34 m rise (15 m); from Sharbot Lake to Carleton Place, 32.3 km with only 28 m
rise (17 m). These gradients are well within HSR operational parameters.’
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Figure 4. Some remarkably flat alignments through the Canadian shield can be followed even beyond the
sedimentary corridor. The 70km from west of Sharbot lake to Madoc is remarkably flat. The route is more
central in the ALTO route corridor and may correspond to the so-called “Cadence” alignment?

Trans Canada Trail (former CP Rail line, built 1880s) follows identical meta-sedimentary corridor with 18.82 km
across Shield at gradient of 3.0 m/km.

"Elevation profiles: Northern route (Hwy 7 corridor) shows 34 m rise over 34.1 km and 28 m rise over 32.3 km.
Southern route glacial till terrain shows significantly more variation.
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Southern Route: The Geological Challenges

The southern route does not avoid the Canadian Shield — it crosses the most geologically
complex and rugged part of it - The Frontenac terrane.

Challenge 1: The Frontenac Terrane

The southern route crosses the Frontenac Terrane, composed of hard felsic granite and granite
gneiss creating “knobbly” terrain with unconfined compressive strength potentially exceeding
250 MPa.® Construction through this terrain would require extensive blasting and possibly
tunnelling, tighter curves (or additional tunnelling to maintain speed), and crossing of major
lakes. This is fundamentally more difficult and expensive than the meta-sedimentary corridor
available to the northern route.

Challenge 2: Glacial Till Complexity

Once past the Shield, the southern route encounters extensive glacial till (Champlain
sediments) — unconsolidated glacial debris that creates serious engineering problems including
high variability, frost susceptibility, perched water tables, moisture sensitivity, and slope
instability. Hyett and Peterson estimate 4—5 million tonnes of glacial till spoil requiring removal
on the southern route, compared to less than 2 million on the northern route.® The elevation
profile through glacial till terrain shows significantly more variation than the meta-sedimentary
Shield corridor.

Challenge 3: Aggregate Supply and Trucking

High-speed rail requires 2—3 million tonnes of premium crushed granite ballast.'® The northern
route can source this aggregate locally from on-site felsic granite, dramatically reducing
trucking. The southern route would require importing fill + aggregate from distant quarries,
generating an estimated 1 million truck journeys for aggregate plus 500,000 for waste disposal
— destroying municipal roads and generating over 25,000 tonnes of additional CO, emissions.

9Hyett & Peterson estimate 4-5 million tonnes of glacial till spoil requiring removal on southern route vs. less than 2
million on northern route.

10HSR ballast requirements of 2—3 million tonnes of premium crushed granite; northern route sources locally,
southern route requires long-distance trucking.
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Cost Implications

Claims that the southern route would cost approximately $50M/km versus $80M/km for the
northern route contradict fundamental geological and engineering principles.!” Hyett and
Peterson identify the following cost advantages for the northern route:

* 12.5% shorter distance (239 km vs. 269 km)

» Excavation through meta-sedimentary rock (potentially only 5-6 km of felsic rock)
» Significantly less glacial till management

« Over 95% local aggregate and fill sourcing based on cut-fill balance.

* Proven corridor with Highway 7 and Trans Canada Trail precedent

* Pre-split rock cutting slopes for long term durability

« Standard embankment foundations on stable bedrock rather than deep piling

Conservative estimate: the northern route likely costs 20-50% less than the southern route
when geological and logistical factors are properly accounted for.?

KEY INSIGHT

The northern route reduces HSR construction to what Hyett and Peterson describe as a
“local material handling exercise” — similar to a high-efficiency mining project. Such
operations routinely move 50—100 million tonnes per year using modern equipment. This
“made-in-Canada” approach builds residual expertise applicable to future infrastructure and
mining projects on the Shield, including the Ring of Fire.

Broader Context: Economic and Community Impacts

The geological analysis reinforces concerns already raised by affected municipalities and the
Ontario Federation of Agriculture. Alto’s own consultation materials describe the southern route
as passing through “agricultural and resort areas” with “more valuable farmland and suburban
lots,” preferred because agricultural land is cheaper and easier to build on than Canadian Shield
granite."

However, Hyett and Peterson’s analysis demonstrates this cost comparison is based on flawed
geology. If the northern route is both geologically easier and potentially cheaper (Holistic
Costing Approach) to construct, then the rationale for routing through prime farmland, the
Frontenac Arch UNESCO Biosphere Reserve, and rural communities that would receive no
station evaporates entirely.

12Hyett & Peterson conservative estimate: Northern route likely costs 20-50% less than southern route when
geological and logistical factors are included.

3Alto consultation materials describe southern route as passing through “agricultural and resort areas” with “more
valuable farmland and suburban lots.”
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Municipal opposition to the southern route has been swift and decisive. South Frontenac
Township voted unanimously to oppose the southern corridor.™ Kingston’s Mayor Bryan
Paterson has moved a motion conditioning support for the southern route on inclusion of a
Kingston station — and formally opposing it otherwise.'® Rideau Lakes and Stone Mills have
also passed opposition motions.

Recommendations

Based on the geological evidence presented by Hyett and Peterson, decision-makers should:

1. Prioritize the Northern Route. The Highway 7 meta-sedimentary corridor is a rare
geological gift that provides a natural transportation route through the Canadian Shield
with minimal hard rock excavation, proven flat terrain, and local aggregate supply.

2. Demand transparent geological cost documentation. The cost estimates cited by
Schabas ($50M/km southern vs. $80M/km northern) should be released with full
geological assumptions for independent verification. The geological evidence suggests
these figures may be reversed.

3. Commission a detailed geological survey of the northern corridor. A
comprehensive ground investigation would confirm the meta-sedimentary corridor’s
suitability for HSR and provide definitive cost estimates.

4. Avoid sunk costs on the geologically unfavorable southern route. Further
expenditure on detailed southern route planning risks creating momentum toward an
objectively inferior alignment.

5. Work with geology, not against it. Fighting geology leads to cost overruns. The 1930s
Highway 7 engineers and the 1880s CP Rail engineers both recognized the meta-
sedimentary corridor’'s advantage. Modern HSR engineers should do the same.

BOTTOM LINE

The Northern Route along Highway 7 is not just geologically feasible — it is
geologically optimal. Decision-makers should demand geological evidence and
transparent cost calculations before committing billions in taxpayer funds to a route that
contradicts the physical evidence. Two generations of engineers — the 1880s CP Rail
builders and the 1930s Highway 7 engineers — already identified the right corridor. The
geology has not changed.

ALTO public consultation is open until March 29, 2026: alto.ca/consultations

14S0uth Frontenac Township council voted unanimously to oppose the southern route, February 2026.

15Kingston Mayor Bryan Paterson motion to Kingston City Council, February 17, 2026: conditional support for
southern route only with Kingston station.
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