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CLAY AND SHALE IN ONTARIO 

By G.R. Guillet1 

INTRODUCTION

The value of Ontario's heavy clay products industry was 

close to 20 million dollars in 1962* Fifty-eight plants 

employed 1,511 people and paid them 5*7 million dollars in 

wages. The production of 255 million brick was valued at 12.6 

million dollars; 48 million tile had a value of 2.7 million 

dollars.

The 1962 statistics are consistent with the general 

leveling-out that has characterized the industry since its 

peak year in 1958. In 1958 the total value of heavy clay 

products made from local raw materials was 22.8 million dollars.

Figure l traces the history of brick production in 

Ontario from 1900 to I960. It is interesting to note the 

reduction in the number of plants producing brick over the 

years; 186 plants in 1906, 104 in 1925, and 26 in I960. The 

consolidation in production facilities marks the emergence of 

a technically complex industry from a one-time family enterprise* 

It is surprising to note also that present-day production falls 

considerably short of pre-World War I production. This of 

course is largely the result of improved production techniques, 

which have greatly reduced the volume of substandard brick

Geologist, Ontario Department of Mines, Toronto.



~ 2  

necessarily produced by the older methods. The emergence of 

high-quality face brick as the major product has paced a 

price trend from 6 to 8 dollars per thousand bricks at the 

start of the century to 50 or 60 dollars to-day.

Aided by low-interest government loans to farmers, nearly 

50 million drain tile have been produced annually in Ontario 

in the past decade. This 3 million dollar industry is 

sustaining many small plants which were former brick producers 

in southwestern Ontario.

In a recent survey of the clay and shale resources of 

Ontario the writer has had occasion to visit the active brick 

and tile operations. The clays and shales being used by this 

industry, plus others not in current use, have been studied 

and sampled. Firing characteristics, as given in the 

following notes, are based on the results of routine ceramic 

testing of hand-moulded briquettes, representative of more 

than 350 clay and shale samples.

SHALES

Geologically, the oldest clay material that has been used 

for clay products in Ontario is the Animikie shale of the Port 

Arthur - Fort William area. This Precambrian shale has been 

used for dry-press brick at Fort William. It is a rather 

brittle, grey-black, thin-bedded, fissile shale containing 

occasional large spheroidal carbonate concretions. It has very 

low plasticity and low shrinkage, and burns to a dense red body 

having a low absorption. The vitrification range is short.



The main sources of brick-making material are the Dundas 

and Queenston shales of Ordovician age that occur in the 

Toronto - Hamilton area (see figure 2). The Dundas shale, 

formerly known as the Lorraine,, is the raw material for six 

brick plants and one expanded-aggregate operation. It is a 

medium-bedded, grey-green, platy shale containing numerous 

thin, hard, limy beds that become more common as the formation 

grades upwards into the Meaford shale. With the hard layers 

sorted-out, the ground shale has rather low plasticity but 

burns to a dense red body at cone 06, The burned ware 

exhibits a total linear shrinkage (drying and firing shrinkage) 

of 3-5 percent, and a cold-water absorption of 8-10 percent. 

The vitrification range is short.

The Queenston shale overlies the Dundas and Meaford 

formations; it is the principal raw material for fifteen brick 

plants, one of which works a small outcrop of the shale near 

Ottawa. The shale is a thin- to thick-bedded, nodular- 

weathering, moderately soft, red shale, containing discontinuous 

green bands and occasional gypsum nodules. It has low 

plasticity, and burns to a dense salmon-red, or sometimes buff 

body at cone 010. The burned ware exhibits a total linear 

shrinkage of 3 percent and a cold-water absorption of about 12 

percent. The vitrification range is moderate. The soft, 

weathered, top 4-6 feet of outcropping Queenston shale is 

especially prized for its better plasticity and burned colour, 

and longer vitrification range.
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In the Arkona - Thedford area of southwestern Ontario 

the Hamilton shale of Devonian age provides the clay material 

for brick and tile plants at Thedford and Parkhill. The soft, 

grey-blue, platy shale has good plasticity and a moderate 

vitrification range* It burns to a dense, red-brown, body at 

cone 06, with a total linear shrinkage of 6 percent and an 

absorption of 10 percent. Scumming is heavy unless corrected 

by barium carbonate.

A number of other shales are poorly exposed in southern 

Ontario and have little potential value as ceramic materials. 

Some might be suitable for the production of lightweight 

aggregate. The main ones are described below.

The Collingwood shale of Ordovician age is a dark brown 

or black carbonaceous shale, poorly exposed near Pickering and 

Craigleith. It has very low plasticity, but burns to a some 

what blistered, dense, red body at cone 06. Total linear 

shrinkage is 6 percent and water absorption in the burned ware 

is 6 percent.

Another Ordovician shale, the Sheguiandah formation, is 

exposed along the road 3 miles south of Little Current, 

Manitoulin Island. The sort, grey-blue, fissile shale burns 

to a steel hard body at cone 010 and does not overfire until 

cone 03. The fired colour is salmon-pink. At cone 010 the 

ware exhibits a total linear shrinkage of 6 percent and an 

absorption of 11 percent; at cone 06 the shrinkage is 10
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percent and the absorption 5 percent. The presence of fossils 

probably accounts for occasional "lime pops" noted in the 

burned ware.

The Cabot Head shale of Silurian age is poorly exposed 

in the Niagara escarpment. It is a soft, dark grey, shale 

with good plasticity, but hard dolomitic interbeds are rather 

common. It burns to a somewhat blistered pale salmon body; 

the firing range is short and scumming is rather heavy.

Another Silurian shale poorly exposed in the Niagara 

escarpment is the Rochester shale. It is a soft, platy, grey, 

calcareous shale with numerous interbeds of fossiliferous 

limestone. The shale burns to a soft, friable and chalky, 

cream-white body of little ceramic value.

KAOLIN AND FIRECLAY

The highest-quality Ontario clays are also the most remote* 

Fireclays and kaolin-bearing quartz sands are sporadically 

exposed along deeply-cut river banks in the basin of the Moose 

River 500 miles north of Toronto (figure 3)* These deposits 

were formed in Cretaceous time in shallow, fresh-water, lakes 

located near the foot of the Precambrian escarpment that marks 

the southern rim of the James Bay Lowland. The kaolin and 

quartz were probably derived from a residual kaolin deposit on 

the granite rim. Extensive glaciation has removed all but 

traces of the residual deposit, and has deeply gouged the soft 

sedimentary rocks derived therefrom. In most places the
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sedimentary kaolin and fireclay deposits are mantled by 

more than 100 feet of till, clay, gravel, and muskeg.

Thick beds of quartz sand, much of which is of glass- 

grade quality, contain 0-20 percent of fine white kaolin. 

Kaolin washed from the sand burns white or near-white at cone 

10 and fuses at cone 34* Lenticular beds of cream, brown, 

grey, or red clay, up to 20 feet thick, are irregularly 

dispersed through the sand (figure 4)* They may owe their 

origin to occasional dry periods, when evaporation of the lake 

waters caused the rapid deposition of suspended clay in 

shallow disconnected depressions on the lake bottom. These 

kaolinitic clays are highly plastic, and many have fusion 

cones of 26 to 32.

At Onakawana, on the Ontario Northland Railway, dark grey 

fireclays are associated with thick seams of lignite. 

Extensive investigations of the lignite from 1927 to 1945 

indicated two lignite seams separated and overlain by fireclay 

(see figure 5). The dark-coloured, carbonaceous, clays are 

highly-plastic and burn to light coloursj fusion points 

(P.C.E.) average cone 28. In 1945-6 lignite was taken from 

an open-pit on the bank of the Abitibi River 500 yards east 

of the Ontario Northland Railway track, but the clay was not 

recovered.
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GLACIAL HISTORY OF ONTARIO

The surface clays of Ontario are all of Pleistocene or 

Recent age* Field studies in North America have revealed 

evidence of four consecutive continental ice-sheets in 

Pleistocene time; that is to say, four distinct cold periods 

are recognized, during which polar ice extended southward for 

some hundreds of miles and then, with warming intervening 

temperatures, retreated* In the Toronto area evidence of the 

two last ice-sheets, the Illinoian and Wisconsinan, may be 

seen, but over most of Ontario the earlier glacial deposits 

have been destroyed or masked by the effects of the last 

glacier.

These massive ice-sheets, creeping slowly over the land 

surface, removed the existing soil and gouged the bedrock in 

their southward movement. When the rate of melting of the 

ice front matched the rate of the southern advance of the 

mass, the rock materials caught up in the ice were left in 

unsorted deposits called moraines or laid down in glacial lakes 

as varved clays. Varved clays are a type of stratified clay 

peculiar to glacial conditions. Varved clay deposits reflect 

uniform rhythmic alternations of smooth, dense, usually dark- 

coloured, clayey layers, with relatively porous, light-coloured, 

silty or sandy layers. The clay layers are believed to 

represent winter deposition, when the lake was frozen-over and 

run-off from the glacier was light; conversely the silty 

layers represent summer deposition.
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The ice began leaving southern Ontario about 14*000 years 

ago. Figure 6 shows the maximum extent of the glacial lakes 

that formed during the retreat of the Wisconsinan ice. The 

lakes were not contemporaneous as shown, because as the ice- 

front gradually retreated the shorelines of the early-formed 

lakes began to shrink while the newly-formed lakes were 

growing. The present Great Lakes are the remnants of the 

great glacial lakes:- Lake Erie is the remnant of glacial 

Lake Warren, Lake Ontario is the remnant of glacial Lake 

Iroquois, and Lakes Huron, Michigan, and Superior, are the 

remnants of glacial Lake Algonquin.

TWO other major lakes existed in northern Ontario in late 

Wisconsinan time. Lake Agassiz, the ancestral Lake Winnipeg, 

extended into northwestern Ontario almost to the Lakehead. 

North of the height of land, Lake Barlow - Ojibway extended 

eastwards from Lake Nipigon to western Quebec.

The weight of ice at the peak of Wisconsinan glaciation 

was sufficient to considerably depress the land surface* Thus 

it was that at the close of the Wisconsinan stage an arm of 

the sea entered southeastern Ontario via the Hudson valley, and 

followed the waning ice-front up the Ottawa valley at least as 

far as Pembroke. Westward, the Champlain Sea extended along 

the St. Lawrence valley to Brockville. Stratified marine
9

clays were deposited in the Ottawa and St. Lawrence valleys, 

until rebound of the land surface finally forced the Champlain 

Sea out of Ontario.



~ 9 -

Low ridges of sand and gravel mark the shorelines of the 

Champlain Sea and the numerous glacial lakes. Deposits of 

stoneless clay on the old lake plains and in the broad adjoining 

river valleys are a further indication of the former existence 

of these waters. These clays are an important source of raw 

material for Ontario's clay industry.

After the final retreat of the ice, important changes 

took place in our surface clays and outcropping shales. 

Weathering and leaching of the upper few feet of these deposits 

has effected a marked improvement in their ceramic properties. 

Breakdown of these clay materials by weathering, and removal of 

lime by leaching, provides improved workability, longer firing 

range, and better red colour.

CLAYS OF SOUTHERN ONTARIO

The compositions of Ontario clays reflect their bedrock 

source. It is also apparent in southern Ontario (Hewitt 1963^ 

p. 34) that the bulk of glacial debris was not transported more 

than a few miles from its point of origin. Thus buff-burning 

clays, indicative of a significant lime content, are closely 

associated with carbonate bedrocks. Red-burning clays, 

indicative of a low-lime content, are related to essentially 

non-calcareous bedrocks such as granite and shaleo It has 

already been mentioned however that red-burning clays can also 

develop by leaching of lime from an otherwise buff-burning 

clay. Because limestones and dolomites predominate in the
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Paleozoic rocks of southern Ontario, most of the clays in this 

area are calcareous and buff-burning (figure 7). In the 

Precambrian Shield area, which extends north of a line between 

Gananoque and Penetanguishene, and west of a line between 

Brockville and Arnprior, granitic rocks predominate, and the 

overlying clays are red-burning.

The earliest of the Pleistocene clays which have found 

use in brick manufacture are the interglacial clays of the 

Toronto region. Known as the Don and Scarborough Beds, these 

clays were deposited in a warm climate between the Illinoian 

and Wisconsinan glacial stages. They are restricted to the 

southern part of Toronto between the Humber River and Highland 

Creek and in most cases are heavily overlain by glacial till. 

They are exposed above the Dundas shale in the quarry of the 

Toronto Brick Company, and have been used in soft-mud brick 

until recently at that company*s Greenwood Avenue plant. These 

clays are stratified and sandy but have good plasticity; they 

burn to an attractive maroon-red between cones 06 and 03, have 

a total linear shrinkage of 5 percent, and an absorption of 

15 percent. They probably owe their red-fired colour to a 

shale origin; Dundas and Collingwood shales form the bedrock 

in the Toronto area.

Above the interglacial clays in the Toronto region is a 

sequence of grey varved clays interrupted by thin layers of 

stony clay. The varved clays were deposited from melt-water 

ponded between a lobe of the Wisconsinan ice sheet, which



filled the Lake Ontario basin, and high ground north of the 

present shoreline* The position of the ice-front fluctuated 

at this time, periodically overrunning the varved clays and 

leaving a stony layer to be covered by later varves. A 

section comprising more than 100 feet of this clay is exposed 

at the Toronto Brick Company's pit, and thinner sections of 

varved clay are scattered throughout York, Peel, and Halton 

counties. These clays have good plasticity and are buff- 

burning. At cone 03 the burned ware has a total linear 

shrinkage of 4 percent and an absorption of 22 percent.

At Aldershot, near Hamilton, a 2-5 foot deposit of red 

plastic clay, now largely depleted, is the only convenient 

source of sewer pipe clay in Ontario. With the building of 

the recently opened Hamilton by-pass much of the few remaining 

sections of this unusual clay were lost to industry* The 

clay was deposited in a quiet shallow lagoon cut-off from Lake 

Iroquois by a ridge of gravel known as the Aldershot Bar. The 

lagoon was fed by clay-laden streams originating on a broad 

eroding terrace of Queenston shale. The clay is highly plastic, 

smooth, and red-burning. It is steel hard at cone 06, and has 

a total linear shrinkage of 10 percent and an absorption of 7 

percent. It has a fairly long vitrification range, and fuses 

at cone 8. In recent years the practice has been to blend the 

Aldershot clay with Pennsylvania fireclay for the production of 

sewer pipe. It is possible that similar clay deposits were 

formed elsewhere along the base of the Niagara escarpment;



prospecting should be directed to topographic depressions in 

the vicinity of broad terraces of the Queenston shale.

Small deposits of stoneless clay are scattered along the 

Lake Erie shore from Welland to Chatham and as far north as 

Brantford and London, Some are grey varved clays, others are 

brown massive or thickly stratified deposits, but except for 

variations in the amount of sand they contain they are 

similar in composition. They are buff burning, and at cone 

03 they exhibit a total linear shrinkage of 6 percent and an 

absorption of 17 percent.

An extensive clay plain covers Essex, Kent, and Lambton 

counties in the southwestern corner of the province. This 

low featureless area was inundated by a series of glacial lakes, 

culminating with Lake Warren, which finally receded to an 

approximation of the Lake Erie shoreline 14,000 years ago. 

Important amounts of stratified clay were not deposited in 

these lakes, but the floor of stony clay left by an earlier 

ice-sheet was smoothed and partly sorted by wave and current 

action. The top 2-3 feet of this surface is largely stone- 

free, and is used for the manufacture of drain tile. The clay 

is plastic, has a moderate firing range, and burns to a dense 

red body at a low temperature. At cone 010 it has a total 

linear shrinkage of 8 percent and an absorption of 12 percent. 

It fuses at cone 10. The sorting action of the lake waters, and 

subsequent leaching and weathering, has contributed to a low-
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lime content. However, some of the desirable properties of 

this clay may also be due to its derivation,at least in part, 

from the Devonian shales that form the bedrock of Lambton 

and Kent counties.

Deposits of stoneless clay are small and scattered in the 

interior highland region of central Ontario. This area, which 

lies between Galt and London on the south, and Walkerton and 

Flesherton on the north, extending eastward to the Niagara 

escarpment, was an "island" free of ice during the latter part 

of the Wisconsinan glacial stage. Extensive moraines were 

left by the flanking ice-lobes, arid shallow deposits of 

stoneless clay were formed by the re-working of these materials 

by the melt waters. Because the bedrocks are predominantly 

limestone or dolomite the clays are in most places limy and 

buff-burning. At cone 03 they exhibit a total linear shrinkage 

of 4 percent and an absorption of 22 percent. However, 

because of their diverse and often complex depositional history, 

sometimes involving several stages of re-working, transport, 

and deposition, there are some noteable exceptions. Near 

Listowel, for example, there is a 7-foot thickness of finely- 

laminated silty clay that has a moderate firing range and burns 

red; it is being used for drain tile. At cone 06 it has a 

combined drying and firing shrinkage of 6 percent and an 

absorption of 15 percent.

The deeply-cut river valleys along the Lake Huron and 

Georgian Bay shores expose stratified stoneless clays deposited
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by glacial Lake Algonquin. These clays are being used for 

brick and tile at Paisley, Beaverton, Bracebridge, Huntsville, 

Powassan, North Bay, and Sault Ste. Marie. As before, the 

bedrock has largely determined the composition of the clays, 

and on Manitoulin Island and the Bruce Peninsula, and along 

the southern Georgian Bay and Lake Huron shores, the clays 

are limy and buff-burning. They are highly plastic, and at 

cone 06 they have a total linear shrinkage of 8 percent and 

an absorption of 18 percent. From Gravenhurst north the 

bedrock is Precambrian in age, and the clays that sometimes 

occupy the depressions between the granite ridges are red- 

burning. They have good plasticity, and at cone 06 have a 

total linear shrinkage of about 9 percent and an absorption 

of 12 percent.

Stratified pink and grey marine clays deposited by the 

Champlain Sea in the Ottawa and St. Lawrence valleys of eastern 

Ontario are remarkably uniform in composition. They are 

highly plastic and red-burning. At cone 06 they exhibit a 

total linear shrinkage of about 8 percent and an absorption of 

15 percent; the firing range is short and the fusion point is 

cone 3* In places the Champlain clays overlie buff-burning, 

grey, plastic clays* These were derived by re-working of the 

stony glacial clays that occupied the area prior to the 

Champlain submergence. The buff-burning clays reflect their 

bedrock source; Paleozoic limestones and dolomites predominate 

east of a line between Brockville and Arnprior,
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CLAYS OF NORTHERN ONTARIO

The clays of northern and northwestern Ontario do not 

reflect the compositions of the underlying rocks as do those of 

southern Ontario. The principal clay areas are the former beds 

of glacial Lake Barlow - Ojibway, north of the height of land 

in northeastern Ontario, and glacial Lake Agassiz in north 

western Ontario. Important deposits were also formed at the 

Lakehead, and in the deep river valleys along the Lake 

Superior north shore, by glacial Lake Algonquin (figure 8).

These clays are found overlying the hard crystalline 

rocks of the Canadian Shield. The Shield rocks are Precambrian 

in age and predominantly granitic in composition. Clays 

derived from them should be red-burning; instead, buff-burning 

clays are widespread. The only possible source for these 

calcareous clays is the extensive Paleozoic plain on the Hudson 

and James Bay Lowland, where limestones and dolomites are 

common.

Why is it that in southern Ontario the clays so nearly 

reflect the compositions of the underlying rocks, while in 

northern Ontario they are dispersed 50-150 miles or more from 

their apparent source? Northern Quebec was a major centre of 

glacial growth in eastern Canada (Flint 1957* p.316). A high 

rate of precipitation, due to moist air moving inland from 

the Atlantic Ocean, caused rapid accumulation of ice in this 

area, resulting in radial flowage of ice outwards from its
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centre. Passing into northeastern Ontario in a relatively 

youthful condition, the ice-sheet had a high carrying power 

and a significant forward motion. Great thicknesses of glacial 

drift on the James Bay Lowland attest to the destructive power of 

this sheet on the soft Paleozoic rocks. In such an active zone of 

the Wisconsinan ice-sheet it is hardly surprising that some of 

the Lowland debris was deposited on the Precambrian highlands 

to the south. By the time the sheet had pushed into southern 

Ontario, however, its motion had become sluggish} the ice- 

front fluctuated, but it had essentially reached the limit of 

its travel. Materials were scoured from the bedrocks in 

smaller amounts, and were redeposited by melting of the ice 

after little horizontal displacement had taken place.

Varved clays deposited in Lake Barlow - Ojibway by the 

receding Wisconsinan ice are widespread in the Timmins   

Cochrane   Hearst area. They are moderately plastic, buff- 

burning, and have a short firing range. At cone 06 they have 

a total linear shrinkage of 6 percent and an absorption of 

about 23 percent. Only in the vicinity of Lake Abitibi on the 

Quebec boundary do the clays have some unusual properties. 

Here, a few miles east of Iroquois Falls, both massive brown 

clay and grey varved clay occurs. Both are highly plastic, 

smooth, and buff-burning. The brown clays are steel hard at 

cone 010 and are not overfired at cone 03. At cone 03 the 

combined drying and firing shrinkage is 14 percent and the
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absorption is 13 percent. The long firing range and steel 

hard, undeformed, fired body are unusual characteristics for 

a buff-burning clay. Varved clays deposited in the Lake 

Timiskaming basin of Lake Barlow - Ojibway, are also buff- 

burning clays* At cone 03 they have a total linear shrinkage 

of 3 percent and an absorption of 16 percent.

Varved clays deposited in the deep valleys along the north 

shore of Lake Superior are silty, limy, and buff-burning. At 

Marathon and Nipigon these clays burn to a soft porous body at 

cone 03j total linear shrinkage is only 2 percent and absorption 

is nearly 30 percent. West of Nipigon, near Dorion, the clays 

are buff-burning but denser. At cone O6 they exhibit a total 

linear shrinkage of 9 percent and an absorption of 14 percent.

Brown stratified clays of the Lake Algonquin type are 

common in the Port Arthur - Fort William area. The clay is 

used for brick at Rosslyn, west of Fort William on the 

Kaministikwia River. It burns red with a short firing range, 

and at cone 03 it exhibits a total linear shrinkage of 7 

percent and an absorption of 9 percent.

Massive red clay is common over a small area in the 

vicinity of Finmark, 25 miles northwest of Port Arthur. It is 

highly plastic and has a short firing range. It burns to a 

light red body at cone 06, exhibiting a combined drying and 

firing shrinkage of 11 percent and an absorption of 22 percent.
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Stratified clays deposited by glacial Lake Agassiz are 

scattered throughout the extreme western part of the province. 

At Dryden they are highly plastic and red-burning. At cone 06 

they have a total linear shrinkage of 9 percent and an 

absorption of 20 percent. In the Rainy River   Fort Frances 

area they are limy and buff-burning. At cone 03 they 

exhibit a total linear shrinkage of 6 percent and an 

absorption of 20 percent.

SUMMARY

Ontario's heavy clay products industry is fortunate in 

having ample reserves of the Queenston and Dundas shales so 

well located in the area of major industrial growth. These 

shales, although less than desirable in some respects, are 

nevertheless the most suitable raw materials available in 

Ontario for brick and tile manufacture. The consistent high- 

quality of the products made from these shales is a tribute to 

Ontario's ceramic industry.

The Cretaceous fireclays and kaolin of the Moose River 

basin may have the potential to make Ontario self-sufficient 

for all its clay requirements. Their remoteness, however, 

makes them a resource for the future, which meanwhile must 

be replaced by imports.

The surface clays in Ontario are predominantly buff- 

burning calcareous clays, suitable in some cases for drain tile, 

or as an additive to other clay materials. Typically they have 

short firing ranges and soft, porous, fired textures. Of
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special note, however, are the highly plastic and smooth, 

yellow-burning clays near Lake Abitibi in northeastern Ontario; 

the long firing range and steel hardness of the burned body 

are properties virtually unique in buff-burning Ontario clays.

Red-burning surface clays in southern Ontario are 

practically restricted to the extreme southwest and southeast 

corners of the province, and to small deposits between the 

Precambrian ridges north of Gravenhurst. These clays burn to 

a denser body than the common buff-burning clays; they will 

likely find continued use for drain tile and minor brick 

production.
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FIG.l- BRICK PRODUCTION IN ONTARIO
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