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PRELIMINARY REPORT

ON

THE CLAY AND SHALE DEPOSITS

OF THE

WESTERN PROVINCES

BY

Heinrich Ries and Joseph Keele

INTRODUCTORY

The following report on the clay deposits of the western
provinces is to be regarded, partly, as a preliminary report.
The field work was done during the summer of 1910, and the
laboratory tests during the following winter. Owing to the
large size of the area to be covered, it was naturally impossible
to cover the region in detail, but most of the important occur-
rences were visited.

During the time spent in the field we were able to visit a
number of the shale areas, these being considered the most
important; but in addition, a large number of surface clay
deposits were also investigated.

The results of our work, even though not detailed, have
shown that the western provinces contain a wide variety of
clays and shales adapted to the manufacture of firebrick, coke-
oven brick, sewer-pipe, fireproofing, paving brick, pressed and
common brick, and drain tile. Many of these deposits still
remain undeveloped; but it is hoped that this report will be the
means of calling attention to them, and leading to their utiliza-
tion.

As theresults given in the body of the report show, samples
were examined from a number of localities, and subjected to
tests that will be of value to the manufacturer of clay products.
The samples collected were usually of 50 to 75 pounds weight,
and were taken by trenching, so as to represent the average of

11



12 GEOLOGICAL SURVEY, CANADA

the deposit. The numbers given in parenthesis in the descrip-
tions of the tests refer in all cases to the laboratory numbers.

In addition, samples of burned brick were also selected at
a number of yards, and these have been tested by Prof. Maecphail,
of the Kingston School of Mines. The results of these tests are
incorporated in the report. These will show the character of
the product made from the different formations, and bring out
the fact that the bricks made from the surface silts and sandy
clays are often of inferior character. The use of them, however,
is frequently a matter of necessity, since better materials are not
available, and transportation rates prohibit bringing common
brick from other points.

Inasmuch as many persons having occasion to refer to this
report may not have a detailed knowledge of the properties of
clays, there has been appended to the report a brief discussion of
these phases of the subject.



CHAPTER L .
Great Plains Region
Surrace Cravs.

By far the greater number of clay deposits worked in the
Great Plains region are surface clays of unconsolidated character,
and recent geological age.

They consist of a heterogeneous mantle of silts and clays,
mixed with gravel and sand deposits, which usually conceal and
level up the inequalities of the bed-rock. So thick are they in
some cases, that the bed-rock lies several hundred feet below the
surface.

Whatever their character, these materials were in most
cases deposited by water; the latter having often been derived
from the melting ice of the continental or mountain glaciers.

MODE OF OCCURRENCE.

The surface clays of the Great Plains region used for brick-
making purposes may belong to any of the following groups:
(1) lake eclays; (2) river-terrace or flood-plain deposits;
(3) delta deposits.

Lake Clays.—As the front of the great continental glacier
receded towards the north, lakes of various dimensions filled the
depressions in the uneven surface of the country; and into these
lakes the drainage of the surrounding land was carried, the
sediment thus transported settling to the bottom, and forming
beds of fine stratified clay silt and sand. Some of the clay in
these lakes was contributed by streams flowing from glaciers at
or near their margins. The dark grey clay underlying the brick
clay in the Red River valley is probably derived from this source.
It is a massive clay, containing vertical joints, faintly stratified
in the upper part and carrying scattered boulders and streaks of

13
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gravel below (Fig. 1). In time the supply of water from the
melting ice diminished and the lakes became partially, or
totally, drained by the cutting down of their outlets.

movkd. -

'ﬁ“aﬁed y.//ogﬁ';.‘ 3fest (brick clay)

pan

CecR L a—ry
: =

F1a. 1.—Section across the Red River valley at Winnipeg:

One of the most extensive clay deposits as yet known occurs
in the former bed of glacial “Lake Agassiz,”* the sediments of
which constitute the best brick clays of Manitoba. Raised
beaches at various levels are still preserved for long distances
on the eastern slopes of Pembina, Riding, and Duck mountains,
and these mark what were once the western shores of this great
body of water. _

Large areas of surface clays occur in the Saskatchewan
valley from Prince Albert to Edmonton, and on the South
Saskatchewan as far as Saskatoon. These clays often oceur in
thick beds, showing a vertical jointing which is sometimes more
pronounced than the lines of stratification. Their plasticity is
generally good and the beds are free from layers of sand or gravel.
These clays were probably deposited in bodies of water lying in
the wide basin like depressions of the river valleys and impounded
behind temporary dams formed by terminal moraines.

Evidences of similar conditions are found in clays which
occur near the Red Deer river at Red Deer, in the expansion of
the valley of the Bow river at Cochrane, and in the valley of
the Oldman river in the vicinity of Pincher. The lake clays
that occur in the latter localities, however, are more distinctly
stratified, and are often interlaminated with sandy layers, a
feature due, probably, to the greater velocity of the entering
streams. :

The overburden of these clays usually consists of loam of

1 Ubha.m. W.* Glacial Lake Agassiz in Manitoba, Part E, Ann. Rep.,Vol. IV,
Geol. Sur., Canada.
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no great thickness, but for some distance below the loam -the
clay is liable to be silty. This silty portion, however, is mlxed in
with the underclay when mining. . -

River-Terrace or Flood-Plain Deposits.—Rivers which cut
through drift deposits carry a certain amount of sand, clay, and
gravel, according to their velocity and volume. Whenever the
slope of the stream bed is lessened, the water loses velocity, and
consequently carrying power, and is then compelled to deposit
the larger particles in its load, and these accumulate to form
beds of gravel or sand; but the finer particles are carried on
until a further reduction of the velocity compels the stream to
‘drop them also. If the clays are deposited where the current is
very slow, and remains fairly constant, a thick bed may be built
up; but owing to fluctuations due to changing seasons, the kind
of deposit usually accumulated consists of alternatlngdayers of
sand, silt, and gravel.

The greater portion of these deposits is eventually removed
by the stream as it cuts down its bed, but often wide areas
bordering the stream remain as terraces at one or more levels
above the water. The clay on the surface of the flood-plain
terrace may be added to by the deposition of sediment during
periods of high water.

Some extensive terraces containing brick-clays exist along
the valley bottom of the North and South Saskatchewan river,
and to a lesser extent in many of the smaller stream valleys
throughout the region.

Clay beds in river terraces are usually irregular in extent,
and can rarely be mined alone, as the interbedded sand and
silt must be taken out with the clay; consequently, the bricks
made from many deposits of this class are porous, and low in
crushing strength.

Delta Deposits.—These occur at points where streams dis-
charge into lakes, and vary in extent with the volume of material
carried in by the river. One of the most extensive deposits of
this class occurs in Manitoba, and, known as the Assiniboine
delta,* was formed during the maximum development of glacial

1 Upham, W.: Glacial Lake Agassxz in Manitoba, Part E, Ann. Rep Vol. IV,
Geol. Sur.,, Canada.
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“Lake Agassiz”’. The remains of this delta show a roughly
triangular area of about 800 square miles lying between Neepawa,
Brandon, and Cypress River. The materials composing the
deltas are more or less stratified beds of gravel, sand, and clay,
which slope towards the lake bottom. There is generally, how-
ever, an absence of definite arrangement of material. The clays
occur in lenses or pockets, and often contain streaks of pebbles
and sand which cannot be separated from the clay in mining.

PROPERTIES AND TUBSES.

Nearly every part of the western provinces has beds of
brick-clay which are utilized in proportion to the demands of
settlement. The bricks, however, that are made from them
vary considerably in quality, according to the kind of clay
used, or the care and skill exercised by the brick-maker.

In some cases the quality of the bricks could be improved
by better methods of handling the clay, and harder burning;
but, sometimes, the only remedy is to move the brick plant to a
better clay deposit.

As the amount paid for bricks is not a large item in the
cost of a structure, it is better to pay transportation charges on
good brick, than to use a poor quality material, because it
happens to be close at hand.

During late years increase in population and consequent
demand for building material has been so great, that builders
were compelled to use a quantity of inferior brick which would
otherwise be rejected.

Generally speaking, the surface clays of the region possess
certain characteristics in common, being all more or less cal-
careous,often silty, and showing a tendency to check in air drying.

Their calcareous content is due to the erosion of extensive
areas of limestones, which lay directly in the path of the general
movement of the ice sheet, while their silty character was con-
tributed largely by the amount of rock flour in the boulder clay
or till, from which many of the beds were derived.

These clays for the most part are easily fusible: melting
at the fusing point of cone 1 (1150° C.); but in certain localities
they are more refractory, due no doubt to the large percentage of
magnesia present, and these do not melt until cone 3 or even
cone. 6 is reached.
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The following chemical analyses of some Manitoba clays,
made by Mr. M. F. Connor, of the Mines Branch, show the
large amount of lime and magnesia in their composition. These
samples were collected in 1904 by J. Walter Wells.* :

. 1 2 3
Silica (Si02) . . . vvviviieiiiiennnn. 54'00 50°66 45°15
Alumina (Al;Os).. .- 925 10°00 9:05
Iron oxide (Fean 277 343 375
Lime (Ca0)........ 977 10°00 14°00

Magnesia (MgO). . [ 351 310 711
Alkalies (NazO, KzO) ............. 2°34 231 2°52
Sulphur trioxide (SOs)............. 0°05 1°80 0°10
Moisture. . ......oveevreanrennas. 8°66 4-00 150
By difference................... N 9°95 1504 16°82

(1) Yellowish-grey unstratified clay free from sand. Stephens Brick Com-
pany, Portage la Prairie.

(2) Yellowish clay free from sand. Virden Brick Company, Virden.
(8) Yellowish clay. Eastman's Brickyard, Gilbert Plains.

The melting of calcareous clays occurs rather suddenly
after the point of incipient fusion is reached in the kiln, so that
it is unsafe to attempt the manufacture of vitrified wares from
them (See Fig. 9).

These clays burn to a buff colour when the percentage of
lime is high; but the majority of them burn red, owing to the
iron content being proportionately high. When underburned
the strongly calcareous clays are red or salmon coloured.

The greater part of the bricks produced in the country are
common bricks made by the soft-mud or sand-moulded method;
a small quantity of these are re-pressed for facing bricks. Only
a few works make stiff-mud bricks. There is an ever-increasing
demand for dry-press bricks, and some firms produce no other
kind; but these are mostly made from shales; the silty surface
clays or those containing an excess of sand not being suitable for
this process. Some of the more plastic surface clays, however,
when burned to cone 03 will produce a good hard dry-press brick.

The silty and sandy clays, when tempered with water,
work up into a body which is “‘short’”, or lacking in cohesion
when wet, and if used in a stiff-mud machine is liable to tear at
the corners when coming from the die.

The plastic clays will generally come through the die mtact
but the chief objection to working them by this method is, that
the green bricks are too difficult to dry.

1 Wells, J. Walter.: Industrial value of the clays and shales of Mamtoba.
Mines Branch. Dept. of the Interior, Ottawa, 1906.

2
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There is no doubt that taking these clays from the bank in
the autumn, and weathering in stock piles over winter, improves
their working qualities. This precaution is especially desirable
if the bank contains some highly plastic beds or layers, as the
frost seems to open the body and reduce the stickiness and lessen
the tendency to checking in the green bricks when air drying.
A few of the brickmakers have adopted this method with good
results, as it does not cost much more for labour, and the clay is
available for use earlier in the spring; because the frost goes out
of the piles quicker than it does from the bank. Pebbles of
limestone are a source of weakness if allowed to pass into the
bricks without being crushed. These pebbles burn to lime oxide
in the kiln, and afterwards absorb moisture from the air which
causes them to swell and burst the bricks.

Clays containing pebbles should be passed through rolls
before entering the pug-mill; the rolls will throw out the larger
pebbles and crush the small ones. The finer the pebbles are
crushed and the better the particles are distributed through the
clay, the greater the improvement in the brick (Plate LXI).

The bricks made from these surface clays are usually burned
in scove kilns, the fuel used being wood, lignite, or natural gas,
according to the locality.

DESCRIPTION OF LOCALITIES.

Winnipeg, Man.—This town is surrounded by the greatest
cluster of brickyards in the western provinces.

The clays found here (Plate I) are of two types, viz.: (1) a
silty caleareous surface clay, immediately underlying the surface,
and extending to a depth of from 4 to 5 feet; (2) a tough,
sticky clay, which the local brickmakers pronounce unfit for use.
The former is cream-burning, the latter red-burning,.

The top clay is evidently a surface or flood-plain silt de-
posited by the Red and Assiniboine rivers, while the bottom
clay may be a lake deposit, laid down in the waters of Lake
Agassiz which formerly covered this region.

The upper clay (1637) worked up with 28 per cent of water
into a mass of good plasticity. The air shrinkage was 4'5 per
cent and the tensile strength 240 pounds per square inch.



PraTe I.

Pit in surface clay at Alsip’s brick plant, Winnipeg, Man. The pit has been excavated in the
caleareous surface clay and the bottom of the excavation represents
the top of the underclay.

p. 18
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The burning tests were as follows:—

L[]
Cone. Fire. Absorption. Colour.
% %
010 ~2'5 31°44 Salmon
03 -2°4 3142 Buff

1 -2'4 28°27 ¢

3 -1'7 2713

6 Fused

This is one of the most refractory of the surface clays found
in the west. The temperature reached in the scove kilns
is not less than cone 1, and in some cases may even reach cone 3.

Samples of the bottom clay were tested from two different
localities. The first of these (1638) was collected at Algsip’s
brickyard at Winnipeg. It is a tough, sticky clay, which is
hard to work up, but forms a very plastic mass when mixed with
39 per cent of water. 'The average air shrinkage of the hand-
moulded bricklets was 10°3 per cent, and the tensile strength was
about 250 pounds per square inch. It was difficult, however,
to get flawless briquettes.

The following results were obtained in firing:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 8%7 13°31 Red
03 34 0°50 Red brown

This clay, as seen from the above tests, has a higher fire
shrinkage at cone 010 than most common-brick clays; it, however,
burns steel hard at this cone and gives a good colour, with not
excessive absorption. The clay is slightly beyond vitrification
at cone 03.

The brickmakers at Winnipeg claim that this is of no value,
as when burned in their kilns it warps, cracks, and gets porous.

This is no doubt due in part to the fact that the surface
clay used at this locality stands a higher heat. The extreme
toughness and stickiness also interfere with the moulding, and
furthermore, difficulty was encountered at the yard in drying
this clay on the pallet racks, as it cracks badly.
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A sample of this clay preheated to 300° C. was still very
plastic, but much easier to work up than the raw clay, but even
after preheating to this temperature it would not stand rapid
drying, although this treatment improved its drying qualities. -

Its air shrinkage after preheating was 8 per cent and fire
shrinkage at cone 010, 3'1 per cent; at cone 05 it was 9°6 per cent.

The absorption at cone 010 was 17 per cent and at cone 05,
1'56 per cent. It was nearly steel hard at cone 010, and preheat-
ing diminished the total shrinkage by 3 per cent.

Morris, Man.—This town lies south of Winnipeg at the
junction of the Canadian Pacific railway and Canadian North-
ern railway, and in the Red River valley. One may, therefore,
expect to find elays similar to those occurring around Winnipeg.
The sections in fact are just alike. Mr. McCutcheon, who
formerly operated a brickyard at Winnipeg, has moved to Morris
as his clay supply at the former locality gave out. The yard
lies about half a mile southwest of the town, along the Canadian
Northern railway.

The section shows:—
Topblackloam.......cooiiiiiiiiiiiiinannnnas 1to 2 feet.
Yellowelay....ooviviiiiiniiieiieieiienncnnes 3 to 5 feet
Underjointelay.......coievreniineeennrnnenns

The yellow clay alone is used, being dumped into a Martin
machine, dried on racks, and burned in scove kilns. As the yard
had only been recently started there were no burned bricks
around. It is presumably buff burning.

The bottom clay (1639) is somewhat different from that at
Alsip’s yard, as it contains fewer pebbles and also appears to
behave somewhat differently in burning.

Its air shrinkage is 11'1 per cent, and water required for
moulding 37°5 per cent. In these respects it, therefore, resembles
the preceding.

The behaviour in burning was as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %o
010 3”7 10°42 Red
03 47 2°74 Red
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Drying racks for

soft mud bricks, Gate City Brick Co., Winnipeg, Man.
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Conveyer and drying racks for soft mud bricks at Alsip’s brickyard, Winnipeg, Man.
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Comparing these tests with those of the preceding it is
seen that the McCutcheon clay hag a slightly lower fire shrinkage
and absorption at cone 010, and stands a somewhat higher
temperature, as it is not as well vitrified at cone 03, but the
bricklets cracked some at this cone.

The high air shrinkage is a serious objection to both clays.

Clay Industry Around Winnipeg.—A number of brick plants
are in operation around the city of Winnipeg. All of them use
the calcareous surface clay, and as the deposit is rather shallow,
and the output of brick large, a very extensive area has been
worked over. Two yards have already been moved to other
localities, Morris and Somerset, and it is highly probable that at
no distant date others will have to follow suit, and transfer their
plants to new deposits farther from the city.

All of the yards are engaged in the manufacture of common -
bricks by either the soft-mud or stiff-mud process. At one yard
at least, hollow brick are also produced. The drying is done on
open yards or on pallet racks, and burning in scove kilns.

Carman, Man.—There is an abandoned brickyard on the
bank of the Boyne river, in the town of Carman, fifty-two miles
southwest of Winnipeg, on the Canadian Northern railway. The
clay deposit here is of the flood-plain type, consisting of thinly
bedded, interstratified sand, silt, and clay. The greater part of
a scove kiln of bricks still remains on the ground. The bricks are
light red and soft, but those near the fire arches were partly
vitrified and of a dirty-buff colour. Any further attempt to
make brick at this point would probably also be a failure, as the
proportion of sand and silt to clay is altogether too large to
produce a good product. There is no brick clay near the river in
this vicinity, but towards the southeast, and at some distance
from the valley of the river, brick clay may be found, if the
covering of soil is not too great for economic working.

Portage la Prairie, Man.—The brick plant owned and
operated by the Stephens Brick Company is situated north of
the main line of the Canadian Pacific railway, about a fourth
of a mile east of the station.

The clay used by this Company is taken from an excavation
in the flat land adjoining the works. The face of the excavation
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is about 103 feet high, and shows 9 feet of brick clay
capped with a foot or so of black soil. Underlying the clay bed
is sand and gravel of unknown depth, through which a small
quantity of ground water circulates. The upper portion of the
deposit is a light-yellowish silty clay, while the lower part is of a
mottled yellow and grey colour and is more dense and plastic.
There is very little evidence of stratification.

The clay occurs in a band of about 600 feet in width, and
considerable length in an east-west direction, but is replaced by
sand to the north and south. The clay deposit appears to occupy
an abandoned channel of the Assiniboine river, which is now
about half a mile to the south and has cut down to a much lower
level.

The only product made is soft-mud brick, of light buff
colour, hard, and with a good ring when fully burned, but light
red and rather porous if underburned. The laboratory examina-
tion of the clay (1621) collected at the yard of the Stephens
Brick Company gave the following results.

It is a very plastic, calcareous clay which worked up with
24'8 per cent of water, and had an average air shrinkage of 6°2
per cent. Rapid drying has to be guarded against, as the clay
shows a tendency to crack. The average tensile strength was
269 pounds per square inch.

The following results were obtained with the wet-moulded
bricks on firing:—

Cone. Fire shrinkage. Absorption. Colour
% %
010 Slightly 20°56 Lightred
swelled
03 0 20°15 Pink buff
02 3'0 9°00 Buff
1 Fused

The clay burned to a good body at cone 010, but is not steel
hdrd until burned to cone 02. It shows the high absorption, low
fire shrinkage, and even swelling at the low cones, characteristic
of calcareous clay. It does not seem to work dry-press.
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Stephens Brick Company.—The plant operated by the
Stephens Brick Company is one of the largest and best managed
in Manitoba. Two soft-mud brick machines are in operation,
and have a combined capacity of 40,000 bricks a day of 10 hours.

The clay is hauled in carts from the excavation up an incline
and dumped at the pug-mill. The whole depth of the deposit is
used and there is no admixture of sand. The green bricks on
coming from the machines are brought to the drying racks on a
double wire rope conveyer. The bricks are dried on enclosed
covered racks, so as to prevent too quick drying and consequent
checking.

The bricks are burned in 10 down-draft kilns of 20,000 capa-
city each, and in continuous kilns having a capacity of 25,000 per
chamber. The fuel used is anthracite screenings, burned under a
forced draft in the down-draft kilns. The forced draft is driven
by a six horse-power gas engine, the gas being supplied from a
producer and made from anthracite screenings. A fairly uniform
temperature is maintained throughout the kilns, and there is very
little waste in burning. Water smoking and burning is accom-
plished in seven and a half to eight days. The season for brick-
making lasts from some time in May until about October 1,
the production for the season of 1909 being 8,500,000. The
greater part of this output is shipped to the westward of Portage
la Prairie and is sent as far as Saskatoon and Moosejaw, the
price obtained being $11 to $12 a thousand.

Virden, Man.—The plant of the Virden Brick and Tile
Company, Ltd., is situated a short distance east of the town of
Virden, and near the main line of the Canadian Pacific railway.

The clay deposit at this locality is apparently an extensive
one and is said to be at least 20 feet in depth. It is overlain by
about 2 feet of black soil and yellow sandy loam, which is
stripped before working the bank, and the clay for a depth of
9 feet below this is used for brickmaking. The clay, originally
of a bluish colour, is now weathered to a yellow, or mottled blue
and yellow colour; it is well stratified and interlaminated with
sandy partings and films of iron oxide.

The sample tested (1633) is a smooth, highly plastic, cal-
careous clay, which worked up with 29 per cent of water to
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a mass whose air shrinkage was 6°5 per cent and average tensile
strength 210 pounds per square inch.
On burning it yielded the following results:—

Cone. Fire shrinkage. Absorption. Colour.
% %

010 035 26°47 Light red
03 0 26°56 Buff red
02 20 11°656 Buff

1 83 0 Green
3 Fused

The clay shows the usual characteristics of calcareous clays
and makes a good brick, but it would be unsafe to burn it to
vitrification.

Virden Brick and Tile Company.—Only soft-mud bricks are
made by this Company. The run of the bank is taken and the
clay is passed through a pair of rolls before entering the pug-mill.
No sand is used, but about a peck of ground anthracite to 1,000
pounds of clay is added to assist in burning the bricks. The
green bricks are air dried on covered racks, and are protected
against fast drying to prevent checking. The burning is done in
scove kilns, the fuel used being dry poplar, which is procured
from Riding mountain.

Hartney, Man.—The brickyard owned and operated by Mr-
William Kirkland is situated about half a mile north of the town
of Hartney, near the line of the Estevan section of the Canadian
Pacific railway. The clay here is probably a lake deposit ;
it is said to underlie an extensive area and to reach a depth of
60 feet. It is overlain by 14 feet of soil, and below this the
clay is worked for brickmaking to a depth of 10 feet. The upper
portion of the clay is silty, of a yellow colour, and faintly
stratified, the underclay is stiffer and of a blue colour. No
pebbles were observed in the deposit.

A small sample of clay (1631) was collected from the stock-
pile and tested in the laboratory. It is a very plastic, gritty,
calcareous clay, which works up with 22 per cent water, whose
average air shrinkage was 5°2 per cent.
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In burning it behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
Slightly ¢
010 swelled 19°94 Light red
03 1°30 - 1638 S s
1 2-30 7°66 Dirty buff

The clay burns to a good body, and is steel hard at cone 03.
The curious drop in absorption is not accompanied by a corres~
pondingly high increase in fire shrinkage. The clay can be dry-~
pressed, but should be burned to cone 03 to yield a sufficiently
hard produet.

Only soft-mud bricks are produced, but the owner intends to
put in the machinery and kilns for making drain tile and hollow
blocks by next season. The clay is weathered over winter in a
stockpile placed close to the machine. The moulding and
handling of the green bricks is more carefully done than usual,
and there is very little loss from checking while air drying.

The burning is done in scove kilns, and the fuel used is dry
poplar from the Pembina hills. For several years the bricks
produced at this yard were of poor quality, being soft and very
porous, due to using the silty surface clay and underburning.
Taking out some of the stiffer underclay with the more silty
portion to weather over winter, and burning to a higher tempera-
ture has greatly improved the quality of the brick. About
1,000,000 bricks were produced last season, the greater part of
which were shipped to Regina for use in the construction of the
Parliament buildings.

Brandon, Man.—The brickyard owned by Mr. Robinson
Bell is situated on the south escarpment of the valley of the
Assiniboine river about one and a half miles from the city of
Brandon.

The material used is a shallow deposit of silty surface clay
about 3 feet in thickness, overlain by a foot or more of black
sandy loam, and underlain by sand and silt beds. The soft-mud
process is used, and burning done in scove kilns with dry poplar.
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There is also a small circular down-draft kiln on the ground,
used for burning face bricks. The bricks produced are mostly
of red colour, but the best burned ones are said to be buff. The
arch bricks are a greenish-buff colour, cracked, and hard baked,
having the open granular structure, without vitrification, which
is common to bricks made from very sandy clays.

The surface deposits in the escarpment bordering both sides
of the valley at Brandon are of great thickness, and sections of
them show the confused arrangement of sands, silts, clays, and
gravel so often seen in delta deposits. These are underlain by
very stiff, plastic, boulder clay of blue colour, which in some
places is fairly free from boulders and pebbles, but it is generally
too deeply buried to be accessible for brickmaking, even if
suitable for that purpose.

The plant of the Silicate Brick Company of Brandon is
located a short distance west of the city. The sand is obtained
from a ridge in the rear of the plant, the pit showing a section of
about 15 feet of cross bedded sands with some layers of fine
gravel. Machinery for the manufacture of sand-lime brick, by
the usual process, is installed, and the plant was running full time.

Somerset, Man.—The brickyard here is operated by Messrs.
Coture and Marion, who have recently removed their plant from
St. Boniface to this point. It is located a short distance east of
the village of Somerset, on the line of the Canadian Northern
railway, which here crosses the flat topped summit of Pembina
mountain.

The clay deposit used for brickmaking is of the delta type,
consisting of irregular layers of silty clay and sand, with some
thin beds of “fat’ clay, the proportion of sand to clay being large.
About a foot or so of black soil is removed in working the bank,
and about 8 feet below the surface there is a 2 inch bed of
pebbles, while numerous small limonite concretions are scattered
through the deposit.

Soft-mud bricks are the only product, and these are burned
in scove kilns with dry poplar for fuel, using half a cord to 1,000
bricks. This clay evidently contains more iron than most of the
calcareous clays in the Province, so that only the very hardest
burned bricks are buff, the greater part of the kiln being red.
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The capacity of the plant is 2,000,000 bricks annually, and these
are shipped westward of Somerset.

Souris, Man.—The banks of the Souris river near Souris are
partly composed of drift deposits, and partly of Pierre shale.
Although the unconsolidated deposits are often of considerable
depth only a comparatively small amount of clay was seen in
any of the exposed sections. The clay occurs in the upper
portion of the drift, however, and is easily accessible after the
removal of about a foot of black loam. Beneath the clays are
bedded silts and river gravels or boulder clay. The clay bed
although generally rather silty or sandy is, in some localities,
plastic enough to make fairly good common brick, and has a
depth of 5 feet.

There is an abundance of Pierre shale at hand easy to mine,
and which if mixed with the surface clay in the proportion of one
part to three would produce good hollow brick or drain tile. The
clay for this purpose should be ground with the shale in a dry
pan, and only the most plastic clay should be used. In some
places the Pierre shale is found decomposed and soft, but is hard
to work, being rather stiff. If half surface clay and half soft shale
be used an easily worked mixture is obtained, and one that will
stand up well in firing. For this mixture the surface clay would
not require to be so plastic as when hard shale is used. The
tests referred to under Laboratory No. 1633 A and B are made
with somewhat similar materials.

Neepawa, Man.—The brickyard of the Neepawa Brick Com-
pany is situated south of the town on the line of the Rossburn-
Neepawa section of the Canadian Northern railway. The region
in this vicinity is a high delta plateau formed of drift deposits,
which are deeply dissected by streams. The streams, however,
do not appear to have cut down to the underlying shales, the
upper beds of which can be seen in the escarpment of Riding
mountain about twenty miles or so to the northward.

The section in the pit at the brickworks shows stratified
yellow, calcareous clay, lying between beds of a stratified sand.
There are a few layers of white-coated pebbles, with scattered
larger pebbles of gneiss'and limestone. Several vertical crevices
lined with iron oxide traverse the clay bed. Both sand and clay
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beds are irregular in thickness and clay is liable to be replaced
laterally by sand beds and vice-versa. There is, however, an
abundance of clay or “near” clay at hand.

A small sample of the clay (1622) was collected and sub-
mitted to a test in the laboratory. There was no admixture of
sand in this sample. The clay works up with 23 per cent of
water to a mass of good plasticity, whose average air shrinkage
is 6’8 per cent. Rapid drying has to be guarded against. The
tensile strength was not tested, but it is probably good.

Wet-moulded bricklets behaved as follows:—

Cone, Fire shrinkage. Absorption. Colour.
% %
010 0 21°36 Light red
03 0 20°19 Red
1 Fused

The clay is a good common-brick clay, but the lime pebbles
should either be screened out or crushed.

Soft-mud bricks are made, and about one-third sand is added
to the clay to prevent checking during air drying. The burning
is done in two down-draft kilns with capacity of 100,000 bricks
each, and it requires 40 cords of dry poplar to burn a kiln of bricks.
The body of the burned bricks has a fairly good red colour, but
" the surfaces are disfigured with a lighter colour due to the mould-
ing sand. The upper ten courses of the bricks which get flashed
and over burned have a greenish colour and many of them are
slagged. Owing to the lime pebbles, some of the burned bricks
crack on absorbing moisture.

The clay for this season’s (1910) use was taken out and
weathered in piles over winter, and better results are expected.
The weathering will undoubtedly improve the working and
drying qualities of the clay, but in addition to this it should be
passed through rolls before going to the machine so as to get rid
of the large pebbles and to break up and distribute the fragments
of the smaller ones.
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Birnie, Man.—Some of the smaller streams issuing from the
escarpment of Riding mountain have built up alluvial fans along
its base. A considerable quantity of clay is often included in
these deposits, the clay being derived from shale beds and boulder
clay, both of which are cut down and transported by the stream
as it traverses the upland. A sample of clay was obtained from a
deposit of this character lying near .the Canadian Northern
Railway line a short distance north of Birnie station and two
miles east of the shale escarpment. Although there is a consider-
able quantity of shale mixed in with this clay,it is plastic enough
to carry a large proportion of ground hard shale in addition.
It is not known to what depth the clay extends and only about
3 feet of the deposit was seen. The shales and plastic clay
oceur close together at this point, and could be used in a mixture
for the manufacture of hollow block or fireproofing. It is con-
veniently situated for transportation, and there is an abundance
of dry poplar fuel close at hand. :

A small sample (1624) tested gave the following results:—

The material worked up with 35 per cent of water into a
mass of good plasticity, and had an average air shrinkage of
6°6 per cent.

The burning tests were as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %

010 1'9 28°36 Light red
05 2°4 2814 S
03 36 2254 Dirty buff

1 86 6°30 w G

This clay burns to a good brick body at cone 010, but does
not get steel hard until cone 03, although it is nearly so at the
first cone. The high porosity is somewhat unfavourable, hut
the low fire shrinkage is an advantage. At the lower cones the
shale particles influence its behaviour, but the sudden increase in
shrinkage and density shows the limy ingredients beginning to
act, although the total shrinkage even at cone 1 is not excessive.
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@Gilbert Plains, Man.—The brick plant of Messrs. A. Snyder
& Company is situated one and one-half miles east of the village
of Gilbert Plains, and on the line of the Canadian Northern rail-
way. This is the only brickworks now in operation at this point.

The region in this vicinity is a portion of the undulating
lowland area lying between Riding mountain and Lake Dauphin.
The surface clays in this area are lake deposits, and overlie an
uneven sheet of boulder clay. The lake clay is often silty or
sandy in the upper portion, and more plastic and stiffer lower
down. It is free from pebbles, except at the ancient shore lines
or raised beaches, which occur at intervals in this area.

The clay at Snyder’s brickyard comes to within a foot of the
surface. It is worked to a depth of 10 feet, and below this
boulder clay is encountered. The clay is yellow in the upper
portion, turning to bluish below the zone of weathering, and
appears to be quite free from pebbles. It is highly calcareous,
and also contains quite a large percentage of magnesia, which
causes this clay to be somewhat refactory.

A large sample of the more plastic underclay was collected
for testing purposes. The laboratory tests probably give
higher shrinkages than would be obtained by taking the run of
the bank. The very plastic clay was taken with the object of
trying various quantities in mixtures with the Pierre shales from
Riding mountain. This deposit, however, was considered to be
too far from the nearest shale beds for a mixture to be worked
economically in practice.

The clay (1626) worked up with 27°2 per cent water to a
mass whose average air shrinkage was 82 per cent, and average
tensile strength 252 pounds per square inch. Rapid drying
caused cracking. '

In burning the clay behaved as follows:—

Cone. Fire shrinkage. |  Absorption. Colour.
% %

010 19 2397 Light red
05 04 2268 o
03 03 2351 Cream

1 67 5°36 Buff




CLAY AND SHALE DEPOSITS 31

The clay gives a good brick even at cone 010, but is not steel
hard until about cone 1. The fire shrinkage is low, but the
absorption is high. Vitrification seems to begin suddenly about
cone 1, but the clay stands cone 3 without fusing. The clay is
mixed with about 10 per cent of sawdust and made into soft-
mud bricks. These are dried on covered racks, with doors to the
passages for protection against the dry winds which otherwise
would cause checking of the green bricks.

The burning is done in scove kilns, with dry poplar, of which
there is an abundance in the neighbourhood. About 250,000
bricks are burned in a kiln, the burning lasting from six to nine
days, and the settle is 3 inches. The upper courses of bricks
turn out rather soft and of a reddish colour, due to underburning,
but the most of the kiln consists of good, hard, buff-coloured
bricks.

The only moulding sand that can be obtained in the vicinity
is rather coarse and dirty, so that it is hard to clear the moulds
after coming from the machine unless the pressure is light.
Consequently some of the bricks are not as shapely as they
might be.

Prince Albert, Sask.—This town is situated on the Saskatche-
wan river in northern Saskatchewan province. To the north of
the river the country is practically uninhabited and wooded,
while to the south lies the rolling country of the plains with a
scattering of small towns. The town of Prince Albert lies on a
flood-plain terrace, a few feet above the river (Plate 1V), with
low hills rising behind it. Surface clays of several kinds are
found in the vicinity.

One of these is a tough, plastic clay which underlies the
town, and is exposed in digging trenches for sewers or other pur-
poses, but is not utilized. It may be flood-plain clay, and if so
should be looked for at other points along the river where the low
terrace exists.

A second type is a sandy clay, forming basin-shaped deposits
(Plate V) between low hills around Prince Albert. It may be a
flood-plain clay deposited during higher stages of the river, or
possibly a pond deposit. The material is worked by the Celtie
Brick Company two miles south of Prince Albert.
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A third type is a very silty surface clay lying on the ridge
east of the town, and worked at Ittner’s brickyard. It lies too
high above the Saskatchewan river to be a flood-plain deposit,
but may be a glacial silt deposited in a lake formed by a glacler
damming the-Saskatchewan valley.

The clay at the yard of the Celtic Brick Company referred to
above is worked as a shallow excavation (Plate V) and its
depth is not known. It is surrounded by sand. This clay
(1652) is a tough, silty material, of calcareous character, which
worked up with 29 per cent of water to a mass of good plasticity.
The average air shrinkage was 9 per cent and the clay cracked
slightly on slow drying, while full-sized bricks cracked badly on
fast drying. The average tensile strength was 380 pounds per
square inch.

The following results were obtained on firing the wet-
moulded bricklets:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 0 15°16 Light red
03 1 14°26 Red
1 Fused

The clay burned to a body with good ring at cone 010, which
was nearly steel hard. It should make a good common brick if
carefully dried, and the absorption is not excessive.

At the works of the Celtic Brick Company (Plate VI) the
clay is being worked by the dry-press process, but the product
was quite porous and not burned hard enough. A dry-press
bricklet burned to cone 03 in the laboratory was steel hard, of dark
red colour, and 10 per cent absorption. It wassomewhat cracked.

The material is loosened with plows, gathered with scrapers,
and piled under sheds to dry. The plant is equipped with a dry
pan, screen, four-mould dry press, and three Dutch kilns, but it
was not in operation at the time of our visit.

Little difficulty is experienced in getting a brick of bright-
red colour, but the product does not seem to be fired hard
enough to make a good hard brick.



PraTe IV.

Prince Albert, Sask. Shows flood-plain terrace bordering Saskatchewan river,
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Prate VI.

Dry press brick plant, using surface clay, Celtic Brick Co., Prince Albert, Sask.
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Brickyard of H. H. Ittner, Prince Albert, Sas
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At H. H. Ittner’s yard (Plate VII) on the ridge about one-
fourth mile south of town, the clay is moulded in a soft-mud
machine operated by gasoline engine, dried on pallet racks, and
burned in scove kilns. The clay burns to a good red colour,
but owing to the high percentage of sand the body is very porous.

Geographic conditions are not favourable for an immediate
expansion of the brick industry here, for local demand is limited,
and the few towns to the south can hardly call for many bricks.
Moreover there are several yards at Saskatoon, which are also
looking for a market in the surrounding country.

Saskatoon, Sask.—There are several common brickyards
at this town, and at all of them silty surface clays are used.

Rosthern, Sask.—A small hand yard is in operation here.
Surface clays are used.

Moosejaw, Sask.—There is little good clay in this vicinity,
the surface being mostly a pebbly silt.

About one mile southeast of town, a very gritty, glacial
clay, containing scattered pebbles, is being dug for common-
brick manufacture.

The yard is operated by Wellington White. Soft-mud
machines are used for moulding, drying is done on pallet racks
and burning in scove kilns. The bricks are very porous and
have but little ring.

Medicine Hat, Alta.—The surface formation is typical of
many other localities of the central plains. It shows a heavy
bed of silty or sandy clay, with occasional pebbly streaks, and
forms a deposit of varying thickness, resting usually on the
uneven surface of the Belly River shales, but sometimes separated
from them by a layer of Pliocene gravels. Scattered through
these very silty clays are irregular patches of a tough dark clay,
known as ‘“‘gumbo”, and sometimes so hard and tough as to
appear like clay shale.

At the several common yards in operation around Medicine
Hat, only the silty clay is used, the gumbo being avoided for the
reason that it is hard to dig, hardtomould, and does not-burn well
alone. On the other hand one cannot regard the silty clay as a
satisfactory brick material, since it burns to a very porous brick,
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is very tender, and cracks if exposed to the wind during drying.
Moreover some portions of the deposit are full of lime pebbles..

The following tests will serve to show the character of the
gumbo clay, the sample selected (1690) being from one of the
lenses in silty clay at Hoffman’s brickyard, two miles east of
Medicine Hat.

This is a very smooth, calcareous clay, but stiff and hard
to work, on which account it is difficult to pug in a machine, and
hence is avoided in brick manufacture. Large bricks will not
dry without eracking, but the small ones do. Its air shrinkage,
when mixed up with 33 per cent of water, was high, viz., 11°9 per
cent. The tensile strength was also high, viz., about 300 pounds
per square inch, but it was difficult to get briquettes free from
flaws.

The wet-moulded bricklets burned to a good red colour, and
were steel hard at cone 010.

They gave the following additional data:—

Cone. Fire shrinkage. Absorption.
% %
010 1 10°65
03 07 9-31
1 Fused

The main objections to this clay have been mentioned above,
and while preheating might improve the clay, the brickmakers
dislike to use it for the further reason that it is pockety in its
occurrence, and moreover there is in the same locality an abun-
dance of very silty clay, which can be moulded and burned with
less trouble, but makes a very porous and somewhat inferior brick.

A dry-press bricklet burned to good colour, but was too soft
and porous at cone 05.

Occasionally deposits of clay are found in the Pleistocene
surface formations, which are less silty than fhose commonly
used. One of these is a bed of stiff blue clay (1700), from the
north bank of the Saskatchewan river, near the bridge at
Medicine Hat, Alta. This is a material of good plasticity, but
much grit, which worked up with 18 per cent of water to a mass



Prate VIII.

Section of drift deposits at Medicine Hat, Alta., showing silts, clays, and
cross-bedded sands, probably pleistocene.
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PraTe IX.

Brick plant of Pruitt and Purmal, Medicine Hat, with thick deposit of drift containing
the brick clay.
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whose air shrinkage was 5°2 per cent. It burned to a good red
colour, and hard body even at cone 010.

At cone 010 the fire shrinkage was minus and absorption
12°52 per cent.

At cone 03 the fire shrinkage was 0°7 per cent and absorption
9°'81 per cent.

This clay could be used for making a good red brick. The
. main objection to its use is the heavy overburden. A more
accessible deposit is exposed in a test shaft, one and a half miles
northwest of Medicine Hat. This clay (1701 )is plastie, fairly
smooth, and of calcareous character. It has a high air shrinkage,
viz., 10'7 per cent; but in actual working this would be less,
partly for the reason that the sample does not include the surface
clay, which is more sandy. It burns to a good red colour and
hard body, and could probably be used for dry-pressed brick.

The fire shrinkage and absorption at cone 010 were 0'4 and
13°05 per cent respectively, while at cone 03, they were 3'4 and
6°81 per cent.

There were two common brickyards at Medicine Hat in
the summer of 1910, but only one was in operation. The
active one was operated by the Canadian Brick Company. The
plant is equipped with a soft-mud machine, pallet racks, and
scove kilns. The other yard, operated by Pruitt and Purmal,
(Plate EX) was being rebuilt following a fire. It is the larger
plant of the two.

Red Deer, Alta.—The town of Red Deer lies in a fertile hilly
country, cut by the valley of the Red Deer river. In the area
surrounding the town, there is a heavy deposit of drift material,
which at and near the brick pits shows the following section:—

Soil—
Laminated sandy clays, with clay streaks..... 6 inches to 6 feet.
ine grained, silty, jointclay............... 2 to 3 feet.
Boulder drift.

The material used at the brickyards is the laminated clay.
The upper part of this, which is sometimes 2 feet thick, is
much lighter and often lacks the laminated structure. This
alone does not make good brick, and at both yards the run of the
bank is used as far down as the tough joint clay, it being claimed
that the latter is hard to work.
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It is suggested that the joint clay may be used for dry
pressed brick. That there is a noticeable difference between the
brick mixture used and the lower clay is brought out by the
following tests.

The upper clay (1664 a) is caleareous, but of good plasticity
when worked up with 22 per cent of water. Its air shrinkage
was 4'8 per cent and the average tensile strength 273 pounds
per square inch.

The burning tests gave:—

Cone. Fire shrinkage. Absorption. Colour.
% % )
010 Slightly swelled 2436 Lightred
03 “ 2372 Buff
1 Vitrified

These tests are characteristic of a calcareous clay, in that
the clay shows a high absorption until cone 03 and then vitrifies
suddenly. It is not steel hard at cone 010. The clay is used for
common brick at Red Deer but is not burned hard enough to
develop the buff colour.

The yellowish joint clay (1664) is much denser, but developed
good plasticity when worked up with 25 per cent water. The
mixture thus made had an air shrinkage of 7°6 per cent and an
average tensile strength of 268 pounds per square inch.

It behaved as follows in burning:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 1°55 18-21 Lightred
03 34 13°22 N

The clay burns to a good body, but is not liked as well as
the overlying bed because of its higher shrinkage. It made a
nice dry press bricklet at cone 05, but should be burned to
cone 03, at which temperature it is almost steel hard, and has
an absorption of 1821 per cent.
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At both yards they are making common soft-mud bricks,
which are dried in part on pallet racks, and in part in steam
heated dryers. The burning is done in scove kilns, and there
is practically no shrinkage. The layers of tough clay are not
always thoroughly broken up in the pug-mill and may cause
cracking in drying.

Edmonton, Alla.—Two types of Pleistocene clay occur at
this locality, viz.: (1) flood-plain clays underlying the flat terrace
bordering the Saskatchewan river (Plate X); and, (2) glacial
clays, underlying the upper level terrace (Fig. 4.) on which
Stratchcona and Edmonton stand. The former are mostly
used.

Flood-plain Clays.—This material, which is used by all four
of the brickyards in operation at Edmonton, consists of alternat-
ing layers of sandy, silty clay, and occasional pockets of gravel,
in other words, a typical flood-plain deposit (Plate XI). So
sandy is the material that one is surprised to see it being used for
brick manufacture. Nevertheless it is employed for both
common soft-mud, and dry-press face brick, the latter made from
the less sandy portions of the deposit.

The thickness of these flood-plain clays cannot be exactly
stated, but excavations at the brickyards show 2 maximum of not
less than 9 or 10 feet, although in one pit bottom was struck at
about 7 feet. The supply unfortunately is sufficient to
last for some time. We say this because the clay does not make
a very good brick, and a city the size of Edmonton should be
constructed of better material.

The tests given below bring out well the character of the
run of bank, and less sandy layers. The samples tested were
taken from the pit of the Edmonton Brick Company.

Run of Bank (1653) Edmonton Brick Co., Edmonton,
Alta.—This is a plastic, very gritty, calcareous clay, which
worked up with 20 per cent water, and had an average air
shrinkage of 5°6 per cent. Its average tensile strength was 212
pounds per square inch.
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The clay burned to a light red at cone 03, and brownish at
cone 1. The other fire tests were as follows:—

Cone. Fire shrinkage. Absorption.
% %
010 Slightly swelled 2175
03 “ 17-84
1 4'0 175
2 Fused

The clay did not burn to a very hard dense brick, owing to
its highly silty character, and is not steel hard at cone 03.

The more clayey portions of the bank (1654) are used for
dry-press brick, and when wet-moulded behaved somewhat
differently.

Water required for mixing 25 per cent; average tensile
strength over 200 pounds per square inch; air shrinkage,
8 per cent.

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 18°96 Red
03 53 594 Dark red
1 Beyond vitrification

This clay, it will be seen, showed higher air shrinkage than
the run of bank, is slightly denser at cone 010, and much more so
at cone 03, but it does not stand as much heat as the former. It
burned to a good hard body at cone 010, but unfortunately there
is not enough of this clay to permit its exclusive use for common
brick. It is also claimed that it is impossible to run it through
a stiff-mud machine, and produce a ware that does not air or fire
crack. Its exclusive use is for dry-press brick.

A dry-press bricklet at cone 03 had 7°76 per cent absorption.



PraTE X.

Brick plant of the Edmonton Brick Co., on flood-plain of Saskatchewan river.






PraTe XI.

Section of flood-plain deposits, consisting of sand, silt, and clay, in pit worked by the Anderson
Brick Co., Edmonton, Alta.
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Glacial Clays.—Underlying the surface of the upper terrace
there is a deposit of plastic clay, evidently of considerable extent
and far better quality than the flood-plain material. The main
objection that a practical man would probably urge against it
would be its high air shrinkage and toughness, but these could
probably be overcome by the incorporation of some more sandy
clay.

At the time of our visit a good section of this clay was
exposed in a deep trench on the University grounds near
Strathcona. Only a small sample was collected, and this did not
include about 2 feet of somewhat sandy clay immediately
under the surface. The sample collected (1659) was a very
plastic, sticky, but smooth clay which worked up with 34 per cent
of water, and had an average air shrinkage of 8'9 per cent. The
latter is high and in practice some sand would have to be added
to the clay.

In burning the results given below were obtained :—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 1-45 13-84 Light red
03 4°3 4°60 Red
5 Fused

The clay burned to a good body of excellent colour, and
was steel hard at cone 010. Its fire shrinkage was not excessive,
but it is not vitrified at cone 03.

A dry-press bricklet made of this clay had an absorption of
13°3 per cent at cone 05.

Another deposit (1655), of the same type of clay, was
obtained from N. E. corner, section 15, township 53, range 25 W.
This is about three miles north of Edmonton. This clay belongs
to the same formation as 1659. It worked up with 25 per cent of
water to a very smooth, plastic mass, whose average air shrinkage
was 82 per cent and average tensile strength 335 pounds per
square inch. The air shrinkage is somewhat high, but the
addition of 25 per cent sand causes a considerable reduction in it.
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For purposes of comparison we give below the fire tests
made on: (A) wet-moulded bricklets of the clay alone, and (B), a
wet-moulded bricklet of the clay with 25 per cent sand added.

: A B
Airshrinkage.................... ... 82 65
Cone 010—

Fireshrinkage.................. 0°15 0

Absorption.................... 16°63 1468

Colour. ...ooovnerraeannnnaanns Lightred Lightred
Cone 03— ~

Fireshrinkage.................. -4 2°3

Abgorption. . .................. 11:02 8°85

Colour. .. ..ocvvruineniannonnas Red Red
ConNg 1—

Fireshrinkage......,..oovvuno.. Beyond 33

vitrification

Absorption......cocvieevnnneee tuevan .

Colour Ll Brown
CONE 5..iiiiiiiiiiiieenneniennnns Fused  ......

They were both steel hard, and of good red colour at cone
010. The addition of the sand gave lower air and fire shrinkage
and also reduced the absorption.

A dry-press bricklet made from the clay alone burned to a
nice colour and body at cone 05, but should preferably be burned
to cone 03. At the former cone its absorption was 17°42 per cent
and at the latter 10°36 per cent as well as being steel hard.

This clay, also, is better than that used for common brick
by the yards at Edmonton. It might be used for lining sewers
if burned hard enough.

The clay used by the Acme brick works, situated about half
a mile north of the last named locality, is probably of the same
quality. Owing to the limited time at our disposal this yard was
not visited.

Edmonton’ Brick Industry.—The firms engaged in the
manufacture of brick here are Edmonton Brick Company, Ltd.
(Plate X), J. B. Little, Peter Anderson (Plate XII), and Pollard
Brothers. All these yards make a common brick either by the
stiff-mud or soft-mud process. At the yard of the Edmonton
Brick Company the stiff-mud brick are made from a mixture of
tough silty clay and sand, a mixture which naturally tends to
make the product very porous. They claim, however, that the
clay alone will not flow through the die. Anderson uses a very



PraTe XII.

Brickworks of the Anderson Brick Co., Edmonton, Alta.
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sandy clay for his stiff-mud brick. For dry-press brick he
selects the more clayey portion of his deposit, runs it through a
stiff-mud machine, sets the brick aside to dry, grinds them up
with some moist clay and presses this mixture in a dry press.

Much trouble is experienced with the brick cracking in air
drying, and this has to be carried on very slowly. Scove kiins
are commonly used for burning, but at Anderson’s yard some
down-draft kilns are also employed. The local lignites are
utilized for fuel.

The product made from the flood-plain clays occurring here
is naturally very porous, from the nature of the material used.
The market is chiefly a local one.

Riverside, Calgary, Alta.—The sample (1744) from this
locality was sent in for testing and appears to be a boulder clay.
It worked up with 19°4 per cent water to a gritty mass of good
plasticity. The air shrinkage was 6'9 per cent.

In burning it gave:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 02 1165 Red
03 44 312 ‘
1 24 1°45 Brown
5 Fused

This makes a good hard brick, but the numerous pebbles are
somewhat troublesome, and the clay should be well crushed
before moulding. ‘

Lethbridge, Alta.—In discussing the Belly River shales at
Lethbridge, reference was made to the heavy mantle of silty clays
(Plate XX) which cover them. This material, so widespread
in this region, can hardly be regarded as an ideal brick material
because of its sandy nature, but since there is nothing better in
the immediate vicinity, it is employed for brick making. That
worked by the Brick and Terra Cotta Company (Plate XIII) at
Lethbridge is a very gritty, calcareous clay (1667), with
numerous lime pebbles.
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It worked up with 19 per cent of water, to a mass of sufficient
plasticity to mould, the average air shrinkage of which was 4
per cent.

Wet-moulded bricklets gave the following results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled |  ..... Light red
03 0 1358 ShE S

No absorption test was made at cone 010 as the clay was
very porous and cracked by the air slaking of the lime pebbles.
It was not steel hard at cone 03. 'This is not a very desirable clay
to use and makes a rather porous soft brick.

Pincher, Alta.—Here, too, a surface clay (Plate XIV) is
employed for common brick, but it is less silty, and more plastic
than the Lethbridge material. Like the latter, however, it is
very calcareous, and contains scattered lime pebbles. The clay
also has a considerable amount of soluble salts which form a scum
on the surface in drying.

The clay (1673) worked up with 29 per cent of water to a
very plastic but tough mass with much fine grit.

Its air shrinkage was 8'8 per cent, and the average tensile
strength above 250 pounds per square inch, but it was hard to
get briquettes free from flaws.

Burning tests yielded the following results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 1-3 11-68 Light red
03 37 1-54 Red
1 Fused

This is not a very desirable clay for several reasons. The
scum of soluble salts is objectionable, the clay cracks at cone 03,



PraTe XIII.

-

Clay deposit of Lethbridge Brick and Terra Cotta Co., Lethbridge, Alta.






Prate XIV.

Pincher, Alta.: surface clay pit in foreground.
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Prate XV.

Surface

clay pit at Cochrane, Alta.
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and the lime pebbles also cause cracking after burning. More-
over, the material is so very tough and sticky, that when worked
on an auger machine it develops serious laminations. Owing to
its toughness and stickiness, it would be difficult to mix sand with
it.

A dry-press bricklet burned at cone 05 gave a good red
colour, but it was cracked and porous.

It is noticeable, however, that there is some varlatlon in the
surface clays of the Plains region, and thus about seven miles
west of Pincher there is surface clay (1674) which is considerably
better than the brick clay worked at Pincher. It is also
calcareous, but works much better, and with 25 per cent of water
makes a very plastic mass, whose air shrinkage was 6°5 per cent.
There was much less white wash on this clay than on 1673.

At cone 010, its fire shrinkage was 0°65 per cent and absorp-
tion 18'02 per cent. At cone 03 it showed 0 per cent fire shrink-
age, and absorbed 16'90 per cent water. It burned red.

Cochrane, Alta.—The Bow River valley at Cochrane is
bordered by a flat terrace on which the town lies. Underlying
this terrace is a silty, laminated, hard clay (Plate XV), of
strongly calecareous character, and not requiring the addition of
any sand for brick making.

As this was evidently about the only use to which it could
be put, no attempt was made to test it in detail, but a few
physical tests of the clay (1710) may be of interest.

It worked up with 26 per cent of water to a very plastic,
smooth mass, whose air shrinkage was 7'9 per cent. The latter
was evidently somewhat higher than that obtained in actual
practice.

In burning at cone 010 the fire shrinkage and absorption
were respectively 0°5 per cent and 21°98 per cent; while at cone 03
they were 0°3 per cent and 20°96 per cent. It fused at cone 1.
Like all strongly calcareous clays it burns buff.

Three common brickyards are in operation, and mdst of
the product is shipped to Calgary.






CHAPTER II.

Shale Formations
CRETACEOUS SHALES

Shales of Cretaceous age and lower than the Laramie,
which cannot be classed as wholly Cretaceous, are worked only in
Manitoba. In that Province they extend from the Pembina
river at the International Boundary northwestward along the
base of the Pembina, Riding, Duck, and Porcupine mountains.
In Manitoba this system contains the following members in
ascending order: Dakota, Benton, Niobrara, Pierre.

The Dakota or lowest member of the Cretaceous, resting
uncomformably on Devonian limestone, is composed of soft
white or reddish sandstones, which are commonly interbanded
with thin beds of shale. It occurs along the foot of the northern
portion of the Manitoba escarpment, and appears to be exposed
chiefly on the cut banks of streams, one of the best outerops being
on the Swan river some miles below the Canadian Northern
Railway crossing.

At this point Mr., Tyrrell' reports a 12 foot bed of
hard grey shale in which some lignite was embedded; the over-
burden however, is excessive. The Dakota sandstones are known
to contain highly refractory interbedded shales in some localities,
such as Colorado.

The Benton which overlies the Dakota is made up of very
dark-grey carbonaceous shales. This shale is evenly bedded and
breaks down readily into small flakes. It is said to be 178 feet
thick, and occurs along the foot of Duck and Riding mountains.
The Benton and Dakota shales were not examined, partly for
the reason that they are at present more or less inaccessible, and
no test of their qualities is on record.

The Niobrara formation conformably overlies, and is an
upward extension of the Benton. It is composed mostly of grey
calcareous shale, but towards the top of the formation a band of
greyish chalky limestone is generally met with, this band being
often highly charged with pyrite. Very characteristic exposures
of these shales may be seen in the valleys of all the streams on

1Tyrrell, J. B., Northwestern Manitoba, Geological Survey, Canada, 1892,
45
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the north side of Riding mountain, from the Ochre to the Valley
rivers. In the southern part of the Province they may be seen on
the Carman-Hartney section of the Canadian Northern railway
between Leary and Cardinal, and on the Pembina river near the
International Boundary. The shales of the Niobrara formation
are used for brickmaking only at one locality, viz., Leary, Man.

The following table taken from Dowling’s report gives the
subdivisions of the Cretaceous and also Tertiary formations in
the Great Plains region.

Groups Alberta Saskatchewan | Manitoba Kind of
Rocks.
Tertiary. . .Miocene.. .|Miocene. . . . . Miocene.......|.....c.... Conglomerates
Eocene Paskapoo and sandy
clays.
Laramie. Laramie. |————
Edmonton. Sandstones and
clays.
Bearpaw. Pierre-Foxhill. Slandstones and
clays.
Montana. |Belly River |Belly River Pierre Shales.
Sandstones.
Claggett. Shales.
Eagle. Sandstones.
Cretaceous -
Colorado. |Niobrara. Niobrara. {Calcareous
Cardium. shales.
Benton. Benton. Shales.
Dakota. Dakota. Dakota. Sandstones.
Kootanie. |Kootanie. Sandstones and
shales.

NIOBRARA SHALE.

Leary, Man.—The general relations of the Niobrara shales
have been referred to on page 46. The only locality from which
a sample was collected was Leary.

This station lies on the Canadian Northern railway south-
east of Winnipeg, and represents the only locality at which the
Niobrara shales are utilized. They are well seen here as a bank
has been opened at the base of a wooded hill (Plate XVI) expos-
ing about 30 feet of shale, capped with 6 feet of calcareous
loam. This forms the first bench of the hill, to whose top the
shale continues.

Y



PraTte XVI.

Bank of decomposed Niobrara shale, used for dry-press bricks, Leary, Man.
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Scattered through the shale are flakes of gypsum and
concretions, some of the latter 2 to 3 feet in diameter and
1 foot thick.

A sample (1636) representing the run of the bank gave the
following results on testing:—

1t mixed up with 32 per cent of water to a very plastic,
sticky mass, that was hard to work, whose average air shrinkage
was 9'2 per cen$, and average tensile gtrength 349 pounds per
square inch. Both these figures are high. It is doubtful
whether this would stand rapid drying.

Wet-moulded bricklets gave the following results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 0°65 15°21 Light red
03 9°6 0-21 Reddish brown
1 Beyond vitrification.

The clay was almost steel hard at 010, but cracked slightly
at cone 03. Its high shrinkage would, however, prevent its
being moulded either soft-mud or stiff-mud.

The shale can be ground and dry-pressed with good results,
and yields a very fair brick even at cone 05. It should be
burned to cone 03, if only to get a stronger red.

In burning the large dry-pressed brick, the firing was
carried on slowly to prevent cracking and black coring.

The clay contains both gypsum and pebbles, and the latter
if not ground fine enough cause trouble.

The following chemical analysis of a sample of shale from
the Leary pit, collected in 1904, by J. Walter Wells, was made
by Mr. M. F. Connor, of the Mines Branch, Department of
Mines:— ¢

Silica (S102) e . oottt e e s
Alumina (A1508). .........

Ferric oxide (Fe:03)
Lime (Ca0) . ... ot iiie e ieiaaaanennaas
Magnesia (MgO) ... ..vvereir it inerenninennanenas
Alkalies (Na2O, KoO) .ot et it i ieenieienenns
Sulphur trioxide (SOs) ..o oo e e iie e ereeeneeneenns
Organiematter... ... ...coouiiennnrinennnneneennnns
Carbon dioxide (CO3)
Combined water (H20)
MOISEUTE . o ot ittt et e e e ee et ae e tnaeanens
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This analysis can hardly represent the composition of
the clay now being worked, unless the lime indicated was present
in a coneretion, for any clay containing so much lime could not,
if the latter was evenly distributed, fail to burn buff.

Leary Brick Company.—The Nicbrara shale is here used for
the manufacture of dry-pressed brick (Plate XVII). The shale
is quarried from the bank, loaded on to a tram car and run into a
storage shed. When needed for use, it is put through a short
cylindrical dryer heated by wood, in order to dry out some of the
moisture, but the treatment here is overdone and so some water is
sprinkled on the shale before it is shovelled into the dry pan.
The clay, which is moulded in a dry-press, and burned in a down-
draft kiln, is quite carbonaceous and has to be water-smoked and
burned very slowly. Moreover, if the oxidation period is not
continued sufficiently long after the carbon is burned off, the
colour of the brick is not a good bright red. '

PIERRE SHALES.

The Pierre formation, which is composed almost wholly
of shales, occupies the summits of all the higher land in the
western portion of the Province of Manitoba. It has a total
thickness of about 800 feet.

The upper portion of the Pierre contains a considerable
thickness of hard, light grey, fine-grained shale, the lower portion
being made up of softer dark grey shale, which contains erystals
of selenite, or crystalline gypsum, and nodules of clay-ironstone.
These shales were originally sediments, fine-grained enough
to permit being carried by water, and deposited in marine basins,
and no doubt they were buried beneath still later sediments.
Subsequent uplift of the land has brought them to the surface and
overlying deposits have been removed by erosion. The original
soft sediments became transformed into hard shale, having a
slaty appearance, and have for the greater part lost their original
plasticity during the process of hardening, so that if they are
finely ground and mixed with water, they cannot be moulded into
shapes. All hard shales, however, do not behave so, for those
found in many localities become quite plastic when ground and
wetted.
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There are some instances, however, where considerable
portions of shale beds have become weathered into residual clay,
and these portions while preserving their originally shaly structure
are quite soft and plastie, so that they can be moulded into any
of the forms that structural clay wares generally take.

This weathering appears to go on if the shale bed becomes
permanently saturated with water. If the shales be overlain by a
porous mantle of soil, sand, and gravel, the surface water will
percolate through to the underlying shale. There it may
accumulate in the shale, and perhaps disintegrate it to a certain
depth. Wells which are sunk in lands of this character receive
no water supply until the shales are reached.

Where streams have cut through shales, the lower part
of the deposit, near the stream bed, is often found to be disin-
tegrated, due to the presence of permanent ground water, but the
soft shale regains a certain amount of hardness on drying.

The Pierre shales are found outeropping at numerous points
in the Province, and samples for testing were collected at a few
localities where they could be easily mined, and were con-
venient to transportation. The samples were taken sufficiently
far apart to give general information about the character of the
formation as a whole.

No chemical analyses were made for this report, but the
following from a published source ! may be given.

1Industrial value of the clays and shales of Manitoba. J. Walter Wells,
Ottawa, Canada, 1905.

CHEMICAL ANALYSES OF PIERRE SHALES FROM MANITOBA.

1 2 3

T wwatos jabOVE 100°C.. ... 606 678 825
Silica (8i02) . .o v vvevennneeneennns 79°556 81°94 78°32
Alumina (A1:08) . .. .oovvviveennnn 8°35 6°52 7°11
Eemc(oxxde (FeaOs)ooovvennnreannn 1-90 2°40 2°59

ime (Ca0).....ovvieiienennnes 1°50 0°80 091
Magnesia (MgO) . . ....cooevennnn. 1:02 0-93 1-28
Alkalies (Na:0, K:0)...........ue 1-17 1-30 1°11
Sulphur trioxide (8O3) ............. e 0°16 0°05
Carbon dioxide (CO2) e v vovvvenn... e Traces Traces
Organic matter,ete. . ............. Traces 0°29

(1) Compact, hght bluish-grey, tough, smooth shale from Souris river,
near Souris. Analyst, F. G. Wait, Department of Mines.

(2) Compact, light grey. ﬁssxle shale, from south bank of Big creek, north-
west corner of section 8, township 17, range 15, west. Analyst, M. F. Connor,
Department of Mines.

(3) From bank of Assginiboine river, four miles east of Virden. Similar to
No. 2. Analyst, M. F. Connor.

4
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Birnie, Man.—Streams issuing from the eastward facing
escarpment of Riding mountain have cut down through a
considerable thickness of Pierre shale. The Canadian Northern
railway between Neepawa and Dauphin is located on the terrace
bordering the escarpment and approaches it closely at Birnie
station. A sample was collected on the north bank of Big creek
at a point two miles west of Birnie station.

The shale here is exposed in banks over 100 feet in height.
It is generally uniform in character, light grey in colour, and
contains bands of ironstone. The beds are much fissured, the
fissures being coated with films of iron rust.

The upper 30 feet of the deposit was sampled, but none of
the ironstone nodules were included, as these could be thrown
aside in mining. The deposit is easily accessible for working and
there is no overburden. The shale could be broken down into
cars and run down grade on a tramway to the railway line. The
tests on this sample of unweathered shale (1623) are as follows:—

It worked up with 37 per cent of water to a feebly plastic
mass, whose average air shrinkage was 4’9 per cent. The
average tensile strength was 113 pounds per square inch. No
test was made to determine the rapid drying qualities.

Wet-moulded bricklets behaved as below in the kiln tests:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 28°73 Light red
03 4°00 2445 s
1 500 19°50 Red
3 6°40 16°00 Brown

The clay does not show excessive fire shrinkage, but burns
to a very porous body, and yet the bricklets have a good ring
even at cone 010. It is not steel hard at cone 1, and, judging
from tests made on a similar material from another locality,
it may stand cone 5. To yield the best results this shale should
be weathered before using, but this would be a rather long
operation, as the shale seems to slake down very slowly under
the weather.
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About two miles north of the last locality, on section 28,
township 17,range XV, on the property of Ernest Ames,the Pierre
shales are exposed along a small creek in banks about 40 feet high.
The lower portion of the shale here is quite decomposed and soft,
but the greater part of the bank above this is composed of hard
material. The sample was collected principally from the
decomposed portion of the deposit. There is a rather heavy
overburden of sand and gravel at this point.

The laboratory tests are as follows:—

The sample (1625) represents a mixture of fresh and partly
weathered shale. It worked up with 40 per cent of water to a
mass of good plasticity, but was rather stiff and hard to work.
Its average air shrinkage was 56 per cent.

In burning the wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
Yo %
010 165 23°16 Light red
03 370 1726 Dark red
1 57 10°40 “
5 10°4 4°42 Brown

The clay burned to a good body, of excellent colour, and was
nearly steel hard at cone 03. Its absorption at this cone is a
little high, but not excessive.

At cone 5 it has a vitreous, slightly rough surface, and
bluish sheen, which produces a rather artistic effect.

The fracture of the brick at this cone shows a number of
buff specks, which indicates that certain portions of the deposit
burn to a different colour, but whether these represent a separate
bed or not, is unknown. If they do, this portion of the deposit
might be worked separately if it is thick enough.

Comparison of this sample with the one from Big creek
shows that the latter, which is unweathered, has a lower fire
shrinkage and higher absorption.

Souris, Man.—There is an abundance of Pierre shales in the
neighbourhood of the town of Souris, and they are exposed in
great thickness on the banks of the Souris river. A sample



52 GEOLOGICAL SURVEY, CANADA

was obtained on the south bank of the river at a point about
one and a half miles southeast of the town. The shale is here
covered with about 4 feet of boulder clay and black soil,
and is decomposed and soft for a depth of about 10 feet below
the boulder clay, but the lower portion is hard, and the whole
mass is fairly free from ironstone nodules.

The banks on the opposite side of the river at this point are
much lower and formed of hard shales in which ironstone is
rather frequent.

The sample collected (1632) gave the following results,
the tests being made on a mixture of equal parts of fresh and
weathered shale, as the former is only feebly, the latter strongly
plastic. The mixture worked up with 42°2 per cent of water to
excellent plasticity, but was rather hard to work. The average
air shrinkage was 6 per cent, and the average tensile strength
120 pounds per square inch. This is not high, but entirely
sufficient.

Burning tests yielded the following results:—

Cone. Fire shrinkage, Absorption. Colour.
% %
010 0°85 32°81 Light red
03 30 27°45 Red
1 73 1532 Brown
5 77 12-30 ¢
9 Vitrified

This gave a very porous body up to cone 03, but above that
the absorption was not high. The bricklet, in spite of its high
absorption, has a good ring at cone 010, but did not become steel
hard until cone 1. It was vitrified at cone 9, and represents
one of the most refractory Pierre shales tested. The material
could be used for common brick, but the good plasticity and
porous character of the burned clay suggests the possibility of
using it for fireproofing.

The shale gave good results on dry pressing, burning to a
red and buff speckled product. The bricklet had a fair ring at
cone 03, but should be burned to cone 1. At the latter cone it was
not quite steel hard, and still had an absorption of 20 per cent.
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Virden, Man.—The escarpment along the north side of the
valley of the Assiniboine river between Virden and Oak Lake is
formed of Pierre shale. A section of over 100 feet is exposed in
places, showing a uniform light-grey hard shale, which breaks up
into slaty fragments, but there are a few thin seams of soft
decomposed shale.

A sample was collected on the roadside near the bridge,
about four miles east of Virden, which represents the upper 25
feet of the section. There is little or no overburden in the
vicinity. The lower slopes of the escarpments and the river
flats contain beds of plastic surface clay, much of which has been
derived from the weathering of the shales.

Continuous heavy deposits of drift occur between the
river and the Canadian Pacific railway at Virden, and no
shale exposures are found in that area.

The results of tests made on the Assiniboine shale (1634)
are as follows:—

Like the fresh Pierre shale from other localities, this is
only slightly plastic. It worked up with 37 per cent of water, but
its air shrinkage was only 2'8 per cent. It was not sufficiently
plastic to make good briquettes.

Burning tests yielded the following results:—

Cone. Fire shrinkage, Absorption. Colour.
% %
010 1'5 35°59 Light red
03 13 33°33 o
1 34 29°61 Red
5 57 23°37 Red brown

Although this clay burned to a good colour, it is not very
promising material, on account of its low plasticity and high
absorption after burning. If some plastic clay could be found
near at hand to mix with it, better results might be obtained. It
gives a nice coloured dry-press brick, but for this purpose should
be burned to cone 1.

Acting on the above idea, a mixture (1633 A) was made of
50 per cent of 1634 and 50 per cent Virden surface clay.
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This mixture worked up with 36 per cent water to a mass of
medium plasticity, with 4'2 per cent air shrinkage, but a full
sized brick would not stand rapid drying.

The burning tests show the effect of the surface clay in a
reducing of the absorption.

Cone. Fire shrinkage. Absorption. Colour.
%
010 07 27°45 Light red
03 07 2745 Red
1 70 717 Dark red
3 86 4-82 o

The bricklets at cone 03 had a good ring, and were very
hard at cone 1. The mixture at cone 1 had a lower fire shrinkage
than 1633, and a higher one than 1644. The other properties
were intermediate between 1633 and 1634. It makes a good
dry-press bricklet at cone 03. It might also do for partition tile.

A mixture of three parts surface clay to one part shale
(1633B) was also prepared. This mixture worked well when wet,
and had an air shrinkage of 4’3 per cent when dried.

In burning it behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 07 2600 Light red
03 07 25°00 R
1 10°3 032 Light brown

In general the addition of Pierre shale to surface clay
causes it to dry quicker and overcomes the tendency towards
checking in drying and reduces the air shrinkage. When clay is
used alone the bricks soften and become deformed at a tempera-
ture slightly above that of cone 1, but the addition of shale helps
to prolong the vitrification stage and prevent the sudden melting
peculiar to calcareous clays, making it possible to produce a ware
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having a dense body, which is difficult to obtain if clay alone is
used. In other words, the shale acts as a “stiffener” to the clay.

The effect of heat on the surface clay (1633) is shown
graphically in Fig. 9. The sudden drop in the absorption curve
beyond cone 03 and a corresponding increase in fire shrinkage
indicates that vitrification proceeds very fast, and is completed
at cone 1. It is generally unsafe to heat such a clay to a point
of vitrification, as rapid softening is liable to occur also.

In Fig. 10, the curves for Pierre shale (1632) from Souris-
show a high fire shrinkage at cone 1, but the value for absorption
is still great at that cone, showing that vitrification has not been
reached.

Pembina Mountains, Man.—There are many artificial and
natural sections of the Pierre shales along the line of the Canadian
Northern railway as it crosses the Pembina mountains, between
Leary Siding and Greenway, but a portion of the shales on the
eastern escarpment may belong to the underlying Niobrara
member.

Somerset, Man.—In the vicinity of the village of Somerset,
the shales occur at varying depths below the surface, and are
generally reached when sinking wells. A small sample of
shale collected at this point had a total shrinkage of 10°0 per
cent at cone 1, and absorption of 19 per cent. It burned to a
light-red colour and was steel hard. It was the characteristic
light weight, porous brick usually produced from these shales.
A mixture of equal parts of shale and local surface clay was tried,
but as the latter contained too great a proportion of lime pebbles,
the test was discarded.

Ninette, Man.—In the valley of Pelican lake, near Ninette,
twenty-eight miles west of Greenway, the escarpments on each
side of the valley are formed of typical Pierre shales. No
weathered shale was found at this point, the beds being of the
usual hard variety, and traversed by many iron-stained fissures.
When finely ground and mixed with water, these shales had no
plasticity whatever and could not be moulded into shapes for
testing. A mixture (1635) of Pierre shale with a very plastic,
easily fusible clay, from the Red River valley, was tried with the
following results.
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This mixture consisted of 75 pér cent Winnipeg underclay
and 25 per cent Pierre shale from the escarpment east of Ninette,

Man.

It worked up with 37 per cent water to a plastic, though
sticky mass, whose average air shrinkage was 5'8 per cent.

Burning tests gave the following results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 2 23°18 Light red
03 3 16°73 Red
1 54 1375 Brown

The addition of even so much surface clay, did not
materially increase the fire shrinkage, or decrease the absorp-
tion. At cone 010 the brick was hard with a good ring,
and steel hard at cone 03. The colour at the latter cone was
deeper, but not too dark for marketable purposes. At cone 1
the clay bond had fused, but the shale still held up the absorption.
This mixture is good for brick and might do for fireproofing.

Irvine, Alia.—In the hills (Plate XVIII) forming the south
side of the valley at Irvine, a number of natural cuts and gullies
expose a series of beds of clays, sands, and shales of Cretaceous
(probably Pierre) age. They consist of alternating beds of
gypsiferous clays, sands, and thinly laminated paper shales, the
gypsiferous shales predominating in the upper half of the section
and the sands in the lower, the whole series dipping southeast at a
low angle.

Red gypsiferous shales form one bed at least 50 feet thick at
the top of the section, and could be worked if necessary, and
these are underlain by a bed of grey clay not less than 20 feet
thick.

The grey clay (1697) is a very smooth, plastic, sticky clay,
which cracked badly during air drying. It also cracks badly in
burning, and although tending to burn to a red colour, is some-
what stained by soluble salts. The clay worked up with 36 per
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cent of water, and gave an air shrinkage of 9'4 per cent. At cone
010 the fire shrinkage was 0°2 per cent and absorption 16°40 per
cent; and at cone 03, fire shrinkage 2'3 per cent and absorption
6'85 per cent. This clay is hardly to be recommended for use
by itself.

The red shale (1698) overlying the preceding is some-
what better, in that it did not crack as badly in drying and
burning. It is very plastic and smooth; worked up with 36°6 per
cent of water, and had an air shrinkage of 9°7 per cent, which
is high.

In burning at cone 010, the fire shrinkage was 1'9 per cent,
and absorption 18'30 per cent; at cone 03 it showed 6 per cent,
fire shrinkage and 10°26 per cent absorption. The high shrink-
age renders the clay undesirable.

* If it became necessary to work these shales, the best results
would be obtained by mixing in some of the sandy beds outerop-
ping at the base of the hill. These, however, contain scattered
thin layers or lenses of sandstone or cemented sand, which would
have to be thrown out in the mining.

The basal beds of the section exposed at Irvine consist of a
hard grey shale (1699), which outcrops on the flat between the
base of the hill and the wagon road leading into town. It is
also gypsiferous. This worked up with 33 per cent of water to a
very plastic, sticky mass which checked badly in air drying, but
one per cent of salt reduced this. The air shrinkage was very
high, viz., 116 per cent. At cone 010 the fire shrinkage was 0°35
per cent and absorption 15°57 per cent; at cone 03, fire shrinkage
2 per cent, and absorption 10°48 per cent. A mixture of the
three shales was tried for dry-press bricks, but owing to the poor
results obtained these shales are not recommended for that
purpose.

BELLY RIVER FORMATION.

Distribution.—The general distribution of the rocks of this
formation is shown on the geological map, and while it will be seen
to underlie a very large area, there is usually such a heavy
mantle of Pleistocene material that outerops are scarce. They
are consequently to be sought for only in the deeper valleys
although even there they may be discontinuous, partly because
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the surface of the bed-rock is very uneven (Plate XX), and the
covering of later silts and clays may extend below the river
level in places.

Where outcrops are lacking the character of the shales can,
in some instances, be ascertained from coal mine workings or
deep wells. Dowling,’ in his report on the coal-fields of
Manitoba, ete., refers, of course, only to exposures of coal, but
since these have shales associated with them, it may be well to
refer to the areas of outcrop noted by him. These coal beds
are best exposed along the Belly river near Lethbridge. South
of Lethbridge there are a few on the Milk Creek ridge, and on
St. Mary river, about six miles above its mouth; and again along
the Bow river, below the mouth of the Little Bow river.

At Stair, and for twenty-four miles below Medicine Hat,
outerops permit the tracing of a coal seam. He further mentions
outcrops at the mouth of the Red Deer river.

The formation is also found on the north side of the valley
near Irvine station, but to the eastward it either dips under the
rocks of the plains or thins out.

To the westward of the area outlined on the map, the
formation disappears beneath the trough which runs through
McLeod northward past Calgary, but is said to reappear in
several narrow bands in the foothills to the west of Calgary and
in the Peace River country.

Dowling says, “In the strip which runs through the foot-
hills large portions are not prospected, but for one area at least
we have more details”.

“This comprises the foothills south of the main line of the
Canadian Pacific railway, as far as Highwood river. On the
Stoney reserve, south of Morley station, there is a 6 foot
seam in this formation.”

Exposures of the formation are also referred to on Jumping-
pound and Elbow rivers, and on the south branch of Sheep creek.
Near Kananaskis station the Rocky Mountain outer range over-
rides these beds.

In the Peace River country® two areas of the Belly

1Geol. Surv., Can., Paper No. 1035.

tDowling, loc. cit. quotes from Report of Progress 1875-6, pp. 6, 53 Ibid,
1879-80,pp. 117 119, 134-136 B; Report of Progress, 1882, 1884, pp. 25— M.
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The Lethbridge Coal Co., No. 6, Lethbridge, Alta.
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Bed of dark grey shale, overlain by drift, on roadside near highway bridge,
Lethbridge, Alta.
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River formation are known. One of these is in Alberta reaching
up the Smoky river to the valley of Peace river, and one in
British Columbia, near the Peace River cafion. The area over
which the Belly River formation occurs is about 25,000 square
miles.

In describing the different localities visited, we proceed
from south to north.

Lethbridge, Alta.—A number of shale beds were penetrated in
sinking the shafts of the Lethbridge Coal Company (Plate XIX)
north of the town, but the materials passed through were all
either very carbonaceous or gritty, and no samples were tested.

Along the Belly river at Lethbridge there are some out-
crops of shale, but they are near the river level, and lie under a
heavy overburden of Pleistocene silts and gravelly sands or till.
One of these is a few feet south of the eastern end of the wagon
bridge across the Belly river, and shows a shale (Plate XX’
of most deceptive character. This material (1666), in its raw
condition, appears to be carbonaceous and gritty, but mixes up to
a very plastic mass with 25 per cent of water. The air shrinkage
was 6'3 per cent.

Wet-moulded bricklets behaved as follows in burning:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 07 1542 Light red
03 80 322 Dark red
1 Notvitriied | ..... Deep red
3 6°3 190
5 Beyond vitrification|

These tests show low fire shrinkage to cone 05, but a notice-
able increase at cone 03, at which point the absorption is quite
low. It makes a good, nearly steel hard body at cone 010,
and is not vitrified at cone 1.

A dry-press bricklet at cone 05 showed a good red colour,
and was steel hard, with a very few surface cracks. At cone 03,
it had 51 per cent absorption. This shale is well worth using,
is easily accessible, and far superior to the surface clay used for
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making common brick at Lethbridge. - The only objection to
its use is a somewhat heavy overburden, but this could be
easily removed.

Milk Creek.—Milk creek, a tributary of the Oldman river,
lies southwest of Pincher. The road to the Beaver Creek valley
crosses it about ten miles from Pincher, and at this point there
are a number of exposures of shales and sandstones, some of the
beds indicating very strong folding, and many showing a nearly
vertical dip (Plates XXII and XXIII).

Just before reaching the bridge across Milk creek the thinly
laminated shales outcropping on both sides of the stream
contain considerable carbonaceous matter and sandstone layers.
A somewhat plastic shale, however, outcrops under or close to the
bridge over Milk creek, and is typical of several shale outcrops
near there (Plate XXI).

It (1668) worked up to a plastic but somewhat gritty mass,
whose air shrinkage was 6°4 per cent.

The wet-moulded bricklets gave rather good results as
follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 07 11°47 Lightred
03 6'6 09 Deep red
1 5 . 7 0 . 4 " "

This is a good shale. It burns to a good and steel hard
body at cone 010, and a vitrified body at cone 03. There is
not a very large deposit of this particular type, but similar shales
occur in the immediate vicinity.

About 500 feet up stream from the bridge, there is a long
steep bank (Plates XXII and XXIII), exposing shales and
sandstones of vertical dip and striking across the stream. The
shales are decomposed to a depth of a few feet from the surface.
One bed of shale (1669) is about 100 feet thick: It is slightly
calcareous, very plastic and gritty. Even the small bricklets
checked in air drying, but the addition of 1 per cent of salt
gtopped this.
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Shale exposures near bridge, on bank of Milk creek, Alta.
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Prate XXII.

Vertical beds of partly decomposed shale, near bridge, on eastern bank of
Milk creek, Alta.
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Vertical beds of shale and sandstone, near bridge, on east bank of Milk creek, Alta.
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When mixed up with 24 per cent of water, the mass had an
average air shrinkage of 6'5 per cent. The average tensile
strength was about 150 pounds per square inch.

Wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
%o %
010 Slightly swelled 14-14 Red
03 1'6 7°64 Dark red
1 2°0 6°11 o
5 Fusing. |  ..... oo

The clay was nearly steel hard and burned to a good red
at cone 010, but above this cone the colour is undesirable for
building brick. The shale, however, shows a low fire shrinkage
and fairly low absorption, and does not begin to fuse until cone 5.

The possible use which suggests itself is for hollow blocks,
fireproofing, or perhaps even sewer-pipe, although there is
some doubt whether it is sufficiently plastic for this purpose.
It makes a good dry-press, nearly steel hard at cone 05. The
surface showed small cracks, and if used for this purpose the
clay might require preheating.

Another bed, of decomposed clay shale (1670), is seen at
the southwestern end of the exposed cliffs along Milk creek,
and next to 1669. This is also a moderately plastic, gritty shale,
of non-caleareous character. It worked up with 21 per cent
of water, and had an average air shrinkage of 6'3 per cent.

In burning the wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 12°17 Light red
03 20 764 Red
1 2°7 3:30 Brown

The small brickleté dried without cracking, and while the
body was good and hard at cone 010, it was not steel hard until
cone 03, at which point the colour was excellent.
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This clay could be mixed with 1669.

Lying between 1669 and 1670 is a greenish-grey shale (1671).
It is of good plasticity, somewhat gritty, and cracks in air drying
unless 1 per cent of salt is added. It worked up with 21 per cent
of water and had an average air shrinkage of 4'5 per cent.

The following burning tests of the wet-moulded bricklets
gave good results:—

Cone Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 12°38 Light red
03 2°0 541 Red
1 3'0 258 Brown

This shows a good red steel-hard body at cone 010, but a
brighter red was obtained by burning to cone 03. Even at
cone 1 it is barely vitrified. In many respects it resembles
the preceding. There seemed no reason why a mixture of the
last three should not be used, and with this in view one
was made up consisting of 50 per cent 1669, 25 per cent 1670, and
25 per cent 1671. ’

The air shrinkage of this mixture was 5 per cent, and the
fire shrinkage at cone 1 was 2 per cent, with an absorption of
4'2 per cent.

It will not air dry without cracking unless preheated or
salt treated. The main advantage of making such a mixture is
that it permits the run of the bank being used.

There are also some gritty shales in the neighbourhood which
are not plastic. These, if worked in with the plastic shales,
would help to overcome the trouble in air drying, and probably
yield as good a body in burning.

Medicine Hat District.— Some of the best exposures of the
Belly River formation are found along the Saskatchewan and
tributary valleys in the vicinity of Medicine Hat.

MecConnell! in speaking of the district says:—

“The Saskatchewan at Medicine Hat enters and traverses

1Geol. Surv., Can., Rept. 1885, p. 57 C.
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for some distance one of those drift filled depressions which
so constantly interrupt the sections on all the principal streams.”

“West of Medicine Hat the Saskatchewan is somewhat
closely confined to a narrow valley by rocky banks, but east
of that point it becomes much more tortuous and continues so
until it crosses the pre-glacial hollow.”

“The deposits in this basin are partly glacial and partly
pre-glacial. The latter are pebble conglomerates, coarse
ferruginous sands with small pebbles, silts, and sands. They are
probably of Pliocene (Tertiary) age.”

“The glacial deposits consist of light-yellowish boulder-
clay overlaid in some places by thick sandy beds.”

“The rocks of the Belly River series disappear below the
Pliocene at Medicine Hat, and reappear about seven miles farther
down. The exposure consists of dark arenaceous shales overlying
greyish sands and sandstones, and underlying unconformably the
sands and gravels of the Pliocene. A few miles farther down,
the same beds enclose a small coal seam, which occurs at the
same horizon and is probably a continuation of the seam mined
above Medicine Hat. It is seen at several places between
Medicine Hat and Drowning Man ford.”

“A promising exposure occurs about one mile north of the
southern boundary of township 16, range 5, W. of 3rd Principal
Meridan. Between here and Drowning Man ford the Belly
River rocks are often well exposed along the river.”

“The river bends east from Drowning Man ford, and
passes through a deep cafion, containing fine exposures of the
upper part of the Belly River series, and exhibiting pure clays
and sands with all gradations between the two.”

“They are extremely irregular and no section measured
at one place would be applicable anywhere else.”’

“The Belly River series!, which underlies the Pierre,
is represented by its light coloured upper division which is
distributed over a large area in the northwestern and south-
western part of the district. It is well shown in the cafion-like
part of the Saskatchewan between Medicine Hat and the mouth of
the Red Deer, where almost complete sections can be obtained,
and also in the valleys of Milk river and Many Berries creek, at

1. e. p. 63 C.
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Bull Head plateau, Ross creek, and numerous other places
along its eastern boundary.” '

McConnell quotes the following from G. M. Dawson®
which refers to Bow and Belly Rivers dJstrlct but says it is
equally applicable there:— ’

“It is composed for the most part of sandy clays, with
shales and sandstone, the latter often of considerable thickness
and usually rather soft or irregularly hardened. Layers of
ironstone nodules, which are at times very large, are of frequent
occurrence and the beds generally have a characteristic bluish or
greenish-grey tint, and are, on the whole, rather massive and
weather easily into “bad lands”. In these features with the
occurrence of rolled clay pellets, and the rounded character of
many of the included bones, there is evidence of a considerable
amount of current or wave action.”

“In addition to the varieties mentioned above, beds of
vellowish nodular sandstone attain considerable importance in
some of the sections, and are frequently found capping the
formation. The distinctive pale colour which is so characteristic
of the series as a whole from Medicine Hat west, is replaced
towards the northeast to some extent at least by more yellowish
tints.”

In the time at our disposal it was possible to examine only
some of the sections in the vicinity of Medicine Hat.

Redecliff. —About six miles up the Saskatchewan river from
Medicine Hat, a fine section is obtained in a narrow coulee
(Plate XXIV) leading from the top of the escarpment at the
works of the Red Cliff Brick Company down to the river.

The Company has opened up a large pit about 100 feet
below the top, and the general section from the top of this
excavation (Plate XXVI) down to the river level is as follows:—

Shales with some sandstones...........coveienennn.
Dark chocolate clay, cracksindrying. ...............
Alternating shales, silts, and some lignite seams
Lignite. .. .ottt e e it e
Sandy shales.......
Lignite......covvveeennnenanens
Carbonaceous shale ..
Toriverlevel (concealed) . ...........oovvvviinnenes

1Rept. Prog. 1882-84, p. 116 C.



Prate XXIV.

Shale and clay deposits on the banks of Saskatchewan river, Alta.
Brick Co. in foreground.

: clay pit of the Red CIliff






Prate XXV,

Stratified clay and shale deposits of the Belly River series, on Saskatchewan river, west of
Medicine Hat; looking from Anslee’s coal mine towards Redcliff.

D. 64
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It is not known how far each of the shale and sandstone
beds mentioned in this section extends horizontally, but they are
all of undoubted lens-like character, and on the opposite side of
the river at Anslee’s mine the section is distinctly different, but
this will be referred to later.

Returning to the clay pit of the Red Cliff Brick Company,
the section there is made up of grey, green, brown, and blackish
shales of varying texture, interbedded with sandy streaks or
sandstone layers of varying thickness (Plate XXVI B). Some of
the shales are very smooth, others contain sandy streaks and
even thin lamine of coal.

The run of the bank, excluding the sandstone beds, is used
for making common wire-cut brick, and a layer about two-thirds
up the face is used for dry-press.

At the bottom of the bank is a dark-coloured clay shale,
which checks in drying if used alone.

In order to determine the qualities of these, three samples
were tested, as described below:—

Tests of Redcliff Shales.—Run of bank used for wire-cut
brick (1688). This shale shows good plasticity, but a full sized
brick would not stand rapid drying, and considerable trouble
has been experienced at the works on this account. It would,
therefore, be well to try adding 1 per cent of salt to the shale.
It worked up with 19 per cent of water to a mass whose air
shrinkage was 72 per cent and average tensile strength 378
pounds per square inch.

The wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 0 11'59 Red
03 0°4 887 “
1 30 3'44 o
3 Vitrified
5 Fused

The shale burned to a good red colour, and became steel
hard at cone 010. It is not adapted to paving brick or sewer-pipe
because of the tendency to crack, and also because it does not

5
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make a good vitrified body. We were shown some samples of
drain tile and fireproofing said to have been made from this
shale, but the Company at Redcliff has not yet attempted the
production of this.

A test was also run of the shale bed (1686) occurring near top
of bank, and used alone for making dry-press brick. In the
laboratory both wet-moulded and dry-press tests were made.
It was found to be a very plastic sticky material, which worked
up with 30 per cent of water. Its average air shrinkage was 11
per cent, and the average tensile strength 305 pounds per square
inch.

The shale alone cracked badly in air drying, but the addition
of salt prevented this. The use of the latter also reduced the
air shrinkage to 7°3 per cent.

The following tests represent the results obtained with wet-

moulded bricklets made of the shale without salt, and dried very
slowly :—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly. swelled 1077 Lightred
03 23 4-18 Dark red
1 50 1'34 o
3 46 0 o
5 Neatly fused

The shale burned to a good red colour, and hard body at
cone 010, but was not steel hard until cone 03. Its colour
deepened very considerably at this cone. Were it not for the
trouble caused in drying, it might be useful for sewer-pipe.

A dry press bricklet at cone 05 had a good body, was steel
hard, of dark red colour, and had an absorption of only 6'2 per
cent.

The best results obtained in the laboratory in treating this
clay were obtained by calcining a portion of it, and using the
calcined part as ‘“‘grog’”’ in the raw clay, taking equal parts of
éach. This mixture worked well when wet. It could be dried
moderately fast with safety and when burned to cone appeared
to give a good sewer-pipe body.



Prate XXVI.

A. Clay and shale beds in deposit worked by the Red CIliff Brick Company, Alta.

Prate XXVI B.
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This clay could probably be calcined at the works by the
method in use now for burning lime. This is done by building
up limestone blocks in hollow, beehive shaped heaps, and burn-
ing with natural gas. The calcined clay “grog” would have to be
charged in a dry pan with the raw clay.

The dark shale (1687) from the base of pit is exceedingly
sticky and plastic, and worked up with difficulty. It took 43
per cent of water for mixing, and the shale also checked badly in
air drying.

This mass was thoroughly dried, re-ground, and mixed with
water, and 2 per cent its weight of hydrochloric acid added. It
then took only 33 per cent of water. This acidified clay had a
high air shrinkage of 11'6 per cent, and dried in the warm room
without cracking. Salt could be used instead of the acid.

The tensile strength is probably high, but the briquettes
shrunk so much that they would not hold in the clips of the
testing machine.

Wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 0°65 10°82 Light red
03 2°00 6°07 Red
1 0 341 Brown
5 Fused {Cracked)

The clay burned steel hard at cone 010. The most serious
objections to this clay are its high air shrinkage, and cracking in
drying. On account of the latter, it is not mixed in with the
other layers of the bank.

Underlying the upper 5 foot lignite seam in the coulee
below shale bank, is a 4 foot bed of light-buff sandy shale
(1685), which was tested because it was claimed to be of bufi-
burning character.

When mixed with 28 per cent of water this formed a plastic
springy mass, which seemed rather short in the working. The
average air shrinkage was 4’4 per cent, and the average tensile
strength 297 pounds per square inch. The clay did not stand
fast drying. :
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In burning the wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010, Blightly swelled 22°36 Salmon
03 0 22°27 Pale red
1 1°3 14°00
2 Vitrified
3 ‘Well fused

This elay behaved similar to a silty surface clay. Its high
porosity up to cone 03, and sudden softening below cone 1, would
lead one to believe that it is caleareous, but this is not the case.
It is called a buff-burning clay, but the fire tests show that it is
not. The clay did not make a good dry-press.

The material can hardly be used for anything but common
brick, and is not sufficiently plastic for fireproofing. Moreover,
it would have to be worked by underground methods and in con-
nexion with the overlying lignite.

Red CUff Brick Company.—This Company has erected a
somewhat. extensive plant, which is located about one-half mile
southwest of the main line of the Canadian Pacific railway.
The equipment consists of a dry-press, an auger machine, two
dry-pans, drying tunnels, down-draft and scove kilns. A con-
tinuous kiln was also under construction.

The common wire-cut brick are made from the run of the
bank, and it is found best to include some of the sandy layers
to reduce cracking.

The dry-pressed brick are made from an 8 foot layer in
the upper part of the bank (Plate XXVI), tests of which are
given above. This shale is sufficiently moist as it comes from
the bank to be fed into the machines.

An inclined hoisting plane has been built in the coulee and
is used to hoist the clay and also lignite to the top.

Natural gas obtained from a nearby well is used for fuel.

The Company was also attempting the manufacture of
simple forms of red architectural terra-cotta.



CLAY AND SHALE DEPOSITS 69

Coleridge, Alta.—This station, formerly called Dunmore, is
located on the main line of the Canadian Pacific railway about
six miles northeast of Medicine Hat.

The clay pits of the Alberta Clay Products Company are
located on the west side of a ridge (PlateXXVII), overlooking the
valley of Bullshead creek, and about one and a half miles
southwest of Coleridge.

This ridge rises rather steeply from the bottom land, and
shows few natural outcrops until near the top, where sandstone
ledges appear. The shales are more or less covered by wash, and
latter silts and gravels.

A bank was being opened on a spur of the ridge (Plate
XXVIII) in the summer of 1910. At this point there was in
places not less than 15 feet of stripping. The bank had not
been opened very much, but from what excavation had been
done, together with limited exposures in a shallow coulee cutting
through the deposit, we were able to form some idea of the mode
of occurrence.

From the data thus obtained one finds that the general
arrangement of the beds is lenticular and consists of clay shales
of varying degrees of siliceousness, smoothness, and colour, inter-
bedded with some soft sandstones.

This means then, that care must be exercised in working the
deposits, to prevent the mixing of shales of widely different
character.

It is somewhat difficult to describe the arrangement of the
clays in the bank, but the following may serve:—

On the south side of the coulee, near the base of the bank
(Plate XXVIII) is a tough, brownish eclay, known as sewer-
pipe clay. The greatest thickness of this is about 10 feet, and it
can be traced for about 30 feet to the left side of the entrance
to a short drift (Plate XXVIII). Overlying the sewer-pipe clay
is a stiff blue clay, and on top of thisissand. The higher portion
of the section was not uncovered. The blue clay is said to crack
in air drying. Both the blue clay and the sand appear at a
somewhat lower level in a trench on the north side of the coulee.

Another lens of clay, called pressed-brick clay, outcrops on
the south side of the coulee, between the loading platform and
the railway track, and it is possible that the sewer-pipe clay
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grades into it, since they adjoin each other at the same level,
but a short drift had been dug out on the line of contact.

At the east end of the bank, by the powder house, a buff
clay (1693) outerops, but its horizontal extent is not known,
although it may pass under the fireclay outcropping nearer
the coulee. The latter (1692) is a black, coarse~textured clay
with numerous fragments of plant remains, and having a thick-
ness of about 6 feet. It extends across the face of the hill from
near the powder house to the coulee, and there seem to be traces
of it on the other side, above where the pipeclay is being dug.

Overlying the fireclay is a lighter coloured sandy clay which
in turn is capped by a thin bed of soft sandstones. It is said
that borings which have been made on the property have dis-
closed the presence of much clay, and this is no doubt true, but
the lenticular character of the beds, and consequent necessary
sorting will preclude the possibility of mining by any such cheap
method as steam shovelling.

The overburden will also increase as the workings extend
into the hill. Several samples were collected at the bank and
their properties are shown by the following laboratory tests.

So-called Sewer-pipe Clay (1694)—This is a very plastic,
sticky clay, of highly gritty character. It worked up with 21
per cent of water, to a mass whose air shrinkage was 52 per cent.
Even the small bricklets cracked in air drying, and a full-sized
brick with 1 per cent salt cracked in fast drying. A full sized
brick with salt can be dried in three days without cracking, at a
temperature of 73° F. to 90° F. The average tensile strength
was 270 pounds per square inch.

Wet-moulded bricklets gave the following results in burn-

ing:—
Cone. Fire shrinkage. Absorption. Colour.
% %
010 0 12°00 Palered

03 34 4°76 Red
1 4 3°97 Brown
11 3 326 ‘
3 3 4°00

1With salt.



Prate XXVII

Escarpment of clays and shales on property of Alberta Clay Products Co., Coleridge, Alta.
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Prate XXVIII.

Clay and shale deposit of the Alberta Clay Products Co., Coleridge, Alta.
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The clay burned steel hard at cone 010, and formed a good
hard dense body at a low cone, vig., 1. Its fusion point lies
above cone 3. The fire shrinkage is somewhat diminished by
the addition of salt, but the latter at cone 1 or higher gives a
slight glaze on the surface. For sewer-pipe this will make no
difference, as they would be salt glazed anyhow. If the drying
trouble can be prevented, this clay will probably work for sewer-
pipe.

The clay gave a nice looking dry-press at 05, but should be
burned to 03. The absorption at 05 was 10°71 per cent.’

Grey sandy clay, near the top of section, and overlying
“fireclay’” (1691). Although this is very gritty, and on the
dry outerop appears quite sandy, still it worked up with 24 per
cent of water to a highly plastic, sticky mass, whose air shrinkage
was 8 per cent, and average tensile strength 387 pounds per
square inch. A full-sized brick cracked in fast drying.

The following show the fire tests on wet-moulded bricklets:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled. 10°67 Light red
03 06 727 o
1 43 378 Darkred
3 46 2-00 i
5 Beyond vitrification
nearly fused.

The clay burned nearly steel hard at cone 010, and had a
good colour. It is a good brick clay, but is probably too gritty
to make a dry-press brick.

So-called Fireclay (1692).—This clay, which underlies 1691,
is also very plastic and sticky, but it can be moulded with
slightly less water, viz., 21 per cent. The air shrinkage was 85

per cent, and the average tensile strength 334 pounds per square
inch.

. In a communication since received from the superintendent of the Company,
it is said that this clay is no longer used for sewer-pipe, but that they are using a
mixture of clays occurring higher up in the section and experience no trouble.
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Wet-moulded bricklets behaved as follows on firing:—

Cone. Fire shrinkage. Absorption. Colour.
% - %
010 Slightly swelled 10-50 Pale red
03 fh 6'56 e
1 2°4 3'89 Umber
5 . 2-34 Grey
9 Beyond vitrification
13 Fused

It is quite evident that this is not a fireclay, but it is
sufficiently refractory to be used for boiler-setting brick. It
burned to a very dense body at cone 5, somewhat denser in fact
than is desirable. At cone 9 the clay had begun to swell and
even developed a black core, which was not the case with the
others. It is somewhat carbonaceous and should not be fired
too rapidly.

Buff Shale from Near Powder House (1693).—This is a very
plastic, smooth, non-calcareous clay shale, the small bricklets
of which dried rapidly without cracking. This is more than some
of the other clays from this bank would do. When worked up
with 22 per cent of water, the bricklets had an air shrinkage of
7 per cent. The tensile strength was not tested.

Wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 02 12°94 Light red
03 4'6 260 Red
1 Fused

The clay burned steel hard, and of good red colour at cone
010. The colour was also good at cone 03. It is of low refract-
oriness. .

As trouble was experienced in using the sewer-pipe clay
alone, a mixture (1694A) consisting of equal parts of 1691, 1693,
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and 1694, was made up. This mixture had an air shrinkage of
7'0 per cent and the test pieces showed no sign of checking in
drying, which 1694 when used alone did. The fire shrinkage
at cone 1 was 2'3 per cent, and the absorption 1'9 per cent.

It will be seen from these tests that the fire shrinkage and
absorption are lower than those of 1694, better vitrification being
secured by the use of 1693 in the mixture. Furthermore, the .
drying qualities are much improved by the incorporation of
1691 in the body. ‘

Alberta Clay Products Company.—The works of this Com-
pany are located at Medicine Hat. The clay is loaded on to
cars at the bank and these are run down a spur to the main line
and then hauled to the factory where the shales and clays are
dumped into separate bins.

The factory, which is one of the largest in the western
provinces, has been equipped with dry-press brick and sewer-
pipe machinery. Natural gas is used for fuel.

At the time of our visit, the factory was turning out dry-
press bricks for constructional work at the plant. These were
being burned in scove kilns, and were used for the entire con-
struction of circular down-draft kilns, with the exception of the
flues and bag walls.

The sample dry-press bricks that were shown us were hard,
of good red colour, but somewhat coarse grained. Finer grind-
ing of the shale would improve the appearance of the produect.

South Bank of Saskatchewan, West of Medicine Hat.—An
examination was made of the shale deposits outcropping between
Medicine Hat and Anslee’s mine opposite Redcliff. About one
and a half miles west of town, a deep coulee shows an outcrop
of lignite, a few feet above the river level.

Shales occur above and below the coal, but they are mostly
sandy and it is doubtful if they extend very far above the lignite,
as the float on the sides of the coulee indicates an abundance of
sandstone.

Immediately above the lignites is a 2 foot layer of clay
shale, which could be easily mined with the coal. Although it
had a greasy look, so frequently seen in many clays running
high in colloidal matter, still a small sample (1695) was taken for
testing. Its properties are as follows:—
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This is a plastic shale with 6°7 per cent air shrinkage. The
bricklets did not crack in the warm temperature of the laboratory.
The shale burned to a good red colour, but had a rather high

fire shrinkage.

At the same time it burned to a fairly dense

body at cone 03, and a very dense one at cone 1, as shown by

the tests below:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 0-35 20°62 Light red
03 7°3 6°92 Red
1 74 073 Deéep red

The clay was vitrified at cone 1.

Its fusion point was not

determined, but it probably does not exceed cone 3.

This is a good brick shale, if the large bricks will dry with-
out cracking, but it is of no value unless mined in connexion
with the lignite.

Anslee’s Mine.—At William Anslee’s mine (Plate XXYV)
there is an incline running from the top of the cliff down to the
river level, a difference in elevation of about 250 feet. A fine
section is exposed along this, and although it is directly opposite
the Redcliff one, already referred to, differs from it to a marked
degree.

Indeed careful search failed to reveal any series of beds like
those at Redecliff, the only similar deposit being one about
20 feet below the top of incline. This is a yellow and grey
mottled clay similar to the deposit used for dry-press brick at
Redecliff. The lens is of limited size and grades into a brownish
shale clay resembling the “sewer-pipe” clay mined near Coleridge.

The remainder of the section down the incline to the first
lignite seam consists chiefly of sandy shales and sands, but just
above the lignite is a 2 foot layer of light clay, and under this
same (upper) lignite seam is a reddish clay shale. The latter could
only be worked by underground methods, and is probably not of
sufficiently high quality to warrant the expense.

The only sample tested from the entire section was the
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mottled clay from near the top of the incline. This material
(1696) was found to be a very plastic, smooth, non-calcareous
shale, which worked up with 31 per cent of water, and in the
test bricklets showed a rather high air shrinkage, viz., 10'8
per cent. In practice this would undoubtedly be somewhat less.

Firing tests on wet-moulded bricklets gave the following
results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 0°65 12°04 Light red
03 5'3 2°10 Red
3 Beyond vitrification

This shale is very similar to 1695 and somewhat resembles
the dry-press clay at Redecliff, but cracked less in drying and
burning than the latter.






CHAPTER III.

Laramie Formation

The Laramie formation proper underlies a small triangular
area in southern Manitoba, in the Turtle Mountain region.

Farther west a second but much larger triangular area is
found in southern Saskatchewan. The base of this triangle forms
the southern boundary of this Province, as far west as the
Wood Mountain district, which is included in it. From the
apex of the triangle a narrow belt extends northwestward to a
little beyond the main line of the Canadian Pacific railway west
of Moosejaw. This area it will be seen includes the Souris coal-
field and the Dirt hills. .

Detached areas are found west of this, where the Laramie
formation occupies the summits of some of the plateaus, and
portions of elevations such as the Cypress hills.

SHALES OF SOURIS COAL-FIELD.

The Souris field lies in southern Saskatchewan, just north
of the International Boundary, and east and west of the Cana-
dian Pacific Railway line from Moosejaw to Portal.

The exact areal extent of the field is not known, because
there are so few exposures and a heavy surface covering of
boulder clay which extends northward through the Moose
mountains and beyond the Assiniboine river.

The eastern outcrop of the coal rocks is concealed by it,
but they are known to extend at least as far as the mouth of
Moose Mountain creek,

Associated with the coal seams are beds of clay shale,
sandy clay, and sandstone, but since they are not always per-
sistent, there may be some question as to the value of considering
the stratigraphic details of the field.

It may be briefly stated nevertheless, that the coals which
are of Laramie age are divided by Dowling into an upper,
middle, and lower horizon.

The upper horizon generally carries a 4 foot seam that is
fairly continuous, but in places thins out or is joined by seams

77
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of the middle horizon to form a 7 foot seam. The coal
seams are separated by deposits of sandstone, clay, and shale of
varying thickness and areal distribution.

The upper horizon has been prospected at several points in
the vicinity of Estevan.

The middle horizon is found exposed along the north side
of the Souris valley.

The lower horizon is the most important in the district.

Dowling in his report gives a number of sections, some of
which indicate a sufficient thickness of clay to be worth noting.
These are as follows:=—

(1) Section in Souris valley, west of Estevan, and south of

Dominion mine:—
Feet. In. Approx. elevation

CHY....covieviioninnnanes veee. 6 0 Topofhill 1847
ngmte, thin streaks. P Lo 1841
C}ay_.t;. . 1? g *  coal 1825
Clay.. 2 6"

Lignite 1 0

Clay... 2 0
Lignite.......co0icvunnn ]

Bottom of sectxon 1814.

(2) Section on southwest corner, section 3, township 2,
range 7:—
Feet. In. Approx. elevation.
1850

Prairielevel...........00eenn.. e e
Clay and small fragments iron-
stone.....c.coviiiiniiienes 0
Greyelay.............. PPN 6 0
Blackshale. ..............cc.0. 0 8
Brown ligniteshale............. .1 8

Light yellow sandy clay..... e 6

(3) Exposure on southeast part of section 35, township 1,

range 7:—
Boulder clay and surfacedeposit. .. ....oveeevennns .. 2feet O inches
Brown sandstone. ...... Cieeetraeaetanes ceseesees. 2 %0 inches
Greyelay..ooovveeiieieiiiiinnenarcnnnann veseess 8 % O inches
Sandstones. . . ....ceiiieiierenanaatereenaas ceeses B 0%
Clay withshells.............. eieseesseeseaas g
Red burntshales........... «...ocovveenn cersesenes 4%
Lignite (?) ........ ey tevasadnesscne N
Yellow and blue clay et s deesneee ek e ey 6 ¢

(4) Section in side valley near Roche Percee station,
section 31, township 1, rangeG—-

Surf acedeposit. . ....coiiiiienan e reeeeaneras 4 feet.

Yellow sandstone............ B 2
Yellowelay. ..ocveineniiniaiirnneeroereanaesanns 4 “ 6inches.
Lignite . .....ccoveriiiiiiininianasenas e o4

‘Whitish clay, somesandstone..................... .. 8 ¢

Light yellow claysandsands.............. e 12 ¢

Bluish clay with carbonaceouslayers................. 6



Prate XXIX.

Outerops of sandstone in Souris valley near Pinto, Sask.
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(5) Section in section 36, township 1, range 6:—

Concealed by grassy slope........oovevienacrssnonns 20 feet.
Sandstones partly hardened..........ccoivviiieennn 56 ¢
Lignite. ..o vereeevnennonesrocensncsoanosaennsans 4 °
Light grey clay and somesand.........c0vvieevennsn 36
Darkergrey clay. ..ooocveeervieisiarsontonsvssenen 24
Concealed tOTIVer. . .o veviierervineroanieanenanes 6 “

The shales were examined and samples collected at several
points in the Souris field as follows:—

Estevan.—About one and a half miles east of the town
excavations have been made in the east slope of a broad coulee,
by the Estevan Coal and Brick Company.

The section there shows:—

Boulder clay, with shale fragments in lower portion... .10 to 20 feet.

Lignite.................0 ..., heeas riesssneaniee 8 feet.
Partingclay.....ooviviiniiinieerioreracrcososonea 2 feet to 2 feet
6 inches.
Lignite.......coovvrenineenecencesnscanaasnssnons 8 inches to 2 feet.
Blueclayshale. . ... .. ... iiiiiinieennionnnsenanas 30 to 40 feet.

Upper 15 feet smooth, but lower portion quite sandy.

The top clay (Plate XXX), which is a calcareous glacial clay
with scattered stones, pebbles, and boulders, is worked as an
open pit. The large stones are thrown out in the pit, but the
smaller ones are crushed in a rolls. A sample of the material
thus crushed was taken for laboratory test.

This (1645) is a very calcareous and rather gritty clay,
which worked up with 21 per cent of water to a mass of good
plasticity, but one which will not stand rapid drying.

The average air shrinkage was 5 per cent, and the average
tensile strength 334 pounds per square inch.

In burning it behaved as follows:—

Cone, Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 24-48 Light red
03 ‘ 23-94 Cream
1 04 19°76 Buff
3 Fused

The clay shows the characteristic behaviour of a very
calcareous one, and the numerous limestone fragments scattered
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through it caused some splitting of the brick. It is doubtful
whether this top clay could be used for anything but common
brick.

Of the clay shale underlying the lower lignite (Plate XXXTI)
seam only the upper 9 feet were being worked at the time of
our visit, but the Company proposes to strip off first the top clay
and lignite, and then use the parting clay, lower thin lignite, and
lower blue clay shale altogether. The 9 feet referred to above
were being removed by drift and chamber mining in the summer
of 1910. A sample of this was also taken for testing.

The material (1644) which worked up with 33 per cent of
water to a very plastic, sticky, tough mass, was rather hard to
knead, and checked even with very slow air drying. Preheating
seemed to reduce the cracking, and the addition of salt would
probably correct it also. An attempt was made to test the
tensile strength, but the briquettes were so full of flaws, that no
good results could be obtained. Some, however, ran over 300
pounds per square inch. The average air shrinkage was high,
viz., 96 per cent.

The wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %%
010 045 14°00 Light red
03 6'3 0 Dark red
3 Fused

The clay showed a low fire shrinkage, and was almost steel
hard at cone 010, but the bricklets cracked some. It was so
thoroughly vitrified at cone 03, that the burning was not carried
beyond that point.

The clay makes a red dry-press brick at cone 05, which is
steel hard, but tends to crack in burning. Since the clay is too
moist for moulding dry-press as it comes from the bank, the
material is put through a cylindrical dryer. It has been found
that this preliminary treatment also reduces the cracking, due
evidently to the fact that the temperature of the drying is suffi-
ciently high to preheat the clay enough to destroy some of the
colloids. The product is not vitrified.
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Surface deposit of glacial clay, used for stiff-mud bricks, Estevan Brick and Coal Co.






Prate XXXI.

Clay and lignite beds at Estevan, Sask., pit of the Estevan Brick and Coal Co.
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No attempt is made at the yard to make stiffi-mud brick
from this particular shale.

Plant of Estevan Coal and Brick Company.—The top clay is
utilized for making common brick. After crushing the raw
material in rolls as previously mentioned, it is tempered in a
horizontal pug-mill, and then moulded in a side-cut machine.
The green bricks are run through a dryer, and burned in Dutch
kilns.

The blue clay from the mine is first put through a drying
cylinder, then ground in a dry pan, and moulded in a four-mould
Berg dry-press. Burning is done chiefly in Dutch kilns, but
some in a rectangular down-draft kiln.

Some trouble is experienced with checking of the green dry-
press brick, but the use of the dryer has reduced this. It is
impossible to mould the clay by the stiff-mud process on account
of the very serious cracking.

The stiff-mud bricks made at this works are eream colour,
and the dry-press ones arered. The lignite obtained at the plant
is used for fuel.

Pinto.—At Pinto station, the Pinto Coal and Brick Com-
pany has driven a short slope about 300 feet long, which at its
lower end meets a bed of lignite belonging presumably to the
upper horizon.

Overlying this is a buff-clay shale (1641) about 5 feet
thick, which we sampled in the mine, and higher up, but not
immediately overlying it, is a softer, reddish shale (1642).
Another shale (1643) underlies the lignite.”

The measures here lie horizontally or nearly so, and these
beds should outerop in the Souris valley a few hundred feet
to the north, but since the clay shale and sandstone beds are not
apparently as continuous as the coal beds, there may be some
doubt whether they extend that far.

The Souris river has here cut a fine trench in the plain,
(Plate XXXII) but while the sandstone ledges stand out here
and there on the valley sides in some prominence, the softer layers
such as clay and shale have mellowed down and are more or less
completely concealed.

6
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Tests were made of the several beds of clay shale associated
with the lignite at Pinto, and the results of these are deseribed.
in the following lines: —

Shale Over Coal, Pinto Coal and Brick Co. (1641).—This is
a very smooth, calcareous shale, which worked up with 30'8
per cent of water to a very plastic mass, and in the small brick-
lets dried without cracking, but in full-sized bricks would not
stand fast drying. The average air shrinkage was 7'5 per cent
and the average tensile strength 293 pounds per square inch.

The following results were obtained on firing:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 1 2228 Red
03 1'0 2170 Buff
1 Well vitrified
3 Fused

Like all calcareous clays it burns to a very porous body, as
shown by the absorption tests given above, and is not thoroughly
gteel hard even at cone 03. At cone 1 it is thoroughly vitrified,
and if heated slightly beyond this begins to fuse.

The clay makes a nice dry-press brick at cone 05, with 25
per cent absorption.

Weathered Shale Near Surface, Pinto Coal and Brick Com-
pany (1642).—This represents a small sample, collected from
the railway cut, just west of the mine. It is a very smooth,
plastic material, which works up with 34 per cent of water, and
forms a rather sticky mass, but does not crack in air drying.
There is not enough calcium carbonate in the clay to cause
effervescence, but the clay appears to contain enough soluble
salts to form a slight scum on the green brick. This showed on
the burned ware at cone 010, but did not at cone 03. The
average air shrinkage was 9'2 per cent.



Prate XXXII,
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Souris valley, looking northwest from Pinto, Sask.
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Firing tests of the wet-moulded bricklets yielded the fol-

lowing results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 1'5 14-36 Light red
03 86 0 Red

The clay has a rather high air shrinkage, but the fire
shrinkage and absorption at cone 010 are satisfactory. While it
burns to a good vitrified body at cone 03, the total shrinkage at
this point is too high for practical purposes, but the colour of
the body is good. )

Shale Under Coal, Pinto Coal and Brick Co. (1643).—This is
a non-calcareous clay, of which even the small bricklets cracked
in air drying, but the addition of 1 per cent of salt prevented this.
It worked up with 30 per cent of water to a stiff, very plastic
mass, whose average air shrinkage was 8 per cent.

The burning tests gave the following results:—

Cone. Fire shrinkage. Absorption. Colour,
% %
010 1°7 1360 Red
03 7°4 0°15 Dark red

The clay burned nearly steel hard at cone 010, and makes a
good brick. It is well vitrified at cone 03.

It can be classed as a good brick clay, but if used for fire-
proofing, might cause difficulty in moulding.

It was thought that if the drying difficulty could be over-
come, a mixture of the three Pinto clays might be used for paving
brick. Such a mixture (1643A), consisting of equal parts of
1641, 1642, and 1643, to which 1 per cent of salt was added, was
tried. The average air shrinkage was 8 per cent. The fire
shrinkage at cone 010 was 0 per cent, and the absorption 17°33
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per cent. Above this the clay worked badly unless burned very
slowly, and the results could hardly be considered satisfactory.
A dry-press bricklet at cone 05 gave a mottled red brick,
which was nearly steel hard, and had an absorption of 1574
per cent.
The close association of the clay and fuel are factors of
decided advantage.

Bienfait.—We are informed that in the shaft of the Mani-
toba and Saskatchewan Coal Company, there was found a bed of
buff shale, under the lignite, 10 to 15 feet thick, but that tests
had shown it to be of no value. Below this, however, it is claimed
that there is a red-burning clay shale 20 to 30 feet thick, resting
on a ferruginous sand.

No general statement can be made regarding the shales
found in the Souris field, but the results obtained in our
laboratory tests warrant the hope that other good shales may
be found.

The field should be carefully prospected, for the shales or
clay if suitable can, in most instances, be cheaply mined or
excavated, and moreover they are well located with reference
to lines of transportation. Fuel, also, is plentiful and cheap.
‘The growing cities of Moosejaw and Regina form a nearby
market.

Dirt Hills.—The Dirt hills form an isolated elevation rising
from the plains (Plate XXXIII) about twenty-three miles
south of Drinkwater, and about thirty miles south of Moosejaw.
They have received some notice because of the coal seams which
were known to occur in them, and were made the subject of a
report by Dr. Bell! at an earlier date.

He writes as follows:—

“Several extensive landslides on the northern front of the
Dirt hills afforded us sectionsof 200 or 300 feet of the rocks which
underlie gravelly peaks and slopes. These consist of grey sandy
clays or marls in thick bands of slightly different shades inter-
stratified with bands of lignite, and holding nodules of sandstone
and clay ironstone. At the base of the hills a section of between

1Report of Progress, Geol. Surv., Can., 1873-74, p. 76.



Prate XXXIII.

General view of escarpment of Dirt hills, from the east.
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.

20 and 30 feet of soft grey sandstone was found in one
of the ravines which cut for a short distance into the plains.
The strata in this locality appear to be about horizontal, but in
the great masses detached by the landslides! they are tilted up
to various angles as high as 45°, the slope being to the south-
westward, while the undermining force has evidently acted from
the northeastward. The large surfaces of bare and often muddy
clay, which are here exposed, contrasting with the grassy or
gravelly prairies, have probably given rise to the name which
these hills bear. Those of the bluffs formed by the landslides
are conspicuous at the northeastern extremity of the Dirt
hills.”

This description gives one a pretty clear account of the
structural conditions, and it is in these Laramie beds exposed in
the landslide masses on the north side of the hills, that one finds
some of the most refractory clays thus far discovered in western
Canada.

The clays which were examined occur in section 28, town-
ship 12, range 24, west of the 2nd Meridian, and form a series of
knolls at the base of the hills. All the beds appear to dip west-
ward, the knolls having a steep eastern face and a gentle western
slope.

The general topography of those hills in which the clay
occurs 18 well shown in Plates XXXIV to XXXVI, while a
generalized section is given in Plate XXXIV A.

The photographs might lead one to believe that the clays
are all white, but while these predominate other types are not
wanting. .

They can be described as a series of white and greyish-
white sandy clays, bluish and purplish clays, brownish siliceous
clay shale, and gypsiferous shales (shown in part in Plate XXXIV
A)

Tests and other descriptions are given below.

At the west side of the ridge is a spur or knoll (No. 5,
Plate XXXVI), containing a series of alternating red and brown
siliceous shales, which have been referred to by some as sewer-
pipe clays. The individual beds of this series differ somewhat
in their sandiness, and if used the entire series should be mixed

13ee our Plates XXXIV and XXXV,
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together. A few scattered sandstone layers are present, but
these are soft and could be easily crushed up.

Overlying these siliceous clays and separating them from
knoll No. 2 (Plate XXXVI) is a series of soft sandstone beds,
containing large scattered concretions (Plate XXXVII). These
_beds should not be mixed in with the shales underlying them.

The following tests represent the character of the ‘“‘sewer-
pipe clays’ (1646), the sample being taken by making a trench
across the complete section of the beds shown in Plate XXXIV B,
layer A.

The sample thus obtained, when ground and tempered with
water, formed a stiff, plastic mass which was hard to work, and
checked badly in air drying. As the clay was useless in the
natural state a portion of the sample was preheated to a tempera-
ture of 500°C. Under this treatment the clay changed to a
red colour and became granular in texture, but retained sufficient
plasticity to be wet-moulded. It also stood fast drying, and the
air shrinkage was 3'3 per cent.

Cone. Fire shrinkage. Absorption. Colour.
% %
010 17 97 Light red
03 9'3 55 Red
1 13°3 Vitrified Brown

This clay has too high a fire shrinkage, but it might be
useful to mix with some of the more refractory clays of the
locality in order to produce vitrified ware at lower temperatures.

Hill No. 2 (Plate XXXVI) shows heavy beds of grey and
greyish-white sandy clay and brownish-grey clay, the two sets
being separated by a thin layer of lignite (Plate XXXIV B).
The brownish-grey clay (1647) forms a bed about 20 feet
thick in the lower half of the section.

It is a plastic clay, containing much fine grit, and worked
up with 30 per cent of water. Small pieces dried slowly without
cracking, but large ones cracked badly in rapid drying. The
average air shrinkage was 85 per cent, and the average tensile
strength 334 pounds per square inch.



Prate XXXV.

White and grey clay outerops, Dirt hills, Sask.
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Prate XXXVI.

i)
Clay and shale outcrops at Dirt hills, Sask.; brown shales in foreground.
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Prate XXXVII.

Outerop of sandy shale and soft sandstone with coneretions, Dirt hills, Sask.

p. 86
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The wet-moulded bricks yielded the following results on
burning:—

Cone, Fire shrinkage. Absorption. Colour.
% %
010 02 16°38 Palered
03 44 752 Light red
1 54 478 Brown
3 53 4°39 “

The air shrinkage is somewhat high, but in actual working
it would be lower. The fire shrinkage at cone 1 is not excessive.
The absorption at this cone is also low. The clay burned steel
hard at cone 03, but if fired too rapidly may develop a black core
at cone 1. It burned to a good hard body, and stands cone 3.
The clay gave a dry-press bricklet of fair colour and ring at
cone 05, but if moulded by this method should probably be
burned to cone 03.

The absorption at cone 05 was 1862, and at cone 03 it
was 10°93, with the bricklet steel hard.

Overlying the preceding is a grey and white sandy eclay
(1648), containing lenses of white clay (1649). Where the clay
is exposed it would hardly pay to separate these lenses, but if
they occur in greater quantity in other parts of the deposit, it
would be worth doing so. On this account we not only made a
test of the run of the deposit, including the white clay, but also
of the latter alone.

The run of the bank (1648), although containing consider-
able sand, worked up with 27 per cent of water to a mass of
good plasticity, and one which caused no difficulty in moulding.

The average air shrinkage was 6'1 per cent, and a full-
sized brick stood fast drying. The average tensile strength was
123 pounds per square inch.

The clay appears to contain a noticeable amount of soluble
salts, which collected on the corners and edges of the brick in
drying, and caused a slight enamel on those parts even at
cone 03.
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Wet-moulded bricklets yielded the following results:—

Cone, Fire shrinkage. Absorption. Colour.
% %
010 0 18°58 Whitish
03 27 1541 “
5 2°7 10-70 “
9 33 981 o
32 Fused

Small black iron specks began to appear at cone 1.

The clay has a low fire shrinkage, and the absorption above
cone 010 is not excessive. It burned steel hard at cone 1.

This clay can be classed as a fireclay, and represents the
most refractory one found by us in western Canada.

A dry-press bricklet burned to cone 1, was not steel hard
with an absorption of 17°50 per cent.

Since the clay is rather loose in texture, it was put through
a washing test and 45 per cent of washed product (1648W)
obtained. The latter showed an average air shrinkage of
85 per cent. Burned to cone 5, its fire shrinkage was 9°7 per
cent, absorption 7°11 per cent, and colour light creamy white.
It was also steel hard, but showed some small cracks. Af
cone 9, the fire shrinkage was 11'3 per cent, absorption 3'7
per cent, and colour greyish white.

Since there is a large quantity of this material it might pay
to wash it and use it in pottery bodies. Some difficulty would
be encountered in getting sufficient water, but the springs on
the neighbouring slopes could be drawn upon for this purpose.

In figures 2 and 3, we have shown graphically the absorp-
tion and fire-shrinkage curves of the crude (1648) and washed
samples of this clay.

The white clay (1649) forming lenses in 1648, although
appearing smooth, nevertheless contains considerable fine grit,
and an appreciable quantity of soluble salts, which came out on
the edges as needle-shaped crystals in drying. It worked up
with 30 per cent of water to a mass of good plasticity, whose
average air shrinkage was 7°7 per cent.
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—Saady fire clay. Dirt Hills, Sask.
—=6rey fire clay. ” »
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On burning the wet-moulded bricklets behaved as below:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 0°35 16°74 Creamy white
03 37 10°34 ‘e ‘e
1 5 . 3 7 . 67 e L0
5 6 . 6 4 - 67 13 (3
9 66 2°€0 “ “
31 Fused

The clay burned nearly steel hard at cone 010, and gave a
pretty dense body at cone 5. Small black iron specks appeared
at cone 1. This isa dense-burning fireclay, and it is unfortunate
that it does not occur in larger quantities.

The grey clay (1650) described here, overlies 1648. It
does not appear in the steep southern escarpment of the hills,
but shows on the gentle north slope. Like 1648 it mixed up to a
mass of good plasticity, whose average air shrinkage was 7'8
per cent.

Wet-moulded bricklets were tested as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
Q10 1 16°76 Cream white

03 36 1160 e ‘¢

1 6 0 0 8 . 23 [ 3

5 6 . 6 4 . 37 [ 1

9 84 225 o o
32 Fused

The clay burned nearly steel hard at cone 010, and thoroughly
so at cone 03. Small black speeks appeared at cone 010.

This clay closely resembles 1649, but has a slightly higher
fire shrinkage. It is a good dense-burning fireclay and well
worth working. Figure 2 shows the absorption and fire shrink-
age curves of the grey fireclay. It is placed in the same figure
with 1648, and comparison of the two shows the effect of the
sand in reducing both the fire shrinkage and absorption.
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Owing to the fact that 1646 cracked badly in drying it was
decided to try a mixture of equal parts of 1646, 1647, and 1648.
This (1651) when tempered with 32 per cent of water was very
plastic and small test pieces dried without checking. The
air shrinkage was 8 per cent.

The wet-moulded bricklets fired as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %o
010 10 14-16 Light red
03 33 8:00 Red
1 4°3 533 Brown

This mixture burned to a steel hard body at cone 010, at
which temperature it would probably make good common brick
either by the soft-miud or stiff-mud process. At cone 1 the fire
shrinkage is rather high, and the body not burned quite dense
enough for sewer-pipe, but would probably become more vitrified
at cone 2.

The mixture makes an excellent dry-press brick of good
colour and steel hardness at cone 05, with an absorption of 13°75
per cent.

Clays and shales similar to those seen at the Dift hills occur
rather widespread in the western part of the State of North
Dakota, and are worked at two points, Hebron and Dickinson,
on the Northern Pacific railway.

The section at Dickinson shows 8 feet of almost white fire-
clay, and about 2 feet of fine plastic pottery clay, underlying
which is 6 feet of a semi-refractory grey clay. These beds
rest partially on a thick lens of greyish white sandy clay almost
identical in composition with No. 1648.

There is a layer of hardened yellowish clay found generally
overlying the white clays in the vicinity of Dickinson, which
is absent in the area examined at the Dirt hills. This hard
clay is useful in the manufacture of firebricks, as when coarsely
ground it serves as “grog’ for the plastic clays.

A grey and yellow ferruginous shale or clay, similar to 1646,
underlies the fireclays and sands and is here used for red dry-
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press bricks or for mixing with the semi-refractory grey clay to
produce a spotted facing brick. '

The dry-press process only is used at these works, firebricks
and facing brick alike being made by this method. The fire-
bricks which are made in 8 and 9 inch sizes are often
shipped in large quantities to the neighbouring parts of Canada,
the price obtained being $25 to $28 per thousand f.o.b.,
and both the Hebron and Dickinson plants send buff and spotted
face bricks into Canada.



CHAPTER 1V,

Edmonton Formation

This formation underlies a belt of varying width extending
from the International Boundary, northward through the centre
of the Province of Alberta.

In Alberta it is divided by Dowling into two parts: (1) A
coal-bearing member known as the Edmonton and likely to be
the more productive of shales, and (2) a heavy sandstone forma-
tion known as the Paskapoo.

The first forms a trough, which is filled along its centre by
the latter. This trough widens towards the north, and also
flattens, exposing a larger area of the Edmonton series than in
the southern part.

Considerable attention has been given to the coal seams in
the reports of Tyrrell' and Dowling?, but practically nothing
is said regarding the character of the associated shales. This
is not unnatural since their economic value had not been con-
sidered. However, it is reasonable to suppose that at many
points where the coal outcrops, mentioned by these authors,
occur, there the shales may be exposed also. This would be
mainly in the Edmonton series whose distribution is shown on
the geological map.

The shales are found with the coal seams around Edmon-
ton, and also up the Saskatchewan river south of there, as well
as westward in the vicinity of Pembina.

Shale exposures should also be looked for on the Red Deer
river within the limits of the area underlain by the formation
on the Bow river near Crowfoot Crossing. A narrow belt of
the Edmonton formation occurs along the foothills, and passes
west of Cowley on the Crows Nest branch, and west of Cochrane
on the main line of the Canadian Pacific railway.

- 1Annual Report Geol. Surv Can 1886, Vol. 1I.
2Geol. Surv., Can., No. 1035.
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Cowley.—The most southern deposit of Edmonton shales
visited was at Jameson’s mine, south of Cowley and six miles
northwest of Pincher. The mine is located on the south fork of
the Oldman river, in section 27, township 6, range 1.

Along the bank of the river the visible exposures (Plate
XXXVIIT) consist of alternating beds of sandstones and sandy
shales, dipping northeast about 20 degrees. At the coal mine,
the beds turn up suddenly along a fault line, and coal is badly
crushed. Overlying the coal, which is bituminous, there is a
15 foot bed of clay which has also been disturbed somewhat
by the faulting, for coal fragments are mixed up with it near the
contact of the two.

It has been commonly supposed that this material was a
fireclay, but the tests given below disprove this.

The shaly clay (1675) is a light grey material, containing
enough lime carbonate to make it effervesce with hydroehloric
acid, but not sufficient to cause it to burn buff.

About 28 per cent of water was used to mix the clay, and
the average air shrinkage was 89 per cent. The average tensile
strength was 205 pounds per square inch. Even the small
bricklets checked in air drying, but salt will prevent this.

Burning tests yielded the following results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 15:36 Light red
03 0 13-83 Red

1 37 595 Greyish
3 38 4°80 Grey
5 Vitrified
9 Fused

The clay burned to a good colour at the lower cones and
steel hard at cone 03. Above this cone the colour becomes poor.

The position of the clay would make it rather expensive to
mine, and it would have to be done in connexion with the coal.
It might work for sewer-pipe, but for this purpose is not as
desirable as the material located on Mill creek. It is not a fire-
clay. Pressed brick could probably also be made from it.



PLATE

XXXVIII.

Valley of the Oldman river,

north of Pincher, Alta.
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Lundbreck to Bermis.—Eagt of the front range of the Rockies,
the country is broken by a series of hills and ridges, whose axes
lie more or less parallel with the mountains. These ridges con-
tain a series of folded shale and sandstone beds, which dip at a
varying angle, and in the case of those between Lundbreck and
Bermis, usually to the eastward.

These beds are well exposed in a series of cuts along the
Crows Nest Pass branch of the Canadian Pacific railway,
beginning about two miles west of Lundbreck, and the last one
being about one-half mile east of Bermis.

In most of these cuts the shale beds are lenticular and rarely
over a few feet in thickness, but if they were refractory it would
be possible to work them as narrow cuts. With this idea in
mind, samples were taken from the most promising looking ones,
but none turned out to be fireclays. The first exposure met
with was a dark shale on the bank of the Oldman river, one
mile west of Lundbreck. The width of the outerop is over 50
feet and there is no overburden. )

This was a fairly plastic shale (1679) with much grit,
whose air shrinkage was 4'6 per cent.

The following results were obtained on burning:—

Cone. ire shrinkage. Absorption, Colour.
% %
010 035 14°17 Light red
03 33 775 Red
1 55 1-85 Brown

This shale burned to a good red colour and good hard body.
It is not only a good brick material, but may perhaps do for
making paving brick.

Along the railway track two beds of shale lying between
heavy sandstone were noted in the first cut, 27 posts east of
77th mile post. The material (1680) of the lower bed is some-
what hard when fresh, but gives a plastic mass if finely ground.
Its air shrinkage was 4'7 per cent.

At cone 010 the absorption was 12'75 per cent, and the
bricklet was slightly swelled. At cone 03, the fire shrinkage was
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2'7 per cent, and absorption 584 per cent. The clay burned red,
but was well past vitrification at cone 1. It was tested with the
hope that it might prove to be a fireclay, but as can be seen from
the tests this is not the case. If there was enough of it and the
material could be easily quarried, it might pay to work it.

The first cut west of that from which sample 1680 was
obtained contains a light grey shale (1692), which was also tested
with the hope that it might be a fireclay, but tests disprove this;
moreover the shale is calcareous. When ground and mixed
with water, it is very plastic, and has an air shrinkage of 54
per cent.

It behaved as follows in burning:—

Cone, Fire shrinkage. Absorption. Colour,
% %
010 0°55 13° 96 Light red
03 Q70 12-80 Red
1 Fused

The clay burned to an excellent colour and good hard body,
but there is not enough of it to permit cheap working.

Near the western end of the line of cuts, between Lundbreck
and Bermis, is a green plastic shale (1683) of slightly gritty
character, whose air shrinkage was 5°5 per cent.

Burning tests gave the following data:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 03 10°40 Light red
03 57 - 1°40 Darkred
1 2 . 3 0 44 [
5 Beyond vitrification

This clay burned dense at a low cone, but softens a littlg
too rapidly for paving brick. It could, however, be used for
red building brick.
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In the first cut east of Bermis, there is a good sized deposit
of a dark slaty shale (1684), but unfortunately it is but feebly
plastic, and somewhat gritty. Its air shrinkage was 4'0 per
cent.

Burning tests resulted as follows:—

1
Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 13:71 Light red
03 “ 11-87 o

1 23 4°28 Red
3 04 7°58
6 Fused .

The clay burned to an excellent hard body when wet-
moulded, and became quite dense at cone 1. It makes a good
dry-press at cone 03, but needs to be fired slowly, and be well
oxidized to give a good colour. At this last cone the absorption
was 9'82 per cent.

Edmonton.—At this locality the Saskatchewan river has
cut a trench about 160 feet deep through the strata of the Edmon-
ton formation. This would afford an excellent section were it
not for the numerous landslides which conceal the beds on the
valley sides (Fig. 4.)

|
Qutcrops »
T_’\\« § g %
3
@

conau{; ey
Slides 2
.___.__\\Q M Coa! seam

Seam?

5 e oy

Clover bar_coa/ seam

Underclay, Zfect.

Fia. 4—Generalized section of Saskatchewan valley at Edmonton, Alta.

The shales and sandstones are found above and below the
.coal seams, and at a higher horizon than the coal there may also
occur beds of massive shale. Those shales associated with the
coal are often carbonaceous in their character, and few of them
were tested.

7
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One of these, representing a 2 foot seam under the coal
at the Ritchie mine, stood cone 13 without fusing, but the bed
is too thin to work, and moreover the shale would need to be
preheated as it cracks so badly in drying.

One of the heaviest series of shale beds is that loca.ted on
the property of the Western Clays Company, Ltd. This
Company owns eighteen acres near Strathcona, lying between
the wagon road from Edmonton to Strathcona, and the Edmon-
ton, Yukon, and Pacific railway.

The natural outerops occur along the line of this road below
the Twin City mines, at the latter, and between them and the
Western Clay Company’s property.

These several outcrops show a variety of shales. In most
of the outcrops passed along the track up to the Twin City coal
mines, there is little room for development, as the highway is
close to the railway. Shortly before reaching the Twin City
mine the two diverge, and chances for development are
better.

The shales on the property of the Western Clays Company,
Ltd., are mostly grey with brownish or yellowish streaks and
occasional small iron crusts. All the beds weather down to
a plastic clay. There is no doubt that these shale beds are
higher up than the coal in the Twin City mine, but their exact
thickness is not known as none of the borings made went
deeper than 23 feet.

On the opposite side of the small valley in which these
shales outerop, there appears to be a heavy drift mantle, and it
is said that the Company prospected over there without result.
If the beds continue on the other side of the valley, they must
lie at a slightly higher level, as the formation rises in that direc-
tion, but they are covered by glacial drift.

It is claimed that tests made of these shales in England
have proven their value for paving brick and sewer-pipe.

The following data were obtained by us in the laboratory:—

Lower Shale (1657).—This shale worked up with 33 per-
cent of water to a very plastic, sticky mass, with much fine
grit, and which showed air cracks in drying. Its average air
shrinkage was 8’1 per cent.



Prare XXXIX,

General view of the Saskatchewan valley at Edmonton, looking northeast from Strathcona.
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In burning the wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 2°2 17°30 Light red
03 2°4 1409 Red

The bricklets showed a tendency to crack in burning, and
we should not regard this as a desirable material to be used
alone.

Middle Shale (1656).—This worked up with 28'6 per cent
of water to a very plastic mass, whose average air shrinkage
was 10'4 per cent, and tensile strength 279 pounds per square
inch.

It would not stand rapid drying without cracking. In burning
the wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% Y%
010 0'2 14°24 Light red
03 37 9-23 Red
1 43 | ... Dark red
3 87 1'50 S
5 Nearly fused

A dry-press bricklet burned steel hard at cone 05, red in
colour, and had 14'80 per cent absorption. This shale burned
to a good colour, but the main objection to it was the high air
shrinkage. If the clay were used for dry-pressed brick this
difficulty could be overcome.

Upper Shale (1658).—The upper shale is very plastie,
smooth, and sticky when wet, as well as being difficult to mould.
It is also calcareous in its character, but not sufficiently so to
cause it to burn buff. Thirty-five per cent of water was required
to work it up, and the average air shrinkage was very high
viz., 13’1 per cent. The average tensile strength was not less
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than 150 pounds per square inch, but owing to the small size
of the briquettes, due to high shrinkage, it was difficult to hold
them in the clips of the machine.

Wet-moulded bricklets gave the following tests:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 2°15 12°08 Lightred
3 6°0 1°20 Dark red
5 Nearly fused

A dry-press bricklet burned to cone 05, had a red colour
and absorption of 17°24 per cent, but the body was not hard.

Clover Bar, Alberta.—This locality is situated along the
Saskatchewan river, six miles from Edmonton, and near the
bridge of the Grand Trunk Pacific railway.

There are lignite mines on both sides of the river, and some
outcropping seams are seen in the river banks. The shales
associated with these are all very sandy, but even if suitable
for making clay produects there is too much overburden to permit
economical working.

The Humberstone mine was visited, but the underclay
there is too thin.

Entwhistle, Alta.—A heavy series of shale beds occur on the
property of the Pembina Coal Company, Ltd., at Entwhistle,
Alta. We did not have time to visit this locality, but the
section (Fig. 5) supplied by Mr. C. C. Richards, Superintendent,
shows the position and thickness of the beds, and also the
location of those from which samples were tested.

These samples were taken by Mr. Richards in accordance
with our instructions.

The tests are given below:—

Shale No. 1662 is a smooth, plastic, slightly calcareous
one, which worked up with 22 per cent of water. Its average
air shrinkage was 4'8 per cent, and average tensile strength
381 pounds per square inch. A full-sized brick would not stand
fast drying.
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In burning it behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 14-62 Pale red
.03 3 6°02 Red
1 5 0 Brown
3 6 0 o
5 Fused.

Drjft caver

Red and green shales...-........._...

Grey, blug and green shale. Lab. No I660............ 10 fzet.

= : Thinly bedded sandstone ! foot.

Brown clay shalss, and grey and brown
sandy shales. Lab Mo /663..... .. ...._......___. 9 feet.

Mostly sandstone beds........ . ......_.__..__ 10 feet.

Coal seam....... e e e = mmmmm

Dark carbonaceous cloy shale. Lab No [66].... 3fzct+

F1a. 5—S8ection of shale beds at Pembina Coal Company mine, Entwhistle, Alta.
After C. C. Richards.
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The shale burned to a good hard body at cone 010, and
became steel hard at cone 03. This shale seems adapted not
only to the manufacture of common brick, but is well worth
trying for paving brick and even sewer-pipe or hollow brick.
The last would, of course, have to be burned at a lower heat
than the other two.

Shale No. 1663 overlies No. 1662. It is a calcareous, plastic,
somewhat gritty material which worked up with 22 per cent
of water. The average air shrinkage was 4’7 per cent, and
average tensile strength 198 pounds per square inch. A full-
sized brick checked slightly in fast drying.

Burning tests yielded the following results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 17-96 Pale red
03 3'6 872 Red
1 90 ‘75 Red brown
3 Fused

~ This makes a good brick material, but fuses at a lower
temperature than the preceding, and does not vitrify as slowly;
consequently it seems less well adapted to the manufacture of
vitrified wares. It might work dry-press. Although calcare-
ous in its character, it does not contain enough lime to make it
burn buff.

A dry-press brick was made consisting of equal parts of
1660, 1662, and 1663. This at cone 05 gave a body, of good
red colour, sound ring, and 12°38 per cent absorption.

Shale 1660 (see section Fig. 5) overlies No. 1663. It is
slightly calcareous, worked up with 24 per cent of water to a
mass of good plasticity, and showed some grit. The average
air shrinkage was 67 per cent, and the clay would not stand
rapid drying.
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" Its behaviour in burning was as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
. 010 Slightly swelled 1458 Light red
03 44 6°05 ‘ ¢
1 Slightly swelled 0 Brown
3 Fused

It became steel hard at cone 010, and makes a good hard
brick, but at cone 1 seemed to be slightly beyond vitrification
as evidenced by the swelling. It would probably work dry-
press. It is doubtful if the clay would stand more than cone 3
without fusing.

Clay under coal seam (1661), Pembina Coal Company,
Entwhistle: This is a very plastic, sticky clay, which cracks
badly in air drying even small bricklets, but it is one of the
most refractory clays tested from the Edmonton region. In
order to improve the working of this clay it was tested under
three different conditions as follows:—

1661. Untreated clay. Very plastic, sticky, hard to work,
could be dried without cracking only in moist atmosphere.

1661A. Clay, with 1 per cent common salt added, worked
up much better, and did not crack in air drying.

1661B. Preheated to 350° C. still cracked on air drying.
Preheated to 500° C. plasticity still good, clay granular, but
dried without eracking, even moderately fast.

The tests of these three are given below :—

1661 1661A 1661B

Water required............. 35 26 ......
Airshrinkage............... 10°2 76 4-7
Cone 010—

Fire shrinkage. ......... 06 15 07

Absorption. . .......... 14°54 14°28 20°19

Colour........coovunn. Lightred Lightred Red
ConE 03—

Fire shrinkage.......... 73 67 ...

Absorption............ 1:04 4°2

Colour................ Red brown Red e
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CoNE 1—

Fireshrinkage..........  ...... 73 70
Absorptien............  ...... 1°0 2'8
Colour........covvvvee vuenn. Red brown ......

ConNg 3—

Fireshrinkage..........  ......  ...... 86
Absorption.............  ......  ...... 3

CoNE 5—

Fire shrinkage.......... 50 ... L.l
Absorption............. 10 ... L.
Colour................ Brown  ......  ......

Kananaskis, to Cochrane, Alta.—The Rocky mountains
end in a pronounced escarpment at Kananaskis (Plate XL).
From there eastward the country consists of low foothills which
merge into the plains.

Underlying this region are beds of shales and sandstones
chiefly Cretaceous, the whole series being highly folded. At
Seebe Siding east of Kananaskis the flat-lying Cretaceous
shales have been opened up in a pit (Plate XLI) along the Bow
river, in order to obtain material for the cement works at
Exshaw. They are siliceous, hard, and not adapted to the
manufacture of clay products.

Eastward from here sandstones are the predominating
rock, and shales appear to be rather scarce, except between
Radford and Mitford, where they are worth investigating.

Tertiary Formation.

This overlies the Edmonton series, and forms a broad belt
(Geological map) extending from somewhat north of the Grand
Trunk Pacific railway west of Edmonton, southward almost
to the International Boundary.

The formation consists of shales and sandstones, often
alternating in rapid succession, but the minute stratigraphic
details have not been worked out in any of the areas. Outcrops
are also scarce, as the formation is heavily and extensively
covered by Pleistocene materials. It includes the shale areas
examined at Red Deer, Calgary, Sandstone, and Pincher Creek,
by Pincher.

Pincher, Alla.—Shale outcrops on Pincher Creek (Plate
XLII), just east of Plunketts ranch. It is a very plastic calcar-



Prate XL.

Folded limestone beds in eastern front of the Rocky mountains, Kananaskis, Alta. The

flat tract in the foreground is underlain by dark, gritty, Cretaceous shales.
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Prate XLI.

Beds of gritty Cretaceous shales at Seebe siding,
Exshaw.
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Alta., formerly used by cement plant at






Prate XLII.

Shale beds exposed on bank of creek at Pincher, Alta.
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eous shale (1672), but does not contain enough lime to make

it burn buff.

It worked up with 24 per cent of water, and had an air

shrinkage of 7'7 per cent.

79 pounds per square inch.
Burning tests of wet-moulded bricklets yielded the following

The average tensile strength was

results:—
Cone. Fire shrinkage. . Absorption. Colour.
% %
010 08 14-63 Light red
03 60 4°65 Deep red
1 Past vitrification

This shale is all right as to colour and hardness, but there
is some doubt as to the amount and economy of working. It
made a good, nearly steel hard dry-press brick at cone 03,
with an absorption of 84 per cent.

Calgary Region.—The region around Calgary is underlaid
by Tertiary shales, but unfortunately there are few outcrops
owing to the extensive and usually thick deposits of Pleistocene
gravel and silts. They are to be looked for especially in the
valleys, but at present, the wash from the upper slopes though
thin may be sufficient to conceal them.

At present these shales are worked at two localities, viz.,
Sandstone south of Calgary, and Brickburn west of Calgary.
At both these localities considerable trouble is caused by the
numerous sandstone layers in the ghale,which have to be thrown
out in mining. It would be well worth careful prospecting
to find some localities at which the sandstone layers are absent
or less abundant. Such a one was found by us east of Cochrane.

The several localities in the Calgary region may be referred
to separately.

Brickburn.—This place is located about five miles west
of Calgary on the south side of the Bow River valley. The
valley (Plate XLIII) here is quite broad, and the Bow mganders
in it, but here and there has cut a cliff in the sides, exposing
beds of shale.
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The Calgary Pressed Brick and Sandstone Company has
opened up a bank in a bluff about 100 feet above the river
level, at a point where the shale outerop is hidden under a thin
sheet of wash and talus. The excavation, about 30 feet
in height (Plate XLIV), exposes a series of beds of hard, sandy,
brown shale, soft brown shale, thin layers of blue shale, and
beds of sandstone.

The sandstone and shale beds alternate and there are no
beds of the latter which are over 3 feet in thickmess. In
blasting down the material the shale becomes pretty thoroughly
shattered, but the sandstone is Ieft in large blocks. This facili-
tates its removal, which is fortunate, as it forms about 30
per cent of the material in the bank.

Little prospecting appears to have been done to ascertain
whether a better deposit of the material could be found in the
immediate vicinity. This cannot be accomplished without
testpitting and trenching as most of the surface, including
the steep slope leading down to the river, is covered by a silty
clay containing lime pebbles. That other material may be
present is indicated by the fact that along the railway track
there is a mass of solid shale which has slid down from a
higher level. .

At present the bricks are made from the shale obtained
from the quarry near the top of the bluff, and this material
has the following qualities:—

This shale (1703) slakes down slowly, but when ground and
mixed with 17 per cent of water gave a plastic but gritty mass,
whose air shrinkage was 5 per cent and average tensile strength
154 pounds per square inch.

The wet-moulded bricklets behaved as follows in burning:—

Cone. Fire shrinkage Absorption. Colour,
%o %
010 06 13-43 ' Red
03 2:3 873 ¢
1 Fused

This clay burned to an excellent hard body when wet-



Prate XLIII.

Valley of the Bow river, looking northwest from shale pit at Brickburn, Alta.
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PraTte XLIV.

Beds of alternating shale and sandstone on property of Calgary Pressed Brick and Sandstone
Company, Brickburn, Alta.
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Prate XLV.

Pressed-brick plant of Calgary Brick Co., Brickburn, Alta.






PraTte XLVI.

Sand-lime Brick Co., Calgary, Alta.
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moulded, and it should be tried in a stiff-mud machine. At
the present time it is employed for dry-press brick, but our
tests of the clay moulded in this manner showed that firing
to cone 05 in the coke-fired 'kiln was not high enough. TIts
absorption at 05 was 13'00 per cent and at cone 03, 11'65 per
cent.

Calgary Pressed-Brick Company.—The shale after quarry-
ing is loaded on to cars and run down a gravity plane to the
works (Plate XLV). There it is ground in a dry pan, and put
through a Boyd dry-press. Burning is done in part in a cir-
cular down-draft kiln, and in part in a Dutch kiln. The super-
intendent stated that the bricks settled 3 inches in thirty-
three courses. After burning they are graded according to
colour.

The burned bricks show numerous grains and small frag-
ments of sandstone on the fracture. If the mixture contained
less sandstone it would burn to a much denser body. It is
claimed that no trouble is experienced in checking unless the
bricks are exposed to the wind when green, or burned too fast.

Calgary, Alia.—The Golden West Realty Company has
established a small dry-press plant located on a hill about one
mile west of the city. The shale is exposed in a coulee just west
of the yard, and is possibly not of great extent as there is a
sandstone quarry at nearly the same level not more than 200
feet from it. It is probable that the shale overlies the sand-
stone, as the latter in the quarry is covered by a brown and buff
shale with sandy streaks. The Brick Company’s opening is
small and shallow and no test was made of the material, but it
is known to be red burning.

Sandstone, Alberta.—The branch of the Canadian Pacific
railway from Calgary to McLeod passes few outcrops until it
reaches Sandstone, where the railway is located in a some-
what narrow valley whose sides are rather steep, and afford
some exposures of the Tertiary shales and sandstone.

The best section, however, is that shown in the quarry of
the Canadian Cement Company, where a face about 50 feet
high has been opened up, showing a series of alternating layers
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of sandstone with blue and grey shales (Plates XLVII and
XLVIII). The shale layers are from 8 inches to 2 feet
and vary in thickness from point to point in the quarry, the same
being true of the sandstone. There may thus be an excess of
sandstone in one part of the quarry, or of shale in another.

The shale is hard, fine-grained, with a splintery break
and conchoidal fracture. The blue, if used alone, is said to
crack in water smoking, but the grey does not, nor does a mix-
ture of the two. The blue seems to disintegrate less readily,
and the grains of it in the brick are often coarser than the grey.

In testing the quality of the material from this bank,
a full test was made of the ground mixture as prepared for dry-
press, and a partial test of each of the shales alone.

These tests follow:—

The ground shale mixture (1704) is calcareous, but not
sufficiently so to burn to a buff product. It does not crush
down very easily, and unless finely screened yields a coarse-
textured brick, which should be burned to cone 03 to give
proper hardness.

When wet-moulded with 19 per cent of water, it yielded
a plastic but sticky mass, whose air shrinkage was 6 per cent,
and average tensile strength 165 pounds per square inch. A
full-sized brick would not stand very rapid drying without
cracking.

The following results were obtained in firing the wet-
moulded bricklets:—

Cone, Fire shrinkage. Absorption. Colour.
% %
010 035 14°90 Red
03 2-3 946 ‘e
1 Fused.

A dry-press bricklet at cone 05 showed 14'28 per cent
absorption, and 12'00 per cent at cone 03. It was steel hard
at the latter cone.

The grey shale (1705) is calcareous and worked up with
21 per cent of water to a plastic mass with some grit. Its

[



PraTe XLVIIL.

Alternating beds of shale and sandstone: lower portion of pit worked by Canada Cement
Company, Sandstone, Alta.
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Prate XLVIII.

Alternating beds of shale and sandstone in deposit worked by
Canada Cement Company, Sandstone, Alta.






Prate XLIX.

Pressed-brick plant of the Canada Cement Company at Sandstone, Alta.
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air shrinkage was 5 per cent, and it burned to a good red colour,
becoming steel hard at cone 03. At cone 010 the fire shrinkage
was 0’2 per cent and absorption 1556 per cent. At cone 03
the fire shrinkage was 2'3 per cent and absorption 13'67 per
cent. The clay fused at cone 1.

The blue shale (1706) from the same quarry required the
same amount of water for mixing, but was more plastic than
the preceding. Its air shrinkage was also higher, being 6'8
per cent. Like the former, it burned red and fused at cone 1,
but was considerably denser after firing. Thus at cone 010
the fire shrinkage was 1'4 per cent and the absorption 12°82
per cent. At cone 03 the fire shrinkage was 4'3 per cent and
absorption 55 per cent.

Brick Plant of Canadian Cement Company (Plate XLIX)—
The Company operates what might be called a double quarry,
one-half being at a higher level. The material from the latter
is shipped to Calgary for use in Portland cement manufacture
while that from the former is used at Sandstone for brick making.

In either case the quarrying involves the disposal of a
great deal of waste sandstone, which must add appreciably to
the cost of extraction.

For making bricks, the shale is ground in drypans, of
which there are two, moulded in a dry-press, and burned in
circular down-draft, or Dutch kilns. The bricks are red, have
a fair ring, and are somewhat porous. This last is due in part
to the sandy character of the material as more or less sandstone
from the quarry gets in with the shale. Variations in the mater-
ial due to this cause some variations in the size of the bricks.

South of Sandstone.—Following down the valley towards
Okotoks, there are several places along Sheep creek, containing
shale beds similar to those at Sandstone, but in no case was the
bank more than 15 feet high. The region should be care-
fully prospected. From Okotoks back to Calgary by wagon
road, no shale outerops whatever were seen.

Cochrane, Alta.—This locality lies along the Canadian
Pacific railway about thirty miles west of Calgary.
The town itself lies on a terrace that is underlain by cal-
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careous clay, and extends to the foot of the ridge forming the
north wall of the Bow River valley. Outcrops in ‘the ridge at
Cochrane are few, and seem to be chiefly sandstone. Inter-
bedded shales may be present, but if so the wash covers them.

One mile east of the town there is a railway cut in the steep
slope bordering the river (Plate L) which exposes a fine section
of bluish shales and interbedded sandstone. The former in
their general appearance much resemble those found east of
Bermis. As this section is in a bluff overhanging the railway,
there is no chance of working it without causing slides on to the
track, and so only a small sample was taken to get some idea of
the character of the material in this vicinity

A test of this shale (1708) showed it to be somewhat cal-
careous, and that with 20 per cent of water it worked up to a
mass of good plasticity but showing some grit. The average
air shrinkage was 5 per cent and colour after burning a good
red. It was nearly steel hard at cone 010.

The fire shrinkage and absorption were respectively 0°3 per
cent and 17°68 per cent at cone 010, and 0°6 per cent and 17°38
per cent at cone 03. The shale fused at cone 1.

Eastward from this cut, there are a number of small spurs,
extending out from the main ridge, and in the coulees between
these spurs shale outcrops are sometimes found.

In the first of these, east of the cut from which sample
1708 was taken, there is a deposit of shale at least 40 feet
thick, which is free from sandstone, bu’ grades upward into
shaly sand.

The deposit of shale must be of some extent, as evidence
of it is seen in coulees to the eastward, where it is covered by
a thin wash of gravel. This section stands in rather strong
contrast to those noted from Brickburn and Sandstone, and
shows the possibility of finding shales free from interbedded
sandstones in this region.

The tests of this shale (1707) which is slightly calcareous
were also encouraging. It worked up with 21 per cent of water
to a mass of good plasticity, but showing some grit. A full-
sized brick had an air shrinkage of 51 per cent and cracked a
little in rapid dry'ng. The average tensile strength was 128
pounds per square inch.



PraTE L.

The Bow river east of Cochrane, Alta.; shale beds on right of picture.
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Prate LI.

Valley of the Bow river, looking east from railway track near Cochrane.
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In burning the wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 07 1873 Red
03 20 15°57 o
1 Fused

This makes a good red brick, of sound body, and while
it did not burn as dense as the shale from Brickburn or Sand-
stone, it gave as good a colour, and the deposit was free from the
numerous interbedded sandstone layers found at the other
localities. It also gave a good dry-press even at 05, but had
better be burned at cone 03. At the latter cone it had an ab-
sorption of 12'09 and was steel hard.

Didsbury, ‘Alta.—This town is situated near Rosebud Creek,
about fifty miles north of Calgary. A brickyard was started
here three years ago, on the property of William Hunsperger,
but it was only in operation for a short time; the plant being
afterwards moved to Camrose.

Wire-cut bricks were made from the decomposed portion
of a bed of shale which outerops in the bottom of a small coulee
near the Canadian Pacific Railway line. The plant was badly
located as the shale is not very accessible at this point, it being
overlain by 20 feet or so of sandstone and glacial drift,
and the amount of weathered material exposed in the bottom
of the coulee is small.

The shale in the neighbourhood of Didsbury occurs in a
horizontal bed and includes a thin seam of lignite. It is thick
enough to be worked for brick-making purposes, but to do this
economically would have to be found at a place where the sand-
stone capping was worn off, so as to allow the material being
worked in open pits. Such a favourable place could no doubt
be found by a little prospecting.

The shale (1702) is of yellowish colour, calcareous, very
plastic and smooth, easy to work, and gives no trouble in air
drying. The air shrinkage is 5°6 per cent.
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Wet-moulded bricklets gave the following results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 07 24°03 Pale red
03 04 2480 Buff
1 57 13-18 ‘

This clay burned to a good body, but showed the usual
characteristics of a calcareous-clay as to"colour and absorption.
It makes a nice looking dry-press bricklet even at cone 05, but
should be burned to cone 03. The absorption at 03 is 2700
per cent. '

Red Deer, Alia.—The only clays in use at this locality are
Pleistocene ones, occurring in the heavy deposits of this for-
mation. i

Neocene (Tertiary) shales are known, however, to underlie
this region and are exposed on the right bank of the Red Deer
river, above the railway bridge. For a short distance above
the bridge, there is a 15 foot terrace underlain in its upper
portion by gravel, but below this and outcropping in the face
of the bank are grey shales, which rarely extend more than
10 feet above the river level. These are not very persistent,
for up-stream the shale passes into sandstone. About three-
fourths of a mile farther up-stream, the high bluffs on the
same bank of the stream show about 25 feet of shale, overlain
by about 50 feet of till with lenses of silty clay in it.

Below the wagon bridge close to town, the shale outcrops,
but is very sandy. About eighteen miles down the river there
are said to be heavy bodies of shale over the coal seam. We
expect to visit these later.

At the 15 foot terrace previously referred to, the following
section was noted:—

105 ) 1 foot

Gravel. ... ... it i 2 feet
Shalysandstone. ..........oonceinniarnennen 2 ‘“ 6inches.
Shale....... ... oot ... 3 *»
Rock..oovvuniniiiiiiiniiiinie, . 6
Lignite, thin layer 2 ¢

Shale (1665) . . .o ieaeann .
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The tests of this 10 foot bed of shale, whose exact location
is S.E. corner, section 17, township 38, range 27 W., are given
below.

It is very caleareous, and worked up with 25 per cent of
water to a mass of good plasticity, whose average air shrinkage
was 6'9' per cent, and the average tensile strength 176 pounds
per square inch.

The firing tests of the wet-moulded bricklets yielded the
following results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 0°'8 19°34 Lightred
03 1'0 18-47 Pinkish
1 Fused.

This shows a shale of low fire shrinkage, and rather strong
absorption. It makes a common brick and also a nice d y-
press brick, but one which should be burned to cone 03. The
absorption of this at cone 03 was 20°30 per cent. The fact that
it shows a strong absorption at cone 03, but fuses at cone 1
indicates a somewhat rapid softening, due evidently to the lime
content.

A full-sized brick did not stand rapid drying.

1The air shrinkage of a full-sized, hand-moulded brick was 5°5 per ceut.

8






CHAPTER V.

Mountain Region.

This includes the region bordered on the east by the Great
Plains, and on the west by the Coast range, and so far as known
does not' contain extensive clay resources. Moreover, even
those which do occur in this region cannot be of much com-
mercial value unless situated close to lines of transportation.

Shales are rare because in most instances deposits of argil-
laceous material have been altered to slaty rock or schists.
Extensive deposits of surface clays are also rare, and those which
are present are mostly of small size and of silty character.

The few localities which were examined are described
below :—

SHALE FORMATION.

Blairmore, Alta.—The Kootanie shale outcrops at the
base of the hill on the southwest side of the valley (Plate LII).
The material is a siliceous, ferruginous, fissile shale, containing
occasional sandstone streaks and scattered concretions of iron
carbonate. It appears hard when fresh, but nevertheless grinds
up rather eagily. We have no tests of it as the samples collected
were lost in transit, and we can only say that it is red-burning
and non-refractory. '

The material is used by J. W. Budd for the manufacture
of dry-press brick (Plate LIII).

Coleman, Alta.—The same shale is exposed in the hillside
near the entrance to the main slope of the International Coal
and Coke Company, and probably would give similar results
to that used at Blairmore. Our sample of this was also lost
in transit.

Cranbrook, B.C.—A sample of a hard grey shale, said to
come from a point fifteen miles west of Blairntore, was sent
in by J. D. Elmer, of Cranbrook. Nothing further is known
about it.

The material (1676) is non-calcareous, and worked up
with 20 per cent of water to a mass of medium plasticity. Its
average air shrinkage was 6 per cent.
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Burning tests of the wet-moulded bricklets are given
below:— :

Cone. Fire shrinkage. Absorption. Colour.
% %
010 115 810 Buff '
03 37 2:70
1 06 2°00 e
3 Past vitrification

Steel hard at cone 010.

A dry-press bricklet at cone 03 had 2'82 per cent absorp-
tion.

Elko, B.C.—A talcose schist which occurs in the vicinity
of Elko has been regarded by some as a fireclay, and several
samples of this material were shown us during the summer.
We did not get to see the deposit, but a piece of it was tested
and found not to be of refractory character, as it fused com-
pletely below cone 27.

Collins Gulch, B.C.—Nothing definite is known regarding
the occurrence of this shale, except that it was obtained from
the tunnel of the coal mine by Mr. Chas. Camsell of the Canadian
Geological Survey, and sent to us for testing.

The material (1742) is quite plastic, but checks rapidly
in air drying. Preheating to 550° C. did not destroy the plasti-
city, but permitted slow drying without cracking. The air
shrinkage was 53 per cent, and the fire shrinkage at cone 5
was 8 per cent. At this cone the absorption is 6'8 per cent.
The clay is not fused even at cone 13, but is not a fireclay.

This would seem to be an excellent pressed-brick clay if
the cracking is overcome.

Canmore, Alta.—Along the railway spur leading to the coal
mines at Canmore, small pockets of clay are found underlying
the boulder till of the embankment at the foot of the hill.

Their location is such that very little of the clay can be
removed without stripping off the till, and no attention would
have beén paid to the material had it not been claimed to be
a fireclay. For this reason, therefore, a sample was tested.



Prare L1I.

Bank of Cretaceous shale, mined for dry-press brick, at Blairmore, Alta.
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Prate LIII.

Dry-press brick plant at Blairmore, Alta., with bank of Cretaceous shale in rear.
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PraTe LIV.

View looking down the valley of the Bow river towards the Gap, from coal
mine at Canmore, Alta.
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It turned out to be silty, highly calcareous clay (1711)
which burned to a light-cream colour. Moreover, there is not
enough of it to work for brickmaking. Since the tests were
made, they might as well be recorded.

Water required, 22 per cent; air shrinkage, 4'2 per cent;
brick slightly swelled at cone 010 and cone 03; absorption, 3541
per cent at cone 010.

SURFACE CLAYS.

Field, B.C.—At the base of Mount Stephen (Plate LV),
and close to the railway yards of the Canadian Pacific railway,
there is a heavy deposit of tough, strong clay (Plate LVI)
which belongs to the colluvial type.

The clay (1713) is derived from an easily decomposed schist
on the slopes of Mount Stephen, and has slid to the bottom of
the slope. The stones are mostly partly decomposed schist
fragments.

Tests made on an average sample showed it to be a some-
what plastic clay that worked up with 20 per cent of water to
a mass whose air shrinkage was only 2'7 per cent, due to the
large amount of very fine grit.

The shrinkage was zero at all cones up to 1, indeed there
was in fact a slight swelling. The clay also burned to a very
porous body, the absorption being 21°95 per cent at cone 010;
20°00 per cent at cone 03; and 16°65 per cent at cone 1. It is
vitrified and softened at cone 5. The colour after burning is
red brown. This is not a highly satisfactory clay, but it could
easily be utilized to supply a local demand for brick.

Yoho Valley, B.C.—Along the new wagon road up the
valley, about one mile before reaching the ‘“Lower Camp,”
the road cuts through a deposit of yellowish-brown laminated,
and highly calcareous clay.

The clay (1712) is not strongly plastic, and has, moreover,
a toughness and springiness which interferes somewhat with
easy moulding. Its average air shrinkage was 50 per cent,
and average tensile strength 111 pounds per square inch. It
swelled slightly in burning and at cone 010 had an absorption of
37°92 per cent, while at cone 03 it was equally high. The clay
fuses at cone 1.
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The clay is not plastic enough to be thrown on a wheel,
but could probably be pressed or cast in plastic moulds, and
no difficulty was experienced in casting some pleces of pottery
in the laboratory.

There is no object in using this clay for brickmaking, but
it could be easily employed and at very little cost, for making
cheap art pottery souvenirs for the many tourists passing
through Field.

Nelson, B.C.—No extensive deposits of clay are known
along the Arrow or Kootenay lakes. At one or two points on
the Arrow lakes a bluish-grey, laminated clay c¢rops out at
water level, but it carries a rather heavy overburden and is
not used.

Elsewhere at several points there are found limited deposits
of silty clay, usually close to the lake level, and which may have
been deposited from it at some earlier date when the lake
level stood higher, or they may be of glacial origin. Such a
one (1714) is worked at Nelson for common brick manufac-
ture, and another is used near Castlegar Junction, west of
Nelson.

That from Nelson forms a mass of good plasticity with
28 per cent of water, and an air shrinkage of 5 per cent.

The clay when wet-moulded burned to a hard but not
very dense brick, of red colour. It showed a slight swelling at
cone 010, and 2 per cent fire shr nkage at cone 03. The absorp-
tion at cone 010 is 23'94 per cent, and at cone 03, 18'33 per cent.

It is past vitrification at cone 1 and fuses at cone 3. It
can be classed as a good common brick-clay, but can hardly be
considered as useful for much else.

Enderby, B.C.—This town is situated in the Okanagan
valley about twenty-five miles south of Sicamous Junction, on
a branch line of the Canadian Pacific railway.

The Enderby Brick and Tile Company’s works are located
on the bank of the Shuswap river near the railway station.

A stratified clay, calcareous, of yellow colour, strongly
impregnated with iron oxide, is obtained from the river terrace.
The clay bed is not continuous, but is replaced laterally by
sand.” It appears to be free from pebbles. It is mined to
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Prate LVI.

Deposit of colluvial clay along line of Canadian Pacific railway at Field, B.C.
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about 4 feet in depth for brickmaking, and there is very
little overburden. The clay (1715) is somewhat silty and con-
tains an abundance of mica scales, and is only moderately
plastic. A full-sized brick stood rapid drying.

It worked up with 28 per cent of water to a mass whose
air shrinkage was 6'3 per cent, and average tensile strength 290
pounds per square inch.

In burning the wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 0 20°76 Red
03 3 1477 o
1 73 0°23 Dark red
5 Fused

It is steel hard at cone 03 and makes a good common
brick. It burns to a vitrified body at cone 1, but the fire shrink-
age is rather high at this temperature. It is more refractory
than most of the surface clays tested, and the bricks could be
burned hard enough to use for lining sewers, or for underground
work where a non-absorbent brick was required. The clay
as dug is too silty to use in a stiff-mud brick machine, but the
lower portion of the bank which is more plastic would probably
serve for this process.

A soft-mud brick machine made by J. Bain & Co,,
Hamilton, is used, and a small quantity of facing bricks are
repressed by a hand machine. The clay is brought to the
machine by scrapers, and no sand is added; the green bricks
are air dried in covered racks, and show no sign of checking.

The burning is done in scove kilns, with dry wood for fuel.
The bricks are set thirty-eight courses high and the settle is
8 or 9 inches. The bricks have a good hard red body
when burned, but the colour of the faces is somewhat obscured
by the impure sand used in moulding.

The product of this yard is shipped south in the Okanagan
valley as far as Kelowna, and east along the main line of the
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Canadian Pacific railway as far as Revelstoke, the price obtained
being $14 per thousand, f.o.b. on cars.

Kamloops, B.C.—The town of Kamloops lies at the junction
of the North and South Thompson rivers, in the Interior Plateaus
region, and near the main line of the Canadian Pacific railway.

The brick plant of Messrs. Johnston & Company is situ-
ated on the river terrace, two and a half miles west of the town.

The clay for brickmaking is obtained from the high terrace,
about 100 feet above the level of the works, and is the weathered
portion of a hard laminated silty clay (Kig. 6).

The hard clay is called shale by the brickmakers. It
breaks out in plate-like fragments and will ring when struck
with a hammer. The weathered clay is quite soft and incoherent
when dry. It lies in a layer a few feet thick on the slopes of the
terrace. Itis shovelled into earts, hauled to the edge of the rock
bench and dumped on a chute which lands it at the machine.

When the soft clay is stripped from the slopes, the indurated
clay is exposed and bears a strong resemblance to an outcrop
of shale or thinly bedded sandstone.

The weathered clay (1717) is calcareous and rather silty
in character, containing much fine grit and mica. It also con-
tains a high percentage of soluble salts, which come to the
surface in drying. It stands rapid drying.

It worked up with 23 per cent of water to a mass of moder-
ate plasticity, whose average air shrinkage was 4'6 per cent
and tensile strength 156 pounds per square inch:

In burning it behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 19-12 Red
03 20 11°74 o

A re-pressed wet-moulded bricklet gave a good colour and
body at 03, with O per cent fire shrinkage. The clay istoo silty
to work stiff-raud. It made a fair dry-press at cone 03, with
13'6 per cent absorption.
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A sample of the indurated clay (1718) was also collected
for testing. This seems superior to the weathered material,
being more plastic, works more easily, and has less soluble salts.
Indeed, the material is so much more plastic than the weathered
clay, that it seems possible to work it on the stiff-mud machine.

This clay worked up with 27 per cent of water, and had an
air shrinkage of 8'4 per cent. In burning it behaved as follows:— -

Cone. Fire shrinkage. Absorption. Colour.
% %
010 2°2 18°38 Red
03 13°0 0°15 “
1 Fused

The clay is of poor colour, and has altogether too high a
shrinkage at cone 03, but gives a satisfactory product at cone
010. If burned to the latter cone it could perhaps be used for
drain tile.

The contrast beween the weathered and unweathered clay
is curious. One naturally expects a higher percentage of soluble
salts in the weathered clay, but the higher plasticity and shrink-
age would be looked for in the weathered and not the unweather-
ed, as found here.

The unweathered clay makes a nice dry-press at cone 05,
with an absorption of 14 per cent. It would require the use
of a dry-pan grinder to prepare it for manufacture.

A mixture of the two varieties of clay would probably
give good results in the stiff-mud process, the hard clay supply-
ing the plasticity and the weathered clay in the mixture would
reduce the shrinkages. Only the weathered portion of the clay
is used at this yard for brickmaking. It works up well for
soft-mud bricks, the only product of the plant.

Scove kilns are used, the time occupied in water smoking
and burning is twelve days. Dry wood is used for fuel, at a
cost of $3.50 per cord, and a half cord of wood is consumed in
burning 1,000 bricks.

The bricks are burned hard and to a deep-red colour;



Prate LVII.

Brick-yard at Kamloops, B.C.
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the price obtained is $14 per thousand at the yard, or $16
delivered at Kamloops, where the output is mostly used.

Gullifords, Otter Creek, Tulameen Disirict, B.C.-~—A sample
(1743) collected by Mr. Chas. Camsell, and sent in from this
district, appears to be a flood-plain silt of fair plasticity and
non-calcareous character. Its air shrinkage is 5°6 per cent, and
at cone 010 it swells slightly, has an absorption of 17'24 per cent,
and burns to a good red common brick. At cone 03 it was dark
red, had an absorption of 4’5 per cent and fire shrinkage of
5°8 per cent. It fused at cone 1.






CHAPTER VI.

Pacific Coast Region.

This includes the territory lying west of the Coast range,
and while limited in the extent of its clay resources, contains
a considerable variety, so far as our investigations have gone.

The most important shale deposits are those of Sumas
mountain east of Vancouver, which, as shown by the tests
given on other pages, represent one of the most important series
found in Canada. No other shale deposits of economic value
and favourably located have thus far been discovered on the
mainland elsewhere in this region.

On Vancouver jsland, shales are found associated with
the Tertiary coals at Nanaimo and Comox, but most of those
thus far discovered appear to be too sandy or too carbonaceous
for use. Some have been obtained from Nanaimo and more
recently from Comox, for use in the sewer-pipe mixture at the
pipe works near Victoria. It serves well for this purpose, but
is of little value if used alone.

Much is heard locally regarding the value of the shale
deposits said to exist on Mayne and Pender islands. It is
true that there are shaly deposits on these islands, but the shale
deposits so far as our experience goes consist of thin layers,
interstratified by the thin beds of sandstone, and Mr. C.H. Clapp,
who has carefully examined both of these islands, corroborates
our view.

The surface clays are more extensive than the shale
deposits in the Pacific Coast region.

Around Vancouver there are a number of deposits of grey
stratified surface clay suitable for common brick. Similar
clays occur in the immediate vicinity of Victoria, and also on
several of the islands between Vancouver island and the main-
land. They probably represent reworked glacial clays.

One of the most interesting deposits, however, is the
residual clay from Kyuquot on Vancouver island, which is of
refractory character.
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TERTIARY SHALES.

Clayburn, B.C.—One of the most interesting series of clay
deposits found in the western provinces is that lying in Sumas
mountain, east of Clayburn, on the Seattle branch of the Cana-
dian Pacific railway.

The works of the Clayburn Company, Ltd., are located
one mile east of Clayburn station, at the base of the mountain.
Sumas mountain is a heavily wooded hill rising above the
surrounding prairie to an elevation of several hundred feet.
It consists of a series of shales, sandstones, and a few conglomer-
ates and coal beds, the whole series having a gentle southwest dip.

Owing to the somewhat heavily wooded character of the
surface, outcrops are scarce, except in the steeper ravines, while
the lower slopes are mantled by a covering of clay and sands
of Pleistocene age, and landslides.

The shales were visited at two places. The first of these
was along the line of the Clayburn Brick Company’s narrow
gauge railway, running three and a half miles east from the

factory. The other was at Kilgard on the south side of Sumas
mountain.

Deposits of the Clayburn Company, Lid.—About 1,000 feet
from the brickworks along the narrow-gauge railway is a bank
of blue-grey surface clay, which is dug with a steam shovel.
This is used for common brick, and is the same kind of clay
that is found and worked at New Westminster. No tests were
made of it, and it may be simply added that this type of material
is found in the ravines for some distance up the track, as well
as up to an elevation of about 150 feet above the valley.

The first shale outcrops are reached about two miles up the
railway, in S.E. 1, section 31, township 19, Sumas municipality.
At this point the shale outcrops on both sides of the track (Plate
LVIII), and is overlain by a coarse conglomerate composed
of fragments of shale, granite, feldspar, etc. The outerop is
not of great length, but from what scant evidence there is we
are inclined to believe that the shale deposit may be of lenticular
character.

The shale is separable into two beds, viz.: a lower grey
shale of smooth, plastic character, and an upper purplish one,

-~
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which is harder and grittier. The former is buff-burning, and
on the south side of the track is at least 6 feet thick, while the
upper or grey-burning shale is 4 to 6 feet thick.

The workings have not been run in more than 100 feet,
and for part of this distance both beds are worked out, leaving
a chamber about 10 feet high. If this practice is continued,
care should be taken to properly timber the workings.

A test made of the buff-burning or lower shale (1724)
which is the one most used, showed it to be of good plasticity,
and, with the exception of 1728, the most plastic of the Clayburn
series tested. It worked up with 17 per cent of water to a
mass whose air shrinkage was 6'1 per cent, and average tensile
strength 100 pounds per square inch. A full-sized brick cracked
slightly in rapid drying.

The wet-moulded bricklets behaved as follows in burning:—

Cone, Fire shrinkage. Absorption. Colour.
% %
010 085 14-32 Pale salmon

03 27 920 Buff
1 50 700
5 60 1°43 Brownish
9 70 0 Grey

12 Thoroughly vitrified

A dry-press bricklet was good and hard at cone 05, and
pink buff colour, but in practice it is burned somewhat higher.

The upper bed of grey-burning shale (1730) worked up with
15 per cent of water to a moderately plastic mass, with much
grit, whose air shrinkage was 3'6 per cent.

Following are the fire tests:—

Cone, Fire shrinkage. Absorption. Colour.
%% %o
010 Slightly swelled 15-82 Pink grey
03 04 14°28 Grey
1 17 1100 ‘
5 37 3°06 “
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This is an interesting shale. It burned to a grey brick,
of low fire shrinkage, and low absorption, and could be used for
pressed brick.

Two and a half miles up the railway in N. E. %, section 30,
township 19, there is a shale bank on the right side of- the
track which shows the following section:—

Red-burningshale. ........................ .. ... 40 feet +
L0 Y AP 6 to 8 inches
Buff-burning shale of ferruginous appearance. ....... 12 feet +

The section extends down to the floor of the pit, which is about
15 feet above the track level.

The hill slope extends upward beyond the top of the
excavation, and more shale beds occur higher up, but these are
not at present worked.

Several years ago the Company worked a shale about 100
feet above the track, which was said to be adapted to the
manufacture of sewer-pipe.

A sample of the 40 foot bed of shale (1723), from the
pit deseribed above, was tested with the following results:—

It worked up with 19 per cent of water to a mass of low
plasticity and much fine grit, so that the body is somewhat
short. Its air shrinkage was 50 per cent, and average tensile
strength 196 pounds per square inch. A full-sized brick stood
fast drying without cracking.

In burning wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 03 16°16 Red
03 4'0 8°28 ‘
1 6°0 334 o
3 7°0 2°90 “

The shale burned steel hard at cone 03.

This seems to be a shale of slow vitrifying qualities, and
is worth trying for a paving brick, or even sewer-pipe. It
would be better to weather it, or mix it with a more plastic
material.

A test was also made of a sample of shale (1728), underlying
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the above. It took 22 per cent of water to work up, and gave
a mass of good plasticity, whose air shrinkage was 4’ 8 per cent.
The fire tests of wet-moulded bricklets are given below:—

Cone. Fire shrinkage. Absorption. Colour.
%o %
010 22 15°54 Red
03 40 11°93 ‘
1 70 757 o

At the end of the narrow gauge road, three and a half
miles from the works, in N.W. 1, section 29, township 19, Sumas
muniecipality, the Company obtains its fireclays from a small
mine. The section, as near as can be made out, shows:—

Sandstone—
Upperfireclay ........c.ooiiininiennenenn.. 8+ feet.
Coal, with flint-clay partings. . ................. 6 inchesto 1 foot.
Lowerfireclay . ......cooiiiiiiiinrininennnnn 74 feet.
Ferruginouselay........o..oveviniieennnannnnn 4 feet.
China-clay.........o.iiiiiininiineneeennn. 10 to 15 feet.

In mining the material, no attempt has been made in the
past to keep the two fireclay beds separate, but this should
be done, unless it is known that they are alike. The need of
care in mining is well shown by our own tests.

The first of these was made on an average sample of seventy-
five pounds collected from the stockpile at the brickworks,
and said to represent the run of the mine. This sample (1722)
worked up with 16 per cent of water to a very gritty mass of
moderate plasticity, whose air shrinkage was 3 per cent and
average tensile strength 75 pounds per square inch.

In burning the wet-moulded bricklets behaved as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 145 15°89 Light pink
03 23 13°63 Buff
1 31 12°30 »
5 36 10°96 o
9 40 975 o
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The clay was unaffected at cone 13, but thoroughly fused
at cone 17. At cone 1 numerous small iron specks developed,
and it became steel hard at cone 5.

At the time this sample was collected, it seemed to us that
the stockpile contained a great deal of inferior material, which
had been included because of carelessness in mining. In order
to corroborate our results, we tested a sample of best-grade
fireclay, taken from a bin at the mine, and found this to have
a fusion point at cone 32. We then tested a sample of firebrick
made at these works, for delivery at one of the British Columbia
smelters, and also a sample of Glenboig brick collected at the
same plant. Both of these stood cone 31.

Our conclusions are that the mine on Sumas mountain
contains some good fireclay, but that in mining the several
beds in the deposit should be kept separate, until their qualities
are thoroughly known.

The china-clay (1721) is a fine-grained, whitish shale,
sometimes soft and smooth, at other times hard and porcelain
like, with a conchoidal fracture. It grades upwards into an
iron-stained whitish shale. There are numerous small limonite
spots scattered through it. When ground to pass through a
20 mesh sieve, it worked up with 16 per cent of water to a feebly
plastic mass, whose air shrinkage was 3'2 per cent.

The wet-moulded bricklets gave the following results in
burning:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 1457 Pinkish white
03 o 13-53 I i
1 0°3 12°76 ‘e “
5. 06 11-21 ‘o e
9 1-2 9:72 “ “

At cone 20, the cone of china-clay was erect, but was
glassy, and contained many fused iron spots. It probably will
not stand much above cone 22. Even at cone 03 the bricklets
show many small iron spots, which are fused at cone 9. It is
barely steel hard at cone 9.
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It is doubtful if this clay would be suitable for anything
better than boiler brick. The iron could not be washed out of
it. The clay seems to dry-press if ground fine.

No analyses of the Clayburn materials were made for this
report, but the following two may be quoted from a report on
the clay industry of the coast published by the Provincial
Mineralogist of British Columbia, in the Annual Report of the
Minister of Mines for 1908.

No. 1 corresponds to the bed underlying the coal parting
in the fireclay mine at the end of the narrow-gauge road, while
No. 2 lies above the coal:—

1 2
Siliea (8102) .. oo i i 60°8 58°80
Alumina (Al2O3s) ...oovvveinn e, 35°27 30°55
Ferricoxide (Fe20s) . ..o vvvvnnvinnninnen.n 275 0°'65
Lime(Ca0)......coviviiieiiiii e 0°25 None
Magnesia (MgO) . ............ Trace 050
Alkalies (Na20, K:0) 188 .....
Waterandloss. .............. ... ittt aaaa. 950

Kilgard.—A series of shales similar to those seen east of
Clayburn are exposed on the southeast side of Sumas mountain,
on the property of Messrs. McClure. On this side of the
mountain the land rises steeply from the prairie to its summit,
being interrupted by two benches (Fig. 7).

The best series of exposures is in the S.W. %, section 29,
township 19, in a steep ravine which is crossed by the wagon-road
bridge. A section up the south face of the mountain, along the
line of this stream, is given in Fig. 7, and is compiled from data
supplied by Mr. J. C. McClure, who made the survey.

This section shows a series of shales and sandstones similar
to those found to the north on the property of the Clayburn
Brick Company, and from what can be inferred from the limited
exposures along the creek, the dip may be southwest.

Unfortunately our time was too limited to permit us to
make a detailed study of the structure of Sumas mountain.
Outcrops were scarce along the wagon road from Abbotsford to
the locality at which the section is given. It may be noted,
however, that outcrops of quartz porphyry were found at the
base of the mountain about one and a half miles west of the line
of the section.
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Details of Section on Section 29.—Starting at the lower end
of the ravine about 75 feet lower than the wagon bridge,
there was here a small outerop of the so-called china-clay in
which a test pit had been sunk. About 20 feet down the
stream from this is a bluish shale capped by a very thin coal
seam. The dip here appears to be southwest, and if so the shale
(called No. 1 fireclay) probably overlies the so-called china-
clay.

About 50 feet up (vertically) the stream from this point,
a ferruginous shale outcrops. Under the bridge s another
shale (not shown in section Fig. 7), which is very hard, and
underlain by sandstone. Still higher up, and a short distance
above the bridge, is a good exposure showing:—

BandStome . vttt e i e e
Soft fireclay (N0O.4) .. .0 vtiriiirrnenrnnnonananan 9 feet+
L7 4 inches
Hard clayshale (NO.3) .. ......oviiiineanennns 4 feet
Sandstone. .. ..vit it 2 feet
Bhale. .. et haeaa

The thickness of the upper fireclay is more than 9 feet,
but owing to slide material its upper limit could not be seen.
Mr. McClure claims that it is 15 feet thick.

No more exposures were seen until a point about 100 feet
above the bridge, on the west side of the creek. This ledge
showed :—

Buff-burningshale. ...............c.ciiiiiiiiaan 15 feet,
Bandstone. . ....c.ovtiiiiit i et e 5
Coal. ..t e 3 «
(07 -

The following samples, listed in the order of their occur-
rence, from the lowest to the highest, were tested. Of these
Nos. 1729, 1726, 1725, and 1727, were collected by us. The
others were sent in by Mr. MeClure. The bed from which

each sample was taken can be seen by reference to the section
Fig. 7.

China-clay from lower end of section (1729). This has
very little plasticity, and was moulded with difficulty. Its air
shrinkage was 2 per cent. e
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The fire tests of wet-moulded bricklets were as below:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 14-00 Pink
03 10 12°95 “
5 1'0 11:00 Grey speckled
9 1'0 9-34 e o

The low shrinkage is due to the sandy granular character.
At cone 22 the clay was glassy on the surface, and it is doubtful
whether it will stand more than cone 25. A sample of this clay
ground in a ball mill, and then run through a 100 mesh sieve
was quite plastic. A 4 inch square dry-press tile, made
from the clay thus prepared, was burned at cone 5. At this
cone it was not steel hard, very porous, and not white. It can-
not, therefore, be classed as a china-clay.

Fireclay from bed above china-clay (1737). This shale
is only feebly plastic, and when mixed up with 14 per cent of
water, moulded with difficulty. Its air shrinkage was low,
being only 2°4 per cent.

Fire tests were as below:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 Slightly swelled 11°73 Dirty white
03 A 9:01 m m
1 04 9°00 Grey, black specks
5 1 . 6 9 . 37 [ 6“ [
9 4 - 7 8 . 68 £ s &
31 Fused.

This clay is of good refractoriness, and becomes steel hard
at cone 9. It is nearly so at cone 5. The clay, however, is
too feebly plastic to be used alone, but there is a fireclay over-
lying the coal seam, higher up in the section, that could be mixed
with it to produce a plastic mixture.
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Grey shale (1726) below coal seam, from bed just above
bridge. This is a moderately plastic, gritty clay, which worked
up with 16'8 per cent of water and had an air shrinkage of 3

per cent.
Wet-moulded bricklets gave the following results in burn-
ing:—
Cone. Fire shrinkage. Absorption. Colour.
% %
010 0 18°58 Pinkish
03 06 17°20 “
1 2:3 1250 ¢
5 53 950 Brown
9 4'6 2°26 “

This clay is distinctly inferior to the one above the coal,
and we do not class it as a fireclay. The slight swelling at
cone 9 was due to the fusion of the numerous iron spots scatter-
ed all through the mass. With the abundance of other good
shales in the section it hardly seems worth working, although
it might be added to a sewer-pipe shale.

Upper fireclay (1725), above coal, from ledge just above
bridge. This shale when ground up in its fresh condition is
moderately plastic, but the plasticity would no doubt be improv-
ed by weathering and thorough pugging.

The sample collected by us worked up with 15 per cent of
water, and had an air shrinkage of 3 per cent, together with a
tensile strength of 103 pounds per square inch.

The burning tests resulted as follows:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 0°65 14-42 Pink
03 1 1421 ‘Whitish
5 3'8 10°95 Buff
9 3'6 867 Buff
274 Fused
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The colour deepens considerably on flashing. It is nearly
steel hard at cone 03, and the bricklets were thoroughly so at
cone 5. This is to be regarded as a fair grade of fireclay, with
low shrinkage and of fairly dense-burning character.

Buff-burning shale (1727), overlying sandstone, 100 feet
above bridge. This is a material which worked-up with 20
per cent of water to a mass of fairly good plasticity. Its air
shrinkage was 4 per cent, average tensile strength 114 pounds
per square inch, and a full-sized brick stood rapid drying.

Burning tests of wet-moulded bricklets showed the follow-
ing results:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 06 17°73 Pink
03 10 15°21 ‘
1 3'3 13-54 ¢
5 4 10°42 Buff
9 50 10°29 ‘
13 Not vitrified, except
in spots.

This is a good shale, which burns to a good colour wet-
moulded, and makes a nice buff dry-press brick. The latter is
steel hard at cone 03, with an absorption of 12'6 per cent at
cone 1.

Pressed-brick shale (1738). This is of good plasticity, and
the most plastic of all the Kilgard samples tested. It required
18 per cent of water for mixing, and had an air shrinkage of 4'0
per cent. A full-sized brick did not crack in fast drying.

The burning tests are given below:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 02 17°74 Pinkish
03 0°3 1578 Pink
1 3 10°30 Grey
5 5 326 Dark grey
9 26 545 Brown
13 Fused
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The shale burned steel hard at cone 03, and is an excellent
material for pressed brick, but it is of doubtful value for sewer-
pipe alone, although it would probably be useful for this if mixed
with a better vitrifying clay. The swelling at cone 9 is due to
the numerous iron specks becoming viscous.

Dry-pressed, it makes a nice greyish-buff brick, at' cone
05, with an absorption of 17°3 per cent. At cone 1 it is grey
with 11°78 per cent absorption.

Shale No. 1739. This material worked up with 15 per
cent of water to a mass of only moderate plasticity, and was
rather gritty. Its air shrinkage was 3 per cent.

Burning tests of wet-moulded bricklets resulted as below:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 015 14°41 Light salmon
03 10 13-02 ¢ ‘
5 27 9°55 Buff
g9 1-7 9°48 “

This might also be classed as a pressed-brick clay. Its
colour after burning is similar to that of 1727, and while its
absorption is somewhat the same at cones 5 and 9, its fire shrink-
age is lower. '

Shale No. 1740. A yellowish, gritty shale, with rusty
streaks, and working up with 22 per cent of water to a mass of
fair plasticity, the air shrinkage of which was 4'4 per cent. A
full-sized brick cracked slightly in rapid drying.

On firing the shale developed the properties of a paving-
brick clay, as the tests given herewith show:—

Cone. Fire shrinkage. Absorption. Colour.
/) %
010 1-0 16°75 Red
03 90 2°12 ‘
1 9-3 1°00 ‘
3 94 1°00 ‘o
5 Vitrified
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These tests show that the shale burned dense at a low
cone, but is not beyond vitrification even at cone 5. It is steel
hard at cone 010.

A mixture of 1740 and 1738 might do for sewer-pipe, but
the clay alone while burning to a dense body at a low cone shows
a somewhat high fire shrinkage.

Plans are being made to work these clays and shales at a
factory, to be located at the base of the hill, near the projected
line of the Great Northern railway. The Company has been
incorporated under the name of the Vancouver Sewer-pipe and
Refractories Company, Ltd.

Owing to the steepness of the mountain face, the different
beds will all have to be worked by drift mining, and the clay
can be easily transported down to the works by means of a
wire-rope t amway.

Clayburn Company, Limited.—The works of this Company
lie one mile east of Clayburn, and are connected with the Seattle
branch of the Canadian Pacific railway by a spur. The clay
is brought down from the mines on a narrow-gauge road, three
miles long and with a 3 per cent grade. The plant is equip-
ped with dry pans, dry-press, and stiff-mud machines, steam
dryers, and down-draft kilns. The product consists of common,
‘paving, pressed, and firebrick.

SURFACE CLAYS.

Vancouver and Vicinity.—Surface clays only are available
in the region around Vancouver. Shales underlie the surface
formations and are sometimes exposed in excavations for
foundations or sewers, but they usually lie under too deep
cover to be worth working.

The common type of clay used for brickmaking around
Vancouver is a bluish-grey laminated clay, containing very thin
sand layers. The clay appears to lie in beds, but these if traced
for any distance often thin out, while the sand which overlies and
underlies them appears to thicken up. The formation then con-
sists of a series of clay lenses surrounded by ferruginous sands.

There seems to be rather strong evidence that the formation
is of interglacial character, for glacial drift is found both above
and below it. Fig. 8 shows the structural relations of the deposit.
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works of Fraser River Brick Co., B.C.

A EMBANKMEN
VER
c-Stratified sand, containing gravel lenses  d-Bovlder clay.

Fig. 8.—Section of clay deposit on bank of Fraser river, near

FRASER R
a-Stratfied clay (brick clay) b-Sal, sand,gravel foverburden)

l
% .
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A good example of the mode of occurrence of this clay
deposit can be seen near the yard of the Fraser River Brick
Company, on the south side of the Fraser river, about two
miles southwest of New Westminster About 500 feet west
of the yard, the clay is 15 feet thick (Fig. 8) but thins out
completely to the eastward, its place being taken by sand.
Nearer to the yard another clay lens begins, thickens to
about 2% feet and then thins out again. FEast of the
yard is still a third lens with a maximum thickness of perhaps
15 feet. '

Again, at the yard of Coughlan and Sons, just east of New
Westminster, the clay shows the same lens-shaped character,
and in the bank being worked in September, 1910, the section
showed :—

Boulderclay....ooviiiiiniin ittt 0 — 6 feet.
Laminated blueelay.. ... ...oovvieinineeniennn 20+ ¢
Gravel. ... ..coiiii it i e i

This blue-grey clay appears to show such uniformity in
its character and working properties that a test of an average
sample obtained from the yard of Coughlan at New West-
minster will serve to show its quality.

The sample from there is a moderately plastic clay (1720),
containing much fine grit. When worked up with 19 per cent of
water, it developed a somewhat flabby mass, whose air shrink-
age was 4’1 per cent, and average tensile strength 256 pounds
per square inch. A full-sized brick stood rapid drying without
cracking.

In burning the wet-moulded bricklets behaved as follows: —

Cone. Fire shrinkage. Absorption. Colour.
% %
010 035 15'35 Red
03 1-7 10-44 “
1 Fused

This is a good common brick-clay, and can also be used for
drain tile. It could be re-pressed, although practically none of

this is done.

swells somewhat as it comes from the die.

When worked in a stiff-mud machine the clay
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Brick Industry Around Vancouver.—Common brick are
manufactured st a number of points east of Vancouver. One of
the largest plants is that of Coughlan and Sons, located just east
of the city of New Westminster, and on the hillside above the
Fraser river.

The run of the bank is used for making brick, although
the laminated clay alone is said to burn to a better red. The
yard is equipped with a rolls, pug-mill, and soft-mud machine.
Drying is done on pallet racks, but a hot-air dryer was being
constructed at the time of our visit. The burning is accom-
plished in part in scove kilns, and partly in a Hoffman continu-
ous one. The clay burns to a good hard brick, and there seems
no good reason why re-pressed ones should not be made. This
yard has been in operation for about twelve years, but bricks
have been manufactured on this site for about thirty. Common
bricks are also made at the penitentiary.

The works of the Fraser River Brick Company lie in a
small valley on the south side of the Fraser river, about two
miles east of New Westminster. The product consists entirely
of common brick. As the plant was originally constructed,
clay had to be put through a pug-mill, rolls, and auger machine.
It is claimed, however, that long pugging softens the clay too
much, and since the elimination of the pug-mill better results
have been obtained. The Company contemplated changing to
the soft-mud system. The green bricks are sent to a tunnel
dryer and burned in a scove kiln.

The plant of the Port Haney Brick Company, Limited,
is located at Port Haney, on the Fraser river, east of Vancouver.
The surface clay with one-fifth sand added is used chiefly for
stiff-mud common brick, but some pressed brick and drain tile
are also produced. The product is dried in tunnels and burned
in scove kilns.

Clayburn, B.C.—The bluish-grey surface clays at the base
of Sumas mountain have been referred to in connexion with
the shales, but on the property of Mr. L. Russell, near Clayburn
station, there is a deposit of hard stratified clay which at first
sight appeared to be shale.
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The clay (1741), which resembles the surface clays of the
region in its behaviour, worked up with 30 per cent of water to a
very plastic mass, having an air shrinkage of 6'3 per cent.

Wet-moulded bricklets showed the following shrinkages
and absorption at different cones:—

Cone. Fire shrinkage. Absorption. Colour.
% %
010 03 18°63 Red
03 2'6 13°14 o
1 Past vitrification
3 Fused.

This is a good brick-clay, with a low fire shrinkage and
becoming steel hard at cone 03.

Anvil Island.—This is an island of metamorphic rock,
lying in Howe sound, about twenty-three miles from Vancouver.
The slopes descend rather steeply towards the water, with some
bench like interruptions, but here and there are depressions in
which pockets of drift and clay have been deposited.

Two deposits of the latter are being worked on the south
side of the island, one of them by the Columbia Clay Company,
and the other by the Anvil Island Brick Company, Ltd.

At the former the deposit consists of a stratified clay with
scattered boulders, and is thought by C. H. Clapp to be a re-
worked glacial deposit. The clay, which is hard, tough, and
silty, is yellow above and bluish-grey below. Both varieties
appear hard and dry in the bank, but when worked for a few
minutes between the fingers become soft and moist and little
water has to be added to them.

A sample of the buff or upper clay (1733) was put through
a few tests. This clay has good plasticity, much fine grit, and
some pebbles. It worked up with 26 per cent of water, had an
air shrinkage of 6 per cent, and average tensile strength of 283
pounds per square inch.
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Burning tests are as below:—

Cone. " Fire shrinkage. Absorption. Colour,
% %
010 0-35 16:74 Red
03 3:00 776 o
1 Fused

This gives a good body for common brick, and could prob-
ably be used for drain tile.

A good dry-press was obtained at cone 03, with an absorption
of 10" 27 per cent.

If the blue clay alone is used it seems to ball up in the soft-
mud machine, and clings to the blades on the shaft. The clays
alone show a tendency to crack, and so about 10 per cent of
sand is added as the former is shovelled into a double rolls.
From these the mixture passes to a pug-mill and then to a soft-
mud machine. The bricks are put through dryers, heated by
waste heat from the kilns, and burned in a Haigh continuous
kiln. A stiff-mud machine was tried but did not work well
with this clay.

The clay at the yard of the Anvil Island Brick Company,
Litd., is similar, consisting of an upper buff and lower blue,
except that the latter is more massive and resembles a boulder
clay.

At the time of our visit the brick plant was not yet com-
pleted. The process which it is proposed to use, however, con-
sisted in first feeding the clay into dry-pans, then screening, and
after this moulding in a Whittaker dry-press. The Company
had one rectangular down-draft kiln under construction and pro-
posed to build a continuous one.

Sidney Island.—The clay deposit here is similar to that on
Anvil island. It is utilized for making stiff-mud common
brick.
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Vancouver Island.—The following notes on Vancouver
island have been collected by C. H. Clapp. They are followed
by the tests of samples collected by us from several localities:—

There are four types of clay deposits which have been
recognized on Vancouver island:—

Shales of the Nanaimo series (upper Cretaceous).

Shales of .the Tertiary west coast deposits.

Clays of the Pleistocene and Recent unconsolidated super-
ficial deposits.

Residual clays derived by the decomposition of igneous
rocks. (Of this type there is only one deposit known,
viz., that at Kyuquot, which I have not seen).

Nanaimo Series.—The greater part of the shales of the
Nanaimo series are sandy and interbedded with thin layers
of sandstone which average less than a foot apart. In the
northern basins in the vicinity of Nanaimo and Comox, there
are, however, near the base, relatively thin lens-like beds of shale
{(such as is used at the Victoria Pottery Company’s plant, of
which a sample was taken), up to 3 to 5 feet in thickness. They
are usually more or less closely associated with the coal.

The Tertiary sediments are chiefly very coarse, thick-
bedded conglomerates and sandstone. The shale beds are thin
and very sandy and unlikely sources of clay.

With the exception of the shale used at the British Columbia
Pottery Company’s plant all the clays at present utilized are
derived from the superficial deposits.

The greater part of Vancouver island is mantled with
unconsolidated deposits of various kinds; largely referable to
the Glacial period. Underlying the low flat areas of the east
and west coast, and the vicinity of Vietoria, the Saanich penin-
sula, and the neighbouring islands in Haro straits, the super-
ficial deposits, although composed of glacial detritus, are largely
stratified. Stratified deposits also occur in the large inland
valleys such as the Cowichan and Alberni. For the greater
part the stratified deposits occur at elevations less than 250 feet
above sea-level, although in the large valleys they occur much
higher. The higher slopes are covered chiefly with Glacial till,
modified slightly by sliding. It is in the stratified deposits
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that clays occur. The clays have the usual characteristics of
Glacial clays, those used for brick being high in sand, as the
more plastic clays have a very high air-shrinkage.

In the neighbourhood of Victoria and the Saanich peninsula,
which.is the only portion of the area where the Pleistocene
deposits have been studied in detail, several types have been
recognized. These may be classified roughly as follows:—

Glacial till
Estuarine and lake deposits
“River” and delta deposits.

Glacial till is for the greater part confined to the slopes of
the higher elevations and usually occurs above the 250 foot
level. In the eastern part of the area, notably on James and
Sydney islands, the stratified deposits are covered with Glacial
till, which doubtless represents a second period of glaciation
that was insignificant as compared with the principal period.

The estuarine deposits consist largely of stratified clays
and sand, and occasional layers of gravel. Irregularly distri-
buted through the deposits are glacial boulders of varying size,
from small pebbles to boulders 2 and 3 feet in diameter. Deposits
of this type underlie relatively low, flat areas and valleys, and
often rest directly upon the glaciated surface of the underlying
crystalline rocks. Many of the deposits contain marine organ-
isms, showing that they were deposited in salt water. Their
occurrence in the lower parts of the area and in valleys between
the ridges of crystalline rocks and of stratified sands and gravel
shows their estuarine origin. It is probable that some of the
higher deposits of this type were formed in lakes.

The clays are usually near the base of the formation and
occur in beds up to 10 or 15 feet thick. The clays are chiefly
sandy, but are fairly plastic. Fat blue clays also occur, especi-
ally underlying the sandy clays.

The “river” and delta deposits consist chiefly of stratified
sands and gravels, showing cross bedding, contemporaneous
erosion and deposition, and other features characteristic of river
and delta deposits. They occasionally have interbedded clay.
These deposits occur principally as ridges 100 to 200 feet high,
one-fourth of a mile wide, and one to two miles long. They are

10
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esker-like in form but differ from typical eskers in their large
size and straight axes. The clays and fine-grained beds contain,
in one or two instances, marine fossils. The origin of these
deposits is at present obscure. The clay beds are similar to
those described above but are apt to be more sandy, and more
free from glacial pebbles.

Near Boulder point, on the north shore of Union bay,
Norxth Saanich district, there is exposed 20 feet of stratified
clay with gravel and sand, and oceasional boulders of crystalline
rocks. Clay occurs in a bed up to 10 feet in th'ckness. It is
greyish-blue in colour, somewhat sandy, but plastic. Clay
underlies the greater part of the flat country at the northern
end of the Saanich peninsula, but is only exposed at elevations -
below 150 feet.

In the pits of the Sydney Brick and Tile Co. located 20 feet
above sea-level the section shows:—

Loamy sandy soil, notstripped.................... 6 inches
Clay and sand, yellow to_grey, unoxidized, with fre-
quent pebbles and boulders of gla.clal origin.
. Clay is fragile and not plastic.................. 16 inches
Yellowish-grey sandy clay, plasticity good.......... 2 feet 6 inches
- Blue clay, plastie, with high air shrinkage. (Clay
flat and undisturbed. It was denved from glac-
ial till, but has been deposited in marine basins.)

On James island, which is composed of a ridge of stratified
sand and gravel of river origin, 15 to 25 feet of yellow-sandy
clay occurs near the top of the 200 foot section, and 20 feet
of similar clay also occurs near the base.

Loam and sandy soil, with vegetable growth (stripped) 12 to 18 inches
Yellow sand. [ncreases in thickness to south, so

that‘;i 30 yards from clay pits there is 3% feet of

san
Used for mixing with clay, about5tol....,........ 12 inches
Yellow-grey sandy clay, unoxidized, soft, good plas-

txcxty, contains numerous pebbles of crystalline 13 fect,

..................................... ee

The clay is flat and undisturbed, and occurs near the base
of the river deposits.

“At Tod inlet, South Saanich district, in the pits of the Van-
couver Portland Cement Co., clay occurs in marine deposits
of sand and clay, about 60 feet above sea-level. The pits show
15 feet of fairly uniform sandy clay, with a few glacial
boulders and pebbles. Analysis of clay, which is said to be
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uniform, is given by Adolph Neu, the chemist of the cement
company.

Per Cent
Silica (S102) . o v iiiee i e e i 6500
Ferricoxide (Fe203) ..o v vvtinnenienniannnnens 14-00
Aluming (AlsO38) ..o ittt it it 10-00
Lime(Cal) . oue oo iirinerie i eii i 500
Magnesia (MgO) . .. oottt it 1°10
Alkalies (NazO, K20) .. ...t tr

At Cadboro bay there is exposed at the base of a 100 foot
section of stratified sand and gravel, with a few arge boulders,
about 15 feet of fine-grained somewhat sandy clay. The contact
with the overlying sand and gravel is marked by numerous
springs. Along the shore to the south of Victoria, and to the east
of Clover point, the following section of the marine Pleistocene
deposits is exposed :—

Sand, gravel, and clay, with many glacial boulders.... 4 feet
Yellowishsandandgravel........................ 2
Bulff sandy clay, good forbrick.................... 9
Light to yellowish-grey sand and gravel, with a few
largeboulders............c.ooiiiiiiniiannan

Near the mouth of the Sombrio river, Renfrew district,
the underlying crystalline rocks and Tertiary sandstone are.
covered by sandy clay of indefinite thickness, probably not
more than 10 or 15 feet, since it is only exposed a few feet above
sea-level. Similar, although more compact, fatter clay is exposed
in the cut bank of the Sombrio river, 200 yards from the shore,
and contains Pleistocene marine fossils.

The clays are overlain by stratified gravel, 300 to 500 feet
thick. Clays of this character have a wide distribution along
the west coast from Sooke to San Juan.

The following section of the Pleistocene deposits is exposed
at Pasons point, at the entrance of Sooke harbour.
Drift, red to grey colour, stratified, ferruginous gravels

and sand, with alittleelay................... 30 feet
Sandy clay with carbonaceous particles............. “
Clayeysand......covuiiininin it inieiannnnnens 20 ¢
Yellow ferruginoussand. . . .............co0ivnnn. 10 ¢
Gravel. . ... i e 10 ¢

VANCOUVER ISLAND CLAYS AND SHALES.

Comoxr.—Shale beds are found associated with the
Cretaceous coals at Comox, but most of those thus far opened
up are too gritty, or contain too much carbonaceous matter.



148 GEOLOGICAL SURVEY, CANADA

By themselves they seem to be of little value, but have
been found useful for mixing with the surface clays at Victoria,
for making sewer-pipe and hollow brick. One sample of the
Comox shale was taken from the stockpile at the works of the
British Columbia Pottery Company. This was a very dark
grey shale (1734) which worked up with 15 per cent of water
to a feebly plastic mass, and was mou'ded with difficulty. It
is not plastic enough to be used alone. The average air shrinkage
was 2°6 per cent.

In burning the wet-moulded bricklets gave the following
results:—

Cone. Fire shrinkage. Absorption. Colour.
%o %
010 0°55 16°00 Dirty pink
03 1-4 1347 Drab
1 2°3 1372 “
5 5°00 6°31 “

The clay did not burn steel hard even at cone 5, and as
can be seen from the above tests does not burn to a very dense
body.

Its chief use is as a stiffener with some more plastic clay,
in which mixture it would also reduce the shrinkage.

In spite of its sandiness it made a fair dry-press brick,
which had a good ring even at cone 05, and a buff colour. The
absorption was 14 per cent.

British Columbia Pottery Company, Ltd.—The factory of
this Company is located at Victoria West on the line of the
Esquimalt and Nanaimo railway. The product consisted
originally of pottery, but now the chief output is sewer-pipe
and fireproofing. The raw material used is a mixture of local
surface clay, shale from Comox, and a residual clay from
Kyuquot. The factory is equipped with rolls, wet pan,
sewer-pipe press, pot machines, and circular down-draft kilns.
The ware is burned at cone 6 for the sewer-pipe. More
recently sewer-pipe have been made from the shale and Xyuguot
clay alone.
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Victorta.—There is considerable similarity in the clays
found around Victoria, all being red-burning, rather tough, and
gritty  Occasionally a deposit of material is encountered which
is smoother than the average, and can be utilized for drain tile.
Some is also employed in the sewer-pipe mixture, at the works
of the British Columbia Pottery Company, and the following
tests show its character (1736). Like the other surface clays
of this vicinity, the material is very plastic and somewhat sticky,
but even so contains much grit and scattered pebbles. It is
much more plastic, however, than the surface clays on the adjoin-
ing mainland.

Twenty-eight per cent of water was required to work it
up, and the resulting mass had an air shrinkage of 7°9 per cent,
with an average tensile strength of 364 pounds per square inch.
The clay burns to a red colour, which changes to brown at cone
03. The firing tests developed:—

Cone 010, 045 per cent fire shrinkage, and 1561 per cent
absorption; cone 03, 8 per cent fire shrinkage, and 0 per cent
absorption; cone 1, fused.

The total shrinkage at cone 03 is rather high for practical
purposes, but at cone 010 it forms an excellent material for
brick or tile, and when smooth enough, flower pots.

Kyugquot, Vancouver Island.—The British Columbia Pottery
Company has recently been obtaining some clay from this local-
ity, which is located on the western side of Vancouver island,
near its northern end. We were not able to visit this locality, but
the material appears to be a residual clay derived from a partly
metamorphosed voleanic rock, presumably a rhyolite. The
stuff consists of a mixture of clay and lumps of the partially
decomposed rock, and turns out to be one of the most refractory
clays found in western Canada.

A sample lot (1735) taken from the stock pile at the factory
showed the clay to be of rather low plasticity, for the reason
that much of it represents but partly kaolinized rock.

It was worked up with 20 per cent of water, and had an
air shrinkage of 3 per cent, with a tensile strength of 84 pounds
per square inch.
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The burning tests were carried out in some detail because
of the refractory character of the material.

Cone. Fire shrinkage. Absorption. Colour,
010 Slightly swelled 15°50 Salmon
03 ‘ 1422 Pink
1 4" 1 1 . 7 11
5 06 9°23 Drab
9 =17 7:92 Grey
13 Not vitrified
30 Fused

It burns steel hard at cone 1, and shows good refractoriness,
in fact there are few more refractory clays thus far known in
the western provinces. Its occurrence should encourage further
search.

The following analysis was supplied us by A. T. Monteith,
of Victoria:—

Silica (SI02) o v cv ittt i e e 71°10
Alumina (AlsO3) . ..coveieninn e PP 23°40
Ferricoxide (FeaOs) e oot vnninrnneenenennenannans 38
Lime (Ca0) ... oo vttt et e s None
Magnesia (MgO) . .. vvvriniii e ie i iiennne 03
Lossonignition. ... ..., 10
Total. oo e 9960

This analysis indicates that much of the rock is but little
altered to clay, otherwise there would be a higher percentage of
chemically combined water, as represented by the loss on igni-
tion. It is probable that the material analysed does not repre-
sent a fair sample.

Analyses of British Columbia Clays.—The following analyses
are given by the Provincial Mineralogist in the 1908 report of
the Minister of Mines for British Columbia.

1 2 3 4 5 6 7 ] 9 10

Silica (8iOg)......... 60°00| 60°2 63°6) 67 6| 568 57 5 57°5 58°5| 58-6| 60°6
Alumina (A1:03)......[20°8 | 15*5 19°0) 13°6| 17°5! 22°8| 20°2| 21°1]| 26°7| 24°0
Ferric oxide (Fe203)..| 7°6 | 9°4| 7'6) 8:8 108 9-2| 92| 86 75 7°6
Lime (Ca0)......... 46 53| 3°6 36/ 3°1 40| 7°0 65| 4'0| 1'0
Magnesia (MgO)....| 0'7 1-5| 0°2{ 0°2} 0°3 05 32 05 tr 03
Waterandloss. ..... 51| 6°8 6°0l 56 68 60 29 48 30/ 70

1. Clay, Brethour’s road, Sidney.

2. Chinese yard, Sidney.

3. Atkins’ lot, Esquimalt.

g. Duncan.

Roger Cook, Alberni dist.
Lot 7

Smith Landing.
Port Haney.
Anvil island.
Howe sound.

-
SpeNm



CHAPTER VII.

The Clayworking Industry.

The chief clay products now made in the western provinces
are common brick. These are produced at a number of locali-
ties, and usually from sandy surface clay, so that the ware is
very porous. Winnipeg, Vancouver, and Victoria contain the
largest groups of yards, but there are many single plants too
numerous to mention.

The press-brick industry is but slightly developed. A shale
brick of good colour is made at Leary, Man., and a few dry-~
press bricks are also produced from surface clays at two other
localities in Manitoba. At Medicine Hat, and Redcliff, Alta.,
red dry-pressed bricks are made from the shales. A few are also
made at Edmonton, Alta., from the surface clays, and red ones
are manufactured from the Tertiary shales at Sandstone and
Brickburn near Calgary, Alta.

The Dirt hills south of Moosejaw yield elays which could
be employed for white, cream, and spotted effects, while those
of the Souris valley will make buff, red, or mottled brick.

The only buff-pressed brick made in the western prov-
inces are those at Clayburn, where grey and red ones are also
produced. It seems very doubtful, however, if these could be
marketed far to the eastward owing to the expensive haul across
the mountains.

Sewer-pipe are manufactured only at Victoria, but their
production at Medicine Hat will begin this season. We have
pointed out in our report, however, that the shales at Clayburn,
B.C., and on Milk creek, near Pincher, or at Entwhistle, Alta.,
could be used for this purpose.

The only locality at which firebrick are produced is Clay-
burn, B.C., and the output from these works is far below the
domestic consumption.

151
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These few paragraphs will, therefore, show the restricted
development of the clayworking industry in the western prov-

inces at the present time.

In the report of the Mines Branch, Department of Mines,
for 1909, Mr. J. McLeish gives the following statistics of- pro-
duction of clay products for the years 1907, 1908, and 1909:—

Production of Brick in the Western Provinces.

1907 1908 1909
Manitoba........ 45,094,180| $465,282| 26,818,000 $254,591| 59,110,100/ $544,548
Saskatchewan....| 12,024,070, 125,459| 8,262,906/ 87,566 14,416,770 144,316
Alberta.......... 31,384,740 353,672( 25,521,911 240,336| 45,479,855| 441,606
British Columbia..| 12,522,045/ 131,137| 18,152,362 169,546 28,445,758 305,520

A comparison of these figures, with those representing
the total value of all clay produets produced in these Provinces,
shows that in every case, bricks form nearly the entire pro-

duction; except in the case of British Columbia.

Total Value of All Clay Products Produced in the
Western Provinces.

1907 1908 1909
Manitoba........coeniinn.. $466,432 $265,091 $559,008
Saskatchewan.............. 125,459 187,566 145,516
Alberta.....oooovivivannans 353,672 240,384 442,486
British Columbia........... 306,137 344,446 470,442

From the figures given above it can be seen that the pro-
duction is mnot large, although it has been slowly increasing.
With the rapid development that is going on in the western
provinces, however, and the rapid growth of large cities like
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Winnipeg, Calgary, Edmonton, Vancouver, etc., there is bound
to be a demand that should stimulate the growth of the clay-
working industry, provided that suitable raw materials exist,
and we believe they do.

Certain factors, however, must be taken into account, which
may temporarily at least retard its development. The cost
of labour is high and often an uncertain quantity to the western
manufacturer. The region is a large one, local freight rates are
high, and, therefore, long hauls add appreciably to the market
value of the product. Certain well-known firms in the United
States send annually large quantities of clay produets into
Canada. Although their products pay duty, these people, by
reason of the facility of handling material in long established
plants, and having more stable labour conditions, can compete
successfully with Canadian goods. As an example, fireproofing
and pressed brick from St. Paul and Minneapolis, Minn., and
Menomonie, Wis., have been shipped to Edmonton. Brandon
imports sewer-pipe from St. Louis, Mo. Pressed bricks from
Hebron, N. Dak. are sent to Winnipeg and into Saskatchewan,
ete.

Existing conditions also permit the shipment of common
brick and fireproofing from factories in Washington to the
Vancouver market. But if clay products, which can be sold as
cheaply and are as good as those brought in from the United
States, can be made in Alberta, Saskatchewan, or British
Columbia, then the ability of the manufacturers to supply the
home market should only be limited by the capacity of their
plants.

Many of the Canadian manufacturers complain that the
tariff is not sufficiently high to keep out the products from the
States, and that with existing tariff conditions they cannot
meet the prices of the imported goods, and earn a profit at
the same time.

The authors have not sufficient data at hand to go into
a detailed and critical analysis of this situation, but one point
seems clear, viz., that while a raise in the tariff may benefit the
manufacturer, it may not help the consumer, as the price of
the domestic product may be increased with higher protection.
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In this connexion it may be of interest to give the rates
of duty on different kinds of clay products, as below:—

Canadian Customs Duties on Clay Products.
(From the Customs Tariff, 1907, revised 1910).

Ttem. British | Inter- | General
_ Prefer- | mediate | Tariff.
ential | Tariff.
Tariff.
281 |Firebrick of a class or kind not madein Canada.| Free. | Free. | Free.
282 |Building brick, paving brick, and mfgs. of clay
orcement (NOP.) ..., 123 % 20 % 22% o,
283 |Drain tilesnotglazed....................... 5 17% 20

284 |Drain pipes, sewer-pipes, and earthenware fit-
tings therefor, chimney linings or vents,
chimney tops and inverted blocks, glazed or

unglazed, earthenware tiles (N.O.P.) .......[ 25 * | 32% * |35 *
285 |Tiles or blocks of earthenware or of stone pre-

pared for mosaic flooring.................. 20 1 27% ¢ 130 ¢
286 |Earthenware and stoneware, viz., demijohns,

churnsorcerocks. ........oveuvinnnnnnnn.. 20 |27 |38 *
287 |Tableware of china, porcelam, white granite or|

ITONStONe. vt v enernnerseooaroaneanans 15 | 27% ‘| 27%
288 |Earthenware and stoneware, brown or coloured,

and Rockingham ware “C.C.” or cream

coloured ware, decorated, printed,or sponged,

and all earthenware, (N.O.P.) ............. 20 “ | 27¢ ¢ |80 “

289 [Closets, urinals, basins, lavatories, baths, bath
tubs, sinks, and laundry tubs of earthenware,
stone, cement, or clay or of other material . 20 13 *“ |3 *“
295 |Clays, mcludmg china-clays, fireclay, and pxpe—
clay, not further manufactured than ground;
ganister and sand; gravels; earths, crude only Free. Free. Free.

There are some lines of ware for which there is a strong
demand in the western provinces, and of which there is at present
practically no domestic supply. We refer especially to firebrick
of different kinds.

The increasing number of coke ovens in operation in
British Columbia, and the-smelters of the same region, call for
a large number of bricks, nearly all of which they are obliged to
import.

These come in part from Scotland, but also to a large extent
from Pennsylvania, and St. Louis, Mo., and are consequently
high priced.

There seems no valid reason why the deposits at Clayburn,
B.C., and the Dirt hills, Sask., should not supply this demand.
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With terra-cotta it is perhaps somewhat different. There
is not a strong demand for this, except in the larger cities,
where expensive buildings are erected, and since the manu-
facture of terra-cotta involves the employment of skilled work-
men, 2 factory producing this class of ware must be kept busy.
Practically all the terra-cotta now used in the western provinces
comes from the United States, but one of the largest contracts
in Vancouver was supplied by an English firm.






CHAPTER VIII.

Methods of Testing Clays.

There are two methods of testing clays, the chemical and
the physical.

CHEMICAL METHOD.

This consists usually in making a chemical analysis, which
shows us the percentage of the different ingredients present in the
clay, but gives us few or no clues regarding the physical
properties of the material. In the ordinary chemical analysis
the substances usually determined are silica, alumina, ferric
oxide, lime, magnesia, and alkalies. - Carbon, and sulphur
trioxide, both deleterious substances, are rarely determined.
A special application of chemical examination would be a
determination of the amount and kind of soluble salts present.

The chemical analysis is, however, of such small practical
value that no analyses were made for this report.

PHYSICAL METHOD ._‘.

This is the much more important method of testing, for
it gives us valuable information regarding the possible uses of
the clay or shale, and consists in a determination of their
plasticity; water required for mixing; tensile strength; air
shrinkage; fire shrinkage; colour and absorption at different
temperatures; and fusing point.

The method of making each of these determinations is
given below.

Tensile Strength.—The determination of the tensile strength
of the raw material is made because it gives a clue to the clay’s
ability to stand strains in handling before burning, and possibly
also of its bonding power or its ability to stand the addition of
non-plastic materials like sand or ‘‘grog.”

The clays and shales submitted to the physical tests were
first thoroughly dried, then ground in a jaw crusher and after-
wards sifted through a 20 mesh sieve.

157
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A weighed quantity of the sifted material, sufficient to
make the necessary number of test pieces, was mixed with just
enough water to give it the greatest plasticity, and thoroughly
kneaded and wedged so as to render it perfectly homogeneous
and free from cavities. The consistency generally arrived at
was about midway in stiffness between a soft-mud and stiff-mud
brick in practice.

In making briquettes for the tensile test a small piece of
the kneaded clay was clamped into the briquette mould, and
struck by the hand until it filled the mould completely, the
excess of clay being struck off by a fine wire.

The clay was removed from the mould on a dry clay briqu-
ette—a set of them being kept for the purpose—and the wet
clay briquette was not handled until it had hardened on its
support, so that they were not distorted while soft.

The briquettes when hard were dried to 100° C., the cross
section at the waist carefully measured, and then broken in
an ordinary tensile strength machine.

The results for the various tensile strengths given in this
report are the average of 10 to 12 briquettes.

Shrinkage.—All clays shrink more or less in drying and
burning. The shrinkage that occurs while the clay is drying
is termed air shrinkage, while that which occurs during the
burning is known as fire shrinkage.

Air Shrinkage.—A portion of the kneaded clay was made
into bricklets in a mould 4” X 13" X 3" in size. Two fine
lines, exactly 3 inches apart, were impressed with a steel stencil
on the wet clay bricklet immediately after leaving the mould.
When the bricklets were thoroughly dry the distance between
these lines was measured, and the percentage of air shrinkage
calculated. The average of 6 to 8 bricklets is given in the
results for air shrinkage.

Fire Shrinkage.—The burning of the bricklets at the lower
cones was done in a down-draft muffle kiln, the fuel used being
coke, and the time of burning from 12 to 18 hours. For the
higher temperatures a gas-fired muffle kiln was used.

The lines on the burned bricklets were again measured
after each successive firing, and the total amounts of shrinkage
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calculated. The difference between the total shrinkage and
the air shrinkage represents the fire shrinkage.

The air and fire shrinkage are given separately in the
results, but their sum would represent the total shrinkage of
any clay from the time it was taken from the mould.

Fusibility.—Small pyramids or cones of the ground clays
or shales were burned in the gas fired furnace until they were
deformed or melted (Plates LX and LXI). The tempera-
tures at which the test cones melted are expressed in terms of
the standard Seger cones.

A Deville furnace, fired with coke, under air blast was
used for determining the fusing points of the more refractory
clays, including those which did not fuse until a temperature
ranging from cone 18 to cone 32 was reached.

Absorption.—The bricklets were carefully weighed after
each burning, and immersed in water to about three-fourths of
their thickness. This permits the air from the burned clay
body to escape freely, allowing the water to better and more
quickly fill the pores. After standing at least 24 hours in water,
the saturated bricklets are weighed, the increase in weight re-
corded, and the percentage of absorption calculated as follows:—

Saturated weight—dry weight
X 100.

Dry weight

Dry-Press Tests.—The clay or shale used for the dry-press
test was ground to pass a 20 mesh sieve, and moistened with
5 to 10 per cent of water. A mould was filled with the damp
clay, and pressed in a hand screw press, the size of the bricklet
produced being 4"/ x 11/ x 1.

Rapid Drying.—For this test the clay or shale was ground
to pass a 12 mesh sieve, and kneaded up with sufficient water to
a fairly stiff mass, from which a full-sized building brick was
made by hand in a weoden mould.

Immediately after coming from the mould the moist brick
was placed on a rack in a box open at the bottom and with a
perforated top, which stood on a steam heated radiator. The
temperature in this box ranged from 120° to 150° F. which is
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the heat usually attained in artificial dryers. If the brick
cracked under this treatment it was stated that it would not
stand rapid drying.

Drying Defects tn Certain Clays.—Various Tertiary clays,
and some Cretaceous shales found in Alberta and Saskatchewan
have the serious defect of checking while drying.

Clays of this character are usually very fine grained and
highly colloidal, absorbing a large percentage of water when
tempered for wet moulding. They are exceedingly plastic
and sticky when wet, becoming a stiff, soap-like, and sticky
mass, which is hard to work.

Generally, within half an hour after leaving the moulds
fine cracks appear at the edges of the brick, which quickly spread
over the surfaces, and as drying progresses these cracks widen
and deepen. In time the outside of the brick becomes bone
dry, but the inside may remain quite moist for several days.

In some clays the cracks which developed in drying closed
up completely when the drying was ended, but reappeared again
in the burned product.

Several of the clays that displayed this drying defect gave
fairly low air and fire shrinkages, were somewhat refractory,
and burned to a good hard body at cone 1.

In several districts they were the only materials available,
and as they might turn out to be sewer-pipe or paving brick
clays, it was very desirable to devise some practical method of
treatment to make them workable.

Hitherto, whenever brickmakers had to deal with clays
which were too “fat ”’ or “strong”, as they termed those clays
which were highly plastic, they usually added from 10 to 25 per
cent of sand. The sanded clays were found to dry quicker,
and work easier; the air and fire shrinkages were reduced, and
generally a good burned produect is obtained from the mixture.

Apparently, then, the proper remedy to cure the objection-
able behaviour of the clays we were dealing with was the addition
of sand. But when 25 per cent of sand is added to these clays
they crack quite as badly as before. They can be dried with
the addition of 40 to 50 per cent of sand, but this amount is
evidently in excess of the bonding power of the clay, because the
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burned brick made from such a mixture is altogether too porous
and weak for any purpose whatever.

It was then found by experiment that if any of these clays
be ground and caleined or burned to a red heat, that the calcined
clay, which has lost its plasticity, can be added to the raw clay
in guantities as large as desired to secure the best working
quality; that drying at a moderately fast rate can be accomp-
lished with safety, and the properties of the burned clay body
are not affected.

The calcined clay, then, acts as sand during the early stages
of manufacture, but when burned it proceeds towards vitrifica-
tion with the raw clay, and does not remain inert at ordinary
burning temperatures as sand will.

Further experiments on preheating clays show that if the
ground clay be heated from 300° to 500° C. that they lose a great
deal of their plasticity, and the quality of the clay is changed
from a tough sticky mass when melted to a granular and easily
worked body which can be moulded by the stiff-mud process,
and will stand fast or moderately fast drying.

How extremely finely divided some of these clays are in
the raw state and the change in texture they undergo in pre-
heating is shown in the following mechanical analyses, made
by the centrifugal method.

Percentage

MATERIAL retained on|Percentage | Percentage

200 mesh of silt. of clay
sieve

15Normalelay.......oooviiiinennnenanen. trace 57°40 38-40

Preheatedto500°C..................... 36°20 46°20 15:00
2. Normalelay......oooviiiieniiinnnnnnn 64 45°6 46°0

Preheated to450°C................... ... 14°6 62°0 14°4
3. Normalelay...........oooviiiiion. 15 49°6 46°8

Preheated to 500°C. .. .................. 221 52°0 245

1. Brown clay shale—Dirt hills, Alta. Lab. No. 1646.
2. Yellowish clay shale—Redcliff, Alta. Lab. No. 1686.
3. Dark grey underclay—Entwhistle, Alta. Lab. No. 1661.

The grains included under the heading of silt have a diameter
from s3z to zoor of an inch, and those under clay from

s050 U0 zzdop of an inch.
11
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Inasmuch as calcining and preheating clays involves the
expense of extra machinery, fuel, and labour, it follows that
only clays used for the higher grade products can be treated
economically by this method.

Further experiments were undertaken with certain sub-
stances which when added to the clay would reduce the amount
of water used in mixing, and also assist in conveying the moisture
from the body of the clay to the surface during drying.

Of the various materials tried for this purpose during the
experiments, those that gave the best results were hydrochloric
acid and salt. Most cases of cracking could be cured by the
addition of 1 to 2 per cent of hydrochloric acid to the mixing
water, or 1 to 2 per cent by weight of common salt added to the
dry clay. The salt seemed to be the most practical and was used
in the greater number of tests.

The amount of water required for tempering the clay was
reduced by about 10 per cent by the addition of salt. The
water appeared to convey the salt from the body and deposit it
at the surface in a slight scum, but this generally disappeared
in burning. .

The bricks so treated dried perfectly in about 4 days at a
temperature of 70° to 80° F. but would not stand fast drying.

The object of preheating any clay is to overcome drying
difficulties, and the temperature required to accomplish this
object varies with different kinds of clay. The amount of heat
necessary for some clays would destroy the plasticity of another -
clay and render it useless for moulding.

In some cases while drying can be carried on safely after
preheating, the burned wares may show a tendency to crack,
but such clays generally work perfectly when dry pressed.

The temperature used in calcining clay must be sufficiently
high to deprive the clay of all plasticity and reduce it to s coni-
tion resembling sand. Although this operation requires a
higher temperature than preheating with the object of destroy-
ing only a portion of the plasticity, the operation is a simpler
one because critical temperatures are not observed.

Clays to which salt is added frequently show a slight
glaze when burned to cone 1, but the quality of the body does not
seem to be affected, especially if the clay is somewhat refractory.
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The use of salt appears to be detrimental to some of the more
eagily fusible clays.

No difference was detected in the burned wares made from
clay treated with hydrochloric acid.

It is hoped that a more complete investigation will follow
the preliminary work already done, but the manufacturer having
drying trouble with his clay will probably overcome it by adopt-
ing after trial the method which is best suited to his particular
case.






CHAPTER IX.
Tests of Brick by Prof. A. Macphail, Kingston.

Samples of normally burned brick, collected at various
yards visited, were sent to Prof. A. Macphail of the School of
Mining, Kingston, to be tested in the laboratories there, and his
report on these tests is given in the succeeding portion of this
chapter.

Sixteen lots of bricks were received, each lot containing
about 12 bricks. Each lot was designated by a series letter (A to
P) and each brick of each lot was indicated by a number (1 to 12).
The following list gives the series letter, the locality from which
the bricks were obtained, and the kind of brick.

LIST OF BRICKS COLLECTED FOR TESTING—RIES AND KEELE, 1910.
(About 12 of each kind.)

Series. Manitoba.

E. AlsipBrick& Tile Co., Winnipeg.........coco.vvennn.... soft-mud.

B. TheStephens Brick Co Portagela Prairie. . .. ........... ooow

C. A.Snyder & Co., GHIDErt PIaing. « . v vvvooennsenernerns o

D. Leary’s Pressed brick works, Leary Siding., .. ............. dry-press.
Saskatchewan.

A. FEureka Coal & BrickCo.,Estevan...................... dry-press.

F. ‘e “ “ e stiff-mud

Alberta.

G. P.Anderson& Co.,, Edmonton.......................... dry-press

H. Edmonton Brick Co., Edmonton.....................>.. stiff-mud

I : A N I T T T soft-mud

J. Red DeerBrickCo.,,RedDeer.......................... oo

K. Canadian Brick Co., MedicineHat...................... oo

L. RedCliff Brick Co., Redeliff............................ stiff-mud.

M. Alberta Portland Cement Co., Sandstone................. dry-press.

N. Calgary Pressed Brick & Sandstone Co., Calgary .......... dry-press
British Columbia.

Ho

Enderby Brick & TileCo.,Enderby. .................... soft-mud.
John Coughlan & Sons, New Westminster e

TESTS.

Eight separate tests were conducted on the bricks of each
series, and these tests are indicated by the lower case letters
(a to h). Here follow the specifications under which the tests
were made.

a. Place six thoroughly dried bricks in water to the depth
of one inch, and leave them covered over for 48 hours. Weigh
before and after this partial immersion, to calculate the percent~
age of absorption in terms of the original dry weight.

b. Test six dry bricks flatwise on supports 7 inches apart,
to determine their transverse strength.

165
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¢. Take the six bricks from the absorption test, soaking
them some more if they have dried out, and determine the
transverse strength of these wet ones.

d. Take one-half of each brick from series b and determine
its crushing strength set flatwise.

e. Take the other half of each of the bricks from b, and
determine their crushing strength when set on edge.

. f. Take one-half of each of the bricks from series ¢, and
determine their crushing strength when set on edge.

g. Take the other half of each brick from e, soak it for
one hour in ice water, and then subject to a temperature of not
legs than 15° F. for five hours, all faces of the samples being
exposed. The bricks are then thawed in water of not less than
150° F. for one hour. This is to be repeated twenty times.

h. Determine the crushing strength on edge of the bricks
after they have been through the frost test.

With regard to the crushing test the sides or edges of the
brick in contact with the machine are to be made flat and parallel
with plaster of paris. The opposite sides should be exactly
parallel. The testing machine should be equipped with spherical
bearing blocks.

The results of the various tests are given in Table I and are
the averages of the observations on six bricks in all cases, except
those in test ‘“h,” where the bricks which were destroyed in the
freezing test were, of course, not given.

The modulus of rupture was calgulated from the transverse
test by the usual formula:—

3 W1
§= — R
2 b ds

Where W is breaking load at centre in pounds, 1 is the
span, b is the breadth of the brick, and d the depth.

In the case of bricks which had a frog, the area of the frog
was deducted from the gross area when the bricks were tested
for compression strength on edge.

Table II. Bricks were frozen and thawed twenty times as
specified. In the column “Remarks,” the numerals denote the
number of times the brick was frozen before disintegration
began to set in.
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The accompanying diagrams exhibit the relative qualities
of the different series as follows:—

a—Absorption.

b—Transverse strength—dry.

c—Transverse strength—wet.

d—Compressive strength—dry—flatwise.

e—Compressive strength—dry—edgewise.

f—Compressive strength—wet—edgewise.

g—Resistance to frost under repeated freezing and thawing.
h—Compressive strength of repeatedly frozen bricks.

In these diagrams the series giving the highest results is
taken as 100, and the others are exhibited in percentages of this.

In computing test g, the average number of freezings
which the bricks underwent without deterioration was taken as
the measure of their quality.

The last diagram (i) gives the averages of the percentages
of the different series, and indicates in so far as the tests apply,
the resistant quality of the bricks.

(Signed) Alexander Macphail.

School of Mining, Kingston,
May, 1911.
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Average of all Tests.
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DISCUSSION ON BRICK TESTS.

The results of the tests made on the bricks are of great
interest and bear careful study. Considering the entire series
of tests without regard to the method of manufacture, the
following facts are observable:—

(1) The absorption ranges from 10'5 per cent to 25'8 per
cent, and half of those tested shows over 20 per cent, which is
rather high.
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(2) The transverse strength is usually good, and in eleven
of the sixteen sets tested the transverse strength of the wet
bricks was lower than that of the dry ones. The exact cause
of this is not quite clear.

(3) Comparing the crushing test flat (dry) with the crush-
ing test on edge (dry) there seems to be no constant increase
or decrease, for in seven cases the crushing strength on edge is
less and in the other eleven cases it is greater.

(4) Comparing the strength on edge dry with the strength
on edge wet, it was found that in ten of the sixteen series the
soaked ones were weaker.

(5) In only seven cases was the crushing test of the bricks
which had been through the frost test less than that of the
bricks not so treated.

(6) The tests bring out well the inferiority of the bricks
made from too sandy surface clays.

(7) A grouping of the tests according to kinds shows that
in the series tested: (a) the dry press bricks average lower in
absorption, probably because they are made of denser burning
materials; (b) many of the soft-mud brick show a high per-
centage of absorption, largely because they are made of very
sandy surface clays; (c) all three groups show a considerable
range in their modulus of rupture; (d) the soft-mud and dry-
press bricks show a higher maximum ecrushing strength than
the stiff-mud, but this is due certainly to the raw materials
and not to the process.

(8) If some of these clays were burned a listle harder the
product would be stronger.

(9) In Table III Prof. McPhail has assigned a value to
the different series to indicate their rank, the best one being
rated as 100 and the others proportionately less.

Referring especially to the freezing test it will be seen that
there is no relation between the absorption and frost resistance
ag some persons commonly suppose. The following figures
make this clear.
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Series number. Rating in per cent. Per cent absorption.
H 100 19-2
C 99°5 22°1
I 89°5 22°2
D 87°5 10°5
(0] 87 20°8
E 76 23°1
J 715 24°1
F 66°5 25°8
A 64 13°5
B 60 232
P 59 14-4
K 55 15°8
N 44 153
L 23 144
M 15 153
G 5 25°5




CHAPTER X.

The Origin and Nature of Clay.

In the following pages there is given a brief discussion of
the origin and nature of clays (including shales). This is not
intended to be exhaustive and is simply added to serve as a guide
for those persons having no technical knowledge of the subject
but who may have occasion to use this report.

In all cases where it is necessary to render statements clear
by citing examples or illustrations of facts, these are taken as far
as possible from the western provinces.

ORIGIN OF CLAY.

Definition.—Clay is the term applied to those earthy
materials oceurring in nature, the most prominent property of
which is that of plasticity when wet. On this account they can be
moulded into almost any desired shape, which is retained when
dry. Furthermore, if heated to redness, or higher, the material
becomes hard and rock like. Physically, clay is made up of a
number of small particles, mostly of mineral character, ranging
from grains of coarse sand to those which are of microscopic size,
or under 1gos of a millimetre in diameter. Mineralogically, it
congsists of many mineral fragments of varying degrees of fresh-
ness, and representing chemically many different compounds,
such as oxides, carbonates, silicates, hydroxides, etc. Most of
these mineral grains are not visible to the naked eye. Some
of the constituents are of colloidal character.

Weathering Processes Involved.—Clays are always of second-
ary origin, and result primarily from the decomposition of rocks,
very frequently from rocks containing feldspar; but in some
cases rocks containing little or no feldspar, such as gabbro or
serpentine, may, on weathering, produce some of the most
plastic clays known.

In order to trace the changes occurring in the formation of
clay we may take the case of a rock like granite.

177
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When such a mass of rock is exposed to the weather,
minute cracks are formed in it, due to the rock expanding
when heated by the sun and contracting when cooled at
night, or they may be joint-planes formed by the contraction of
the rock as it is cooled from a molten condition. Into these
cracks the rain water percolates, and when it freezes in cold
weather it expands, thereby exerting a prying action, which
further opens the fissures, or may even wedge off fragments
of the rock. Plant roots force their way into these cracks, and,
as they expand, supplement the action of the frost, thus further
aiding in the breaking up of the mass. This process alone, if
kept up, may reduce the rock to a mass of small angular frag-
ments, or even a mass of sand.

The rock having been opened up by disintegrative forces,
the silicates are next attacked by the surface waters, although
those exposed on the surface of the stone may already have begun
to change.

The most prominent chemical change is the alteration of the
feldspar grains to a white, powdery substance, known as kaolinite,
a hydrous silicate of alumina. The alteration of the feldspar is
termed kaolinization. Other silicates, such as hornblende,
probably undergo similar changes.

As a result of these changes the entire rock may slowly but
surely break down to a clayey mass.

Restdual Clay.—Where the clay is thus found overlying the
rock from which it was formed, it is termed a residual clay,
because it represents the residue of rock decay, and its grains are
more or less insoluble.

Ii a granite which is composed chiefly of feldspar decays
under weathering action, the rock will be converted into a clayey
mass, with quartz and mica scattered through it. Remembering
that the weathering began at the surface and has been going on
there for a longer period than in deeper portions of the rock, we
should expect to find, on digging downward from the surface: (A)
a layer of fully formed clay, (B) below this a poorly defined zone
containing clay and some partially decomposed rock fragments,
(C) a third zone, with some clay and many rock fragments,
grading downward into the solid bed-rock. In other words,
there is usually a gradual transition from the fully formed clay
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at the surface into the parent rock beneath. The only exception
to this is found in clays derived from limestone, where the
passage from clay to rock is sudden. The reason for this is
that the change from limestone into clay does not take place
in the same manner as granite. Limestone consists of carbonate
of lime, or carbonate of lime and magnegia, with a variable
quantity of clayey impurities, so that when the weathering agents
attack the rock, the carbonates are dissolved by the surface
waters, and the insoluble clay impurities are left behind as a
mantle on the undissolved rock, the change from rock to clay
being, therefore, a sudden one, and not due to a gradual breaking
down of the minerals in the rock, as in the case of granite.

Kaolin.—A residual clay derived from a rock composed
entirely of feldspar, or one containing little or no iron oxide, is
usually white, and, therefore, termed a kaolin. Deposits of this
type may contain a high percentage of the mineral kaolinite,*
this being assumed, because,.after washing the sand out of such
materials, the silica, alumina, and water in the remaining por-
tion are in much the same ratios as in kaolinite, although, as
previously mentioned, other aluminous silicates may at times
be present.

A clay made up entirely of kaolinite is sometimes termed a
pure clay, but since the term clay refers to a physical condition,
and not a definite chemical composition, it would perhaps be
more correct to term kaolin the simplest form of clay.

Form of Residual Deposits.—The form of a residual clay
deposit, which is also variable, depends on the shape of the
parent rock. Where the residual clay has been derived from a
great mass of granite or other clay-yielding rock, the deposit
may form a mantle covering a considerable area. On the other
hand, some rocks, such as pegmatites (feldspar and quartz),
occur in veins, that is, in masses having but small width as
compared with their length, and in this case the outcrop of
residual clay along the surface will form a narrow belt.

Clay derived from a rock containing much iron oxide will be
yellow, red, or brown, depending on the iron compounds present.

1 The terms kaolinite, referring to the mineral, and kaolin, referring to the
clay-mass, are often carelessly confused even by scientific writers, although there
seems to be little excuse for so doing.
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Between the white clays and the brilliantly coloured ones others
are found representing all intermediate stages, so that residual
clays vary widely in their colour.

The depth of a deposit of residual clay will depend on
climatic conditions, character of the parent rock, topography,
and location. Rock decay .proceeds very slowly, and in the
case of most rocks the rate of decay is not to be measured in
months or years, but rather in centuries. Only a few rocks,
such as some shales or other soft rocks, change to clay in an
easily measurable time. With other things equal, rock decay

" proceeds more rapidly in a moist climate, and consequently
it is in such regions that the greatest thickness of residual material
is to be looked for. The thickness might also be affected by the
character of the parent rock, whether composed of easily weather-
ing minerals or not. Where the slope is gentle, or the surface flat,
much of the residual clay will remain after being formed, but on
steep slopes it will soon wash away.

In some cases the residual materials are washed but a short
distance, and accumulate on a flat or very gentle slope at the foot
of the steeper one, forming a deposit not greatly different from
the original ones, although they are not, strictly speaking,
residual clays.!

Deposits of residual clay are exceedingly rare in all parts
of the Dominion of Canada, for the reason that nearly all of those
formed have been swept away by glacial action. The only one
referred to in this report is the fireclay from Kyuquot, Vancouver
island.?

Transported Clays.
SEDIMENTARY CLAYS.

Origin.—As mentioned above, residual clays rarely remain
on steep slopes, but are washed away by rainstorms into streams,
and carried off by these to lower and sometimes distant areas.
By this means residual clays, possibly of different character,
may be washed down into the same stream and become mixed
together. This process of wash and transportation can be seen

1 These are termed collurial clays by G. P. Merrill. The only deposit of this
character described in this report is one from Field, B.C. .

* An interesting one in quartzite occurs near St. Remi d’Ambherst, and will
be described in a forthcoming report.
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in any abandoned clay bank, where the clay of the slopes is
washed down and spread out over the bottom of the pit.

As long as the stream maintains its velocity it will carry
the clay in suspension, but if its velocity be checked, so that the
water becomes quiet and free from currents, the particles begin
to settle on the bottom, forming a clay layer of variable extent
and thickness. This may be added to from time to time, and
to such a deposit the name of sedimentary clay is applied. All
sedimentary clays are stratified or made up of layers, this being
due to the fact that one layer of sediment is laid down on top of
another. These layers may also vary in thickness, and since
there is less cohesion between unlike particles, the two layers
will tend to separate along their line of contact.

As the finer material can onlybe deposited in quiet water,and
coarse material in disturbed waters, so from the character of the
deposit we can read much regarding the conditions under which it
was formed. If, therefore, in the same bank, alternating layers
of sand, clay, and gravel are found, it indicates a change from
disturbed to quiet water, and still later rapid currents over the
spot in which these materials were deposited. The commonest
evidence of current deposition is seen in the cross-bedded struc- -
ture of some sand beds where the layers dip in many different
directions, due to shifting currents which have deposited the sand
in inclined layers. )

Sedimentary clays can be distinguished fromp residual clays
chiefly by their stratification, and also by the fact that they
commonly bear no direct relation to the underlying rock on
which they may rest.

Structural Irregularities in Sedimentary Clays.—All sedimen-
tary clays resemble each other in being stratified, but aside from
this, they may show marked irregularities in structure.

Thus, any one bed, if followed from point to point, may show
variations in thickness, pinching, or narrowing in one place and
thickening or swelling in others. -

Occasionally a bed of clay may be extensively worn away or
eroded by currents subsequent to its deposition, leaving its
upper surface very uneven, and on this an entirely different kind
of material may be deposited, covering the earlier bed, and
filling the depressions in its surface.
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The general character of sedimentary clays is more or less
influenced by the locality and conditions of deposition, which
énables us, therefore, to divide them into the following classes;—

Marine Clays.—This class includes those sedimentary clays
deposited on the ocean bottom, where the water is quiet. They
have, therefore, been laid down at some distance from the shore,
since nearer the land, where the water is shallower and disturbed,
only coarser materials can be deposited. Beds of clay of this
type may be of vast extent and great thickness, but will naturally
show some variation, horizontally at least, because the different
rivers fiowing into the sea usually bring down different classes
of material. Since most marine clays have become deeply
buried under other sedimentary rocks subsequent to their
deposition, they are often changed to shale: these shale beds,
moreover, are sometimes interstratified with sandstones. The
shale is now found exposed, because the ocean bottom has been
uplifted, and the overlying rocks worn away.

The Cretaceous shales of the Great Plains are in part of
‘this type.

Estuarine Clays.—These form a second type of some
importance in certain areas. They represent bodies of clay laid
down in shallow arms of the sea, and are consequently found
in areas that are comparatively long and narrow, with the
deposits showing a tendency towards basin shapes. If strong
currents enter the estuary from its upper end, the settling of
the clay mud may be prevented, except in areas of quiet water
in recesses of the bay shore. Or, if the estuary is supplied by
one stream at its head, and this of low velocity, the finer clays
will be found at a point more distant from the mouth of the
river. In such cases we should anticipate an increase in coarse-
ness of the clay beds, or series of beds, as they are followed from
what was formerly the old shore line up to the mouth of the
former river that brought down the sediment.

Estuarine clays often show sandy laminations, and are not
infrequently associated with shore marshes, due to the gradual
filling up of the estuary, and the growth of plants on the mud
flats thus formed. The clays of the Annapolis and Shubena-
cadie valleys in Nova Scotia are of estuarine type.
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Swamyp and Lake Clays.—Swamp and lake clays constitute
a third class of deposits, which have been formed in basin-shaped
depressions occupied by lakes or swamps. They represent a
common type, of variable extent and thickness, but all agree in
being more or less basin-shaped. They not infrequently show
alternating beds of clay and sand, the latter in such thin
lamine as to be readily overlooked, but causing the clay
layers to split apart easily. Many of the lake clays are directly
or indirectly of glacial origin, having been laid down in basins
or hollows along the margin of the continental ice sheet, or else in
valleys that have been dammed up by the accumulation of a mass
of drift across them. This wall of drift serves to obstruct the
drainage in the valley, thus giving rise to a lake, in which the
clay has been deposited. Clay beds of this type are extremely
abundant in all glaeiated regions. They are usually surface
deposits, of varying thickness, often highly plastic, and more or
less impure. Their chief use is for common brick and earthen-
ware, and they are rarely of refractory character.

The under-clay of Winnipeg has been shown to be of this
character, as are some of the other surface clays of the Plains
region, the brick-clay at Cochrane, Alta., ete.

Flood-Plain and Terrace Clays.—Many rivers, especially
in broad valleys, are bordered by a terrace or plain, there being
sometimes two or more, extending like a series of shelves, or
steps, up the vailey side. The lowest of these is often covered
by the river during periods of high water, and is consequently
termed the flood-plain. In such times much clayey sediment
is added to the surface of this flood terrace, and thus a
flood-plain clay deposit may be built up.

Owing to the fact that there is usually some current setting
along over the plain when it is overflowed, the finest sediments
cannot settle down, except in protected spots, and consequently
most terrace clays are rather sandy, with here and there pockets
of fine, plastic clay. They also frequently contain more or less
organic matter. Along itsinner edge the terrace may be covered
by a mixture of clay, sand, and stones, washed down from
neighbouring slopes.
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Flood-plain clays are not an uncommon type in the western
provinces. Those worked for common brick at Edmonton and
Winnipeg are of this class.

Drift or Boulder Clays.—In that portion of the United States
formerly covered by the continental ice sheet there are occasional
deposits of clay formed directly by the glacier. These are
usually tough, dense, gritty clays, often containing many stones.
The material deposited by the ice (till) is usually too stony and
sandy to serve for brickmaking, although often known as
boulder clay. Locally, however, although the ice-transported
material has been largely ground to a fine rock flour, the boulder
clay is plastic enough, and not too full of stones for use. Such
deposits are mostly of limited extent, impure, and of little value.

In addition to this type of clay, formed directly by the ice,
there were clays deposited in lakes or along flood-plains by the
streams issuing from the glacier. These were composed of
material derived from the ice, but since they were deposited by
water they were stratified, and may properly be classed as
lacustrine, estuarine, or flood-plain clays of glacial age. Boulder
clays, although abundantly distributed, are often too stony to be
of much value for the manufacture of clay products.

Zolian Clays.—In many parts of the west there is found a
silty, often calcareous clay, termed the loess. This, although
commonly a water deposit, may at times have been formed by
wind action. It can, therefore, properly be classed as trans-
ported clay, and also shows a stratified structure.

Classification of Clays.

Considering the different ways in which ‘clays have been
formed, it is possible to formulate the following classification,
based primarily on their origin, and also bringing out, somewhat,
their commercial characters. Examples are given where known
in the western provinces.

A. Residual clays. (By decomposition of rocks in place).
I. Kaolins or china-clays. (White burning, and derived
from igneous or metamorphic rocks low in iron
oxide).
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(a) Vein-like deposits derived from pegmatite
veins, or dykes of ignedus rock, such as
rhyolite.

(b) Blanket deposits, derived from extensive areas
of igneous rock. (Kyuquot, Vancouver
island).

(¢) Pockets in limestone, as the indianaite of
Indiana, U.S.A.

I1. Red-burning residuals, derived from different kinds of
rocks. These may be formed by the decom-
position of such rocks as granite, by a process of
solution as in limestone, or by simple disintegra-
tion as in many shales.

B. Colluvial clays, representing deposits formed by wash from the
foregoing, and of either refractory or non-refractory
character. (Field, B.C.)

C. Transported clays.
I. Deposited in water.

(@) Marine clays or shales. Deposits of ten of
great extent. (Pierreshales.)
- White burning clays. Ball clays and plastic
kaolins.
Fireclays or shales. Buff burning. (Dirt
hills, Sask., and Clayburn, B.C.)
Impure clays or shales (Calcareous, Niobrara
shales, Non-calcareous, Coleridge, Sask.,
shale.)

(b) Lacustrine clays (deposited in lakes or
swamps).
Fireclays and some shales.
Impure clays or shales, red-burning. (Ed-
monton shales).
Calcareous clays, usually of surface character.
(Cochrane, Alta., clay).
(¢) Flood-plain clays. Usually impure and sandy.
(Edmonton, Alta.)
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(d) Estuarine clays (deposited in estuaries).
Mostly impure and finely laminated. (New
Westminster, B.C.)

I1I. Deposited by glaciers.
Boulder clay. (Estevan, Sask.)

Secondary Changes in Clay Deposits.

Changes often take place in clays subsequent to their
deposition. These may be local or widespread, and in many
cases either greatly improve the deposit or render it worthless.
The marked effect of some of these changes is often well seen in
clay beds of which only a portion has been altered. These
secondary changes are of two kinds, viz., mechanical and
chemical.

MECHANICAL CHANGES.

Formation of Shale.—Clay deposits laid down on the ocean
floor often become covered by many hundreds of feet of other
sediments, whose weight alone is often sufficient to cause a
consolidation and hardening of the clay mass. Deposition of
mineral matter around the grains may cement them together
and aid in the hardening process. Such a consolidated clay is
termed a shale. When ground and mixed with water, it may
develop high plasticity. Shale deposits have thus received their
properties by deep burial, but are now often exposed at the
surface because the overlying strata have been worn away.

Shale beds were originally formed in a more or less horizontal
position, but since then have often become more or less tilted by
uneven movements of the earth’s crust. As evidence of this the
shale beds around Medicine Hat and Edmonton are nearly flat;
those at Blairmore are slightly tilted; while those on Milk creek,
southwest of Pincher, show dips ranging from 0° to 90° (See
Plates XLVII, XLII, XXIII).

CHEMICAL CHANGES.

Nearly all clay deposits are frequently changed superficially,
at least, by the weather, or by surface waters. The changes are
chiefly chemical, and can be grouped under the following heads:
(1) change of colour; (2) leaching; (3) softening; (4) consolidation.
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Change of Colour.—Many clay deposits which are yellow,
red, or brown, near the surface, are grey or greyish-black below.
This is due primarily to the iron in the clay being oxidized, that is
changed from ferrous to ferric oxide (See under iron oxide.)
This change in colour will extend to a variable depth below the
surface, depending on the distance to which the weathering
agents have penetrated the clay.

Leaching.—Clays usually contain at least some soluble
materials, the commonest of which is lime carbonate. Surface
waters seeping into the clay may take this lime carbonate into
solution, and thus the upper layers or portion of the deposit may
be freed from it. The lime carbonate so rémoved may be
carried off by the infiltrating waters, or deposited in the lower
layers. In a deposit of calcareous clay, therefore, the upper
layers may be red burning, while the lower beds are buff-burning.
This change is more common in moist than in arid climates, and
at any rate, is characteristic only of highly calecareous clays.
The idea held by some that lime, or even other impurities, will
decrease with the distance from the surface, is erroneous.

Some clays contain considerable gypsum, often in a finely
divided condition. Such clays sometimes show coarse crystalline
masses of gypsum on the outerop, due to the fact that water
entering the deposit has dissolved the gypsum, and brought it to
the surface in solution, where, on the evaporation of the water, it
has crystallized out in large crystals. This process takes place
chiefly in arid regions.

The Niobrara shales contain numerous clusters and bunches
of transparent crystalline gypsum. Rosettes and irregular
lumps are very abundant on the clay outcrops at Irvine. Gypsum
is also found in the sandy surface clay at the Acme Brick
Company north of Edmonton.

In moist climates this segregation of the gypsum usually
occurs within the clay mass, and transparent plate-like masses of
selenite of varying size may be formed.

The formation of concretions may be regarded as the result
of leaching action.

By concretions are meant the hard, often rounded masses
found in many clay or shale deposits. They are most commonly
formed of iron carbonate, or hydrous iron oxide (limonite), but
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lime carbonate concretions are likewise not uncommon. They
have probably been formed by the dissolving of iron or lime com-
pounds in the clay by infiltrating waters, and their redeposition
around some nucleus.

Concretions of iron carbonate are not uncommon in the
Niobrara shales of Manitoba, and in the Kootanie shales at
Blairmore.. They are usually altered superficially to limonite.

The sands of the Dirt hills also show large rounded sand-
stone concretions.

- Softening.—Many shales become softened on exposure to the
weather. This is largely a simple process of disintegration, and
usually involves little change in composition, except in the case of
calcareous shales, which may show but little lime at the surface.

Consolidation.—Clays, especially those of a sandy and porous
character, sometimes become hardened along certain layers, or
along joint planes, due to the deposition of iron oxide. This may
result in the formation of 2 number of crusts, or hard layers in the
deposit, which have to be crushed or thrown out if the clay is to be
used. In some localities these are so numerous as to render an
otherwise good clay worthless.

MINERALS IN CLAY.

Owing to the fine-grained character of most clays, it is
usually impossible to recognize the mineral grains in them with
the naked eye, but microscopic study of clays has revealed the
presence of a number of different mineral species. A few of these,
such as quartz, mica, gypsum, calcite, and pyrite, are sometimes
of sufficient size to be recognized at sight.

It is not necessary here to enumerate all the mineral species
that have been found in clays, and only those which are of
probable common occurrence need be referred to.

Kaolinite.—This mineral, which is a hydrous aluminium
silicate, having the formula, Al.Q,,28i0.,2H,0, is thought by
many to be present in all clays, but its existence has not in all
cases been definitely proven; moreover, it is somewhat difficult
to recognize even under the microscope. If the kaolinite itself is
not present, it is possible that other hydrous aluminium silicates,
such as pholerite, halloysite, etc., exist in the clays.
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Clays of high purity no doubt contain a considerable per-
centage of kaolinite, the best grades of china-clay running as high
as 95 per cent, or even more.

Kaolinite is exceedingly refractory, and is to be regarded as a
heat-resisting element, but at high temperatures it fluxes actively
with silica, if the latter is present. This fact is contrary to the
view formerly held by many firebrick manufacturers. It will be
seen from what has been said above, that a good fireclay should be
low in silica and high in kaolinite.

Quartz.—This mineral, whose formula is SiO,, is found in at
least small quantities in nearly every clay, whether residual or
sedimentary, but the grains are rarely large enough to be seen
with the naked eye. They are translucent or transparent, usually
of angular form in residual clays, and rounded in sedimentary
ones on account of the rolling they have received while being
washed along the river channel to the sea, or dashed about by the
waves on the beach previous to their deposition in deeper, quiet
water. The quartz grains may be colourless, but are more often
coloured superficially red or yellow by iron oxide. Nodular
masses of amorphous silica, termed chert or flint, are found in
some clays.

Both quartz and flint are highly refractory, being fusible
only at cone 35 of the Seger series, but the presence of other min-
erals in the clay may exert a fluxing action and cause the quartz
to soften at a much lower temperature.

The amount of quartz in clays varies from under 1 per cent in
some kaolins or fireclays to over 50 or 60 per cent in some very
sandy brick-clays.

Feldspar.—This mineral is nearly as abundant in some clays
as quartz, but, owing to the ease with which it decomposes, the
grains are rarely as large. When fresh and undecomposed, the
grains have a bright lustre, and split off with flat surfaces or
cleavages. Feldspar is slightly softer than quartz, and while the
latter, as already mentioned, scratches glass, the former will not.

The fusing point of feldspar is about cone 9 (see Seger cones,
under Fusibility), but the different species vary somewhat in
their melting points. The feldspar grains may, however, begin
to flux with other ingredients of the clay at a much lower tem-
perature (See under Alkalies.)
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Mica.—This is one of the few minerals in clay that can be
easily detected with the naked eye, for it occurs commonly in
the form of thin, scaly particles, whose bright, shining surface
renders them very conspicuous, even when small. Very few
clays are entirely free from mieca, even in their washed condition,
for, on account of the light scaly character of the mineral, it
floats off with the clay particles. Some clays are highly mica-
ceous, but such are rarely of much commercial value.

Iron Ores.—This title includes a series of iron compounds,
which are sometimes grouped under the above heading, because
they are precisely similar to those that serve as ores of iron when
found in sufficiently concentrated form. The mineral species
included under this head are: limonite (2Fe.0,, 3H.0); hematite
(Fe.0s); magnetite (Fe,0.); siderite (FeCO,).

Limonite.—This mineral occurs in clays in a variety of
forms, and is often widely distributed in them, its presence
when in a finely divided condition being shown by the yellow
or brown colour of the material. When the clay is uniformly
coloured the limonite is evenly distributed through it, sometimes
forming a mere film on the surface of the grains; at other times
it is collected into small rusty grains, or again forms concretion-
ary masses of spherical or irregular shape; in still other clays
it is found in the form of stringers and crusts, extending through
the clay in many directions. The concretions are often especi-
ally abundant in some weathered clays. At times they take
the shape of thick-walled cylindrical bodies which have appar-
ently formed around plant roots. The beds of sandstone found
in many of the sand and gravel deposits associated with some
clays are caused by limonite cementing the sand grains together.

Limonite concretions can often be removed by hand-
picking. If left in the clay, they cause fused blotches, which
are unsightly and sometimes even cause splitting of the ware.

Limonite is most abundant in surface clays, especially those
which are of sandy character or sufficiently porous to admit
the oxidizing waters from the surface. It is also found quite
frequently in the weathered outcrops of many shales.

Siderite, the carbonate of iron, may occur in clay in the
following forms. (1) As concretionary masses known as clay-
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ironstones, ranging in size from a fraction of an inch to several
feet in diameter. They are very abundant in some Carbonifer-
ous shales, as those at New Glasgow, Nova Scotia, and are often
strung out in lines parallel with the stratification of the clay. If
near the surface, the siderite concretions often change to limonite.
(2) In the form of crystalline grains, scattered through the clay
and rarely visible to the naked eye. (3) As a film, coating
other minerals in the clay. This mineral will also change
to limonite if exposed to the weather.

When iron carbonate is in a finely divided condition and
evenly distributed through- the clay it may give it a blue or
slate-grey colour.

Siderite may be present in some surface clays, but it is
probably of greatest importance in shales, notably those associ-
ated with coal seams, and may occur in either finely divided
(disseminated) or concretionary form.

Pyrite* (FeS:=Fe 46'6 per cent, S 53'4 per cent).—This
mineral, which is not uncommon in some clays, can be often
seen by the naked eye, and is known to the miners in some
districts as sulphur. It has a yellow colour, metallic lustre, and
occurs in large lumps, small grains, or cubes, or again in flat
rosette-like forms. Not infrequently it is formed on or around
lumps of lignite, showing quite clearly that the carbonaceous
matter has reduced some iron sulphate present to sulphide.
The only Nova Scotia clays in which it was found were those at
Shubenacadie, and in the Musquodoboit valley.

Whén exposed to the weather, pyrite alters rather easily,
first to the sulphate of iron, and then to limonite. Clays con-
taining pyrite are not, as a rule, desired by the clay worker, and
in mining the pyritic material is rejected.

Pyrite may be found in almost any clay or shale, but owing
to the ease with which it is converted into limonite its forma-
tion or permanence in surface clays is rare.

Calcite (CaCO,=Ca0 56'00 per cent, CO,: 44'0 per cent).—
This mineral, when abundant, is found chiefly in clays of recent
geological age, but some shales also contain considerable quanti-
ties of it. It can be easily detected, for it dissolves rapidly in

+ In some clays this may be marcasite, the orthorhombic form of FeSa.
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weak acids, and effervesces violently upon the application of
a drop of muriatic acid or even vinegar. It is rarely present
in grains large enough to be seen with the naked eye, but has
been detected with the microscope.

In some clays, calcite, as well as some other minerals, may
form concretions, The brick-clay found on the Mira river,
Nova Scotia, contains lime carbonate in a finely divided form,
but not in sufficient quantities to make the clay burn buff
coloured. The brick-clay at Winnipeg, Estevan, and other
places, is also very calcareous.

Gypsum (CaS0,, 2H.0=Ca0 32'6 per cent, SO; 465 per
cent, H,O 20'9 per cent).—It is doubtful whether this mineral
is widely distributed in clays, but is true that some deposits
contain large quantities of it. It may occur in a finely divided
condition, or in the form of crystals, plates, or fibrous masses
of selenite. Its softness, pearly lustre, and transparency render
its identification easy when the pieces are of sufficient size to be
seen with the naked eye. When heated to a temperature of
250° F. (121° C.) the gypsum loses its water of combination,
and when burned to a still higher temperature the sulphuric
acid passes off.

Gypsum is a common constituent of the Pierre and Niobrara
shales.

CHEMICAL ANALYSIS OF CLAYS

There are two methods of quantitatively analysing clays.
One of these is termed the ultimate analysis, the other is known
as the rational analysis.

The Ultimate Analysis.—In this method of analysis, which
is the one usually employed, the various ingredients of clay are
considered to exist as oxides, although they may really be present
in much more complex forms. Thus, for example, calcium car-
bonate (CaCOs), if it were present, is not expressed as such, but
instead it is considered as broken up into carbon dioxide (CO.)
and lime (CaO), with the percentage of each given separately.
The sum of these two percentages would, however, be equal to
the amount of lime carbonate present.
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Altogether too much weight is attached to the chemical
analysis by those unfamiliar with the properties and behaviour
of clay, and many wholly unwarranted deductions are made from
it. It is true that the chemical analysis indicates the percentage
of different substances present in the clay, and that the effect
or action of these substances is understood in a fairly definite
way, but their effectiveness depends to a large degree on their
uniformity of distribution, and this is not indicated by the
analysis.

Moreover, the ultimate analysis gives us little or no infor-
mation regarding certain physical properties, such as the plas-
ticity, degree of shrinkage in drying and burning, density after
burning, ete.

It is, therefore, more or less absurd to conclude from a
chemical analysis alone that a clay could be used for certain
classes of ware.

But regarding the matter from a fair and conservative stand-
point, it would seem that the following inferences may be made
from an ultimate chemical analysis, provided the clay is of
fine-grained uniform texture, and the elements in it evenly
distributed, and not forgetting that there may be numerous
exceptions to every case:—

(1) The purity of the clay, showing the proportions of
silica, alumina, combined water, and fluxing impurities present.
High grade clays often show a percentage of silica, alumina,
and chemically combined water, approaching quite closely to
k aolinite. ) )

(2) The approximate refractoriness of a clay; for other
things being equal, a clay with high total fluxes is commonly
less refractory than one with low total fluxes. Several factors,
it must be remembered, such as texture, irregularity of distri-
bution of the constituents, and condition of kiln atmosphere
may affect the result.

(3) The colour to which the clay burns. This must be
judged with extreme caution. Assuming the constituents to
be evenly distributed, then a clay with 1 per cent or less of
ferric oxide is likely to burn pure white, but at high tempera-
tures titanium, if present, appears to produce discoloration.

13
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One with 2 to 3 per cent ferric oxide is likely to burn buff, and
one with more than this will probably burn red, if there is not
an excess of lime or alumina present.

(4) Excess of silica. A high percentage of silica (80 to 90
per cent) may indicate a sandy clay, and possibly one of low
shrinkage, but it does not necessarily indicate low plasticity.
High silica in a fireclay usually shows moderate refractoriness,
provided it is evenly distributed.

(5) Carbon. This should be determined, as it causes
trouble in burning if present to the extent of several per cent,
requiring thorough oxidation in firing before the clay is
allowed to pass to the vitrification stage. i

(6) Sulphur trioxide. Since this may be the cause of
swelling in improperly burned wares, and also indicate the
presence of soluble sulphates, it should also be determined.

(7) The presence of a high percentage of lime carbonate
shows the clay to be of calcareous character, and if this is
evenly distributed it is likely to be of buff-burning character,
with low refractoriness, and a narrow margin between vitrifica-
tion and viscosity.

(8) Titanium dioxide should be determined in fireclays, as
2 or 3 per cent may reduce the refractoriness to an appreciable
degree.

Yet, though the above deductions appear to yield much
information, the conclusions are not definite, and, as mentioned
above, we are still left in the dark regarding many important
physical properties. The physical tests of a clay are, therefore,
of vastly more importance and practical value, and it is for
this reason that so few chemical analyses appear in this report.

The Rational Analysis.—In this method of analysis an
attempt is made to determine the compounds actually present
in a clay, such as kaolinite, quartz, feldspar, etc. The methods
thus far developed are unsatisfactory.

SUBSTANCES PRESENT IN CLAY AND THEIR EFFECT

Silica.*—This is present in clay in two different forms,
namely, uncombined as silica or quartz, and in silicates, of

b 1 See also description of the minerals quartz, feldspar, kaolinite, and mieca,
above.
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which there are several. Of these, one of the most important
is the mineral kaolinite, which probably occurs in all clays, and
is termed the clay base, or clay substance. The other silicates
include feldspar, mica, glauconite, hornblende, garnet, ete.
These two modes of occurrence of silica, however, are not always
distinguished in the ultimate analysis of a clay, but when this
is done they are commonly designated as ‘free’ and ‘combined’
silica, the former referring to all silica except that contained in
the kaolinite, which is indicated by the latter term. This is an
unfortunate custom, for the silica in silicates is, properly
speaking, combined silica, just as much as that contained in
kaolinite. A better practice is to use the term sand, to include
quartz and silicate minerals other than kaolinite, which are sup-
posedly not decomposable by sulphuric acid. In most analyses,
however, the silica from both groups of minerals is expressed
collectively as total silica.

The percentage of both quartz and total silica found in
clays varies between wide limits.

The free silica or quartz is one of the commonest constitu-
ents of clay, and ranges in size from particles sufficiently large
to be visible to the eye down to the smallest grains of silt.

Sand (quartz and silicates) is an important anti-shrinkage
agent, which greatly diminishes the air shrinkage, plasticity,
and tensile strength of clay, its effect in this respect increasing
with the coarseness of the material; clays containing a high
percentage of very finely divided sand (silt) may absorb con-
siderable water in mixing, but show a low air shrinkage. The
brickmaker recognizes the value of the effects mentioned above,
and adds sand or loam to his clay, and the potter brings about
similar results in his mixture by the use of ground flint. If
too much sand is added to the brick mixture it makes the pro-
duct too porous, and soft.

It is thought by some that because of the refractoriness of
quartz its addition to any clay will raise its fusion point, but
this is true only of those clays containing a high percentage ot
common fluxes and silica, and which are burned at low temper-
atures. Its effect on highly aluminous low flux clays reduces
their refractoriness.
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In considering the effects of sand in the burning of clays,
it must first be stated that the quartz and silicates fuse at differ-
ent temperatures. A very sandy clay will, therefore, have a
low fire shrinkage, as long as none of the sand-grains fuse, but
when fusion begins a shrinkage of the mass occurs. We should,
therefore, expect a low fire shrinkage to continue to a higher
temperature in a clay whose sand-grains are refractory.

Iron Ozide: Sources of Iron Oxide in Clays.—Iron oxide is
one of the commonest ingredients of clay, and a number of
different mineral species may serve as sources of it, the most
important of which are grouped below:—

Hydrous oxide, limonite; oxides, hematite, magnetite;
silicates, biotite, glauconite (greensand), hornblende, garnet,
ete.; sulphides, pyrite; carbonates, siderite; sulphate, melanterite.

In some, such as the oxides, the iron is combined only
with oxygen, and is better prepared to enter into chemical com-
bination with other elements in" the clay when fusion begins.
In the case of the sulphides and carbonate, on the contrary, the
volatile elements, namely, the sulphuric-acid gas of the pyrite,
and the carbonic-acid gas of the siderite, have to be driven off
before the iron contained in them is ready to enter into similar
union. In the silicates the iron is chemically combined with
silica and several bases, forming mixtures of rather complex
composition, and all of them of low fusibility, particularly the
glauconite. Several of these silicates are easily decomposed by
the action of the weather, and the iron oxide which they contain
combines with water to form limonite. This is usually in a
finely divided condition, so that its colouring action is quite
effective.

Effects of Iron Compounds.—Iron is the great colouring
agent of both burned and unburned clays. It may also serve as
a flux, and even affect the absorption and shrinkage of the
material.

Colouring Action of Iron in Unburned Clay.—Many clays
show a yellow or brown coloration due to the presence of
limonite, and a red coloration due to hematite.

Colouring Action of Iron Oxide on Burned Clay.—All of the
iron ores will, in burning, change to the red or ferric oxide, pro-
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vided a sufficient supply of oxygen is able to enter the pores of
the clay before it is vitrified; if vitrification occurs the iron oxide
enters into the formation of silicates of complex composition.
The colour and depth of shade produced by the iron will, however,
depend on: (1) the amount of iron in the clay; (2) the temper-
ature of burning; (3) condition of the iron oxide; and (4) the
condition of the kiln atmosphere.

Clay free from iron oxide burns white. If a small quantity,
say 1 per cent, is present, a slightly yellowish tinge may be
imparted to the burned material, but an increase in the iron
content to 2 or 3 per cent often produces a buff product; while 4
or 5 per cent of iron oxide in many cases makes the clay burn red.
There seem, however, to be not a few exceptions to the above
statements. Thus, we find that the white-burning clays carry
from a few hundredths per cent to over 1 per cent of iron oxide,
the more ferruginous containing more iron than the purer grades
of buff-burning clays. Again, among the buff-burning clays we
find some with an iron oxide content of 4 or 5 per cent, an amount
equal to that contained in some red-burning ones.

The facts would, therefore, seem to indicate that the colour
of the burned clay is not influenced solely by the quantity of
iron present.

The brilliancy of the colour appears to be infiuenced by the
texture, as the more sandy clays can be heated to a higher tem-
perature, without destruction of the red colour, than the more
aluminous ones. Alkalies also appear to diminish the brightness
of the iron coloration.

Among the oxides of iron two kinds are recognized, known
respectively as the ferrous oxide (FeO), and ferric oxide (Fe:0,).
In the former we see one part of iron united with oxygen, while in
the latter one part of iron is combined with one and one-half
parts of oxygen. The ferric oxide, therefore, contains more
oxygen per unit of iron than the ferrous salt, and represents a
higher stage of oxidation. In the limonite and hematite the
iron is in the ferric form, representing a higher stage of oxidation.
In magnetite both ferrous and ferric iron are present, but in
siderite the ferrous iron alone occurs. In the ultimate analysis
the iron is usually determined as ferric oxide, no effort being
made to find out the quantity present in the ferrous form,
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although if there is any reason to suspect that much of the latter
exists it should be determined. Iron passes rather readily from
the ferric to the ferrous form. It also oxidizes easily unless
carbon and sulpbur are present, in which case its oxidation is
not possible until these two substances have been oxidized.
Indeed they are sometimes supplied with oxygen at the expense
of the iron, which may be left in a ferrous, magnetic, or even
spongy, metallic condition; so if there is a deficit of oxygen in the
inside of the kiln the iron does not get enough oxygen, and the
ferrous compound results, but the latter changes rapidly to the
ferric condition if sufficient air carrying oxygen is admitted. If,
however, the oxidation of the iron does not begin until the clay
has become so dense as to prevent free circulation of the air
through it, then it may form ferrous silicates, which impart
black or dark colours to the clay.

Moreover, in the burning of ferruginous clays it is usually
desirable to get the iron thoroughly oxidized to prevent trouble in
the later stages of burning. To accomplish this the iron must
be freed of any sulphur or carbon dioxide which may be combined
with it, and other volatile or combustible elements in the clay
must be driven off, so as to allow the oxidizing gases to enter the
clay and unite with any ferrous iron that may be present.

Sulphide of iron (pyrite) loses half its sulphur at a red heat,
and the balance will, under oxidizing conditions, pass off probably
by 900° C.; while siderite or ferrous carbonate loses its carbon
dioxide between 400° and 500° C.; magnesium carbonate and
caleium carbonate lose their CO, at about 500° C., and 800° to
900° C. respectively. Carbonaceous matter or sulphur, if present,
must also be carefully burned off. If the clay contains much
volatile or combustible matter the burning must proceed slowly
below 1000° C., in order to remove it and allow the iron to get
oxidized while the clay is still porous.

After oxidation the clays will show a more brilliant iron

colour than they do at the end of the dehydration period. They
are also harder, and show a slight decrease in volume.

If the clay has been improperly oxidized it shows later when
vitrification is reached, by the dark ferrous silicate cores in the
centre of the brick. This may form, however, without the
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development of any swelling. When swelling does accompany
the formation of this black core it is to be traced to sulphur.

Fine-grained clays are more difficult to oxidize than coarse-
grained, because of the small size of their pores, and grog is, there-
fore, added at times to open the grain of the material.

Since the stage of oxidization of the iron is dependent on the
quantity of air it receives during burning, the condition of the
kiln atmosphere is of great importance. If there is a deficiency of
oxygen in the kiln, so that the iron oxide, if present, is reduced to
the ferrous condition, the fire is said to be reducing. If, on the
contrary, there is an excess of oxygen, so that ferric oxides are
formed, the fire is said to be oxidizing. These various conditions
are often used by the manufacturer to produce certain shades of
colour effects in his ware. Thus, for example, the manufacturer
of flashed brick produces the beautiful shading on the surface of
his product by having a reducing atmosphere in his kiln, followed
by an oxidizing one. The potter aims to reduce the yellow tint
in his white ware by cooling the kiln as quickly as possible to
prevent the iron from oxidizing.

In those clays which are of grey or black colour the iron may
be present in both the ferrous and ferric form; the quantity
present in that from several localities is shown below:—

Fievp NUMBER.

41. 42. 47. 91. 94.
FesOs.oovivvvnnnnn. 1°56 1°96 1-34 246 1-91
FeO......ovvvivine 497 319 612 2°29 3-61

41. Shale from Standard Drain Pipe Works, New Glasgow.
42. Lower shale, Brooks’ brickyard, New Glasgow.
47. Shale, Intercolonial Coal Company, Westville.
91. Shale under coal seam, King mine, Minto, N.B.
94. Shale under coal, Canadian Coal Company, Salmon bay,

N.B.
All analysed by H. A. Leverin, analyst, Mines Branch.

As these clays and shales all contain small amounts of
sulphur and carbon, it is highly important to fire the material
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slowly, in order to burn off the carbon, and as much sulphur as
possible, as well as to cause the large amount of ferrous iron
to become oxidized.

Fluzing Action of Iron Oxide.—Iron oxide is a fluxing im-
purity, lowering the fusing point of the clay, and this effect will, in
general, be more pronounced if the iron is in a ferrous condition,
or if silica is present.

Effect of Lime Carbonate on Clay.—Lime is probably most
effective in the form of the carbonate, and if finely divided is an
active flux. When clays containing it are burned, they not only
lose their chemically combined water but also their carbon
dioxide, but while the water of hydration passes off between 450°
C. (842° F.) and 600° C. (1112° F.) the carbon dioxide (CO.) does
not seem to go off until between 600° C. (1112° F.) and 725° C.
(1562° F.). Infact, it more probably passes off between 850° C.
(1562° F.), and 900° C. (1652° F.). The result of driving off this
gas, in addition to the chemically combined water, is to leave
calcareous clays more porous than other clays up to the beginning
of fusion.

If the burning is carried only far enough to drive off the
carbonic acid gas, the result will be that the quicklime thus
formed will absorb moisture from the air and slake. No injury
may result from this if the lime is in a finely divided condition
and uniformly distributed through the brick, but if, on the con-
trary, it is present in the form of lumps the slaking and accom-
panying swelling of these may split the brick.

The effect of lime carbonate grains of different size is well
shown in Plate LXI.

Limestone pebbles, if present in the clay, should be either
removed, if this can be done cheaply, or crushed before the clay
is moulded.

Effect of Gypsum.—Gypsum in the clay has probably often
been formed by sulphuric acid, liberated by the decomposition
of iron pyrite, acting on lime carbonate. Lime, if present in the
form of gypsum, seems to behave differently from lime in the
form of carbonate, although few clays contain large percent-
ages of it.



CLAY AND SHALE DEPOSITS 201

If present in grains or lumps these burn to a white powder,
but unlike lime do not slake and swell.

Magnesia.—Magnesia (MgO) rarely occurs in clay in larger
quantities than 1 per cent. When present, its source may be any
one of several classes of compounds, that is, silicates, carbonates,
and sulphates.

It is to be regarded as a flux, but perhaps not as active a one
aslime. Itisalways presentin a finely divided form.

Alkalies—The alkalies commonly present in clays include
potash (K,0), soda (Na:0), and ammonia (NH,). There are
other alkalies, but they are probably of rare occurrence.

Peveral common minerals may serve as sources of the
alkalies. Feldspar may supply either potash or soda. Muscovite,
the white mica, contains potash. Greensand, or glauconite,
contains potash. Other minerals; such as hornblende or garnet,
might serve as sources of the alkalies, but are unimportant, as
they are rarely present in clays in large quantities.

The alkalies are strong fluxes, but they are rarely present in
large amounts.

Titanium.—Titanium is an element which is found in several
minerals, some of which are more common in clays than is usually
imagined, although they appear rare because they are seldom
found in large quantities. The two commonest of these are rutile
and ilmenite. So far as known, neither of these is ever found
in clays in sufficiently large grains to be visible to the naked eye,
so that a microseopic examination would be necessary to identify
them. Although titanium is such a common constituent of
clay, it is rarely shown in an analysis, because its determination
by chemical methods is attended with more or less difficulty and
is rarely carried out. In the ordinary process of chemical
analysis it is usually included with the alumina.

Titanium may be regarded as a flux, but since the quantity
present in most clays is usually small, it seems to operate mainly
at high temperatures. Thus, a clay whose fusion point lay
between cones 34 (1810° C.) and 35 (1830° C.), fused at cone 32
(1770° C.), when 5 per cent of titanium oxide was mixed with it.
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WATER IN CLAY.

Under this head are included two kinds of water: (1)
mechanically combined water or moisture; (2) chemically com-
bined water.

Mechanically Combined Water.—The mechanically combined
water is that which is held in the pores of the clay by capillary
action, and fills all the spaces between the clay grains. When
these are all small, the clay may absorb and retain a large
quantity, because each interspace acts like a capillary tube.
If the spaces exceed a certain size, they will no longer hold the
moisture by capillary action, and the water, if poured on the clay,
would fast drain away. The fine-grained clays, for these reasons,
show high powers of absorption and retention, while coarse,
sandy clays or sands represent a condition of minimum absorp-
tion. This same phenomenon shows itself in the amount of
water required for tempering a clay. Thus, a very coarse sandy
mixture from one deposit may require only 15 per cent of water,
while a very fat one from another deposit may take 45 per cent of
water. Itisnot the highly aluminous ones, however, that always
absorb the most water.

The total quantity of water found in different clays varies
exceedingly. In some air dried clays it may be as low as 0°5 per
cent, while in those freshly taken from the bank it may reach 30
to 40 per cent without the clay being very soft.

Clay is very hygroscopic, and when thoroughly dry greedily
absorbs moisture from the atmosphere; indeed it may absorb as
much as 10 per cent of its weight.

Water held mechanically in a clay will pass off partly by
evaporation in air, but can all be driven off by heating the clay to
100° C. (212° F.). The evaporation of the mechanical water is
accompanied by a shrinkage of the mass, which ceases, however,
when the particles have all come in contact, and before all the
moisture is driven off, because some remains in the pores of the
clay. This last portion is driven off during the early stages of
burning. The shrinkage that takes place when the mechanical
water is driven off varies, ranging from 1 per cent, or less, in very
sandy clays, up to 10 or 12 per cent in very plastic ones.
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Since most clays having a high absorption shrink a large
amount in drying, there is often danger of their cracking, espe-
cially if rapidly dried, owing to the rapid escape of the water
vapour. Mechanical water may hurt the clay in other ways.
Thus, if the material contains any mineral compounds which are
soluble in water, the latter, when added to the clay, will dissolve
a portion of them at least. During the drying of the brick the
water rises to the surface to evaporate, and brings out the
compounds in solution, leaving them behind when it vaporizes.
It may also help the fire gases to act on certain elements of the
clay, a point explained under “Burning.”

Chemically Combined Water.—Chemically combined water,
as its name indicates, is that which exists in the clay in chemical
combination with other elements, and which, in most cases, can
be driven out only at a temperature ranging from 400° C.,
(752° F.), to 600° C. (1112° F.). This combined water may be
derived from several minerals, such as kaolinite, which contains
nearly 14 per cent white mica, or muscovite with 4 to 53 per cent,
and limonite with 145 per cent. Unless a clay contains con-
siderable limonite or hydrous silica, the percentage of combined
water is commonly about one-third the percentage of alumina
found in the clay. In pure, or nearly pure kaolin, there is
nearly 14 per cent, and other clays contain varying amounts,
ranging from this down to 3 or 4 per cent, the latter being the
quantity found in some very sandy clays. The loss of its com-
bined water is accompanied by a slight but variable shrinkage in
the clay, which reaches its maximum some time after all the
volatile matters have been driven off.

In many clay analyses the chemically combined water is
determined as loss on ignition, which is incorrect if the clay
contains carbon dioxide, sulphur trioxide, or organic matter,
all of which are driven off, in part at least, at a dull red heat.

EFFECTS OF CARBON IN CLAY.

Carbon may be present in clay in the form of: (1) vegetable
matter; (2) asphaltic carbon, and (3) fixed carbon. Only the
second and third of the groups mentioned need be considered.
The first alone causes trouble when it occurs in the form of sticks
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or thick roots, and has to be screened out. It is, therefore, not
included in what follows.

Carbonaceous matter often serves as a strong colouring agent
of raw clays, tinging them grey, bluish-grey, or black. Indeed,
so strong may this be that it masks the effect of other colouring
agents, such as iron. In fact, two clays coloured black might
burn red and white respectively, because one had much iron and
the other none, and yet, owing to their black colour, this could
not be foretold with definiteness.

Some of the shales of the Edmonton formation at Edmon-
ton, and those associated with the coal beds at Canmore and
Banff, are coloured by carbonaceous matter.

Asphaltic carbon, aside from its colouring action, often
causes much trouble in burning, causing blaeck cores, or even
swelling and fusing of the brick. More than this, it may keep
the iron in a ferrous condition and prevent the development of
the best colour effects in the ware.

The reason for this is due to several causes.

Carbon has a strong affinity for oxygen, much stronger than
that of iron, therefore as long as it remains in the clay it will
monopolize the supply of oxygen and keep the iron in a ferrous
condition, the form in which much of it is, in grey or black clays
and shales. Now, in burning a clay, one of the aims of the clay
worker is to get the iron into a ferric condition, so as to fully
develop its colouring properties and prevent other troubles.
As long as any carbonaceous matter remains the oxidation of the
iron is prevented or retarded, and consequently the carbon must
be burned out.

The experiments of Orton and Griffin have shown that be-
tween 800° and 900° C. is the best temperature interval for burn-
ing off the carbon, as below this its oxidation does not proceed as
rapidly, and above this there is danger of vitrification beginning,
and the oxidation being stopped.

The method of procedure would, therefore, be to drive all
moisture out of the clay first, then raise the heat as rapidly as
possible to a temperature between 800° and 900° C., and hold it
there until the ware no longer shows a black core denoting
ferrous iron.
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In order to burn off the carbon and oxidize the iron, air
supplying oxygen must be drawn into the kiln during burning,
for the gases of combustion from the fuel will supply none.
Oxidation may be accelerated by increasing the amount of air
entering the kiln, and by reducing the density of the clay as much
as possible. In case this is not done, and the pores of the clay
close up before all the carbon is burned off, it also interferes
with the expulsion of sulphur present which may result in a
swelling of the clay. This may be even followed by complete
fusion of the interior of the mass, caused by the formation of an
easily fusible ferrous silicate. When the carbon is all burned off
the iron has a chance to oxidize. If the clay contains much
asphaltic carbon the oxidation must be carried on with as little
air as possible, otherwise the heat generated by the burning
hydrocarbons may be so intense as to vitrify the ware before
the oxidation is completed.

Since dense clays are more difficult to oxidize than those
which are porous, the process of manufacture may also influence
the results, and in this connexion it has been found that bricks
made by the soft-mud process are most rapidly oxidized, followed
by either the stiff-mud or dry-press (there being no difference
between the two), and lastly by the semi-dry-press.

Effect of Water on Black Coring.—It is often stated by brick
makers that black cores are caused by the brick being set too wet.
This is not strictly true, and the relation is a very indirect one.
While carbon burns off most rapidly between the temperatures of
800° and 900° C., it also passes off somewhat at much lower tem-
peratures. If the brick is set wet it requires so much more heat
in the early stages of firing to drive out or evaporate the water
that other changes, such as the oxidation of the carbon, will be
retarded, and brick begins to vitrify before the process is
completed.

SULPHUR.

Many clays contain at least a trace of sulphur, and some
show appreciable quantities, but determinations of it are farely
made, unless the clay is to be employed for Portland cement
manufacture. As can be seen from the experiments of Seger,
and more especially Orton and Staley, it may cause serious
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trouble, and should always be determined in the analysis of a clay.
Sulphur might be present in a clay, as:—

(1) Sulphate, such as gypsum (CSO., 2H.0), epsomite
(MgS0,, 7H:0), or melanterite (FeSO., 7TH.0).

(2) Sulphide, as pyrite (FeS.), or marcasite (FeS,).

Few investigators have, however, given much attention to
the matter. )

From experiments on a Columbus black shale, running high
in carbon, ferrous iron, and sulphur, Orton and Staley adopted
the series of conclusions given below:—

The shale contained an average of 2'997 per cent of total sul-
phur, expressed as the element, of which 0'76 per cent was con-
tained in soluble sulphates, and 2'235 in sulphides.

They conclude:—

(1) Both sulphates and sulphides experience rapid dimiinu-
tion by dissociation, in that portion of the burn up to 800° C.,
in those portions of the ware which get air freely. This loss of
sulphur may amount to two-thirds or three-fourths of the
amount originally present.

(2) Both sulphates and sulphides experience a further slow
diminution by dissociation or oxidation, beginning at 800° C.,
and continuing as long as the clay strutture remains porous
and permeable to air. The loss of sulphur may amount to 90
per cent or more of the initial sulphur content at the end of the
period, but it proceeds increasingly slowly, and would probably
never become complete.

(3) In the interior portions of the clay, to which air cannot
readily penetrate, the loss of sulphur may be less, and if there
are any bases, such as FeO, CaO, or MgO present, with which
the sulphur may combine, the sulphur is not likely to be expelled.

(4) Carbon, even in small quantities, interferes strongly
with the expulsion of sulphur, which does not pass off to any
extent until after the carbon goes. The clay may, therefore,
have become too dense by that time for the oxidation of the
sulphur to proceed, so that the carbon has virtually prevented
its escape.

(5) Sulphur retained in the clay in any form, and from
any cause, is not likely to cause physical disturbances in the
clay until a fairly complete degree of vitrification is reached.
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(6) When a clay reaches a dense vitrified condition it pro-
ceeds normally, after a longer or shorter interval, to become
less dense, by reason of the development of multitudes of
minute vesicles in the viscous body; this process is progressive
and in the end the body becomes spongy and worthless.

(7) The length of this period of dense vitrification is much
shortened, and in some cases practically abolished, by the
presence of sulphur compounds, which break down and evolve
gases copiously, producing a prematurely spongy body.

(8) The cause of this gas evolution is chiefly the dissoci-
ation of sulphides and sulphates by silicic acid, which becomes
increasingly active as the temperature rises, and appropriates
the bases formerly combined with the sulphur.

(9) In clays of low sulphur content, and of favourable
structure for oxidation, the amount of sulphur left in the clay
at vitrification is very small. Hence the period of good structure
is long, the vesicular structure develops slowly, and the clay
is said to stand over-firing well.

(10) In clays of high sulphur content, or of dense struc-
ture unfavourable for oxidation, er of high content of iron and
carbon, the escape of the sulphur is prevented, the clay has a
very narrow period of usefulness, or none at all, and the vesicular
structure becomes enormously exaggerated.

(11) While this premature and exaggerated swelling from
sulphur may in aggravated cases occur in well oxidized clays, it
is practically certain to occur where clays containing a partly
oxidized core are allowed to reach the vitrification period.

(12) This breaking down of sulphur compounds by silicic
acid is the chief or common cause of the premature swelling of
black coloured clays, and the occasional cause of sudden and
severe swelling of properly oxidized clay wares.

(13) The proper way to avoid the effects of sulphur in
vitrifying clay bodies is to apply a deliberate and complete
oxidation treatment while the clay remains porous. This will
rid the clay of the greater part of the sulphur, and will prevent
sudden or premature skagging of the clay by ferrous oxide, if
it is true that ferrous oxide has such a tendency, and will thus
avoid, so far as possible, the conditions which favour swelling.
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Clays which still give trouble from swelling after this treatment
must be regarded as bad clays.

REACTIONS INVOLVED IN EXPULSION OF SULPHUR.

These may be expressed briefly as follows, the simpler and
most probable ones only being given:—

Pyrite heated to 400° C. gives FeS;+ heat=FeS+S.

The S in the air catches fire and burns to SO: or SO,, but if
liberated in a clay soft and spongy by heat it may attack FeO,
Ca0, or MgO. However, most of it probably escapes.

FeS exposed to oxidizing conditions might oxidize to ferrous
sulphate, but further heating to 550-650° C. breaks it up, leaving
FeO, the latter in an oxidizing atmosphere changing to Fe,O;.

Calcium sulphate also breaks down, but at higher tempera-
tures than ferrous sulphate and less completely. The action
of carbon in restraining the liberation of sulphur is explained as
follows:—

FeCO;+425° C.=FeO+CO..
If, now, free sulphur is liberated in the immediate vicinity,
FeO+ C+S=FeS+CO.

This ferrous sulphide cannot be broken up by heat alone,
but only by roasting in air, or interaction with silicic acid, for
as pointed out by Seger, silicic acid at high temperatures has
the power of displacing all other common acids, and combining
with their bases to form silicates. It thus has the power to
replace stilphuric’ acid, and sulphur of sulphides. He found
that a bisilicate glass mixture, saturated with sulphates,
showed 4 per cent sulphuric acid; while the same glass, with
one more molecule of silica added and melted at the same
temperature and under the same conditions, contained only
2 per cent sulphuric acid. Now, in raiging the temperature of
burning, the fusing matrix of a clay becomes more siliceous,
resulting in the expulsion of sulphur.

SOLUBLE SALTS.

Origin.—It has been pointed out,*in explaining the origin
of clay, that in the decomposition of mineral grains in clay
soluble compounds are often formed. During the drying of
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the clay the moisture brings these to the surface, and leaves
them there when it evaporates, thus forming a scum on the air-
dried ware, and sometimes a white coating on the clay after it
is burned. Those found in the clay are commonly sulphates of
lime, iron, or alkalies, and their formation is generally due to the
decomposition of the iron pyrite frequently contained in the
clay. A much greater quantity of soluble sulphates will be
formed if the pyrite is in a finely divided condition and evenly
distributed through the clay, but soluble compounds may also
be formed without the aid of pyrite, as when carbonates are set
free by the decomposition of silicates, such as feldspar. When
-the soluble compounds have formed in the green clay their
presence can often be detected by spreading the dug clay out
to weather, which will result in their forming a crust on the
surface of the mass. i

Their formation does not cease, however, when they are
removed from the ground, for in some cases, fresh pyrite grains
remain in the clay after mixing, and if the clay is stored in a
moist place these may decompose, yielding an additional amount
of soluble material. One means of preventing this would seem
to be the use of the clay as soon as possible after mixing.

In some cases soluble sulphates may be even introduced
into the clay by the water used for mixing, for distilled water is
the only kind that is free from soluble salts. All well and spring
waters contain some at least, and if these flow or drain from
clays or rocks containing any pyrite they are almost sure to
contain soluble salts. Those flowing from lime rocks are usually
hard, on account of the lime carbonate which they contain.
Still another source of soluble salts in raw clay lies in some of
the artifical colouring materials which are sometimes used.

Soluble salts brought out in the drying of the clay are termed
dryer-white, but do not differ in composition from those formed
during burning and known as kiln-white.

Soluble sulphates are sometimes formed in burning, through
the use of sulphurous fuel, that is, coal containing more or less
iron pyrite. When the coal is burned part of the sulphur in the
pyrite is expelled, and, uniting with the oxygen, forms sulphuric-
acid gas (80;). This passes through the kiln, and, if it comes in
contact with carbonates in the clay, converts them into sulphates,

1
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because some substances; such as lime (CaQ), have a stronger
affinity for sulphur trioxide (80:) than for carbon dioxide (CO.).

It frequently happens that clay products come from the kiln
apparently free from any superficial discoloration or coating,
but develop one later on if subjected to moisture. This type of
coating is known as wall-white. It may be derived from salts
formed within the body of the ware during burning, and sub-
sequently brought to the surface by the evaporation of moisture
absorbed during rainy weather, or it may come from the mortar,
either by the direct introduction of soluble salts from it, or by
reaction between carbonates of magnesium, potassium, and
sodium of the mortar, with calcium sulphate in the brick. This
gives calcium carbonate.

Maéckler found that, in a series of fifty bricks examined, the
sum of the sulphates of lime, magnesium, and alkalies varied from
0'0134 per cent to 0'7668 per cent.

The coatings thus far mentioned are all white in colour. In
some instances, however, the product becomes covered with a
yellow or green stain, which is caused either by the growth of
vegetable matter on the surface of the bricks, or by soluble
compounds of the rare element vanadium.

Quantity of Soluble Salts in Clays.—The amount of soluble
salts present in a clay is never very great, but less than 0'1 per
cent is often sufficient to produce a white incrustation.

The accurate determination of soluble salts in a clay.is
somewhat difficult, and no such determinations were made for the
present report. Several clays were found, however, which
contained an appreciable quantity of them as shown by the form-
ation of a scum or crystals on the surface during drying. The
worst case was that of the unweathered clay from Kamloops, B.C.
Some of the Dirt Hills clays also contained a noticeable amount of
soluble salts.

Prevention of Soluble Salts.—The methods of prevention that
~ have been suggested for dryer-white and kiln-white are:—

(1) Use of the clay in its unweathered condition, or before
the soluble salts have time to form.

(2) Use of the clay in a thoroughly weathered condition,
thus permitting removal of soluble salts by leaching.
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(3) Change of the soluble salts to a harmless form by pre-
cipitation with barium compounds.

(4) Prevention of concentration of salts on surface of brick
by rapid firing.

(5) Removal of whitewash in the kiln by using a reducing
flame.

(6) Coating the brick with some combustible substance, as
wheat flour, or coal tar, which burns away with a strong reducing
action and removes the whitewash.

Referring in more detail to (3), it may be explained that the
substance commonly added is either barium chloride or barium
carbonate. When barium salts come in contact with soluble
sulphates, barium sulphate is formed, a combination which is
insoluble in water. This is expressed by the first of the following
chemical reactions, if barium is used, and by the second, if
barium chloride is employed:—

(1) CaS0,+BaC0,=CaC0;4BaS0..

(2) CaSO4+BaCla = 03012 +BaSO4

We thus see that in both cases we get compounds which are
insoluble, or nearly so. If soluble sodium compounds are present
the addition of barium carbonate, or barium chloride, will form
either sodium carbonate or sodium chloride (common salt), but
since both of these are easily soluble in water thgy can be washed
off without much trouble.

Method of Use.—As carbonate of barium is insoluble in
water, in order to make it thoroughly and uniformly effective it
should be used in a finely powdered condition, and distributed
through the clay as thoroughly as possible, because it will only
act where it comes into immediate contact with the soluble
sulphates. While only a small quantity of barium is necessary,
it is desirable to use somewhat more than is actually required.

According to Gerlach, a clay containing 01 per cent sulphate
of lime, which is the same as 0'4 grams per pound, would need 0°6
of a gram of barium carbonate per pound of clay. For safety,
-however, 6 or 7 grams should be added to every pound of clay.
This would be about 100 pounds for every thousand bricks, based
on the supposition that a green brick weighs 7 pounds. As a
pound of barium carbonate costs about 23 cents, the amount
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required for 1,000 bricks would be $2.50. It is cheaper to use
barium chloride, for the reason that the salt is soluble in water,
and hence can be distributed more evenly with the use of a
smaller quantity; the chemical reaction also takes place much
more rapidly when it i§ used. There is this objection to it, how-
ever, that as near the theoretic amount as possible must be used;
for if any remains in the clay unchanged, that is, without having
reacted with the soluble salts, it may of itself form an incrusta-
tion.

In the case of a clay containing 0'1 per cent calicum sulphate
it would require 26 pounds of barium chloride per thousand bricks
and this, at 23 cents a pound, would mean an outlay of 65 cents.
With the barium-chloride treatment, chloride of lime is formed,
but this is decomposed in burning.

Since, in drying moulded clay objects, the evaporation is
greatest from the edges and corners of the ware, the incrustations
may be heaviest at these points, but the more rapidly the water is
evaporated the less will be the quantity of soluble salts deposited
on the surface. Incrustations which appear during drying are
found more commonly on bricks made from very plastic clays,
which, owing to their density, do not allow the water to evaporate
quickly.

Remedy for Wall-White.—This is more difficult, but consists
primarily in preventing entrance of moisture to the walls. It is
suggested to make the walls as inpervious as possible by the use of
well-burned brick, and proper drainage and waterproofing of the
foundations. If the efflorescence appears, the walls may be
painted so as to cover the efflorescence, but it may then peel off in
damp spots. A coat of paraffin or linseed oil will conceal the
white coating somewhat, but also darken the brick. They
should also be made waterproof if possible.

Soluble Salts in Canadian Clays.—No determination was
made of the amount of soluble salts present in the clays tested -
for this report, but some of them show scumming in drying.
The worst case was that of the clay from Kamloops. Some of
the Dirt Hills clays also showed it.
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PLASTICITY.

Definition.—Plasticity is probably by far the most important
property of clay, lacking which it would be of comparatively
little value for the manufacturer of clay products. Seger has
defined it as the property which solid bodies show of absorbing
and holding a liquid in their pores, and forming a mass which
can be pressed or kneaded into any desired shape, which it
retains when the pressure ceases, and on the withdrawal of the
water, changes to a hard mass. The term hard, of course,
refers to its hardness as compared with its wet condition, for
some air-dried clays are rather soft.

TENSILE STRENGTH.

Definition.—The tensile strength of a clay is the resistance
which it offers to rupture or being pulled apart when air-dried.

Practical Bearing.—The tensile strength is an important
property, and has a practical bearing on problems connected
with the handling, moulding, and drying of the ware, since a
high strength enables the clay to withstand the shocks and
strains of handling. Through it, also, the clay is able to carry a
large quantity of non-plastic material, such as flint or feldspar,
ground bricks, ete.

Relation to Plasticity.—Although it was formerly believed
by many that tensile strength and plasticity were closely related,
this view is no longer generally accepted. High tensile strength
and high plasticity often go together, but a clay low in tensile
strength may have high plasticity, and vice versa.

Measurement of Tensile Strength.—The tensile strength is
measured by moulding the thoroughly kneaded clay into bri-
quettes, of the same shape and size as those made in cement
testing, and, when thoroughly air-dried, pulling them apart in a
suitable testing machine.

SHRINKAGE.

All clays shrink in drying and burning, the former loss
being termed the air shrinkage, and the latter the fire shrinkage.
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Adr Shrinkage.—In a clay which is perfectly dry all the grains
are in contact, but between them there will be a variable amount
of pore space, depending on the texture of the clay. The volume
of this pore space is indicated somewhat by the quantity of
water that will be absorbed without the clay changing its volume,
this water filling in the space between the grains. It may be
termed pore water.

The presence of more water than is required to fill the
spaces between the grains produces a swelling of the mass, and
in this condition each grain is regarded as being surrounded by
a film of water; but while the grains still mutually attract each
other the attraction is less than in the dry clay, and the mass
yields readily to pressure. An excess, however, separates the
clay particles to such an extent that the clay softens and runs.
A clay will, therefore, continue to swell as water is added to it,
until the amount becomes too great to permit it to retain its
shape. .

The amount of air shrinkage is usually low in sandy clays,
at times being under 1 per cent in coarsely sandy ones, while it
is high in very plastic clays, or in some of very fine grain,
reaching at times as much as 12 or 15 per cent. Five or six
per cent is about the average seen in the manufacture of clay
products.

All clays requiring a high percentage of water in mixing
do not show a high air shrinkage. The air shrinkage of a clay
will not only vary with the amount of water added, but also
with the texture of the materials.

Some clays and shales show a strong tendency to crack badly
in air drying, no matter how slowly this is done, but this trouble
can often be remedied by preheating the clay to a temperature
varying from 250° to 500° C., depending on the clay. The
addition of a very small percentage of salt will also prevent the
cracking. The effects of this treatment are referred to in some
detail in Chapter VIII. Many of the Belly River and Edmonton
shales require preheating.

Sand or materials of a sandy nature counteract the shrinkage,
and are frequently added for this purpose, but, since they also
render the mixture more porous, they facilitate the drying as
well, permitting the water to escape more readily, and often
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reducing the danger from cracking. If the sand added to dilute
the shrinkage is refractory it also aids the clay in retaining its
shape during burning.

Fire Shrinkage.—All clays shrink during some stage of the
burning operation, even though they may expand slightly at
certain temperatures. The fire shrinkage, like the air shrinkage,
varies within wide limits, the amount depending partly on the
quantity of volatile elements, such as combined water, organic
matter, and carbon dioxide, and partly on the texture and
fusibility.

Fire shrinkage may begin at a dull red heat, or about the
point at which chemically combined water begins to pass off,
and reaches its maximum when the clay vitrifies, but does not
increase uniformly up to that point. The clay worker, however,
always tries to get a low fire shrinkage, using a mixture of clays
if necessary in order to prevent cracking and warping. After
the expulsion of the volatile elements the clay is left in a porous
condition, until the fire shrinkage recommences.
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Figures 2, 3, 9, and 10, give some curves showing the fire

shrinkage and absorption of different clays and shales.

Figures 9 and 10 show how two clays may agree quite
closely in their fire shrinkage at different temperatures, but

differ greatly in their density as shown by the absorption curves.
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The solid line of Fig. 9 is characteristic of a calcareous clay,
and it will be noticed that both the fire shrinkage and absorption
are respectively low and high up to a certain temperature and
then change suddenly.

Figure 3 shows how washing a sandy clay increases its fire
shrinkage and decreases its absorption. The corresponding
curves for the unwashed clay are shown in Fig. 2. Referring
again to Fig. 2 attention should be called to the difference
between the sandy fireclay and the grey fireclay from the Dirt
hills. The former being more sandy has a higher absorption
and lower fire shrinkage. ’

FUSIBILITY.

All clays fuse at one temperature or another, the tempera-
ture of fusion depending on: (1) the amount of fluxes; (2)
the size of grain of the refractory and non-refractory particles;
(38) the homogeneity of the mass; (4) the condition of the fire,
whether oxidizing or reducing; and (5) the form of chemical
combination of the elements contained in the clay.

When clays undergo a fusion process they do not soften at
once, but melt with comparative slowness. This is not surprising
when we consider their heterogeneous composition, and may
account for their slow softening, as one kind of mineral after
another fuses. As soon as a softening of one or more of the
mineral grains occurs, interreactions between the different ones
begin, the number involved increasing until all constituents of
the mass are involved. In most cases no reaction occurs between
any of the grains until one melts, but it is not necessary to reach
the fusion point of each before it can react with the others.

Incipient Vitrification.—In this stage the clay has softened
sufficiently to make the grains stick together, and enough to
prevent the recognition of any, except the larger ones. The
particles have not, however, softened sufficiently to close up
all the pores of the mass.

Complete Vatrification.—A further heating of the clay,
through a variable temperature interval ranging from about
27°7° C. (500° F.) to 111°1° C. (200° F.), or sometimes even more,
produces an additional softening of the grains sufficient to close
up all the pores and render the mass impervious. Clays burned
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to this condition of complete vitrification show a smooth fracture,
with a slight lustre. The attainment of this condition also
represents the point of maximum shrinkage.

Viscosity.—A still further variable rise in the temperature is
accompanied by both swelling and softening of the clay, until it
flows or gets viscous.

It is sometimes difficult to recognize precisely the exact
attainment of these three conditions, for the clay may soften so
slowly that the change from one to the other is gradual.

SEGER CONES.

These test pieces consist of a series of mixtures of clays
with fluxes, so graded that-they represent a series of fusion-
points, each being a few degrees higher than the one next to it.
They are so called because originally introduced by H. Seger, a
German ceramist. The materials which he used in making them
were such as would have a constant composition, and consisted
of washed Zettlitz kaolin, Rorstrand feldspar, Norwegian quartz,
Carrara marble, and pure ferric oxide. Cone 1 melts at the
same temperature as an alloy composed of one part of platinum
and nine parts of gold, or at 1150° C. (2102° F.). Cone 20 melts
at the highest temperature obtained in a porcelain furnace, or at
1530° C. (2786° F.). The difference between any two successive
numbers is 20° C. (36° F.), and the upper member of the series is
cone 39. Cone 36 is composed of a very refractory clay slate,
while cone 35 is composed of kaolin from Zettlitz, Bohemia.
A lower series -of numbers was produced by Cramer, of Berlin,
who mixed boracic acid with the materials already mentioned.
Hecht obtained still more fusible mixtures by adding both
boracic acid and lead in proper propertions to the cones. The
result is that there is now a series of 61 numbers, the fusion-
point of the lowest being 590° C. (1094° F.) and that of the
highest 1940° C. (3470° F.). As the temperature rises the cone
begins to soften, and when its fusion-point is reached it begins to
bend over until its tip touches the base. For practical purposes
these cones are very successful, though their use has been some-
what unreasonably discouraged by some. They have been much
used by foreign manufacturers of clay produects, and their use
in the United States and Canada is increasing.
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The composition and fusing points of the different members
of the series are given below:—

Composition and Fusing Points of Seger Cones.

Fusing-point.
I‘é‘;}l i’: Composition.
Degrees F.| Degrees C.
con 1075 NasO 2:0 S0
0022 {8. : §boo} .......... { g 15?82* | SO . 1,094 590
) ¥ a : 1
0021 {0:5Pb6 Jo'1A1:0, {1:0 BaOy Jooeerreeees 1,148 620
0-020 (03P Jorzanos (3.8 80 ) 1,202 650
. 0°5 NasO 2°6 SiO,..
0019 {0: 234 o'341,04 {1:0 Bagh Jeereeenes 1,256 680
0-018 (02 e’ Joraanos {35 8%} 1,310 710
. 05 NasO | .. 3.0 Si0
0°017 {8.2%’00 }0'5 41,04 {é({ 183?8’3 | S 1,364 740
& ° a2 . : 31
0016 {0: 5 DLD J0°55 A1,0s{ 10 B0, | S 1,418 770
o-0i5 ({2 PER Joreanos (312 810 3 1472 800
: 0°5Nas0 1\, 3'3 80
0014 {0:5Pb0 Jo 65A1203{1:0 By oo eeees 1,526 830
0-013 [(0-2 Be Jo-7an0s {318 B b 1,580 860
: 0°5 Nas0 35 Si0.
0-012 {0:5Pb0 fo 75A1¢0;{1:0 BaOn | S 1,634 890
o-o11-{0:2Bee” Jorsan,on {318 §Q 1 1,688 920
: 0'3K:0 10°2Fe:05 (35080
0°010 {8.5%;8 }8 3%1228’ {2'223-’002“ | ST 1,742 950
. N 2 e20s : 1
009 {8.5%8 }3 3%1:88 {g.ggg%;a | SR 1,778 970
B : : €203 . 1
0°08 {8%%;8 }8‘3%1”8’ {g'%glsszooz“ | SR 1,814 990
. 2 2 & e20s N i
0-07 {g.g%g }8.3%128’ {(3).33133’(())’8 | O 1,850 1,010
. : ‘2 FegOs : 5{
006 {8.,;%;8 }8.3%1‘28a {2'325’002' | ST 1,886 1,030
. : 2 ‘2 Fe:0s . i
0°05 {8.g%58 }8.3%1283 {g.gglsszooz | R 1,922 1,050
. 5 *2 FeqOs k 1
0-04 {8.5%;8 }8'2‘%12’8’ {g.gggb& | SR 1,958 1,070
3 N : €303 ¥ 1
0-03 {8;%;8 }8.2%1’;8a {3'},32-’82’ | SR 1,994 1,090
. & ‘ €20 t 1
0-02 118.5%;8 }8.3%118, {g.%gggz | B 2,030 1,110
& 3 : €203 3 1
001 {0:7(};0 05 aTon (308 Jot | zoss| 1130
1 Y350 1020 Lm0, J.......l.. 2,102 1,150
2 (3380 Wife® fasio. Yool 2,138 | 1,170
0'3K:0 10°05FesOs | , .
3 {0700 Joava{4sion  Jooo|  217a| 1,100
4 (32819 lo-541,00 48i0s....... e 2,210 1210
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Composition and Fusing~Points of Seger Cones—Continued.

Fusing-point.

}(I;%n%f Composition.
Degrees F.| Degrees C.
5 (03823 Jor541,04 58i0s............... ... 2,246 | 1,230
6 0260 J06ALOs 680, 2,282 | 1,250
7 {3810 Joratos 78i0s......... 2,818 | 1,270
8 (02620 J0'8AL,05 88i0s..........oei. ... 2,354 | 1,200
o (03813 Jo-9A1.05 98i0s................. 2,300 | 1,310
10 (3389 }10A1,0:10810s...... 2426 | 1,330
1 (3289 heanoii2sion.................. 2462 | 1,350
0°3 K20 . .
12 {05700 J14ALOSI4SIOn ...l 2,498 | 1,370
13 (0388 }1'641:0,168i0s................... 2,534 | 1,300
14 (3389 hsan0,188i00.. ...l 2,570 | 1410
03 K:0 , 5
15 (93523 J2r1AL0,218i0s. ... .. U 2,606 | 1,430
16 [J2E3 Jeran1.0.248i00. ..l 2,642 | 1,450
17 (3259 Je7an0i278i0s............. . 2,678 | 1470
18 (381D 13 1410:318100 ... 2714 | 1,490
v (0380 135410:858100......... 2,750 | 1,510
03 K0 . .
20 (33620 J39ALO:39SIO ... . 2,786 | 1,530
21 (038 Jaaan0,44800. ... 2822 | 1,560
22 [(Q3E3 Ja-9An0.498i0s ... 2,868 | 1,570
23 (3380 5410548100, ................ 2,804 | 1,500
24 (3289 J6-0A120:608105................... 2,030 | 1,610
25 (0880 le-6ar0i66mi02.. ... 2,066 | 1,630
26 {38 lr2an0i728i00 ... 3,002 | 1,650
27 (33813 12041404 2008102 .................. 3,088 | 1,670
28 |A10510  Si08.eenuereeniiniiii 3,074 | 1,690
29 [ALOs 8 Si0a....ollllllllllIIIIIII 3110 | 1710
30 [ALOs 6 Si0.........olllllllII 3146 | 1730
31 [ALOs 5 Si0a...........llllllllI 8182 | 1750
32 [ALOy 4 SiOa,..........lllllllIEI 3218 | 1770
33 [ALOs 8 Si0a............llllllllII 3254 | 1790
34 [AL.Os 2'58i0,.... 11111 ORI 3290 | 1810
35 [AL.Os 2 Si0...... .. llllllllIlIIiI 3,326 | 1830
36 |A1:0s 1'58i0,.. 0. L0111l 3362 | 1850
BT | 3,398 | 1880
38 | 3434 | 1910
B9 e e e e o s 3470 | 1940
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In actual use they are placed in the kiln at a point where
they can be watched through a peep-hole, but at the same time
will not receive the direct touch of the flame from the fuel. It
is always well to put two or more cones of different numbers in
the kiln, so that warning can be had, not only of the end point
of firing, but also of the rapidity with which the temperature
is rising.

In determining the proper cone to use in burning any kind
of ware, several cones are put in the kiln, as, for example, numbers
‘08, 1, and 5. If "08 and 1 are bent over in burning, and 5 is
not affected, the temperature of the kiln is between 1 and 5. The
next time numbers 2, 3, and 4 are put in, and 2 and 3 may be
fused, but 4 remains unaffected, indicating that the temperature
reached the fusing-point of 3.

While the temperature of fusion of each cone is given in
the preceding table, it must not be understood that these cones
are for measuring temperature, but rather for measuring pyro-
chemical effects.

The cones used in the different branches of the clay-working
industry in the United States and Canada are approximately
as follows:—

Commonbrick. ..... ... ..o ittt 012-01
Hard burned, commonbrick.................... 1-2
Bufffacebrick............... ... .. i i, 5-9 or even higher.
Hollow blocks and fireproofing.................. 3—1
Terra-cotta..........oovenieiinnnennonin.. 02-7o0r8
Conduits. . ..o s 7-8
White earthenware. ...........co i 89
Firebricks. . . ....oiuiiein it 5-14 -
Poreelain........ ... ... .. i 11-13
Redearthenware.................c.ooiiuvinn, 010-05
SONEWATE. . ..ottt 6~8
Electrical porcelain................. ... oo, 10-12
SeWer-DIPC. . . vttt et 3-7

In Plates LX and LXI there are shown a series of cones of-
Canadian clays, heated to the fusing point of Seger cones 1
and 3.

Summary Table of Physical Tests.

In the accompanying table we have given in summarized-
form the physical tests made on the different samples, and
described in detail in the body of the report. These can be
identified both by the description of locality and also the labora-
tory number which precedes each set of tests.






SUMMARY TABLE OF PHYSICAL TESTS.

L - " MEIR Cone 010 | Cone 03 Coxe 1 Cone 3 Coxe 5 CoxE 9 g é
Locality il 977‘,,“ Shrlnl[{‘age. Scr(:elxlxsg't%. Fire | % i . - N . OLOVER. REMARKS.
Shrinkage. Absorption. Shrll“#]'fage Alt?f(?xi‘? Shr?i;gx!'(eage. A%sool{.p Shr?nhl'(eage. A%)lg%rp ShrFl‘nhl‘&ge. A?ﬂﬁ? Shrjlgll‘ieage. Abl%‘gp Cone,
Surface clay, Portage la Prairie, Man.................. 1621 248 62 269 8.8 20°56 00 20°15 3:00 DION 1 seeioae o fennzome: =1o o |l ) n)o iocmketn o) Getsasumies et dnsmvretreafmincastongin o i 1 | Buff....... The cone 1 is cone 02 in this case.
Surface clay, Neepawa, Man.........covvivenenrunene 1622 23 68 im0 0 2136 0°0 2019 |55 smmmls saseeelesmn o llaeme g e s allv e 555 55505 0 8588555 o wseremmsce|piiiEe § 8§ 1 .| Light red
Pierre shale, Riding Mountain, Man.................. 1623 378 49 113 24 2873 4 24°45 5 19°54 64 BOCOT |y sv s o5 vl s s swsmomps s 5 swovelsmmomers o & sleves s & o rown.....
Surface clay, Birnie, Man...........co0inivienennen. 1624 35 BB 1. e 2 2836 36 2254 86 (5 I PP W, (KR, (AEOSIY MR R A H. uff. . .-
Pierre shale, Riding Mountain, Man............c...... 1625 40°4 80 1.i6sza0n 1'6 23°16 a T 17°26 57 14 T O P e 10°4 = R T 1| TP Red oy i o
Surface clay, Gilbert Plains, Man.. ........oovvveeunn.. 1626 272 82 252 1°6 2397 3 2351 67 e O L I on T R, T [ W DS 1 e ) 4 | Buff.......
Surface clay, Hartney, Man.............cooveiinnnn 1631 22 i I P S.8. 19-94 20 1638 28 T2BB s vernwivs ofsroresnio v oo aloereooalsosneemme|snssumie]s s 5 | Buff.......
Pierre shale, Souris, Man..........covuvenrrnenennans 1632 42 6 120 0'9 3281 3 2745 738 15°82 s ssnuma dpwmess s 3 77 12°3 Vit eswosens 12 | Red brown
Surface clay, Virden, Man.........ccoviverneenenenns 1633 29 6°5 210 04 2647 0°0 26°56 11°6 2 T O L T 3 uff.......
Pierre shale and surface clay, Virden, Man............. 1633 A 36 % B . 2°3 2745 07 2745 T Vil 86 4°82 |.....oieiiiiiieiiiniieeien Red........
L e A R R 1633 B |........ 43 |, 07 26°10 07 2580 10°3 082 v alsinas s i s dfon o555 855550505 0 0 memenrm]t i 88 APREEE § S|REE R ¥ ¢ 8 Beven
Pierre shale, Assiniboine river, Man................... 1634 37°8 28 v snman 1'5 | 385°59 13 | 3333 34 | 830 |ovemeonslesyos o BT || 28988 |is s snenlossmmeny hawes v o Red.......
Pierre shale and surface clay, Ninette, Man............ 1635 A a7 i S ORI 2 2318 30 16°73 54 FBTE | vomvninatoommin w s alon o s wns ahe o s o pamns]s s o s o« dheson s Red........
Niobrara shale, Leary, Man..........cooveeuniennenns 1636 32 9:2 349 0°6 15°21 9°6 021 30 8O s ainrins ilssm0s 5 5.5 s o 5 5 o o ales « o assioimnels » seasesesonserammissah & o 5 |Red.......
Surface clay, Winnipeg, Man..........covveueeunnranns 1637 282 45 240 —-2°5 3144 —-2'4 3142 —2°4 2837 -17 27°33 luss onseitls s s s ammnls s smsssalemmemnes s 5 | Buff..:ove
Underclay, Winnipeg, Man. ........ccocvuivncnncnnnns 1638 39 10°3 248 37 13°31 34 T2 UG ST W S | AR, SN | N (N ] A s I | Red.......
Underclay, Morris, Mian. ..........cooiiiiiiininn.. 1640 375 1 TR | 30 10-42 47 DSy ) USRS | NI - SR g FRTRTEWGRY, | RSN | IO St IO R 1 e euen
Shale over coal, Pinto, Sask....................ool0 1641 308 7°5 293 1-0 22°23 10 217 87 070 [onimprsess slsmmmms e s s 8]5s 56 08 5005 5 ¥ 6 nmems]s § saie e E b 5 38 | Pink buff
Shale at surface, Pinto, Sask. ... .....ccceiueiieennens 1642 34 9°2 .o immn 15 1436 86 A e ) e e O B e 0 Oy T R S T RN e 5 |Red........
Shale under coal, Pinto, Sask............... ... ... 1643 30 80 L, & s 17 136 74 WEB.  Tfe e e eis rvsai]ls « avormrassmio asmsassasasse; afsvoseinre e« o 54 o ot o o o asel o ate wzetatarals « moazerasaucfenmansosmreie o o |osasniz o & Redes v 50
Shale under coal, Estevan, Sask................. ... 1644 334 9°6 325 05 14°0 6°3 Vit (s o550k 5 50 scmeels smmmen slvmene s 2 28|k 55 55 C0]% 53 5 s asem s sudhsasbnalt s EERS ¢ 3 3 |Red ......
Surface clay, Estevan, Sask................ooiieiin 1645 21 5 334 5.8. 2448 5.8, 2394 04 O P RN R R S o R S e 3 |Buff.......
Brown shale, Dirt hills, Sask...............cocoient e ] R R AT 17 147 23 831 133 i) A PO NS | DRSNS SO 2 | Brown.....
Dark grey clay, Dirt hills, Sagk.................oo00n 1647 30 85 334 02 16°38 44 7:52 54 3:92 53 B0 vi i im0 55 588505 e o pmenne Sk A0 6 adl. o ¢
Light grey sandy clay, Dirt hills, Sask................. 1648 27 6°1 123 0 1858 27 67T |, o5 s o s el womssorace|smswe s 2 5 5 27 103 33 9-81 32 | Grey white..
White clay, Dirt hills, Sagk....... ... 1649 30 A 04 | 1674 37 | 10°34 53 TUBT |+ onecusnsnin wfwbesninin ova s « 66 467 6°6 2°60 | 31 | White......
Grey fireclay, Dirt hills, Sask..................ooon0. 1650  |........ T8 (| o0 ormieces 1 1676 3'6 1160 6 8393 |z svwnns lmmmes v s s 66 4-37 84 2°25 32
Mixture of clays, Dirt hills, Sask..................... 1651 32 i T S 1 14°16 3'3 8 43 o R | E e | SO 1 |l o ol | R ot | O o
Surface clay, Prince Albert, Sask............... ... 1652 29 9'0 380 00 15°16 1 BES2B ||, oo virein]e o mniaisinne]oensesorssoie olluzesaioi o o o sl|ie o o s aceocale s o v winieisfe « wiesusesone]|ereresscotee s v 2
Surface clay, Edmonton, Alta........................ 1653 20 56 212 8.8, 2175 5.8 1784 4 S . PN, A Y 2
‘ “ Y et 1654 25 8 275 s.8. 18716 53 o | . Nibi oo shsseme o o o olbm o s a6 mols o5 s 5 sy s smammslsmmmemie sfose s o
“ e T T P P 1655 25 82 335 0°2 1663 2 11-02 4°6 00 47 74 1l ERIESS N T N SO (BN T 5
Surface clay with sand, Edmonton, Alta............... 1655 A 235 65 [........ 0°0 14°68 23 "85 33 1162 |eowmmes shuvsin v v il s s o8 5nli s s 5« 5oma]o s emmsmssel|osimmmsmg o s 5
Shale, Edmonton, Alta..........cocvvvevnininieinnn. 1656 28 10°4 270 02 14°24 37 923 43 0'8 67 150 Lose s smsfesssoimmnlss sl s o 6
4 Al T TN AT 1657 33 B e s sreite 2°2 1730 2°4 80 DRSO, R LSRR SRS USRI RN TN S
L R e e N R R Ty S 1658 35 181 150 2°1 1208 |lisswwss o ahoms s 8ol s s o smmals s asmnmies B ] 2 Uioesssamleses sanenles s sinime o 8
Surface clay, Edmonton, Alta.......ccoviveivrinecnse 80 liisrsnons 14 1384 43 "5 T R IS S T SRRV AR SR
Shale, Entwhistle, Alta..........coiiiiiniinenennan, " e N 0 14°58 44 6°05 |.......ieieeiinn BT | VAL e v s oo n s sieisiessibe o mssvansioni|ersesnieioe o silwasiss g o o
Underclay, Entwhistle, Alta............co0vevnninnn . i 0 B P, 05 14°54 7°3 8| R ca sarmilimmenms demssisisal B0 4 1 By sescels ansmees §
“ o A GBI ¥ 8§ § & ARSI 6 e Y C8 sy sk 05 1428 67 462 78 TB [ dmamvs e s oo o v s g ofis s ¢ v sl s sumseadlvsmsvies o8
i s B aatasenare v 44 4% a4 geSATRGeee: o i | RPN e 07 20019 | ...ieiliiiin... 73 1:06 Gr AT T IBATO L et R crietems e et | ssersaneTon el sl oo sy 1S
Shale, Entwhistle, Alta.......coouiiiininrinenrnnnnns 4°8 381 8.8, 14°62 3 602 5 0'0 B I 070 [Seses sl sn s misime s ssemme| b AT 8§
‘ e & b8 MR R S § AT 4-7 198 8.8. 17°96 36 872 9 0P8 [eesimassias dhoasws s w8 alls 655 5 ool o 5 5 spmmveomls 5 soumistess|wammmEs £ & o
Surface clay, Red Deer, Alta.........coovivvunennnn. 76 268 1°6 18°21 34 TRTE |l s el wommmadibisrnbbisnmemoe: sdmmiin o x 5 -allhs € = o m o moislie o = wvgwsmde & g
iR menaies €7 A AR 4°8 273 8.8. 24°36 8.8 29712, 5 5 55 soeals 5 wonmmiinslsmetives v slssma s § e ale 5855 € 65alh 8 75 mdinms Wiscerinanada SEEEEHE § 7
Shale, Red Deer, Alta.........covviieenenennennnanns 69 176 08 19°34 1 8 O e N DN | I (I I
Shale, Lethbridge, Alta.........ccoviiiieieinnneeenns 68 1| - vt 07 15°42 80 BTN ] Seneragesnens B8 | 3298 L. o o i s simtessaamessierermie o »
Surface clay, Lethbridge, Alta..............cccvvvunn. | | P T T 00 I3°68 | :5 0 8000ls sonammuaclimmmme s slamse 7 v s 8l 5 1.6 55 2ls 15 8 oniictnnle simmmsmeralFmiEsne ¢ 8 3| o s
Shale, MK creek, Aa. oo s amsissmois o v 5 o osmisins s 84 |« usosals s smena 11°47 4°3 Wik, | L wvcmls » varsmdmelvememies shoeeas s & s skn ¢ 1 ¢ 3 vonls ¢ 3 s gemesls sumsaselsymese ¢ s oy v
e e e v ¢ b AT S § 4 AR 6°5 S.8. 14°14 16 764 2 3T (e [ s AR B | O | R A oSSR (R | o R e | R
£ Rt Ak e ts e U SR 2 63 S.S. 12°17 2 764 27 B8  [avmwnis ahomam or o5 545 5 55 5 5AAE S 8 wimhielhln mnvmsmns e | RS0 € € & 3065 5 ¥ aa
i O GEsieaE § B R RIS & § 5§ R A ¢ 45 8.8, 12°38 2 541 30 BOB  [owwwiew s ahven s v s w6l 0 58 o womade s 6 v ompeals 3eamnre e 6o s alow v o 4
Shale, Pincher, Alta.........cvivvninninieenennnnnn. 77 08 1463 6 4°65 WEE. ||+ ererseorosensasuncososons e shasainas e o orn W 5 o 5 5 ovesali s 5 QUssrbsessla st s s o o
Surface clay, 7 miles west of Pincher, Alta............. 88 13 11°68 37 DL e - s met] e ama e RN A ARk ESE £ 5 5 55 AL x % 8 mimvadin 5 wonmisimembe anmosmivnlmsmmond & § 54
Surface clay, Plnoher, AMS. ... . covvmssssssnsnsiosssss 65 06 1802 0 I8 Lol s sbrasmaew ¢ ehess v g 5 9 8l @ %55 e mel s ke B s ol kw8 SheE 5 588
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1069. French translation report on an exploration of the East coast of Hudson
bay, from Cape Wolstenholme to the south end of James bay, by
A. P. Low. Maps Nos. 779, 780, 781, scale 8 m, = 1 in.; No. 785,
scale 50 m. = 1 in, N
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Reconnaissance dcross the Mackenzie mountains on the Pelly, Ross,
and Gravel rivers, Yukon, and North West Territories, by Joseph
Keele. Map No. 1099, scale 8 m. = 1 in,

ONTARIO

Lake oii téxe Woolds region, by A, C. Lawson. 1885. Map No. 227,
scale 2 m, =

Rainy Lakle region, by A. C. Lawson. 1887. Map No. 283, scale 4
m. = 1in,

Lake Superior, mines and mining, by E. D. Ingall. 1888. Maps No.
285 scale 4 m, = 1 in.; No. 286, scale 20 ch. = 1 in.

Sud 4ury mlmng district, by R. Bell. 1890-1. Map No. 343, scale
m., =

Hunter xsland by W. H. C. Smith. 1890-1. Map No. 342, scale 4 m.

Natural Gas and Petroleum, by H. P. H. Brumell. 1890-1. Maps
Nos. 344-349.

Vietoria, Peterborough, and Hastings counties, by F. D. Adams. 1892-3.

On ihe Frexich River sheet, by R. Bell. 1896. Map No. 5§70, scale

m =

Seine river and Lake Shebandowan map-sheets, by W. McInnes. 1897,
Maps Nos. 589 and 560, scale 4 m. = 1 in.

Iron deposits along the ngston and Pembroke rajlway, by E. D. Ingsll.
1900. Map No. 626, scale 2 m. = 1 in.; and plans of 13 mines.

Carleton, Russell, and Prescott counties, by R. W. Ells. 1899. (See
No. 739, Quebec)

Ottawa and v1cm1ty, by R. W. Ells, 1900,

Perth sheet, by R. W. Ells. 1900. Map No 789, scale 4 m. = 1 in.

Sudbury Nickel and Copper deposits, by A. E. Barlow. (Re rint).
Maps Nos. 775, 820, scale 1 m. = 1 in.; Nos. 824, 825, 864, scale
400 ft. = 1in.

Nipissing and Timiskaming map-sheets, by A. E. Barlow. (Reprint).
Maps Nos. 599, 606, scale 4 m. = 1 in.; No. 944, scale 1 m. = 1 in.

Sudbury Nickel and Copper deposits, by A.E. Barlow. (French).

. Report on Niagara Falls, by J. W. Spencer. Maps Nos. 926, 967.

Report im_ Pembroke sheet, by R. W. Ells. Map No. 660, scale 4 m.
= 1 in.

Geological reconnaissance of a portion of Algoma
and Thunder Bay district, Ont., by W. J.
Wilson. Map No. 964, scale 8 m. = 1 in.

On the region lying north of Lake Superior, be-)Bound together.
tween the Pic and Nipigon rivers, Ont., by
W. H. Collms\ Map No. 964, scale 8 m.

1

Report on Northwestern Ontario, traversed by National Transcon-
tinental railway, between Lake Nipigon and Sturgeon lake, by
W. H. Collins. Map No. 993, scale 4 m. = 1 i

Report on Pembroke sheet, by R. W. Ells. (French) Map No. 660,
scale 4 m. = 1 in.

French translation Gowganda Mining Division, by W. H. Collins.
Map No. 1076, scale 1 m. = 1 in.

French translatmn report on the Transcontinental Railway location
between Lake Nipigon and Sturgeon lake, by W. H. Collins.
Map No. 993, scale 4 m. = 1 in.

Geological reconnaissance of the region traversed by the National
Transcontinental railway between Lake Nipigon and Clay lake,
Ont., by W. H. Collins. Map No. 993, scale 4 m. = 1 in.

Gowganda Mining Division, by W. H. Collins. Map No 1076 scale
lm =1 in.

Memoir No. 6: Geology of the Haliburton and Bancroft areas, Ont.,
by ank D Adams and Alfred E. Barlow Maps No. 708,
scale 4 m. = 1 in.; No. 770, scale 2 m, = 1 i
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. Memoir No. 1 : On tbe Geology of the Nipigon basin, Ont., by A. W. G

‘Wilson. Map 0. 1090, scale4 m. = 1 in.
French translation: Geological reconnaissance of

a portion of Algoma and Thunder Bay dis- ~
trict, Ont., by W. J. Wilson. Map No. 964,
scale 8 m. = 1 in.

French translation: On the region lying north of [Bound together.
Lake Superior, between the Pic and Nipigon
rivers, Ont., by 'W. H. Collins. Map No.
964, scale 8 m. = 1 in.

QUEBEC.

Mistgssini elxpe(h. ition, by A. P. Low. 1884-5. Map No. 228, scale
m, = 1in,
Compton, Stanstead, Beauce, Richmond, and Wolfe counties, by
}1._ W. Elis. 1886. Map No. 251 (Sherbrooke sheet), scale 4 m, =
in. L3
Megantic, Beauce, Dorchester, Lévis, Bellechasse, and Montmagny
(lzopnties, by R. W. Ells. 1887-8. Map No. 287, scale 40 ch. =

in.

Mineral resources, by R. W. Ells, 1889,

Portneuf, Quebec, and Montmagny counties, by A. P. Low. 1890-1.

Eastern Townships, Montreal sheet, by R. W Ells and F. D. Adams.
1894. Map No. 571, scale 4 m. = 11

Laurentian area north of the Island of Montreal by F. D. Adams. 1895.
Map No. 590, scale 4 m. = 1 i

Auriferous deposits, southeastern portlon, by R. Chalmers. 1895.
Map No. 667, scale 8 m. = 1 in.

Eastern TOWnShlpS, Three Rivers sheet by R. W. Ells, 1898,

Argenteuil, Ottawa, and Pontiac count,les, by R. W. Ells. 1899.
(See No. 739, Ontario).

Nottaway basin, by R. Bell. 1900. *Map No. 702, scale 10 m. = 1 in.

Wells on Island of Montreal, by F. D. Adams. 1901. Maps Nos.
874, 875, 876.

Chibougamau region, by A. P. Low. 1905.

Timiskaming map-sheet, by A. E. Barlow. (Reprint). Maps Nos.
599, 606, scale 4 m. = 1in.; No. 944, scale l m. = 1 in.

Report on Copper-bearmg rocks of Eastern Townships, by J. A.
Dresser. Map No. 976, scale 8 m. = 1 in.

Report on Copper-bearing rocks of Fastern Townships, by J. A.
Dresser. (French).

Report on the Pembroke sheet, by R. W. Ells. (French).

Report on a Recent Dlscovely of Gold near Lake Megantic, Que., by
J. A. Dresser. Map No. 1029, scale 2 m. =

Report on a Recent Discovery of Gold near Lake Megantlc, Que., by
J. A. Dresser. (French). Map No. 1029, scale 2 m. = 1 in.

French translation report on Artesmn wells in the Island of Montreal,
by Frank D. Adams and O. LeRoy Maps No. 874, scale 4 m.
= 1 in.; No. 375, scale 3,000 ft. = 1 in.; s No. 876.

Geology of an Area ad;ommg the East Side of Lake Txmlskammg, Que.,
by Morley E. Wilson. Map No. 1066, scale 1 m, = 1 in

Memoir No. 4; Geological Reconnaisance along the line of the National
Transcontinental railway in Western Quebec, by W. J. Wilson. Map
No. 1112; scale 4 m. = 1 in.

Reprint of Summary Report on the Serpentine Belt of Southern Quebec,
by J. A. Dresser.

NEW BRUNSWICK.

Western New Brunswick and Eastern Nova Scotia, by R. W. Ells. 1885.
Map No. 230, scale 4 m. = 1 in.
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Carleton and Victoria counties, by L. W. Bailey. 1885. Map No.
231, scale 4 m. = 1 in.

Vnctona, Restigouche, and Northumberland counties, N.B.,, by L. W.
Bailey and W. McInnes. 1886. Map No. 254, scale 4 m =1 in.

Northern portion and adjacent areas, by L. W. Balley and W. Mclnnes.
1887-8. Map No. 290, scale 4 m. = 1in,

Temiscouta and Rimouski counties, by L. W Bailey and W. MecInnes.
1890-1. Map No. 350, scale 4 m. = 1 i

Mineral resources, by L. W. Bailey. 1897. Map No. 675, scale 10 m.

G bo_l} in. Nevz Brux‘x)sml(ik %;ol(;}gyﬁ by R1900 Ells. 1887.

arboniferous system, by ailey.

Coal prospects in, by H. S. Poole. 1900. } Bound together.

. Mineral resources, by R. W. Ells. Map No. 969, scale 16 m. = 1 in.

Mmerallresources, by R. W. Ells. (French). Map No. 969, scale 16 m.

Memoir No. 16-E.: The Clay and Shale deposits of Nova Scotia and portions
of New Brunswwk by H. Ries and J. Keele. Map No. 1153, scale
12m. = 1in.

NOVA SCOTIA.

Guysborough, Antigonish, Pictou, Colchester, and Halifax counties,
by Hugh Fletcher and E. R. Faribault. 1886.

Pictou and Colchester counties, by H. Fletcher. 1890-1.

Southwestern Nova Scotia (preliminary), by L. W. Bailey. 1892-3.
Map No. 362, scale 8 m. = 1in

Southwestern Nova Scotia, by L. ‘w. Bailey. 1896. Map No. 641,
scale 8 m. = 1 in.

Sydney foo_al-ﬁeld, by H. Fletcher. Maps Nos. 652, 653, 654, scale 1 m.

in.
Cambrian rocks of Cape Breton, by G. F. Matthew., 1900.
Pictou coal-field, by H. 8. Poole. 1902. Map No. 833, scale 25 ch. =

1in.

Memoir No. 16- E.:The Clay and Shale deposits of Nova Scotia and portions
oé New ?runswick, by H. Ries and J. Keele. Map No. 1153, scale
12m = 1lin.

MAPS

Dominion of Canada. Minerals. Scale 100 m. = 1 in.

YUKON.
3 Exploratlonsl on Macmillan, Upper Pelly, and Stewart rivers, scale 8
m. = 1 in.
Portion of Duncan Creek Mining district, scale 6 m. = 1 in.

Sketch Map Kluane Mining district, scale 6 m. = 1in
Windy Arm Mining district, Sketch Geologxcal Map, sca.le 2m. = 1in.

. Conrad and Whitehorse Mmmg districts, scale 2 m. = 1 in.
. Tantalus and Five Fingers coal mines, scale 1 m. = 1in

Bonanza and Hunker creeks. Auriferous gravels. ‘Scale 40 chains

. Lower Lake Laberge and vicinity, scale 1m. = 1in,

‘Whitehorse Copper belt, scale 1 m. = 1 in.

1044-1049. Whitehorse Copper belt. Details.

Pelly, Ross, and Gravel rivers, Yukon and North West Territories.
Scale 8 m. = 1 in.

Tantalus Coal area, Yukon. Scale 2 m. = 1 in.

Braeburn-Kynocks Coal area, Yukon. Scale 2 m, = 1 in.
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BRITISH COLUMBIA.

278. Cariboo Mining district, scale 2 m. = 1 in,
04. Shuswap Geological sheet, scale 4 m. = 1 in.
*771, Preliminary Edition, East Kootenay, scale 4 m. = 1 in,

767. Geological Map of Crowsnest coal-fields, scale 2 m. = 1 in.
*#791. West Kootenay Minerals and Striz, scale 4 m. = 1 in.
*792, West Kootenay Geological sheet, scale 4 m. = 1 in,

828. Boundary Creek Mining district, scale 1 m. 1 in.

890. Nieola coal basin, scale 1 m. = 1lin

941, Preliminary Geological Map of Rossland and vicinity, scale 1,600 ft.=1 in.

987. Prlncleton coal basin and Copper Mountain Mining camp, scale 40 ch. =

. in

989. Telkwa river and vicinity, scale 2 m, = 1 in.

997, Nanaimo and New Westminister Mining division, scale 4 m. = 1 in.
1001. Special Map of Rossland. Topographical sheet. Scale 400 ft. = 1 in.
1002. Special Map of Rossland. Geological sheet. Scale 400 ft. = 1 in.

1003. Rossland Mining camp. Topographical sheet. Scale 1,200 ft. = 1in.
1004. Rossland Mining camp. Geological sheet. Scale 1,200 ft .= 1 in.
1068. Sheep Creek Mining camp. Geological sheet. Scale 1 m. = 1 in.
1074. Sheep Creek Mining camp. Topographical sheet. Scale 1 m. = 1 in.
1095. 1A. —Hedley Mining district. Topographical sheet. Scale 1,000 ft. =

1096. 2A. —Hedley Mining district. Geological sheet. Scale 1,000 ft. = 1 in.
1105. 4.A—Golden Zone Mining camp. Scale 600 ft. = 1 in.
1106. 3A.—Mineral Claims on Henry creek. Secale 800 ft. = 1 in.
1125. Hedley Mining district: Structure Sections. Scaler 1,000 ft. = 1 in.
Deadwood Mining camp. Scale 400 ft. = 1 in. (Advance sheet.)
1164. 28A.—Portland Canal Mining district, scale 2 m. = 1in.
Beaverdell sheet, Yale district, scale 1m. = 1lin. (Advance sheet.)
Tulameen Sheet, scale 1 m. = 1 in. (Advance Sheet) i
1136. 16A.—Phoenix Boundary district. Geological sheet. Scale 400 ft.=1 in.
1136. 16A.—Phoenix Boundary distriet, Geological sheet. Scale 400 ft. = 1 in.

ALBERTA.

594-596. Peace and Atbabaska rivers, scale 10 m.
*808. Blairmore-Frank coal-fields, scale 180 ch. =
892. Costigan coal basin, scale 40 ch. = 1 in.
929-936. Cascade coal basin. Scale 1 m. = 1 i
963-966. Moose Mountain region. Coal Areas. Scale 2m. =1 in.
1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m. = 1in,
1117. 5A.—Edmonton. (Topography). Scale 3 m. = 1 in.
1118. 6A.—Edmonton. (Clover Bar Coal Seam). Scale m. =
Portion of Jasper Park, scale 1 m. = 1 in. (Advance sheet.)
1132. 7A.—Bighorn coal-field. Scale 2 m. = 1 in
1201. 51A.—Geological Map of Portions of Alberta, Saakatchewan, and Manitoba.
Scale, 35 m. = 1 in.

= 1 in.
1 in.

SASKATCHEWAN.

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Seale 35 m. = 1 in.
1201, 51A. ;Gieologlcal Ma.xi of Portions of Alberta, Saskatchewan, and Manitoba.
cale, 35 m. = 1 in.

s

MANITOBA.

804. Part of Turtle mountain showing coal areas. Scale 1} m. = 1 ir;. .
1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m. = 1 in.
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1089.
1099.
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51A.—Geological Map of Portions of Alberta, Saskatchewsn, and
Manitoba. Scale, 35 m. = 1 in.
NORTH WEST TERRITORIES.
Explgx:ed routes on Albany, Severn, and Winisk rivers. Scale 8 m. =
in.
Pellys, Ross, singi Gravel rivers, Yukon and North West Territories. Scale
m, = 1in,
ONTARIO.

. Lake of the Woods sheet, scale 2 m. = 1 in,
Rainy Lake sheet, scale 4m. = 1in.

. Hunter Island sheet scale4 m. = 1in,

343. Sudbury sheet, scale 4 m, = 1 in.

. Rainy River sheet scale 2m. = 1in.
. Seine River sheet, ‘scale 4 m. = 1 in.

French River sheet, scale 4 m. = 1 in.

. Lake Shebandowan sheet, scale 4 m, = 1in.

. Timiskaming sheet, scale 4 m. = 1in. (New Edition, 1907).
. Manitoulin Island sheet scale 4 m. = 1 in

. Nipissing sheet, scale 4 m. = 1 in. (New Edltlon, 1907).

Pembroke sheet scale 4 m. = 1in.

663. Ignace sheet, scale 4 m, = 1 in.

. Haliburton sheet, scale4 m, = 1in.

. Manitou Lake sheet, scale 4 m. = 1 in.
. Grenville sheet, scale 4 m. = 1 in.

. Bancroft sheet, scale 2 m. = 1 in.

Sudbury district, Victoria mines, scale 1 m. = 1in.
Perth sheet, scale 4 m. = 1 in.
Sudbury dlstnct Sudbury, scale 1 m, = 1in

824-825, Sudbury dxstnct Copper Cliff mines, scale 400 ft. = 1in.

852.

Northeast Arm of Vermilion Iron ranges, Timagami, scale 40 ch. = 1in.
Sudbury district, Elsie and Murray mines, scale 400 ft. = 1 in.
Ottawa and Cornwall sheet, scale 4 m. = 1 in

. Preliminary Map of Tlmagamx and Rabbit lakes, scale 1 m. = 1in.

Geological Map of parts of Algoma and Thunder bay, scale 8 m. = 1lin.

. Corundum Bearing Rocks. Central Ontario. Scale 17‘} m. = 1in.

Gowganda Mining Division, scale 1 m. = 1 in.

. Lake Nipigon, Thunder Bay district, scale 4 m. == 1 in.

QUEBEC.

. Sherbrooke sheet, Eastern Townships Map, scale 4 m. = 1 in.

Thetford and Coleraine Asbestos district, scale 40 ¢h. = 1 in.

. Quebec sheet, Eastern Townships Map, scale 4 m. = 1 in,
. Montreal sheet, Eastern Townships Map, scale 4 m. = 1 in.
. Three Rivers sheet, Eastern Townships Map, scale 4 m. = 1 in.

Gold Areas in southeastern part, scale 8 m. = 1 in.

. Graphite district in Labelle county, scale 40 ch. = 1 in.
. Chibougamau region, scale 4 m, = 11i

The Older Copper-bearing Rocks of the Eastern Townships, scale 8 m.

= 1in.
Lake Timiskaming region, scale 2 m. = 1 in.
Lake Megantic and vicinity, scale 2 m. = 1 in,
. Lake Timiskaming region. Scale 1 m. = 1 in.

12A. —\i’lcl‘inty of tlie National Transcontmental railway, Abitibi district,
scale 4 m. =

23A. —Thetford—Black Lake Mining district, scale 1 m. =
Larder lake and Opasatika lake, scale 2 m. = 1 in. (Advance sheet.)
Danville Mining district, scale 1 m. = 1 in. (Advance sheet.)
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NEW BRUNSWICK.

*§75. Map of Principal Mineral Occurrences. Scale 10 m. = 1 in.
969. Map of Principal Mineral Localities. Scale 16 m. =

1155, 24A.—Millstream Iron deposits, scale 400 ft. = 1 in.

1156. 25A.—Nipisiguit Iron deposits, scale 400 ft. = 1 in.

NOVA SCOTIA.

*812. Preliminary Map of Springhill coal-field, scale 50 ch. = 1 in.

833. Pictou coal-field, scale 25 ch. = 1 in

897. Prehmma;]ry Geologmal Plan of Nlcta.ux and Torbrook Iron district, scale

25 ¢ch. = 1 in.

927. General Map of Province showing gold dlstncts, scale 12 m. = 1 in.
937. Leipsigate Gold district, scale 500 ft. 1in.
945, Harrigan Gold district, scale 400 ft. = l in,

995, Malaga Gold district, scale 250 ft. = 1 in.

1012. Brookfield Gold district, scale, 250 ft. = 1 in.
1019. Halifax Geological sheet. No. 68. Scale 1 m. = 1 in.
1025, Waverley Geological sheet. No. 67. Scale 1 m. =
1036, St. Margaret Bay Geological sheet. No. 71. Scale
1037. Windsor Geological sheet. No. 73. Scale 1 m. = 1 in.
1043. Aspotogan Geological sheet. No. 70. Seale 1 m. = 1 in.
1153. 22A.—Nova Scotia, scale 12 m. = 1 in.

Note.—Individual Maps or Reports will be furnished free to bona fide
Canadian applicants.
. Reports and Maps may be ordered by the numbers prefixed to titles.
Applications should be addressed to the Director, Geological Survey,
Department of Mines Ottawa.
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