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THE CLAY AND SHALE DEPOSITS

OF
NOVA SCOTIA AND PORTIONS OF NEW BRUNSWICK,

BY
HEINRICH RIES,

ASSISTED BY

Joseph Keele.

INTRODUCTORY.

The following report on the clay and shale deposits of the Mari-
time Provinces embraces the results of field work carried on during
the summer of 1909; and laboratory tests made during the following
winter. The writer was assisted in the field by Mr. Joseph Keele,
and in the laboratory by Mr. E. K. Soper, and in part by Mr. Keele.

The object of the investigation was to ascertain, as far as possible,
which of the geological formations in the area referred to contained
clays or shales of economic value, and, consequently, special atten-
tion was given to those that appeared to be promising. In ocur field
work we were guided to a large extent by the geologic maps prepared
with such care by the late Mr. Hugh Fletcher.

Certain areas were examined by Mr. Keele alone, and the des-
criptions of these are credited to him.

As it is difficult to tell much about the qualities of a clay from
its appearance in the field, samples for laboratory tests were taken
from a number of localities. These samples were generally of about
50 pounds weight, and were taken usually by trenching the bed from
top to bottom, throwing out or excluding only such impurities or
layers as it would be practicable to remove in working.

In the laboratory the samples were put through a jaw crusher,
the crushed material mixed with the necessary amount of water,
and moulded into bricklets 47 x 27 x 13”.

11



12 GEOLOGICAL SURVEY, CﬁADA

These bricklets were, after air drying, Furned to cone 010 in an
oil kiln, in 10 hours. The other burns were made in a gas-fired kiln.
The shrinkage, colour, hardness, and absorption of the bricklets
were measured after burning to each cone.

Many of the samples were burned at successively higher tempera-
tures until they fused, but others of less importance were fired at only
one or two cones.

A separate lot of clay was mixed up for making the briquettes.

In describing the results of the work it seems best to take up
the diseussion of the clays by formations, treating the several pro-
vinces separately.

The clay-working industry, and the tests made on the bricks, are
given in separate chapters.



' .PART L
THE CLAY DEPOSITS AND CLAY INDUSTRY.
NOVA SCOTIA.
CHAPTER I

The geological formations of Nova Scotia range from the Pre-
Cambrian to the Triassic, and are nearly everywhere overlain by a
mantle of Pleistocene material of variable thickness. In certain
formations the character of the material is such that there is little
probability of its being of any value to the clay worker; others, how-
ever, contain a large number of argillaceous beds.

Those geologic formations of little or no value are referred to
first, while the details of the more promising ones are discussed next.

Formations of no Great Value to the Clay Worker.

PRE-CAMBRIAN,

The Pre-Cambrian, which includes crystalline rocks of either ig-
neous or metamorphic character, underlies a large portion of south-
western and southern Nova Scotia proper, as well as extensive areas
in northern Cape Breton and scattered tracts in the southeastern
portion of it.

None of the Pre-Cambrian rocks are of plastic character, nor do
they become plastic when finely ground, and while they have no doubt
weathered down to residual clays in the past, these have been largely
removed by glacial action.

The only deposit of residual material known to the writer is a
small pocket on Coxheath mountain, near Sydney, the clay there
having been formed by the decomposition of a light coloured felsite.
rather common in that region. This deposit is too small to he of
any economic value, but nevertheless it has served to attract atten-
tion to the locality, and in recent years numerous rumors have been
circulated regarding the availability of the felsite for firebrick
manufacture.

In view of these facts the locality was examined with some care.

13



14 GEOLOGICAL SURVEY, CANADA

Coxheath Mountain.—Coxheath mountain lies in a southwesterly
direction from the city of Sydney. It is surrounded by lower Car-
boniferous shales and conglomerates, and these also rest on its lower
slopes, and form the flanks of an anticline, of which the mountain
is the central portion. '

The summit and main part of the mountain is composed largely
of Pre~-Cambrian felsite, cut in places by basic intrusions. Metamor-
phism has induced a schistosity in some parts, at least, of the felsite.

Two kinds of felsite were noticed, the one a yellowish white type,
and the other deep red. The former has a composition somewhat
resembling that of a siliceous fireclay, and it is probable that its
decay would yield a kaolin, or whitish residusal clay, of fairly refrac-
tory character. It is inconceivable how—if any did form in the
past—mauch of it could have remained, because of the glaciation to
which the ridge has been subjected.

There is in the Provincial Museum at Halifax, a specimen of
white residual clay, said to have come from Coxheath mountain, and
collected a number of years ago. Inquiry, and a search of certain
private records placed at our disposal, showed that a small pocket
of clay was found in a depression on the top of the ridge, about half
a mile beyond John MeMillin’s house. It may be a patch that has
escaped glacial erosion, or it may possibly be of post-glacial origin,
although the former is more likely. There is not enough in any
case to be of economic value.

But there is an unlimited quantity of the light-coloured felsite,
and this material is locally called fireclay, and the statement often
made that firebrick can be and have been manufactured from it alone.
A small amount has been quarried in the woods on the John MeMill-
in property, and piled up by the opening. (See Plate I.)

This material is a fine-grained, much sheared felsite, often hav-
ing a somewhat talcose appearance, and in places traversed by
numerous small quartz veins, which appear to occupy torsion cracks.
At the eastern end of the quarry the felsite is in contact with a
darker coloured sheared porphyry. (Fig. 2.)

In order to thoroughly test the possibilities of this rock, a sample
of it was collected from the pile at the quarry and broken down in
the erusher.

As using the felsite alone, without a bond, is out of the question,
three sets of mixtures were made up as follows:—
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Quarry in Felsite, Coxheath mountain, Cape Breton.
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1. Felsite 75 per cent, and 25 per cent clay from Hussey drift
at Inverness.
TI. Felsite 50 per cent, and 50 per cent Hussey clay.
IT1. Felsite 50 per cent, and Shubenacadie fireclay 50 per cent.
The percentage of plastic clay used was greater than necessary,
and it is probable that 10 per cent would suffice.

Fr16, 2.—Section of felsite deposit at quarry, Coxheath mountain, C.B.

The properties of the several mixtures above mentioned were as
follows :—

I. Water required, 16-6 per cent, and resulting mixture quite plas-
tie. Air shrinkage, 5 per cent. Cone 010, fire shrinkage, 1.6 per
tent. Cone 5, fire shrinkage, 0 per ceni; absorption, 9:22 per cent.
Cone 9, fire shrinkage, 0 per cent; absorption, 5:45 per cent. The
bricklets were solid and steel hard at cone 5.

11. Water required, 17 per cent. Air shrinkage, 5.6 per cent.
Cone 010, fire shrinkage, 06 per cent. Cone 5, fire shrinkage, 28 per
cent; absorption, 6.81 per cent. Cone 9, fire shrinkage, 3-3 per cent;
absorption, 3-35 per cent. The clay burns steel hard at cone 5, and
shows a tendency to form slight cracks around the angular felsite
grains.

III. Water required, 19 per cent. Air shrinkage, 3.3 per cent.
Cone 010, fire shrinkage, 1.3 per cent. Cone 5, fire shrinkage, 0.4 per

The bricklets were steel hard at cone 5.
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It can thus be seen that the use of the felsite alone is out of the
question; and the test bricks which were shown to the writer in
Sydney contained a fireclay bond, by the use of which, as corro-
borated by our own experiments, it is possible to make a hard brick.

If the clay from the Hussey drift at Inverness were used as a
binder it could be combined with the felsite found in the mountains
northeast of the town, instead of shipping it to Sydney.

SILURIAN,

The rocks of this system underlie a narrow area on the
south side of the Annapolis valley, and irregular areas in the
eastern half of Pictou and northern half of Antigonish counties’.
They are of economic importance because of the deposits of iron ore
they contain. Associated with these are somewhat extensive deposits
of shale, but the material is rather siliceous and slaty in its char-
acter, and of exceedingly doubtful value for the ruanufacture of
burned clay wares.

Some of those associated with the Clinton ores near Arisaig were
tested, but were found to be rather low in their plasticity, and also
of low fire shrinkage, but good red colour when burned. Their only
probable use would be for mixing with some of the shales from the
Millstone Grit found along Bailey brook, in Pictou county. These
are referred to on a subsequent page.

DEVONIAN.

The Devonian rocks underlie a narrow belt of irregular
width extending through the central part of Nova Scotia; some
small areas in southwestern Cape Breton to the northeast and south-
west of St. Peter bay; and another on the northeastern side of the
Straits of Canso, near Hastings.

The Devonian rocks were examined in these several areas, but
were found to be either too schistose in their character, or, where of
argillaceous nature, contained too much silica, present either as dis-
seminated sand in the shale, or as interbedded sandstone layers.
Were it not for the latter, the material, though siliceous, could no
doubt in some cases be used for brick manufacture.

1Some of the latter may be Ordovician.



CLAY AND S$HALE DEPOSITS ‘ 17

TRIASSIC.

The Triassic rocks underlie one belt that follows the Anna-
polis valley, and another one along the north shore of Cobequid
bay, tapering out east of Truro. They are usually sandy in char-
acter, and, as far as has been determined, cannot be considered as
a source of either clay or shale to be used in the manufacture of
clay products.

Important Clay-Bearing Formations.

From what has been said in the preceding pages it will be noted
that the formations likely to yield clay or shale deposits of value
must be the lower Carboniferous, Millstone Grit, Coal Measures,
Permian, and Pleistocene. These are few in number, but neverthe-
less they underlie areas of considerable extent.

LOWER CARBONIFEROUS.

Underlying, as it does, a rather extensive area in central
Nova Scotia, and another one in Cape Breton, it is to be
regretted that the lower Carboniferous has not been more
widely investigated by clay-product manufacturers. The formation
has strong possibilities, however, and should be carefully looked into,
but it cannot be expected to yield plastic materials at all points,
especially where it is composed largely of conglomerate. The so-
called Carboniferous Limestone member is the most promising.

Many shales associated with the gypsum beds are quite plastic
when ground and mixed with water, but in places these are also
highly ferruginous, and often contain impurities, such as concre-
tions of gypsum, etec. They could be used for brick manufacture,
provided these impurities were eliminated by screening, or rendered
more or less harmless by crushing.

The Carboniferous Limestone Series.—This is described by Flet-
cher as ¢ consisting of thick beds of red and grey argillaceous shale,
sometimes calcareous, approaching in character to marls, and fre-
quently without any traces of lamination or bedding; these beds
being often copiously charged with nodules of limestone and argil-
laceous iron ore. With them are associated numerous beds of lime-
stone, concretionary, laminated, and compact, and generally dark
grey or almost black’ Beds of gypsum and sandstone may also be
present.

8907—2
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Sydney Area.—The Carboniferous limestone formation underlies
the city of Sydney, and forms a narrow belt along the east side of
Sydney harbour almost to Liscomb point. A much broader and
crescent-shaped area extends from the valley of Sydney river up to
Point Edward, and southwestward up the valleys of Bull creek and
Leitch creek, whence it sends a narrow extension up the valley of
George creek to St. Andrews channel.

Outerops are rather scarce, and where found they are apt to be
limestones. ) ’

Shales, may, however, occur, and were found outcropping at a
few points, one of the best exposures found being along the shore of
the South Arm of Sydney harbour, just north of the Marine Hospital.

A sample of these shales was taken from near the Marine
Hospital on Point Edward. This sample worked up with 186 per
cent water to a coarse-grained but plastic mass, whose air shrinkage
was 3-9 per cent.

It burns to a reddish brick, with 0-3 per cent fire shrinkage, and
10.78 per cent absorption at cone ‘010, but is puffed and blistered by
cone 1. The material could be used for common brick, but some
trouble would be caused in digging it, by the thin sandstone layers.
They may, however, be less alundant in other parts of the forma-
tion. '

Hawkesbury Area—South of Hawkesbury, and north of Bear
head there are a number of outcrops of sandstone with interbedded
shales. Most of these are ferruginous and siliceous. Even if they
were of proper quality, they are so intimately interbedded with the
sandstones as to be of no value.

However, two small sacks were taken from one bed, just north
of Bear head. The laboratory tests bore out the impression formed
in the field, viz., that the shale is too hard and sandy to be of much
value. It burns to a dark red colour, with a low fire shrinkage, and
fuses at cone 1.

Pugwash.—The lower Carboniferous limestone formation under-
lies a small area on the southwest side and northeast side of the
inner harbour at Pugwash; the two as indicated on the map, Fig. 3,
being evidently parts of the same belt. Another small area of
irregular oval form lies south of Pugwash river, about four miles
south of the village of Pugwash (Fig. 8.)



Prare IL

General view of Maritime Brick Works, Pugwash, Nova Scotia.

Prarie ITT,

Quarry of Maritime Brick Works, Pugwash, Nova Scotia. Top of bank.
8907—p. 18
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In the first named of the three areas, as is sometimes the case,
the shale is far more abundant than the limestone, but no definite
statement can be made regarding the other two, owing to the scarcity
of outerops.

It is in the area on the west side of the inner harbour that a
clay pit has been opened for obtaining brick material, and the char-
acter of the product made is such as to warrant its trial at other
localities where the shale of this formation can be found. The out-
crop at Pugwash forms a bank about 25 feet high, the upper 5 feet
being a somewhat stony glacial clay, but under it is the steeply
dipping mellowed shale, which seems to extend to a depth of 10 to 15
feet, below which it becomes somewhat harder.

About 500 feet west of the shore, a steeply dipping bed of lime-
stone has been worked for furnace flux, and the shale is said to ex-
tend back to this. :

The only visible impurities in the shale are some streaks of
selenite.

The following tests give the characters of a mixture of the
mellowed and nearly fresh shale, the sample being taken from the
stock pile at the factory.

The shale worked up with 22 per cent of water to a smooth plas-
tic mass, 67 per cent of which, when dry, passed through a 200 mesh
sieve. Its air shrinkage was 6 per cent, and the average tensile
strength 75 pounds per square inch. The firing tests were as below :—

Cone. Fire Shrinkage. Absorption. Colour,
% %

010 01 1453 Red.

05 36 831 Dark red.

03 73 2:95 Red brown.

This is a good brick clay, for it burns to a hard body, with low
fire shrinkage, good colour, and moderate absorption at 010. It be-
comes steel hard, but of darker colour at 03.

A good dry-press bricklet, with 8.16 per cent absorption, and dark
red colour, was obtained at cone 03. B

Shubenacadie’.—Two miles west of Shubenacadie, grey plastic
shales occur on the property of Mr. John McDonald. The shale

1 Examined by J. Kesle.
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weathers easily at the surface into a dirty yellowish plastic clay.
The thickness of the shale bed is unknown, but it is at least 4 feet
thick where exposed in the field near Mr. McDonald’s house. The
same shale is also seen on Ryans brook in this viecinity. The shale
when worked up with 30-4 per cent of water was quite plastic, but
rather gritty, the average air shrinkage being 8-6 per cent. In burn-
ing it behaved as follows:—

Cone. Fire Shrinkage. Absorption.
% %
010 03 2183
03 16 17°10

It burns to a fair colour, but is not steel hard at cone 03. Com-
mon brick could be made from it, but with the abundance of good
surface clay which exists in this region it would hardly pay to work
it.

MILLSTONE GRIT,

This formation is well exposed at a number of points, as fol-
lows: (1) in the area north of the Coal Measures in the Joggins
district; (2) north of the area of outcrop of the Coal Measures in
the Pictou coal field; (3) southeast of Hawkesbury; (4) near Wal-
lace in Pictou county; (5) north of Antigonish; (6) west and south-
west of the Sydney coal field.

Speaking in general terms, one cannot predict the universal dis-
tribution of promising clay or shale beds in the Millstone Grit, but
small beds are not uncommon. Unfortunately, outcrops are scarce
in many of the areas underlain by the rocks of this age, and this
increases the difficulty of finding clay or shale beds in it.

North of Joggins, the Millstone Grit shows a continuous exposure
in the cliffs along the Bay of Fundy shore; but the beds are mostly
sandstones, with here and there a few thin shaly layers. Only one
shale bed of importance was noted, and that was in the grindstone
quarry about one mile north of the Joggins wharf. This bed is not
more than 10 feet thick, nor is it well located for extensive working.
If used, it would have to be opened as a long narrow cut.

In the Pictou coal region, some red-burning shales are found in
the Millstone 'irit, just north of the Intercolonial railway, and about
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half way between New Glasgow and Woodburn; but they are of
doubtful value, partly by reason of the uncertainty of their extent.
The overburden is, moreover, too thick to permit the clay being
worked as an epen pit, and it is not of sufficiently high grade for
underground mining,

There are some exposures of a soft shale in the Millstone Grit,
along the shore road just west of Wallace, but they do not appear
to be of high grade, and their proximity to the highway and sur-
rounding houses would prevent their being worked. Red plastic
ghales were fcund by Mr. Keele along the road crossing on Dailey
brook, Pictou county, within the area underlain by the Millstone
Grit. This bed comes to the surface, and is of sufficient thickness
to form a workable deposit.

The following data show the results obtained on testing: (1) the
red shale of Millstone Grit from Bailey brook, Pictou county, and
(2) a mixture of 50 per cent No. 1612 and 50 per cent grey Silurian
shale from Arisaig:—

—_— 1. 2
% %

Plasticiby co..vvvieineiriiiniienicrieisiss taees Fair. Low.
Air shrinkage.....covvveivevaanonen e eenaen 43 333
Cone 010—

Fire shrinkage. 26 0

Absorption. . 95 119

Colour. ..... Red. Red.
Cone 05—

Fire shrinkage 5'8 0

Absorption.... 40 35

Colour...... ... ..v.... Red. Dark red.
Cone 1— :

TFire shrinkage... coveeeive coonsennineonnn. 53 (1% ]

AbDSOTPHION. « viv seavieiviiiinieiiiraneanns 02 1'8

Colour.. ..... et e e eiaettaere cesieereiniens Red brown. Brown.

A similar bed of red shale, but containing sandy layers, is ex-
posed on the shore about half a mile beyond the mouth of Knoydart
brook.

One drawback to the Bailey Brook material is that it lies too far
from rail or water transportation. Yet it is probable that this same
shale may be found in a more favourable location, since the forma-
tion extends northeastward to the shore, and southwestward to the
line of the Intercolonial railway.

.
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The Millstone Grit occupies a rather exiensive area to the east
of Sydney, and borders the Coal Measures on the west, southwest,
and south, a strip projecting to the shore on the nurth side of Cow
bay.

The beds are well exposed in the cliffs along: (1) the east side of
Sydney harbour south of Victoria Mines P.0O.; (2) on the west side
of Sydney harbour, south of Stubbart point; (8) on both sides of St.
Andrews channel from about Jessop and Grove points to the entrance
of the Little Bras d’Or; and (4) on the north side of Cow bay.

Wherever exposed the formation consists usually of sandstone,
with occasional beds of shale and coal. Aside from the exposures
along the coast line outerops are rather scarce.

Although scattered shale beds occur, the only one of importance
is that seen in the Ashby pit, on the border of the city of Sydney.

Here, the Dominion Iron and Steel Company has made an open-
ing to obtain clay for stopping the tap holes of the blast furnaces,
taking their supply in part from surface clay, and in part from the
weathered outcrop of a 12 foot layer of shale, underlying sandstone.
The lower 4 feet of the shale bed are somewhat sandy.

This shale, when ground and passed through a 20 mesh sieve,
was mixed with 22 per cent of water, giving a smooth and plastic
mass. The air shrinkage was 9.2 per cent, and the tensile strength
averaged 148-3 pounds per square inch. The firing tests were as
follows :—

WET MOULDED BRICKLETS,

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 1-2 11-24 Buff,
05 43 675 Dark buff.
03 50 6°40 "
1 50 3-83 "
3 03 343 n
5 2:3 416
9 Swelled and blistered

The conclusions regarding this sample are that it would make a
good building brick at cone 010, but the colour is rather light. It
gave a good colour and was steel hard at cone 05. On further
heating it showed little change at 03. At cone 1, the colour is dark
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and the brick apparently vitrified, but it held its shape even to cone

3. It makes a fairly hard dry-press brick with good colour at cone

03, and could be used for pressed brick. The material is not a fire-
clay, as has been claimed by some, although it is one of the most

refractory found in the Sydney field, not excluding the Coal Meas-~

ures shales and clays.

The exact extent of the bed is not known, as glacial drift covers
the outcrop, but a little ditching and boring would be required to
ascertain its probable continuation along the strike; although the
situation is such that for any considerable production it would be
necessary to employ underground methods of working.

A similar clay is said to occur at the base of the hill behind the
coking plant of the Dominion Iron and Steel Company.

COAL MEASURES,

The Coal Measures represent the most important clay and shale-
bearing formations in Nova Scotia and deserve somewhat detailed
mention. They were also somewhat carefully examined because it
was hoped that they might contain fireclays. This hope was unfor-
tunately strengthened at first by the numerous rumours of fireclay
beds which we heard, but most of these arose from the custom many
coal miners have of referring to every clay under coal as a fireclay.
This view is incorrect, as is also the view held by many that fire-
clays always occur in close association with coal seams. Indeed, we
find a contradiction of this statement in the Shubenacadie district,
where fireclay occurs, but no coal is found.

The areas in which the Coal Measures rocks are found include:
(1) the Sydney area of northeastern Cape Breton; (2) Inverness
area; (3) Port Hood area; (4) Mabou area; (5) Pictou county area;
(6) Maccan district; (7) Joggins area.

The most abundant exposures, and most extensive deposits of
the Coal Measures clays and shales, are found in the Sydney region,
and may, therefore, be first mentioned.

Sydney Field.—In this district the shales and clays form an al-
most continuous series of outerops from the Big Bras d’Or to Cow
bay, the only interruptions being at a few points where the land sur-
face is low and covered by drift, and at Cape Percy on the north-
eastern shore of Cow bay, where the Millstone Grit extends to the
shore line and cuts out the Coal Measures.
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Owing to the almost uninterrupted line of cliffs along the shore
a fine series of exposures was obtained.

By way of general explanation it may be remarked that the
Sydney coal region is divided into several parts by deep northeast-
southwest bays, and, consequently, it is somewhat difficult for geolo-
gists to correlate the sections in the several subdivisions of the field.

It may be stated, however, that the coal beds are interstratified
with shales, sandstones, and some limestones, the whole series be-
ing bent into a number of gentle folds, forming the bottom of a
broad trough dipping out under the sea. Cow bay, Glace bay, Syd-
ney harbour, and the Bras d’Or mark the position of the syneclinal
basins. Low dips prevail throughout the region, thus giving fairly
broad outerops in many cases.

The coal seams appear to be fairly continuous, but the same can-
not always be said of the shales or sandstones. This, consequently,
minimizes the importance of any statement relating to the strati-
graphic position of any given shale beds.

Towards the northwestern and southeastern ends of the field the
sandstone beds predominate, and the shales are of poorer quality,
being very gritty; but in the central portion representing the higher
beds, the shales are as abundant as the sandstones.

The shales themselves range from fairly smooth, fine-grained,
plastic shales of grey or red colour to others quite siliceous in their
character, and of doubtful value. Although the aggregate thickness
of the shale beds is high, few of the individual beds are very thick;
indeed, there is frequently a rapid alternation of shales, sandstones,
and sandy shales. As a result. many shales of good quality are not
workable under local eonditions, because of the abundance of sand-
stone layers which they contain.

The land area occupied by the productive Coal iMeasures amounts,
according to Fletcher, to about 200 square miles.

The Coal Measures overlie the Millstone Grit, but are not always
sharply differentiated from it.

The several parts of the coast line exposures may now be referred
to in more detail, beginning at Sydney and following the coast to
the Big Bras d’0Or, and then from Sydney to Cow bay.

North Sydney to Big Bras d’0r—From North Sydney to Indian
cove (Fig. 4) there are low cliffs of sandstone, with few shales, be-
longing to the Millstone Grit. The Coal Measures, however, begin
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PraTe V.

Prate VI

Coal Measures shales, Indian cove, Sydney harbour, Cape Breton.
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about half a mile south of Indian cove; and about quarter of a mile
south of this point there is a low northeasterly dipping bed of shale
about 10 feet thick, which is overlain by sandstones, but which could
be worked along the outerop.

This shale is of somewhat gritty character, but worked up with
17.6 per cent of water to a fairly plastic material, whose air shrink-
age was 4-3 per cent.

Cone. Fire Shrinkage. Absorption.
% %
010 07 1342
03 5 584

The clay became steel hard at 03, and had a fair red colour, but
it was much darker at cone 1, and would not stand much more than
this. It could be used for common brick.

This is about 800 feet south of Stannart point, and shortly before
reaching the first house on the shore south of Indian cove. Between
this point and the dock nothing promising appears.

Just north of Indian cove there is a shale bed, similar to the
Cranberry Head material, but it carries a heavy overburden of sand-
stone. (Plate VI).

From Indian cove to Cranberry head there is an almost unbroken
line of high cliffs, containing many shale beds, but so interbedded
with sandstones that they are not workable. Moreover, to work these
would interfere with the surface operations of the coal company.

When Cranberry head, north of Sydney mines is reached, some
good exposures appear. -

Cranberry head is a point which projects into the sea from a
point on the shore line, 13 miles north of Sydney mines. The sides
are quite steep, and the point is surrounded by water. On the south
side one sees a good exposure of shale, which is not less than 20 feet
thick and dips eastward, (Plate V), so that it passes under other .
beds forming the end of the point.

The bed is mostly a greyish, soft shale, containing small iron car-
‘bonate concretions in the upper 3 to 6 feet. Under this is a greyish
shale, then a layer streaked with limonite and some thin films of



28 GEOLOGICAL SURVEY, CANADA

coal. This shale, which is underlain by a harder one not less than
15 to 20 feet in thickness, weathers down to a soft, very plastic clay.

Since it was evident that the deposit as a whole was probably not
a fireclay, but that certain portions of it which were clean and
smooth looking might be, small samples' were tested of the ‘several
parts, and a large sample representing the run of the bank. The
results were as follows:—

The first sample was collected from 4 feet below top of shale
bed, near northeast end of outcrop. Scattered concretions were
found in the layers over it. The clay is plastic but somewhat gritty
to the feel, with an air shrinkage of 5 per cent. Its fire shrinkage
at 010 is 0-5 per cent; absorption, 14.42 per cent, and colour buff.

At cone 1, it burns brown, with a fire shrinkage of 5 per cent,
and absorption of 3-08 per cent.

It is unaffected at cone 3 and would probably stand heating to
cone 5.

The second sample tested represents a streak 3 feet thick
beginning 6 feet below the top of the bed. It contains a few
very thin coal streaks, and looks more ferruginous than the preced-
ing, and behaves somewhat similar to it.

This shale had air shrinkage of 5.1 per cent. At cone 010 its
fire shrinkage was 0.5 per cent, colour red, and absorption 19.96 per
cent. At cone 1, fire shrinkage 4 per cent, absorption 4.72 per cent,
and colour red brown, It is nearly fused at cone 8, being, therefore,
slightly less refractory than the preceding.

This, the third sample, represents the lower 3 feet of the bed,
and was not included in the large sample.

Like the two preceding it burns buff at cone 010, and red brown
at cone 1. It is nearly fused at cone 3.

A sample of the entire bed, excepting the lower 3 feet, gave the
following results:—

When well ground, it worked up with 22 per cent of water to
a smooth and plastic mass, \_avhose air shrinkage was 6 per cent.

The average tensile strength of the clay was 85 pounds per square

- inch, and 33.6 per cent of the material passed a 200 mesh sieve

In burning it behaved as follows:—
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WET MOULDED BRICKLETS.

Cone, Fire Shrinkage. Absorption. Colour.
% %
010 17 15-61 Pink.
05 48 8°30 Dark red.
03 4-6 6°46 "
1 56 1'85 Chocolate brown.
3 56 145 "

A sample of the clay moulded dry press had 13-20 per cent
absorption at cone 03.

The clay burned to a good colour and was steel hard at cone 05,
but at 1 it was too dark, and apparently vitrified. It held its shape
even at cone 3. The probabilities are that this clay could be worked
for either common or pressed brick, or when hard burned might even
be used for paving purposes. If this deposit were worked, it could
be opened up on the outcrop, or possibly worked from the base, in
which case it would be necessary to remove the material by boat, or
else haul it up an incline to the top of the bluff.

LEGEND
SUNG ML | R NN B '-‘]'
Thaly Sandstone Thw bedded Shale N Horder Sardy
¥tk Coal S ardsfore Shale

F1a. 5.—Section at Cranberry head.

Along the north shore, and just west of the base of Cranberry
head is a considerable outcrop of a reddish, somewhat plastic clay
shale, which becomes more sandy to the eastward. The main outerop
is just at the foot of the street leading northward from No. 2
shaft of the Nova Scotia Steel and Coal Company. As the bed has
a width of outcrop of not less than 50 feet, and strikes south, it
could be opened as a cut extending inland for some distance. (Fig.
B).
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The physical prope:rti.es of this shale were as follows: water
required for mixing, 16-8 per cent; plasticity, fair; air shrinkage,
5.25 per cent; average tensile strength, 71 pounds per square inch.
When ground up for moulding, 20.8 per cent passed through a 200
mesh sieve. The clay behaved as follows in burning:—

WET MOULDED BRICKLETS.

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 04 14°00 Red.
05 53 571 Dark red.
03 70 2:24 HATLY
1 Fused

A dry-press bricklet burned to a dark red at cone 03, and showed
an absorption of 6.-02 per cent.

The shale would make a good common brick at cone 010, but
gives a good hard body at cone 05.

It should make a good common brick, and could probably be used
also for red pressed brick.

The shore line from here to Long pond is low, and shows few
outerops, except for a short distance just west of the Cranberry Head
shale. In this short distance there is found a thin bed of grey shale,
associated with the Lloyd coal seam, and thought by some to be a
fireclay, but it did not prove to be such.

Black Point.—The red shale of the Cranberry Head type, as well
as other shales, are found outcropping along the shore in this vicinity.

Thus, on the west side of Black point, the section is.as shown in
Fig. 6. Here there is a soft shale underlying the middle coal seam.
It is not accessible for working on the point, but comes to the sur-
face with a broad outecrop and low dip about 350 feet south of the
point. The following data give the properties of this shale.

As this shale did nof slake down at once when put into water,
two samples were tested. Omne of these was ground in the
crusher set at +v%”, the other was ground still finer. The coarse
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S Sea level
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Fia. 6.—Section of Black point.

material is Lab. No. 1518a, and the finer material is 1513. For
comparative purposes the tests on the two are given in parallel col-
umns below :—

Lab, No. 1513. | Lab. No. 1513a.
Per cent water required.......... Ceeieereeniaaee 23-8 18'5
Ajr shrinkage.......... 5:7% 527
Tensile strength lbs, per sq. in.......... erieenes 76°2 514
v stk 1-6% 1%
ire shrinkage.......... PN “oeees 67
Absorption. ........... peenas 14°86 °
Colour............ . Pink
Cone 05—
Fire shrinkage. ....c...ovvvrinniivnaasens 4
Absorption. . ..... vee 1262
[0 T A Light red
OO e shrinkage 5
re shrinf Ceee e :
Absorption... ....ci. cuie ceeie diies eaes . 9:70
Colour... .o eiiiiiiiiiiiienn ciiieniiiieiaes Red Red
7
1-39
Red brown

Comments: No. 1513a has a good ring when burned to 010, and
a fair colour, which does not deepen much up to cone 08, at which
it is nearly steel hard. The colour is too deep at cone 1.



32 GEOLOGICAL SURVEY, CANADA

No. 1513, aside from the differences noted above, does not differ
much from the other. :
The clay also makes a dry-press brick of fair colour.

Black Point to Oxford Point.—Sample 28 was taken on west side
of Black Point. Just west of this, and to the east of furnace slag
dump, there is an outcrop of red clay of the Cranberry Head type.

Beyond the slag dump to the northwest there is a long beach, and
at the end of this the shale outcrops again.

That outcropping at this last-mentioned point is, at best, good
only for common brick. Its air shrinkage is 4-2 per cent. It burns
buff at 010, and red brown at 1, with fire shrinkages of 1 and 6.3 per
cent, and absorptions of 16.97 and 1-42 per cent respectively at these
cones.
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Fic. 7.—Section on east side of Oxford point,

On the east side of Oxford point, (Fig. 7), beginning at the north-
west end of the beach and going towards the east head of the point,
the low cliff shows the red Cranberry Head shale type first, and about
250 feet farther it is capped by a thin 2 foot bed of shale which is
thought by some to be a fireclay, but tests prove this to be incorrect.

It is fairly smooth and plastie, with an air shrinkage of 4 per
cent. It shrinks 1 per cent at cone 010, and 6.8 per cent ‘at cone 1,
the absorption at these two cones being 16-97 and 1.42 per cent
respectively. The clay burns buff at 010, and red brown at cone 1.
Tt is not a fireclay, as it is thoroughly vitrified at 8 and fuses at
cone 5. ' )

Farther west along the shore line, at a point just north of a
small beach, and due south of east from Alder Point P.O., the red
Cranberry Head type again outerops, and is here underlain
by a 5 foot bed of blue shale, of somewhat gritty character, but
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good plasticity, and which burns to a good red colour and hard
body. It breaks up rather easily, and with ordinary grinding 25
per cent passes through a 200 mesh sieve.

It also requires only 15.4 per cent of water for working, and has
a tensile strength of 68 pounds per square inch. The air shrinkage
is 5-9 per cent. In burning, the wet-moulded bricklets behaved as
follows :—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 0 12°49 Light red.
05 2 7°90 Red.
03 23 685 t
1 2 1-89 Chocolate brown.
3 1-3 \ 1-30 n "

The clay is in part beyond vitrification at cone 1, which accounts
for the slight swelling. There is no reason why this should not be
mixed with the Cranberry Head type of shale which overlies it.

The shale also gave a good dry-press bricklet at cone 03, with
11.80 per cent absorption.

Keating Pond to Plant Point.—Just southeast of the inlet to
Keating pond there outcrops blue shale similar to that found on the
gsoutheast side of Oxford point, but gritty so far as could be ascer-
tained.

To the north of the same pond, and opposite point marked ¢ 40
feet,” there is some shale, but it is under a rather heavy cover and
not accessible. It is of doubtful value.

On the same shore, just due east of a point marked Little Pond
P.0O., there is a high cliff, which shows bluish shale at the bottom,
but it is too gritty and covered by too much overburden.

Bonar point is bordered by inaccessible cliffs, and the shales
observable in them do not appear promising. In the coastal cliffs
to the northwest of Bonar point there are bluish siliceous shales at
the base of the cliff.

Again, at a small beach, at the juncture of two roads, three-
eighths of a mile south of Merritt point, the red Cranberry Head
type of shale outerops, and is 8 to 10 feet thick, as well as being free
from overburden for a distance of about 150 feet.

8907—3
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Grey shale 8 feet thick outcrops on the morth side of Merritt
point. Sample 30 was taken north of Merritt point. The road then
crosses the neck to Little Bras d’Or. :

Sandy shales are seen here at several points, and there is a good
surface clay for brick along the road where the arm makes a bend,
quarter of a mile southwest of Kidd creek.

Black Rock Point.—This point, situated at the entrance to the
Great Bras d’Or, is capped by boulder clay, underlain by Coal Meas-
ures shale. The latter does not crop out on the point, but is exposed
south of the lighthouse. Here the northward dipping shales show
in the lower half of the bluff, but they are quite variable in their
character, and intermixed with sandstone seams. None of them are
clean or free from grit, with the exception of one thin bed, which
resembles a fireclay in appearance, and underlies the coal seam out-
cropping at that point, but while it burns buff at cone 010, at cone
3 it is beyond vitrification.

Nearer the lighthouse is another thin bed supposed to be fireclay,
which is also buff burning, with 138.74 per cent absorption at 010.
Tt is not vitrified at cone 8, but is not a fireclay.

There are outcrops of shale north of the lighthouse, but most of
them are thin, or interbedded with numerous sandstone layers.

From Point Aconi southwest to Cinder head and Table head there
is an unbroken line of cliffs, which appeared inaccessible, neither
did they, so far as one can see from a boat, show many promising
shale deposits, the sandstone layers being too numerous.

In the cove on the west side of Table head the exposed beds dip
southward, and show about 30 feet of sandy shales, overlain by 15
to 20 feet of sandstones. The shales are not workable because of
this heavy overburden.

Near the base of the section, there are two thin coal seams, and
under each of these is a smooth light-coloured clay, which would no
doubt be regarded as a fireclay by many, simply because it underlies
a coal seam.

The upper bed has 4.6 per cent air shrinkage. Its fire shrinkage
is 0 per cent at cone 010, and 7.6 per cent at cone 1; absorption,
16-64 per cent at 010, and 2.09 at 1. The clay burns buff, is vitrified
at cone 8, and nearly fused at cone 6.

The lower bed shows 6-6 per cent air shrinkage. Tts fire shrink-
age is 1.4 per cent at cone 010, and 5.3 per cent at cone 1; absorp-
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tion, 15-43 per cent at cone 010, and 4-27 per cent at cone 1. The
colour is red.

The two thin seams presumably represent splits of the Crawley
seam shown on Fletcher’s map. )

Between here and the exposures noted at Black Rock light, there
are shale beds showing in the cliffs, but they could not be reached.

The shale beds appear to be thinner and less persistent along this
part of the coast than they are around Cranberry head.

Sydney to Cow Bay.—The Millstone Grit extends up the east side
of Sydney harbour, to a point three-quarters of a mile sputhwest of
Victoria Mines P.0., where the Coal Measures begin, and are ex-~
posed in a line of low cliffs as far as a point about one mile south-
west of Low Point lighthouse.

e 4 i
TS ,'r‘lﬂ dow g

Fi16. 8,—Map of Sydney coal field from Victoria Mines P.O. to Low point.

A bed of hard grey shale, not less than 15 feet thick, outcrops
along the shore below the wagon road, and at a point just south of
the first mine building at Vietoria Mines P.O.

Tt is a dark coloured shale, with a sandstone capping, and a harder
and sandy under shale of a type common near Cranberry head on
the other side of the harbour. The dip is steep.

The material did not show up as well in the laboratory tests as
it appeared to be in the field, for it has low plasticity.

8907—3%
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The air shrinkage is 5 per cent, and only 20 per cent of the
material washes through a 200 mesh sieve. The burning tests of the
wet-moulded bricklets were as follows:—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 0 11'65 Red.
05 1 9-65 "
03 1 527 Brown.

A dry-press bricklet at cone 03 showed 12.28 per cent absorp-
tion.

The clay does not yield a hard bricklet below 03, which is higher
than common bricks are usually burned at. ~

Fifty feet north of this, along the shore, is a bed of red shale
about 7 feet thick, which is interbedded with greyish shales, but the
total available bed of shale is small. The beds strike north 70° east,
and dip 40° northwest.

It represents the best of the shale types along this part of the
shore, the others being more sandy.

This is a coarse-grained shale, working up with 13 per cent water,
and having an air shrinkage of 4.2 per cent.

It burns to a good red at cone 010, with 5.9 per cent fire shrink-
age, and 6-91 per cent absorption, but at cone 1 is almost fused.

Farther along the shore, at a point just northeast of a brook
coming down from a pond, 1% miles west of Waterford lake, is a bed
of shale similar to sample 15, with layers similar to sample 16.

The shales continue to outcrop for the next 500 feet, and are
represented in character by a soft shale, which, though soft, appears
to be porous and lacking in plasticity.

The sample has 3 per cent air shrinkage, and burns red at cone
010, with O per cent fire shrinkage, and 10.13 per cent absorption.
It fused about cone 1.

The shore now bows out a little and shows a series of sandstone
beds, which are evidently higher up stratigraphically than the shales,
and there is then an absence of exposures up to Low point.
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Low Point to Glace Bay.—There is a more or less continuous
. series of outerops along the shore between these two points, but few
favourable localities for working exist even if the shales were good.

There are several reasons for this. In the first place, the shales
are often interbedded with sandstones, and, therefore, could not be
economically worked. A second reason is that there is a low dip
seaward, and the shore line is approximately parallel with the strike.
The beds do not outcrop on the surface for some distance inland,
which also precludes economical working. Samples were collected,
however, at a few of the more favourable points, even though the
deposits were not very large.

Two thin beds of coal cutcrop in the first cove east of Lower Bara-
chois. Between these is a thin bed of shaly clay, not unlike many
Pennsylvania fireclays in appearance, but it was found to be lacking
in refractoriness. This shale, though quite gritty, is fairly plastic.
It burns red, and at cone 010 and 1, showed a hard body, but it is
not a fireclay.

About 13 miles east of Lower Barachois the outeropping red shale
(Plate VIII) is quite gritty, and when ground and mixed with water
does not show much plasticity. Bricklets made from it had an air
shrinkage of 4.1 per cent. Their fire shrinkage at 010 and 03 was
0.3 per cent and 1.6 per cent, respectively. The corresponding
absorptions were 13.18 and 4-52 per cent. The shale burns red, and
fuses at cone 1. About 150 feet west of this point is an outerop of
red shale free from overburden. This shale is also rather low in its
plasticity, but could be improved by weathering. It burns to a red
colour at 010, with 0 per cent fire shrinkage, and 14.26 per cent ab-
sorption, but fuses at cone 1.

At one locality, however, along the shore northeast of Glace bay,
and at a point directly opposite No. 2 colliery, grey shale is exposed
in low bluffs along the shore for a distance of not less than 150 feet.

At the northeast end of the exposure the shale is overlain by a
thin sandstone bed, but this disappears towards the southwest, its
place being taken by a thin layer of stony clay. The bed could be
worked inshore for some distance, without the probable necessity of
removing much overburden. A sample was taken for testing, and
worked up with 13.2 per cent water to a mass of moderate plasti-
city, whose tensile strength when air dried was 58 pounds per square
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inch. About 80 per cent passed a 200 mesh wire sieve. The air
shrinkage was 6.1 per cent,

The burning tests of the wet-moulded bricklets were as follows:—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 1 12 72 Light red.
05 36 674 Dark red.
03 46 553 " 1t
1 Fused.

The wet-moulded bricklets had a good ring and colour even at
cone 010. A dry-press bricklet at cone 03 gave a good body of red
colour.

Weathering would undoubtedly improve the workability of this
brick shale.

Glace Bay Eastward.—Eastward along the shore from Glace bay
the Coal Measures outcrops continue until near Cape Percy, where
the Millstone Grit appears.

They are well exposed in the cliffs, and present the usual series
of interbedded sandstones and shales, although the former rather
predominate.

At a few points, beds of brownish, fissile, though somewhat gritty
shales oceur, which could be worked. One of the best exposures of
this type is along the shore just east of the entrance to Glace Bay
harbour, where the bluff is quite low (Plate IX). The shale bed
which appears to dip northward at a very low angle is not less than
10 feet thick, and is free from overburden for a distance of 75 to
100 feet. Inshore, the land rises but little, and the shale could be
easily excavated in that direction. A sample of it gave the following
results on testing, having first been ground so as to pass a 40 mesh,
in order to improve its plasticity, which it did. Water required,
17.6 per cent; air shrinkage, 5 per cent; average tensile strength,
67 pounds per square inch.
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Cone. Fire Shrinkage. Absorption, Colour.
% %
010 0 14-66 Red.
05 15 1048 I
03 33 2-27 "
1 53 115

This is a good red burning shale, which burns to a hard brick,
but unless ground and weathered first it may cause trouble in mould-
ing.

The Millstone Grit, as exposed on the north shore of Cow bay,
shows but few shaly layers.

Few outcrops of shale are to be seen in the Coal Measures
around Port Morien, but a so-called fireclay underlies the Blockhouse
seam in the mines of the North Atlantic Coal Company at that
locality. We were not able to see it in place, but took our sample
from a large pile that had been brought to the surface under the
direction of Mr. Richardson, former superintendent of the mine.

The following tests indicate that it is not of refractory character.

The clay works up to a quite plastic mass with 15.4 per cent
water, and 83.4 per cent of the clay passes a 200 mesh sieve. its
average tensile strength is 64 pounds per square inch, and the air
shrinkage 5-6 per cent.

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

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 04 1725 Red.
05 33 12°32 "
03 5 9-88 "
1 6 352 "

The dry-press bricklets burned to a hard body at 03, with 19 per
cent absorption.

Toronto Mine—Near Little Bras d’Or bridge the Colonial Coal
Company was in the summer of 1909 re-opening an old mine, which

had not been worked for 30 years. Two openings have been made,
cne of these being a drift run in from a point along the Little Bras



42 GEOLOGICAL SURVEY, CANADA

d’Or, and the other a slope sunk at a point up the hill and nearer
to the wagon road.

At the former, a somewhat soft shale overlies the coal, but no
sample was taken, as it would be impracticable to work it. At the
slope, the coal is overlain by a thin sandstone roof, and this in turn
by about 3 feet of shale. The coal is underlain by a plastic shale
said to be a fireclay, which as then exposed was from 12 to 15 inches
thick and immediately under the coal. A sample of it was taken,
partly because it was desirable to look into all possible occurrences
of refractory clays in the Sydney region, and not because a thick-
ness of 12” was regarded as sufficient for working. In some cases
a 12”7 layer of clay may yield a considerable supply of material if
the accompanying coal seam is extensively worked. However, even
such a thin bed could, if persistent, be removed and used, and if the
mining operations were at all extensive, not a little clay could be
obtained in this manner. There is, of course, a possibility that the
bed may thicken, and an equal possibility that it may thin out
altogether.

As the tests given below will show, the material is not a fireclay,
but it is one of the best clays found in the Coal Measures of the
Sydney district. ) )

It is a smooth, sticky clay, 32-2 per cent of which passes through
a 200 mesh sieve. The clay, when worked up with 27.2 per cent
water, had an average air shrinkage of 7 per cent. Its average ten-
sile strength was good, being 129.1 pounds per square inch.

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

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 02 16-10 Buff,
05 5 - 6°52 "
08 6 1-87 "
1 78 0-27 Yellow brown.

The bricklets were not very hard at 010, but had a good ring at
05, and were steel hard at 03.

The clay could no doubt be worked dry-press, but laboratory tests
indicated that it would have to be burned to cone 1 in order to pro-
duce a good brick.
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Sydney Area.—Another refractory shale was reported from the new
fan shaft of No. 4 colliery of the Nova Scotia Steel and Coal Com-
pany, but it is a hard gritty material of no probable value.

Immediately over the clay, however, is a 8 foot layer of smooth,
though somewhat carbonacecus shale, containing numerous plant im-
pressions. This material is sandy, but still rather plastic when
ground up and mixed with water. Its air shrinkage was 4.5 per
cent, and at cone 010 the fire shrinkage was practically zero, but had
increased to 1 per cent at cone 03, and 4 per cent at cone 1. The
absorption at these three cones was 12-71, 7.77, and 5.17 per cent,
respectively. The shale burns buff, and if enough. of it could be
obtained, could probably be employed for face brick.

Pictou Field.—In this field, in which the coal mining operations
are centred around the towns of New Glasgow, Stellarton, West-
ville, and Thorburn, there is a strong development of shales in the
Coal Measures.

The latter consist of shales, sandstones, and coal beds, the whole
series having a general northward dip, interrupted here and there
by local folds, and also a number of faults.

The shales are not uniformly distributed through the field, nor
are they all of the same character.

Thus, those around New Glasgow are often of smooth character,
but run rather high in their carbon content, while around Thor-
burn there is very little shale, and sandstone predominates.

d At Westville, most of the shales are highly carbonaceous.

Up to the present time the shales have been worked mainly
around New Glasgow, and outside of this only at Westville.

The best exposures of shale in the district are those along Me-
Clellan brook, Shale brook, and East river.

The most important opening is that worked by the Standard
Drain Pipe Company, whose bank lies along McClellan brook (Fig.
11) about a quarter of a mile west of the works. About 30 feet of
greyish-black shale is exposed, overlain by a reddish glacial clay,
containing scattered pebbles. The shale, which strikes northwest,
and dips about 15° northeast, contains small discontinuous layers
of siderite concretions. These, if not thoroughly ground up, cause
fused spots in the burned ware.
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¥i16. 11.—Map of portion of New Glasgow coal field.
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The {fresh material is a moderately hard, smooth shale,
which, when ground up and mixed with 17-6 per cent of water, gave
a mass of fair plasticity, 31.29 per cent of which (in the dried state)
passed through a 200 mesh sieve. Its air shrinkage was 5.5 per
cent, and the average tensile strength 107 pounds per square inch.

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

Cone. Fire Shrinkage. Absorption. Colour.
% % :
010 -0°3 14:20 Baff,
05 36 681 Red brown.
03 4:00 69 " "
1 6 2°10 " o
3 Nearly fused.

The shale burns to a good hard body, and is utilized in the manu-
facture of sewer pipe, and hollow blocks. It has to be burned with
great care, however, owing to the quantity of carbonaceous matter
which it contains. Indeed, even the bricklets burned in the labora-
tory had to be held for some hours below 900° C in order to free
them from the carbon which they carry.

Specks or lumps of carbonate of iron may be present in the clay,
and these are liable to cause blistering in the bricks above cone 1.

North of this point, and not far from the works of the Standard
Drain Pipe Company, is an old pit, opened on a bed outcropping
perhaps 30 feet above the stream level, and extending to a point above
Brook’s common brick-yard. This was formerly worked to supply
the pipe works, but was abandoned because of the numerous layers
of concretions. This bed is higher stratigraphically than that worked
at the plant of the Dominion Firg Brick and Tile Company, a short
distance up the stream.

At the latter works, an opening has been made close to the stream
level, for extracting a smooth, greyish-black shale (Plate X) which
turned out to be the most refractory worked in this district. The
properties of this shale are given below.

This works up with 18 per cent water to a smooth, plastic mass,
whose air shrinkage is 5 per cent, and average tensile strength 98.5
pounds per square inch. About 59 per cent of the ground material
passes a 200 mesh sieve.
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In burning, the wet-moulded bricklets behaved as follows:—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 0 11-42 Cream.
05 2:3 8-43 Baff.
1 6 2:04 Buff brown.
3 5 0°90 Brown.
5 |5} 1°20 Grey.
9 0 080 Brown,
14 Nearly fused.

The bricklets are not sufficiently hard at 010, but make a good
body at 05. The shale is steel hard at 03, and holds its shape up
to cone 9, though portions are beyond vitrification, which causes the
swelling. It is considerably more refractory than the Standard Pipe
Company’s shale.

A thick bed of black shale, appearing like oil-shale, outcrops
by a ford over McClellan brook about half a mile south of east of
the Trotting park. The material is not adapted to brick making, as
it is very gritty and of low plasticity. It burns red, with a low air
and fire shrinkage, and fuses a little above cone 3. Its absorption
ranged from 19-02 per cent at cone 010 to 14.24 per cent at cone 1.

Some distance east of New Glasgow, on the road to Woodburn,
grey shale outcrops in the bed of a small brook. It is probably not
workable, owing to its position. It is not a fireclay, as it burns to a
dark red colour, and is practically vitrified at cone 1. The fire tests
were i—

Cone. Fire Shrinkage. Absorption. Colour.
% % )
010 06 15°65 Light red.
1 7 2:76 Dark red.
3 Fused.

Coal brook, a tributary stream of the East river, passes directly
across the strike of the beds in the district northwest and north of
Stellarton.
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The beds dip northeast, and, therefore, in going down stream one
is passing over the outcrops of successively higher beds.

Most of the shales encountered along this section are carbonaceous
in their character, but there are several beds which are free from
such impurity.

One of these lies between the Third and MecGregor seams, and
outcrops just northwest of Coal brook and on the south side of the
old Middle River road.

The clay worked up with 17 per cent water to a mass of fair
plasticity, whose air shrinkage was 5 per cent, and average tensile
strength 69 pounds per square inch. Of the shale prepared for
moulding, 26.4 per cent passed through a 200 mesh sieve.

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

Cone. Fire Shrinkage. Abgorption. Colour.
% %
010 08 15°14 Dark buff.
05 38 12°20 Red brown.
03 56 437 Spotted brown.
1 57 493 "
3 4 2:26 1

A dry-press bricklet gave a good body at cone 03, with 12.20 per
cent absorption. It should be burned at cone 1 if dry-pressed.

The wet-moulded bricklets gave a rather coarse-grained body of
fair ring at cone 05, but the colour was not very good. At cone 3
the clay was be§yond vitrification, and the fracture of the bricklet
showed numerous quartz grains in a fused matrix.

Another sample was taken from a point along Coal brook, about
half a mile southwest of the Allan shaft of the Acadia Coal Com-
pany. It is not less than 12 feet thick, and lies between black fissile
shales, which outcrop continuously along Coal brook from the old
Middle River road to the Allan shaft.

The black shales, though abundant, are probably too carbonaceous
to be of any value.

The other shale, however, is fairly plastic in its character, when
worked up with 18.6 per cent water. Its air shrinkage is 5 per cent,
and its average tensile strength 146 pounds per square inch. When
ground in the crusher for moulding, 33.2 per cent passed a 200 mesh
sieve.
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The wet-moulded bricklets gave the following results on testing :—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 00 1511 Lt. red.
05 16 11'51 Red.
03 2'3 9:00 Red brown.
3 Fused.

The shale burned to a fair body at 010, and a good hard one at
05 and 03, but the colour was not very clean. The shale is past
vitrification at cone 1.

A dry-press bricklet at cone 08 gave a much better colour and a
hard body. .

Along the shore of the East river, and across the river from
the Allan shaft, shales may be found outeropping in some of the
ravines. Most of them appear too carbonsceous, however, to be of
any value for making clay products. One of these outerops is in a
gulch, directly opposite the Allan shaft. Although it appeared very
unpromising, it was tested to see how it would behave.

The shale, though not very hard, gave a sandy, coarse-grained
mixture of low plasticity, and 3-3 per cent air shrinkage. It burned
red and steel hard at cone 08, and showed moderate absorption (9-36
per cent). Its low plasticity would interfere somewhat with the
moulding, and the carbonaceous character of the maferial- would call
for slow and careful firing.

For several years bricks have been manufactured at Westville
from the hard, greyish-black shale found under the No. 3 seam at
the mine of the Intercolonial Coal Company. The bed is 4 feet
thick, and the shale burns to a buff colour, but while its fusion point
lies at cone 14, it is not to be regarded as a fireclay, although so-
called by some.

The shale in its ground condition worked up with 13 per cent of
water to a gritty but fairly plastic mass, Its air shrinkage is 3.6
per cent, and average tensile strength 60 pounds per square inch.
The wet-moulded bricklets behaved as follows:—

At cone 010, fire shrinkage 0 per cent, absorption 11.03 per cent,
and colour buff.
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At cone 05, fire shrinkage 2 per cent, absorption 9.19 per cent,
and colour buff.

At cone 08, fire shrinkage 2.8 per cent, absorption 8.08 per cent.

At cone 1, fire shrinkage 0.4 per cent, and absorption 4.80 per
cent.

At cone 3, fire shrinkage 4 per cent, absorption 5-04 per cent, and
colour still buff.

The bricklets were not carried above this temperature, but the
fusion point was determined to be about cone 14. Owing to the
carbonaceous character of the clay, great care has to be taken in
firing it to burn off the carbon, and prevent black coring, and swelled
bricks.

The clay can be worked in either a stiff mud or dry-press machine,
and gives a good dry-press body at cone 03, with an absorption of
9.25 per cent.

Inverness Fieldi—A small coal area is found along the shore of
Cape Breton, in the region surrounding Inverness, the Coal Measures
being exposed along the shore both north and south of the town, and
forming a shallow basin, which pitches westward under the waters
of the Gulf of St. Lawrence.

Little attention has been given to the shales of this area, the
coal alone having been regarded as worthy of consideration.

Along the shore south of Inverness there are a number of good
exposures in the cliffs, but few of them appear to be promising, as
the beds are mostly sandstone.

About one-eighth of a mile south of McIsaac pond a 23 foot coal
seam outcrops, and this is underlain by a bed of smooth, plastic,
mottled clay shale, not less than 8 feet thick.

The following tests give its properties.

This smooth, plastic shale, when ground up ready for moulding,
had 61 per cent of grains that would pass a 200 mesh sieve. It was
worked up with 21-2 per cent water, had an air shrinkage of 5.7 per
cent, and an average tensile strength of 145 pounds per square inch.

8907-—4
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The burning tests of the wet-motlded bricklets are given below:—

Cone. Fire Shrinkage. Absorption. Colour,
% %
010 0'8 1213 Baff.
03 2:6 961 Red.
03 6°6 3:18 Red brown.
1 66 1-80 "
3 5 00 Brown.

The bricklets burned at cone 010 had a good ring, and were steel
hard at cone 05. At cone 1 numerous blisters began to appear. It
is badly blistered and past vitrification at cone 3.

‘North of McIsaac pond are a number of low cliffs along the
shore, showing southerly dipping beds of shales and sandstone.

A small saﬁmple was taken of the shale outeropping half way be-
tween the Inverness mine and Big river, or about 800 feet east of
the line dividing the Coal Company’s property from the old Mus-
grave property. The material is a clay shale, of low dip, viz., 15°
west, and strike north. It is covered by drift.

The shale is smooth and of fairly plastic character, when worked
up with 22 per cent water. Its air shrinkage is 5.0. At cone 010
the fire shrinkage is — -8 per cent, absorption 18.08 per cent, and
colour buff. At cone 03 the fire shrinkage is 7.7 per cent, absorption
5-42 per cent, and colour red. The shale burns steel hard at 03,
and has a good colour. It is hardly of sufficient thickness to be
used.

More sandy shale outcrops a little farther along the shore to the
north. Tests show that the shale, although sandy, works up
to a very plastic mass with 19.4 per cent water, and 4.4 per cent
air shrinkage. At cone 010 the fire shrinkage is 0 per cent, absorp-
tion 16-01 per cent, and colour reddish buff. At cone 03 the fire
shrinkage is 3 per cent, absorption 8.88 per cent, and colour red.
Tt gives a good hard bricklet at the latter cone.

The most important deposit in the district is the clay overlying
the 13 foot or Hussey seam.

This is well seen in the outerop along Big river, north of Inver-
ness, where a drift was run in, known as the Hussey drift.

The coal seam at this point is overlain by a clean looking plastic
grey clay, which ranges in thickness from 18 inches to nearly 3 feet.
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This is in turn overlain by an 18 inch seam of coal, and over this
again there is a dark shale, which could not be properly sampled
owing to the wash from the upper part of the bank.

The clay is very plastic in its character, and appears to be free
from coarse sand, but occasional pyrite nodules were noticed.

If this clay seam is worked it would have to be in conmnexion
with the 13 foot coal, and as the latter contains good coal in its
upper bench, this is not an impracticable proposition.

The following tests give the properties of the clay from the
Hussey drift.

It is a very smooth, sticky clay, which, however, contains so much
fine sand that only 58-4 per cent passes through a 200 mesh sieve.
Tt took considerable water (80-8 per cent) to work it up, and had an
air shrinkage of 8.5 per cent. The average tensile strength was
206 pounds per square inch. The burning tests on the wet-moulded
bricks are as follows:—

Cone, Fire Shrinkage. Absorption. Colour.
% %
010 0-3 15.74 Pink buff.
05 4-3 9-79 Buff.
(1 2 2:25 Dark buff.
1 66 | . |Buff.
3 73 0 Drab.
5 10 0 "
9 5 0 Grey.

The clay behaves like a stoneware elay, and its fusing point lies
about cone 25. It makes a good dry-press body at cone 1.

A chemical analysis of this clay made by M. F. Connor, of the
laboratory of the Mines Branch, gave:—

Ferric oxide. ..
Titanic oxide.

This is one of the best clays found in Nova Scotia, and several
possible uses suggest themselves. It could no doubt be used for
8907—43
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pressed brick. If mixed with some burned clay (grog), it could also
be used for firebrick. The high plasticity and dense burning quali-
ties also make it available for stoneware manufacture. Lastly, it
represents a type of clay used for mixzing with short-fibre asbestos,
for making asbestic.

On McClellan brook, which lies between Big river and Kennedy
brook, the 13 foot seam is present, but the dip ‘here is very low (not
over 10° west). The clay here is not as clean looking as in the
Hussey drift. Its properties given below, show that it is also slightly
different in its characters.

This material is very plastic, and 50 per cent of it passes a 200
mesh sieve. It worked up with 28 per cent of water, had an air
shrinkage of 7.8 per cent, and an average tensile strength of 164
pounds' per square inch. '

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

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 08 16-81 Buff.
05 4 881 "
03 7 07 Dark buff.
1 7 0 Drab.
3 7 0 Grey brown.
b 6'3 0 Grey.

The clay, it will be noticed, burns to a dense body at a very low
cone (08), and preserves its buff colour up to the same, It also pre-
serves its form up to cone 1, and could no doubt be used for making
common Stoneware.

A good dry-press brick was obtained at cone 1, with 6.40 per cent
absorption, and buff colour.

The 13 foot seam is also found outeropping along the line of
its strike on Kennedy brook, to the north of Big river, but the
dip here is vertical; and while the fireclay iz known te be present,
according to Mr. Beaton, the surface had caved in so that it was
not possible to get a sample. The floor of the coal at this point is
a siliceous shale clay, with plant impressions. Its exact thickness
is not known, but it is quite plastic, even though sandy. Its air
shrinkage is 4.4 per cent, and the fire shrinkage, at both 010 and 03,
under 1 per cent. The absorption at these two cones is little over
16 per cent.
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It is doubtful if the clay would have much value if used alone,
but it could be mixed with the overlying clay.

Port Hood Field.—This small area of Coal Measures, surrounded
by Millstone Grit, lies also along the west shore of Cape Breton.
The Coal Measures form a somewhat unsymmetrical trough, whose
axis extends approximately northeast-southwest, and carries one coal
seam which is worked.

Both north and south of Port Hood there is a somewhat continu-
ous series of exposures.

Northward from Port Hood, the section in the cliffs shows a
series of shales, with interstratified sandstone beds. (Plate XIIT).
The latter occasionally predominate to the exclusion of the former,
while at others the shales are in excess, but contain so many thin
sandstone seams as to be unworkable,

It is doubtful if any of these shale beds north of the town are
workable, unless of high grade, such as fireclays, in which case they
could be worked by underground methods. Since, however, they are
usually referred to as fireclays, and considered by many to be such,
a few samples were tested. These were as follows:—

One example from the heavy shale bed, along the shore a few
hundred feet north of Cape Linzie, proved to be red burning and not
refractory.

* Another sample tested was a shale clay, overlying sandstone, above
quarry on Cape Linzie.

There is not a heavy bed of this clay, and a sample of it was taken
for testing because it was claimed to be a fireclay. The shale is
quite plastie, and burns to a red, but not very dense body, though
a steel hard one at cone 03.

It has 6 per cent air shrinkage, and at 03 the fire shrinkage is
6-3 per cent, with 9.24 per cent absorption. It is not refractory.

Shale also outcrops along the shore, north of the government
wharf at Port Hood, and is exposed between high and low tides.

This is to be classed as a common brick shale, which, though
gritty to the feel, works up to a rather plastic mass with 19.4 per
cent water. Its air shrinkage was 5 per cent. At cone 010 the fire
shrinkage is 0.4 per cent, and absorption 13.69 per cent. At cone 03
the fire shrinkage is 5 per cent, and the absorption 4.11 per cent.
The shale burns red, and gives a hard body at 08, but is not a fire-
clay.
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South of Port Hood, the rocks outcropping in the ecliffs along
the shore are nearly all sandstone, until a point about two miles
south of the town is reached, where the coast line turns slightly
southwestward and crosses the strike of the beds at a very acute
angle. Some shales then begin to appear.

One of these is of a light greenish colour, of rather smooth feel
and plastic character, which worked up with 33 per cent water, and
had an air shrinkage of 6 per cent.

At cone 010 the fire shrinkage was under 1 per cent, absorption
20-18 per cent, and colour buff.

At cone 03 the fire shrinkage was 6-3 per cent, absorption 12.62
per cent, and colour pink. This shale can be used for common brick
manufacture, and burns steel hard at 08.

A little farther south, and at a point lying south 50° west from
the north end of Henry island, and south 25° east from the south
point of Smith island, there is a rather long outcrop of vertically
dipping, bluish clay shale, from 8 to 10 feet in thickness. (Plate
XIV.) This is really the only important bed in the section from
Port Hood to Judique harbour.

Its characters were as below:—

Clay plastic and smooth, working up with 29.4 per cent water to
a mass whose air shrinkage was 5.8 per cent, and average tensile
strength 65 pounds per square inch.

WET-MOULDED BRICKLETS.

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 02 2.52 Red.
05 76 4°94
03 96 1'51
1 126 o1l

The clay burns steel hard at cone 05, giving a very smooth body

of good colour.
ware or drain tile.

beds appear.

It would do for manufacture of common earthen-

Just before reaching Judique harbour the Coal
Measures end, and the lower Carboniferous shales with their gypsum

One example tested shows the shale to be very sandy



Prate XIV.

Clay outcrops south of Port Hood, Cape Breton.
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and of low plasticity. Its air shrinkage (8.6 per cent) is therefore
low. It burns to a good red colour, and could be improved by weather-
ing.

At cone 010 the fire shrinkage is — 0-3 per cent, absorption 15.70
per cent, and colour red.

At cone 03 the fire shrinkage is 4.3 per cent, absorption 8.20 per
cent, and colour red brown.

The shale could be used for common brick, but owing to scattered
concretions and stones in it, preliminary crushing in rolls would be
necessary.

Joggins Field—This field contains a number of shale beds, which
are well shown in a remarkable section exposed in the high cliffs
along the Bay of Fundy shore’. (Plate XV.)

LEGCEND
127579 PS03 [y o~
Glocral Orir#F Skhale Sandstore Shaly

Sand/store
F16. 12,— Section one mile north of Joggins.

While the shale beds in the Coal Measures are very numerous,
(¥ig. 12), there are several factors which prevent the profitable work-
ing of most of them, viz.:—

(1.) Few of the beds are thick.

(2.) Sandstone layers are abundant in them.

(3.) The beds are usually too steep to give a good broad outerop,
and not steep enough to be worked without removing the overburden.

(4.y The high tides would interfere somewhat with shipments, al-
though it could be done. .

* Those who wish the details of this remarkable section should consult
Proceedings and Transactions of Nova Scotia Mining Institute, Vol. XI,
Part 3, pages 417-550.
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The coal worked at Joggins is known as the Joggins seam. In
the centre there is a parting of dark grey shale clay, which may be
under a foot thick, and in other places thickens to 8 feet. In this
case it may be solid shale, or a mixture of shale and sandstone.

At present only the upper split of the Joggins seam is worked,
and the shale parting is left as a floor, unless the bottom has to be
taken up to get head room.

The sample taken from the mine of the Maritime Coal, Railway,
and Power Company at Joggins, represents the run of the shale part-
ing. It is a hard shale when first quarried, but disintegrates on
exposure to the atmosphere, and works up with 17 per cent of water
to a fairly plastic mass, with an air shrinkage of 5.1 per cent, and
an average tensile strength of 58.5 pounds per square inch.

Tt behaved as follows in burning:—

Cone. Fire Shrinkage. Absorption. Colour,
% %
010 06 10°00 Red.
05 36 6:72 "
03 3 5'00 "
3 Fused.

It gives a good red brick at 018, and is steel hard at 03. The
shale could probgbly be used for common or pressed brick, but not
paving brick.

At the north end of the cliffs, showing Coal Measures exposures,
there is a thick bed of clay of the Cranberry Head type, probably 30
feet thick. There is a 10 foot capping of sandstone over it, but the
outcrop is quite broad. (Fig. 12). No tests were made, but it
could be doubtless used for brickmaking.

No other outcrops oceur northward along the shore until Lower
cove, where, in the grindstone quarry, in the Millstone Grit, there
is a reddish shale overlying the sandstone, similar to the Cranberry
Head type, and probably not less than 25 feet thick. If worked for
brickmaking it would have to be as a long narrow cut.

About one-third of a mile south of the bridge across McCarren
brook, south of Joggins, there is a reddish shale bed, 15 to 20 feet
thick, underlain and overlain by alternating shales and sandstones.
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This is the first heavy shale bed met, for down to this point there
had been a succession of thin beds of alternating shales and sand-
stones.

The qualities of this material cannot be given, as the sample was
lost in transit.

A shale bed 15 feet thick outcrops at Ragged Reef point, two
miles south of Joggins, and is suitable for brick manufacture, but
the quantity is not large.

PERMIAN.

This includes: (1) a series of disconnected areas extending from
Chignecto bay, aleng the north shore to a little beyond Merigomish
harbour; (2) an area south of Joggins.

As far as could be ascertained, there are no clay or shale beds of
importante in the Permian, except around Woodburn, east of New
Glasgow. This area, according to Poole’s map of the Pictou coal
field, lies in the Permian conglomerate, but a map -published by the
Geological Survey, Canada, places the southern boundary of the
Permian a little farther to the north, which, if correct, would put
the Woodburn clays in the Millstone Grit. In this discussion it has
been left in the Permian.

Outerops in the district are not very abundant, and only two ex-
posures of clay were seen.

One of these is along Small brook, about one mile northwest from
‘Woodburn station, the other lies one mile north of Woodburn station,
where the wagon road crosses a bridge over the créek.

The first locality wasiprospect'ed originally by Mr. M. E. Suther-
- land, who opened up the deposit along Small brook, and sunk a test
boring which gave the following section:—

Glacial drift. «.oovvvniniiiiiiiiiennnne o 4-6 feet.
Redelay.....ooenceisiiiiiiiine seneninnnas 4w
Mottled and bluish white................... 1 .
Redshaly clay .covvers vovivnnnnncanes vans 125-150

The actual thickness of the .outerop in the bank of the stream
is not over 6 feet, and the thickness given in the above section was
found by boring in search for coal.

The land rises somewhat steeply from the brook, and if the de-
posit were worked on a large scale it would involve quite a bit of
stripping in the beginning.
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The following are the properties of this clay:—

Water required for mixing, 18.5 per cent; plasticity, excellent;
per cent through 200 mesh, 85-6 per cent; air shrinkage, 7-6 per
cent; average tensile strength, 190 pounds per square inch:—

WET-MOULDED BRICKLETS.

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 0 12-60 Pink buff.
05 13 9:93 Buff.
03 1-3 973 "
1 2:3 4-14 Spotted buff.
3 27 242 Grey buff.
5 33 2:15 " "
9 2:3 1-88 Brown.

The bricklets showed a good colour up to cone 08, at which point
they were nearly steel hard. Indeed the bricklets were moderately
hard even at 010. At cone 1the bricklets became somewhat speckled,
and at cone 3 a number of fused spots appeared. These were greatly
emphasized at cone 9, and are probably the cause of the swelling,
although even at this cone the bricklets held their shape.

A dry-press bricklet at cone 03 showed 8-21 per cent absorption,
but if worked this way the clay would give better results at cone 1.

Some- of the wet-moulded bricklets were re-pressed and burned
at 08, yielding a nice buff product of steel hard character.

This clay is not to be regarded as a fireclay, but it could be used
for making face brick, and perhaps cheap terra-cotta or fireproofing.

The two following analyses made by A. L. MeCallum, of Halifax,
represent the composition of samples taken by Mr. Sutherland from
the wall of a test pit sunk along the bank of Small brook. They
indicate a slight variation in the composition of the clay, and would
lead one to believe that it is more refractory than it really is.

—_ 1 II
% %

70°15 7358

19-01 15°93

1-27 317

0°59 0-14

0°86 0-27

091 059

7°14 621

99-93 9989




COLAY AND SHALE DEPOSITS 59

There are not sufficient outcrops to definitely ascertain the strati-
graphic relations of the clay on Small brook, and that one mile north
of Woodburn, but from the meagre evidence it seems fairly safe to
say that the latter overlies the former, and that a limestone bed to
the west of the second outcrop lies between the two.

The material from the locality north of Woodburn station is a
red and mottled shaly clay, which is not less than 15 to 20 feet
thick. The clay dips to the northward at a low angle, and at the
bottom of it is about 10 feet above the creek level at which the lime-
stone outcrops. It could not be worked far into the hill without
having to strip off heavy overburden, but could be worked for some
distance along the strike, however, without much stripping.

Scattered through the clay are small sandy concretions, but these
could be easily crushed.

The clay somewhat resembles that on Small brook in appearance,
but is evidently higher up stratigraphically. It had the following
physical characters:—

The clay worked up to a smooth and very plastic mass with 19.8
per cent water, the air shrinkage of which was 6 per cent, and aver-
age tensile strength 157 pounds per square inch. About 64 per cent
passed through a 200 mesh sieve.

The wet-moulded bricklets yielded the following results in the
fire test:—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 0-3 1275 Red.
05 3 10°33 "
03 33 8:14 Dark red.
1 43 177 Red brown.
3 b 154 " "

The bricklets were nearly steel hard at cone 03, and fully so at 1.
They also had a good red colour up to 03, but at 1 were rather dark,
and showed small fused spots. The clay makes a good dry-press
bricklet if burned to cone 1. This material could probably be used
for face bricks, or fireproofing, or even common ornamental terra-
cotta.
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CHAPTER II
Pleistocene Clays.

These may be roughly divided into two classes, viz: (1) glacial
clays, often of stony character, but very plastie, tough, and red burn-
ing, and (2) estuarine clays, usually strongly laminated, but also
quite plastic, and red burning.

There are some, such as those at Eden Siding, which do not,
strictly speaking, fall in either of the two classes mentioned, and
may be modified drift clays.

The descriptions of the individual localities are taken up geo-
graphically from east to west.

Mira River—Mira river is a stream emptying into Cow bay at
Mira station on the Sydney and Louisburg railway. The stream,
proceeding upward, passes first through a narrow but not deep gorge
known as Mira Gut, and then broadens out into a lake, containing
numerous islands, only to narrow again in a short distance. Border-
ing this lake at several points are low hills, which are underlain in
many places by deposits of laminated clays and sands, evidently of
estuarine character, and resembling those found in the Annapolis
valley, although more sandy.

At the time of our vigit the deposit was being worked at one point
by the Mira River Brick Company, at a locality about four miles
from Mira River station. (Plate XIX.)

The clay bank, which lies to the west of the works, shows at least
25 feet of blue laminated clay, overlain by a somewhat sharply de-
fined layer of yellowish clay, from 2 to 3 feet thick, which is slightly
denser and more sandy than the blue.

Topping this is a pebbly sand layer 2 to 8 feet thick, the pebbles
being of different kinds, but not a few of them representing crys-
talline rocks. More clay is found at Clay Banks, four miles up the
river, and at a point about 1} miles down stream.

In utilizing this clay it is necessary to add about one-third sand
to counteract the shrinkage, but unfortunately no attempt is made
to screen the sand. The clay is loaded into barrows and wheeled



Prate XVIL

Shale beds, red on top and blue below, south of Merritt point.

Prate XVIIL

Continuous kiln under construction, Mira River Brick Co., Cape Breton.
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Clay conveyer, Mira River Brick Works, Mira river, Cape Breton.
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te a belt conveyer, which takes it to the moulding machine. This
belt is not run to its full capacity.

The blue clay is said to have a higher shrinkage than the yellow.
If the sand were.screened, a smoother brick would result, and in
any cases also a stronger one.

The clay is moulded in a soft mud machine, dried on pallet racks,
and burned in a seven chamber Haigh continuous kiln.

This clay deposit is said to have been first worked about 42
years ago, the first yard being run by a man named Haile, half a
mile up stream from the present yard. About 40 years ago Caleb
Huntington began manufacturing brick on the site of the present
yard.

The bricks are loaded on scows and taken to Glace bay and
Sydney.

Tests of the clays follow:—

No. I represents the blue clay; No. II is the yellow clay; No-:
IIT is the brick mixture. The three are placed in parallel .columns
for comparison :—

WET-MOULDED BRICKLETS.

— I 11 111

Water required.........co vt vineiennn 24 9 24-2 212
PIASEICIEY v- 0 v vvvnrnnn vareerrirananrananens Good. Slight. Good.
Air shrinkage............oocoiiiiiiiiia, 7% 31 616
“Tensile strength, Ibs, per sq. in............. 60 Low. 118
Per cent passing 200 mesh.................. Fo2t I /A IO 67°6 %
Cone 010—

Fire shrinkage ..... .c.ccovvvee tivinnen -0'8 °/% -0'65 03

Absorption .......ooiviiiiiiiiii i 19-49 7 20°62 11-45

COlOUL. .ot vveeeeceenerssaeacnsnnane s Red. Red. Red.
Cone 06—

Fire shrinkage...........ccocvvvinnn. 2 1 4-3

ADbSOTPHION ... .. tivt diieiainiiiienaiees 1532 19-98 661

ColoUT. e oot i vi e ee e ereeneraeaes Red. Red. Red
Cone 03—

Fire shrinkage..  .... .........ciu 4 13 5

ADbBOTPHION «.vuviiiiiiiiii it 9-37 18-18 143

Colour...... o ivieeieiiiiiiriiniienianes Red. Ceeeenens Chocolate

brown.

Cone 1—

Fire shrinkage..........cooviiieiiennenn. Nearly fused 2 1

Absorption .. .....iireiineieiiiiiiieraen e 1406 1-59

Colour. ... .. .. .o tiiiiiii e Red. Brown.
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I. This clay alone is barely hard enough at 010, but steel hard
at 05. It gives a good dry-press at cone 03.
TI. This is an exceedingly sandy clay, and too sandy when used
alone. Tt is mixed with the blue clay.

III. This mixture is quite different from the clay alone, and has
about 25 per cent of admixed sand. It burns to a good red body at
010, and becomes steel hard at 03, but is beyond vitrification at cone
1. It gives a good dry-press at 03.

Sydney and Vicinity.—Much of the surface in the Sydney region
is underlain by a yellowish loamy clay, at times more or less pebbly
in character. Such clays sometimes attain an undeserved reputation
as being fireclays, possibly for the reason that they may have been
used for patching up stove brick, or a cupola lining.

Such a clay, for example, is found in the fields around No. 3
colliery of the Nova Scotia Steel and Coal Company. This particu-
lar deposit is said to be 30 feet thick, and possibly it is, but the
material is not a fireclay. It would make good brick.

Clays have also been found and worked for common brick along
George creek and Leitch creek, mnear their entrance to Sydney
harbour. The deposits are usually shallow.

McKinnon Harbour—There are no brick works or clay pits in
this vicinity, but there is a somewhat abundant deposit of stiff red
stony glacial clay, which covers much of the lower lying knolls along
the north side of the Big Bras d’Or lake. This has been well ex-
posed in a number of cuts made for the quarry road to the new
gypsum quarries west of Ottawa siding. The material could be used
for common brick manufacture, provided the stones were removed
and some sand added to the clay. It is too tough and stony to be
used alone. The following tests represent its character:—

The clay worked up with 20.8 per cent water to 2 very sticky,
plastic mass, whose air shrinkage was 7.6 per cent. The average
tensile strength was 222.3 pounds per square inch, and 64.6 per cent
of the clay passes a 200 mesh sieve.
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The following results were obtained in the firing tests:—

WET-MOULDED BRICKLETS.

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 04 14°27 Red.
05 26 9-92 Dark red.
03 3 10°19 "
1 36 0:94 "
2-3 Fused.

The clay gave a fairly hard body of good colour at cone 010, and
does not darken much up to cone 03.

There are small white specks in some of the bricklets, which are
evidently calcined gypsum grains, but these do no harm, as they do
not slake as lime grains would.

The material is a common brick clay of good character, but it
would require at least one-fifth to one-fourth sand to be added to it.

' Baddeck.—This village lies on the shore of Little Bras d’Or lake,
about twelve miles northwest of Grand Narrows.

The hills surrounding it are mantled with glacial drift, but there
are a few surface deposits of clay, which may be of estuarine char-
acter. Their extent and thickness are, however, but imperfectly
known, and few of them lie close to the shore.

One in particular which has attracted attention is a blue clay
on the property of ‘C. L. Campbell, about one mile northeast of the
town. It contains a bronzy material, which was described by Dr.
Hoffman as a new mineral species, and called baddeckite.

As is often the case, the clay has been called a fireclay for no
apparent reason.

Qutcrops of the clay were found in the woods along Miles brook,
and about 10 to 20 feet above the stream level. Owing to the limited
outerops, and abundance of slide material, it was impossible to tell
anything definite regarding the extent of the material without mak-
ing a number of borings.

In its field characters the clay is somewhat similar to that worked
at Eden Siding, but lacks the numerous stones.

The clay is very smooth and plastic, and of very fine grain,
as 94.6 per cent passes a 200 mesh sieve. It worked up with 24.2
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per cent water, the resulting mass showing 7 per cent air shrinkage,

and an average tensile strength when air dry of 56 pounds per square

inch. This was low, similar to that of the Mira River blue clay.
On burning, the wet-moulded bricklets behaved as follows:—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 05 1506 Pink.
05 43 9-81 Light red.
03 53 4:30 Red brown.
1 7'6 007 Dark brown.
3 Fused.

The clay is a good brick clay, and might do for common red
earthenware.

Eden Siding.—~This locality is a flag station on the Intercolonial
railway, four miles northeast of River Denys Station. The material
is a tough, reddish brown surface clay, presumably of glacial origin,
and while it is much freer from stones than the glacial clays usually
are, it lacks the laminations so characteristic of the estuarine clays.
(Plate XXTII.) The clay is used for common brick, and is said to
fire crack if used alone. Even with sand added the bricks are more
tender than those made from the Shubensacadie elay, and have to be
set perfectly dry.

This holds true, it is said, even when 10 per cent of sand is added.
A sample of the clay was tested without adding sand, and yielded
the following results:—

Water required for mixing, 25 per cent; plasticity, high; average
tensile strength, 230.2 pounds per square inch; amount passing
through 200 mesh sieve, 88 per cent.

WET-MOULDED BRICKLETS,

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 15 1624 Red.
05 43 985 Dark red.
03 50 762 " "
1 Fused.




Trare XXI

Miller Bros’. brickyard, Eden siding, Cape Breton.”
Prate XXII.

Clay pit at Miller Bros’. brickyard, Eden siding, Cape Breton.
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The bricklets have a good colour and ring at 010 and are steel
hard at 05. A good dry-press bricklet was obtained at cone 03, which
had- 9-16 per cent absorption.

Diogenes Brook.—Considerable attention has been drawn to cer-
tain deposits of Pleistocene clay found on Diogenes brook, and some
rather exaggerated statements have been made regarding their extent
and value. In order to confirm or contradict the statements which
have been somewhat widely spread, the locality was visited by Mr.
Keele, and his notes are given below. These show that the clays
do not possess the market value which has been assigned to them by
some persons.

Mr. Keele’s notes follow :—

“ A deposit of white clay is found near the headwaters of Diogenes
brook, one of the tributaries of Denys river. This bLrook cuts
through the eastern flanks of the Craignish hills, which form the
western border of a wide valley across which Denys river flows.

“ The clay is at present only exposed at one point on the brook,
at a short distance below a small fork that comes in from the west.
A few years ago a quantity of the clay was shipped, but the open-
ings made then are now concealed by gravel slides.

“ The portion of the brook where the clay occurs is situated in a
narrow gorge of steep grade, sunk to a depth of about 250 feet be-
low the level of the upland. A road was built down the brook, lead-
ing to the open valley below, in order to haul the clay to River
Denys Station, the nearest point on the Intercolonial railway, a dis-
tance of nine miles. The bottom of the gorge is so narrow that
there is scarcely room for both the road and the brook.

“ Borings made on the clay were said to have revealed a sufficient
thickness to form a workable deposit, but that the clay was inter-
stratified by sandy layers. The deposit, however, appears to be of
limited width, as rim rock crops out at several points along the gorge.
Any attempt to mine the clay on a large scale is liable to serious
interruption by landslides from the glacial drift, which clings in
large masses to the steep slopes,

“ Both the valley bottom and the slopes of the gorge are now heavily
timbered, which serves to hold the loose material in place.

“ At the forks of the stream, at the upper end of the clay deposit,
is a considerable thickness of white clayey sand, from which the white

8907—5
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clay appears to have been derived by the washing of the brook. The
white sand appears to be preglacial, and is probably derived from the
breaking down of the igneous rocks which form the upland. The
principal rocks are felsite, syenite, and sericite schist, judging by the
wash in the brook. A short distance below the white clay a mottled
red and dark blue clay is exposed on the brook side. A similar clay
is found widespread in the valley through which the Denys river
meanders, and is worked for brick making at Eden Siding on the
Intercolonial railway. This clay overlies the glacial drift in the
valley, and may be a lake or estuarine clay. If so, it would indicate
a greater submergence of the land than has been supposed for this
region. Tests of these are given in the table, Appendix I.

“Town of Antigonish.—Three brickyards were in operation in the
vicinity of the town of Antigonish a few years ago, making soft
mud bricks, principally for the local market. Two of these yards ob-
tained their material from the intervale land, lying along the river
banks. Here a flood-plain clay is found, about 4 feet thick, and carry-
ing the proper proportion of sand for bricks. Owing to the secareity of
labour, and the low price obtained for brick, none of these yards are
now in operation.”

Sylvester—A plant has been established at this locality by the
Sylvester Brick and Tile Company, to utilize a somewhat stony, gritty,
glacial clay lying about half a mile south of the railway station.
The material is so stony, however, that its use does not seem to have
met with much success, although considerable money was evidently
expended on the plant. It was not in operation in the summer of
1909, but is said to have been running for a short time in the
spring of that year.

“ Parrsboro and wvicinity’—A deposit of highly plastic red clay
oceurs on the shore about half a mile beyond the Government wharf.
This clay is laminated with thin sandy partings, and is similar to
that found in the Annapolis valley, where it is worked into brick and
drain tile. The clay is exposed in a bank along the shore, in a bed
from 3 to 5 feet thick, overlying boulder clay, and covered by strati-
fied sand and gravel, which varies in thickness from a few inches to
several feet. This clay is again seen at the mouth of Swan creek,
about five miles east of Parrsboro, whete a small quantity of bricks

* Notes by J. Keele.
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were made about fifty years ago. The thickest deposit of this clay
occurs at Whitehall creek, about one mile south of Parrsboro, and
bricks were made at this point about 20 years ago by Mr. John Man-
ning. During the rebuilding of St. John, after the great fire, a
schooner load of bricks was sent to that city from his yard.

“ This plastic red surface clay probably extends for some distance
up the valley of Parrsboro river. No bricks are manufactured in
this neighbourhood at present.

Shubenacadie valley—During the glacial period a considerable
quantity of glacial drift, much of it of gravelly, stratified character,
was deposited in the Shubenacadie valley. Subsequent to this there
was o submergence of the land, to at least 75 feet below the present
level, during which the sea entered the Shubenacadie and Annapolis
valleys, converting them into arms of the sea.

It was at this time that much fine clay and sand were laid down
on the uneven surface of glacial drift which floored these valleys. A
subsequent re-elevation of the land caused the streams occupying
these valleys to erode some of these clayé, but much of it has been
left, and is now found underlying the flood-plain terraces on either
gide of the river.

It will be easily understood that the depth of these estuarine clays
must be variable, because of the uneven surface of the underlying
drift. Indeed, in some cases the drift rises close to the surface of
the intervale, or sometimes extends above it.

Along the Shubenacadie river, which rises near Halifax, and
flows in general northward, into Cobequid bay, the estuarine clays
are found at a number of points, and are worked at several localities
as described below.

Elmsdale—The clay deposit worked by the Elmsdale Brick and
Tile Company lies near Charley brook, a branch of the Shubenacadie
river. It underlies the flat lands bordering the river, and is of un-
even depth, ranging from 4 to 20 feet, with gravel underneath, and
an occasional thin covering of sand on top. The top clay is of a
greyish colour, and the underlying material reddish brown.

8967—5%
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The following tests give the properties of, (1) the clay, and (2)
the clay with one-quarter sand added :—

WET-MOULDED BRICKLETS,

—_— 1 2
Warer required............ .. 30°59% 23-8%
Average tensile strength. .. 143 Ibs. 140 lbs.
Per cent passing 200 mesh.. 90‘6? . 706 %
Air shrinkage.......... 639 7-39
C(i?n_e 01%—nk
ire shrinkage............. «covune.. 4 9 169
Colour........cocvveis vv vn veennel Red.é Redé
Absorption. ... ...cviiiiiiiiiiieneen. 13°6 % 8549
Lt :
ire shrinkage...........coiviieiiannn 9°6 607
Colour . e e Red brown. Sied brown.
Absorption........coevt ver eaan La 2:229 4:23%
Cone 03—
Fire shrinkage...... . .. ..... Cevieeee 4% 7 '0%
Colour.......... vv vivvvn con vl Red brown, Red brown.
ADBOTPtion. .o.vevnenns 4 ceviiaiien 0 1149
Cone 1—
Fire shrinkage...... Ceerieeeaeienaees Melted. Nearly fused.

No. 1 burns to a hard body at 010, but shows a tendeney to
warp, and shrinks too much at that cone. It is very plastic, and
does not work well alone wet-moulded, but works all right when dry-
pressed. This clay can also be used for drain tile.

No. 2 represents the green-brick mixture, that is, No, 1,
with about 25 per cent sand added. The addition of the sand
reduces the air and fire shrinkage, as comparison of the two sets of
tests given above will show. A good body for common brick is
obtained at cone 010, and a good dry-press at 05, although at this
last cone the colour deepens considerably.

Enfield—Clay is known to occur at a number of points bordering
the Shubenacadie river, from Shubenacadie to Enfield. Between
Enfield and Elmsdale, the material is variable in its character, and
some of it is quite smooth and plastic enough for making pottery.
Near Preston’s pottery, 13 miles south of Elmsdale, the clay is
to be found at a number of points in the flood-plain border-
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ing the river, but its thickness is not great, ranging from 3 to 15

{eet, and underlain by gravel.
thins out.

Going away from the river the clav
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Fia. 13.—Map of the valley of ]ghe ijl;b&l&(:&db, between Enfield and
sdale,

The clay in its general properties is somewhat similar to that

worked at the brick-yard above Elmsdale, but it is less sandy.

The clay used for this purpose represents one of the finer grained
and more plastic phases of the estuarine clays found bordering the

Shubenacadie river.

It is an exceedingly plastic and smooth material that required 30
per cent of water to work it up for moulding. In spite of its appar-
ent smoothness and fineness so far as one could judge from the feel,

only 70 per cent passed a 200 mesh sieve.

The average tensile strength is 226 pounds per square inch, and

the air shrinkage 8.3 per cent.
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The clay behaved as follows in burning:—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 1-3 11-81 Red.
05 76 0°20 Red brown.
03 83 0027 Red brown.
1 Fused.

The clay burns to a dense hard body at 010, and is steel hard at
05. Tt made an excellent dry-pressed body at 03.

In some pits dug by the pottery makers there is a lower red clay,
which differs somewhat from the blue in having higher fire shrinkage,
as shown by the following tests:—

Water. required, 31.6 per cent; per cent passing 200 mesh sieve,
§9.2;" average tensile strength, 194 pounds per square inch; air
shrinkage, 9.2 per cent.

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

Cone. Fire Shrinkage. Absorption. Colour.
) % %
010 24 14:69 Red.
05 8 0-42 Dark red.
03 93 000 Red brown.
1 Nearly fused.

The clay burns to a good hard body, but is not steel hard until
cone 05. A dry-press bricklet burned to cone 03 had a good hard
ring, but the colour was not very bright.

Shubenacadie.—About two miles north of Shubenacadie the Pleis-
tocene clays are opened up for brick making.
The clay is evidently of estuarine character, and while its general
surface is not much above that of the plain bordering the river, its

bottom seems to be somewhat irregular.

The deposit is also sur-

rounded in part by hillocks underlain by glacial drift.
Since this clay is post glacial it must, therefore, have been de-
posited here on the uneven surface of the drift.
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The estuarine clay, or that used for brick manufacture, is as much
as 25 feet thick and is underlain by gravelly glacial clay. It is
mostly reddish brown, with bluish streaks, and there is a blue clay
at the bottom which carries a high percentage of soluble salts, which
come out strongly, if any of this clay is used.

Annapolis Valley Region—~From Wolfville to Annapolis bay there
is a valley bounded by the Silurian ridge on the southeast and the
hills of Triassic rock on the northwest. The bottom of this depres-
sion is flat, or very gently rolling, and the surface formation is
usually a stratified sand, which is underlain by estuarine clays. At
many points these are found close to the surface, with little or no
sand covering. They are underlain in turn by glacial drift.

How continuous these estuarine clay deposits are it is not possible
to say, but the fact that they occur at a number of points from
Avonport to Digby indicates that they must be rather wide-spread.
This is not surprising, since the floor of the valley must have been
flooded during the post-glacial submergence. We have no records,
however, showing that the deposits are of great thickness; and that
this is often improbable is shown by the fact that in all the clay pits
glacial drift is encountered at no great depth.

At present these clays are opened up for working at Avonport,
Middleton, and Annapolis Royal. Another deposit, not being worked
at present, is located at Bridgetown, south of Middleton.

The character of the deposits at several of these localities is
given below.

Avorport.—A laminated clay, with sandy laminz more numer-
cus in the upper portion, is opened up near Shaw’s brickyard. (Plate
XXIV.)

The average thickness is 9 to 10 feet, but it may reach 25 feet
in places. There is a thin bed of capping sand, but the two are not
always sharply separated, and the sand where differentiable is not
over 2 feet thick. The lower beds in the pit are more plastic, and
the clay rests on a so-called hardpan.

The following tests indicate the character of the clay:—

Clay fine-grained, 96 per cent passing through a 200 mesh sieve.
It worked up with 25.6 per cent water to a very smooth and plastic
mass, whose air shrinkage was 7-2 per cent, and average tensile
strength 145 pounds per square inch.
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The wet-moulded bricklets behaved as follows in burning:—

Cone, Fire Shrinkage. Absorption. Colour.
% ‘ %
010 22 1136 Red.
05 5 643 Red.
03 6 296 Red brown
1 Fused.

The clay gives a good body and colour at cone 010, which it holds
up to 08. A good dry-press bricklet, with 6.48 per cent absorption
was obtained at 03.

This makes a good common brick at 010, and could also be used
for drain tile.

Middleton.—The town lies on a flat sand-plain, which is underlain
by a laminated, at times silty clay, known to be from 5 to 10 feet in
thickness in the brick-yard pit, but said to be over 100 feet thick in
some of the well borings around town. The material is probably
an estuarine clay, deposited in a basin in the stony glacial clay. The
latter is found in the field to the west of the brick-yard, and the same
material is found underlying the stratified brick clay at the yard, at
a depth in places of not more than 6 feet.

The qualities of the brick clay are given below, these determina-
tions being made on a sample cut from the top to the bottom of the
working face.

The addition of 21 per cent of water to the dry clay gave a very
plastic mass, with an air shrinkage of 7 per cent.

At cone 010 the fire shrinkage is 0.3 per cent, absorption 21-36,
and colour red. .

At cone 03 the fire shrinkage is 2 per cent, absorption 13.31 per
cent, and colour the same.

A saleable brick is obtained even at cone 010, although the ab-
sorption is rather high.

This material makes an excellent common brick, while the more
plastic smoother portions are also employed for drain tile. The
latter can also, without washing, be used for making the cheaper
kinds of art pottery and art tiles.



Prare X XI1I,

Prare XX1V.







Prate XXV,

Plant of Buckler Brick Co., Annapolis Royal, Nova Scotia.

Prate XXVI.

Clay pit Buckler Brick Co. Annapolis Royal, Nova Scotia
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Annapolis Royal.—A small area of estuarine clay is being utilized
by the Buckler Brick Company, southeast of the town. (Plate
XXVI1)

The deposit is claimed to have a.depth of 20 feet, and is urder-
lain by gravel or boulder clay, and covered by 1 to 2 feet of sand,
the latter usually sharply separated from the former.

The clay whose properties are given below is less strongly lami-
nated than that at Avonport and Middleton, but appears to be tougher.

The lowest beds in the bank evidently contain an appreciable
quantity of soluble salts, for they whitewash badly if it is used.

The clay deposit does not appear to rise much more than 30 feet
above the shore line of Annapolis bay.

Tests on the Buckler clay gave an air shrinkage of 7.2 per cent.
At cone 010 it had shrunk 1.3 per cent, and absorbed 13.41 per cent.
At cone 03 the fire shrinkage was 5.3 per cent, and absorption 5-85
per cent. It burns to a good red colour and body at 010, but does
not become steel hard until cone 03. The clay is adapted to the
manufacture of common brick, and it is probable that the smoother
and more plastic portions of it could be used for making drain tile,
and common red earthenware.

Yarmouth.—We were informed that a pottery was at one time in
operation at this locality, but were unable to find any trace of it,
and the rumour probably had no foundation. Indeed, aside from
bare rock, the only surface formation is boulder drift.

Mesozoic.

CLAYS IN MUSQUODOBOIT VALLEY AT SHUBENACADIE.

A most remarkable clay, and one of undetermined age, is that found
in the Musquodoboit valley, and at Shubenacadie. The material is
a highly plastic clay, of dark grey, white, or mottled red and white
colour, lying beneath glacial drift, and resting probably on bed-rock.

Secattered lumps of lignite were found in the clay at both locali-
ties, and it is hoped that the age of these can be determined.

It is exceedingly difficult to outline the exact area underlain by
this deposit, owing to the heavy mantle of glacial drift overlying this
region, but the fact that the material is found at several points, ex-
tending over a distance of seven miles, indicates its probable extent,
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unless some of the masses have been pushed along with the drift.
Borings could, of course, only be made at those points where the
drift cover was thin, or absent.
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The following description of the deposit, and the sections obtained
by borings, are mainly by Mr. Keele.

Musguodoboit Valley.—The valley of the Musquodoboit river is
a broad basin-like depression, bordered by rather high even-topped

Fic. 14.—Map of a portion of the valley of the Musquodoboit river.
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ridges with gentle side slopes. The valley is floored with glacial
drift, which overlies unconsolidated sediments of unknown depth,
and is here referred to as the ‘underclay’ The river at present
flows with a meandering course, in a wide trench cut through the
glacial drift, and at some points has sunk its bed below the surface
of the underclay.

The intervale, or flood-plain of the river, averages less than half
a mile in width, and is generally fertile meadow land.

The underclay outcrops at a few points along the banks of the
river at the village of Middle Musquodoboit and for several miles
above, and on Murphy brook, and Paint brook, two small streams
entering from the north.

By reason of its bright colours and high plasticity, the underclay
has attracted the attention of the inhabitants along the valley for
many years. Samples of the clay have been taken out at various
times for the purpose of testing its quality, but no definite result as
to its uses, or concerning the character of the deposit, has been hither-
to available.

A small portion of this deposit was examined in 1900 by Mr. F.
H. Mason, of Halifax, his operations being confined to a part of
Murphy brook at Middle Musquodoboit. The results of his investi-
gation were given in a paper read before the Nova Scotia Mining
Institute, in 1901. He was in search of a highly refractory material
to use in the manufacture of firebrick, and did not test the clay for
any other purpose.

The underclay was laid down previous to the glaciation of the
region and consequently has suffered much from erosion during that
period. The glacial drift—principally a stiff boulder clay—covers
the underclay for the most part with a thick mantle. The matrix of
the boulder clay contains a fairly large proportion of the underclay
thoroughly mixed with ordinary glacial clay, but occasional large
patches of the underclay were floated off and incorporated in the
drift. The underclay is rarely seen, as, owing to its highly plastic
nature, it flows easily, when exposed by river erosion to a vertical
face, thereby eausing the collapse of the overlying drift, which effec-
tually buries it again.

The limited number of borings made revealed the fact that there
is not a mass of pure high grade clay, such as is generally alleged
in the neighbourhood, but that the occurrence is a stratified
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deposit made up of alternating beds of clays, silts, and sands, with
occasional layers of lignite, and some concretionary iron pyrite.

The sections obtained show considerable variation in the sequence
and thickness of the beds, even within short distances, which would
indicate that the deposit is irregular in its horizontal, as well as in
its vertical distribution.

The prevailing colour of the clay is mottled grey and red: this
grades into beds of a solid grey colour, either dark or light shades,
and is generally congidered the most desirable portion of the deposit;
or into beds of a solid red colour, which contain too high a percent-
age of iron, and are, therefore, undesirable. On a short exposure to
weathering all the colours bleach considerably, the dark or lead-
coloured clay becomes light grey, the light grey becomes white, and
the red a salmon colour.

The materials composing the clays are, as a rule, in an exceedingly
finely divided state.

The character of the deposit would indicate that the sediments
composing it were laid down during the occupation of the valley by
a shallow body of still water, possibly an arm of the sea. The clays
may have been transported for long distances, probably from the
granite areas eastward of the headwaters of the present river, which
were then highlands and subject to decomposition and erosion. Dur-
ing periods of flood, sands, silts, and floodwood were washed in from
the surrounding hills and carried out to various distances from the
shores, and deposited as impurities with the transported clays. Most
of the iron oxide distributed through the beds was probably derived
from the ferruginous slates, which form the bed-rock of the ridge
bordering the valley to the north.

Borings were attempted at a number of points in the vieinity of
Elmsvale, but owing to the bouldery character of the glacial over-
burden, and the short time devoted to the investigation, very few of
the boreholes succeeded in reaching the underclay.

The best section in this locality was obtained at Paint brook,
where this stream has worn down to the underclay. Here a con-
siderable body of plastie clay, with only a very slight proportion of
sand, was revealed by the borings. Unfortunately this clay carries
more iron than was found at any other locality, the upper beds hav-
ing a solid bright red colour. This portion of the deposit has been
used to some extent as a paint for barns and outbuildings in the
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valley. The clay here, as well as in all the borings published, is of
unknown depth, the holes going to the depth limited by the apparatus
used, but in most cases they were carried only far enough to prove a
workable deposit. The clay has been exposed for years on the river
bank about half a mile above Paint brook, where the river swings
close against the road. A good deal of clay was taken from this
point, but operations were stopped on account of the sliding of the
overburden, and caving of the roadway. This outerop is now com-
pletely concealed. .

No clay is reported to have been seen in the valley above this

point, and no borings were made above Paint brook by the writer.

On the south bank of the river, about a quarter of a mile above the
bridge, there is a good exposure of the clay, seen best at low water.
The south bank rises rather steeply, and the overburden here is very
thick, being from 20 to 40 feet.

A number of years ago a boring was made for coal at this point,
and a depth of 205 feet was reached, which was said to be all in
clay. Mr. Millen, who assisted at the drill, informed the writer
that at a depth of 65 feet they went through a bed of black clay,
which was about 10 feet thick; and at 138 feet deep a similar bed,
carrying float coal, and 15 or 20 feet thick, was pierced.

BORINGS FOR CLAY NEAR ELMSVALE.

On property of Norman Deal, west bank of Paint brook—

Ft. Ins.
[ 2531 s e et eeas 1 0
Bright red elay......o.coh ciiiiiiiiivenienasiiinaaiensn 8 0
Mottled red and grey clay ... ....iiiiiiiiiiiiieians, 3 0
Groy sand...... . «..i..iiiiiiiieiey cireeieinnaeanas 1 0
Mottled red and grey clay «.ovvieineniirieienininnnnnan 8 0
Coarse dark red sand..... ..... .... ... .... P, 0 6
Mottledred and grey clay......ooveeiiiiiiininiiennnn. 3 6

25 0

On Paint brook—75 feet higher up stream—

Ft. Ins.
Soilland gravel.. ......ciieer sanet tiiiinieennienenaann 3 6
Mottled red and grey clay ... ...ocvevnrienenraneennanna. 4 6
Lightgreyclay. .......coiiiiiine v viiiiines ciinn 2 0
Mottled grey andred clay ........ccivviiniiiiannaeen, 5 0
Dark grey clay ........ccovinannnn . P | 6
Mottled red and greyelay ... .....iiiiiie viiiienen. 1 6

18 0
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On road near Presbyterian church, patch of clay exposed on roadside—

Ft. Ins.
Light grey clay.....ccoe coviiiiiiiiiniennian cenenien 1 0
Coarse brown sand . . 4 0
% ht grey clay.. 0 6
low sandy cla.y 0 6
Mottled red and gre, cla.y 3 o
Red and grey stratified sand with some thin layers of clay 6 0
Mottled red and grey clay 1 0
Light grey sand .....viuviniriiviiiniiiiiininiinnanens 3 0
19 o

In field on intervale, property of D. W. B. Reid, about 500 feet west of church—

Ft. Ins.
Soil and glacial clay with pebbles........................ 11 0
Mottled red and greyelay .......ovveeenn o0 v ciiaantn 5 0

. Loose pebbles from side of borehole jammed the auger and prevented further
boring at this point,

A small quantity of the underclay has been mined and sent
abroad from Murphy brook at Middle Musquodoboit, where the
clay may be seen at two or three places in the brook.

The sections here show a rather good body and quality of clay
on the lower portion of the brook, near Mr. G. T. Reid’s house, the
clay being at least 17 to 20 feet thick, beginning at the surface, and
containing no sandy partings. At a short distance from the edge of
the creek in this vicinity, the overburden becomes heafvy, particularly
on the east side, where there is a gravel terrace about 20 feet high.

Although good beds of clay were found in the upper portion of
the brook, they were of no great thickness; and being interstratified
with sand and silt could scarcely be economically worked, as far as
the area examined is concerned.

A boring made almost at water level on the bank of the river,
about one-eighth of a mile above Murphy brook, and situated on
Mr. Wm. McCurdy’s property, showed at least 23 feet of clay and
silt. This section, taken in conjunction, with that obtained at the
higher elevation on. Murphy brook, would give a thickness of at
least 50 feet of underclay, on the assumption that the beds are flst
lying, which they appear to be.

BORINGS IN CLAY AT MIDDLE MUSQUODOBOIT.

Borehole No. 1—Murphy brook, about 225 feet above G. T. Reid’s house (clay exposed
in bed of brook)—

Ft. Tns.
Grey clay, with some mottled red and grey bods ......... 7 0
[ S S 4 0
Mottled red and greyclay ...l ciiiiiiiiiie 1 0

2 0
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Borell)'xole No. 2—Murphy brook, about 400 feet above No. 1 (clay exposed at edge of

rook)}—
Ft. Ins.
Mottled red and grey cla({ .............. 20 0
Dark grey clay, sand and lignite .. ... 1 6
Dark grey clay ............ et e iieieaeeiaaes ver 2 0
Mottled red and grey elay .........cconiuiniiiiiiianns 1 6
25 0
BoteholezNo. 8—Murphy brook, on west bank, 30 feet from brook, about 250 feet above
0, 2—
Ft. Ins.
1S ) N 1 0
Mottled red and grey clay. 1 o
Glacial clay.. 5 0
Dark grey clay 1 o
Red and grey mottled clay..... ... 1 0
Light grey clay............. .2 0
Red and grey mottled clay. ........oooev vevnieenn .1 0
Grey sandy Clay. ... .cciuireit ittt aiaiaaraeaan 1 0
Redsand.......ococh it ittt it iniaea i 1 0
‘White sand—water.......... eere reeeiiarareaaaeas 2 0
16 0
Borehole No. 4 —Murphy brook, about 250 feet above No. 3 (clay exposed on bank)—
¥t. Ins.
Lightgrey clay.....ocoviiiiniiinriiiiiiiieniieneannens 3 0
Mottled red and grey clay....... e 2 0
" ] Bilty cla.y ....... Cheeransaetiansenn 4 0
Yellow, white, and grey stratified sands......cc..c....... 9 0
18 0

Borehole No. 5—0On Williamn: MéOurdy’s property (clay exposed at edge of Musquo-
doboit river)—

Ft. Ins
Mottled whiteand red elay ....o.ooovvves covi il 1 0
Grey Clay ouov ittt e e .03 0
Mottled red and grey clay ... .......... ..ol 8 0
Red and grey silty clay. ... ... . ........ e .. 3 0
Grey Clay ovvrn oottt iiasiaeiianane ciseeiaens 4 0
Brown and grey silty clay..............cooioil Cerenies 3 0
Grey and mottled clay......covvevieineeenniinnnnn o ol 1 0
23 0

Borehole No. 6—0n William Sedgewick’s property at edge of terrace, 20 feet above
river level—

Ft. Ins.
Redelay.....coov oiiiiis iiiiiiiaiiiiny ceiieiiaennan 2 0
Light grey clay and silt. . 2 0
Brownish clay........ 2 0
" silt ... 1 0
Red sandy clay . 0 6
Reddish sand..... 0 6
Light brown silt............. .. 1 0
Dark grey sand with lignite......... ............ .. 0 6
L] cla.y ...................................... 4 6
" sand with lignite................ ... oLl 1 0
Whiteclay. ....ooviiiiiiiir tint tiiiiiiiiiieaiinans 2 0
Reddish sand................ b e teieneinienee baeees 1 0
Mottled red and grey elay ...oooeevveniiinnnrs ceiennen 1 G
Whitesand ......oevet ciiiiiiiiiiiiiiies cieiiieiees [} 6
Mottled red and grey silty clay 2 .0
22 0



80 GEOLOGICAL SURVEY, CANADA

Some of the borings made by Mr. Mason, on Murphy brook,
resulted as follows: The first borehole showed 4-6” of white clay,
then 2 feet of micaceous sand, in which occurred fair sized pieces
of iron pyrites, then 11’-6” of mottled clay. The next hole, some
600 feet higher up stream, gave 6 feet of white clay, followed by 12
feet of mottled clay. Another hole, 100 feet away from the last, gave
1 foot white, 7 feet mottled, then 17 feet of white, and another hole
gave 7 feet of surface alluvium, and 22 feet of white clay. Several
other boreholes were put down and some shafts sunk, but the details
were not given.. He states that there is undoubtedly a large body of
clay at this point, but the general results are disappointing, as the
clay contains too much iron to be of any use as a fireclay. Mr.
Mason had some of the clay made up into bricks, containing 25 per
cent of silica sand. These were subjected to the heat of the blast
furnace, with the result that they were cut up in 24 hours.

The deposit i1s unquestionably an extensive one, probably covering
several square miles in superficial area. A complete vertical section
would be extremely interesting, from a scientific point of view at any
rate, but it is unlikely that clay prospectors will bore so deeply.

In prospecting for workable deposits of this clay it is advisable
to make several borings in order to locate the best material and the
amount of covering upon it. The surface of the ground forms no
clue to the depth at which the underclay will be found, as the upper
surface of the underclay is undulating, owing to uneven glacial
seouring, and at some places comes quite close to the surface, while
at other places it may be too deeply buried to be economieally worked.

Owing to the shifting character of the sediments the individual
beds are often of very slight lateral extent, so that a good bed of
clay suitable for some of the better grades of pottery ware may be
found to pinch out, or become too sandy, or carry too much iron
within narrow limits.

The plasticity of the clay is generally good, even the silty beds
possess fair plasticity, and as the shrinkage of the latter is less than
in the purer beds, they may be manufactured into the higher grades
of structural material, such as pressed brick and floor tiles.

Along the strip of intervale, and generally close to the river, are
some large patches of very stiff and very adhesive clay of light grey
or bluish colour. The searcher for clay is likely to be referred to
these localities by the inhabitants, but they are of no importance,
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being usually about a foot in thickness, and representing sediment
deposited in time of flood.

The only means of transportation in the region is by wagon. The
road followed in going to market from Middle Musquodoboit leads
to Shubenacadie on the Intercolonial railway, a distance of about
eighteen miles. This road traverses an undulating, well wooded, but
otherwise rather barren country, and is poorly maintained.

The physical tests of the clay, and chemical composition, are
given below.

The red and grey mottled clay is from outerop on Murphy brook,
at borehole No. 2.

This is a very fine-grained clay, as 91.6 per cent passed through
a 200 mesh sieve. It W()rkedi up with 30.8 per cent water to a very
smooth plastic mass, the air shrinkage of which was 6.5 per cent,
and average tensile strength 68 pounds per square inch. The clay
showed a tendency to warp in air drying.

WET-MOULDED BRICKLETS,

Cone. Fire Shrinkage. Absorption. Colour,
% %
010 0-1 21°68 Salmon pink,
05 2'6 18°29 - Light salmon pink
03 6 12-96 " "
1 6°3 7°00 Pink.
3 63 5 41 Pink.
5 7°3 3-66 Red.
9 9 029 Red brown.

The bricklets had a good body at 05, and were steel hard at 03.
They preserved their form at 9, but the shrinkage was rather high.

The clay gave a good dry press body at cone 03.

Another sample represents the light grey clay from the opening
farthest up Murphy brook.

This was also very smooth and plastic, and 99 per cent of it
passed through a 200 mesh sieve.

The clay had an air shrinkage of 6-8 per cent, and an average
tensile strength of 81 pounds per square inch.

8907—6
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It behaved as followsin burning:—

WET-MOULDED BRICKLETS.

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 04 19-3 ‘White.
05 23 16°71 "
03 60 15'92 "
1 60 7°41 "
3 70 771 Cream.
) 78 4-89 "
9 80 4°34 "

The bricklets were somewhat soft at cone 010, and fairly hard at
05, but did not become steel hard until cone 1, at which cone the
body is very_dense, like that of a stoneware clay. The colour did
not deepen until cone 9. The clay fuses at cone 27. It may, there-
fore, be classed as a No. 2 fireclay, and could be used in the manufac-
ture of stoneware, face brick, or terra-cotta. It burns rather dense
for a firebrick, and if used for making these, some grog would have
to be added.

The following chemical analysis of this clay was made by M. F.
Connor, of the Laboratory of the Mines Branch:—
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ANALYSIS OF CLAYS FROM MURPHY BROOK.!

Analyses of the borings were made by cutting V shaped pieces
out of each section of the core, giving the following results :—

Average sainple
Average sample Floated Floated
white clay from nflgfeilsc}zy mottled

18 ft. bore-hole. bore-hole. clay. white clay.

Silica. ...i.ciiiiaen. 53°20 63-91 52°90 5300
Aluming..... ........ 30°25 1860 29°00 32°10
172 575 3:20 170
nil trace * nil
trace trace * trac
1-33 * * 0-97
Loss on ignition...... 1200 10:30 12°10 12-20
Titanic oxide........ . 1-47 * ¥ *

*Not determined.

Shubenacadie—A light grey coloured plastic clay is exposed be-
side the Intercolonial Railway tracks, about three-quarters of a mile
south of Shubenacadie station.

Small gquantities of this clay were mined several years ago and
shipped to the Enfield pottery, where a coarse stoneware was manu-
fiactured from it.

Lately, an effort was made to place the clay again on the market,
and a shaft was sunk by Mr. E. Thompson on his property adjoining
the railway track, and mnot far from the original exposure. This
shaft is about 30 feet deep, and penetrates marine and boulder clay
for 20 feet, and grey clay for a depth of 10 feet. About 7 feet of
clay is exposed in the face of three short drifts leading from the
shaft. A boring made by the auger in the bottom of this shaft
showed an additional depth of 16 feet of grey clay of a rather silty
character. Further boring in the shaft was stopped by the auger
striking a stone which could not be penetrated, but whether a boulder
or bed-rock is unknown,

A number of borings were made at various points around the
village of Shubenacadie. The most of these borings did not reach
the grey clay on account of the bouldery nature of the overburden.
From the evidence obtained, and the information given by well
borers, it appears quite probable that the greater part of the ground
occupied by the village of Shubenacadie is underlain by this clay.

1 Analysis by Mr. F. H. Mason.
8907—631
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The grey clay was deposited previous to the glaciation of the region,
and has suffered much from ice erosion, so that its upper surface is
very uneven; consequently the depths at which it may be struck
below the ground will be very irregular, even where the present sur-

2

M ingral
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Shvbenocadife
Chirem,
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Fr16. 15.—Map of Shubenacadie, showing location
of shaft in fireclay.

face is fairly level. For example, while the clay lies at a depth of
20 feet below the ground in the shaft, at a point about 350 feet north
of this, in Ettars field, the clay comes almost to the surface. At 150
feet farther north the boring did not reveal the clay at 10 feet deep.

The boring in Ettars field revealed the following section:—

BORING IN J. A. ETTAR’S FIELD.

Ft. Ins.
1 R vree 006
Grey clay with silt and sand layers.............. ... .ol .. 4 6
Grey clay.. . .. o iiiiiiiis e ciiee e 30
Black clay with lignite... ........ .. il . 06
GTOY Clay..eeureeraeeivranns cererrene tens tavereseeranes 5 0
Band. ... i i it et e e 0 6
Black clay with lignite............. . ..ot 30
Greysandy clay......ccoiiiiiiiiiiiiieiiiiiiiei e aens 20

Compact grey sand ( not penetrated).........oveiieinecnenn.s -~

—
©
(=3

I



Prate XXVII.

Prescott’s Pottery, between Elmsdale and Enfield, Nova Scotia.

Prate XXVIII.

General view of Miller’s brickyard, Elmsdale, Nova Scotia.

8907—p. 84
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BORING NEAR' KILPATRICK SIDING.

S | R U R
Grey sandy clay with lignite. e
Black clay with lignite and sandy partings............... .
Coarse grey sand (not penetrated). .....coovevieniiies cvnenaens 4 0
14 0
BORING ON MR. DEWIS’ PROPERTY.
Ft. Ins.
Drift ( principally glacial clay containing pebbles)..... ........ 9 6
Light grey Clay.... oiivieneierneies civennenancostasncasanss 5 0
Sandy clay....ocoiiiiir ciiii iy ceiee it iiiea e 16
Compact sand (not penetrated).... ......covciieavns conne - -
16 0
BORING ON PROPERTY OF MR. M. ANTHONY.
Ft. Ins.
Drift ( principally pebbly glacial €lay)icereeevveeieeerirnnnennns 10 0
Light grey clay (not penetrated, owing to pebbles in overlying
dnift which jammed the auger)..........cccveeennniinnn. 10

A partial test of the dark clay from the shaft at Shubenacadie,
shows it to be a very smooth, plastic clay, that works up with 24 per
cent water. Its air shrinkage is 7 per cent. It burns white up to
cone 1, and its fire shrinkage at cone 010 and 1 is 0 and 5.4 per cent,
while the absorption at these two cones is 20-19 and 10-17 per cent
respectively. It is steel hard at cone 1.

A small sample of light clay from the shaft was also tested, with
the following results,

Like the preceding, this is a very smooth and plastic clay, the air
shrinkage of which is 5.8 per cent. In burning it behaved as fol-
lows :—

WET-MOULDED BRICKLETS.

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 -0'6 14-23 White.
05 06 13-46 w
03 2 11-60 "
1 2 10°74 "
3 2 10°64 "o
1) 2 1004 Cream white.
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The clay is nearly steel hard at cone 03. It does not burn dense
enough for stoneware, but tests made on a larger sample show that
it is sufficiently refractory for firebrick, and eould be used for pressed
brick, and terra-cotta.

The shaft shows at least 7 feet of clay, mostly of light colour,
with layers and wedges of the dark clay.

Near the floor of the drifts the clay is sandy, and contains pyrite
concretions which have formed around the sand.

The Intercolonial Coal Company had a number of borings made
in the lot in which the shaft is sunk. Most of these were bored
under rising ground, where the drift overburden increases, so that
only red gravelly clay was encountered. No borings were made on
the north side of the ridge. A laminated clay, evidently of estuarine
origin, overlies the glacial material in the holes indicated.

FIRECLAY FROM SHUBENACADIE.

The tests were made on a sample taken from a carload lot dug
out of the shaft near Shubenacadie.

The clay, of which 74 per cent passed through a 200 mesh sieve,
worked up with 22 per cent of water to a very plastic mass, the air
shrinkage of which was 6.3 per cent. The average tensile strength
was 110 pounds per square inch.

In burning it behaved as follows:—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 00 14'9 ‘White.
05 06 13°9 n
03 16 12°05 ",
1 20 995 Cream.
3 30 91 Buff.
b 30 90 "
9 40 4-41 Spotted buff.
30 Fused.

The clay is not very hard at cone 010, but gives a good body at
cone 03. The fire shrinkage is low, and it is somewhat dense-burning.
It could be used for firebrick, provided some grog was added. The
material could, I believe, also be employed in the manufacture of
pressed brick, terra-cotta, and stove linings.
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Analysis of clay from shaft at Shubenacadie, by M. F. Counnor, of
the Laboratory of the Mines Branch:—
1S T

Alumina
Ferric oxide ... .

...................................................

...............................................

AGE OF THE SHUBENACADIE FIRECLAYS.

It required only a hasty examination to convince us that the fire-
clay found near Shubenacadie, and in the Musquodoboit valley, was
quite different from any other found in Nova Scotia. It is evidently
of pre-glacial age, because it underlies the drift. Its lithological
character is so unique as to reasonably preclude its belonging to any
of the geological formations of pre-Pleistocene age hitherto recog-
nized in the Provinee. It bears a striking similarity to the lower
Cretaceous clays found in New Jersey, and like them contains lig-
nite. No other organic remains were found in the clay, and for the
present the determination of its age must rest on the identification
of the wood of the lignite, if this is possible. For these reasons the
clay is tentatively classed as Mesozoic.
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CHAPTER III.

NEW BRUNSWICK.

Lower Carboniferous.

As most of the field season was spent in Nova Scotia, little time
remained for investigation in New Brunswick. Several areas were,
however, visited, and some, preliminary notes regarding them are here
presented, the localities being grouped according to the geological age
of the clay or shale formations which they contain.

The field data were collected mainly by Mr. Keele.

LEGEND
7= == [ & .
Ml tone Lower . Fre-. Cypsens
Grot Corboniferovs Combrion Ovaorrres
PCMLE o8 MILED,
e I L A A &

F16. 16.—Map of Albert mines and vieinity, N.B. -
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Weldon Creek, near Albert Mines.—This shale is of very sandy
character, and not highly plastic. It worked up with 19.8 per cent
of water, and had an air shrinkage of 5.6 per cent. The average
tensile strength was 74 pounds per square inch.

At cone 010 the fire shrinka_ge was 1 per cent, absorption 13.14
per cent, colour red.

At cone 05 the fire shrinkage was 1-3 per cent, absorption 11.22
per cent, colour dark red.

At cone 03 the fire shrinkage remained the same, with little differ-
ence in the absorption and colour.

The shale makes a good common brick.

Shale from Frederick Brook.—This material is a somewhat hard
shale when fresh, but weathers down to a fairly soft mass. The
sample worked up with 21.2 per cent of water to a somewhat gritty,
though plastic mass, of which the air shrinkage was 6.2 per cent,
and average tensile strength 137 pounds per square inch.

In burning it behaved as follows :—

WET-MOULDED BRICKLETS.

Cone. Fire Shrinkage. Absorption. Colour.
% %
10 03 13-00 Red.
05 06 1455 "
03 1 13:37 "
53 732 w brown.
3 Fused.

The shale burned to a good colour, had a fair ring at 010, and
became stieel hard at cone 03. It would make either comuon o:
pressed brick, but must be fired slowly, on account of the carbon it
contains,

Chipman, Queens County.—About one mile east of Chipman a
weathered shale is found in the cut of the Grand Trunk Pacific rail-
way. The deposit, as exposed, shows a thickness of not less than 5
feet, and in the cut is capped by 8 to 14 feet of sandstone, but the
same shale, covered by a thin soil layer, is found near the station.
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The material was not tested in any great detail, as it appeared
adapted for little else than common brick manufacture.

It was fairly plastic, but somewhat gritty, and had an air shrink-
age of 5-2 per cent. At cone 010 it burned to a dark buff body, with
under 1 per cent fire shrinkage, and 12-52 per cent absorption.

At cone 03 its colour was red, fire shrinkage 5.7 per cent, and
absorption 4-.14 per cent. It could be used for common brick making,
and possibly dry-press brick.

Red shales, of plastic character, are found about 1% miles west of
Chipman, in the railway cut. They are very similar to red shales of
the same age found near Albert Mines, Albert county, N.B.

Dorchester.—The only favourable shale exposures in this region
were at a point about four miles from the town. This about 13 miles
out the road to the right of the court house, and in a shallow valley
to the right of the road, near some sandstone quarries. The shales
are similar to those found at Pugwash, but less weathered. They are
also of lower Carboniferous age. The outcrops are small, but there
may be an abundance of the material. Two samples represent, in
part, their characters. One is from the west side of the brook, and
the other is from the east side. The two samples were submitted to
a few tests, and show a curious similarity. Both samples are quite
gritty, but still work up to a fairly plastic mass. Tests of these are
given in the table, Appendix I.

Coal Measures.

Grand Lake district.—The most important Carboniferous eclays
and shales are those found in the Grand Lake coal mining district,
twenty-five miles east of Fredericton. The coal mines are located
on the northern side of Grand lake, the localities at which coal is
mined for shipping being on the Castle river and Salmon bay. The
Grand Trunk Pacific railway traverses the area, the prinecipal station
in this district being at Chipman, on the Salmon river.

The coal seams where mined are found at depths varying from
a few feet to 60 feet below the surface, the shallower seams being
mined by open pits, and the deeper lying ones by drifts or shafts.

The main coal seam, which is about 30 inches thick, is overlain
by 8 to 10 feet of hard grey shale, and underlain by 4 or 5 feet of
rather soft clayey shale. The beds are mearly horizontal. Much
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of the top shale is removed in mining, while the shale floor is gene-
rally left.

The descriptions of the samples collected from the Coal Measures
in the Grand Lake district follow.

Salmon Bay, N.B.—This material is & shale underlying the coal
in the mines of the Canadian Coal Corporation, at Salmon bay. It
is quite gritty, not very plastic, and required only 15 per cent water
to work it up. The air shrinkage was 4.8 per cent, and the average
tensile strength less than 25 pounds per square inch.

In burning it behaved as follows:—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 00 10-20 Buff.
05 26 4:60 Red.
03 23 263 "
1 23 075 Brown.

The clay has a good ring even at cone 010, and burns steel hard
at cone 05. It is probably only of value for brick manufacture, but
unless used to-make dry-press face brick would hardly be worth
extracting.

The shale over the coal at the Canadian Coal Corporation’s
mine is also very gritty, but much more plastic than the under clay.
It worked up with 16 per cent of water to a mass whose air shrinkage
was 4.7 per cent; the average tensile strength was 62.5 pounds per
square inch.

In burning it behaved as follows:—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 0 1260 Dark buff.
05 2 9:19 Light red.
03 2'3 7:78 Red.
1 33 39 Brown.
3 36 24 Red brown.
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The shale does not burn to a very bright red colour in the gas
kiln, but makes a steel hard body at cone 03. It also made a good
dry-press bricklet at the same cone.

Flower Cove, N.B.—One sample represents the weathered outcrop
of an under clay collected by Mr. F. W. Sypher.

It is soft, and works up with 26-4 per cent of water to a very
smooth, plastic mass, whose air shrinkage was 8.6 per cent. The
average tensile strength was 201 pounds per square inch. About 50
per cent of the clay passed through a 200 mesh sieve.

The fire tests yielded the following results:—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 03 15°91 Cream.
05 13 14°60 Pink.
03 16 12:69 Cream pink.
1 b 887 "
5 77 026 Grey. .

The clay burned steel hard at cone 1, and gave a nice cream
colour, even when moulded dry-press.

The unweathered part of the deposit was somewhat hard, but,
when crushed, worked up with 21 per cent of water to a very plastie
but somewhat gritty. mass whose air shrinkage was 8.2 per cent.
The average tensile strength was 252 pounds per square inch.

The following results were obtained in burning the sampls.—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 03 1237 Whitish.
05 1'6 11-97 Cream.
03 2 11-06 "
1 2'6 8:09 "
5 4'33 500 Speckled buff,

A dry-press brick burned at 03 was buff coloured, with 14.41 per
cent absorption. The shale bricklets were nearly steel hard at cone
05, and thoroughly so at 03. A brick with a good ring was, how-
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ever, obtained at cone 010." The clay burns to a fine-looking body,
and should be of use for making buff face brick. It could also be
employed in a terra-cotta body, and probably for making boiler set-
ting brick.

The Barnes coal mine is situated near Minto, the present ter-
minus of the New Brunswick Central railway. Great quantities of
shale suitable for brick making are taken out with the coal. These
shales, especially that which overlies the coal, are hard when first
taken from the mine, but on being exposed to the weather on the
waste dumps they slack down into a plastic mass.

Small samples of these shales were taken and submitted to a few
physical tests, the results being as follows:—

The shale overlying the coal seam, when ground and passed
through a 20 mesh sieve, formed a gritty but somewhat plastic mass,
with an air shrinkage of 4.6 per cent.

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 00 11°00 Light red.
03 40 529 Red.
1 47 1'30 Dark red.
3 4'6 2°30 Chocolate.
5 Viscous.

The shale underlying the coal mixed with 24.2 per cent of water
was quite plastic, but somewhat gritty. The air shrinkage was 6.6
per cent.

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 0°15 1327 Pink.
03 4'00 7°38 Red.
1 5°00 0°76 Dark red.
3 6:00 050 Red brown.
5 Viscous.

Gives good common brick at the lower cones, or good dry-press
at cone 1.
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Minto, N.B—The shale overlying the coal at the Evans mine
works up to a mass of rather low plasticity, whose air shrinkage is
3.5 per cent. In burning, the wet-moulded bricklets behaved as
follows :—

Cone. Fire Shrinkage. Absorption. Colour.
% %
010 00 11'5 Pale red.
05 43 37 Red.
1 43 1-4 Red brown.
3 43 14 Red brown.

The body is steel hard at 05.

The under shale from the same mine gave better results, burning
to a handsome buff with fused specks of iron oxide, and should be
well adapted for the manufacture of pressed brick. The details of
the tests are as follows: plasticity fair; average air shrinkage 3.8
per cent.

Cone. Fire Shrinkage, Absorption. Colour.

%

15 Buff,
136 "
10°7 "
10°0 [0
80 "
10-00 n
9°40 "
7°14 "

010
05

DREREESS o
gupoe ow 3

b D SO L0

The fused iron specks began to show at cene 1.

Harcourt, N.B.—About two miles southwest of Harcourt a red
shale of Carboniferous age outcrops along the Salmon river, and an
attempt was made to utilize it for brick manufacture.

This is one of the smoothest shales which we saw in the Maritime
Provinces. It has about 14 feet overburden, and Mr. Van Buskirk,
the owner, attempted to work it by underground methods. A small
kiln of bricks was built, but they were not burned sufficiently hard.
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Beersville, N.B.—Beersville lies about ten miles southeast of Har-
court, a station on the Intercolonial railway, and is connected with
the main road by a switch. It lies in the Coal Measures area, and
the beds outcrop on the slopes of a crescentic hill, formed by a bend
in the river.

The coal bed, which is about 16 inches thick, is roofed by a very
smooth shale, with some plant remains, and not over 4 to 5 feet thick,
as sandstone outcrops that distance above the coal seam. TUnder-
lying the coal is a soft, dark bluish-grey shale, which is called
fireclay. These two are found in all the drifts which are run in on
the seam.

The coal is worked by the Imperial Coal Company.

The over clay, which is the harder of the two, is not highly
rlastic, and works up with 16.5 per cent of water to a mass whose
air shrinkage was 4.5 per cent, and average tensile strength when
dried 87 pounds per square inch.

t cone 010 its fire shrinkage and absorption were respectively
0 per cent and 10-23 per cent. '

At cone 03 they were respectively 6 per cent and 1.6 per cent.

The shale burned to a hard body with a fair ring at cone 010,
but was barely hard enough; it became steel hard at cone 05, and at
cone 1 was a little beyond vitrification. When moulded dry-press
it gave a hard body at cone 03. The clay needs to be slowly burned
on account of its carbonaceous character, but could be used for
pressed brick. It would, however, have to-be worked in econjunction
with the coal. -

The under clay, when freshly taken from the mine, is not highly
plastic, but weathering would no doubt improve its quality in this
respect. In the laboratory it worked up with 20.2 per cent of water
to a mass whose air shrinkage was 7 per cent, and average tensile
strength 103 pounds per square inch. It gave a fair brick at cone
010, with a fire shrinkage of —2.3 per cent, and absorption of 13.64
per cent, but not very good colour.

At cone 05, the fire shrinkage was 2 per cent, absorption 8.67 per
cent, bricklet steel hard, and colour red. It was vitrified at cone 1,
and a good dry-pressed brick obtained at cone 03. The shale has to
be fired slowly on account of its carbon contents. The material is
not a fireclay.
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Permian.

Red shales interbedded with sandstones of Permian age underlie
the region in the vicinity of Sackville. These rocks have a dip of
about 20 degrees from the horizontal. The shales weather easily
into plastic clay, and their outerops are marked by depressions be-
tween sandstone ridges. The shales could be mined along the out-
crops for brickmaking. A small sample of the shale was collected,
which showed the following physical properties:—

Quite smooth and plastic when mixed with 22 per cent of water.
Air shrinkage 6 per cent, which is probably higher than it would be
in actual practice. At cone 010 there was practically no fire shrink-
age, and an absorption of 14.7 per cent. The colour of the brick
was salmon pink. At cone 03 the brick was steel hard, and of a
dark red colour. The fire shrinkage was 7 per cent, and the absorp-
tion 1.98 per cent.

Pleistocene.

Pleistocene clays, evidently of estuarine character, and bearing a
strong structural and physical resemblance to the Nova Scotia clays,
are found in the Annapolis and Shubenacadie valleys.

These clays are worked at several localities, including St. John
and Fredericton, and make an excellent grade of common brick.
Some portions of the deposits are sufficiently smooth and plastic to
make drain tile, and common red eathenware.

Fredericton, N.B.—There is a good exposure here of estuarine
clay, about 1 mile north of Fredericton. The clay is clearly lam-
inated, (Plate XXXII), yellowish above and bluish below. The
total thickness ranges from 18 to 27 feet, and the clay is bottomed
by a stony sand. It is evident that both the top and bottom of the
clay are uneven. Thus, to the south the clay thins out up the slope,
while if followed towards the St. John river, it dips under the flood-
plain sand deposit, whose thickness, where it is known to overlie
clay, is from 6 to 14 feet.

The blue bottom clay outerops in the river bank at low water.
The deposit is evidently extensive, for blue clay is said to underlie
the whole of the city of Fredericton. The clay is classed as a good
grade of common brick clay, and has the following characters which
are characteristic of the New Brunswick estuarine clays:—



Prate XXX,

General view of brick works at Louisville, near Moncton, New Brunswick.

Prate XXXI.

Kilns at Ryan’s brickyard, Fredericton, New Brunswick.
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The material is very plastic and works up with 83.4 per cent of
water to a mass whose air shrinkage is 7.8 per cent, and average
tensile strength 109 pounds per square inch. In practice the air
shrinkage is somewhat less, The material is quite free from sand, as
94 per cent of it passes a 200 mesh sieve. In burning it behaved as
follows :—

Cone. Fire Shrinkage. Absorption. Colour,
% %
010 0 2208 Red.
05 36 1-69 Dark red.
03 10°3 0 Chocolate.
1 Fused.

A dry-press bricklet at 03 had 0-91 per cent absorption.

The clay burns to a fair colour and a fair degree of hardness at
010, and is very hard and of deep red calour at cone 05, but at this
temperature its shrinkage is too high. It would, however, probably
make a good dry-press brick at 'this last cone.

St. John, N.B.—Several brick yards are in operation around this
city, the product being largely consumed locally.

The clays at all the yards are somewhat similar, being evidently
remnants of estuarine deposits laid down over this region, at no great
elevation above sea-level.

At Lee’s yard the material is a tough reddish-brown clay of varia-
ble depth; and while the pit does not exceed 5 feet in depth, they
have gone down 80 feet in the clay, and found that the lower beds
are blue. The lower surface of the deposit must be very uneven,
as the underlying glacial drift comes close to the surface in several
places. The clay is very tough, with some sandy streaks, but not
as strongly laminated as that at Fredericton, N.B.

Moncton.—The brickworks are located at Louisville, (Plate XXX),
two miles from Monecton. The material used is a glacial clay, situated
almost at tide level, and underlain by till. The maximum depth of
the clay is 7 feet. Some clay has also been dug from an embank-
ment adjoining the yard.

89077
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CHAPTER 1V.

The Clay-Working Industry.
NOVA SCOTIA.

Up to the present time the clay deposits of Nova Scotia have
been little developed. (ommon brick are made at Annapolis, Middle-
ton, and Avonport, in the Annapolis Valley region, and at Shubena-
cadie, and Elmsdale, in the Shubenacadie valley. Other brick plants
have been established, and are in operation at Pugwash, New Glas-
gow, Sylvester, Eden Siding, and Mira river.

In most cases these are operated to supply a somewhat local de-
mand, although the Pugwash and Annapolis bricks are often shipped
some distance.

Common earthenware is made from the smoother phases of the
estuarine clays, south of Elmsdale, in the Shubenacadie valley.
Sewer pipe, flue linings, and drain tile are made from the shales at
New Glasgow, and some drain tile are produced at Middleton, Avon-
port, Annapolis, and Shubenacadie. Most of the common brickyards
turn out a few hand re-pressed brick. A hard brick, known in the
trade as firebrick, is produced from the Carboniferous shales at
Westville, in the Pictou field.

There is room for development in the Nova Scotia industry, but
the product resulting from it will have to be marketed mainly out-
side the Province. For this reason, new plants should be favourably
located for the shipment of their product.

There are few pressed brick works between Ontario and Nova
Scotia, and this territory should afford a good field.

The estuarine clays of the Shubenacadie and Annapolis valleys
could be used for making red pressed brick, while the fireclay at
Shubenacadie is available for buff pressed brick.

Much of the smoother clay found in the Annapolis Valley could
‘be employed for stoneware manufacture, and the same is true of the
clay overlying the 13 foot seam at Inverness.

Much of the smoother clay found in the Annapolis valley could
be used for making cheap art pottery, and terra cotta tiles. The
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making of this class of ware would involve the investment of little
capital, and the output should find a ready market at the numerous
much frequented summer resorts of this beautiful Province.

Large numbers of firebrick are consumed annually by the steel
works at Sydney, but these are obtained mainly from Scotland, and
the United States. The brick made at Westville have, however, given
satisfaction when used as a lining for the ladles, into which the
molten steel is poured from the reverberatory furnaces.

It is hoped that some attempt will be made to develop the fire-
clay at Shubenacadie for firebrick manufacture, and that later,
when a railway is built up the Musquodoboit valley, the fireclay on
Murphy brook, near Middle Musquodoboit, will also be mined for
this purpose. The following details may serve to give a better idea
of the clay-working industry in Nova Scotia.

Annapolis Royal—The Buckler Brick Company, located at this
town, is engaged in the manufacture of common brick and drain
tile.

For making brick, clay enough for moulding 20,000 brick is mixed
with four loads of sand, and the whole dumped into the pugmill of
the stiff mud machine. The bricks are side cut and show but little
lamination. Drying is done on pallet racks, and burning in Dutch
kilns. The product is of a good red colour.

Mr. Buckler’s father started a small yard on Sawmill ereek about
1850, but this is no longer in operation. The present yard was es-

- tablished about 1885, using a double-header plunger machine, made
by Norsworthy, of St. Thomas, Ontario. The product now made
consists mainly of common brick, which are shipped to different ports
on the Nova Scotia coast.

Tests of the brick are given in the following chapter.

Middleton.—A brick-yard, operated by the Middleton Brick Com-
pany, is located along the tracks of the Dominion and Atlantic rail-
way on the western edge of the town. The clay is too plastic to be
used alone for brick, and sand found underlying the clay is added
to reduce the shrinkage.

The clay is tempered in a pugmill and moulded in a stiff mud
machine. The bricks are dried on pallets, and burned in scove kilns.
In burning, the clay shrinks 10 to 12 inches, in about 32 courses.

8907—7%
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This is 2 inches more than the kilns settle at Avonport, and 6 to 5
inches more than at Bridgeton.

Some drain tile are also manufactured.

The clay -burns to a good red colour, and gives a hard, saleable
product. Tests of the brick are given in the following chapter.

Avonport.—There are two brick firms in operation at this point,
viz., Robert Shaw, and Jacob Walton. Both yards use the estuarine
clay. At the Shaw yard both common brick and drain tile are manu-
factured, the upper part of the bank being used for the former, and
the lower part for the latter, but even the brick clay requires the
addition of sand. The commeon brick are moulded on a steampower
soft mud machine, or, if they are to be re-pressed, in a horse-power
machine. The yard is also equipped with a stiff mud machine, and
formerly some end-cut brick were made on it, but it is now used only
for drain tile. Drying is done on pallet racks, and the brick are
burned in scove kilns, set 87 courses high, settling 9 to 10 inches in
burning. The tile are fired in a circular downdraft kiln.

The clay burns to a good red colour, but even if a little hard-
burned tends to develop a greyish brown tinge.

At Walton’s yard, which adjoins Shaw’s, the method of manu-
facture is similar, as is also the clay.

These two yards are not the first started in this vicinity, for
Elijah Eldekin established one at Wolfville between 1840 and 1850.
Later an Englishman made a few bricks at Falmouth. Mr. R. Shaw
commenced operations in 1862 at Hantsport, and worked 11 years,.
until his clay gave out. He then moved to Avonport, where his
present yard is located.

A man named Albert Read had, however, before this begun to
make bricks in 1867 on the site of Walton’s present yard, but failed,
and Walton is really his successor.

Shubenacadie—James Miller and Sons: the works of this Com-
pany are located on the Intercolonial railway, about two miles north
of Shubenacadie.

The clay deposit, which adjoins the yard, is worked by means of
a cutter and scraper, and owing to the toughness and shrinkage of
the clay about 10 per cent of sand is added, before it is moulded.

The machinery used consists of rolls, pugmill, and side-cut auger
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machine. The bricks are dried mostly in an open yard, although
pallet racks are sometimes used.

Burning is done in scove kilns, set 32 courses high, and giving
10 inches settle. The clay seems capable of burning to a good red
colour, but the harder bricks show a distinet greyish tint. A few are
re-pressed in a handpower machine to supply occasional demand.

The sand used in moulding is not screened, and the bricks, there-
fore, contain numerous pebbles, which cause breakage of the wires,
and also cracks in the brick in drying and burning.

The re-pressing is done only on the soft mud brick.

Samples for testing were taken of the well burned bricks, and
also of some that were only moderately burned. The results of these
tests will be found in the next chapter.

Elmsdale.—The Elmsdale Brick and Tile Company, Limited, is
located on the Intercolonial railway, about 13 miles north of the
town.

The clay deposit is a shallow excavation adjoining the yard, and
the clay is removed with plows and scrapers, It requires to be
mixed with sand before moulding.

The bricks are moulded on a side cut, stiff mud machine, and
burned in Dutch kilns. .

Steam heated tunnels are employed for drying.

Some drain tile, fireproofing, and conduits are also made, the
latter being salt-glazed.

Burning of the hollow ware is done in a circular downdraft kiln.

This yard was started by Lantz and Thompson, about 1900, the
product being dry-pressed brick.

A second yard, belonging to the same Company, (Miller and Sons),
is located about an eighth of a mile farther up the track. The clay
is similar but the methods more primitive, and only commeon brick
are turned out. There is a line of soak pits, in front of which a
track is laid. The horse-power soft mud machines are placed on
this, and moved along from one soak pit to another. Drying is done
in open yards.

Spares Bros—This yard is located about one mile up the track
from the preceding. The clay and method of manufacture are
similar.
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Pugwash.—The only plant located at this locality is that of the
Maritime Clay Works. The raw material used is a mellowed shale
derived from the Carboniferous Limestone formation, the aim being
to avoid the use of the fresh shale alone. The material is brought
from the pit to the works on a narrow gauge steam road.

At the works it is put first through two pairs of rolls, and then
charged into a pugmill for tempering. The moulding is done on a
sidecut stiff mud machine, and re-pressed if front brick are demanded.
Drying is done in tunnels, and burning in a Haigh continuous kiln.

The maufacture of bricks was started by this firm in 1898. They
first tried surface clay from River Philip, near Oxford, there
being at that time works near that point, but the clay was found to
be unsatisfactory, and did not give good results on a dry-press ma-
chine, which was the type then employed. The plant was then moved
to Pugwash, and the clay brought there and tried on a stiff mud
machine. The shale was adopted later.

Other brick-yards have been in operation in this region in the
past, but none are running now. About 50 years ago (1860) a man
named Lowden began making hand-moulded brick from surface clay,
at a yard situated just south of the present shale pit. This yard
was run by different men for about 20 years. At Wallace Bridge,
the Battye Brick Company commenced about 1903, and ran for 3
years. The plant is now idle.

New Glasgow.—Several brick plants are operated in the vicinity
of this town, as described below.

The New Glasgow Brick and Tile Company is situated about
13 miles southeast of New Glasgow station, and use a partly
weathered Coal Measures shale. As they plow and scrape over
a considerable area, it has not been worked to any great depth. There
are a few scattered cobbles and pebbles in it, which may be drift
material, although they are all of local rock.

The method of operation is somewhat more detailed than would
seem necessary. The clay is first pulverized in a dry pan, whence
it passes to a pugmill, and from this through rolls. Moulding is
done on a small auger machine, and drying in open yards.

The bricks are burned in Dutch kilns with 12 to 18 inches settle.
If burned too fast, they naturally develop black cores and swelling,
due to the carbonaceous matter and sulphur in the clay. If properly
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fired, the clay burns to a hard brick of good red colour. Tests of
the brick will be found in the next chapter.

The following determinations were made on the green brick, and
one of the burned brick with black core:—

1, green brick; II, outer red portion of burned brick; III, black
core of burned brick.

_— I I1 11T

FeO 009 0°03 8§20

Fe, 0, 8-34 9°96 097

(0] (L Undet. Very small,
So, None.  [iiveiiiiveniiecnns None.

The analyses were made by Mr. F. G. Wait, of the chemical
laboratory, Mines Branch, Department of Mines, Ottawa.

The black core is due to the high percentage of ferrous iron,
caused by improper burning, as a result of which the ferric iron was
mostly reduced to the ferrous form. Had the moisture and carbon
been driven off first, and the brick held at a low red to permit the
iron to oxidize, this would not have occurred. As it was, there was
an insufficiency of air present, the carbon robbed the ferric oxide of
its oxygen, reducing it to the ferrous form. After the carbon was
driven off, the heat was raised too rapidly and the pores of the clay
closed up so that the iron in the interior of the brick did not get a
chance to oxidize again.

George Brooks operates a small common brick-yard, located on
the bank of MeClellan brook, about 136 miles east of south of New
Glasgow station. The material used at the time of our visit was a
somewhat silty clay taken from the bed of MecClellan brook, but
formerly glacial clay was used. The product is moulded on a soft
mud brick machine, and oceasionally re-treated on a hand-power re-
press. It is dried in open yard and burned in a Dutch kiln.

Dominion Fire Brick and Tile Company.—These works were es-
tablished in 1901, and lie immediately southeast of the Standard
Drain Pipe Works. The material used is a bluish-black shale, which
outcrops at the foot of the bluff along McClellan brook.

The exact thickness of this good shale is not known, but it is not
more than 3 feet, so far as exposed, and it is covered by about 20 feet
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of shale, similar to that worked by Trotter, and this in turn by
sandy and coaly shale and drift.

To work this deposit, therefore, it would have to be operated
along the face of the bluff, and if worked into the bluff, the over-
burden would be heavy.

There is no doubt that the bottom shale stands more heat than
the overlying shale, and also that worked for the pipe plant. The
bottom bed in Brooks’ bank also contains fewer concretions.

In considering this, however, it must be remembered that the beds
outeropping along the brook level are not all part of the same bed.
If the lines of strike given on Poole’s map (Can. Geol. Surv. Part
M, XIV, No. 838), are correct, and they appear to be, then the lower
part of Brooks’ shale bank is higher stratigraphically than the shale
exposed in the new bank of the Standard Company, and lower than
that in the old bank of the same Company. '

The plant of the Dominion Fire Brick and Tile Company, which
is not a very large one, is situated at the top of the bank, the shale
being hoisted up an incline. It is first pulverized in a dry pan, and
then, after tempering, moulded in a soft mud machine. Re-pressing
is done in a handpower re-press. Mr. Brooks has one circular down-
draft kiln. The re-pressed bricks have a granular structure like
those made in a dry-press. It is said that the bricks made from the
lower clay had been sold for lining ladles. It is also used for mak-
ing bag-wall bricks for use in the kilns at the pipe works.

Standard Pipe Works—This plant is a branch of that firm, and of
the same name, located at St. Johns, Que. The product consists
chiefly of sewer-pipe, but flue linings, hollow blocks, fireproofing, and
drain tile are also manufactured.

The firm has a large and well equipped factory.

The material originally used was a red boulder clay, but in vecent
years a mixture of the shale and boulder clay, and also the shale
alone, have been tried. The mixture stands less fire than the shale,
but is said to take a better salt-glaze.

In making pipe, they have tried to use shale alone, but this, on
account of its carbonaceous character, has to be very slowly fired
in order to prevent bloating.

The clay also shows a rather high percentage of soluble salts, -
and this was at first believed to prevent the formation of a good salt-
glaze. This difficulty was subsequently found to be due to the ware
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not being fired hard enough. The salt-glaze is improved, however,
by adding some surface clay to the shale. The siderite concretions
may cause fused specks in the ware.
The shrinkage of the sewer pipe mixture is a little over 1 inch
per foot, and no pipes of more than 24 inches diameter are made.
The market for the ware is chiefly outside the Province.

Eden Siding.—Miller Brothers have one yard in operation at this
locality, the product of the same being common brick, which are
made from a mixture of the surface clay, with about 10 per cent
sand.

The materials are mixed in a soak pit, and moulded in a horse-
power soft mud machine. Drying is done in an open yard, the brick
being sprinkled with sand, as it is claimed that this prevents crack-
ing. The air dried brick are burned in scove kilns set 32 courses
high.

The product of the yard goes mainly to Sydney, but some brick
are also shipped westward along the line of the Intercolonial railway.

Mira River, B.C.—The works of 'the Mira Brick Company are
located on Mira river about four miles from its mouth. The pro-
duct is made of a mixture of about two-thirds blue clay and ‘one-
third sand, but the latter is not screened. A belt conveyer takes
the clay from the bank to the works, where it is discharged into the
pugmill of the soft mud brick machine. Drying is done on pallet
racks, and burning in a seven chamber Haigh continuous kiln. The
product goes mainly to Glace Bay and Sydney.

NEW BRUNSWICK.

Fredericton.—~M. Ryan and Son are the only brick manufacturers
at this city.

The material used is an estuarine clay somewhat similar to that
worked in the Annapolis valley of Nova Secotia.

The clay is moulded in a soft mud machine, without any prelimi-
nary pugging, but nevertheless makes a good grade of brick.

The freshly moulded bricks are hacked at once, and air dried in
that manner, although at the time of our visit Mr. Ryan contem-
plated the erection of pallet racks.

Burning is done in a patent double-chambered downdraft kiln,
each half having a capacity of 90,000 brick.
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The clay settles 12 inches in 31 courses, during the burning.
Tests of the brick are given in the next chapter.

St. John.—There are several yards in operation in the immediate
vicinity of the city, all engaged chiefly in the manufacture of com-
mon brick.

At Lee’s yard the clay, when dug, is thrown into soak pits, and
then taken to the machine, where one-third sand is added. Moulding
is done on a stiff mud, sidecut machine, and drying on pallet racks.

The bricks are burned in scove kilns, showing 8 inches settle in 38
courses. Some of the bricks are re-pressed by hand power, and sold
for facing. Tests of the product are given in a later chapter.

The yard of John Lee and Company is located about 13}
miles west of the city, on the Little River road. They have a
second yard about a quarter of a mile nearer town. The clay and
methods employed are similar to those used at the first Lee yard,
described before.

B. Mooney and Sons also operate a common brick-yard, located
at Fairville, a suburb of St. John. The brick are moulded by the
goft mud process, dried on pallet racks, and burned in scove kilns.

J. W. Foley and Company have the only pottery in operation at
St. John, the works being located on the Silver Falls road. The
raw material is imported mainly from New Jersey, U.S.A., and the
product consists chiefly of butter crocks, teapots, flower pots, and
jars.
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CHAPTER V.

Tests of Brick.

At all of the yards visited samples of brick were collected. In
every case, unless otherwise stated under the tests, an effort was
made to collect normally burned samples.

These samples were then sent to Professor A. Macphail, of the
Kingston School of Mines, and subjected to crushing, transverse,
and absorption tests. The results of these tests, together with a
description of the method of testing, are given below.

METHOD OF TESTING.

The transverse tests were undertaken in general on six bricks.
They were tested on the flat, being supported on two circular knife-
edge supports at the ends, and loaded in the centre, the load being
applied by a steel circular knife-edge. The supports were 7 inches apart
in every case, and were self-adjusting, and hung so as to give a full
bearing over the full width of brick. In every case the appearance
of the fracture is noted. In the table of transverse tests, the dimen-
sions of the bricks are given under ¢ Size,’ the breaking load at the
centre under ‘Load,’ and the modulus of transverse rupture under
‘Mod.,’ calculated by the following formula:—

2 bd*
Where W is the breaking load in pounds; 1 the length in inches; b
the width of brick; and d the depth in inches.

Modulus=

CRUSHING TESTS.

For these tests half of each brick broken in the preceding test
was prepared by sawing the fractured end by means of a diamond
saw to a plane surface. As the capacity of the testing machine used
was only 100,000 pounds, and in some cases the crushing strength of
the half bricks would be more than this amount, the specimens had
to be re-sawed so as to come within the capacity of the machine.
The results are given in pounds total load, and also in per square
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inch of the specimen. They were crushed on the flat. As the bricks
were somewhat irregular in shape, it was necessary to provide some
form of cushion between the crushing blocks and the brick itself and
a sand cushion was used. A bed of fine dry sand (passing through
40 mesh sieve) one-eighth of an inch thick, was placed upon the
lower crushing block of the machine. The brick was placed upon
this cushion of sand and another bed of sand was placed upon the
top of the brick. The upper crushing block was then lowered so as
to just touch the sand on top of the brick, and the sand was struck
off by means of a thin steel straight edge so as to leave the surfaces
strictly parallel, and then the crushing was proceeded with. The
sand cushion in each case was one-eighth inch thick before compres-
sion. It is believed that greater uniformity is gained in this way
than by any other method. ’

ABSORPTION TESTS.

For this test the half bricks were first thoroughly dried by being
kept in a steam-heated room for four weeks. They were then
weighed, a Fairbanks scale weighing to single grams being used.
The bricks were then immersed in water, where they remained for
24 hours, and after being slightly dried on the outside with blotting
paper, were weighed again. Absorption is expressed as a percentage
of water absorbed referred to the weight of the brick when dry.

RESULTS OF TESTS,

The following tables give the results of these tests:—
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PART II.
THE ORIGIN AND PROPERTIES OF CLAY.

As many persons having occasion to use this report may not have
an extended knowledge of the origin, mode of occurrence, and prop-
erties of clay, it seems desirable to add some information on this
subject.

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. Further-
more, if heated to redness, or higher, the material becomes hard and
rock like. Physieally, clay is made up of a number of small parti-
cles, mostly of mineral character, ranging from grains of coarse sand
to those which are of microscopic size, or under ¥ooo of a millimetre
in diameter. Mineralogically, it consists of many mineral fragments
of varying degrees of freshness, and representing chemically many
different compounds, such as oxides, carbonates, silicates, hydrox-
idos, ete. Some of the constituents are of colloidal character.

Weathering Processes Involved—Clays are always of secondary
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.

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 pry-

8907—8}
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ing 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 fragments, 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 ex-
posed 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.

Residual Clay.—Where the clay is thus found overlying the rock
from which is was formed, it is termed a residual clay, because it
represents the residue of rock decay, and its grains are munre or less
insoluble.

If 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 (hat the
weathering began at the surface and has been going on thers 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 trans-
ition from the fully formed clay at the surface into the parent rock
beneath. The only exception to this is found in clays derived from
limestone, where the passage from eclay 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 magnesia, with a variable
quantity of clayey impurities, so that when the weathering agents
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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 portion are in much the same
ratios as in kaolinite, although, as previously mentioned, other alum-
inous 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 chemjcal 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 gran-
ite or other clay-yielding rock, the deposit may form a mantle cover-
ing 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.
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

1Th‘e terms kaolinite, referring to the mineral, and kyoli_n, refe;-ring
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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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 materials is to be looked for. The thickness might also be
affected by the character of the parent rock, whether composed of
easily weathering 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 dis-
tance, 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. None are known to occur
in Nova Scotia, except the small pocket referred to on Coxheath
mountain.

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 pro-
cess of wash and transportation can be seen 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

1 Colluvial deposits of G. P. Merrill.
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layer of sediment is laid down on top of another. These layers may
also vary in thickness, and since there is less cohesion between un-
like particles, the two layers will tend to separate along their line
of contact.

As the finer material can only be 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 dis-
turbed 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 structure of some
sand beds where the layers dip in many different directions, due to
ghifting currents which have deposited the sand in inclined layers.

Sedimentary clays can be distinguished from 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 sedimentary
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
corroded by currents subsequent to its deposition, leaving its upper
surface very uneven, and on this an entirely different kind of mater-
ial may be deposited, covering the earlier bed, and filling the de-
pressions in its surface.

.

CLASSIFICATION OF SEDIMENTARY CLAYS.

The general character of sedimentary clays is more or less in-
fluenced by the locality and conditions of deposition, which enables
s, therefore, to divide them into the following classes:—

Marine Clays.—This class includes those sedimentary clays de-
posited 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
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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 flowing
into the sea usually bring down different classes of material. Since
most marine clays have become deeply buried under other sedimen-
tary 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 9verlying rocks worn away.

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 gea, and are consequently found in areas that are com-
paratively 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 most distant from the mouth of
the river. In such cases we should anticipate an increase in coarse-
ness of the clay bed, 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 in--
frequently 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 Shubenacadie valleys are-
of estuarine type.

Swamp and Lake Clays—Swamp and lake clays constitute a
third class of deposits, which have been formed in basin-shaped de-
pressions 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 laminae as to be readily over-
looked, 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 conti-
nental ice sheet, or else in valleys that have been dammed up by
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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 glaciated 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.

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
valley side. The lowest of these is often covered by the river dur-
ing 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 its inner edge the terrace may be covered by a mixture of
clay, sand, and stones, washed down from neighbouring slopes.

Drift or Boulder Olays.—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 mater-
ial deposited by the ice (till) is usually too stony and sandy to
serve for brick making, 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 strati-
fied, and may properly be classed as lacustrine, estuarine, or flood-
plain clays of glacial age. Boulder clays, although abundantly dis-
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tributed, are often too stony to be of much value for the manufac-
ture of clay products.

Folian 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 transported 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 prim-
arily on their origin, and also bringing out, somewhat, their com-
mercial characters. '

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).
(@). Vein-like deposits derived from pegmatite veins
or dikes of igneous rock, such as rhyolite.
(b). Blanket deposits, derived from extensive areas of
igneous rock.
(e). Pockets in limestone, as the indisnaite of Indiana,
U.S.A.

II. Red-burning residuals, derived from different kinds of
rocks. These may be formed by the decomposition
of such rocks as granite, by a process of solution as
in limestone, or by simple disintegration as in
many shales,

B. Colluvial clays, representing deposits formed by wash from the
foregoing, and of either refractory or non-refractory
character.

C. Transported clays.

I. Deposited in water.
(a). Marine clays or shales. Deposits often of great
extent.
White burning clays. Ball clays and plastic
kaolins.
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Fireclays or shales. Buff burning.
{Calcareous.
Non-calcareous.
(b). Lacustrine clays (deposited in lakes or swamps).

Fireclays and some shales.

" Impure clays or shales, red-burning.

Calcareous clays, usually of surface character.
(¢). Flood-plain clays. Usually impure and sandy.
(d). Estuarine clays (deposited in estuaries). Mostly

impure and finely laminated.

Impure clays or shales.

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 pro-
cess. 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 near Grand Lake, N.B., are nearly flat, while those around
Sydney or Joggins show varying angles of dip. ’

CHEMICAL CHANGES.

Nearly all clay deposits are frequently changed superficially, at
least, by the weather, or by surface waters. The changes are chiefly
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chemical, and can be grouped under the following heads: 1, change
of colour; 2, leaching; 8, softening; 4, consclidation.

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, depend-
ing on the distance to which the weathering agents have penetrated
the clay.

Leaching.—(lays 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 removed may be carried off by the infiltrating
waters, or deposited in the lower layers. In a deposit of caleareous
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 high-
ly caleareous clays. The idea held by some that lime, or even other
impurities, will decrease with the didtance from the surface, is er-
roneous.

Some clays contain considerable gypsum, often in a finely divided
condition. Such clays sometimes show coarse erystalline masses of
gypsum on the outecrop, due to the fact that water entering the de-
posit 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.

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 lime carbon-
ate concretions are likewise not uncommon. They have probably
been formed by the dissolving of iron or lime compounds in the
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clay by infiltrating waters, and their re-deposition around some
nucleus.

Concretions of lime carbonate are found in the brick clays of
the Shubenacadie valley; of iron carbonate in the Carboniferous
shales; of pyrite in the Shubenacadie fireclay. Unless ground up
or removed from ‘the clay, concretions may cause considerable
trouble, such as splitting of the bricks in drying and burning. The
lime pebbles found in some surface clays cause similar trouble, but
are not to be mistaken for 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 a number of erusts, 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.

Tt is not necessary here to enumerate all the mineral species that
have been found in clays, and only those which are of probable com-
mon occurrence need be referred to.

Kaolintte.—This mineral, which is a hydrous aluminium silicate,
having the formula, ALQO,, 28i0,, 2H,0, is thought by many fo be
present in all clays, but its existence has not in all cases been defi-
nitely proven; moreover, it is somewhat difficult to recognize even
under the microscope. If the kaolinite itself is not present, it is
probable that other hydrous aluminium silicates, such as pliclerite,
halloysite, etc., exist in the eclays.
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Clays of high purity no doubt contain a considerable percentage
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
silicia and high in kaolinite.

Quartz.—~This mineral, whose formula is Si0,, is found in at
least small quantities in nearly every clay, whether residual or sedi-
mentary, 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 pre- .
vious 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
cher't or flint, are found in some clays.

Both quartz and flint are highly refractory, being fusible only
at cone 85 of the Seger series, but the presence of other minerals 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. Felds-
par 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 temperature.
(See under Alkalis).
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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 oceurs 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 mica, even in their washed condition, for, on account of the
light scaly character of the mineral, it floats off with ‘the clay par-
ticles. Some clays are highly micaceous, but such are rarely of
much commereial value.

Iron Ores.—This title includes a series of iron compounds, which
are sometimes grouped under the above heading, because they are pre-
cisely similar to those that serve as ores of iron when found in suffi-
ciently concentrated form. The mineral species included under this
head are: limonite (2Fe,0, 8H,0); hematite (Fe,0,); magnetite
(Fe,0,) ; siderite (FeCO,).

Litmonite.—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 concretionary masses of spherical or
irregular shape; in still other clays it is found in the form of string-
ers and crusts, extending through the clay in many directions. The
concretions are often especially abundant in some weathered clays.
‘At times they take the shape of thick-walled cylindrical bodiea
which have apparently 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. Tt is also found quite frequently
in the weathered outcrops of many shales.
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Siderite, the carbonate of iron, may occur in clay in the follow-
ing forms: (1) As concretionary masses known as clay-ironstones,
ranging in size from a fraction of an inch to several feet in dia-
meter. They are very abundant in some Carboniferous shales, as
those at New Glasgow, 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
graing, 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 associated with coal
seams, and may ococur 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 eclays, can be often seen by the
naked eye, and is known to the lay miners in some districts as sul-
phur. 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, show-
ing 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 Musquo-
doboit valley

When exposed to the weather, pyrite alters rather easily, first to
the sulphate iof iron, and then to limonite. Clays containing 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 formation or
permanence in surface clays is rare.

Calcite (CaCO=CaO 56.00 per cent, CO, 44.0 per cent).—This
mineral, when abundant, is found chiefly in clays of recent geologi-

! In some clays this may be marcasite, the orthorhombic form of FeS,.
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cal age, but some shales also contain considerable quantities of it.
It can be easily detected, for it dissolves rapidly in weak acids, and
effervesces violently upon the the application of a drop of muriatic
acid or even vinegar. It is rarely present in grains large enc;ugh to
be seen with the naked eye, but has been detectea with the miecro-
scope.

In some clays, calcite, as well as some other minerals, may form
concretions. The brick clay found on the Mira river contains lime
carbonate in a finely divided form, but not in sufficient quantities
to make the clay burn buff doloured.

Gypsum (CaS0,, 2H,0=CaQ 32.6 per cent, SO, 46-5 per cent,
H,0 20-9 per cent).—It is doubtful whether this mineral is widely
distributed in clays, but it 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. Tts doft-
ness, 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 tempera-
ture the sulphuric acid passes off. The lower Carboniferous shales
of Nova Scotia sometimes carry nodules or plates of gypsum.

Chemical Analysis of Clays.

There are 'two methods of quantitatively analyzing 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 a clay are con-
sidered to exist as oxides, although they may really be present 'in
much more complex forms. Thus, for example, calcium carbonate
(CaCO0,), if it were present, is not expressed as such, but instead it
is considered as broken up into carbon dioxide (CO,) and lime
(Ca0), with the percentage of each given separately. The sum of
these two percentages would, however, be equal to the amount of
lime carbonate present.

Altogether too much weight is attached to the chemical analysis
by those unfamiliar with the properties and behaviour of clay, and

8907—9
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many wholly unwarranted deductions are made from it. It is true
that the chemical analysis indicates the percentage of different sub-
stances present in the clay, and that the effect or action of these sub-
stances is understood in a fairly definite way, as indicated on pages
123 to 125, 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 information
regarding certain physical properties, such as the plasticity, 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 chemi-
cally combined water, approaching quite closely to kaolinite.

(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 remem-
bered, such as texture, irregularity of distribution of the constitu-
ents, and condition of kiln atmosphere may affect the result.

(8) The colour to which the clay burns. This must be judged
with extreme caution. Assuming the constituents to be evenly dis-
tributed, then a clay with 1 per cent or less of ferric oxide is likely
to burn pure white, but at high temperatures titanium, if present,
appears to produce discoloration. Omne with 2 to 8 per cent ferric
oxide is likely to burn buff, and one with more than this will prob-
ably 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 netessarily indicate low plasticity. High silica in
a fireclay usually shows moderate refractoriness, provided it is even-
ly distributed.

(5) Carbon. This should be determined, as it causes trouble in
burning if present to the extent of several per cent, requiring thor-
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ough oxydation in firing before the clay is allowed to pass to the
vitrification stage.

(6) Sulphur trioxide. Since this may be the cause of swelling
in improperly burned wares, and also indieate the presence of soluble
sulphates, it should also be determined.

(1) The presence of a high percentage of lime carbonate shows the
clay to be of caleareous character, and if this is evenly distributed
it is likely to be of buff-burning character, with low refractoriness,
and a narrow margin between vitrification 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 infor-
mation, 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, ete. The methods thus far developed
are unsatisfactory.

Substances present in Clay and their effeof.

Silica'.—This is present in clay in two different forms, namely,
uncombined as silica or quartz, and in silicates, of which there are
several. Of these, one of the most important is the mineral kaoli-
nite, which probably occurs in all clays, and is termed the clay base,
or clay substance. The other silicates include feldspar, mica, glau-
conite, hornblende, garnet, etc. 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 ex-
cept 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-

* See also description of the minerals gquartz, feldspar, keolinite, and
mica, above.

8907—9%
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posedly not decomposable by sulphuric acid. In most analyses,
however, the silica from both groups of minerals is expressed collec-
tively 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 commovmast constituents
of clay, and ranges in size from particles sufficiently large to be
visible to the eye down to the smallest grains of silt.

Sand (qnartg 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 coarse-
vess of the-material; clays containing a high percentage of very
firely divided sand (silt) may absorb considerable 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 iu his mixture by the use
of ground flint. If too much sand is added to the brick mixture it
makes the product 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 of common fluxes
and silica, and which are burned at low temperatures. Its effect on
highly aluminous low flux clays reduces their refractoriness.

In considering the effects of sand in the burning of clays, it
must first be stated that the guartz and silicates fuse at different
temperatures. A very sandy clay will, therefore, have a low fire
shrinkage, as long as none of the sand-graing fuse, but when fusion
begins a shrinkage of the mass occurs. We should, therefore, ex-
pect a low fire shrinkage to continue to a higher temperature in a
clay whose sand-grains are refractory.

Iron Owzide: Sources of Iron Oxide in Clays.—TIron 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.
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In some, such as the oxides, the iron is combined only with
oxygen, and is better prepared to enter into chemical combination
with other elements in the clay when fusion begins. In the case of
the sulphideg and carbonate, on the contrary, the volatile elements,
namely, the sulphuric-acid gas of the pyrite, and the carbenic-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 mix-
tureg of rather complex composition, and all of them of low fusibility,
particularly the glauconite. Several of these silicates are easily de-
composed by the action of the weather, and the iron oxide which they
contain combines with water to form limonite. This is usually in X
a finely divided condition, so that its colouring action is guite effec-
tive.

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 colouration due to hematite.

Colouring Action of Iron Oxtde on Burned Clay.—All of the iron
ores will, in burning, change to the red or ferric oxide, provided a
sufficient supply of oxygen is able to enter the pores of the clay be-
fore 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 temperature of burning;
(8) 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 8
per cent often produces a buff product; while 4 or 5 per cent of iron
oxide iy many cases makes the clay burn red. There seem, how-
ever, 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 contain-
ing more iron than the purer grades of buff-burning clays. Again,
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among the buff-burning clays we find some with an iron oxide con-
tent 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 influenced by the
texture, as the more sandy clays can be heated to a higher tempera-
ture, without destruction of the red colour, than the more aluminous
ones. Alkalis also appear to diminish the brightness of the iron
coloration.

Among the oxides of iron two kinds are recognized, known re-
spectively as the ferrous oxide (FeQ), 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 oxzidation. 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 deter-
mined as ferric oxide, no effort being made to find out the quantity
present in the ferrous form, although if there is any reason to sus-
pect that much of the latter exists it should be determined. Iron
passes rather readily from the ferric to the ferrous form. It also oxi-
dizes easily unless carbon and sulphur 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 com-
pound results, but the latter changes rapidly to the ferrie condition
if sufficient air carrying oxygen is admitted. If, however, the oxida-
tion 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 de-
sirable to get the iron thoroughly oxidized to prevent trouble in the
later stages of burning. To accomplish this the iron must be freed
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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 diox-
ide between 400° and' 500° C; magnesium carbonate and calcium
carbonate lose their CO, at about 500° C, and 800° to 900° C re-
spectively. Carbonaceous matter or sulphur, if present, must also
be carefully burned off. Jf the clay contains much volatile or com-
bustible 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 develop-
ment of any swelling. When swelling does accompany the forma-
tion 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 econdition 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 fer-
rous 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 hav-
ing a reducing atmosphere in his kiln, followed by an oxidizing one.
The potter aims to reduce the yellow tint in his white ware by cool-
ing 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
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be present in both the ferrous and ferric form; the quantity present
in that from several localities is shown below:—

FigLp NUMBER. |

41, 42. ' 47, I 91. l 94.
N O 1-56 1:96 1-34 246 191
L O O PPN 497 319 612 2-29 361

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 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.

Fluxing Action of Iron Qride—Iron oxide is a fluxing impurity,
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 effec-
tive 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°
G, (1112° ¥) the carbon dioxide (CO,) does not seem to go off
until between 600° C, (1112° F) and 725° C, (1562° F). In fact,
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 Hme is in a finely divided condition and uniformly distributed
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through the brick, but if, on the contrary, it is present in the form
of lumps, the slaking and accompanying swelling of these may split
the brick.

Limestone pebbles, if present in the clay, should be either re-
moved, if this can be done .cheaply, or crushed before the clay is
moulded.

Effect of Gypsum.—QGypsum 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 car-
bonate, although few clays contain large pércentages of it.

If present in graing or lumps these burn to a white powder, but
unlike lime do not slake and swell.

Magnesia.—Magnesia (MgQ) 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 as
lime. Tt is always present in a finely divided form.

Alkalis—The alkalis commonly present in clays include potash
(K,0), soda (Na,0), and ammonia (NH,).. There are other alkalis,
but they are probably of rare occurrence.

Several common minerals may serve as sources of the alkalis.
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 alkalis, but are unimportant, as they are rarely present in
clays in large quantities. '

The alkalis 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
microscopic examination would be necessary to identify them. Al-
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though titanium is such a common constituent of clay, it is rarely
ghown in an analysis, because its determination by chemical methods
is attended with more or less diffculty 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° (), fused at cone 32 (1770° O),
when 5 per cent of titanium oxide was mixed with it.

WATER IN CLAY.

Under this head are included two kinds of water: (1) mechani-
cally combined water or moisture; (2) chemically combined 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 not 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 ab-
gorption and retention, while coarse, sandy clays or sands represent
a condition of minimum absorption. 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. It is not the highly aluminous ones, how-
ever, that always absorb the most water. '

The total quantity of water found in different clays varies ex-
ceedingly. 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 evap-
oration in air, but can all be driven off by heating the clay to 100°
0, (212° F). The evaporation of the mechanical water is accom-
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panied 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.

Since most clays having a high absorption shrink a large amount
in drying, there is often danger of their cracking, especially if
rapidly dried, owing to the rapid escape of the water vapour. Me-
chanical 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 sur-
face 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 * Burn-

ing.”

Chemically Combined Water—Chemically combined water, as its
name indicates, is that which exists in the clay in chemical com-
bination 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° ¥). 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 14.5 per
cent. Unless a clay contains considerable 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 8 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 deter-
mined 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.
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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. Omnly the second:
and third of the groups mentioned need be considered. The first.
alone causes trouble when it occurs in the form of sticks 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 faet, 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.

Agphaltic carbon, aside from its colouring action, often causes.
much trouble in burning, causing black 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 monopo--
lize the supply of oxygen and keep the iron in a ferrous condition,.
the form in which much of it 1s, 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 mtust be burned out.

The experiments of Orton and Griffin have shown that between:
800° and 900° O is the best temperature interval for burning 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 mois--
ture 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 untili
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 supply-
ing 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
ense 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 re-
sults, and in this connexion it has been found that bricks made by
the soft mud process are most rapidly oxidized, followed by either
the stif 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 témperatures of
800° and 900° O, 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 rétarded,
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 rarely
made, unless the clay is to be employed for Portland cement manu-
facture. As can be seen from the experiments of Seger, and more
especially Orton and Staley, it may cause serious trouble, and should
always be determined in the analysis of a clay.
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Sulphur might be present in a clay, as:—

(1) Sulphate, such as gypsum (CSO,, 2H,0), epsomite (MgSO,,
7H,0), or melanterite (FeSO,, TH,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 contained
in soluble sulphates, and 2.285 in sulphides.

They conclude:—

(1) Both sulphates and sulphides experience rapid diminution by
dissociation, in that portion of the burn up to 800° C, in those por-
tions 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 dimi-
nution by dissoeiation or oxidation, beginning at 800° (C, and con-
tinuing as long as the clay structure remains porous and permeable
to air. The loss of sulphur may amount to 90 per cent or more of
the initial sulpbur content at the end of the period, but it proceeds
increasingly slowly, and would probably never become complete.

(8) Im 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 guantities, 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,
i not likely to cause physical disturbances in the clay until a fairly
complete degree of vitrification is reached.

(6) When a clay reaches a dense vitrified condition it proceeds
normally, after a longer or shorter interval, to become less dense,
by reason of the development of multitudes of minute vesicles in
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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 dissociation 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 vesi-
cular structure develops slowly, and the clgy is said to stand over-
firing well.

(10) In clays of high sulphur content, or of dense structure un-
favourable for oxidation, or 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 eontaining a partly oxidized core are
allowed to reach the vitrification period.

(12) This breaking down of sulphur compounds by silicie acid is
the chief or common cause of the premature swelling of black col-
oured clays, and the occasional cause of sudden and severe swelling
of properly oxidized clay wares.-

(18) The proper way to avoid the effects of sulphur in vitrifying
clay bodies is to apply a deliberate and complete oxidation treat-
ment while the clay remains porous. This will rid the clay of the
greater part of the sulphur, and will prevent sudden or premature
slagging 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. 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 :—
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Pyrite heated to 400° C, gives FeS, + heat=FeS + 8.

The S in the air catches fire and burns to SO, or SQ,, but if
liberated in a clay soft and spongy by heat it may attack FeO, CaO,
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 temperatures
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 sulphuric acid,
and the sulphur of suiphides. He found that a bisilicate glass mix-
ture, saturated with sulphates, showed 4 per cent sulphuric acid;
while the same glass, with one more molecule of silica added and
me}ted at the same temperature and under the same conditions, con-
tained only 2 per cent sulphuric acid. Now, in raising the tem-
perature of burning, the fusing matrix of a clay becomes more sili-
ceous, 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 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 some-
times a white coating on the clay after it is burned. Those found
in the clay are commonly sulphates of lime, iron, or alkalis, 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 scluble com-
pounds may also be formed without the aid of pyrite, as when car-
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bonates are set free by the decomposition of silicates, such as feld-
spar. 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.

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 artificial 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
(S0O,). This passes through the kiln, and, if it comes in contact
with carbonates in the clay, converts them into sulphates, because
some substances, such as lime (CaQ), have a stronger affinity for
sulphur trioxide (SO,) 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 with-
in the body of the ware during burning, and subsequently brought
to the surface by the evaporation of moisture absorbed during rainy
weather, or it may come from the mortar, either by the direct in-

8907—10
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troduction of soluble salts from it, or by reaction between carbon-
ates of mag'nesilIm, potassium, and sodium of the mortar, with cal-
cium sulphate in the brick. This gives caleium carbonate.

Miickler found that, in a series of fifty bricks examined, the
sum of the sulphates of lime, magnesium, and alkalies varied from
0134 per cent to .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.

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.

(8) Change of the soluble salts to a harmless form by prec1p1ta-
tion 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.

(8) 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 sub-
stance commonly added is either barium chloride or barium car-
bonate. When barium salts come in contact with soluble sulphates,
barium sulphate is formed, a combination which is imsoluble 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) CaS04-BaCO=CaC0,}-BaSO,.

(2) CaSO,4-BaCl=CaCl,+BaS0,.
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We thus see that in both cases we get compounds which are in-
soluble, or mnearly 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 they 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 some-
what more than is actually required.

According to Gerlach, a clay containing 0.1 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 2% cents, the amount 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 is used. There is this objection to it, however, 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
goluble .salts, it may of itself form an incrustation.

In the case of a clay containing 0.1 per cent caleium 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 evap-
orated the less will be the quantity of soluble salts deposited on the
surface. Incrustations which appear during drying are found

8907—10%
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more commonly on bricks made from very plastic clays, which, ow-
ing to their density, do not allow the water to evaporate quickly.

Remedy for Wall-white.—This is more difficult, but consists pri-
marily in preventing entrance of moisture to the walls. It is sug-
gested to make the walls as impervious 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
80 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 coat-
ing somewhat, but also darken the brick. .They should also be made
waterproof if possible.

PLASTICITY.

Definition.—Plasticity is probably by far the most important
property of clay, lacking which it would be of comparatively little
value for the manufacture 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 prop-
erty, 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.

Y



CLAY AND SHALE DEPOSITS i 149

Measurement of Tensile Strength.—The tensile strength is meas-
ured by moulding the thoroughly knmeaded clay into briquettes, 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.

SHRINEAGE.

All clays shrink in drying and burning, the former loss being
termed the air shrinkage, and the latter the fire shrinkage.

Air 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 con-
dition 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 rumns. A clay will, therefore, continue-to
swell as water is added t6 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 very fine-grained ones, 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 produets.

All clays requiring a high percentage of water in mixing do not
show a hiéh 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,

Sand or materials of a sandy naturé 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, permit-
ting the water to escape more readily, and often reducing the dan-
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ger from cracking. If the sand added to dilute the shrinkage is
refractory it also aids the clay in retaining its shape during burn-
ing.

Fire Shrinkage—All clays shrink during some stage of the burn-
ing operation, even though they may expand slightly at certain tem-
peratures. 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 diox-
ide, 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 uniform-
ly 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 vola-
tile elements the clay is left in a porous condition, until the fire
shrinkage recommences. * :

-

FUSIBILITY.

All clays fuse at one temperature or another, the temperature of

fusion depending on (1) the amount of fluxes; (2) the size of grain
of the refractory and non-refractory particles; (8) the homogeneity
of the mass; (4) the condition of the fire, whether oxidizing or re-
ducing; and (5) the form of chemical combination of the elements
contained in the eclay.
* 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~—TIn this stage the clay has softened suffi-
ciently to make the grains stick together, and enough to prevent the
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recognition of any, except the larger ones. The particles have not,
however, softened sufficiently to close up all pores of the mass.

Complete Vitrification.—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 addi-
tional softening of the grains sufficient to close up all the pores
and render the mass impervious. Clays burned to this condition of
complete vitrification show a smooth fracture, with a slight lustre.
The attainment of this condition also represents the point of maxi-
mum 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 attain-
ment of these three conditions, for the clay may soften so slowly
that the change from one to the other is gradual.

SEGER COONES.

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, Car-
rara marble, and pure ferric oxide. Cone 1 melts at the same tem-
perature 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 89. Cone 36
is composed of a very refractory clay slate, while cone 85 is com-
posed 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 proportions
to the cones. The result is that there is now a series of 61 num-
bers, the fusion-point of the lowest being 590° C (1094° F) and that



152

of the highest 1940° C (3470° F).
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As the temperature rises the

cone begins to soften, and when its fusion-point is reached it be-

gins to bend over until its tip touches the base.

For practical pur-

poses these cones are very successful, though their use has been

somewhat unreasonably discouraged by some.

They have been

much used by foreign manufacturers of clay products, and their use

in the United States and Canada is increasing.

The composition and fusing points of the different members of
the series are given below:—

COMPOSITION AND FUSING-POINTS OF SEGER CONES.

Cone. Composition. Fusing-point.
Degrees ¥. | D .
o [(S3N0) o ZOER g e
021 {8ﬁ§§{;§%o-1 aLo,{ 32 g’&} .............. 1,148 620
o |{$3 X002 av0,{ 28 BiOsf - enerereeees 1,209 650
-o19 | {08 Be 108 aL0 T4 BQtE e e 1,266 680
o8 | {05 B8 101 31,0, TEROH o 1,310 710
o7 {02 P68’ 105 AL0{ FARG} i 1,364 740
016 | {03 D00 OB ALO 5RO - oveeveeins 1,418 770
o5 {32 e }oe avo,{ 32 ST IR 1,472 800
o | {03 BE Joro a0 FRRG) o 1,6% | 830
o8 ({525 0}0 7 aL0,{ ¥ gg:g:} ........ 1,680 860-
o1z | {05 BE8 JO 8 ALO{ FH B0 1,684 [ 890
ot {0 R BbE }08 ALO{ FEROe} oo 1,688 920
010 | {030 10-3 ATO) (060 BigLy -+ + - 1,742 950
00 {8380 103 a0 {550 ] SR 1,778 970
‘08 |{0:7 620 105 ATIOh {040 B0} +++++rvveveeee 1,814 990
0 [{07 G20 J0-3 ALO, 098 B0 -+-vvevv - 1,850 1,010
08 |10 D 0 AT (e B Biar] rveeeeeee 1,886 1,030
05 ({07 620 103 ATC, 1900 BIOL} - ++oerereree 1,922 1,050
04 {07 620 10-3 AT.OL 1020 Byr | -+ -+ 1,958 1,070
08 {07620 108 %0, {38 B0zt Loot| 1000
02 {01 a0 10 8 Rl (G a0 Bz vvereeeinene 2,030 1,110
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COMPOSITION AND FUSING-POINTS OF SEGER CONES.

I(‘ng.ng.f Composition. Fusing-point.
Degrees F. | Degrees C..
0 {52520 103 arer {ome B} oveeeienee. 2,066 1,130
1 {3750 1oahad {4s0 Jon 2,102 1,150
s ({3352 )01 Ki"%’ {as0, | 2,138 1,170
s HO2E2 )08 A?‘o'{ 48i0; } oo 2,174 1,19
s |{038:8 Jo5 41,0, 48i0, ., 2,210 1,210
5 |{0:3 &9 Jos Av0, 5sio, 2,246 1,28
6 {07828 Jo6a1,0, 6810, .. .. i 9,289 1,250
T {83823 o7 A0, TR0, 2,318 1,270
8 |{0:38:0 Josano, 8sio; . 2,354 1,200
9 {0380 }o9a1,0, 98I0, 2,390 1,310
0 |[{§28:3 jroano, 108i0, ... o, 2,426 1,330
n |{§3&8 hr2an0, 1280, .. 2,462 1,350
12 ({3280 114 a10,1480, ., 2,498 1,370
13 ({5883 )16 41,0, 168i0;............... 2,584 1,39
1 {93849 11'841,0,188105.........occee 2,570 1,410
5 {0380 21410, 71800, .. 2,606 1,430
16 {0380 b5 aan0,248i00 .. 2,642 1,450
17 {5380 o7 A1,0, 27810, 2,678 1,470
18 {g Ry }3 1AL,0;, 818005 s veneeenennnn., 2,714 1,490
19 {g 350 }3 5ALO, 35805 e vunenenannnnn. 2,750 1,510
20 ({3380 ka9 41,0, 898i0,.... ... 2786 | 1,330
a {3 § &2 }4 4ALO, 448105 cncnns e, 2,822 | 1,550
22 {g ;’(13(;8 }4 9 AL0, 498i05evereeernneennnnnn., - 2,868 1,570
B {03 KO0 Y54 41,0, 5480, oo, 2,804 1,690
24 {g S0 }6 0ALO; 60810, . ceveeeenenan.n.. 2,930 1,610
2 {g 2i0 }6 6 ALO, 668i0;..cue cevnrennannnn. 2,966 1,630.
0 {05 oo 172 41,0, 7280, ..o 3,002 1,650
xw [{§2ED } 241020080, ... 3038 | - 1670
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COMPOSITION AND FUSING-POINTS OF SEGER CONES.

'Ig;nz_f Composition, Fusing-point.
»
Degrees F. | Degrees C.
28 JALO; 10 3i0p.. i ier ceiieieeeeen 3,074 1,690
29 [ALO; 8 8i0,...c.iiiieiiiiiiiiiii s 3,110 1,710
30 ALy 6 Si0p....ciiiiiiiiiiiaiiaierinineaees 3,146 1,730
BL. - {AR0,8  Bi0g. i fitueieereineens seeneniriie, 3,182 1,750
83" JALO; 4 i BiO5iiuecineaiieees saieneisrns e 3,218 1,770
oG T R R SRR e 3,254 1,790
B TANOL. 275 05 1 e unuerernecnrannenmmnsan e eden 3,290 1,810
R e T Pty e 3,326 1,830
g;i AT,0; 1'8 BiOgicviiiereverervtecansosrnsnnsnens g,ggg l,g%
................................................. A 1
R N S S L T SO PR A 3,434 1,910
EBOE Y e LS T e e e T e S wsiaaliienies b b 0 iegi e a's o 8% B i afe,drabel 3,470 1,940

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 8 may be fused, but
4 remains unaffected, indicating that the temperature reached the
fuging-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 pyrochemical
<ffects. :

The cones used in the different branches of the clay-working in-
dustry in the United States and Canada are approximately as fol-
dows:—

Common brick..... .. b ik .- ....012-01

Hard burned, common brick........ccvivieiiieiiiniineians 1-2

Buff face brick ............. +«.. B-9 or even higher.
Hollow blocks and fireproofing..........cocovvvvinninenn. 03-1

PeXrMBObta. /7 e crsoederriercass cosiarsninicninneanries 02-7 or 8

MEICTATITER o0 o5 o o oate 06 v dhsa s moas anas saay alupsseshsmeniessan 7-8
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‘White earthenware..............

e S e R e e 8-9
Firebricks .... ..... . ..b-14
Porcelain....... ... ST RPN Y. B R A T Tt I 11-13
Red earthenware...... TRt IR TRR ST SR e S 010-05
SIS S U R ST SO S 6-8
Electrical porcelain. .............. s iasstt acn o fo3 s " uzs e o s'a np shaie 10-12
Sewer pipe..... e O Sy S P TSRS PR 3-7
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Perth sheet, by R. W. Ells. 1900. Map No. 789, scale 4 m.=1 in.

Sudbulv Nickel and Copper deposits, by A. E. Barlow. (Reprint.) Maps

os. 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,
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965. Sudbury Nicitel and Copper deposits, by A. E. Barlow. (French.)
970. Report on Niagara Falls, by J. W. Spencer. Maps Nos. 926, 967. .
977. Report on Pembroke sheet, by R. W. Ells, Map No. 660, scale 4 m.=1 in.
080. Geological re/bnnaissance of a portion of Algoma and
Thunder Bay district, Ont., by W. J. Wilson.
Map No. 964, scale 8 m, =1 in, Bound together.
1081. On the region lying north of Lake Superior, between
the Pic and Nipigon rivers, Ont., by W. H. Col- |
lins. Ma.ﬁ No. 964, scale 8 m, =1 in, J
092, Report on Northwestern Ontario, traversed by National Transcontinental
railway, between Lake Nipigon and Sturgeon lake, by W. H. Collins.
Map No. 993, scale 4 m. =1 in.
098, Report on Pembroke sheet, by R. W, Ells. (French.) Map No. 660,
scale 4 m, =1 in,
999, French translation Gowganda Mining Division, by W, H. Collins. Map
No. 1076, scale 1 m. =1 in,
1038. French translation report on the Transcontinental Railway location
between Lake Nipigon and Sturgeon lake, by W. H. Collins. Map
No. 993, scale 4 m. =1 in,
1059. Geological reconnaissance of the region traversed by the National Trans-
continental railway between Lake Nipigon and Clay lake, Ont., by
W, H. Collins. p No. 993, scale 4 m. =1 in.
1075. Gowganda Mining Division, by W. H. Collins. Map No. 1076, scale 1 m.
=1 in

1082. Memoir No. 6 : Geology of the Haliburton and Bancroft areas, Ont., by
Frank D, Adams and Alfred E. Barlow. Maps No. 708, scale 4 m.
=1 in.; No. 770, scale 2 m. =1 in,

1091, Memoir No. 1: On the Geology of the Nipigon basin, Ont., by A. W, G.
‘Wilson. Map No. 1090, scale 4 m. =1 in.

1114, French translation: Geological reconnaissance of a por-
tion of A]ﬁ;)ma and Thunder Bay district, Ont.,
by W. J. Wilson. Map No. 964, scale 8 m. =1 in.

1119. French translation: On the regon lying north of Lake } Bound together.
Superior, between the Pic and Nipigon rivers,

Ont., by W. H. Collins. Map No. 964, scale 8
m, =1 in )

QUEBEC.
216. Mista.ssini expedition, by A. P, Low. 1884-5, Map No. 228, scale 8

m, =1 in,
240. Compton, Stanstead, Beauce, Richmond, and Wolfe counties, by R. W,
Ells, 1886. Map No. 251 (Sherbrooke sheet), scale 4 m.= 1 in,
268. Megantic, Beauce, Dorchester, Levis, Bellechasse, and Montmagny counties,
by R. W, Ells, 1887-8. Map No. 287, scale 40 c¢h. =1 in.
297. Mineral resources, by R. W, Ells, 1889,
328. Portneuf, Quebec, and Montmagny counties, by A. P. Low, 1890-1,
579. Eastern Townships, Montreal sheet, by R. W, Ells and F. D, Adams,
1894, Map No. 571, scale 4 m.~=1 in,
501, Laurentian area north of the Island of Montreal, by F. D, Adams, 1895,
Map No. 590, scale 4 m. =1 in.
670. Auriferous deposits, southeastern portion, by R, Chalmers, 1895, Map
No. 667, scale 8 m. =1 in.
707. Eastern Townships, Three Rivers sheet, by R. W, Ells, 1898,
*739. Argenteuil, Ottawa, and Pontiac counti¢s, by R. W, Ells. 1899. (See
No. 739, Ontario),
788. Nottaway basin, by R. Bell. 1900. *Map No, 702, scale 10 m.=1 in,
863. Wells g,?slgl;esnd of Montreal, by F. D, Adams, 1901. Maps Nos. 874,
923, Chibougamau region, by A. P, Low, 1905,
962, Timiskaming mai)-sheet, by A. E. Barlow. (Reprint). Maps Nos. 599,
606, scale 4 m. =1 in.; No. 944, scale 1 m, =1 in,
974, Report on Copper-bearing rocks of Eastern Townships, by J. A, Dresser.
Map No. 976, scale 8 m, =1 in,
975. Reporté Ign C%;);per'bearing rocks of Eastern Townships, by J. A, Dresser.
rench).
998. Report on the Pembroke sheet, by R. W. Ells. (French).
1028. Report on a Recent Discovery of Gold near Lake Megantic, Que., by J. A,
Dresser. Map No. 1029, scale 2 m. =1 in,
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1032.
1052.
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218,
219
242,
269.
330.
661.
799,
803.

983.
1034.

243,

331.
358.

628,

685,

797.
871.

1042,

*805,

891,
894,
*916:

991.
1011,
1033.
1041.
1026.
1099.

1103.
1104.
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Report on a Recent Discovery of Gold near Lake Me«gantic, Que., by J. A.
Dresser. (French). p No. 1029, scale 2 m. =1 in.

French translation report on Artesian wells in the ksland of Montreal, by
Frank D. Adams and O. E, LeRoy. Maps Nos. 874, scale 4m.=1in.;
No. 375, scale 3,000 ft.=1 in.; No. 876.

Reprint of Summary Report on the §erpentine 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,

Carleton and Victoria counties, by L. W, Bailey. 1885. Map No. 231,
scale 4 m. =1 in,

Victoria, Restigouche, and Northymberland 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, Bailey and W. McInnes.
1887-8. Map No. 290, scale 4 m.=1 in,

Temiscouata and Rimouski counties, by L. W, Bailey and W. McInnes.
1890-1. Map No. 350, scale 4 m.=1 in,

Mineral resources, by L. W. Bailey. 1897. Map No. 675, scale 10 m.= 1
in. New Brunswick geoloiy, by R. W. Eﬁs. 1887.

Carboniferous system, by L. W. Bailey. 1900.

Coal prospects in, by H. S. Poole. 1900. Bound together.

Mineral resources, by R. W. Ells. Map No. 969, scale 16 m, =1 in.

Minerail resources, by R. W. Ells, (French). Nfap No. 969, scale 16 m, =

in.

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 (preiiminary), by L. W. Bailey. 1892-3. Map
No. 362, scale 8 m.=1 in.

Southwestern Nova Scotia, by L. W, Bailey. 1896, Map No. 641, scale 8

m.=1 in,
Sydney coal-field, by H. Fletcher. Maps Nos. 652, 653, 654, scale1 m. =1
in

Cambrian rocks of Ca: e Breton, by G. F. Matthew. 1900
Pictou coal-field, by H. S. Poole, 1902. Map No. 833, scale 25 ch.=1 in.

MAPS.

Dominion of Canada. Minerals. Scale 100 m, =1 in.

§ YUKON.
Explorations on Macmillan, Upper Pelly, and Stewart rivers, scale 8 m. =1
in,
Portion of Dyncan Creek Mining district, scale 6 m, =1 in,
Sketch Map Kluane Mining district, scale 6 m. =1 in.
Windy Arm Mining district, Sketch Geological Map, scale 2 m. =1 in,

. Conrad and Whitehorse Minin% districts, scale 2 m. = 1 in,

Tantalus and Five Fingers coal mines, scale 1 m, =1 in.

Bonanza and Hunker creeks. Auriferous gravels. Scale 40 chains=1 in.

Lower Lake Laberge and vicinity, scale 1 m. =1 in,

‘Whitehorse Copper belt, scale 1 m. =1 in,

1044-1049, hitehorse Copper belt. Details.

Pelly, Ross, and Gravel rivers, Yukon and North West Territories.
Scale 8 m.=1 in,

Tantalus Coal area, Yukon. Scale2 m.=1 in,

Braeburn-Kynocks Coal area, Yukon. Scale 2 m.=1 in.
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BRITISH COLUMBIA.
Cariboo Mining district, scale 2 m. =1 in,

. Shuswap Geological sheet, scale 4 m. =1 in,

. Preliminary Edition, East Kootenay, scale 4 m. =1 in,

. Geological Map of Crowsnest coal-fields, scale 2 m.=1 in,

. West Kootenay Minerals and Stris, scale 4 m.=1 in,

. West Kootenay Geological sheet, scale 4 m. =1 in,

. Boundary Creek Mining district, scale 1 m. =1 in,

. Nicola coal basin, scale 1 m, =1 in,

. Preliminary Geological Map of Rossland and vicinity, scale 1,600 ft, =1

Princeton coal basin and Copper Mountain Mining camp, scale 40 ch, =1 in.
Telkwa river and vicinity, scale 2 m. =1 in,
Nanaimo and New Westminster Mining division, scale 4 m, =1 in,

. Special Map of Rossland. Topographical sheet. Scale 400 ft. =1 in.
. Special Map of Rossland. Geological sheet, Scale 400 ft. =1 in.

. Rossland Mining camp. Topographical sheet. Scale 1,200 ft.=1 in,
. Rossland Mining camp. Geological sheet. Secale 1,200 ft. == 1 in.

Sheep Creek Mining camp. Geological sheet, Scale 1 m. =1 in.

. Sheep Creek Mining camp. Topographical sheet. Scale 1 m,=1 in.

1A.—Hedley Mining district, Topographical sheet. Scale 1,000 ft. =1 in.

. 2A.—Hedley Mining district. Geological sheet. Secale 1,000 ft, =1 in,
. 4A.—Golden Zone Mining camp. Scale 600 ft. = 1 in.

3A.—Mineral Claims on Henry creek. Scale 800 ft.~1 in.
Hedley Mining district: Structure Sections. Scale 1,000 ft. =1 in,
Deadwood Mining camp. Scale 400 ft.=1 in. (Advance sheet.)

ALBERTA,
506. Peace and Athabaska rivers, scale 10 m, =1 in.

Blairmore-Frank coal-fields, scale 180 ch.=1 in.
Costigan coal basin, scale 40 ch.=1 in.

920-936. Cascade coal basin. Scale 1 m.=1 in.
963-966. Moose Mountain region. Coal Areas. Scale 2 m.=1 in.

1010.
1117.
1118.
1132.

1010.

804.
1010.

1089.
1099.

. Lake of the Woods sheet, scale 2 m, =1 in,
. Rainy Lake sheet, scale 4 m. =1 in.

. Hunter Island sheet, scale 4 m. =1 in,

. Sudbury sheet, scale 4 m, =1 in.

. Rainy gi

. Seine River sheet, scale 4 m. =1 in.

Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m.=1 in,
5A.—Edmonton. (Topography). Scale $ m.=1 in.
6A.—Edmonton., (Clover Bar Coal Seam). Scale 3 m.=1 in,
7A.—Bighorn coal-field. Scale 2 m.=1 in.

SASKATCHEWAN,

Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m.=1 in,

MANITOBA.
Part of Turtle mountain showing coal areas. Scale 13 m.=1 in,
Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m.=1 in.
NORTH WEST TERRITORIES.
Explored routes on Albany, Severn, and Winisk rivers. Scale 8 m. =1 in

Pelly, : SS, afc_i Gravel rivers, Yukon and North West Territories. Scale
m. =1 in,

ONTARIO,

ver sheet, scale 2 m. =1 in.
French River sheet, scale 4 m. =1 in,

*Publications marked thus are out of print, f



8

*589. Lake Shebandowan sheet, scale 4 m. =1 in,
599. Timiskaming sheet, scale 4 m.=1 in. (New Edition 1907).
605, Manitoulin Island sheet, scale 4 m. =1 in,
606. Nipissing sheet, scale 4 m.=1 in. (New Edition 1907).
660. Pembroke sheet, scale 4 m. =1 in,
663. Ignace sheet, scale 4 m, =1 in.
708. Haliburton sheet, scale 4 m. =1 in.
720. Manitou Lake sheet, scale 4 m. =1 in.
*750. Grenville sheet, scale 4 m. =1 in.
770. Bancroft sheet, scale 2 m, =1 in,
775. Sudbury district, Victoria mines, scale 1 m, = 1 in,
*789, Perth sheet, scale 4 m, =1 in,
820. Sudbury district, Sudbury, scale 1 m. =1 in,
824-825, Sudbury district, Coner Cliff mines, scale 400 ft. =1 in.
852. Northeast Arm of Vermilion Iron ranges, Timagami, scale 40 ch. =1 in.
864. Sudbury district, Elsie and Murray mines, scale 400 ft.=1 in.
903. Ottawa and Cornwall sheet, scale 4 m. =1 in. )
944, Prelimina.r{[l;{ap of Timagami and Rabbit lakes, scale 1 m, =1 in,
964, Geological Map of parts of Algoma and Thunder bay, scale 8 m. =1 in,
1023, Corundum Bearing Rocks. Central Ontario. Scale 174 m.= 1 in,
1076, Gowganda Mining Division, scale 1 m. =1 in.
1090. Lake Nipigon, Thunder Bay district, Ont. Scale 4 m.=1 in,

QUEBEC.

#251, Sherbrooke sheet, Eastern Townships Map, scale 4 m. =1 in.
287. Thetford and Coleraine Asbestos district, scale 40 ch. =1 in.
375. Quebec sheet, Eastern Townships Map, scale 4 m. =1 in.

%571, Montreal sheet, Eastern Townships sheet, scale 4 m, =1 in.

*665, Three Rivers sheet, Eastern Townships Map, scale 4 m. =1 in,
667. Gold Areas in southeastern part, scale 8 m. =1 in,

*668, Graphite district in Labelle county, scale 40 ch. =1 in.

918, Chibougamau region, scale 4 m. =1 in,
976, The Older Copper-bearing Rocks of the Eastern Townships, scale Sm. =1in

1007. Lake Timiskaming region, scale 2 m.=1 in,

1029. Lake Megantic and vicinity, scale 2 m. =1 in.

1066, Lake Timiskaming region. Scale 1 m.=1 in,

NEW BRUNSWICK.

*§75, Map of Principal Mineral Oceurrences.  Seale 10 m. =1 in.
969, Map of Principal Mineral Localities. Secale 16 m, =1 in.

NOVA SCOTIA.

*812, Prelimina;}r Map of Springhill coal-field, scale 50 ch. =1 in.
833. Pictou co —ﬁelcf scale 25 ch, =1 in.
897. Prelim%ga,r}}; Geio}ogical Plan of Nictaux and Torbrook Iron district, scale
ch.=1 in.
927, General Maéj of Province showing gold districts, scale 12 m. =1 in.
937. Leipsigate Gold district, seale 500 ft. =1 in.
945, Harrigan Gold district, scale 400 ft. =1 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.=1 in.
1036. St. Margaret Bay Geological sheet. No. 71, Scale 1 m,=1 in.
1037. Windsor Geological sheet. No.73. Scale 1 m.=1 in.
1043. Aspotogan Geological sheet. No. 70, Scale 1 m.=1 in,

Nore.—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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